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Abstract

Mood and anxiety disorders, cognitive decline and incident dementia are significant and
growing public health concerns. Long-term adherence to a Mediterranean-style dietary
pattern (MDP) has been associated with enhanced mood and cognition in observational
studies. Yet, the shorter-term effects of a MDP on brain health are poorly understood. To
address this, we conducted a systematic review of the available literature from
randomised controlled trials (RCT), to provide preliminary evidence on the potential of a
MDP to improve attention, alertness and contentment in 10 days, to define research gaps
and inform the focus of this research project. Accordingly, we designed a crossover RCT,
named MediMood, to assess the postprandial and 5-day effects of a MDP on mood
(primary outcome), cognition, cerebral blood flow, sleep (which is an important mediator
of mental health) and blood biomarkers in adults with existing mental health complaints
(n=25). After 5 days, a MDP reduced total mood disturbance, tension, depression, fatigue,
confusion, increased alertness and vigour, improved motor function variability, reduced
inflammation and increased serum cortisol levels relative to a Western diet, with enhanced
insulin sensitivity observed postprandially following a MDP lunch. Using longitudinal
data from C-19 Wellbeing Tracker study, we examined up to 5-day, bidirectional lagged
relationships between fruit, vegetable, sugar intake and overall diet quality and happiness,
low mood, stress and sleep quality in a cohort (n=674). Consistent associations were
observed between diet quality and sleep quality lasting for 5 days. This PhD research
offers a novel contribution to the literature on the efficacy of a MDP to improve mental
health in the short-term, in particular in those with existing mental health disorders. Future

studies are required to confirm and refine the initial evidence we provide.

Word count: 281



Access Condition and Agreement

Each deposit in UEA Digital Repository is protected by copyright and other intellectual property rights,
and duplication or sale of all or part of any of the Data Collections is not permitted, except that material
may be duplicated by you for your research use or for educational purposes in electronic or print form.
You must obtain permission from the copyright holder, usually the author, for any other use. Exceptions
only apply where a deposit may be explicitly provided under a stated licence, such as a Creative
Commons licence or Open Government licence.

Electronic or print copies may not be offered, whether for sale or otherwise to anyone, unless explicitly
stated under a Creative Commons or Open Government license. Unauthorised reproduction, editing or
reformatting for resale purposes is explicitly prohibited (except where approved by the copyright holder
themselves) and UEA reserves the right to take immediate ‘take down’ action on behalf of the copyright
and/or rights holder if this Access condition of the UEA Digital Repository is breached. Any material in
this database has been supplied on the understanding that it is copyright material and that no quotation
from the material may be published without proper acknowledgement.



Table of Contents

B /R 1 1 2
Y R ) ] 6
Y R ) B P 8
LiSt Of ADDYEVIALIONS ....uuunneeueneeeeeevevereiriiriiiiiiissssssssssesenensesiesiiiississsssssssssssssssssssssssenens 9
ACKNOWICAGOMENLS a.eaeeeeevvveviiiiiriiieeevvvviniiiiiiiiiiiississsssssssseneessesssnensssissssssssssnnns 12
0 T 1 RN 13
Statement of publications arising from this thesis ............eeeeeeeeeeeeeeeuuessssiiessssssssnnnnns 14
Statement of presentations arising from this thesis ...........cceeeeevsvsvssssueeeveeneerererenesens 15
Chapter 1. General iNtrOAUCHION ........ccceeeeveveeieisisssssssueeeveveneseereriiiisssssssssssssssessnssens 16
1.1. Mental wellbeing and cognition ..........cciveeeciiiiiiiiiiiencnniiiessseeese 16
1.2. Mediterranean-style dietary pattern .......cccccceeiiiiiiiiieneecniiiiniiineene. 30
1.3. The outline of the thesis .........cccceeiiiiiiiiiiiiii 43
Chapter 2. Short-term effects of a Mediterranean-style dietary pattern on cognition
and mental wellbeing: A systematic review of clinical trials ..................uuuuuueuuuuuu...... 48
8 T 14 o T 7T 1 ' Y 48
87 2 1V = 1 T LY 50
78 TR 3 (=T 1 ] 1 Y 58
R TR Y ¥ o o Y 68
2.5. AUthOr cONtribULIONS....ccceveeiieiiiiiiiiiiiiiiieeiieeitietreerre e 72

Chapter 3. The MediMood study protocol: A randomised controlled trial investigating
the acute impact of a plant based Mediterranean-style dietary pattern (MDP) on
mood, anxiety and cognition in UK adults with mild to moderate mental health

L) 2 L N 73
300 T [ o T 7T 4 ' Y 73
3.2. Trial purpose and ObjJeCtiVeS.......cccvvriuiiiiiniiiiiiiiiiiesrrrressssssssssssssssssssses 75
20 TR 1V =1 1 T LY 77
3.4. OUECOME MEASUIES ..ciiiiiireunuiiiiiiiteiiteniiiiieeiteeesssssiiiesnteessssssssissettessssssssssssssseessnnnsses 98
3.5. Randomisation, statistical analyses and sample size calculations.........ccccccccerreannennn. 105
3.6. Adverse events and incidental findings .........ccccccviiiiiiiiiiiiinniiiiiinnnee. 107
3.7. Ethical and legal aspects........ccceeiiiiirmuuniiiiiiniiieemuiiiiiiiiiieeemiiesmmsssses 107
2R - 20 0o Ty Vol 11T o o 108
3.9. Author contribUtioNs........ceevveiiiiiiiiiiiiiiiiirirrrrrrrr 109

Chapter 4. Results from the MediMood StUAY ...........uuuueuueeeeeveereririiiiissssssseeeevennnns 110
30 TR [ o o 1¥T ot T o N 110
;37 R0 1T/ =1 d T T LN 111



e R 1Y 1 ] | S 117

4.4, LT ol U1 T o 142
4.4, 00T Vol 11 T Ty N 153
4.5, MediMood contributions............eeeeieiiieiiiiiiiiiiiiiiin 153
4.6. AcKNOWIEdZEmMENLS .....cccvuuuiiiiiiiiiiiiiiiiiieeniiierisiiiseetineesssssssssessneesssssssssssssssees 153

Chapter 5. Bidirectional relationships between fruit and vegetable intake, overall
dietary quality and mental wellbeing: C-19 Wellbeing Tracker longitudinal study . 154

5.1, INErOdUCHION ....ccciiiiiiiiiiiiitititiccrirec et asss s e s e e s sannnaeee 154
5.2. Methods .....ueeeiiiiiiiiiiiiitiiiiiiciiiiec et sasssae e 161
5.3, RESUIES oottt asanee e 169
5.4, DiSCUSSION .uuuueneriiiiiiiiiiiinntiteeiiiiiiiinseieeetisiiiissssteeesieesssssssnteesisesssssssssneesssessssssssnaes 184
5.5. C-19 Wellbeing Tracker study contributions ...........cccoeiiiiermniiiiiinninieennnniinneenn. 189
Chapter 6. General diSCUSSION ......euueeeeeeerrreiiiiiisissssssssneeveveesseereiisiissssssssssssssssennenns 191
6.1. Summary of Main fiNdiNgS.......cccoiiiiiriiiiiiiiiiii s ssseees 191
6.2. Overall discussion of the experimental chapters (Chapters 2t0 5).....ccccceevveeviiinnennns 192
6.3. Strengths and limitations ...t sssssaees 195
6.4. Overall CoNCIUSION....ccciiiuuetiiiiiiiiiiinnntieeeieerere s sssassssteesesessssssssnnee 196
6.5. Practical implications ........ccceeeiiiiiiiiiimnniiiiiiiiiinieienieesssessssessseees 196
6.6. Future research directions.........cccoeveeiiiiiiiiiiiinnniiciiiicinnnenieeeeennsnee 197
Y L 2 4 e P 201
B ) L L e PP 1
Appendix 1. The 14-point Mediterranean Dietary Adherence Screener (MEDAS) .....1
Appendix 2. Published version of Chapter 2 as a full article ....................uuuuuuuuunne... 3
Appendix 3. Published version of Chapter 2 as a conference proceeding ................... 7
Appendix 4. PROSPERQO YeQiStYAtION c...ccuueeeeveerereviiisssssssseueevevevesesrerenisissssssssssssssnennns 8
Appendix 5. Published version of Chapter 3 as a full article ....................cccuuuuuun.... 14
Appendix 6. Published version of Chapter 3 as a conference proceeding ................. 25
Appendix 7. NHS HRA ethics appliCatioN..............cccceevvvvsssuuueeveveeeeereereriseisssssssssannne 26
Appendix 8. ClinicalTrials.gov regiStration............cceeeevssssssssuveveveeeeeerereressssssssssssnnns 65
Appendix 9. Participant information SReet................cccevevssssuueeveveeeververereressssssssssnnne 73
Appendix 10. Online informed cONSENt fOrM...........ccccevvrsssssuueeveveeveervereresiiessssssssnnne 90
Appendix 11. Print version of the CONSEnt fOrm ..........uvvvsvssuueeveveveeesrerereieisssssssssnnne 92
Appendix 12. Patient Health Questionnaire-9 (PHQ-9) ..........uuuuueevvvvrreviriicsisssrsunnnee 95
Appendix 13. Generalised Anxiety Disorder questionnaire (GAD-7) ...........ccesuuu.... 97
Appendix 14. UWWBIC MRI SCreening fOrm ........ccceeesvssssssuueeveveveveseererssessssssssssnnn 99



Appendix 15. EPIC Food Frequency QUeSHONNAITE ............ueeeereeeneeeeeeessssnnnneensnnns 101

Appendix 16. ReCrUtMENnt POSIET .......uuuueeeeeveeeevrrrriiiiiiisssssssssunveneessssesrensissssssssssnns 115
Appendix 17. Recruitment invitation email ...............eeeeeeevvueeeeeerisssneeeeesssssennneenssens 116
Appendix 18. GP letter to inform eligibility/partiCipation ...............ceeeeveveveiesrsrsnnn. 117
Appendix 19. GP letter to inform ineligibility because of higher depression........... 119
Appendix 20. MediMoOd DOOKIELS ..........uuuueueeeeeeeeriiiiiiiiisssssseeevevvvneenrsieieisissssssssnans 121
Appendix 21. Daily reminder emMail...............cceeeeevvveveiisssssssssueeveveveeeseerersiesssssssssnns 179
Appendix 22. 3-months follow-up invitation email..................cceeeuueeeeeeeisssuneneennnn. 180
Appendix 23. Profile of Mood States (POMS) ...........cceeeeevuueeeerriscsnneneresssssnnnneensnnns 181
Appendix 24. Bond-Lader Visual Analogue Scale....................c..uuuuuueeeeeceruueeneennne. 182
Appendix 25. Pittsburgh Sleep Quality Index (PSQI)..........uuuuuueeeeveevevrereieiissssssnn. 183
Appendix 26. Karolinska Sleep Diary (KSD)...........uuueeeeeccuueeeeivisineeeeeeesissnnnneennens 185
Appendix 27. Karolinska Sleepiness Scale (KSS) ........cccuuuueeevviccuueerievicsennneennan, 186
Appendix 28. Statement of the Assessment of MediMood protocol ......................... 187
Appendix 29. Impacts of MDP and WD interventions on mood and anxiety after one

L (T N 195
Appendix 30. C-19 Baseline qUeStiONNAITe...............ueeeeereivrueereirisssneneeesssssannneenssnns 197
Appendix 31. C-19 Daily qUESHONIAIIC.....ccceeeeeeeereveieiisssssssseeeverevenssrsrersssiesssssssnns 227

Appendix 32. C-19 Nutritional analysis Statistical Analysis Plan (Uploaded onto



List of tables

Table 1.1.

Table 1.2.
Table 1.3.

Table 1.4.
Table 2.1.
Table 2.2.
Table 3.1.

Table 3.2.
Table 3.3.
Table 3.4.

Table 3.5.
Table 3.6.
Table 4.1.
Table 4.2.

Table 4.3.
Table 4.4.

Table 4.5.
Table 4.6.
Table 4.7.
Table 4.8.
Table 4.9.
Table 4.10.
Table 4.11.
Table 4.12.

Classification of mental health disorders according to the different
guides

Cognitive key domains and subdomains according to the DSM-5

A summary of key RCTs examining effects of a MDP on mental
health

A summary of key RCTs examining effects of a MDP on cognition
Electronic search strings used

Details of the included studies

Study timeline showing intervention and approximate time burden for
participants in each study arm

The eligibility criteria

Full meal plans

Nutrient composition of the lunch test meals (day 1) taken from the
product labels

Nutrient composition table of the 5-day test diets

Summary of the outcome measures

Participant characteristics

Effects of MDP and WD interventions on mood and anxiety
considering antidepressant use status

Impacts of MDP and WD interventions on cognition after five days
Impacts of MDP and WD interventions on blood pressure and
circulating biomarkers after five days

Anthropometric changes after five days

Comparisons of postprandial anxiety scores

Comparisons of further postprandial mood scores

Comparisons of further postprandial cognitive scores

Comparison of postprandial CBFs (ml/100 g brain tissue/min)
Comparison of postprandial blood pressure and circulating parameters
Mediterranean diet behaviour change

Participants’ scores on easiness levels of following the diets



Table 5.1. Numbers of days and participants at different completion rates, with

average fruit and vegetable intakes

Table 5.2. Frequencies for outliers

Table 5.3. The conversion of NDNS disaggregated food items into portions
Table 5.4. The baseline characteristics of the study cohort

Table 5.5. Correlations between fruit and vegetable intake and other dietary

variables in 674 participants from the COVID-19 tracker study at
baseline

Table 5.6. Correlations between self-reported happiness and other mood
outcomes in 674 participants from the COVID-19 tracker study at
baseline

Table 5.7. The predictors of dietary behaviours

Table 5.8. Dietary behaviour comparison in UK adults between before the
COVID-19 pandemic and the first 12 weeks of the COVID-19
lockdown

Table 5.9. Dietary behaviour comparison in UK adults between before the
COVID-19 pandemic and the first 12 weeks of the COVID-19
lockdown

Table 5.10.  Correlations between dietary intake and mental health

Table 5.11.  Associations of dietary variables to mental health from lag 1 to lag 5

Table 5.12. Associations of mental health to dietary behaviours from lag 1 to lag 5



List of figures

Figure 1.1.
Figure 1.2.
Figure 1.3.
Figure 1.4.
Figure 1.5.
Figure 1.6.

Figure 2.1.
Figure 2.2.
Figure 3.1.
Figure 3.2.
Figure 3.3.
Figure 4.1.
Figure 4.2.

Figure 4.3.
Figure 4.4.
Figure 4.5.
Figure 4.6.
Figure 4.7.
Figure 4.8.
Figure 5.1.
Figure 5.2.

ICD-11’s description of mood disorders

Symptoms required for a depression diagnosis

The steps of cognitive decline severity

Brain regions hosting the structures of interest

The relationships between mental, cognitive and sleep health
The central hypothesis of this PhD project regarding

the potential relationships between dietary intake and brain health
PRISMA flow diagram

Risk of bias assessment results

Study Flow Diagram

Day 1 protocol of CRF visits

The procedure of day 2 to 6

Flowchart of participant recruitment and enrolment process

Impacts of MDP and WD interventions on mood and anxiety after one

and five days

Contentment depending on antidepressant medication use status
Effects of 5-day intervention on select cognitive domains
Impacts of MDP and WD interventions on CRP and cortisol
Weight change by sex

Postprandial comparison of mood domains from Bond-Lader
Comparison of postprandial glucose metabolism responses
Cross-type lagged panel model for five lags

Bidirectional effects of diet quality and sleep quality on each other



List of abbreviations

AD
AE
AHEI
ASL
AUC
BBB
BDNF
BMI
BP
BW
CBF
CBT
CI
CNS
COMPASS
CRF
CRP
CVD
DAL
DASH
DBP
DHA
DI

DII
DSM
ED
EDTA
EMA
EPA
EPIC
EVOO

Alzheimer’s Disease

Adverse Event

Alternative Healthy Eating Index

Arterial Spin Labelling

Area Under Curve

Blood Brain Barrier

Brain Derived Neurotrophic Factor

Body Mass Index

Blood Pressure

Body Weight

Cerebral Blood Flow

Cognitive Behavioural Therapies

Confidence Interval

Central Nervous System

The Computerised Mental Performance Assessment System
Clinical Research Facility

C-Reactive Protein

Cardiovascular Disease

Dietary Acid Load

Dietary Approaches to Stop Hypertension
Diastolic Blood Pressure

Docosahexaenoic Acid

Dietary Intake

Dietary Inflammatory Index

Diagnostic And Statistical of Mental Disorders
Endothelial Dysfunction

Ethylenediamine Tetraacetic Acid

Ecological Momentary Assessment
Eicosapentaenoic Acid

European Prospective Investigation into Cancer

Extra Virgin Olive Oil



FAIR 2
FFQ
FIML
FLAIR
FMD
fMRI
FVI
GABA
GAD
GI
HALE
HDLM
HEI
HFHS
HPA
ICD
IMD
KSD
KSS
MCI
MDMQ
MDP
MDS
MEDAS
MedEx-UK
MPRAGE
MRI
MUFA
NDNS
NHS
NICE
NTB
PA

Frankfurt Attention Inventory 2

Food Frequency Questionnaire

Full Information Maximum Likelihood
Fluid-Attenuated Inversion Recovery

Flow Mediated Dilation

Functional MRI

Fruit And Vegetable Intake
Gamma-Aminobutyric Acid

Generalised Anxiety Disorder

Glycaemic Index

The Healthy Ageing: A Longitudinal Study in Europe
Hippocampal-Dependent Learning and Memory
Healthy Eating Index

High Fat High Sugar
Hypothalamic-Pituitary-Adrenal
International Classification of Diseases
Index of Multiple Deprivation

Karolinska Sleep Diary

Karolinska Sleepiness Scale

Mild Cognitive Impairment
Multidimensional Mood State Questionnaire
Mediterranean-Style Dietary Pattern
Mediterranean Diet Score

Mediterranean Diet Adherence Screener

Mediterranean Diet, Exercise and Dementia Risk in UK Adults

Magnetization Prepared Rapid Gradient Echo
Magnetic Resonance Imaging
Monounsaturated Fatty Acid

National Diet and Nutrition Survey

National Health Service

National Institute of Care and Excellence
Neuropsychological Test Battery

Physical Activity

10



PHQ-9
POMS
PPI

PREDIMED

PSQI
PUFA
QoL
RCT
SART
SBP
SCI
SCS
SD
SEM
SFA
SMD
T2D
TMD
TOF
UEA
UWWBIC
VAS
WD
WHO
WMH

Patient Health Questionnaire-9
Profile Of Mood States

Patient Public Involvement
Prevencion Con Dieta Mediterranea
Pittsburgh Sleep Quality Index
Polyunsaturated Fatty Acid

Quality of Life

Randomised Controlled Trial
Sustained Attention to Response Task
Systolic Blood Pressure

Subjective Cognitive Impairment
Seven Countries Study

Standard Deviation

Structural Equation Modelling
Saturated Fatty Acid

Standardised Mean Difference
Type 2 Diabetes

Total Mood Disturbance

Time Of Flight Angiography
University Of East Anglia

The UEA Wellcome-Wolfson Brain Imaging Centre
Visual Analogue Scale

Western Diet

World Health Organization

White Matter Hyperintensities

11



Acknowledgements

I first would like to thank my supervisors, Professor Anne Marie Minihane and Dr Amy
Jennings for their incredible guidance. I am extremely grateful for the time and effort they
invested in myself and my PhD. It has been an immense privilege to have the opportunity

to work closely with them over the years and to learn from their vast experience.

I am exceptionally fortunate to have been surrounded by many wonderful people during
this journey. While it is impossible to list all of them, I must name a few. I am heartfully
grateful to Professor Michael Hornberger for his professional support and friendly
attitude, to Dr Mizanur Khondoker for his excellent guidance in statistics, and to Dr Lee

Hooper for her invaluable teaching on systematic reviewing.

I owe special thanks to my office family, Rasha Saleh, Rachel Gillings and Marrium
Liaquat for making my PhD experience more memorable. I will always cherish the bond
we share. I would also like to thank to Dr Gwenaelle Le Gall and Dr Peter Curtis for being
the nicest desk neighbours. Furthermore, I would like to extend my gratitude to the

Republic of Tiirkiye for funding my postgraduate studies.

Enduring a PhD without friends would have been arduous. My heartfelt thanks go to my
remote friends who despite living thousands of miles away were always on the other end
of phone. I am also in debt of huge gratitude to all the PGR friends I have made at UEA,

each of whom supported me in special unique ways.

Lastly, my deepest appreciation goes to my mum, Giilseren Kaya, for her endless love,

encouragement and belief in me. Without her, I would not be where I am today.

12



Dedication

In loving memory of my dearest grandpa, Yusuf Ziya Esgiinoglu, whose passing
from Alzheimer s disease in November 2018 at the age of 84 motivated me to do this PhD.
His endless unconditional love continues to ignite my soul. To his warmth, kindness and

compassion, I owe any goodness that resides within me.

13



Statement of publications arising from this thesis

Full publications:

Chapter 2: Esgunoglu L, Jennings A, Connole ES, Murphy KJ, Minihane AM. Short-term
effects of a Mediterranean-style dietary pattern on cognition and mental well-being: a
systematic review of clinical trials. British Journal of Nutrition. 2022 Oct;128(7):1247-
56.

Chapter 3: Esgunoglu, L., Liaquat, M., Gillings, R., Lazar, A., Brooks, J., Penny, W.,
Saber, S., Hornberger, M., Stevenson, E., Jennings, A., & Minihane, A. M. The acute
effect of a Mediterranean-style dietary pattern (MDP) on mood, anxiety and cognition in
UK adults with mild to moderate anxiety and depression: the MediMood randomised

controlled trial protocol. BMJ Open. 2024; 14(12), e¢082935.
Drafted publication:

Chapter 5: Esgunoglu, L., Khondoker M., TBC, Naughton F., Jennings, A., & Minihane,
A. M. Bidirectional relationships between dietary intake, mental health and sleep: C-19
health behaviour and wellbeing daily tracker study

Conference proceedings:

Chapter 2: Esgunoglu L, Jennings A, Connole ES, Murphy KJ, Minihane AM. Short-
term effects of a Mediterranean-style dietary pattern on cognition and mental wellbeing:

A systematic review of clinical trials. Proceedings of the Nutrition Society. 2021

Jan;80(OCE3):E151.

Chapter 3: Esgunoglu L, Liaquat M, Gillings R, Lazar A, Brooks J, Penny W, Hornberger
M, Jennings A, Minihane AM. Effects of a short-term Mediterranean diet on mental
health, cognition and cerebral blood flow in UK adults: MediMood study protocol.
Alzheimer's & Dementia. 2023 Dec;19:e074649.

14



Statement of presentations arising from this thesis

Oral presentations:

ii.

iii.

1v.

Poster

ii.

iii.

1v.

Short-term effects of a Mediterranean-style dietary pattern on cognition and
mental wellbeing: A systematic review of clinical trials, FMH Postgraduate
Research Student Conference, June 2021, Norwich, UK

Plant-based diets, cognition and mental health: Introducing MediMood,
UWWRBIC, June 2022, Norwich, UK

The impact of Mediterranean diet versus a Western diet on mood, anxiety and
cognitive performance: randomised controlled trial protocol, 3-minute
presentation FMH, June 2023, Norwich, UK

MediMood study: protocol, recruitment and sample characteristics, NuBrain Final

Meeting, Jan 2024, Newcastle, UK

presentations:

Short-term effects of a Mediterranean-style dietary pattern on cognition and
mental wellbeing: A systematic review of clinical trials, The Nutrition Society,
The Irish Section Conference, June 2021, online

Acute impacts of a /mediterranean diet and a Western diet on mental wellbeing,
cognitive performance and cerebral blood flow in UK adults with mild to
moderate mental health symptoms: MediMood study protocol, Alzheimer’s
Research UK, March 2023, Scotland

The impact of an unsaturated fat-rich Mediterranean diet versus a saturated fat-
rich Western diet on mood, anxiety and cognitive performance: the MediMood
randomised controlled trial protocol, International Society for the Study of Fatty
Acids and Lipids, July 2023, France

Effects of a short-term Mediterranean diet on mental health, cognition and
cerebral blood flow in UK adults: MediMood study protocol., Alzheimer’s

Association International Conference, July 2023, The Netherlands

15



Chapter 1. General introduction

Nutritional intake plays a central role in the maintenance of health state (1) as
defined by the World Health Organization (WHO) as “a complete state of physical, mental
and social wellbeing” (2). Whilst the effects of diet on physical wellbeing and the risk of
chronic conditions such as type 2 diabetes (T2D) (3) and cardiovascular diseases (CVD)
(4) have been extensively researched, the evidence is less clear on the nature of the
relationship between nutrition and mental wellbeing which spans psychology and
neurology. Thus, a new concept has emerged, called by several names such as
psychonutrition (5), neuronutrition (6), nutritional psychiatry (7), nutritional
neuroscience (8) and nutritional cognitive neuroscience (9), which is the focus of the

present thesis.

1.1. Mental wellbeing and cognition

1.1.1. The concepts of mental health disturbances with a focus on low mood, anxiety,
stress, cognition and sleep

Mental wellbeing is an inseparable component of an overall health state as
described by the WHO (2). The globally standard manual to define and to classify mental
health disorders for research and clinical care purposes is the ‘International Classification
of Diseases (ICD)’, created by the WHO (10) with most up-to-date version being [CD-11
released in 2022 (11). Alongside following ICD-11, NHS England has its clinical
guidelines created by the National Institute of Health and Excellence (NICE) based upon
ICD, which will be referred to in this thesis (12, 13). Amongst a wide range of mental and
cognitive disorders defined by ICD-11, mood, anxiety, neurocognitive and sleep disorders

are of key interests to this PhD.

ICD-11 Section 06 presents the ‘mood disorders’, ‘anxiety or fear-related
disorders’, ‘disorders specifically associated with stress’ and ‘neurocognitive disorders’
under the ‘mental, behavioural and neurodevelopmental disorders’, while the ‘sleep-wake

disorders’ are listed as Section 07 (Table 1.1) (14). Comparably, the NICE covers anxiety,

16



dementia and depression under ‘mental health, behavioural and neurodevelopmental
conditions’ whilst dementia is also presented under ‘neurological conditions’ (15). NICE
currently does not have an umbrella guideline on sleep disorders, with the most relevant

to this thesis covered by NICE being insomnia (16).

Table 1.1. Classification of mental health disorders according to the different guides

ICD-11 NICE

Mental, behavioural and Mental health, behavioural and

neurodevelopmental disorders neurodevelopmental conditions
Mood disorders Depression

Anxiety or fear-related disorders Generalised anxiety and panic disorder
Disorders specifically associated with stress Post-traumatic stress disorder
Neurocognitive disorders Dementias
Sleep-wake disorders Neurological conditions

Dementias
Insomnia

ICD: International Classification of Diseases by World Health Organization; NICE: National
Institute of Excellence and Care by National Health System England. Bold font represents the
parenting titles within the relevant manuals. Only the subtitles that are relevant to this PhD are
presented.

Mood disorders

According to the ICD-11, mood disorders include a group of depressive and
bipolar disorders which are described depending on the type of mood episodes and their
specific patterns, as illustrated in the Figure 1.1. The depressive episode is one of the four

main types of mood episodes, which then form depressive disorders and bipolar disorders.

Mood episodes Mood disorders

- ?/Iepl_'eSSIYe ZPISOde - Depressive disorders
- anic episode - Bipolar disorders
- Mixed episode

- Hypomanic episode

Figure 1.1. ICD-11’s description of mood disorders (14)

ICD-11: International Classification of Diseases. Bold font represents the interests for this PhD.
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ICD-11 clusters the features of depressive episodes into “affective, cognitive-
behavioural and neurovegetative groups” (14). A depressive episode must have minimum
five of those features with at least one being from affective disorder (17), and the

symptoms must be lasting for a minimum of two weeks (Figure 1.2) (18).

Affective symptoms*
o t Low mood
Cognitive-behavioural symptoms |Interest and pleasure in daily life
Attention
Concentration
Sense of self-worth
Pessimism
» T Thoughts of death and suicide
When a minimum five of
these last for
“l%ﬁwﬁ/
DEPRESSIVE EPISODE

Figure 1.2. Symptoms required for a depression diagnosis

According to International Classification of Disease (ICD-11) and The National Institute of
Health and Excellence (NICE) guidelines, to diagnose depression, at least one of five symptoms
from the three groups should be presenting with at least one being from the affective group*, and
symptoms should last for a minimum of two weeks. Sleep and appetite can display either a
decrease or an increase.

Depression is classified into categories as mild, moderate and severe depending
on the severity and the frequency of symptoms (17). In mild depression, no symptom is
intense and no significant disturbance is seen in essential areas of life such as self-care
and family, with difficulties being limited to social and occupational life (17), whilst
moderate level depression is presented with a higher number of symptoms with a
substantial struggle in several areas of daily life (14). This PhD focuses on mild and

moderate level of depression/low mood.
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Anxiety

Anxiety, as a general term, is characterised by excessive worry that is hard to
control (14). The generalised anxiety disorder (GAD), which is the most common type of
anxiety disorder and will be discussed in this thesis, marks the excessive worry as its
central feature, that is shown to be associated with shorter cardiac intervals compared to
non-anxious individuals as its autonomic characteristic (19). Additional somatic
symptoms of GAD can be fatigue, tiredness, being anxious/tense, feeling on edge, and
difficulty in concentration and sleep (20), which, in turn causes increased distress and loss
of functioning in daily life (21). At least half of the individuals diagnosed with either
anxiety or depression present the other disorder too, displaying a common comorbidity

pattern (22).

Stress

Stress is examined under a different title in ICD-11. ‘Disorders specifically
associated with stress’ including such as post-traumatic stress disorder and adjustment
disorder caused by a stressful or a traumatic event and characterised by similar symptoms
to depression and anxiety (14). For instance, the COVID-19 pandemic was defined as a
stressor for adjustment disorders in Poland (23). “Acute stress disorder’ is caused by
factors influencing health status and defined as a temporary presentation of “emotional,
somatic, cognitive or behavioural symptoms as a result of exposure to an event or
situation” (14). Depression, anxiety, anger and worry are observed in acute stress reaction
(24). Of note, stress is a response to real challenging situations and fear is activated by
real threats whereas anxiety is usually triggered by the situations that do not pose
immediate danger, nevertheless, chronic exposure to stress is likely to cause anxiety

and/or depressive disorders (25).

Cognition

The term cognition or neurocognition covers specific cognitive functions and
associated brain regions, neural pathways and networks (26). ICD-11 lists
“attention/concentration, memory, language, visual spatial/perceptual skills, processing

speed and executive functioning (e.g. problem solving, judgement)” as the main cognitive
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functions (14). Six main cognitive functions listed by the Diagnostic and Statistical of
Mental Disorders (DSM-5) are “complex attention, executive functioning, learning and
memory, perceptual-motor function, language, and social cognition”, of which
subdomains are presented in Table 1.2 (27). The cognitive domains that are of interest to
this PhD are attention, motor function, executive function, memory, impulse control and

visuospatial function.

Table 1.2. Cognitive key domains and subdomains according to the DSM-5

Complex Executive Learning Perceptual- Language Social
attention functioning and memory motor cognition
function
Sustained Planning Free recall Visual Object Recognition
attention perception naming of memories
Divided Decision Cued recall Visuocons- Word Theory of
attention making tructional finding mind
reasoning
Selective Working Recognition Perceptual- Fluency Insight
attention memory memory motor
coordination
Processing Responding Semantic Grammar
speed to feedback long-term and syntax
memory
Inhibition
Flexibility Implicit Receptive
learning language

DSM-5: Diagnostic and Statistical of Mental Disorders (27).

Cognitive disorders are characterised by a decline in cognitive abilities compared
to the individual’s previous level (14), which may begin as early as the third or fourth
decades of life (28). Cognitive decline is also often presented in mental disorders (14, 29).
ICD-11 divides neurocognitive disorders into three groups, namely, mild neurocognitive
disorder, amnestic disorders (dementias) and delirium, with common symptoms such as

disturbed attention, global cognition and sleep (14).

Clinical stages are defined based on the severity of cognitive loss (Figure 1.3).

Subjective cognitive impairment (SCI) is the first step en-route to incident dementia,
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where individuals complain about their memory (30, 31). However, it is unlikely to be
diagnosed through objective clinical tests (30, 31). The next phase is the ‘mild cognitive
impairment (MCI) (32), presenting with early signs of ‘dementia’ (33). The term
‘dementia’ refers to the severest form of cognitive decline that dramatically restricts a
person’s daily living and independence (34). Dementia is an overarching term, which is
loosely defined as a loss of cognition which is greater than would be expected for
biological age and impact on the ability to live independently (35). It has a multi-faceted
aetiology and the term dementia is a collective for over 100 individual progressive
neurodegenerative disorders (35). Additionally, pseudo-dementia is a concept occurring
in depression and/or anxiety where pathophysiological features of dementias do not exist,
yet patients with mental health disorders still experience cognitive symptoms similar to
Alzheimer’s Disease (AD) (36). This PhD will not focus on a specific neurocognitive

disorder but cognitive performance in general.

‘ Dementias
‘ Mild
. cognitive
SUbJe,Ct_'Ve impairment
N | cognitive
orma impairment
cognitive
decline

Figure 1.3. The steps of cognitive decline severity

Sleep

Sleeping is core to maintain health and wellbeing (37). It is an inert unresponsive
state as a result of lower cerebral activity (38), but it is metabolically dynamic and actively
regulated process (39). Sleep is proposed to have multiple functions such as tissue
restoration (38) and hormonal regulation of, for example, adrenaline, noradrenaline and
dopamine (38, 40, 41). It was later argued that these bodily functions cannot be the only
explanation to sleep as they are not able to explain the unconsciousness state, the basic
feature of sleep (42). Thus, the primary focus of sleep medicine has been moved to the

central nervous system (CNS) and the brain (43).
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Sleep plays a critical role in emotional regulation. For example, people with low
sleep quality experience negative emotions more (44). Yet, the most important sleep
function is proposed to be cognition (43) as it engages in several cognitive functions,
particularly attention (45), learning (46) and memory (47, 48). Comparably, low sleep
quality is associated with reduced cognitive performance in attention and executive
functioning tasks regardless of depression and anxiety presence (49). Cerebral
metabolism (50), network organisation (51), plasticity (43, 52) and synaptic homeostasis
(46) are theorised to be other functions of sleep related to mental and cognitive health.
Sleep difficulties are one of the diagnostic symptoms of mood and anxiety disorders (14).
ICD-11 defines several sleep-wake disorders (14). Not a specific sleep-wake disorder, but
the overall sleep quality is interest of this PhD.

Incidences of mental and cognitive disorders

Disorders in mental, cognitive and sleep health are related to each other and
accounts for a significant rate of disease burden (53). In 2019 almost a billion people
suffered from mental health disorders worldwide, of which depressive and anxiety
disorders were the most common, affecting people from childhood to later life (53).
Mental disorders were in the top three main causes of non-fatal health loss in terms of the
years lived with disability in 2017 (54). Furthermore, depression is projected to become
the first cause of disease by 2030 (55). Mental disorders may also be fatal by leading to
suicide which accounts for more than 700,000 global deaths annually (56). According to
UK 2022 statistics, over 15% of the population suffer from moderate to severe depression,
with the prevalence being nearly 20% in women, 30% in young adults (16-29 years) and

40% in young females (57) .

The range of SCI prevalence has been reported to be 25-56% among people over
65 years (30), while MCI rates were estimated to vary between 5-30% (58). Ten to twenty
percent of people with MCI advance to dementia every year (33). The global number of
individuals living with dementia is expected to reach 150 million by 2050 (59), with 1.7
fold higher prevalence in women despite the age standardisation (60). According to a
2023 study, the most common dementia type was AD accounting for 54% of the dementia
cases (61). Regarding mortality rates, in 2021, dementias were the number seven cause

of death in the world, and number four in high income countries (62).
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A 2024 NICE report stated that one third of Western adults suffer from insomnia,
the most prevalent form of sleep-wake disorders leading to significant challenges in daily
functioning (16, 63). Bidirectional relationships were highlighted between sleep
difficulties and mental health disorders (16). Two third of people with mood disorders
report sleep problems (64), while approximately 35-50% of people with sleep
disturbances experience mood disorders (65). Similarly, approximately half of the

individuals with anxiety suffer from insomnia (66).

1.1.2. The brain regions associated with mental and cognitive health and sleep
regulation

Various brain regions are more important than others in regulating key brain
functions of interest in the current thesis. These regions will be particularly targeted in

our MRI analysis as part of Chapters 3 and 4.

The temporal lobe is a part of the cerebral cortex alongside the occipital, parietal
and frontal lobes (67) (Figure 1.4) (68). In terms of its clinical significance; pathological
lesions in the temporal lobe are linked to cognitive impairments including age-related
cognitive loss and AD (67). Deep inside the temporal lobe, the hippocampus is mainly
involved in memory and decision making (69, 70). Structural changes, e.g. loss of neurons
in the hippocampus, are one of the early markers in AD and vascular dementia (69). The
role of the hippocampus in memory has been a long research interest. In 1957, Scoville
and Milner conducted surgeries on temporal lobes of 10 patients and damaged their
hippocampus, and observed significant memory loss and a linear correlation between the

level of the hippocampal damage and the severity of the memory loss (71).
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Figure 1.4. Brain regions hosting the structures of interest

The images were taken from Moini et al.’s book “Epidemiology of brain and spinal tumours”
(68).

Another important structure within the temporal lobe is the amygdala, also known
as the emotional brain, the centre of fear, stress, psychosocial functions, motivational
activities and the reward-related mechanisms such as the limbic system (72-74), which
manages impulses driven by pleasure, for instance, eating and sleeping (74). From a
clinical point of view, lesions in the amygdala have been related to depression and anxiety
(72, 75, 76). Furthermore, pathologic proteins and asymmetries in the amygdala were
observed alongside the hippocampus in AD patients (77), suggesting its possible
involvement in cognitive diseases (75). Alongside the temporal lobe, morpho-
pathological changes in the frontal lobe underpin severe neurological diseases such as

frontotemporal dementia and stroke (78).

Regarding the brain region(s) regulating sleep, the thalamus plays a pivotal role
(79, 80). Moreover, significant changes in the grey matter volume in the left-hippocampus
were recorded in people with sleep apnea, a sleep-wake disorder, compared to healthy
individuals, suggesting disordered sleep can even trigger morphological changes in the
brain (81). The amygdala is also involved in sleep functions (82). For example, the
amygdala becomes more reactive to the negative stimuli after sleep deprivation compared

to non-sleep deprived participants (82).
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The amygdala, the hippocampus and the thalamus are referred to as the subcortical
regions while the temporal, frontal, parietal and occipital lobes are the cortical regions

(83) as will be referred to in Chapter 4.

1.1.3. Underlying biological mechanisms of mental and cognitive disorders

Several potential underlying neuropathophysiologies have been studied since the
early 1900s such as formation of tau tangles and plaques (84) and brain atrophy (85). This
section provides insights into the physiological and molecular mechanisms underpinning
the modulation of mental wellbeing and cognition, which may be modulated by dietary

change in a short-term and are of focus in the current thesis.

Vascular health

Depression was hypothesised to be a vascular disease in 1997 by Alexopoulos ef
al., (86). Later, both depression and anxiety were thought to be closely associated with
the cardiovascular system (87, 88). Likewise, dementia was discussed to be a vascular
disease too, as it begins with the systemic vascular degeneration and endothelial
dysfunction, followed by a reduced cerebral blood flow (CBF) and disordered glucose
delivery to the brain and thus resulting in the progressive neurodegeneration and AD (89).
Vascular crisis/attacks such as myocardial infarction (90) and stroke (91) being a
significant risk factor for future dementia risk supports this hypothesis. Therefore,

targeting cardiovascular pathologies is an interest to brain health research (92).

Atherosclerosis and endothelial dysfunction (ED) modulate the associations of
vascular health to depression (93) and to dementias (94). Furthermore, lower flow-
mediated dilation (FMD), an indicator of endothelial function, were found in individuals
with depression compared to healthy controls (95). Endothelial function can also be
modulated by meal compositions (96), presenting itself as an opportunity to rapidly
improve CBF. Besides, hyperlipidaemia is a major risk factor for atherosclerosis and ED
(97). Consequently, lipid lowering drugs and dietary therapy is recommended to reverse
atherosclerosis and ED to repair the impaired vascular function (98), manifesting plasma

lipids as a therapeutical target in brain disorders, and hence of relevance to this PhD.
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Hypoperfusion

The research built up upon the °‘vascular depression’ hypothesis led to
‘hypoperfusion and inflammatory hypothesis’ in depression (99). CBF, also known as
brain perfusion, is a core determinant of brain homeostasis, and responsible for glucose
and oxygen transportation to the brain (100, 101). If a pause occurs in CBF even if for
seconds, it causes permanent damage to neurons, therefore, its healthy and efficient
functioning is essential to maintain brain health (101). Reduced brain perfusion
particularly in the limbic lobe, where the amygdala is located, has been reported in people
with mood and anxiety disorders compared to those free of them (102). Furthermore,
decreased CBF was linked with poorer cognition in individuals with anxiety (103), and
predicted the progression of MCI to dementia (104). CBF is also a characteristic feature
of AD (105). Moreover, people without anxiety were asked to think of worrying events
and showed decreased CBF after four minutes in the hippocampus and amygdala (106),
suggesting perfusion can be manipulated rapidly through external stimuli. CBF also
responds to meal content (107). Therefore, CBF will be investigated as part of this PhD

project.

Neuroinflammation

Neuroinflammation is the metabolic response of the CNS to various factors such
as ageing and environmental factors, and contributes to neurodegenerative disorders
including depression and AD (108). The neuroinflammation studies primarily involve
molecular mechanisms such as microglial work, therefore it has been suggested to focus
on controlling systemic inflammation in humans which would in turn improve the
neuroinflammation through blood brain barrier (BBB) and the gut-brain axis (109). In
particular, C-reactive protein (CRP), a marker of systemic inflammation, is thought to
hold a potential role to act as a pseudo-biomarker of neuroinflammation in psychiatric
(110) and neurodegenerative diseases (111). High levels of peripheral CRP were
associated with depression (112), and elevated risk for cognitive decline to progress to
dementia (113). Therefore, controlling peripheral inflammation by means of, for example,

dietary intake is a strong therapeutic target in neurodegenerative diseases (108, 114).
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Brain hypometabolism

The brain plays a central role in the regulation of energy metabolism as both a
consumer and an administrator, and its utmost priority is to provide itself with energy
(115). Despite representing only 2% of total body weight, it utilizes about 20-25% of the
total energy in the body (115). Glucose is the main fuel of the brain, providing 90-95%
of energy in healthy individuals, and in case glucose becomes unavailable or insufficient,

then ketones are used as the only major substrate for the brain (116, 117).

Brain glucose hypometabolism is a common underlying pathological mechanism
and an early biomarker for both mental and neurodegenerative disorders (118).
Accordingly, impaired glucose uptake into the brain and particularly insulin resistance
are linked with both depressive disorders and AD (119). For instance, people with T2D
carry two to three times higher risk of depression (120). Furthermore, reduced glucose
metabolism was observed in AD patients compared to the healthy subjects in multiple
brain areas including temporal lobe at baseline, with a significant decline in global
cerebral glucose metabolism evident in AD patients after a year (121). In parallel with
these, the “type 3 diabetes” hypothesis is postulated, which suggests an impaired insulin
activity in the brain similar to T2D (122). Taken together, approaches improving glucose
and insulin metabolism can help prevent and slow progress of depressive and
neurodegenerative disorders, presenting the brain insulin resistance as potential treatment
target (119, 123). Therefore, glucose, insulin and insulin sensitivity are of interest to this

PhD.

Neuroendocrine factors

The involvement of neuroendocrine system in depression, anxiety and neurologic
disorders through hypothalamic-pituitary-adrenal (HPA) axis (124) and gut-brain axis
(125) has been well documented. Neuroendocrine changes in the HPA occur as a stress
response, which results in alterations in cognitive (i.e. alertness and attention) and
vegetative functions (i.e. eating and sleeping) (126). More precisely, the involvement of
neuroendocrine factors in mood and cognitive regulation appears to be through stress, as
the brain responds stress which in turn causes mental and cognitive disturbances (127).

Furthermore, sleep is involved in hormonal regulation in mental and cognitive
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disturbances due to its role in regulating nocturnal activity of the HPA axis (128). Cortisol,
governed by the HPA axis, is the primary stress hormone linked to hippocampus and
amygdala activities (129). Alongside involvement in mental, behavioural and cognitive
processes, cortisol levels are responsive to both acute and chronic stressors (130). Dietary
intake affects cortisol levels, for instance, a poor quality diet was shown to associate with
high cortisol levels in people with T2D (131). Cortisol can be measured in the circulation

as a biomarker of tissue levels (132), as will be conducted in this PhD.

Neuroplasticity and brain derived neurotrophic factor

Neural plasticity is the ability of the brain to dynamically respond internal
(structural and functional changes) and external factors such as diet, exercise and sleep
(133). Brain derived neurotrophic factor (BDNF) is a signalling protein serving as an
important marker of the brain plasticity (134). It is heavily involved in the lifecycles of
neuronal cells and cognitive functions such as learning and memory (135). The highest
concentrations of BDNF are normally found in hippocampus and cortex (136). Likewise
CRP, peripheral levels of BDNF are thought to be an indicator of brain BDNF levels
(137). One meta-analysis comparing serum BDNF levels of three groups found lower
BDNF in antidepressant-free depressed people compared to healthy controls and to
antidepressant-treated depressed patients (138), indicating the difference in BDNF levels
between treated/healthy and untreated/unhealthy conditions. Similarly, diminished levels
of serum BDNF levels were evident in people with AD compared to healthy individuals

(139), making it a target for treatment approaches such as antidepressants (140).

1.1.4. Current treatment methods of mental and cognitive disorders

The principal treatment methods for depression and anxiety are medications and
psychotherapies, yet their success rate is only 50% (141). Besides, they are not accessible

for most people living with mental health disorders (142).
At present, there is no cure to completely reverse cognitive decline (34).

Remarkably, the drugs “lecanemab (143) and donanemab (144)” have been developed

within the last two years and shown to reduce cognitive decline with a modest effect in
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early AD after 18 months; yet, both drugs caused mixed significant side effects including
‘amyloid related imaging abnormalities’. Besides, they are found to be ‘significantly less
tolerable compared to placebo’ (145), leaving their clinical efficacy and practical
implications in need of further research. In August 2024, NICE released an article
informing the public that although the use of lecanemab has been approved, it is not going

to be available on NHS due to its inadequate efficacy to judge its high-cost (146).

Pertaining to sleeping difficulties, NHS management strategies involve managing
comorbidities, improving sleep hygiene, Cognitive Behavioural Therapies (CBT) and
pharmacotherapy which is the least favourable and recommended only if CBT has been
tried but not worked (16). Sleep disorders must be taken into account to plan a treatment

for mental and cognitive disorders (63).

As mental, cognitive and sleep disorders are often comorbid and contribute to
each other and efficient therapeutic agents are lacking, it is crucial to develop prevention

and early management strategies for overall brain health (Figure 1.5).
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Figure 1.5. The relationships between mental, cognitive and sleep health
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Although the aetiology of mental and cognitive and disorders is still not fully
understood, some factors are well recognised to influence risk (147-149). The current
thesis focusses on dietary approaches, specifically on a Mediterranean-style dietary
pattern (MDP), as a safe, widely available, cost effective, and potentially effective
approach to improved mental health. It is particularly concerned with short-term
modulational of brain health, which is of relevance to all, but in particular to those with
either acute or chronic cognitive, or mental health conditions where short term modulation
can significantly impact on day-to-day well-being, quality of life (QoL), performance,
and ability to live independently. However as will be detailed below most of the research

to date have focussed on longer term chronic effects.

1.2. Mediterranean-style dietary pattern

1.2.1. Definition and scoring of a Mediterranean-style dietary pattern

A MDP is an eating style that is traditionally followed in the Mediterranean
countries where olive is grown, such as Greece, Italy, Spain, Tiirkiye and Lebanon (150).
It consists of a high consumption of whole or minimally-processed foods such as fruits,
vegetables, nuts, legumes, beans, whole-grain cereals, and breads; olive oil as the major
fat source; low to moderate consumption of dairy products mainly yoghurt and cheese;
fish and poultry; zero to four eggs per week; a low amount of red meat; and wine with
meals in a low to moderate amount (151). Yet, there is no single standardised definition
and formulation of a MDP either in research or in daily habitual consumption in
Mediterranean countries (152). A MDP is also a sustainable eating pattern relative to a
Western-style diet (WD) (153). Furthermore, it symbolises a culture with the palatability
of the Mediterranean cuisine, cooking and eating as a core social and lifestyle component
(154). For this reason, it is listed as Intangible Cultural Heritage of Humanity by
UNESCO (155).

As a result of variances in the definition and formulation of a MDP, no gold
standard exists to measure the adherence to a MDP (156). The first and most commonly

used is the Mediterranean Diet Score (MDS), a MDP pyramid designed by Trichopoulou
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in 1995, a 8-point scale consisting of the following components; vegetables, legumes,
fruits and nuts, dairy products, cereals, meat and meat products, alcohol and
monounsaturated:saturated fat ratio (151). In this system, ‘0’ is assigned to represent
‘never or rarely consumed’ or if the intake is below the median, with a score of ‘1’
assigned if an individual’s intake is above the cohort median value for protective
components (fruits, vegetables, legumes, nuts and cereals) or below the median for non-
protective components (151, 157). Subsequently, different versions of the MDS have been
constructed for different studies (157), and there are now over 50 scoring systems used
globally to assess MDP adherence, which are adaptions of the original MDS (158). As
pointed out by Murphy and Minihane, the use of different scoring systems, although it
“may result in a scoring system better adopted to the local context, makes the integration
of results from different observational studies and randomised controlled trials (RCT),
and the establishment of size effects, public health messaging and clinical application

difficult” (158).

A 14-point questionnaire named ‘The Mediterranean Diet Adherence Screener
(MEDAS)’ was first developed for ‘the Prevencion con Dieta Mediterranea
(PREDIMED)’ study in 2012 (159). MEDAS was reported to be a valid instrument for a
quick assessment of a MDP adherence, hence its application in clinical practice was
recommended due to its correlations with several blood biomarkers including glucose and
lipids (160). It has been commonly used in research since and validated by several
countries including the UK (161). For example, the ‘MedEx-UK Mediterranean diet,
exercise and dementia risk in UK adults’ study conducted by our team also utilised
MEDAS (162). Therefore, it is used for this PhD in order to measure the MDP

compliance. MEDAS consists of the following components;

The original questions with their original explanations regarding the definition of
categories and the portion sizes alongside the threshold to obtain 1 point for each item are

presented below:

“Q1. Do you use olive oil as your principal source of fat for cooking? (yes or no) (should

be yes)

31



Q2. How much olive oil do you consume each day? (4 tablespoons is equivalent to 50 ml
or 50 g. Include all olive oil used for frying, roasting, salad dressings, and that eaten

outside the home.) (should be at least 50 ml or 50 g)

Q3. How many servings of vegetables do you consume each day? One serving is 200 g.
Count salad garnishes and side servings as 1/2 serving. (Include all vegetables EXCEPT
potatoes, sweetcorn, and peas (the latter count as a legume). Vegetable weights are those

prepared and ready to eat. (should be at least two portions)

Q4. How many servings of fruit (including 100% fruit juice) do you consume each day?
One serving is 80 g, or 30 g of dried fruit, or 150 ml of 100% fruit juice. (Include fresh,
cooked, frozen, canned (in fruit juice only) and dried fruit, and up to one serving of 100%

fruit juice or smoothie per day.) (should be at least three portions)

Q5. How many servings of red meat do you consume each day? One serving is 100-150
g. Include pork, lamb, beef, veal, venison, duck, and processed red meat products like
hamburgers, sausages, and bacon. (Include all items containing red meat such as sausage

rolls, meat pies, and pastries.) (should be less than one portion)

Q6. How many servings of butter, margarine, or cream do you consume each day? One
serving is 12 g (This includes butter or margarine used to make cakes or pastries.) (should

be less than one portion)

Q7. How many glasses of sugar-sweetened soft drinks do you consume each day? One
glass is 100 ml. Include fizzy drinks, diluted squash, and cordial. (Do not include diet or

zero-calorie drinks.) (should be less than one portion)

Q8. How many glasses of wine do you consume each week? One glass is 125 ml. Include

red, white, rosé, or sparkling. (should be at least seven portions)

Q9. How many servings of pulses do you consume each week? One serving is 150 g
cooked weight. Include peas, beans (including baked beans), lentils, chickpeas, and
soybeans. (Include dried, tinned, and frozen varieties. Do not include green or French
beans, or mangetout or sugar-snap peas (these count as vegetables) (should be at least

three portions)
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Q10. How many servings of fish or shellfish do you consume each week? One serving of
fish or shellfish (without the shell) is 125 g (Fish or shellfish can be fresh, frozen, or

canned.) (should be at least three portions)

Q11. How many times do you consume commercial sweets (such as cakes, pastries, and
biscuits) each week? (Include all commercial cakes, pastries, biscuits, puddings, custard,

and ice-cream. Do not include homemade varieties.) (should be less than three times)

Q12. How many servings of nuts do you consume each week? One serving is 30 g
(Include all nuts, nut butters, peanuts, and seeds. Do not include salted varieties.) (should

be at least three portions)

Q13. Do you preferentially consume white meat instead of red meat each week? (White
meat includes chicken, turkey, rabbit, and game like goose, pigeon, pheasant, partridge,
and guinea fowl. Red meat includes pork, lamb, beef, veal, venison, duck, and processed
red meat products like hamburgers, sausages, and bacon. If you are vegetarian or vegan,

please answer ‘Yes’.) (should be yes)

Q14. How many times each week do you consume meals prepared with sofrito (sauce
made with tomato-based sauce, containing at least one of (onions/garlic/leeks) that have
been sautéed in olive oil? (Include commercial tomato-based pasta sauces, passata,
canned or fresh tomatoes that have had onions/garlic/leeks sautéed in olive oil added.)”

(should be at least two times)” (162).

MEDAS is a self-administered tool. As per the original MEDAS, a discrete
(binary) system will be used to calculate the total score. If the condition stated in the
points above is satisfied, item is scored as 1 otherwise 0, then summed (159, 163). Thus,
the minimum possible score reflecting non-MDP eating style is zero whilst the maximum
possible score is 14. One limitation of binary scoring for the MEDAS can be discussed
as that it does not account for variations in consumption, as neither the amount nor the
frequency of food items is considered. For instance, eating fish three times a week or
everyday both score one point, even though the amount of bioactives provided by

everyday consumption could make a difference (163).

The full MEDAS questionnaire is also presented in Appendix 1.
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1.2.2. Overall health benefits of a Mediterranean-style dietary pattern

In 1950s, the longevity and the low incidence of CVD of people living in Italy
drew Ancel Key’s attention, leading to the first study assessing the health benefits of a
MDP, named as the Seven Countries Study (SCS) which included “Finland, Greece, Italy,
Japan, the Netherlands, the US and Yugoslavia” (164). The 25-year follow up
demonstrated the variations in saturated fatty acid (SFA) intakes between Italy, Greece
and Japan (varying between 10-31% of total energy) versus and the remaining countries
(40-89% of total energy) (165). The associations were evident for SFA intake to CVD
incidence and to CVD mortality (165). Subsequently, lower risks of CVD-mortality
associated with MDP adherence were echoed by several other large longitudinal cohort
studies, such as The Healthy Ageing: A Longitudinal Study in Europe (HALE) (166),
European Prospective Investigation into Cancer (EPIC)-Norfolk (167) and EPIC-Greek
(168).

To date, the PREDIMED is the most comprehensive RCT in the field, with the
primary objective being to establish the effectiveness of the MDP interventions on
cardiovascular events (169). The study sample included 7447 participants who were
between 55-80 years old, at high risk but free of CVD at baseline and lived in Spain (169).
The experimental design consisted of three parallel arms; i) a MDP group with additional
EVOO (1 L/week), ii)) a MDP group with additional mixed nuts (30 g/day as “15 g
walnuts, 7.5 g almonds, and 7.5 g hazelnuts) and iii) a low-fat control group, none of
which were energy restricted (170). The baseline MEDAS scores (mean + SD) were 8.9
+ 1.8 for the MDP + EVOO group (n=533), 8.9 + 1.9 for the MDP + nuts group (n=533)
and 8.4 + 1.8 for the control group (n=485) (171). After 5-year follow-up, lower risk of
CVD events were seen in the MDP + EVOO and in the MDP + nuts groups compared to
controls (172), alongside improvements in plasma glucose levels, blood pressure (BP),
blood lipids, inflammation, carotid atherosclerosis after a year (170), and BDNF after
three years (173). Moreover, a MDP improves insulin resistance (174) and endothelial
function (175). Endothelial function can also be modulated postprandially by MDP meals
(176), presenting itself as an opportunity to rapidly improve CBF for two reasons; the
endothelium is a dynamic key regulator of vascular homeostasis (177) and CBF is also

responsive to acute food/drink intake (178), the mechanisms mentioned in Section 1.1.3.
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Overall, a large body of evidence has been accumulated on the effectiveness of a
MDP on cardiovascular health. On the other hand, the role of the systemic vascularity in
mediating the brain health has been increasingly recognised (Section 1.1.3), which led to

research on the relationships between a MDP and mental and cognitive wellbeing.

1.2.3. Impacts of a Mediterranean-style dietary pattern on mental health

Regarding epidemiological evidence, a cross-sectional study (n=3172, aged 18-
55 years) reported that the highest adherence to a MDP was associated with a reduced
risk of depression, anxiety and psychological distress in comparison to those with lowest
adherence, adjusted for multiple covariates (179). The first systematic review examining
the relationship between MDP and depression included 26 articles (n=6 interventional,
n=20 observational) and stated that all of the RCTs and 17 of the observational studies
(no difference obtained from Japanese diets comparisons, characterised by high fish
intake) supported the hypothesis that a MDP has a high potential to be a safe therapeutic
approach in people with depression as shown to be linked to a lower risk of future
depression, ameliorating depressive symptoms compared to low MDP adherence and a

WD (180).

The first RCT reporting effects of MDP interventions on depression was the
PREDIMED sub-study (2013), in which 224 individuals out of 3923 were diagnosed with
depression during the 5.4 years follow-up (Table 1.3) (181). Although a trend was evident
for the MDP + nuts group, no overall effect of the interventions on depression incidence
was found (181). However, subgroup analysis revealed a 40% reduction in depression

incidence in participants with T2D who were in the MDP + nuts group (181).

The SMILES RCT (2017) examined 12-week efficacy of a MDP in adults with
major depression (n=67, 18+ years) compared to a social group as a control (182).
Participants in the MDP arm (n=33) were provided with nutritional education sessions
and their MDP adherences were assessed via the ModiMedDiet tool (recommends
consuming “whole grains, fruits, vegetables, low-fat and unsweetened dairy foods, raw
and unsalted nuts, chicken, eggs, olive oil and wine” and avoiding “sweets, refined

cereals, fried food, fast food, processed meat and sugary drinks all other alcohol
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products”), whilst the control group (n=34) gathered at the same frequency for socialising
purposes (182). They reported increases in global ModiMedDiet score and total PUFA

intake, and decreases in depression and anxiety symptoms (182).

Similarly, The HELFIMED RCT (2019) explored the effect of a MDP enriched
with fish oil in improving mental health status in adults with depression (n=152, 18-65
years old) over 6-months with measurements taken at baseline, 3-month and 6-month
(183). Nutritional education sessions, cooking workshops and food for MDP components
were given to the intervention group (n=75) and their MDP adherence were assessed via
MEDAS, whilst the control group (n=77) included befriending (183). The increased
MEDAS score, fruit, vegetable, vegetable diversity, wholegrain, legumes and nuts
consumption and decreased meat/chicken scores were obtained at the intervention arm
between baseline and 3-month compared to control arm (183). MDP caused
improvements in depression and quality of life (QoL) at 3-month with no significant

change between 3-6 months (183).

Another RCT comparing a MDP to a befriending group was the AMMEND study
conducted in men with moderate to severe depression (n=72, aged 18 to 25) for 12-week
(184). Higher MEDAS scores and improvements in depressive symptoms and QoL were
seen after MDP intervention compared to the control, with the authors suggesting
“inflammation, mitochondrial dysfunction, the gastrointestinal tract microbiome,
tryptophan, the HPA, neurogenesis/plasticity and BDNF”, as a potential underpinning
mechanisms aligning with this PhD (184). The aforementioned key RCTs are summarised

in Table 1.3.

36



Table 1.3. A summary of key RCTs examining effects of a MDP on mental health

Study Country  Year Population Intervention Comparat Duration Primary Outcome Results Additional
published or Outcome measures Effect size notes
95% CI)
PREDIMED  Spain 2013 N=3923;at MDP+EVOO  Low-fat Min. 3 Depression  Diagnosis 0.85(0.62, 1.15) The subgroup
CVDrisk;  MDP + Nuts diet years risk of 0.73 (0.52, 1.03) analysis* of
55-80 years depression people with
T2D in MDP
+ nuts: 0.59
(0.36, 0.98)
SMILES Australia 2017 N=67; with MDP + Befriending 12-week  Depressive MADRS -1.16 (-1.73, -0.59)
moderate nutritional symptoms
to severe counselling
depression;
18+ years
HELFIMED  Australia 2019 N=152; MDP + fish 0il  Befriending 3-and 6- Depression DASS-21;  -4.52 (-8.53, -0.52)
with MDD; + nutritional month and anxiety AQoL-8D  0.06 (0.00, 0.11)
18-65 years education + symptoms
cooking
workshops +
food hampers
AMMEND Australia 2022 Male with  MDP + Befriending 12-week  Depressive  BDI-II 144 (11.4,17.4)
moderate nutritional symptoms
to severe counselling +
depression; booklet + food

18-25 years hampers




RCT: Randomised controlled trial; MDP: Mediterranean-style dietary pattern; CI: confidence interval; EVOO: extra virgin olive oil; CVD: cardiovascular disease;
MDD: major depressive disorders; MADRS: Montgomery—Asberg Depression Rating Scale; DASS: Depression Anxiety Stress Scale; AQoL: Assessment of Quality
of Life; BDI: Beck Depression Inventory scale. Subgroup analyses were done for T2D, hypertension, hyperlipidaemia and obesity.
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1.2.4. Impacts of a Mediterranean-style dietary pattern on cognition

Pertaining to epidemiological evidence, the EPIC-Norfolk cohort included
healthy adults (n=8009, aged 40 to 79 years) followed up for approximately 15 years was
used to test associations between a MDP adherence (established by MEDAS and Pyramid
scores) and multiple cognitive domains; global cognition, verbal episodic memory,
nonverbal episodic memory, attention, simple processing speed, complex processing
speed and memory (185). Higher MDP adherence (5-10/14) was linked to a better
performance compared to lower adherence (0-2/14) in global cognition, verbal episodic
memory, simple processing speed, complex processing speed, prospective memory and
attention (185). Moreover, a 1-point increase in the Pyramid score (15-point scale) was

equivalent to 1.7 years less cognitive ageing (185).

A meta-analysis of five longitudinal cohort studies assessing the risks of
developing MCI and AD in cognitively healthy individuals and the chance of progression
from MCI to AD (186). The highest MDP scores were linked to a lowered risk of
developing MCI (186). As for the risk of future AD, every 1-point increase in MDP score
on a 9-point scale lowers the risk by 8% in cognitively healthy adults (186). Besides, the
highest and middle MDP score tertiles significantly reduced the risk of the transition from
the MCI to AD with compared to the lowest tertile (186). A 2022 meta-analysis examining
the associations between a MDP and cognition (global cognition, episodic memory and
working memory, and diagnosis of MCI, AD and dementias) in cognitively healthy adults
included 28 studies (n=2 RCTs, of which the durations are 6 months and 6 years) (187).
A reduced MCI risk was detected with no association between a MDP and cognitive
performance from the cohort studies, whilst MDP RCTs were linked with improved

working memory, episodic memory and global cognition (187).

Cognition was one of the secondary outcomes of the PREDIMED study (Table
1.4) in a sub-cohort of 522 individuals, and it demonstrated that both MDP arms improved
cognitive function independent of any potential confounding factors such as age, genetic,
education, physical inactivity, vascular risk factors and energy intake (188). The Mini-
Mental State Examination (0-30 points) and Clock Drawing Test (0-7 points) were used,

both measure several cognitive functions including but not limited to attention, executive
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function and working memory (188). Participants in the MDP + EVOO group achieved
higher scores (mean points: 28.00 and 5.45) than the those in the MDP + nuts group (mean
points: 27.96 and 5.27) and both groups obtained better scores than people in the low-fat
control group (mean points: 27.40 and 4.95) after a 6.5-year follow-up (188). Besides, the
control group displayed higher incidences of MCI (n=23 in the control, n=19 in MDP +
nuts and n=18 in MDP + EVOO groups), and dementia (n=17 in the control, n=12 in
MDP + EVOO and n=6 in MDP + nuts groups) (188).

The MedLey study assessed a 6-months MDP intervention on cognitive functions
in 137 people (aged 65+ years) compared to a habitual Australian diet, a form of a WD,
and found no differences between groups for executive functioning, processing speed,

memory, visual-spatial ability and global cognition (189).

The NU-AGE study was the first RCT evaluating the impact of a personalised
MDP on QoL, ageing-related changes and overall health in healthy individuals (n=1279,
aged 65-80 years) compared to the control group asked to try adhering to the national
nutritional recommendations based on the leaflet given (190). The study was conducted
in non-Mediterranean European countries; France, Italy, the Netherlands, Poland and the
UK (190). The primary outcome was inflammatory status determined by CRP and
cognition was a secondary outcome (190). After 1-year intervention, cognitive
improvements in both groups in all cognitive domains were seen with no significant
differences between groups (191). However, those displaying a greater adherence to MDP
demonstrated significantly better improvements in global cognition and episodic memory

compared to lower adherers (191).

The MedEx-UK trial led by our group examined the feasibility of a MDP in UK
recruited individuals at-risk of dementia (n=105, aged 57-76 years) and consisted of three
arms; a MDP arm (provided with food), a MDP + physical activity (PA) arm and a control
group (192). After 24-week intervention, alongside improved MDP adherence and
improved CVD outcomes, better performance in overall cognition and memory were seen
with a positive correlation with increases in MEDAS scores (192). The key RCTs

concerning effects of a MDP on cognition were summarised in Table 1.4.
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Table 1.4. A summary of key RCTs examining effects of a MDP on cognition

Study Country  Year Population Inter- Compara- Duration Primary Outcome Effect size Comment
published vention tor Outcome measures HR, RR, OR or
Mean differences
95% CI)
PREDIMED  Spain 2013 N=522;at MD+ Low-fat 6.5 years  Global MMSE MMSE; Results are
CVDrisk;  EVOO diet cognitive (0-30) MD+EVOO: 27.73 multivariable-
55-80 years MD + performance CDT (0-  (27.77, 28.19), adjusted mean
Nuts 7) MD-+Nuts: 27.68 scores of MMSE
(27.20, 28.16), and CDT tests for
Control: 27.11 all groups.

(26.61-27.61).
CDT; MD+EVOO:
5.31(4.98, 5.64),
MD+Nuts: 5.13

(4.78-5.47),
Control; 4.80 (4.44,
5.16).
MedLey Australia 2016 N=137; MDP Habitual 6-month  Age-related 7.99 (-4.0, 19.9) Multivariate
65+ years; WD cognitive adjusted.
cognitively performance Global cognition
healthy score was derived

from executive
function, memory
and processing
speed tasks.
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NU-AGE UK 2018 N=1279 Personalis Healthy 1 year Global B 0.20 (0.004, 0.39) Adherence to the

Healthy ed MDP  diet cognition B 0.15(0.02,0.28) intervention diet
65-79 years diet Episodic was measured by
memory specifically
constructed NU-
AGE index.

Results are based
on higher vs
lower adherence.

Med-Ex UK UK 2023 N=104; 57- MDP + Healthy 24-week  Memory 0.31(0.10, 0.51)
76 years; at  food diet Overall 0.22 (0.05, 0.35)
CVD risk hampers cognition
but + group
cognitively  sessions
healthy MDP +
PA +
group
sessions

RCT: Randomised controlled trial; MD: Mediterranean diet; EVOO: Extra virgin olive oil; MMSE: Mini Mental State Examination; CDT: Clock Drawing Test;
CERAD: Consortium to Establish a Registry for Alzheimer's Disease; EPIC: European Prospective Investigation into Cancer; MEDAS: Mediterranean Diet Adherence
Screener WHICAP: Washington Heights-Inwood Columbia Aging Project; PA: Physical activity; AD: Alzheimer’s Disease.

42



1.2.5. Short-term effects of dietary intake on mental wellbeing and cognitive
performance

Although many of the underlying mechanisms may be acutely modified by dietary
intake, very little is known about the short-term/postprandial impact of a MDP on overall
brain health. Two Australian studies examined 10-day effects of a MDP on mood and
cognition before and reported several improvements in mood and cognitive domains (193,
194). One other short-term study assessing a four-day WD on cognition reported
significantly impaired “hippocampal-dependent learning and memory” compared to a
healthier diet, which was correlated with changes in blood glucose (195). These short-

term studies are discussed in detail in the next chapter (Chapter 2).

1.3. The outline of the thesis
Summary

Mental, cognitive and sleep disturbances are emerging health crises. They
influence each other, share multiple cardio- and cerebrovascular underscoring
mechanisms, and are often the prodromal phases of more severe diseases such as major
psychiatric disorders and dementias. As they contribute to each other, to target improving
one of them holds a high potential to be protective against all (Figure 1.5). Currently
population mental health services need widely available rapid, practical, and affordable
solutions. A MDP has been well recognised to hold a promising potential to improve
overall cardiovascular health and appears to be linked to improved mental and cognitive
health. Although strategies to acutely improve mental and cognitive wellbeing status on
a day-to-day basis can play a critical role in augmenting the QoL for all and in particular
for those who are already suffering from the mood and anxiety disorders or from some
cognitive decline, knowledge in this area is very limited, which therefore is a priority

research area and will represent the focus of my PhD.

The main hypothesis

We hypothesise that a MDP can improve mood and cognition by acutely/sub-
chronically (up to ten days) enhancing rapidly responsive physiological and molecular

mechanisms (Figure 1.6).
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Figure 1.6. The central hypothesis of this PhD project regarding the potential relationships between dietary intake and brain health
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CBF: Cerebral blood flow; BDNF: Brain derived neurotrophic factor; MDP: Mediterranean-style dietary pattern; WD: Western diet. Mental health (depression, anxiety
and stress), neurocognitive health (higher cognitive skills) and sleep are regulated by the brain, share same underpinning mechanisms, all of which can be manipulated
by dietary intake.

Chapter 2 is the systematic review examining the effects of a MDP on mental health and cognition. Chapter 3 and 4 present the RCT component of this PhD project
and which compare the impact of a MDP and WD on mental health, cognition and sleep. Of note, sleep data were not analysed for this thesis. Chapter 5 is the
longitudinal data analysis examining the bidirectional associations between fruit, vegetable and sweet intake (MEDAS items Q3, Q4 and Q11 alongside a subjective
overall diet quality question), and mental health and sleep quality. All hypotheses were built, and findings were discussed based on the postulated mechanisms stated
in the triangle shape.

The objectives and hypotheses of each experimental chapter were as follows; Chapter 2 examined the available evidence on the effects of a MDP on mental health and
cognition and hypothesised that a MDP can improve cognitive and mental health. Chapter 3 and 4 aimed to assess the impacts of a MDP on mental, cognitive and
sleep heath by comparing it to a WD, and hypothesised that a MDP can improve overall brain health compared to a WD. Chapter 5 is the longitudinal analysis assessing
the bidirectional associations between fruit, vegetable and sweet intake (MEDAS items Q3, Q4 and Q11 alongside a subjective overall diet quality question), and
mental health (happiness, low mood, stress and sleep quality). We hypothesised that fruit and vegetable intake and higher diet quality were in a positively correlated
with a better mental health profile (higher happiness and sleep quality and lower low mood and stress) and vice versa.

All hypotheses were built, and findings were discussed based on the postulated mechanisms stated in the triangle shape.
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Research gaps, aims and objectives

The accumulated evidence on the beneficial effects of a MDP on mental wellbeing
and cognitive health is mainly derived from observational studies which do not provide
mechanistic understandings or explain causal relationships. Besides, long-term studies
form the vast majority of the available evidence, leaving the questions on the efficacy of
diets or individual food items in the short-term unanswered. Based on these research gaps,
the overarching aim of this PhD research is to investigate short-term effects of a MDP on
brain health components including mood, anxiety, cognition and sleep alongside

associated physiological biomarkers such as CBF and circulating blood parameters.

The subsidiary objectives, research questions and hypotheses of each

experimental chapter are as follows;

1. Chapter 2:

a. Objective: To evaluate the existing evidence to understand the effects of
short-term MDP adherence on cognition and mood, to rationalise and
inform the focus of the RCT component of this thesis.

b. Research question: Is there consistent evidence available to inidicate a
positive impact of a MDP on cognition and mood?

c. Hypothesis: A MDP can improve cognition and mood in the short-term.

ii.  Chapters 3 and 4:

a. Objective: To design and execute of a short-term/postprandial RCT
investigating the impact of a MDP on mental health as a primary endpoint
in those with mental health complaints, compared with a WD.

b. Research question: Can a MDP alleviate symptoms of mental health
disturbances and improve cognition, sleep and relevant underpinning
biological mechanisms in comparison to a WD?

c. Hypothesis: A MDP can improve mood, anxiety, cognition and sleep by

optimising relevant biological pathways with compared to a WD.

iii.  Chapter 5:
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a.

Objective: To explore the acute bidirectional associations between dietary
intake, namely, fruits and vegetable intake as MDP components, alongside
sugar intake and overall dietary quality and mental health elements
(happiness, low mood, stress and sleep quality) using a longitudinal data
analysis.

Research question: Can dietary intake and mental health modulate each
other?

Hypothesis: Dietary intake and mental health affect each other

bidirectionally.
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Chapter 2. Short-term effects of a Mediterranean-style dietary
pattern on cognition and mental wellbeing: A systematic review
of clinical trials

(Published manuscript)

This chapter was published at British Journal of Nutrition (196) (Appendix 2) and
presented at Nutrition Society Irish Section conference (197) (Appendix 3).

The focus of this PhD was cognition/Alzheimer’s Disease (AD) prior to having to

change due to the pandemic, therefore the primary focus of this section is cognition.

2.1. Introduction

With global ageing population demographics, the prevalence of cognitive
disorders has surged (59). The number of individuals living with dementia, which is a
major cause of loss of independence and disability in older age, was over 55 million
worldwide in 2019, and predicted to triple itself by 2050 (59). In the UK, dementia was
the number two cause of death in 2020, responsible for 11.5% of all-cause mortality,
following COVID-19 related deaths; nonetheless, dementias were still the first cause of
death among females (over 15%) (198). Besides, dementia has an enormous economic

burden, with the global cost expected to reach $2 trillion by 2030 (199).

The prevalence of mild cognitive impairment (MCI), the transition phase prior to
incident dementia, has been estimated to occur in 15-20% of the population aged over 60
years, with 8% to 15% progressing to dementia per year (200). Subjective cognitive
impairments (SCI), which is loosely defined as a state in which individuals present with
‘self-reported’ cognitive decline relative to their previous cognitive status (which is not
diagnosed by objective standard tests) occurs in 50-80% of individuals aged 70 years or
older (201). SCl is linked to depression, anxiety and future AD risk (201, 202). In addition
to cognitive decline, mental disorders, including depression and anxiety disorders are

prevalent, occurring in nearly 15% of the global population (142), and are one of the top

48



three causes of non-fatal health loss in terms of years lived with disability (54).

Depression is also a risk factor for future dementia (203).

Currently, AD and other dementias are irreversible with no effective treatments
available to reverse the condition (34). Therefore, behaviours (such as altered eating
behaviour and nutrition status) which can prevent or delay progression of these conditions
have the potential to dramatically reduce both individual risk and the population burden
of the disease (34). A Mediterranean-style dietary pattern (MDP) is emerging as having
potential positive effects on mental health status. The diet is characterised by high
consumption of extra virgin olive oil (EVOO) and plant-based foods such as fruits,
vegetables, nuts, legumes, whole-grain cereals; low to moderate consumption of dairy
products mainly yoghurt and cheese; fish consumed two to four times a week; low
amounts of red meat; and moderate consumption of wine mainly with meals (151).
EVOO, in addition to being the major component of a MDP, has been shown to
independently confer neuropsychiatric and cardiovascular benefits (204), attributed to its

high monounsaturated fatty acid (MUFA) and phenolic content (205).

The cardiometabolic health benefits of a MDP, first reported in the Seven
Countries Study (SCS) in 1950’s (165), and are now well established (206-208). An
improved cardiometabolic phenotype is thought to in part underlie the emerging cognitive
benefits of this dietary pattern. However, the majority of this evidence has been acquired
from observational studies, such as the EPIC-Norfolk (185), with a dearth of RCTs which
report on the causal benefits of a MDP on long-term cognitive and overall mental health.
The PREDIMED was the first RCT testing the long-term effectiveness of a MDP in
primary prevention which had incidence of cardiovascular diseases as the primary
endpoint (169). In a sub-group secondary analysis, the MDP interventions enriched with
either EVOO or nuts were shown to improve cognitive function (188) and depressive
symptoms (209). Available systematic reviews and meta-analysis focus on the long-term
mental health benefits of a MDP, with adherence associated with an overall risk ratio of
0.79 (95% CI, 0.70, 0.90) of developing cognitive disorders (210). Although no
association was observed in the cohort analysis, data from 9 cross-sectional studies
indicates a negative relationship between adherence to a MDP and risk of depression

(OR=0.72; 95% CI, 0.60, 0.87) (211).
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In addition to the long-term trajectory, for the ever-increasing number of
individuals with pre-existing cognitive or mental health deficits and even in healthy
individuals, there is a great need and interest in identifying nutrition strategies which
improve cognition, mood and anxiety in the short-term, in order to improve capabilities,
independence and overall quality of life. Therefore, the objectives of the current
systematic review are, (i) to conduct an evidence synthesis from RCT data to scrutinise
whether a MDP has the potential to alter cognition, mood and mental wellbeing in the
short-term, and (ii) identify research need and inform the design of future acute RCTs in

the area.

2.2. Methods

This systematic review was written in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (212). The full
protocol of our systematic review was registered on PROSPERO with the registration

number CRD42021221085 (213), and presented in Appendix 4.

2.2.1. Search strategy, eligibility criteria and study selection

“Short-term” is defined as “up to 10 days” following discussions among the
authors, where effects on cognition are likely to be mediated by rapidly responsive
physiological processes such as brain blood flow, inflammation and oxidative status. Ovid
Embase, Ovid Medline and Web of Science Core Collection were searched (214, 215)
using “Mediterranean diet”, “olive o0il”, “cognition”, “dementia”, “mood”, “mood
disorders”, “anxiety”, “anxiety disorders”, “depression”, “depressive disorders” and
“wellbeing”. Free search terms and medical subject heading terms were combined where
the databases allowed, namely EMBASE and MEDLINE. The first search (for the
publication) covered the period spanning from the inception dates of the databases, more
precisely 1947 for Embase, 1964 for Medline, and 1950 for Web of Science Core
Collection (216), to 08 December 2020. The same systematic search was re-executed in
order to update the findings for the present chapter with the cut-off date 29 October 2023.
Final search strategies were constructed with the assistance of the academic librarian of

the Faculty of Medicine and Health Sciences, University of East Anglia. The full

electronic search strings used in the three databases are presented in the Table 2.1 below.
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Table 2.1. Electronic search strings used
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Embase via Ovid (for MDP search)

22.
23.
24.
25.
26.

(Mediterranean* adj5 (diet* or eat* or food*)).ti,ab.

exp Mediterranean diet/

lor2

(dementia* or cogniti* or memory or mood* or anxiet* or wellbeing or well-being or
depress*).ti,ab.

exp cognitive defect/

exp cognition/

exp cognitive aging/

exp memory/

exp mood disorder/

exp mood/

exp anxiety/

exp anxiety disorder/

exp wellbeing/

exp psychological wellbeing assessment/
4orS5or6or7or8or9orl0orllorl2orl3orl4

3and 15

crossover procedure/

double blind procedure/

randomized controlled trial/

single blind procedure/

(random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or
(doubl$ adj blind$) or (singl$ adj blind$) or assign$ or allocat$ or volunteer$).mp.
[mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading
word, candidate term word]

17 or 18 or 19 or 20 or 21

16 and 22

exp human/

23 and 24

limit 25 to dd=20201208-20231029 (the added cut-off dates for the second search)
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Embase Via Ovid (for olive oil search)

22.
23.
24.
25.
26.

olive oil.ti,ab.

exp olive oil/

lor2

(dementia* or cogniti* or memory or mood* or anxiet* or wellbeing or well-being or
depress*).ti,ab.

exp cognitive defect/

exp cognition/

exp cognitive aging/

exp memory/

exp mood disorder/

exp mood/

exp anxiety/

exp anxiety disorder/

exp wellbeing/

exp psychological wellbeing assessment/
4orS5or6or7or8or9orl0orllorl2orl3orl4

3and 15

crossover procedure/

double blind procedure/

randomized controlled trial/

single blind procedure/

(random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or
(doubl$ adj blind$) or (singl$ adj blind$) or assign$ or allocat$ or volunteer$).mp.
[mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading
word, candidate term word]

17 or 18 or 19 or 20 or 21

16 and 22

exp human/

23 and 24

limit 25 to dd=20201208-20231029 (the added cut-off dates for the second search)
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Medline via Ovid (for MDP search)

23.
24.
25.
26.
27.

(Mediterranean* adj5 (diet* or eat* or food*)).ti,ab.

exp Mediterranean diet/

lor2

(dementia* or cogniti* or memory or mood* or anxiet* or wellbeing or well-being or
depress*).ti,ab.

exp cognition/

exp cognitive dysfunction/

exp cognition disorders/

exp memory/

exp mood disorder/

exp mood/

exp anxiety/

exp anxiety disorder/

exp Mental Health/

exp Stress, Psychological/

exp depression/

exp “Quality of Life”
4orS5or6or7or8or9orl0orllorl2orl3orl4orl5orl6

3and 17

cross-over studies/

single-blind method

double-blind method

(random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or
(doubl$ adj blind$) or (singl$ adj blind$) or assign$ or allocat$ or volunteer$).mp.
[mp=title, book title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, unique identifier, synonyms, population supplementary concept word,
anatomy supplementary concept word]

19 or 20 or 21 or 22

18 and 23

exp human/

24 and 25

limit 26 to rd=20201208-20231029
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Medline via Ovid (for OO search)

23.
24.
25.
26.
27.

olive oil.ti,ab.

exp olive oil/

lor2

(dementia* or cogniti* or memory or mood* or anxiet* or wellbeing or well-being or
depress*).ti,ab.

exp cognition/

exp cognitive dysfunction/

exp cognition disorders/

exp memory/

exp mood disorder/

exp mood/

exp anxiety/

exp anxiety disorder/

exp Mental Health/

exp Stress, Psychological/

exp depression/

exp “Quality of Life”
4orS5or6or7or8or9orl0orllorl2orl3orl4orl5orl6

3and 17

cross-over studies/

single-blind method

double-blind method

(random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or
(doubl$ adj blind$) or (singl$ adj blind$) or assign$ or allocat$ or volunteer$).mp.
[mp=title, book title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, unique identifier, synonyms, population supplementary concept word,
anatomy supplementary concept word]

19 or 20 or 21 or 22

18 and 23

exp human/

24 and 25

limit 26 to rd=20201208-20231029
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Web of Science Core Collection (for MDP search)

AN O i

TI= (Mediterranean NEAR/5 (diet* OR eat* food*)

AB= (Mediterranean NEAR/5 (diet* OR eat* food*)

AK= (Mediterranean NEAR/S (diet* OR eat* food*)

KP= (Mediterranean NEAR/5 (diet* OR eat* food*)

40R30R20R1

TI= (dementia* OR cogniti* OR memory OR mood OR mood disorder* OR anxiet*
OR anxiety disorder* OR wellbeing OR well-being OR depress*)

AB= (dementia* OR cogniti* OR memory OR mood OR mood disorder* OR anxiet*
OR anxiety disorder* OR wellbeing OR well-being OR depress*)

AK= (dementia* OR cogniti* OR memory OR mood OR mood disorder* OR anxiet*
OR anxiety disorder* OR wellbeing OR well-being OR depress*)

KP= (dementia* OR cogniti* OR memory OR mood OR mood disorder* OR anxiet*
OR anxiety disorder* OR wellbeing OR well-being OR depress*)

10. 9OR8OR 70R 6
11. 10 AND 5

Web of Science Core Collection (for OO search)

SANE A i

TI= olive oil

AB= olive oil

AK=olive oil

KP= olive oil

40R30R20R 1

TI= (dementia* OR cogniti* OR memory OR mood OR mood disorder* OR anxiet™®
OR anxiety disorder* OR wellbeing OR well-being OR depress*)

AB= (dementia* OR cogniti* OR memory OR mood OR mood disorder* OR anxiet*
OR anxiety disorder* OR wellbeing OR well-being OR depress*)

AK= (dementia* OR cogniti* OR memory OR mood OR mood disorder* OR anxiet*
OR anxiety disorder* OR wellbeing OR well-being OR depress*)

KP= (dementia* OR cogniti* OR memory OR mood OR mood disorder* OR anxiet*
OR anxiety disorder* OR wellbeing OR well-being OR depress*)

10. 9OR8OR 70R 6
11. 10 AND 5
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Studies were accepted eligible if they:
- had an RCT design,
- intervened with either a MDP or olive oil,
- had an intervention period of up to and including 10 days,
- assessed either cognition, mood, anxiety or depression as a primary or
secondary endpoint,
- included adults over 18 years,

- published in the English language.

Observational epidemiological studies were excluded. No sex filter was applied. The
reference lists of included studies were manually read in order to obtain further potential
publications. Two authors (LE and ESC) independently completed screening the titles and
abstracts against the predefined eligibility criteria. Any discrepancies were resolved by
discussions until an agreement was reached. For the second search, the results were
screened by LE only as the intention was not publication but to update the present chapter.

EndNote X9 is used as the reference management tool.

2.2.2. Data extraction and quality assessment

A table which recorded the authors, publication year, country that studies were
conducted in, type of RCT, participant characteristics, study duration, intervention, main
outcomes, assessment methods used, results (mental health status) and additional

results/comments, was generated to extract the data from the included studies.

A quality assessment was done using RoB2, a revised tool for risk of bias by
Cochrane (217), which has five domains; bias arising from the randomisation process
(D1), bias due to deviations from intended interventions (D2), bias due to missing
outcome data (D3), bias in measurement of the outcome (D4), bias in selection of the
reported result (D5) and plus overall bias (D6). The results of bias investigation are

presented by means of a traffic light plot under low risk, some concerns or high risk.

2.2.3. Data synthesis
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A narrative approach was used to synthesise the data. No quantitative analysis was

performed due to the small number of studies.

2.3. Results

2.3.1. Study identification

Initially, 3002 studies were obtained from the three electronic databases. After
deduplication, 2261 studies remained, with 1721 from the MDP search and 540 from the
olive oil search. Of these, 2253 were excluded following the title and abstract screening
for reasons such as longer study durations, irrelevant outcomes, supplement interventions,
epidemiological studies, animal studies, any type of reviews, meta-analysis and protocols.
Full texts were screened for the remaining eight studies. Finally, four studies, three full
articles (193, 194, 218) and one conference proceeding (219), met the eligibility criteria,
and were included. These four papers yielded a reference list of 85, which were scanned

manually by LE and ESC, with no additional publications emerging for inclusion.

The second search that was performed utilising the same methodology to update
the results generated 1430 studies. Following the elimination of 181 duplicates, a total of
1249 studies remained to be screened. Subsequent to the title and abstract screening, none
of the studies met the predetermined inclusion criteria for the identical reasons stated
above, such as observational cohort studies, animal studies, nondietary interventions,
longer study durations, populations falling outside the scope of interest (infants, children

and adolescents), irrelevant outcomes, reviews, protocols, consensus reports.

Both study identification processes are merged, and the updated version is

presented in the PRISMA diagram (Figure 2.1).
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2.3.2. Study characteristics

All included studies were RCTs, two with a cross-over (193, 219) and two with a
parallel design (193, 219) (Table 2.2). All intervened with a MDP and were carried out in
non-Mediterranean countries, two Northern European (218, 219) and two Australian
(193, 194). The sample sizes ranged from 24 (194) to 53 (219). Three of the studies
included young females only, with (mean + standard deviation) ages, of 21.1+3.3 (193),
22.3+3.7 (219) and 25.6+5.2 (194) years (mean + standard deviation). The remaining
study (218) included both males and females with metabolic syndrome traits with a
participant mean age of 70+5 years. None of the four RCTs reported any previous
cognitive or mental health issues in the participants. Three had a study duration of 10
days, with one (218) examining the physiological response 4.5 hours after the test meal.
One study (218) implemented a MDP alone or with a physical activity intervention (30

minutes moderate walking).

In terms of the MDP intervention, in one cross-over study (218), participants were
provided with their test breakfast (4300 kJ) that consisted of ciabatta, smoked salmon,
muesli, fruit and vegetables which was described as rich in unsaturated fatty acids, dietary
fibre and antioxidative compounds. The remaining three studies did not provide the study
foods but rather guided participants in following a MDP. De Vries et al. (219) did not
provide any detail of the dietary instructions provided to participants. Lee et al. (194)
requested participants in the MDP group to increase their intake of fruit, vegetables, oily
fish, low-fat dairy and nuts with a focus on healthy carbohydrates, fats and proteins, and
to exclude meat, butter, margarine, caffeinated/energy drinks, added sugars and salts,
alcohol, tobacco and illicit drugs during the study period. Besides, participants were also
asked to consume freshly prepared foods and to avoid processed and packaged options
where possible. Similarly, McMillan et al. (193) asked participants to increase their
consumption of fruits, vegetables, oily fish, low-fat dairy and nuts and to combine good
sources of carbohydrates (less refined carbohydrates, whole grains, legumes, fruits and
vegetables), fats and proteins. Additionally, they were instructed to abstain from red meat,
refined sugars refined flour, pre-packaged and processed foods, caffeinated products, soft

drinks and condiments.
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Regarding dietary assessment methods, food diaries were used over the 10-day
study period in order to record the dietary intake in three of the studies (193, 194, 219).
The remaining study provided the foods, so no self-reported dietary assessment was

required (218).
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Table 2.2. Study details and main outcomes

Authors  Year Country Type of Participant Duration Inter- Main Assess-  Addi- Results Addi-
published charac- vention outcomes ment tional (Mental Health Status) tional
teristics methods outcom comments
used es
Diekmann 2019 Germany n=26 4.5 hours 4 inter- Mood MDMQ  Appetite MDMQ: No effect No effect
etal 8 Female, ventions Cognition Plasma  of diet of diet on
18 Male 2 weeks (isoenergetic, FAIR-2  cortisol ~ FAIR-2: Walking group: 1.4-fold cortisol
Metabolic wash-out 4300 levels increase in attention in MDP VAS: No
syndrome periods kJ/meal): compared to WD. impact of
69.9+4.7 Resting group: 1.1-fold increase in diet on
years*® 1.WD + attention in MDP compared to WD. hunger.
BMI=30.3 walking (p=0.045 from iAUC data, meal x Satiety was
+23 2.WD + time interaction NS). higher after
kg/m?* resting MDP
3.MDP + compared
walking to the WD
4 MDP + (p<0.001).
resting
de Vries 2017 Nether- n=53 10 days MDP or Mood POMS Decreases in vigour/activity Food
etal lands Female control group (p<0.001); tension/anxiety diaries
223+3.6 Bond- (p=0.001); fatigue/inertia (p=0.003);  were used
years*® Lader anger/hostility (p=0.014); over 10
confusion/bewilderment (p=0.015) days but
and the total mood disturbance score  not
(p not stated), and contentment reported in
(p=0.001); alertness (p=0.003) in the text.
MDP compared to control group. p No detail
values are for the time*treatment given on
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interactions, no effect sizes are

the control

presented. group diet.
Leeetal 2015 Australia  Cross- n=24 10 days MDP or NC  Mood POMS Cardio-  Confusion reduced in MDP (-1.19) Food
over Female Cognition Bond- vascular and increased (1.52) in NC. (F=6.87, diaries
Healthy Lader function p=0.02). were used
256 5.1 COM- BP, Alertness increased in MDP (6.93) over 10
years*® PASS blood and reduced in NC (-8.31) days.

flow (F=14.11, p<0.01). Augmentati

velocity  Contentment increased in the MDP on pressure

and group (5.35) and reduced in NC (- (mm Hg)
arterial  4.23). (£=6.49, p<0.02). reduced in
stiffness  Immediate word recall: Correct MDP (-

Dietary  responses increased in MDP (1.14) 1.05) and

adhe- and reduced in NC (-0.64) (F=8.19, increased in

rence p=0.01). NC (0.95)

Anthrop Incorrect responses decreased in (F=6.15,

ometric ~ MDP (-0.32) and increased in NC p=0.02).

measure  (0.36) (F=4.83, p=0.04). 100%

s Delayed word recall: Incorrect dietary
responses decreased in MDP (-0.33)  adherence
and increased in NC (0.71) (F=4.57,  to MDP
p=0.046). BW:
3-back task: Correct responses Reduced in
reduced in the MDP (-2.32) and MDP group
increased in NC (4.14) (£'=6.64, (-1.77 kg)
p=0.02). and

increase in
NC group
(0.11)
(F=10,81,
p<0.01).
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No change

in BMI
Mc 2011 Australia  Parallel n=25 10 days MDP or NC  Mood 65-item  Dietary  Vigour increased in MDP by 18% Food
Millan et arms Female Cognition POMS adheren  (3.67) and reduced in NC by 22% (- diaries
al. Healthy Bond- ce 5.06) (F=11.25, p=0.003). were used
21.1433 Lader Anthrop  Alertness increased in MDP by 30%  over 10
years*® COM- ometric  (16.43) and reduced in NC group by  days.
PASS measure  15% (-9.02) (F=22.23, p<0.001). 100%
s Contentment increased in MDP by dietary

20% (12,89) and reduced in NC by adherence
15% (-10.4) (F=16.634, p<0.001). to MDP.

Numeric working memory: RT No effect
increased in MDP by 2% (+15) and of diet on
decreased in NC group by 14% (- BW, BMI
122) (F=5.05, p=0.04). and WC.

Corsi Blocks task: RT reduced in
MDP by 14% (-420) and increased in
NC by 27% (837) (F=17.628,
p<0.001).

Word recognition: RT reduced in
MDP by 3% (-29) (p=0.574, NS) and
in the NC by 20% (-191) (p=0.001).
The difference between groups was
signiﬁcant: (F=5.04, p=0.035).

Asterisk (*) represents mean + standard deviation. RCT: Randomised controlled trial; BMI: Body Mass Index; kJ/meal: kilojoule/meal; BP: Blood pressure; WD:
Western diet; MDP: Mediterranean-style dietary pattern, MDMQ: Multidimensional Mood State Questionnaire for mood; FAIR-2: Frankfurt Attention Inventory-2 for
cognition; iAUC: Area under the curve; NS: Not significant; VAS: Visual Analogue Scale for hunger, appetite and satiety; POMS: Profile of Mood States questionnaire
for mood (tension/anxiety, anger/hostility, fatigue/inertia, vigour/activity, confusion/bewilderment, depression/rejection and total mood disturbance score); Bond Lader
Scale for mood (alertness, contentment and calmness); NC: No change in diet; COMPASS: The Computerised Mental Performance Assessment System for cognitive
domains; RT: Reaction time; BW: Body weight; WC: Waist circumference.
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While three studies examined both mood and cognition as outcomes (193, 194,
218), one study assessed only mood (219). The assessment methods for mood included
the German version of Multidimensional Mood State Questionnaire (MDMQ) for
subjective mood (good/bad mood; alertness/fatigue and ease/unease) (218), the Profiles
of Mood States (POMS) questionnaires scoring the subscales tension/anxiety,
fatigue/inertia, vigour/activity, confusion/bewilderment, anger/hostility,
depression/rejection and the total mood disturbance score (193, 194, 219) and the Bond-
Lader visual analogue scales for the alertness, calmness and contentment (193, 194, 219).
For the assessment of cognition, the German version of the Frankfurt Attention Inventory
2 (FAIR-2, test version A) for attention (218) and the Computerised Mental Performance
Assessment System (COMPASS) battery for a variety of cognitive domains were used
(193, 194).

2.3.3. Study quality

The study quality assessment showed that all included studies have a low risk of
bias in the first three domains (D1), bias arising from the randomisation process; (D2)
bias due to deviations from intended interventions; (D3), bias due to missing outcome
data), while the other two domains ((D4) bias in measurement of the outcome and (D5)
bias in selection of the reported result) were assessed as having some concerns (Figure

2.2).

Unique ID D1 D2 D3 D4 D5 D6

Diekmann et al. + \+‘ L+ ! ! @

DeVrieset al. + ,+4 >+ ! ! @

Leeetal. + + + ! ! @

McMillan et al. + + + ! ! @
+ Lowrisk 1 Someconcerns ‘ High risk

Figure 2.2. Risk of bias assessment results

D1: bias arising from the randomisation process; D2: bias due to deviations from intended
interventions; D3: bias due to missing outcome data; D4: bias in measurement of the outcome;
D5: bias in selection of the reported result; D6: overall bias.
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2.3.4. Effect of interventions

Primary outcome measures

Cognition:

According to the COMPASS results, increased correct responses (1.14, F=8.19,
p=0.01) and decreased incorrect responses (-0.32, F=4.83, p=0.04) were seen in
immediate word recall; reduced incorrect responses (-0.33, F=4.57, p=0.046) in delayed
word recall were evident in the MDP group relative to the control while correct responses
significantly decreased in MDP treatment (-2.32, F=6.64, p=0.02) for the 3-back task
(194). Reaction time increased for numeric working memory task in MDP by 2% and
decreased by 14% in the control group (F=5.05, p=0.04); reduced for Corsi Blocks task
by 14% (-420) in MDP treatment and increased by 27% (+837) in the control group
(F=17.628, p<0.001) (193). Whilst reaction times reduced in the word recognition task
in both arms, it was not significant in the MDP (3%, -29, p=0.574) treatment and
significant in the control group (20%, -191, p=0.001). The difference between the groups
was significant (F=5.04, p=0.035) (193).

No overall significant effect of meal type on attention (as assessed by the FAIR-2
method) was recorded. However, in the walking groups a 1.4-fold increase was seen in
the MDP group when compared to the WD, while this increase was 1.1-fold higher in the
MDP relative to the WD in resting (p=0.045) (218).

Mood:

Using the POMS questionnaire, vigour/activity (p<0.001), tension/anxiety
(p=0.001), fatigue/inertia (p=0.003), anger/hostility (p=0.014), confusion/bewilderment
(p=0.015) and the total mood disturbance score (p value not stated) were significantly
improved in the MDP arm compared to the control group (219). Lower confusion was
observed following the MDP treatment (-1.19, F=6.87, p=0.02) with no other changes in
the subscales of mood evident (194). Following 10 days of MDP adherence, vigour rose
by 18% (3.67, F=11.25, p=0.003) in the MDP condition with no other dimensions of
mood significantly affected (193).
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Using the Bond-Lader scale, alertness and contentment were improved by MDP
in all 3 studies used this scale. The results were as follows; alertness (p=0.003) and
contentment (p=0.001) (219); alertness (6.93, F=14.11, p<0.01) and contentment (5.35,
F=6.49, p<0.02) scores (194); and alertness (16.43 (about 30%), F=22.23, p<0.001) and
contentment (12.89 (about 20%), F=16.634, p<0.001) (193). No significant change was

reported for calmness.

Using the MDMQ test, no main effect of meal type interventions was observed

for mood (218).

Secondary outcome measures

Two of the studies reported subjective dietary adherence. In the Lee ef al.’s study
(194), an average MDP adherence of 94% was evident which ranged from 80% to 100%.
Similarly, in the McMillan et al.’s study (193), a mean MDP adherence of 93% for meals
(range 80% to 100%) and 95% for snacks (85% to 100%) was reported.

No significant impact of a MDP meal vs WD meal on plasma cortisol levels was
evident (218). Only Lee et al. assessed the impact of intervention on BP, blood flow
velocity and arterial stiffness (194). A significant decrease (-1.05, F=6.15, p=0.02) in

augmentation pressure (mmHg) was observed in the MDP condition relative to the control

group.

Diekmann et al. assessed the desire to eat (218). Overall hunger was not
influenced by meal while satiety was higher after MDP as compared to the WD
(p<0.001).

Body weight and body mass index (BMI) were tracked in two of the studies. Lee
et al. (194) reported a significant weight loss in the MDP (-1.77 kg, F=10,81, p<0.01)
group. McMillan et al. (193) observed no significant main effect of diet on body weight,

BMI or waist circumference between the two groups.
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2.4. Discussion

This is the first systematic review to report the short-term effects of a MDP on
cognition and overall mental well-being. The findings suggest that a MDP has the
potential to affect cognition and mood in as little as 10-days. The findings have also
identified important research gaps notably; there are few reported studies and of the
studies available most were conducted in young people, aged 18 to 38 years (193, 194,
219) and all conducted in individuals without cognitive or mental health complaints. In
addition, there was a tendency to study females with only 18 males in the 128 participants
from the four studies. Therefore, the short-term effect of a MDP on mental health status
in older adults, and in particular individuals who present with evidence of cognitive or

mental health decline, is currently unknown.

Specific cognitive domains improved in all of the studies assessing the cognition
although the findings were not consistent (193, 194, 218). Attention was significantly
improved after the MDP in one study, with the authors speculating that this difference
may be caused by the higher glucose content of the MDP (carbohydrate content of the
meals: 133 g in MDP vs 93.7 g in WD) as the brain uses glucose as the primary source of
energy (218). Other studies reported improvements in immediate and delayed memory
recall tasks, working memory and reaction times (194), and spatial working memory
(193). Consistent with these short-term effects, previous studies have reported longer-
term (8 weeks) effects of a MDP enriched with dairy foods on processing speed in adults
at above average CVD risk in the MedDairy study (220).

Mood dimensions, namely, alertness and contentment, were significantly and
consistently improved by MDPs in the short-term in all four studies. Vigour (193, 219)
and confusion (194, 219) were also improved following the MDP. Adherence to a MDP
has previously been shown to be associated with reduced risk of depression in elderly
(221) and in the MedDairy study, a reduction in depression, tension, anger, confusion and
total mood disturbance score were recorded following the 8 weeks dietary intervention
period (220). Furthermore, polyphenols intake, which are considered an important

bioactive in the plant based MDP, have shown to reduce depressive symptoms (222).
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Previous short-term studies using other dietary intervention or health endpoints
provide insight into the possible mechanistic basis for the effect of a MDP on mental
health. Myette-Coté et al. (223) examined the effects of a low fat, low glycaemic index
diet (GL), to a low carbohydrate diet (LC) or a low carbohydrate plus post-meal walking
(LC+Ex), in type 2 diabetes on glucose levels and inflammatory factors in a RCT
comprising of three 4-days interventions. While improved glycaemic control was evident
in the LC group, plasma monocyte-derived microparticles reduced significantly in the GL
group which was similar to a MDP, suggesting that cerebral hypometabolism and
inflammation which are features of cognitive disorders may be positively modulated by
short-term dietary strategies. Attuquayefio et al. (195) reported a decrease in
hippocampal-dependent learning and memory (HDLM) following a breakfast high in
saturated fat, cholesterol and added sugar and low in protein relative to an isocaloric
healthy breakfast for 4 consecutive days, findings which were subsequently confirmed
over a one-week intervention period (224). The hippocampus is a core brain area for
cognitive functions such as learning and memory (225). Besides, the hippocampus is
involved in anxiety-related behaviours (226) and major depression (227). This evidence
suggests the hippocampus function can be affected negatively by an unhealthy eating

pattern in as short period as four days.

The hippocampus also produces high concentrations of brain derived neurotrophic
factor (BDNF) which is important in attention, cognition and total behaviour (228).
Decreased levels of BDNF have been linked to cognitive and mood disorders, and it has
been identified as a therapeutic target in neurodegenerative and psychiatric impairments
(229). In the PREDIMED study, a MDP raised BDNF levels over 3 years whilst a MDP
supplemented with nuts was linked to significant improvement in serum BDNF levels in
individuals with depression (173). However, the existing literature does not provide any

insight into the short-term impacts of a MDP on BDNF levels.

Blood brain barrier (BBB) is a dynamic selective interface between the brain and
the bloodstream, in which dysregulations are associated with cognitive (including AD)
and psychiatric disorders (230). Although selected dietary components have been shown
to affect BBB function such as permeability in animal models (231) and the BBB is
susceptible to be impairment by a WD (232), the impact of a MDP in short- or long-term

mental health is currently unknown but should be a focus of investigation. Additionally,
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a reduction in CBF is associated with cognitive dysfunction (233). Lamport et al. (178)
investigated the impacts of high flavanones on cognition and CBF in young healthy
participants in an acute RCT. A high flavanone citrus juice resulted in a two hour increase
in CBF and better performance in one cognitive task (Digit Symbol Substitution) were
observed in the experimental group. McManus et al. (234) examined the acute effects of
eicosapentaenoic acid (EPA) or docosahexaenoic acid (DHA), found in oily fish, on
arterial stiffness in men at high risk of CVD. Four hours following to the test meal,
vascular function was significantly improved by the DHA-rich oil. Besides, a MDP is

known to chronically affect systematic vascular function (175).

The influences of the gut microbiota on cognition and overall mental well-being
are well-recognised (235, 236). Therefore, nutritional strategies targeting gut health may
represent a meaningful strategy for delaying or even reversing neuropathology (237).
David et al. (238) demonstrated that the gut microbiota can be changed through both
animal-based and plant-based diets in 5-days. Moreover, in a 1-year longitudinal study,
the gut microbiota responded to daily changes in diet (239). Hence, accumulating
evidence suggests that the gut-brain axis could mediate the even short-term effects of a

MDP on cognition and mental wellbeing.

The current review highlighted that all of the participants in the MDP treatments
from the two studies tracking dietary adherence (193, 194) reported high dietary
adherence with no side effects. Besides, a MDP was linked to higher satiety in one study
(218) and significant weight loss despite no caloric restriction in the another study (194).
Considering the fact that maintenance of healthy eating behaviours is not an easy task
even in the short-term, this available evidence suggests that a MDP is an acceptable

implementable approach even in non-Mediterranean countries.

The review has also highlighted a lack of consistency in how the MDP is applied.
Despite the small number of included studies, none of them used the same dietary
procedure although the two Australian studies gave similar instructions to their
participants (193, 194). Abdelhamid et al. (240) have previously reported the high
inconsistencies in food and nutrient intake through when adopting a MDP. Davis et al.
(152) also reported discrepancies in how the MDP was defined and the resulting nutrient

intakes, with vegetable intakes, for example, ranged from 191-500 g/day in high MDP
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adherers. A greater standardisation in the definition of a MDP is needed in order to
integrate data from difference sources and translate it in dietary recommendations

focussed on improved short- and long-term health.

The main strength of the present paper is that it is the first systematic review to
examine the short-term impact of a MDP on mood and cognition. Secondly, the database
combination used ensured optimal coverage of the data (214, 215), and has been shown
by others to retrieve 95.9% of available references (214). Third, the review covers all
available literature up to October 2023. As for limitations, the number of studies found
was small, therefore, the conclusions are preliminary rather than robust. However, this
limitation provided an opportunity to identify research gaps. The second limitation is the
high heterogeneity in the dietary and mental health status assessments used. This

methodological variability restricted making comparisons between studies.

In conclusion, the possible short-term beneficial impacts of a MDP on cognitive
and mental health have been reviewed systematically for the first time. The results
provide some initial evidence that short-term dietary interventions can confer health
benefits which directly and/or indirectly improve cognitive and mental health. However,
future studies are required to elucidate which cognitive and other mental health domains
could be beneficially affected and what are the underlying physiological mechanism
mediating the effects. Short-term strategies to improve cognition, mood and anxiety are
not only of interest to improve quality of life and capabilities in those with existing mental
health deficit but also in healthy individuals. The definition of the MDP in future studies
should be carefully considered, with attention given to its population adoption taking into

account social, geographical and cultural mediators of eating behaviours.

The second round of searches indicated that there is still a research gap within the
field as no eligible study has been published in the last three years. However, it also
highlighted ‘the growing interest in the field’, by comparison of the numbers obtained
from the search results. The initial search covered the period from the inception dates of
the databases to December 2020, and resulted in a total number of 3002 studies, whilst
the last three years, between December 2020 and October 2023, generated 1430 studies,

nearly half of the previous seventy years. Yet, there remains a dearth of clinical trials.
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As per the second objective of the present systematic review which was to
“identify research need and inform the design of future acute RCTs in the area”, the
further lack of acute/sub-chronic studies identified in this systematic review extension re-

confirms the need for the MediMood trial presented in the next chapters.

2.5. Author contributions

Anne Marie Minihane and Karen Joy Murphy formulated the research question.
Latife Esgunoglu selected the database combination and built the search strings with
support from Lee Hooper, RD, PhD, an expert in systematic reviews, and Matthew Smith
(Hawkes), the academic librarian of the Faculty of Medical and Health Sciences,
University of East Anglia. Latife Esgunoglu and Elizabeth Sanchia Connole screened the
records. Latife Esgunoglu and Amy Jennings conducted the risk of bias analysis. Latife
Esgunoglu, Amy Jennings and Anne Marie Minihane interpreted the data. Latife
Esgunoglu drafted the manuscript with all authors contributing and approving the final

version.
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Chapter 3. The MediMood study protocol: A randomised
controlled trial investigating the acute impact of a plant based
Mediterranean-style dietary pattern (MDP) on mood, anxiety

and cognition in UK adults with mild to moderate mental health

complaints

(Published manuscript)

This chapter has been published as a full article (241) (Appendix 5) and as a
conference proceeding (242) (Appendix 6).

3.1. Introduction

Mental health disorders represent a major public health challenge (142). In 2019,
depression exceeded 280 million cases globally, and anxiety surpassed 300 million cases,
as the two most common forms of mental health disorders (142). Mental health disorders
have constituted around 15% of ‘years lived with disability’ worldwide since 1990 (54),
with depression predicted to be the global leading cause of disease by 2030 (55). In
England, nearly 20% of adults report depression, anxiety, sleep problems, poor

concentration and forgetfulness (243).

The economic impact of mental health disorders are substantial, with an estimated
annual global cost of approximately $5 trillion including loss of productivity (244). The
NHS has allocated a £2.3 billion budget for the years 2023-2024 for mental health
services as part of its Long-Term Plan (245).

The main treatment for mental health disorders are antidepressant medications
and psychotherapy; both can cause negative side effects (246), stigma (247), and have
poor uptake (243). Despite increased treatment in recent decades, no decrease in the
prevalence of mental disorders is evident (248), underlining the need for alternative
intervention approaches. The WHO has highlighted the critical need for “affordable,

effective and feasible strategies to promote, protect and restore mental health”, and
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launched several initiatives such as the ‘Comprehensive Mental Health Action Plan 2013-
2030’ (249) and the ‘World mental health report: transforming mental health for all’ (250)

to address these needs.

A Mediterranean-style dietary pattern (MDP) is rich in plant-based foods such as
fruit, vegetables, legumes and nuts, provides moderate fish intake and is low in high fat
diary, red and processed meat and carbonated beverages, providing a macronutrient
balanced diet rich in polyunsaturated fatty acid and unrefined complex carbohydrates,
which is in accordance with the healthy eating guidelines of most countries (251). There
are several tools available for tracking adherence to a MDP. The MEDAS which has been
commonly used in research including our recently completed, one year “MedEx-UK: a
Randomized Controlled Trial investigating the feasibility of a multi-domain intervention
to increase Mediterranean diet and Physical Activity of older UK adults who are at above
average risk of dementia” (162) (ClinicalTrials.gov Identifier: NCT03673722). A few
advantages of the MEDAS over others are; it provides a quick assessment of a MDP

adherence and is validated for a UK population (161).

Long-term adherence to a MDP has been consistently shown to protect mental
health. Longitudinal analysis of the SUN cohort (n=10,094) reported that higher MDP
adherence was correlated with a lower depression incidence after 4.4 years (252),
supported by a meta-analysis of observational studies showing a reduced risk of
depression associated with long-term MDP adherence (OR=0.72; 95% CI: 0.60, 0.87)
(211). The PREDIMED study reported a 41% reduction in depression among at-risk
individuals who followed a MDP supplemented with nuts for three years (181). The
HELFIMED (183), SMILES (182), and AMMEND (184) trials, all of which examined
the effects of a MDP on depression in adults with moderate to severe depression over the
course of 3 to 6 months, demonstrated significant decrease in depressive symptoms (Table

1.3).

The cognitive benefits of a MDP have been consistently reported. The EPIC-
Norfolk study demonstrated that higher MDP adherence is linked with improved global
cognition and memory in a UK population (185). Additionally, a meta-analysis reported
a linear dose-response relationship between a MDP adherence and the risk of future

cognitive disorders (210). The PREDIMED study showed enhanced cognition after MDP
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interventions (188) (Table 1.4), while a recent UK Biobank analysis suggested a reduced

risk of future dementia associated with MDP consumption (253).

A Western diet (WD) is a term that defines a poor-quality diet consumed in the
Western countries including the UK, that is characterised by high consumption of
processed food and sugary drinks and snacks, and thus low intake of fibre, vitamins and
minerals (254). A long-term WD consumption has been shown to trigger the risk of
chronic diseases (255), mental and cognitive disorders and smaller hippocampus (256).
One short-term study (four days) looking at the impact of a high-sugar breakfast on

hippocampus found impaired learning and memory (195).

Our systematic review investigating the short-term effects (up to ten days) of a
MDP on brain health revealed improved mood and cognition, in particular, alertness,
contentment and attention domains. There were too few studies to draw firm conclusions,
and we identified several limitations and research gaps. Three of the four studies were of
ten days duration, with no shorter term or postprandial data available. Besides, in all
reviewed studies participants were provided with dietary advice rather than the
intervention diet, and adherence to the intervention was not monitored. Furthermore,
mental health outcomes were not comprehensively assessed to elucidate which domains
are most responsive to a short-term MDP intervention and little attention has been given
to possible underlying mechanisms which could be mediating the acute effects of a MDP
such as changes in inflammation, glucose regulation, CBF and the gut microbiota (196).
Therefore, despite its potential benefits on mental wellbeing and quality of life, the acute

effects of a MDP are largely unknown.

3.2. Trial purpose and objectives

The overall aim of MediMood study was to examine the impact of a MDP versus
a WD on mood, anxiety and cognition postprandially, at 24-hour (mood and anxiety only)
and after five days, and to investigate underpinning physiological mechanisms. The
primary hypothesis is that a MDP can elevate mood and reduce anxiety in five days
compared to a WD. Our secondary hypothesis is that a MDP can improve cognition, sleep,

CBF and relevant biological mechanisms compared to a WD (Figure 1.6).
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Five days was chosen as the intervention duration based upon the published
literature suggesting meaningful changes in mechanisms which modulate cerebral blood
flow, inflammation status and the gut microbiota could be observed in this timeframe
(196).

3.2.1. Primary objective

The primary objective of the study was to examine whether adherence to a MDP
enhances mood and cognition and reduces low mood and anxiety symptoms

postprandially, at 24-hour and after five days with compared to a WD.

3.2.2. Secondary objectives

The secondary objectives were to assess the effects of intervention on (with those

included in this thesis in bold:

e Cognitive performance including attention postprandially and after five days.

e Cardiometabolic profile, including BP, insulin, glucose, lipids and inflammatory
markers (e.g. CRP) postprandially and after five days.

e Hormones regulating mood, anxiety and stress, including but not limited to
adrenaline, cortisol, serotonin, dopamine and thyroid hormones postprandially
and after five days.

e Biomarkers of mood and cognition regulation, to include but not limited to BDNF,
tryptophan (precursor of serotonin and melatonin) and choline at postprandially
and after five days.

e CBF using neuroimaging (brain MRI) postprandially.

e Sleep quality which is a major determinant of mental (257) and cognitive health
(45) throughout the five days.

e Changes in gut microbiome profile (which is subject of another PhD thesis)

e Participants’ subjective assessment on adherence to a MDP upon completion

of five days.

3.2.3. Follow-up objective
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e To evaluate whether a five-day MDP intervention results in any long-term changes

in habitual Mediterranean dietary behaviour of participants at three months.

3.3. Methods

The MediMood study was a single-centre cross-over RCT conducted at the
University of East Anglia (UEA), and the NHS Clinical Research Facility (CRF)

intervention centre, based at the Quadram Institute (QI), in Norwich, UK.

The study received favourable ethics opinion from NHS Health Research
Authority (22/L0O/0796) presented in the Appendix 7, and was registered on ClinicalTrials
with the identifier number NCT05927376 (Mediterranean-style Dietary Pattern (MDP),
Mood and Anxiety - Full Text View - ClinicalTrials.gov) (Appendix 8).

3.3.1. Overview of Trial Design and Study Plan

A five-days cross-over RCT with two arms and a 23-days wash-out period
(considering women’s menstrual cycle) was conducted in 25 adults. The arms were, (1)
MDP and (2) WD. Participants included both males and females (balanced sex
distribution will be aimed for), over 18 years, with mild or moderate level mood and

anxiety disturbances.

The study steps for potential and recruited participants were as follows:

A participant information sheet (PIS) embedded in an initial invitation email or
letter (Appendix 9) was sent to all those who express interest in the study via email at
least five days before step A. Consenting (Step B) and below was completed using an

online research management portal (MediMood - Home (mantal.co.uk))

A: An online video-conference ZOOM session or a phone call (depending on their
preference) was held with potential participants in order to (neither recording nor data

collection/storage will be done in this stage)
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Provide potential participants with a detailed information on the study protocol
and dietary interventions.
Provide an opportunity for participants to ask questions regarding the PIS/study

protocol and their suitability.

For consenting

Potential participants were provided with a clickable link via email to complete
online informed consent (Appendix 10) or were provided with the printed version
of the Consent Form (Appendix 11) which was used at the CRF at their first
clinical visit to receive traditional consent with wet signature as well.

Potential participants were given a further 48 hours to take time to consider their

decision to participate in the study.

Consenting participants were asked to do the followings:

Complete three online screening questionnaires, in order to determine, 1) current
dietary practices to establish their dietary eligibility (MEDAS questionnaire, plus
any allergies or other dietary restrictions which would preclude participation) and
2) the assessment of their current anxiety and depressive symptoms (PHQ-9
(Appendix 12) and GAD-7 with an extra question on their
antidepressant/antianxiety medication use (Appendix 13). If they passed this
stage, a researcher called them to go through MRI Safety Screening Form

(Appendix 14) in order to assess the safety of the scan for individuals.

Recruited participants were asked to do the followings:

. After the completion of screening step B above and before their baseline visit,
complete the EPIC food frequency questionnaire (FFQ) (Appendix 15) to capture
their habitual dietary intake before the study.

On the day before the baseline visit, collect a faecal sample according to the
instructions and packaging provided and to fast from 8 pm, with no food or drink

except water.
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3. On the morning of the baseline visit, collet a urine sample in the container
provided.

4. Attend an on-site baseline visit at the morning of day-1 for weight, height and BP
measurements, and the provision of a fasting (no food or drink from 8 pm the
night before apart from water) venous blood, along with the already collected
urine and stool sample.

5. Following a small breakfast (water and an oat and honey cereal bar), mood,
anxiety, cognition and sleep were assessed.

6. 2.5 hours after the breakfast, have an intervention lunch (either MDP or WD,
administered at CRF), and 90 minutes later, have an MRI scan and undergo mood,
anxiety and cognitive testing, and provide a venous blood sample.

7. Consume the allocated diet (either MDP or WD) over five days

8. Complete on-line mood and anxiety tests on the morning of day two

9. Complete an initial sleep questionnaire on day-1, keep a sleep diary and wear an
Actiwatch over five days

10. On day six, repeat the steps 2-5 above, with an extra question assessing the
subjective view on how easy/hard intervention was for the end of treatment arm

assessment.

E: 23-days wash-out period.

F: Step D was repeated in a cross-over fashion.

G: All participants were asked to reply to an email including the MEDAS

questionnaire three months after the second arm ends.
Figure 3.1 represents the study flow diagram for the entire study.

Table 3.1 demonstrates a timeline of the intervention for participants randomised

onto the trial.
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[ Follow-up MEDAS questionnaire ]

Figure 3.1. Study Flow Diagram
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Wear an actigraph

Wear an actigraph
watch

Keep a sleep diary
Follow the diet

watch
Keep a sleep diary
Follow the diet

Table 3.1. Study timeline showing intervention and approximate time burden for
participants in each study arm

-2 Recruitment
Online consent meeting, 30 mins
Online screening (questionnaires), 30 mins
-1 EPIC FFQ, 30 mins
1 Day 0 Collection of faecal and urine samples (at home)
Day 1 On-site visit (weight, height, blood pressure, blood samples
collection x 2, mood and cognitive tests x 2, lunch, MRI scan), 8
hours
Day 2 On-line tests (at home) (mood questionnaire), 30 mins
Day 3
Day 4
Day 5 Collection of faecal and urine samples (at home)
Day 6 On-site visit (weight, height, blood pressure, blood sample collection,
mood and cognitive tests), 2,5 hours
2
3 :
i Wash-out period
5
6 Day 0 Collection of faecal and urine samples (at home)
Day 1 On-site visit (weight, height, blood pressure, blood samples
collection, mood and cognitive tests, lunch, MRI), 8 hours
Day 2 On-line tests (at home) (mood questionnaire), 30 mins
Day 3
Day 4
Day 5 Collection of faecal and urine samples (at home)
Day 6 On-site visit (weight, height, blood pressure, blood sample collection,
mood and cognitive tests), 2,5 hours
9
10
11 .. .
— Follow-up waiting period
13
14
15
16
17
18
19 On-line follow-up questionnaire, 15 mins
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3.3.2. Recruitment and eligibility criteria

Potential participants were recruited from the general population and from the
UEA staff and students, using advertising poster/leaflet (Appendix 16), internal emails
and social media. Those interested along with potential suitable individuals on the UEA
Nutrition participant database, were sent an invitation email or letter (Appendix 17).
Eligibility of potential participants was assessed online by the researchers using step B

above.

Individuals were included if they

— were over 18 years.

— had mild to moderate level of anxiety and/or depression.
— did not have a habitual high adherence to a MDP.

— were able to have an MRI scan.

— were fluent in written and spoken English.

The full inclusion/exclusion criteria are presented in Table 3.2.

Table 3.2. The full eligibility criteria

Inclusion criteria Exclusion criteria

Males and females aged 18 or over Vegan, vegetarian, pescatarian

Mild to moderate level anxiety and/or depression Allergic to any of the study components

(PHQ-9 and/or GAD-7 scores of 5-14) e.g., nuts and fish

Low MDP adherence (MEDAS score < 7/14) On anti-anxiety and/or antidepressant
medication which has changed in the last 3
months or likely to change in the next 3
months.

Able to have an MRI scan Unwilling or unable to make changes to
their diet for 10 days (2 x 5 days)

Computer literate with internet access Unable to attend the intervention centre
Fluent in written and spoken English

Gave consent for the study team to contact their
GP

PHQ-9: Patient Health Questionnaire; GAD-7: Generalised Anxiety Disorder; MDP:
Mediterranean-style dietary pattern; MEDAS: Mediterranean Diet Adherence Screener tool.
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In order to establish the mood and anxiety profiles, two different questionnaires
were used. The Patient Health Questionnaire-9 (PHQ-9) is a 9-item questionnaire which
assesses depressive symptoms (258) while the Generalized Anxiety Disorder-7 (GAD-7)
measures anxiety on a 7-point scale (259). Both are commonly used in research and
primary care. Both questionnaires are interpreted based upon the total score, of which
classifications are as follows: 0-4 none, 5-9 mild, 10-14 moderate, 15-19 moderately
severe, 20-27 severe for PHQ-9 and, similarly, the scoring system of GAD-7 is 0-4 no to
low risk, 5-9 mild, 10-14 moderate, 15+ severe. Individuals will be included if they score
5-14 from PHQ-9 and/or GAD-7. MDP adherence status was assessed using MEDAS.
Participants with a score of < 7/14 were eligible to participate. An MRI Safety Screening

Form was used to establish if it was safe for individuals.

In addition, if people reported antibiotic use in the last month, their participation
was postponed for a month to ensure that their gut microbiota composition has returned
to its habitual status. Furthermore, participants were asked to keep their probiotic
supplement use (as it affects the gut microbiota) and physical activity level stable over

the course of the study.

Safeguards for maintaining psychological wellbeing of participants

Recruited participants’ GPs were contacted to inform them about the study, the
participation of their patients, and their baseline scores on the PHQ-9 and GAD-7 which
indicated levels of depression and anxiety (Appendix 18). In addition, we contacted GPs
of participants who were not suitable for participation due to high levels of anxiety and/or
depression (moderately severe or severe on PHQ-9 and/or severe on GAD-7) to inform
them about the mental health status of their patients which may require further and urgent

attention (Appendix 19).

People scoring below the threshold on both the PHQ-9 and GAD-7 were not
eligible to participate. They were informed of this but given there was no identified

potential mental health concern there was no communication sent to the GP.

Participants who were screened and did not meet criteria for inclusion into the

study due to elevated scores on the PHQ-9 or GAD-7 were informed that their scores
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were above threshold for entry into the study. It was made clear that an elevated score on
the PHQ-9 and GAD-7 is not a clinical diagnosis of depression or anxiety but does
indicate consistencies with this, and this might be something they wish to explore further.
Participants were given information about services available to support with this
including the NHS wellbeing service should they wish to explore this and seek potential
treatment. If those excluded people were affiliated with UEA, they were signposted to the
university wellbeing support services. The PIS included information ad signposting for

mental health and wellbeing support.

In the unlikely event that the principal investigator or anyone involved with
participants contact becomes concerned about the psychological wellbeing of a
participant, they consulted the Consultant Clinical Psychologist from the local NHS trust
who was part of the research team who could advise and direct on steps to take to ensure
safety. This was however not needed. As we recruited participants who had already high
adherence to a WD (MEDAS score< 7), we did not anticipate that following this diet for

five-days would have any significant detrimental impacts on their long-term health.

3.3.3. Design of the intervention

The proposed study was intended to be an efficacy trial which quantified the mental health
and cognitive impact of a five-day optimised MDP intervention in comparison to a WD
intervention. It was expected to maximise the probability to detect the potential
intervention effects by conducting a high-quality cross-over RCT under as ideal as

possible conditions (260, 261).

3.3.4. Dietary interventions and food provision

The diets were designed using the MEDAS scoring system which is a 14-point
tool capturing the main components of a MDP. For the MDP arm, we aimed for a full
score of 14 to be achieved over the five days. However, 12 points or above was also
accepted in order to provide some flexibility to the participants. As for the WD arm, a
poor diet with 0 point on MEDAS was generated, with a score up to 2 permitted again to

suit participants’ dietary preferences.
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The PREDIMED diet was taken as a reference to optimise the MDP diets (262),
and the nutrient profile of the WD was based on extreme nutrient intakes of 2.5% of the
UK population using the UK National Diet and Nutrition Survey (NDNS)

(https://www.gov.uk/government/collections/national-diet-and-nutrition). = The  total

macronutrients (carbohydrates, fat and protein) distribution, and their breakdowns into
free sugars, fibre, saturated and unsaturated fat contents of the diets were designed to
ensure they represent MDP and WD, and in particular that free sugars and SFA match a
typical WD, and fibre and MUFA match a representative MDP.

Moreover, the MDP arm involved foods requiring some level of preparation and
cooking at home, whilst the WD plan consisted mostly of ready-to-eat food. The food
processing techniques are known to affect the bioactive components, in particular,
phytochemicals that are found in primary MDP components for example olive oil and
vegetables and hold anti-inflammatory and antioxidant properties (263). Given the
logistical and practical constraints, we adhered to the food availability in stores, which
ensured not only the feasibility but also authentically reflected the nature of both dietary

patterns.

The full meal plans are presented in the Table 3.3.
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Table 3.3. Full meal plans

3.3a. The 5-day meal plan of the Mediterranean diet arm

Day 1 Day 2 Day 3 Day 4 Day 5 List of allowed
snacks
Breakfast Nature Valley Nature Valley Tesco Large Free Tesco Greek Style Tesco Greek Style - Rice cakes, oat
Crunchy Oats & Crunchy Oats & Range Eggs, 2 boiled ~ Yoghurt*, 110g Yoghurt *, 110g cakes, wholemeal
Honey cereal bar, Honey cereal bar, eggs Tesco Blueberries™, Tesco Blueberries *, bread, toast
General Mills General Mills Hovis Wholemeal 80g 80g - Cottage cheese or

International Sarl,
Switzerland, 42g

International Sarl,
Switzerland, 42g
(before testing)
Tesco Greek Style
Yoghurt*, 110g
Tesco Blueberries™,
80g

Medium Bread, The
Hovis Team, Hovis
Bakeries Ireland, 1

slice of wholemeal
bread, 40g

Tesco Walnut
Halves*, 30g

Tesco Walnut Halves
*, 30g

Morning snack

NA

Innocent Orange Juice
Smooth, Fruit Towers,
London, 150ml

Innocent Orange Juice
Smooth, Fruit Towers,
London, 150ml

Innocent Orange Juice
Smooth, Fruit Towers,
London, 150ml

Innocent Orange Juice
Smooth, Fruit Towers,
London, 150ml

Lunch

Salad with salmon and
lentils

- Princes Skinless
Boneless Wild Red
Salmon, Princes Ltd.,
Liverpool, UK, 170g

Falafel salad

- Gosh Mediterranean
Falafel, Gosh! Food
Ltd., Milton Keynes,
150g

- Tesco Houmous*,
30g

Bol Creamy Coconut
Turmeric Daal Power
Pot, BOL, London,
UK, 400g/1 pot
Tesco EVOO*, 25ml

86

Baked potato with tuna
and salad

- Tesco Tuna Chunks
in Spring Water *,
drained 105g

- Tesco Whole
Cucumber *, 90g

Pasta and tomato sauce
- Tesco Whole Wheat
Penne Pasta *, 75¢g

- Tesco Red Onion,
75¢g

- Tesco Organic Garlic
* 6g

low-fat cream
cheese spread

- Low sugar
breakfast cereal
with milk

- A small glass of
wine (125ml/day)
- Sugar free drinks



- Merchant Gourmet
Puy Lentils Ready To
Eat, London, 125¢g

- Tomato 140g

- Lettuce 100g

- Tesco EVOO*, 25ml
- Tesco Lemon Juice*,
1 tbsp

- Tesco Balsamic
Vinegar of Modena*,
1 tbsp

Tesco Walnuts*, 30g
Innocent Orange Juice
Smooth, Fruit Towers,
London, 150ml

- Tesco Whole
Cucumber*, 60g

- Tesco Mixed Leaf
Salad*, 40g

- Tesco Cherry
Tomatoes*, 90g

- Tesco EVOO*, 25ml
- Tesco Balsamic
Vinegar of Modena*,
to taste

- Tesco Cherry
Tomatoes *, 105g

- Tesco EVOO *, 25ml
- Tesco Balsamic
Vinegar of Modena*,
to taste

- Tesco Italian Finely
Chopped Tomatoes*,
200g

- Tesco Red Pepper*,
80g

- Tesco EVOO¥*, 25ml

Afternoon snack

Banana*

Tesco Houmous*, 30g
Tesco Whole
Cucumber*, 90g

Tesco Walnut
Halves*, 10g
Tesco Large
Conference Pears

Tesco Soft Figs *, 30g

Tesco Houmous*, 60g
Tesco Whole
Cucumber*, 90g
Tesco Carrot Batons,

Loose Class 1 80g
Dinner Tesco 3 Chilli Bean Black bean and Salmon, new potatoes, Grilled chicken with Chicken with
Soup*, 300g butternut squash chilli  salad Mediterranean chickpeas in tomato
Tesco EVOO¥*, 25ml - Tesco Leaf Spinach - Tesco 2 Boneless vegetables and sauce

Hovis Wholemeal
Medium Bread, The
Hovis Team, Hovis
Bakeries Ireland, 2

(frozen)*, 80g

- Tesco Butternut
Squash Chunks
(frozen)*, 125¢g

Salmon Fillets*,1 fillet
- Tesco Classic Green
Pesto*, 24g/1tbsp

- Tesco New
Potatoes*, boiled 85¢g
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couscous

- Tesco 2 British
Chicken Breast Fillets
* 1 fillet

- Tesco 2 British
Chicken Breast Fillets,
1 fillet

- Tesco Red Onion,
75¢g




Evening snack

slices of wholemeal
bread 80 g

Tesco Winter Fruit
Salad (apple, pear,
grapes,
plum/nectarine) *,
200g

- Tesco Red Onion,
75¢g

- Tesco Cherry
Tomatoes*, 200g

- Tesco Black Beans*,
120g

- Chilli pepper 10g

- Tesco Tomato
Puree*, 10g

- Tesco Organic
Garlic*, 3g

- Tesco Fresh Cut
Coriander®, 15g

- Tesco EVOO*, 25ml

Tesco Walnut
Halves*, 10g
Tesco Soft Figs*, 30g

- Tesco Mixed Leaf
Salad*, 40g

- Tesco Cherry
Tomatoes*, 90g

- Tesco Organic
Garlic*, 3g

- Tesco EVOO*, 25ml

Tesco Mixed Nuts*,
25g
Tesco Prunes*, 205¢g

- Tesco Butternut
Squash Chunks
(frozen) *, 125g

- Tesco Sliced Mixed
Frozen Peppers,125¢g

- Tesco Whole Wheat
Cous Cous *, 50g

- Tesco EVOO *, 25ml

Tesco Mixed Nuts *,
25g

Tesco Large
Conference Pears
Loose Class 1

- Red pepper 160g

- Tesco Organic
Garlic*, 6g

- Tesco Italian Finely
Chopped Tomatoes *,
200g

- Tesco Red Pepper*,
160g

- Tesco Chickpeas in
Water*, 120g

- Tesco Leaf Spinach
(frozen)*, 80g

- Tesco EVOO¥*, 25ml

Tesco Large Pink
Lady Apples Loose
Class 1

Tesco Large
Conference Pears
Loose Class 1

Day 1 lunch meal was the test meal for the postprandial assessments, which were administered in the Clinical Research Facility. The standard MEDAS binary scoring
system, which is designed for a weekly assessment, was applied directly to our 5-day MDP plan without adjusting the minimum thresholds, as the three portions for
example fish in 5-day would also meet the 7-day requirement when extrapolated proportionally (See section 1.2.1 for further details). The MDP meal plan above scores
13 out of 14, with one optional point for wine intake.

*: Products that are produced for Tesco by Tesco Stores Ltd., Welwyn Garden City, UK.

Note: If the ingredients are not listed underneath, it is a ready-to-eat food.

EVOO: Extra virgin olive oil
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3.3b. The 5-day meal plan of the Western diet arm

Day 1 Day 2 Day 3 Day 4 Day 5 List of allowed
snacks
Breakfast Nature Valley Nature Valley Kellogg’s Frosties 2 fried eggs Kellogg’s Frosties - White bread, toast
Crunchy Oats & Crunchy Oats & Cereal, Kellogg’s, 2 sausages Cereal, Kellogg’s, with jam or
Honey cereal bar Honey cereal bar Greater Manchester, - Tesco British Salted ~ Greater Manchester, marmalade (no
General Mills General Mills UK, 50g Block Butter *, 12¢g UK, 50g butter)
International Sarl, International Sarl, Tesco British Semi Hovis Soft White Tesco British Semi - High sugar
Switzerland, 42g, Switzerland, 42g, Skimmed Milk *, 135g Medium Bread, 1 Skimmed Milk *, 135¢g | breakfast cereal
Hovis Soft White slice, 40g, Hovis Ltd, with milk
Medium Bread, 1 High Wycombe - Chips
slice, 40g, Hovis Ltd, - Crisps
High Wycombe - No fruit juice
Tesco Strawberry - No wine (other
Seedless Jam *, 18 g alcoholic drinks
Tesco British Salted allowed if they
Block Butter *, 12g wish to do so)
Morning snack ~ NA KitKat 2 Finger Milk  KitKat 2 Finger Milk  KitKat 2 Finger Milk  KitKat 2 Finger Milk
Chocolate Biscuit Chocolate Biscuit Chocolate Biscuit Chocolate Biscuit
Bars, 20.7¢g Bars, 20.7¢g Bars, 20.7¢g Bars, 20.7¢g
Lunch Ham roll Tesco Quiche Lorraine  Bacon roll Tesco Cream of Tesco Quiche Lorraine

- Tesco Soft White
Rolls 6 pack, 1 roll

- Tesco British Wafer
Thin Oak Smoked
Ham *, 120g

* 160g/1 quiche
Tesco Potato Salad *,
100g

- Tesco Unsmoked
Back Bacon *, grilled
150g

- Tesco Brioche Buns
* 1roll 63g

Chicken Soup *, 400g
Hovis Soft White
Medium Bread, 2
slices, 80g, Hovis Ltd,
High Wycombe

* 160g/1 quiche
Walkers Ready Salted
Crisps 25g/1 pack,
Walkers Snack Foods
Ltd.
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- Heinz Mayonnaise
sachets12g

- Butter 14¢g

Coca Cola Original
Taste 330 ml

Mars Chocolate Bars,
2 x 39.4g, Freepost

- Tesco British Salted
Block Butter *, 12g

- Tesco Tomato
Ketchup *, 24¢g

Coca Cola Original
Taste 150 ml

Mars Wrigley
Confectionery UK Ltd.

Afternoon snack Twix Caramel & Milk  Coca Cola Original Mr Kipling Cherry Aero Chocolate Mr Kipling Cherry
Chocolate Fingers Taste 150 ml Bakewell Tarts, 46g, Mousse 59g/1 pot, Bakewell Tarts, 46g,
Biscuit Bars, 20g, Premier Foods ROI, Nestle UK Ltd., York, Premier Foods ROI,
Freepost Mars Wrigley Ireland UK Ireland
Confectionery UK Ltd.

Dinner Tesco Cream Of Tesco British Pork Chicago Town Deep Tesco Spaghetti Burger and chips
Chicken Soup *, 400g  Sausages *, 2 sausages Dish Mega Meaty Carbonara *, 400g - Tesco Beef Quarter
Hovis Soft White grilled/oven baked Pizza, 157g, Chicago ~ Coca Cola Original Pounders *, 114g
Medium Bread, 1 Tesco Homestyle Town, Dublin, Ireland  Taste 150 ml - Tesco Brioche Buns,
slice, 40g, Hovis Ltd, Straight Cut Oven Tesco Potato Salad * 1 roll/63g
High Wycombe Chips *, 165¢g 100g - Tesco British Salted
Tesco British Salted Tesco Tomato Coca Cola Original Block Butter *, 12g

Block Butter *, 6g

Ketchup *, 24¢g

Taste 150 ml
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- Tesco Homestyle
Straight Cut Oven
Chips 135¢g

- Tesco Tomato
Ketchup *, 24¢g




Evening snack Mr Kipling Cherry KitKat 2 Finger Milk ~ Tesco Chocolate Cadbury Caramel Aero Chocolate
Bakewell Tarts, 46g, Chocolate Biscuit Cheesecake * 90g Cake Bars 50g, Mousse 59g/1 pot,
Premier Foods ROI, Bars, 20.7¢g Premier Foods ROI, Nestle UK Ltd., York,
Ireland Ireland UK

Day 1 lunch meal was the test meal for postprandial assessments, which were administered in the Clinical Research Facility. The standard MEDAS binary scoring
system, which is designed for a weekly assessment, was applied directly to our 5-day MDP plan without adjusting the minimum thresholds, as the three portions for

example fish in 5-day would also meet the 7-day requirement when extrapolated proportionally (See section 1.2.1 for further details). The WD meal plan above scores
0 out of 14.

*: Products that are produced for Tesco by Tesco Stores Ltd., Welwyn Garden City, UK.
Note: If the ingredients are not listed underneath, it is a ready-to-eat food.
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The diets were designed to be isocaloric, providing a standard approximate 2000
calories per day (+10% flexibility per day, ranging between 1800-2200 kcal) and 10,000
calories in total over five days. Test lunch meals were aimed to be approximately 1000
kcal, which were administered at the CRF. Participants were provided with guidance as
to which additional foods and snack can be consumed if required, which would not impact
on the overall MEDAS score. Table 3.4 represents the nutrient compositions of the test
lunch meals, and Table 3.5 represents the nutrient compositions of the full five-day diets.
Regarding beverages, a glass of wine per day was allowed (optional) only in the MDP
arm. Consumption of other alcoholic drinks was discouraged during the 5-day
intervention periods. Drinks such as water, tea, coffee, diet drinks and low sugar squashes
could be consumed ad libitum. Participants were asked to record their beverage intakes
on the daily checklists. Dietary compliance was tracked by using a daily checklist,
designed for the MediMood study (Appendix 20).

Table 3.4. Nutrient composition of the lunch test meals (day 1) taken from the product
labels

Mediterranean diet Western diet
Energy Kcal 982 987
Carbohydrates g 42.2 136.4
% 16.1 51.8
Free sugars g 18 83
Fibre g 12.1 3.6
Proteins g 60.1 34.8
% 24.5 14.1
Total fat g 64.9 37.4
% 59.4 34.1
SFA g 9.3 14.6
% 8.5 133
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MUFA g 30.5 15.3

% 28 14.0
PUFA g 20.4 4.8
% 18.7 44
Omega-3 PUFA g 53 0.9
% 4.8 0.8
Omega-6 PUFA g 14.3 3.0
% 13.1 2.8

SD: standard deviation; kcal: kilocalories; g: grams; %: contribution to the total daily energy
intake as percent; SFA: saturated fatty acids. Free sugars included “added sugars and sugars
naturally present in honey, syrups and fruit juices, as defined by Scientific Advisory Committee
on Nutrition” (264). The amounts (both g and %) of saturated fat, MUFA and PUFA do not sum
to the total fat stated due to unstated non—fatty acid lipid constituents that contribute to the total
fat value (265).

Table 3.5. Nutrient composition table of the 5-day test diets

Mediterranean diet Western diet

(mean £ SD) (mean £ SD)
Energy Kcal/day 1878 +46 2027 +79
Carbohydrates g/day 154.2+16.2 230.8 +24
% 32.8+3.0 455+ 4.6
Free sugars g/day 30.9+14.8 84.8+20.3
Fibre g/day 348+ 6.4 10.6 £2.9
Proteins g/day 80.8 +19.1 64.6+11.4
% 17.1+4 12.7+2.3
Total fat g/day 105.0 + 8.9 942+11.2
% 50.3+4.6 41.8+4.6
SFA g/day 16.1 £2.0 37.1+£3.9
% 72+1.0 16.5+1.3
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MUFA go/day 43.5+6.1 50£2.6

PUFA g/day 16.9+7.5 2.6+3.0
Omega-3 PUFA g/day 24+1.5 0.7+0.1
Omega-6 PUFA g/day 9.3+£6.6 0.6 +0.7

SD: standard deviation; kcal: kilocalorie; g: grams; %: contribution to the total daily energy intake
as percent; SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA:
polyunsaturated fatty acids. Free sugars included added sugars and sugars naturally present in
honey, syrups and fruit juices, as defined by Scientific Advisory Committee on Nutrition (264).

All meals were standardised with all foods provided over the five days. Both diets
were designed considering UK dietary habits. In order to promote adherence, all foods
were supplied by an online supermarket ordering system by the study team to be delivered
to individuals’ addresses on the day before each 5-day intervention period. Participants
were provided with detailed instructions on weights of food to be consumed and

preparation.

3.3.5. Delivery of the intervention

Potential participants were given detailed instructions on the five-day diets (for
both the MDP and WD arms) and the opportunity to ask their questions to the trained
researchers during the consent meeting. The day before the study started, they were sent
emails or given a call (depending on participants’ preferences) to remind them of the study

procedure and the opportunity to ask further questions.

Participants were asked to visit the intervention centre on day one (Figure 3.2),
from 08:00 until approximately 15:30. Before their arrival, they were required to collect
a urine and faecal sample at home using sample collection kit provided at least two days
prior to their day 1 visits. The kit included a stool sample catcher, two plastic tubes with
scoop, a biohazard bag, a sealable bag, a urine sample collection pot with a sealable bag,
a pair of disposable gloves, an insulated cool bag, two freezer blocks with two sterile

outer bags, and instructions. They were asked to collect the faecal sample within 24 hours
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prior to their clinical visit, and the urine sample as the first pass on the morning of their
visit (day 1). Participants arrived at the intervention centre in a fasted state (fasted from
20:00 the night before). Upon arrival, anthropometric (weight and height) and BP
measurements were taken. A nurse collected the baseline blood sample. Participants were
then provided with a honey and oat cereal bar. After 15 mins rest, participants underwent
the mood, anxiety, cognition and sleep testing via the study website. 90 minutes after
completing these tests, participants were served either a MDP or a WD test meal (at 11:30)
depending on the arm they are randomised to. Following the meal, participants’ BP was
measured at 12:45 and started postprandial mood and cognitive testing at 13:00. At 14:00,
they underwent the brain MRI scan and provided a postprandial blood sample at 15:15.
Afterwards, participants were provided with an afternoon snack before leaving the unit
and consume their day 1 dinner at home. On day two morning, participants completed
online mood and anxiety testing at home after having a honey and oat cereal bar. On days
two to five, participants complete a sleep diary. An actigraphy was worn throughout the
intervention period. Upon completion of the five day intervention, participants returned
to the intervention centre on the morning of day six (08:00-10:00) to repeated the morning

assessments, as carried out on day 1 (Figure 3.3).

95



Morning session - Baseline assessments
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Figure 3.2. Day 1 protocol of CRF visits

On the day 1 visit, participants undergo the full protocol. MDP: Mediterranean-style dietary pattern; WD: Western diet; MRI: Magnetic Resonance Imaging; CBF:
Cerebral Blood Flow.
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Morning session - Baseline assessments

AN W W R A

‘ Day 2 ‘ < Day 3 \ . Day 4 l 1 Day 5 t ' Day 6 I

i.  Cereal bar and i. Sleep i. Sleep i. Sleep i.  Collectionofthe j,  cereal bar and
water questionnaires questionnaires questionnaires urine and faecal water
(standard) samples (standard)

ii. Mood and (collected Mood and
anxiety within the last anxiety
questionnaires 24 hours at questionnaires

iii. Sleep home) iii. Cognitive
questionnaires ii. Blood pressure battery testing
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iv. Fasting

Daily reminder emails at mornings blood collection

Figure 3.3. The procedure of day 2 to 6

On the day 2 morning, they repeat mood testing from home. Actigraphies are worn, and sleep and diet diaries are filled over the five days. Upon completion of
five days interventions, participants attend CRF visit on the morning of day 6 to repeat the baseline assessment of day 1.
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Participants were contacted daily (Appendix 21) to encourage dietary adherence.
The systematically reviewed evidence shows the consistent positive impact of daily
reminders in boosting the adherence in health care studies such as weight loss, physical

activity and smoking cessation (266, 267).

The enrolled participants were asked to complete the EPIC FFQ

(https://www.epic-norfolk.org.uk/about-epic-norfolk/nutritional-methods/ffq/)  before

their baseline visit to capture their habitual dietary intake prior to this study.

Upon the completion of each arm as the last step of day six visit, participants were
asked how hard/easy they have found following to the intervention using the following
question, “Did you find following the five-day meal plan easy or difficult? Please rate on
the scale from very easy to very difficult.” with 1 being easiest and 10 being the most
difficult” in order to gain an understanding on the feasibility of MDP adherence in a non-
Mediterranean population. Although we were mainly interested in to find out their
opinions on the MDP adherence, we asked the question at the end of both arms to blind

participants.

3.3.6. Follow-up

Participants were sent an email (Appendix 22) including the MEDAS

questionnaire, three months after completing arm 2.

3.4. Outcome measures

3.4.1. Primary outcome measures

Mood and anxiety

Changes in mood and anxiety levels were monitored using two scales. The
primary outcome measure were the Profile of Mood State score (POMS) (Appendix 23)
(268) with mood also scored using the Bond-Lader questionnaire (Appendix 24) (269).
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The former has 65 items measuring 6 elements of mood, namely, anxiety, anger,
confusion, depression, fatigue and vigour, whilst the latter has 16 items (alert, drowsy,
calm, excited, strong, feeble, muzzy, clear-headed, well-coordinated, clumsy, lethargic,
energetic, contented, discontented, troubled, tranquil, mentally slow, quick witted, tense,
relaxed, attentive, dreamy, incompetent, proficient, happy, sad, antagonistic, amicable,
interested, bored, withdrawn, gregarious) under four categories (mental sedation or
intellectual impairment, physical sedation or bodily impairment, tranquillisation or
calming effects, other types of feelings or attitudes) or three mood factors (alertness,

contentment and calmness).

The primary mood outcome is contentment from Bond-Lader scale, whilst the

anxiety from POMS is the primary anxiety outcome measure.

Both are commonly used in research. Furthermore, three of the four studies
included in our systematic review (196) employed both, which will allow a direct

comparison of our findings with the limited published literature.

3.4.2. Secondary outcome measures

Cognitive performance

Changes in cognition were tracked by means of a composite score for which
neuropsychological test battery was administered by using NeurOn which is an online

platform (https://neuropsychology.online). It consisted of the following tests:

1. Reaction Time for motor function,

Sustained Attention to Response Task (SART) for attention,
Digit Span Backwards for executive function,

Trail Making A & B for executive function,

Word Encoding for episodic memory,

Word Recognition for episodic memory,

Go/No-Go for impulse control and executive function,

© NS kWD

Fragmented Letters for visuospatial function.
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Attention was an important secondary outcome as it was prominent in our
systematic review findings (196). In order to measure attention, the SART (270) was used,
which briefly includes administrating of visual presentation of 225 digits on a computer
screen in random order over 4.3 minutes period (1150 msec. between the onsets of digits)
and participants are expected to respond with a key press except when they see the digit
3 (270, 271). SART is commonly used in research and is postulated to be sensitive to
everyday attention tasks in traumatic brain injured patients as well as normal (control)
individuals (270, 271). One advantage of SART over other attention tests is that it keeps
the demand at a minimum for other cognitive tasks such as memory, planning and general

intellectual effort (270).

Cardiometabolic profile

Blood pressure (BP): Brachial BP was measured with the participant seated and
following a five-minute rest period. Measurements were taken using an automatic BP
monitor (Omron, 705IT). To ensure the accuracy of the assessment, BP was taken three

times and averaged in accordance with published guidelines (272).

Biochemical markers: Several blood biomarkers of mental and cognitive health
were assessed including, glucose, selected inflammatory markers, adrenalin, cortisol,
serotonin, dopamine, BDNF and tryptophan. The plasma/serum was stored for the
quantification of further selected biomarkers of cardiometabolic and brain health and

dietary compliance emerging in the published literature.

A blood sample of no more than 30 ml was collected at baseline (day 1 morning,
fasted), after the test meal (day 1, post-prandial) and on day six (morning, fasted) in three
separate tubes (EDTA, Heparin, Serum). Blood was collected in the CRF by a research
nurse or other approved phlebotomist using a standard butterfly system into vacutainer
tubes. A part of the blood sample that was already collected was sent to the Norfolk and
Norwich University Hospital (NNUH) laboratories for immediate blood glucose, blood

lipids and cortisol analysis.

The separated plasma and serum samples, the urine, and the stool samples

(collected at home as explained at section 3.3.5) were stored in the university -80°C
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freezers for a period of 10 years, after which time any remaining samples will be disposed

of in accordance with approved Clinical Waste Disposal SOPs.

Neuroimaging

Previous studies have shown that endothelial function is acutely altered by meal
composition (96, 273, 274). One study demonstrated that a single MDP meal which is
enriched with walnuts improved postprandial endothelial function (275). Gut blood flow,
for example, increases at postprandial stage due to the increased digestive activities,
proving that not only systemic blood flow, but also blood flow in specific organs is
changed by the content of a meal (276). Similarly, CBF can be stimulated by food (277,
278) and by bioactives such as polyphenols (279) found in MDP is rich in. Furthermore,
reduced brain energy glucose metabolism and CBF is evident in major depressive
disorder (280) and cognitive decline (281, 282). Overall, vascular reactivity and CBF is
affected by food intake, therefore, we plan to take a sequence of MRI images as it is
considered the gold standard in measurement of CBF (279). We hypothesise greater CBF
after the MDP compared to the WD.

MRI scans (Siemens) were performed in order to assess the impact of intervention
on CBF (which is predicted to partly underpin the effect of intervention on mood, anxiety
and cognitive outcome) by comparing the post prandial effects of a MDP and WD, and
were conducted following the test lunch meal on day one of both intervention periods.

The sequences below were used:

1. Time of flight angiography (TOF), used to determine the labelling plane to be used
with pseudo-continuous Arterial Spin Labelling (p-CASL). Echo time (TE) /
Repetition time (TR) = 3.8/22 msec, field of view (FoV) = 200x200 mm, voxel
size 0.7x0.5 mm, 0.6mm slice thickness, 40 slices covering the vertebral arteries

at the level of the brainstem. Duration 3 minutes.

ii.  Pseudo-Continuous Arterial Spin Labelling (p-CASL) provides a means of
quantifying regional CBF (283). ASL has previously been used to monitor
changes in CBF in Alzheimer’s disease and MCI patients (284). A single p-CASL
scan was acquired with multiple post-labelling delays 0.25, 0.5, 0.75, 1, 1.25, and
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1.5 (seconds) and labelling duration 1.4 seconds. Whole brain data were acquired
with echo planar imaging (EPI), TE/TR = 13 ms/4 sec, image matrix 64x64, FoV
220mm and slice thickness Smm. For each scan 96 volumes will be acquired to
give 6.5 minutes scanning time. Analysis will be performed using FSL’s optimised

ASL analysis pipeline (BASIL).

iii.  Magnetization Prepared Rapid Gradient Echo (MPRAGE) was used to image the
whole brain, with Imm iso-tropic resolution (TE/TR/inversion time =
2.7/2300/900 msec, flip angle 9°) MPRAGE has previously been demonstrated
to be superior to show the contrast between grey and white matter and brain

lesions (285). The scan time 4.5 minutes.

iv.  Fluid-Attenuated Inversion Recovery (FLAIR) was used to visualise the white
matter hyperintensities (WMH). FLAIR decreases the signal from cerebrospinal
fluid, thus, increases the image quality providing “a high lesion contrast against a
muted background of brain and a very low signal intensity from cerebrospinal
fluid” (286). Acquisition parameters: TE/TR/TI =395 ms /5 sec / 1.8 sec, flip
angle = variable, FoV = 256 mm , matrix size 256x256, voxel size = 1x1 mm,

slice thickness = 1.1 mm. Scan duration = 5 mins 52 sec.

MPRAGE and FLAIR sequences were implemented to help eliminate potential
confounders influencing CBF in the present study such as atrophy and WMH.

v.  Resting State functional Magnetic Resonance Imaging (rs-fMRI) was used to
explore resting neural activity and connectivity between different brain regions
including those that are concerned with self-referential processing and salience
networks (287). During the scan subjects wore a pulse oximeter and respiratory
belt to record the influence of cardiac and respiratory processes on measured
signal. The scan parameters were taken from the UK-Biobank protocol (288),
allowing comparison to the larger sample contained in that repository. Resolution
= 2.4x2.4x2.4 mm, in-plane matrix 88x88, 64 slices, TE/TR: 39/735ms, multi-
band factor 8, flip angle 52°. Duration = 6 minutes (490 timepoints). Analysis
utilised physiological noise modelling, white matter/CSF signal regression and

spatial independent components analysis (ICA) to define resting state networks.
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Seed-based analysis utilised regions of interest e.g. insular cortex, to determine

whole brain connectivity.

Sleep quality

Data shows that sleep disturbances, anxiety and depression are linked
bidirectionally (257). Sleep deprivation negatively affects aspects of cognition including
alertness and attention (45). Another bidirectional relationship has also been postulated
between food intake composition and sleep (289). A recent systematic review reveals that
despite the limited evidence, a high chronic MDP adherence promotes high sleep quality
(290). Therefore, we aimed to understand the effects of both diets on the sleep quality in
the short-term. By doing so, we also targeted to eliminate the shadowing effect of low

sleep quality on mood and anxiety.

In order to establish the initial sleep profile to detect sleep disturbances the
Pittsburgh Sleep Quality Index (PSQI) (Appendix 25) (291) was used on the day 1 visit.
Objective and subjective sleep quality were tracked over the course of the two five-day
intervention periods by a wrist-worn waterproof and light sensitive accelerometer

(MotionWatch 8) and the Karolinska Sleep Diary (KSD) (Appendix 26) (292).

The MotionWatch 8 is the next generation of medical-grade actigraphy watch for
the monitoring of sleep, circadian rhythm and physical activity. It is one of the leading
actigraphy solutions for convenient long-term behavioural monitoring with high patient

compliance (MotionWatch 8 - CamNtech). The MotionWare Software provides a suite of

analysis functions for Sleep quality (e.g. sleep efficiency, sleep fragmentation), circadian
rhythmicity (e.g. macro- and micro-circadian instability), activity levels, and ambient
light data. The KSD will ask participants to estimate the duration, timing and quality of all
sleep periods and will complement the actigraphy data to increase the accuracy of the

objective sleep quality estimation (i.e. ascertainment of bedtime and wake-up time).

Subjective sleepiness will be measured using the Karolinska Sleepiness Scale
(KSS) (Appendix 27) administered on day one baseline and day-6 follow-up visit as well
as during the 5-day intervention period alongside the KSD. The KSS is a 9-point scale
and asks the user to circle the number that represents the sleepiness level during the
immediately preceding 5 min. The KSS has been used in experimental studies of sleep
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deprivation,

shift work and driving and validated against polysomnographic

measurements (293).

All outcome measures are summarised in the Table 3.6 below.

Table 3.6. Summary of the outcome measures

Measurement Toolused Time point Time per Location
measurement
point
Screening Mood PHQ-9 Pre-Baseline 9 mins Home
Anxiety GAD-7 Pre-Baseline 6 mins Home
Initial dietary MEDAS  Pre-Baseline 10 mins Home
habits
During Initial dietary EPIC FFQ Baseline 30 mins Home
interventions profile
Mood and anxiety Bond- Baseline, 30 mins Home (24-h) and
Lader postprandial, intervention
VAS, 24-h, centre (baseline,
POMS Day 6 postprandial and
day 6)
Cognitive NeurOn Baseline, 30 mins Intervention
functions battery postprandial, centre
Day 6
CBF MRI Postprandial 30 mins UWWBIC
Blood pressure Baseline, 5 mins Intervention
postprandial, centre
Day 6
Blood samples Baseline 15 mins Intervention
(>10h centre
fasting),
postprandial,
Day 6 (> 10h
fasting)
Urine and faecal Baseline, Home
samples Day 6 collection kits
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Weight and SECA Baseline, 5 mins Intervention
height scale Day 6 centre
Initial sleep PSQI Baseline 10 mins Intervention
profile centre
Sleep quality Actigraphy  Over five Continuously Home
KSD days (for
KSS actigraphy)
5 mins (for
KSD and KSS)
Subjective dietary Non- Day 6 Intervention
review score validated centre
single
question
Follow-up Dietary behaviour =~ MEDAS 3 months 10 mins Home

PHQ-9: Patient Health Questionnaire; GAD-7: Generalised Anxiety Disorder; MEDAS:
Mediterranean Diet Adherence Screener tool; EPIC FFQ: European Prospective Investigation into
Cancer and Nutrition study Food Frequency Questionnaire; VAS: Visual Analogue Scale; POMS:
Profile of Mood States; CBF: Cerebral Blood Flow; MRI: Magnetic Resonance Imaging;
UWWBIC: University of East Anglia Wellcome-Wolfson Brain Imaging Centre; PSQI: Pittsburgh
Sleep Quality Index; KSD: Karolinska Sleep Diary; KSS: Karolinska Sleepiness Scale.

3.5. Randomisation, statistical analyses and sample size calculations

Allocation: Participants were randomly assigned to the intervention arms using Random

Number Generator function in Microsoft Excel.

Power calculations and analysis of diets: Our sample size calculation was based on data
from a previous cross-over trial of the effect MDP adherence in a young healthy adult
group (194). Assuming an error rate of 0.05 and 90% power we would require 15 and 20
participants to complete each arm for contentment (9.6 unit expected difference, SD
10.3). To account for dropouts between random allocation to treatment sequence and
study completion we will aim to recruit 20% more participants per group; thus, we will
recruit 25 individuals. We targeted to detect a difference of at least 6-points in

contentment factor and at least a 2-point reduction in anxiety from POMS level between
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treatment groups. These targets were set based upon the results of two previous similar

studies (194, 294).

Analysis: The main aim of the trial is to test if mood and anxiety can be improved over
five days of intervention. The primary outcome analysis will use a linear mixed model

taking mean change-scores.

CBF Data Analysis steps:

1.Data Pre-processing: Raw data will be converted into the Brain Imaging Data

Structure (BIDS) format for standardised data organisation.

ii.Structural Processing: Individual subject-level processing includes structural
image processing and segmentation and normalisation to enhance the quality

of anatomical data.

iii.Single-Subject ASL Processing: Specific processing steps tailored for ASL
data will be applied at the individual subject level, including motion
correction, registration, partial volume correction and quantification of

perfusion.

Group-Level Analysis: Group-level processing through template creation
producing a group-average image and subsequent atlas-based ROI statistical analyses

(66).

Machine learning analysis: Machine learning holds considerable potential for
identifying biomarkers and enhancing clinical decision-making in varied contexts and is
effective in discerning clinical interventions. Our study will utilise the Random Forest
algorithm to enhance the interpretability of the heterogeneous data. This is a supervised
machine learning approach recognised for its adeptness to handle missing values,
alleviate data noise and mitigate the risk of overfitting making it a robust choice for our

analytical framework (67).
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3.6. Adverse events and incidental findings

Due to the nature of the intervention, i.e., commercially available food products,
no adverse events (AEs) are expected. If participants feel in anyway adversely affected
by any foods or the principal investigator feels an AE necessitates cessation, the
participant will be advised not to continue, and the appropriate measures will be taken.
All AE’s will be recorded and handled in accordance with Good Clinical Practice (GCP)

guidelines.

Measurements taken from participants enrolled onto the study that are deemed to
be outside the normal clinical range were reported as incidental findings to the patient
and his or her GP (see appendices 22 and 23 respectively for template letters). Potential
incidental finding were noted from the online screening process (if they score above
moderate level on the PHQ-9 and/or GAD-7 questionnaires), (if those excluded people
are affiliated with UEA, they will be directed to the university wellbeing support
services), during analysis of the neuropsychological test battery, during blood analysis
(either blood samples or BP measurements) or during the MRI scans where a UEA staff
member has reasonable grounds for believing that a scan shows abnormalities they shall
discuss with relevant UWWBIC colleagues and where concerns persist refer the scan case
to the NNUH Consultant Radiologist to determine whether a formal incidental findings
report is required. It was the responsibility of the UWWBIC Head of MRI or their
delegate to contact the participant’s GP forwarding the radiologist’s report, who will then
make the necessary referrals. In the event that UEA researchers feel that a more urgent
review is required the Head of MRI or their delegate can contact the NNUH Consultant
Radiologist via the Radiology secretaries or (workflow Manger) after image transfer. If
the NNUH Consultant Radiologist agrees that this needs urgent attention the patient
should then be advised to attend the Emergency Department as per public methods of
entry or via 999.

3.7. Ethical and legal aspects

3.7.1. Ethical Conduct of the Study
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The procedures outlined in this protocol, pertaining to the conduct, evaluation,
and documentation of this study, were designed to ensure that the sponsor and investigator
abide by GCP Guidelines and under the guiding principles detailed in the Declaration of
Helsinki.

3.7.2. Finance and Insurance

The funders of this trial were:

o MRC-NIHR NuBrain Consortium Grant

o The Republic of Turkey supporting the PhD studies of Miss Latife Esgunoglu

o The Commonwealth Scholarships supporting the PhD studies of Miss Marrium
Liaquat

o Return to Research Grant by Rank Prize, awarded to Miss Latife Esgunoglu

The UEA, UK is the sponsor of the trial and will provide indemnity and insurance.

3.7.3. Confidentiality and Data Storage

To maintain anonymity, participants were allocated a numerical identifier. After
consent was obtained, only these numbers identified participants. The principal
investigator kept the file containing each participant’s name and file number in a locked
cabinet separate from the questionnaire data. This information is not accessible unless a
justified scientific or ethical reason is provided to the PI and kept confidential and known
only to the study co-ordinator and other relevant members of the research team. Any
electronic information has restricted access and/or password protection as appropriate.
Data will be retained for 15 years from the date of publication of the results from the

study. In all publications and findings, participants will be anonymous.

3.8. Conclusion

The MediMood study was designed considering potential physiological
mechanisms that rapidly modulate brain health and are driven by dietary intake (Chapter

1). The study aimed to explore the short-term effects of a MDP on mood and cognition in
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order to satisfy the research gaps identified by Chapter 2. The present chapter details the
background/rationale and methodology, whilst the results will be presented in the

following chapter (Chapter 4), alongside a brief introduction and methods sections.

3.9. Author contributions

The initial research question was formulated by Anne Marie Minihane, with the
study further conceptualised by Latife Esgunoglu, Amy Jennings and Anne Marie
Minihane and gut microbiome arrangements were added by Marrium Liaquat. The ethical
approval and trial registration processes were managed by Latife Esgunoglu with
guidance from Amy Jennings and Anne Marie Minihane. Blood biomarker analysis and
blood sampling protocols were created by Latife Esgunoglu, Marrium Liaquat, Amy
Jennings and Anne Marie Minihane. Cognitive testing selection was planned by Michael
Hornberger. MRI sequences was designed by Michel Hornberger, John Brooks and
William Penny. MRI data analysis was conducted by Sam Maddox and Saber Sami. The
sleep assessment was designed by Alpar Lazar. The mental health safety network was set
by Adrian Leddy. Sample size was calculated by Amy Jennings. The study website was
built by Latife Esgunoglu, Marrium Liaquat and Rachel Gillings under the guidance of
Alex Howard (Mantal). The dietary booklets were created by Rachel Gillings. The diets
were planned by Latife Esgunoglu, Rachel Gillings and Amy Jennings. All authors
drafted and revised the manuscript with Latife Esgunoglu, Amy Jennings and Anne Marie

Minihane taking the lead role. All authors approved the final version of the manuscript.

Statement of the assessment of MediMood protocol

A supplementary essay is presented as an opportunity to allow for an evaluation
of the MediMood study protocol design and development process reflecting on the
experiences that helped me to improve my personal and professional skills throughout

(Appendix 28).
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Chapter 4. Results from the MediMood study

4.1. Introduction

The global increase in the prevalence of depression and anxiety (142) are of great
importance to public health due to their economic burden and associated reduced quality
of life (55). Besides, they elevate the risk of chronic diseases such as dementias (295).
The continuously increasing incidences of depression and anxiety highlights the need for

further prevention and management approaches (248).

Chronic consumption of a Mediterranean-style dietary pattern (MDP)
characterised by high intakes of extra virgin olive oil (EVOO), fruits and vegetables, fish,
nuts, legumes and wine (251), is associated with reduced depression (181) and improved
cognition (188) (Chapter 1). On the other hand, a long-term Western diet (WD)
consumption is linked with worsened mental health (256, 296). The empirical evidence
on short-term dietary effects on brain health remain scarce (196). A RCT reported
impaired hippocampal-dependent learning and memory (HDLM) after consuming a
Western breakfast (high in sugar and saturated fat) on four consecutive days compared to
a healthier breakfast (195). To evaluate the potential of short-term MDP consumption on
mental health, we conducted the first systematic review of RCTs which implemented a
MDP versus any control arm in a maximum of 10-day and examining any mood and/or
cognition outcome, and identified the lack of research in the area with only four studies
available (196) (Chapter 2). Despite the low number of results and their diverse
methodologies, contentment, alertness and attention were improved by MDP

interventions (196).

Using our systematic review findings, we designed the MediMood study (Chapter
3), with the primary objective being to investigate the efficacy of a MDP on mental health
in adults with mild to moderate level low mood and/or anxiety symptoms postprandially,
at 24h and after five days with compared to a WD. The secondary objectives were to
determine the impact of dietary regime on (i) cognitive performance, blood pressure (BP),
and serum c-reactive protein (CRP) as a circulating marker of inflammation, glucose,

insulin, lipids, cortisol and brain derived neurotrophic factor (BDNF), ii) postprandial
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cerebral blood flow (CBF), (iii) sleep quality, quantity and circadian rthythm and (iv) MDP

behaviour after three months.

4.2. Methods

The full methodology was explained in detail in the previous chapter (Chapter 3).
MediMood is a single-centre cross-over RCT conducted by Norwich Medical School,
UEA. The study was registered on ClinicalTrials.gov (NCT05927376) and obtained
favourable ethics opinion from NHS London Queen Square Research Ethics Committee
(REC) (22/LO/0796). Informed consent was provided by participants in the presence of
certified research personnel. The Quadram Institute Clinical Research Facility (CRF) and
UEA Wolfson and Welcome Brain Imaging Centre (UWWBIC) facilities were used as

study locations. An online study platform (MediMood - Home (mantal.co.uk) was

designed using a research management portal (Mantal - Home) and screening information

and data collection for mood, anxiety, cognition, and sleep diaries along with follow-up
MEDAS data were conducted online through this website. Cognitive tasks were imported

from the NeurOn platform (NeurOn - Neuropsychology Online) into our study website.

4.2.1. Recruitment and screening

Twenty-five participants were recruited from Norfolk, UK using invitation emails,
recruitment posters and Facebook adverts. Individuals (both sexes, aged >18 years) were
deemed to be eligible if they, 1) had mild to moderate depression (5-14/29 on Patient
Health Questionnaire, PHQ-9) (258) and/or anxiety (5-14/27 on Generalised Anxiety
Disorder, GAD-7) (259), ii) were not already following a MDP (<8/14 on MEDAS) (162),
and iii) were able to undergo a brain MRI scan. They were ineligible if they had a dietary
restriction (e.g., vegetarian, pescatarian), were unable to attend the required clinical visits

or were computer illiterate.

4.2.2. Dietary design and study procedure

Participants underwent two five-day interventions, a MDP and a WD, in a random
order with a 23-day wash-out period. Diets were planned based on the extreme ends of

the MEDAS tool (162) with score 13/14 for the MDP arm with optional wine
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consumption and a MEDAS score of zero for the WD arm. Within the week prior to the
start of their intervention, participants received booklets containing a grocery shopping
checklist, detailed instructions on food storage and preparation, and a food checklist/diary
to assess compliance. Participants received a full 5-day grocery basket on the day before

their intervention began via supermarket delivery.

Participants were required to visit the CRF for four times in total (2 x day-1 visits
for 8 hours and 2 x day-6 visits for 2.5 hours) (Figure 3.1). On arrival (08:00) urine and
faecal samples that were collected at home within the last 24 hours were given to the
research team for processing. BP, weight and height measurements were taken, along with
a 30 ml blood sample. A honey and oat cereal bar alongside water were served at 08:45.
Following a 15 mins rest, the first online testing session assessing mood, anxiety,
cognition and sleep was started at 9:00. Actigraphy devices (measuring their sleep and
activity) were then provided with the instruction to keep them on throughout the
intervention periods. The test lunch meals were served at 11:30 with participants
requested to aim finishing it in 30 minutes. At 12:45 a postprandial BP measurement was
taken. Participants were administered mood and cognitive testing at 13:00 and underwent
a 30-minute brain MRI scan at 14:00. Postprandial blood samples were collected at
approximately 15:15, followed by an afternoon snack, with the day 1 visit concluding at

15:30. On day 6 visit, the morning part before the lunch meal was repeated.

4.2.3. Primary outcomes

Contentment and anxiety

Bond-Lader is a 16-item visual analogue scale and measures alertness, calmness
and contentment (269). Profile of Mood States (POMS) is a 65-item questionnaire with
each question having 0-4 scale answers (five points) and assesses anxiety, depression,
anger, vigour, fatigue, confusion and an overall Total Mood Disturbance (TMD)
composite score (268). Contentment from Bond-Lader was selected as the primary mood
indicator as per our systematic review (Chapter 2) with the anxiety domain from POMS

being the primary anxiety endpoint.
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4.2.4. Secondary outcomes

Further mood and anxiety assessment

The remaining Bond-Lader and POMS domains listed above, namely, alertness,

calmness, depression, anger, vigour, fatigue, confusion and an overall TMD, were

presented as secondary mood and anxiety outcomes.

Cognitive assessment

The cognitive tasks below were employed to examine different aspects of cognition;

S O e

Reaction Time for motor function,

Sustained Attention to Response Task (SART) for attention,
Digit Span Backwards for executive function,

Trail Making A & B for executive function,

Word Encoding for episodic memory,

Word Recognition for episodic memory,

Go/No-Go for impulse control and executive function,

Fragmented Letters for visuospatial function.

Additionally, a global cognition score was calculated. To do so, we first defined an

inclusion criterion; participants who achieved a full score on the Fragmented Letters task

were included. One key main variable was selected from each task as follows:

el N

V)]

Reaction Time: Mean value of reaction speed after false answers were excluded,
Digit Span Backwards: Number of correctly recorded digits,

Trail Making A: Total interval time,

Trail Making B: Not included in the global score because of the substantial
amount of missing data due to a technical error occurred in the testing platform,
SART: Number of wrong answers,

Word Recognition: Source memory of correct answers (%),

Go/No-Go: Error rate (%),
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8. Fragmented Letters: Total correct answers (%) was used as the eligibility criterion,

not included in the global score.

The chosen variables for Reaction Time, Trail Making A, SART and Go/No-Go
were reversed so that higher number always reflected an improvement. All scores were
converted into percentages (except the ones which were already percentages) with the
average of the % in the individual six tasks (excluding Trail Making B and Fragmented

Letters) representing the global score.

MRI: Cerebral blood flow (CBF) and brain connectivity assessment

Data were collected using a 3T Siemens Magnetom Prisma Scanner at the

UWWBIC. The following MRI sequences were utilised in the following order with aims;

- Time of flight angiography (TOF) to determine the labelling plane for the next
sequence

- Pseudo-Continuous Arterial Spin Labelling (p-CASL) quantified regional CBF
(283)

- Magnetization Prepared Rapid Gradient Echo (MPRAGE) for routine whole brain
imaging (285) and Fluid-Attenuated Inversion Recovery (FLAIR) to visualise the
white matter hyperintensities (WMH) (286). MPRAGE and FLAIR sequences
help to eliminate potential confounders influencing CBF such as brain atrophy
and WMH.

- Resting state functional Magnetic Resonance Imaging (rs-fMRI) was used to
explore resting neural activity and connectivity between different brain regions

(287).
MPRAGE and FLAIR are structural MRI methods whilst ASL and fMRI are
functional sequences. As it is unlikely for the brain to develop a morphologic change in

only five days, we reported the ASL results only for the purposes of the present thesis.

Blood pressure and assessment of circulating metabolic markers
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Systolic and diastolic blood pressure (SBP and DBP) were measured using an
automatic BP monitor (Omron, 705IT). Following blood collection, the whole blood
tubes were sent immediately to the NHS laboratories at the Norfolk and Norwich
University Hospitals (NNUH) for immediate analyses of plasma glucose, serum lipids
and serum cortisol analyses using Abbott Allinity analysers. Serum insulin and high
sensitivity CRP were analysed in-house by Norwich Medical School’s Bioanalytical
Facility using standard immunochemical methods using the assays, respectively, ‘Elecsys
Insulin’ and ‘CRPHS, Cardiac C-Reactive Protein (Latex) High Sensitive’ procured from
Roche Diagnostics Ltd (Burgesshill, UK). Serum BDNF levels were measured using an
ELISA assay (ab212166, Human BDNF Simple Step Elisa Kit, Abcam).

Dietary behaviour and evaluation of feasibility of diets

Participants were sent the MEDAS questionnaire three months after completing
both arms to compare it to the screening data to investigate any change in their dietary
behaviour. Participants were also asked to evaluate the easiness/difficultness level of at
the dietary regime end both interventions (on day 6 morning visit) using a feedback
question we created “Did you find following the five-day meal plan easy or difficult?

Please rate on the scale from very easy to very difficult (1-10)”.

4.2.5. Statistical analyses

The statistical analysis was conducted in collaboration with our Medical
Statistician (Mizanur Khondoker). The short-term (taking day 1, day 2 and day 6 data,
termed study 1) and postprandial (study 2) impact of the MDP vs WDP were analysed
separately with linear mixed model employed as the primary statistical model for both

studies.

Initially, we discarded one participant’s data collected from the day 6 visit on WD
arm, as they reported to have a breakfast with an espresso and oatmeal prior to the arrival
at the clinical unit. Of note, the same individual dropped out on the last day of their second
arm (day 6 visit of MDP arm) and reported they did not comply fully with the intervention.

Therefore, we used their day 1 data only from both intervention arms collected at UEA
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under our supervision. For the CRP, the results shown as “<1.43 nmol/L” were replaced

with zero as it indicates undetectable amount of inflammation (minimal or none).

The normality of the data were checked using histogram and Q-Q plots. Extreme
outliers were detected according to mean + 3 standard deviations (SD) method and
removed from the dataset, except the Fragmented Letters task, as per discussions with our
cognition expert (Michael Hornberger), due to the small number of the stimulus (n=10)
the task had. To create its statistical variable, the proportion of correct answers given were
converted into percentages. As this task was relatively easy and participants tended to
give full answers (100%), when they gave only one or two incorrect answers resulting in
being 90-95% correct, they were mathematically detected as extreme outliers while they

were actually not.

To assess the 24-h and 5-day effects of interventions on the outcomes, the baseline
level of the individuals had to be taken into account. To do so, two possible ways were
considered, either baseline levels could be added to the statistical model as a covariate or
change scores (i.e. day 2 — day 1 for 24-h and day 6 — day 1 for 5-day effects) could be
calculated to account for the effect of the baseline. Due to small sample size, we
eliminated the first option and decided to go for change from baseline. For study 1;
treatment, time, and time x treatment interaction effect were computed for mood and
anxiety outcomes, as they measured at three timepoints (day 1 morning as baseline, day
2 morning and day 6 morning). For the secondary outcomes in study 1, i.e. cognitive
outcomes and blood parameters, the treatment effect was calculated only, the changes
from day 1 to day 6 were compared, hence no time effect. For study 2, the data after both
test lunch meals were directly compared. Treatment (the diets), sequence (the order of
diets) and period (if it was their first or second arm independent of the diet) were assigned
as fixed factors, and the participants were allocated as random factors for all analyses. No
further covariates were added to the model as the sample size did not provide the
statistical power for further complexity. Besides, the cross-over fashion of the study, with
every participant serving as their own control, minimises the contribution of participants
attributes to the heterogeneity in response. In addition, an exploratory subgroup analysis
was conducted to investigate  whether participants who were on
antidepressant/antianxiety medication responded the interventions differently compared

to non-users. The same statistical approach described above was applied, with binary
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medication status added as a covariate. This analysis was conducted for only the co-
primary outcomes (mood and anxiety) due to our research interests, and the limitation

regarding the small sample size as above. The results were presented as preliminary.

MRI data were analysed by the neuroimaging experts in our team (Saber Sami
and Sam Maddox). Standardised Brain Imaging Data Structure (BIDS) (297) and
Bayesian Inference for Arterial Spin Labelling (BASIL) (298) apps were utilised to pre-
process raw ASL data. Before further process, a manual data quality control check was
completed, and one session of one participant was removed due to an error in
preprocessing. Then the FSL cluster (299) analysis for ASL were applied. MRI data
analysis was performed using Phyton and Bash softwares on the UEA High Performance
Computing (HPC) cluster and completed with help from the Colour and Imaging Lab
within the School of Computing Sciences. As MRI was performed postprandially only,
the effects of the MDP and WD lunch were compared in study 2.

To compare the MEDAS scores at screening and 3-month follow-up MEDAS
score, a paired t-test was run. The linear mixed model described above was applied to
compare the subjective easiness levels of interventions to take sequence and period effects
into account. For all non-MRI data, Stata software (Stata 18) was used to perform the

statistical analyses and GraphPad Prism 10 was used to produce the figures.

4.3. Results

4.3.1. Recruitment and sample characteristics

In total, 396 people expressed an interest and were provided with a participant
information sheet. For those who replied (n=225), a phone/video call was arranged to
allow participants to discuss the study with the research team along with an initial
assessment. If eligible/happy to proceed, participants subsequently underwent full online
screening where dietary habits, mental health and MRI safety status were assessed (Figure

4.1) (300).
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Regarding the demographic characteristics of the enrolled participants (n=25)
(Table 4.1), 64% were female (n=16). The age varied from 19 to 86 years with an average
of 41.6 = 20.7 years (mean = SD). Two thirds had either a higher education degree (n=8)
or a postgraduate degree (masters’ or PhD, n=8). Pertaining to their employment status,
11 were students, 7 were employed and 7 were non-employed or retired. In terms of their
health behaviours and mental health status, the average MEDAS score on the 14-point
scale was 5.2 = 1.3 (mean + SD). 28% (n=7) presented a low adherence to a MDP by
scoring 3 or 4, whilst the others’ scores ranged from 5 to 7. Regarding their weight status,
the average BMI (mean + SD) was 25.3 + 3.2 kg/m?, with 92% consisted of either normal
weight or overweight individuals, with only two individuals (8%) with obesity.
Concerning their mental health status, 60% had mild and 20% had moderate depression.
80% displayed mild and 10% displayed moderate level anxiety symptoms. One third of
the sample (n=8) had both conditions at either mild or moderate level. 36% (n=9) reported
to be on antidepressant/antianxiety medications. Lastly, 76% never smoked and there was

no current smoker.
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Expressed interest (n=396)

Excluded (n=304):
Not meeting inclusion criteria (n=95)
Vegan, vegetarian, pescatarian (n=40)
Time required (n=27)
Meal preferences (n=11)
Allergies and intolerances (n=6)
Location (n=9)

o Change in antidepressant dosage (n=2)
Declined to participate (n=18)
Other reasons (n=191)

Fully assessed for eligibiity (n=92)
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Ineligible (n=47):
No anxiety or depression (r=25)
Severe anxiety and/or depression (n=11)
High MEDAS score (n=7)
MRI unsafety (n=2)
Pescatarian (n=1)
Unable to use PC (n=1)
Eligible (n=45)
CBT (n=1)
Location (n=1)
Withdrew interest due to ime commitment (r=5)
Didr’t reply to emails (r=5)
Changed their minds (r=4)
Others (n=4)
Lack of MR! compatible wheelchair (n=1)
Extra participants for back up purposes (n=3)
Enrolled in the study (n=25)




&

|

Randomised to sequence(n=25)

&

Allocated to MDP-WD (n=13)
n=12 received MDP
n=1 dropped out on day 3 (due to stress
caused by blood collection)

=

Allocated to WD-MDP (n=12)
n=12 received WD

23 days washout period

n=11 received MDP
n=1 dropped out (felt unwe!! for other
reasons)

Figure 4.1. Flowchart of participant recruitment and enrolment process
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n=11 received WD
n=1 dropped out (due to not wantng
WD)




Table 4.1. Participant characteristics (n=25)

Characteristic Mean £SD  Number (n) Percentage
(7o)

Age (years) 41.6 £20.7 NA NA
Sex

Female NA 16 64

Male 9 36
Education status

Primary 0 0

Secondary NA 1 4

Further 8 32

Higher 8 32

Masters/PhD 8 32
Employment status

Student NA 11 44

Employed 7 28

Non-employed/retired 7 28
MEDAS (score) (0-14) 52+13 NA NA
MEDAS adherence groups

Lowest scorers (0-4) NA 7 28

Lower scorers (5-7) 18 72
PHQ-9 (score) (0-27) 6.8+2.9 NA NA
PHQ-9 groups

None (0-4) NA 5 20

Mild (5-9) 15 60

Moderate (10-14) 5 20
GAD-7 (score) (0-21) 6.7+1.9 NA NA
GAD-7 groups

None (0-4) NA 3 12

Mild (5-9) 20 80

Moderate (10-14) 2 8
BMI (kg/m* continuous) 253+3.2 NA NA
BMI classification NA

Underweight (<18.5 kg/m?) 0 0

Normal weight (18.5-24.9 kg/m?) 12 48

Overweight (25.0-29.9 kg/m?) 11 44

Obese (>30 kg/m?) 2 8
Antidepressant use

Yes NA 9 36

No 16 64
Smoking status

Never smoked NA 19 76

Current smoker 0 0

Past smoker 6 24

The values presented were taken from screening. SD: Standard deviation, MEDAS:
Mediterranean Diet Adherence Screener; PHQ-9: Patient Health Questionnaire-9 which assesses
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depressive symptoms. GAD-7: Generalised Anxiety Disorder-7 which measures anxiety. Both
PHQ-9 and GAD-7 are often used in research and primary health care services, and are interpreted
depending on the total score, which is categorised as follows; 0-4 none, 5-9 mild, 10-14 moderate,
15-19 moderately severe, 20-27 severe for PHQ-9 and, similarly, the scoring system of GAD-7 is
0-4 no to low risk, 5-9 mild, 10-14 moderate, 15+ severe. Mild and moderate levels are recruited
on to the study.
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4.3.2. Study 1: Short-term (24h and 5-day) impacts of diets

Primary outcomes: Contentment and anxiety

No significant intervention effect was found for contentment (p=0.524) (Figure
4.2). Anxiety was improved by 25% after five days of MDP consumption (p=0.014), with

no differences evident on day 1 (Figure 4.2).

The full results are also presented in Appendix 29.

Secondary outcomes

Further mood and anxiety domains

All are shown in Figure 4.2. A 5-day intervention effect was evident for the TMD
composite score obtained from POMS, with a 40% improved score following the MDP
compared to the WD (p=0.004), with no differences evident by day 1. This reflected in
individual negative POMS domains (elevated scores reflect a worsened wellbeing) with
decreases following a five-day MDP compared to a WD as follows; depression (p=0.007)
improved by 40%, and fatigue (p=0.044) by 28%. Confusion exhibited a 11%
improvement by day 1 and a 33% improvement by day 5 (p< 0.001). No effect of
intervention on anger was evident (p=0.885). Among positive mood domains (higher
scores reflected a better wellbeing), vigour (from POMS) increased after five days of a
MDP consumption by 18% (p=0.014), and alertness (from Bond-Lader) was heightened
by the MDP (p=0.028), by 12% at day 1 and 25% at day 5. Despite the enhanced calmness
(from Bond-Lader) after the MDP, the difference was insignificant.

Concerning the effects of period and sequence, only calmness was affected by
period with higher calmness evident in the second arm, independent of diet (p=0.007).

No sequence (the order of diets) effect was found.

The full results are also presented in Appendix 29.
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Figure 4.2. Impacts of MDP and WD interventions on mood and anxiety after one and five days

B3 Day1 MDP: Mediterranean-style dietary pattern. WD: Western-style diet. N=25 individuals, but it varies due to dropouts, missing data and extreme outliers. A linear mixed model was

[ Day2 'un adjusted for treatment, sequence and period effects. Please note that the statistical analyses were performed by taking change in scores (Day 2 — Day 1 for 24-h effect and

1 Day6 Day 6 — Day 1 for 5-day effect). Data are presented as follows; the minimum and maximum values shown by the bars, the mean represented by horizontal lines within the bars,
and whiskers indicating the Standard Deviation. *: Statistically significant effects (p<0.05). Treatment effects represent the overall main effects of diets, treatment*time
interactions represent whether the treatments were effective by day 1. % Higher values indicate better mental health. ®: Lower values indicate better mental health. For depression,
one extreme outlier (mean + 3SD) was removed from WD day 6 prior to the statistical analysis.
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An exploratory analysis: effect of antidepressant usage status on mood in
short-term

When antidepressant use status was added to the statistical model as a covariate,
the overall effects of the diets remained significant for alertness (p=0.015), anxiety
(p=0.005), depression (p=0.008), vigour (p=0.005), fatigue (p=0.017), confusion
(p=<0.001), TMD (p=0.002) and insignificant for calmness (p=0.356) and anger
(p=0.441). However, the overall treatment effect became significant for contentment
(p=0.012) (Table 4.2). Among all mood domains, the only significant interaction between
diet and antidepressant use status was detected for contentment (p=0.028) (Table 4.2).
The post hoc analysis revealed that the MDP was effective only in those who were not on
antidepressant medications (n=16) (p=0.010) with a non-significant increased score in

those who were taking a medication (n=9) (p=0.392) (Figure 4.3).

p=0.392 p=0.010*
100 - -
. B3 D1
S 80+ I 80 - _ =3 b2
)’y - l =3 D6
g 60 - | —— e 60 - T l
Tt 404 40 -
3
é 20 20
0- T T 0- T
MDP WD MDP WD
On medication No medication

Figure 4.3. Contentment depending on antidepressant medication use status

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. N=25 individuals, but it
varies due to dropouts, missing data and extreme outliers. Contentment is a mood domain from
Bond-Lader tool. A linear mixed model was run for the statistical analyses, and was adjusted for
treatment, sequence and period effects. Data are presented as follows; the mean values shown by
the upper end of bars and whiskers indicating the Standard Deviation. *: Statistically significant
effects (p<0.05). There was not any extreme outlier as established by mean + 3SD method.

125



Table 4.2. Effects of MDP and WD interventions on mood and anxiety considering antidepressant use status

Anti - N Dlmorning N D2morning N D6 morning Overall Anti- Treatment
depressant treatment depressant * anti-
use (mean + (mean + (mean + p value p value depressant
SD) SD) SD) p value
Bond-  Contentment * Yes MDP 9 66.7+12.8 9 53.6+£18.0 8 68.8 +15.8 0.012 0.371 0.028
Lader (0-100) WD 9 579+148 9 590140 8  582+132
No MDP 16 56.6+128 16 622+142 15 623+£152
WD 14 589+127 14 512+107 14 559+144
Alertness * Yes MDP 9 50.5+ 153 9 49.9+16.5 7 64.2 +13.0 0.015 0.396 0.283
(0-100) WD 9 46.7+14.2 9 50.4+18.5 8 529+16.1
No MDP 16 482+ 12.1 16 577116 15 59.6+14.6
WD 14 49.8+7.7 14 492+126 14 51.0+12.8
Calmness * Yes MDP 9 653+ 164 9 56.7+£15.5 8 633+ 155 0.356 0.143 0.059
WD 9 46.7+16.6 9 58.4+13.7 8 50.7£20.3
(0-100) No  MDP 16 5754146 16 609+13.0 15 59.5+17.4
WD 14 569+160 14 538+154 14 563+14.2
POMS  Anxiety " Yes MDP 9 16.7+7.1 9 19.1+4.8 8 13.3+3.7 0.005 0.534 0.130
(0-36) WD 9 20.4+£2.7 9 19.0+4.0 8 20.9+6.2
No MDP 16 152+£5.5 16 13.5+5.4 15 10.9+54
WD 14 13.1+4.7 14 13.9+4.7 14 13.1+5.2
Depression " Yes MDP 9 173+5.8 9 2244103 8 11.3£95 0.008 0.661 0.107
(0-60) WD 9 21.8+74 9 20672 77" 207+£99
No MDP 16 13.6+ 7.8 16 10.6 £ 7.6 15 7.7+£5.9
WD 14 11.1+7.4 14 11.1+7.9 14 12.3+8.0
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Anger " Yes MDP 9 83+4.2 9 11.9£8.5 8 81+5.6 0.441 0.898 0.142

(0-48)) WD 9 132461 9 123+80 8  123+49
No MDP 16 84+53 16 78+51 15 65452
WD 14 85+75 14 84+80 14 8.1+68

Vigour * Yes MDP 9  11.7+49 9  101+44 8  150+48  0.005 0.055 0.162
(0-32) WD 9  97+27 9  11.0+£59 8  9.1+32
No MDP 16 113+59 16 11860 15 127+57
WD 14 131427 14 115+41 14 104+49

Fatigue ° Yes MDP 9  163+57 9 17372 8  10.0+3.1 0.017 0.559 0.648
0-28) WD 9  156+51 9  167+37 8  166+50
No MDP 16 123+52 16 103+44 15 98+48
WD 14 94+34 14  96+37 14  10.7+49

Confusion ° Yes MDP 9  118+43 9 11.7+50 8  78=44  <0.001 0.868 0.715
0-28) WD 9  121+43 9  121+32 8  13.0+47
No MDP 16 10.7+33 16 89+34 15  73+28
WD 14  90+37 14 104+41 14 92439

TMD Yes MDP 9  588+249 9  723+270 8 354+213  0.002 0.719 0.222
(:32.- 200) WD 9 734£205 9 697142 8  77.3+30.0
No MDP 16 489+207 16 393+192 15 294+19.4

WD 14  38.1+21.0 14  41.9+20.6 14 43.1+244

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. N: number of observations with maximum possible N is being 25 as study sample consisted of 25
individuals, however N varies due to dropouts, missing data and extreme outliers. SD: Standard deviation. D1: Day 1 (baseline), D2: Day 2 (24h), D6: Day 6 (end of
5-day intervention). POMS: Profile of Mood States questionnaire. TMD: Total Mood Disturbance is an overall score generated using tension, depression, anger, vigour,
fatigue and confusion scores. Bond-Lader is a visual analogue scale with each item has 0-100 mm scales. A linear mixed model was run for the statistical analyses,
and was adjusted for treatment, sequence and period effects. All significant effects (p<0.05) were highlighted in bold. *: Higher values indicate better mental health. ®:
Lower values indicate better mental health. " reports the number of the extreme outliers as established by mean = 3SD method, that were discarded prior to the statistical
analysis. If not stated, that means there was not any.
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Cognition

At individual cognitive abilities level, no significant impact of diets on attention,
executive function, episodic memory, impulse control and visuospatial function was
evident. A significant diet effect was found for variability of motor function as assessed
by the SD of Reaction Time task (p=0.018), with motor function becoming significantly
more consistent after following MDP for five days. No impact of the intervention on the

composite cognitive score was evident (p=0.471) (Figure 4.4., Table 4.3).

In terms of the confounding effects of period and sequence variables, the Digit
Span Backwards task measuring executive function and working memory was mediated
by a period effect (p=0.032), with participants scored higher in their first arms. The
difference in the change in the first arm was 14.4 + 20.7 whilst being 0.7 + 18.7 in the
second arm. Furthermore, the accuracy of the sustained attention assessed by the number
of the correct answers given for SART, was affected by the sequence (p=0.036), which

meant participants who underwent the MDP intervention first had significantly more
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Figure 4.4. Effects of 5-day intervention on select cognitive domains

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. N=25 individuals, but it varies due
to dropouts, missing data and extreme outliers. Attention was assessed by the number of the inaccurate
answers in the Sustained Attention to Response Task, the standard number of total stimuli=225. Motor
function variability was established by the standard deviation of reaction speed in the Reaction Time
task, which measures the time taken as milliseconds (msec), with no upper limit. Global cognition
score is generated on a 0-100 scale using all cognitive tasks. A linear mixed model was run for the
statistical analyses and was adjusted sequence and period effects. Data are presented as follows; the
minimum and maximum values shown by the bars, the mean represented by horizontal lines within
the bars, and whiskers indicating the Standard Deviation. *: Statistically significant effects (p<0.05).
%: Sequence affected. For attention, one extreme outlier (mean + 3SD) was removed from MDP day 1
morning. For motor function two extreme outliers were discarded (n=1 from MDP day 1 and n=1 from
WD day 6) prior to the statistical analysis.
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Table 4.3. Impacts of MDP and WD interventions on cognition after five days

N MDP N MDP N WD N WD p value
D1 morning D6 morning D1 morning D6 morning
(mean £SD) (mean £SD) (mean £SD) (mean £SD)

Motor function ~ Reaction speed 24" 306.5+54.4 23 306.8 +52.1 23 303.2+52.1 21! 319.6 £67.0 0.268
(assessed by mean (msec) "
RT)
Sustained No of incorrect  24™'  144.1 +£60.8 23 137.7+45.8 23 142.3 +50.0 22 132.6 =384 0.989
attention answers "
(assessed by (0-225)
SART)
Executive Correct 25 64+39 23 7.8+3.5 23 8.0+29 22 8.6x£3.0 0.546
function sequences *
(assessed by (0-14)
DSB) .

Correct digits 25 33.3+23.2 23 41.9+225 23 41.6+19.8 22 474 +£204 0.751*

¥ (0-85)
Executive Total interval 24" 22560+ 227" 21626 + 23 24262 + 23 22574 +7903 0.540
function time (msec) ** 5802 5429 8350
(assessed by
TMA)
Executive No of correct 1972 222+4.6 15 22.1+2.7 17 23.1+1.9 16 23.1+23 0.572
function answers *

(0-25)
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(assessed by No of incorrect 18" 1.6+2.9 15 19423 17 0.824 + 16 0.938 = 1.340 0.817

TMB) answers " 1.074
(0-25)
Episodic Recognition 25 924+7.0 22 91.8+7.3 23 89.3+79 22 90.9 +8.3™! 0.312
memory memory *
(assessed by (0-100)
WR) e
Source 25 69.3+19.8 23 75.7+20.3 23 67.2+23.8 21 76.3 +17.0™! 0.826
memory **
(0-100)
Impulse control % of incorrect 247 36+£23 23 4.0+3.0 23 34427 22 3.5+£28 0.596
(assessed by answers b"
GNG) (0-100)
Visuospatial % of correct 25 100.0 + 0.0 23 100.0 + 0.0 23 99.6 £2.1 22 100.0 £ 0.0 0.319
function answers *

(assessed by FL) (0-100)

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. D1: Day 1, D6: Day 6. SD: Standard deviation. N=25 individuals, but it varies due to dropouts,
missing data and extreme outliers. A linear mixed model was run, with statistical significance threshold of (»<0.05. Msec: milliseconds which measures the time taken
with no upper limit. A technical error resulted in significant data loss for TMB. RT: Reaction Time. SART: Sustained Attention to Response Test. DSB: Digit Span
Backwards. TMA: Trail Making A. TMB: Trail Making B. WR: Word Recognition. GNG: Go/No-Go. FL: Fragmented Letters. Overall cognition score was calculated
using RT, SART, DSB, TMA, WR and GNG, with * representing the key variables used from each task, while FL was used as an eligibility criterion to be included in
overall cognition score. *: period affected. §: sequence affected. ": the variable used to calculate overall cognition score. *: Higher values indicate better cognitive
performance. : Lower values indicate better cognitive performance. ' reports the number of the extreme outliers as established by mean + 3SD method, that were
discarded prior to the statistical analysis. If not stated, that means there was not any.
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Blood pressure and circulating biomarkers

The five-day MDP intervention reduced CRP levels by 21% whilst the opposite
effect seen for the WD (57% increase) (p=0.038) (Figure 4.5). In contrast with our
hypothesis, the WD decreased serum cortisol level (biomarker of stress) whereas MDP
intervention resulted in an increase (p=0.024) (Figure 4.5). No impact of intervention on
BP, plasma glucose, serum insulin, glucose to insulin ratio, serum lipids and serum BDNF

was evident (Table 4.4).

Although there were no effects of intervention on cholesterol levels, period effects
were detected, with decreases in the second arm, while the first arm displayed higher

absolute values for total-, LDL- and non-HDL-cholesterol.
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Figure 4.5. Impacts of MDP and WD interventions on CRP and cortisol

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. N=25 individuals, but it
varies due to dropouts, missing data and extreme outliers. CRP: C-reactive protein. A linear mixed
model was run for the statistical analyses and was adjusted for sequence and period effects. Data
are presented as follows; the minimum and maximum values shown by the bars, the mean
represented by horizontal lines within the bars, and whiskers indicating the Standard Deviation.
*: Statistically significant effects (p<0.05). For the CRP analysis, 3 extreme outliers (mean + 3SD)
were removed, n=1 from MDP day 1, n=1 from WD day 1, and n=1 from MDP day 6.
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Table 4.4. Impacts of MDP and WD interventions on blood pressure and circulating

biomarkers after five days

N D1 morning N D6 morning p value
(mean £ SD) (mean £ SD)
SBP (mmHg)  MDP 25 1244+202 23 1202+333 0.333
WD 23 125.0+ 184 227" 127.3£17.0
DBP (mmHg) _ MDP 25 752+9.3 23 76.6 £ 8.9 0.244
WD 23 779+10.5 22! 77.2+9.7
Glucose MDP 23 46+04 21 46+05 0.577
(mmol/L) WD 217 4.6+03 21 46+03
Insulin (pmol/L) MDP 227 519+251 21T' 61.8+49.8 0.151
WD 2 725+540 21 63.1 % 52.0
GIR MDP 22 0.110£0.059 20  0.099 +0.047 0.250
WD 21 0.091+£0.042 21 0.099 +0.043
Cholesterol MDP 23 503097 22 477+096 0.251
(mmol/L) WD 23 510121 22 5.05+1.08 *
Triglycerides MDP 23 093+041 217" 0.81+0.23 0.206
(mmol/L) WD 2 098+035 22 1.00£0.31
HDL-cholesterol MDP 23 158037 22 1.51 <040 0.664
(mmol/L) WD 23 1.53£037 22 1.48 035
LDL-cholesterol MDP 23 3.03+£082 22 287+075 0317
(mmol/L) WD 23 310095 22 3.11+081 *
Total MDP 23 330+0.78 22 3.30+0.79 0.353
f:t‘i)(l)estemVHDL WD 23 3424076 22 3.50+0.72
Non-HDL MDP 23 347+084 22 331+0.78 0.295
cholesterol WD 23 3574098 22 3.57+0.88 *
(mmol/L)
WD 23 401.7+£108.7 22 378.0+£922
BDNF (ng/mL)  MDP 23 13.7+32 22 134+28 0.368
WD 2 13.1£3.6 21 133438

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. D1: Day 1, D6: Day 6 (end
of intervention). SD: Standard deviation. N=25 individuals, but it varies due to dropouts, missing
data and extreme outliers. A linear mixed model was run with a statistical significance threshold
of p<0.05. SBP: Systolic blood pressure. DBP: Diastolic Blood Pressure. GIR: Glucose to insulin
ratio. HDL: High density lipoprotein. LDL: Low density lipoprotein. CRP: C-reactive protein.
BDNF: Brain Derived Neurotrophic Factor. *: Significant period effect. ' reports the number of
the extreme outliers as established by mean + 3SD method, that were discarded prior to the
statistical analysis. If not stated, that means there was not any.
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Anthropometric changes

A lkg decrease in body weight was evident following 5 days of the MDP
(»p=0.044), with no corresponded significant change in BMI (p=0.216) (Table 4.5). The
weight difference was mainly seen in females (-1.5 kg) in the MDP arm whilst the other
differences (changes in MDP arm in females and in WD arm in both sexes) was less than

1 kg (Figure 4.6).

Table 4.5. Anthropometric changes after five days

N D1 morning N D6 morning p value
(mean £ SD) (mean £ SD)
BW (kg) MDP 25 742 +9.4 23 73.2+9.5 0.044
WD 23 73.2 £10.1 23 73.2+10.0
BMI MDP 25 258+33 23 254+3.2 0.216
(kg/m’) WD 23 255+3.4 23 254+34

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. SD: Standard Deviation. D1:
Day 1, D6: Day 6. N=25 individuals, but it varies due to dropouts. There was no extreme outlier
(£3SD). Kg: kilogram. BW: Body Weight. BMI: Body Mass Index. A linear mixed model was
run. Significant effects (p<0.05) were highlighted in bold.
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Figure 4.6. Weight change by sex

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. N=25 individuals, but it
varies due to dropouts, missing data and extreme outliers. Kg: kilogram. Data are presented as
follows; the mean values shown by the upper end of bars and whiskers indicating the Standard
Deviation.
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4.3.3. Study 2: Acute (postprandial) impacts of test lunch meals
Primary outcomes: Contentment and anxiety

A non-significant higher contentment score was evident after the MDP lunch
compared to WD, with scores being as follows 66.5 = 14.3 vs 63.7 = 13.1 (p=0.136).

There was no effect of lunch composition on anxiety (Figure 4.7, Table 4.6).
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Figure 4.7. Postprandial comparison of mood domains from Bond-Lader

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. N=25 individuals, but it varies due to
dropouts and missing data. No extreme outlier was detected (mean = 3SD). A linear mixed model was run
to compare postprandial scores with a statistical significance threshold of p<0.05, adjusted for treatment,
sequence and period effects. Data are presented as follows; the minimum and maximum values shown by
the lines, the mean represented by shapes within the lines, and whiskers indicating the SD.

Table 4.6. Comparisons of postprandial anxiety scores

N MDP N WD p value
(mean £ SD) (Mean £ SD)
Anxiety ° 25 15.8+6.1 23 15.8+6.3 0.924

(0-36)
MDP: Mediterranean-style dietary pattern. WD: Western-style diet. SD: Standard deviation. N is
being 25 as study sample consisted of 25 individuals, however, N varies due to dropouts. No
extreme outlier was detected (mean + 3SD). The measurements were taken after the test lunch meal
on day 1 of each dietary period. A linear mixed model was run for with a statistical significance
threshold of p<0.05, and the model was adjusted for treatment, sequence and period effects. ":
Lower values indicate better mental health.
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Secondary outcomes

Further mood and anxiety domains

Although non-significant, a consistent trend towards better mood profile was
evident (as shown by Bond-Lader) with higher alertness and calmness scores after the
MDP lunch vs WD lunch, with respectively, 60.2 + 12.2 vs 57.6 = 15.0 (p=0.420) and
60.4 +20.4 vs 52.1 = 14.8 (p=0.094), whilst the scores generated from POMS indicating
little effect of diet (Figure 4.7, Table 4.7). Confusion only was affected by period, with
higher scores obtained in the first arm (p=0.032).

Table 4.7. Comparisons of further mood scores obtained postprandially from day 1

N MDP N WD p value
(mean £+ SD) (Mean + SD)

POMS Depression ° 25 12772 23 142+92 0.214
(0-60)
Anger® 25 8.5+5.9 23 8.5+6.7 0.656
(0-48)
Vigour * 25 10.6 + 4.6 23 11.3+3.1 0.491
(0-32)
Fatigue ° 25 13.4+6.2 23 123£52 0.388
(0-28)
Confusion ° 25 10.3+3.5 23 10.1 +3.6 0.734*
(0-28)
TMD °® 25 50.0 +£24.8 23 49.6 +24.0 0.874
(-32-200)

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. SD: Standard deviation. N is
being 25 as study sample consisted of 25 individuals, however, N varies due to dropouts. No
extreme outlier was detected (mean = 3SD). POMS: Profile of Mood States questionnaire (65
items, 0-4 scale). TMD: Total Mood Disturbance is an overall score generated using tension,
depression, anger, vigour, fatigue and confusion scores. Bond-Lader is a visual analogue scale
with each item has 0-100 mm scales. The measurements were taken after the test lunch meal on
day 1 of each dietary period. A linear mixed model was run for the statistical analyses with a
significance threshold of p<0.05, and the model was adjusted for treatment, sequence and period
effects. *: affected by period. * Higher values indicate better mental health. °: Lower values
indicate better mental health.
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Cognition

Similar to the postprandial mood profile, no significant effects of diet on
postprandial cognitive performance were evident (Table 4.8). Significance was detected
for the order of diets (sequence effect) on impulse control established by Go/No-Go task
(p=0.033), with participants who underwent the MDP lunch first displayed a better

impulse control.
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Table 4.8. Comparison of cognitive scores obtained postprandially from day 1

N MDP N WD p value
(mean £ SD) (mean £ SD)

Motor function Reaction speed mean ** 24 315.1+ 584 23 317.7+59.7 0.871
(assessed by RT) (msec)

Variability (SD) ° 24 65.5+33.1 23 67.7+£43.2 0.710
Attention (assessed by  No of correct answers * (0- 25 95.8+51.8 23 98.2+47.2 0.649
SART) 225)

No of incorrect answers 24 133.0+51.8 23 131.0+45.0 0.837

(0-225)
Executive function Correct sequences *(0-14) 25 7.0+£4.0 23 82+2.0 0.087
(assessed by DSB

Correct digits ** (0-85) 25 37.1+£24.0 23 41.5+14.0 0.369
Executive function Total interval time °* 25 22455.8 £8172.2 23 22701.7 £7793.0 0.873
(assessed by TMA) (msec)
Executive function No of correct answers * (0- 10 21.7+5.0 9 21.6+4.3 0.928
(assessed by TMB) 25)

No of incorrect answers " 9! 1.0+ 1.8 9 29428 0.173

(0-25)
Episodic memory Recognition memory * (0- 23 91.4+52 23 90.3£6.8 0.548
(assessed by WR) 100)

Source memory ** (0-100) 24 65.6+21.8 23 67.1+22.5 0.845
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Impulse control % of incorrect answers " 25 42+3.1 23 3.7£2.8 0.543

(assessed by GNG) (0-100) §
Visuospatial function % of correct answers * (0- 25 99.6 23 99.1+2.9 0.536
(assessed by FL) 100)
Overall cognition score * 23 66.5+ 8.7 22 67.9+6.8 0.318
(0-100)

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. D1: Day 1, D6: Day 6. SD: Standard deviation. N=25 individuals, but it varies due to dropouts,
missing data and extreme outliers. A linear mixed model was run for the statistical analyses with a significance threshold of p<0.05, and the model was adjusted for
treatment, sequence and period effects. Msec: milliseconds which measures the time taken with no upper limit. A technical error resulted in significant data loss for
TMB. RT: Reaction Time. SART: Sustained Attention to Response Test. DSB: Digit Span Backwards. TMA: Trail Making A. TMB: Trail Making B. WR: Word
Recognition. GNG: Go/No-Go. FL: Fragmented Letters. Overall cognition score was calculated using RT, SART, DSB, TMA, WR and GNG, with * representing the
key variables used from each task, while FL was used as an eligibility criterion to be included in overall cognition score. *: period affected. §: sequence affected. ™: the
variable used to calculate overall cognition score. *: Higher values indicate better cognitive performance. : Lower values indicate better cognitive performance. '
reports the number of the extreme outliers as established by mean + 3SD method, that were discarded prior to the statistical analysis. If not stated, that means there
was not any.
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Cerebral blood flow (CBF) assessed by Arterial Spin Labelling (ASL)

Although no significant effect of meal composition on cortical (frontal, temporal,
parietal and occipital lobes) CBF (ml/100 g/min) was evident, there was a trend towards
higher CBF in the subcortical (including amygdala, hippocampus and thalamus) grey
matter areas following the MDP lunch (p=0.096) (Table 4.9).

Table 4.9. Comparison of postprandial CBFs (ml/100 g brain tissue/min)

MDP WD p value
(mean £ SD) (mean £ SD)
Cortical GM 49.2 +£10.0 47.5+9.8 0.311
Subcortical GM 41.8+7.2 39.8+5.5 0.096

CBF: Cerebral blood flow. MDP: Mediterranean-style dietary pattern. WD: Western-style diet.
SD: Standard Deviation. GM: Grey matter. N=25 individuals, but it varies due to dropouts,
missing data and extreme outliers.

Blood pressure and circulating parameters

After the MDP lunch, 12% higher glucose (p<0.001) and 33% lower insulin
(p=0.005) were detected compared to the WD lunch, resulting in an improved glucose to
insulin ratio of 71% (a biomarker of insulin sensitivity) (p<0.001) (Figure 4.8). No
significant postprandial differences were seen for SBP, DBP, lipids, CRP, cortisol and
BDNEF levels (Figure 4.8, Table 4.10).

Alongside the main effects of diets, significant period effects were found, with
higher SBP in the second arm (p=0.043), and higher LDL-cholesterol (»p=0.008) and total
cholesterol/HDL ratio (p=0.044) in the first arm, whilst a significant sequence effect was
detected for DBP with lower values obtained in those who had the MDP lunch first
(p=0.020).
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Figure 4.8. Comparison of postprandial glucose metabolism responses

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. N=25 individuals, but it
varies due to dropouts, missing data and extreme outliers. GIR: Glucose to insulin ratio.
Measurements were taken following the day 1 lunch meal. A linear mixed model was performed
with treatment, sequence and period fixed factors. P value here represents the treatment effect
(main effects of diets). *: Significant statistical difference (p<0.05). For the insulin analysis, one
extreme outlier was removed from WD, and n=1 extreme outlier was discarded from WD for the
glucose analysis.

Table 4.10. Comparison of postprandial blood pressure and circulating parameters

N MDP N WD p value
(mean £ SD) (mean £ SD)

SBP (mmHg) 25 1154 +£13.0 23 118.7 £ 14.1 0.133 *
DBP (mmHg) 25 72.5+8.1 23 74.8+9.0 0.170 %
Cholesterol 23 51+1.1 23 51+1.1 0.356
(mmol/L)
Triglycerides 23 1.5+0.8 23 1.7+0.7 0.939
(mmol/L)
HDL-cholesterol 23 1.6 0.4 23 1.5+04 0.324
(mmol/L)
LDL-cholesterol 23 29+0.8 23 2.8+0.9 0.504 *
(mmol/L)
Total cholesterol 23 34+£0.38 23 3.6£09 0.924 *
Non-HDL 23 3.6£09 23 3.6£09 0.237
(mmol/L)
CRP (nmol/L) 23 12.7£16.5 21! 7.8 +8.7 0.061
Cortisol (nmol/L) 23 167.2+61.0 23 164.0 £ 51.8 0.954
BDNF (ng/mL) 22! 14.1£3.6 22 142+34 0.784

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. SD: Standard deviation.
N=25 individuals, but it varies due to dropouts, missing data and extreme outliers. SBP: Systolic
blood pressure. DBP: Diastolic Blood Pressure. HDL: High density lipoprotein. LDL: Low
density lipoprotein. CRP: C-reactive protein. BDNF: Brain Derived Neurotrophic Factor.
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Measurements were taken following the day 1 lunch meal. A linear mixed model was performed
with treatment, sequence and period fixed factors. Statistical significance threshold was set as
p<0.05. P value here represents the treatment effect (main effects of diets). Significant differences
are highlighted in bold. *: Significant period effect. *: Significant sequence effect. * reports the
number of the extreme outliers as established by mean = 3SD method, that were discarded prior
to the statistical analysis. If not stated, that means there was not any.

4.3.4. Follow-up dietary behaviour change and subjective dietary assessment

The average MEDAS score increased from 5.1 to 7.5 (out of 14), which equals to
a 48% increase in their MDP adherence (p=<0.001) at 3 months post intervention (Table
4.11).

Table 4.11. Mediterranean diet behaviour change

N Screening N 3-month follow-  p value
(mean £ SD) up
(mean £ SD)
MEDAS score 17 51+0.3 17 7.5+04 <0.001

(0-14)

MEDAS: 14-item Mediterranean Diet Adherence Screener questionnaire. N=25 individuals, but
it varies due to dropouts and missing data. No extreme outlier (mean + 3SD) was detected. Paired
t-test was performed. Statistically significance result was highlighted in bold (p<0.05).

In terms of subjective views on the easiness/difficultness level of following the
diets, participants reported that the MDP was easier to adhere to in comparison with the
WD, with inter-group differences reaching borderline significance (p= 0.060) (Table
4.12).

Table 4.12. Participants’ scores on easiness levels of following the diets

N MDP N WST p value
(mean £SD) (mean £SD)
Score 23 3.7+2.0 23 47+2.6 0.060
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The single question (created by us for the study) is “Did you find following the five-day meal
plan easy or difficult? Please rate on the scale from very easy to very difficult.” 10 points visual
analogue scale, with 1 being easiest and 10 being the most difficult. Linear mixed model was run
to consider the sequence and period effects. Statistical significance threshold was p<0.05. N=25
individuals, but it varies due to dropouts and missing data. No extreme outlier (mean + 3SD) was
detected.

4.4, Discussion

To the best of my knowledge, this is the first RCT investigating the short-term and
postprandial effects of a MDP on mood and anxiety as the primary outcomes in adults
with mental health complaints. Our findings demonstrated that a MDP can improve
mental health compared to a WD, by reducing TMD, tension, depression, fatigue and
increasing vigour in five days, whilst diminishing confusion and enhancing alertness in
24 hours and five days. No postprandial effects of diets were evident on mood and
cognition. Regarding our secondary outcomes, higher consistency in motor function,
reduced CRP and increased cortisol levels were found after five-day of MDP
consumption, whilst higher plasma glucose, lower insulin, evidence of an enhanced

insulin sensitivity and a non-significant increased CBF were seen after the MDP lunch.

Mood, anxiety and cognition

As detailed in Chapter 2, only three RCTs (193, 194, 219) have previously
examined the short-term (10 days) effects of a MDP on mood before and reported
improved alertness and contentment in all three studies. Likewise, we found a positive
effect of a MDP on alertness, confirming their findings and further demonstrating that
alertness could be enhanced by only 24 hours of a MDP consumption. A trend toward our
hypothesis occurred for contentment in our study, however, the difference did not reach
the statistical significance level in five days, suggesting a longer-period (5-10 days) may
be required for a meaningful change in contentment. Furthermore, those three previous
studies reported improvements in individual mood domains as follows; vigour (193, 219),
confusion (194), tension, anger and fatigue (219). The reason why we saw consistent

improvements in almost all domains in a shorter period could be that we provided all
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study foods with detailed meal plans and instructions supporting a greater MDP

adherence, whilst the previous studies gave instructions only.

Our exploratory subgroup analysis revealed that improvements in mood and
anxiety outcomes in MediMood were independent of medication use with the exception
of contentment which was only improved by a MPD in those who were not taking an
antidepressant/antianxiety medication (Table 4.3, Figure 4.3). Previously, SMILES (182),
HELFIMED (183) and AMMEND (184) trials (summarised in Table 1.3) investigated 12-
week effects of a MDP compared to befriending groups in those with moderate to severe
depression (with the rates of people on pharmacotherapy ranging between 30-75%) and
found significant improvements. However, none of these studies reported whether their
statistical models were adjusted for medication use nor presented subgroup analysis
results according to medication use. Nonetheless, the significant improvements in
MediMood were independent of medication use with only contentment impacted by
antidepressant status. Yet, it is crucial to highlight that our sample size was not powered
to carry out a subgroup analysis, therefore, these results are not definitive but rather

preliminary that need further exploration (Section 4.2.5).

Another relatively short-term study investigating the effects of a high fibre
breakfast consumption for 14 days on digestive feelings, bowel function and general
wellbeing revealed higher happiness, alertness and concentration, implying the role of
bowel functions on mental wellbeing (301). We did not collect information on “stool
bulking and frequency”, yet improved digestion could be one of potential explanations of
enhanced mood in our study, as we recruited people with sub-optimal eating habits and
intervened with a MDP with a high fibre content (35g/day in MDP arm, Table 3.5)
possibly providing improved defecation. Nonetheless, we collected faecal samples at
baseline and after five days to assess changes in the gut microbiome species profile and
metabolomics (faeces and circulation), which will provide a detailed insight into the
possible effects of the microbiome in mediating the impact of the MDP on mental health

outcomes.

In contrast to our mental health outcomes, no significant short-term effects of a
MDP on cognition was evident except for an improved Reaction Time variability. The

increased consistency in Reaction Time predicts healthier cognitive ageing and linked

143



with better “perceptual speed, working memory, episodic memory and crystallised
abilities” (302), yet we did not observe a change in those individual domains. However,
this observation is consistent with the limited available literature. The two previous 10-
day MDP studies also reported mixed results from cognitive tasks (193, 194). McMillan
et al. reported positive influence of a MDP on sustained attention, visual memory and
visuospatial function and no effect of a MDP on working memory, whilst participants
unexpectedly performed faster in those tasks in the control arm, which was attributed to
be a potential practice effect (193). Lee et al. revealed improved memory recall
performance and declined correct answers in working memory after MDP, with no change
in other cognitive domains (194). Our data reveals that longer term interventions are

required to meaningfully affect cognition.

Decreases in cognitive performance were previously stated as a result of short-
term carbohydrate unavailability. A one-week high fat diet (%74 fat and %2 carbohydrate)
caused worsened attention and reaction time in sedentary men (n=20, aged 36 + 1 year)
compared to baseline, with the results attributed to significantly reduced circulating
glucose levels and potentially resulting in diminished glucose availability for the brain
(303). Similarly, another study comparing effects of low calorie diets, either a low
carbohydrate diet (complete elimination of carbohydrates in the first week, and gradual
reintroduction at weeks two and three) (n=9, mean BMI=28.1) or a calorie restricted diet
as recommended by American Dietetic Association (ADA) (n=10, mean BMI=30.1),
measured cognition in participants aged 22 to 55 years (304). Memory was worsened after
a week in low carbohydrate dieters (as there was no carbohydrate in the first week) which
was restored by the reintroduction of carbohydrates (304). The carbohydrate profile of
our diets (high fibre and no simple sugar in MDP vs low fibre and high simple sugar in
WD) were significantly different (Table 3.3). Yet, they both still provided glucose
availability for the brain as we were interested in the quality of carbohydrates rather than
quantity, resulting in no extreme carbohydrate restriction which may be a reason for the

lack of differences in cognitive performance.

Furthermore, a MDP contains abundant amounts of several bioactives such as
long chain omega-3 fatty acids, flavonoids, carotenoids, polyphenols, antioxidant
vitamins i.e. vitamin E, all known to positively influence brain functions in a long-term
(305, 306), yet, there is no short-term study available examining supplementation effects
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on cognition with study durations usually varying from 12 weeks (307) to 24 months
(308). Otaegui-Arrazola et al. highlighted the inconsistent findings on those bioactives
derived from RCTs, in spite of the accumulated promising evidence from observational
studies (309). A review of preclinical studies reporting the salutary effects of flavonoids
on cognition through “regulation of neurotransmitters and enhanced neurogenesis,
synaptic plasticity and neuronal survival” also emphasised the need for further research
(310). Similar to these, our study also supports the consensus regarding the lack of
evidence on the relationships between the MDP bioactives and cognitive functions, and

thus the need for the further research.

Concerning postprandial studies, the attention has been mainly given to meal
composition (macronutrients distribution and fibre content) (311). One study
investigating breakfast meals with different levels of carbohydrate (15, 30 or 50 g) and
fibre composition (1.5, 6 and 13 g) in 168 female university students measured
postprandial blood glucose, mood and cognition (312). Their main finding was that mood
and cognitive responses were greatly influenced by the glucose tolerance (established by
fasting blood glucose levels at screening with 6 mmol/L used as threshold) (312). People
with better glucose tolerance displayed a better mood whilst those with poorer glucose
tolerance showed an impaired memory (312). Another RCT examining the impacts of
three breakfast meals with different glycaemic index (low vs high glycaemic index, both
contained 50 g carbohydrate, derived from either pasta or white bread, or only water) on
cognition in 21 individuals (65 + 7.3 years) with T2D, revealed that higher blood glucose
level after bread consumption (high glycaemic index meal) was negatively linked with
verbal memory, whilst sustained attention did not respond to the meals (313). The higher
elevation in glucose levels were associated with a poorer memory performance (313).
Nonetheless, these inconsistent findings in cognitive performance that is linked with the
individuals’ glucose metabolism somewhat explain our results. Because we did not see a
postprandial difference in mood and cognition despite the different GIs of our meals
(complex carbs vs simple sugars) and higher postprandial glucose we observed. We did
not collect specific information on our participants T2D status; however, our population
was younger and generally healthy. As the neurological mechanisms of people with
disordered glucose metabolism is more likely to be sensitive to meals acutely (313, 314),
it may be one potential explanation of the absence of significant meal effects on mood

and cognition in our findings. Supporting this theory and aligning with our results, in
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young healthy men (n=26, 34 + 6 years, normal weight), type of carbohydrates (simple
vs complex) were reported to have a limited postprandial impact on mood in healthy men,
with only fatigue increased after a simple vs complex carbohydrate breakfast (2.7 + 3.3

vs 1.5+ 1.7, p=0.03) (315).

Energy quantity of meals affects mood. A postprandial study comparing low- (64
kcal) wvs high- (500 kcal) energy breakfasts assessed mood in 11 healthy young women
(mean age 23.2 years), and decreased contentment and increased tension, irritability and
lethargy levels were seen after low energy breakfast (316). The fact that our test lunches
were isocaloric may help explain the lack of postprandial differences in mood and anxiety

measures between a MDP and a WD in MediMood.

Furthermore, giving a test lunch rather than breakfast may have impacted the
likelihood of seeing an effect of meal composition on mood and cognition due to
‘biological rhythm’ as the same meals are associated with different cognitive
performances depending on the time of day, with the lowest performance at mid-day
(317). Lunch meals were reported to associate with being drowsy (311, 318). It was also
postulated that reduced mood and energy levels at mid-day, also known as ‘post-lunch
dip’, may be solely because of time of the day independent of meal composition (319).
This theory may explain why we did not see an improved performance postprandially,

nonetheless, we did not see a worsened performance either.

Cerebral blood flow (CBF)

The short-term and postprandial effect of a MDP on CBF is relatively unknown.
Hoscheidt ef al. compared the impacts of four weeks of a MDP and a WD in individuals
(n=87, aged 45 to 65 years) with normal cognition and mild cognitive impairment (MCI)
on CBF (established by ASL) (320). The MDP and WD resulted in a higher and lower
CBEF respectively (p<0.01) in the whole brain in people with normal cognition, while the
difference was insignificant in people with MCI (320). Lamport ef al. examined the acute
effects of a flavanone rich citrus juice versus control on CBF and cognition in healthy
young adults, and demonstrated increased CBF in right frontal gyrus after 2h alongside
the improved executive function, with no difference at Sh and no difference in the whole

brain perfusion at neither time points, as consistent with our findings (178). Another
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similar study by Lamport et al. using flavanol rich cocoa on CBF in 18 adults aged 50-65
years free of dementia (no information on their mental health status) demonstrated
increased CBF in specific regions of brain, namely, “anterior cingulate cortex and central
opercular cortex” after 2h of high flavanol drink, and no information was provided on the
whole brain perfusion (321). To the best of my knowledge, no other study has been
published investigating the postprandial effects of meals or bioactives on perfusion.
Despite the CBF trends being in the anticipated direction, the reason why we did not see
a significant difference could be our relatively small sample size (320). Besides, the vast
majority of our participants were young and healthy, and with a likely optimised CBF and
a potential ceiling effect to be able to detect any improved CBF induced by a MDP.

A systematic review examining the impacts of diet on brain volume, brain
connectivity and cerebrovascular markers including CBF in humans, involved 52 studies,
with 10 assessing whole dietary patterns and 4 a MDP with study durations beginning
from 6 weeks to 13.8 years (322). It reported inadequate evidence on the effects of either
MDP or a WD on multiple cerebrovascular outcomes including CBF, with a positive
influence of high omega-3 PUFA intake and negative effect of “high meat, saturated fat,
sugar, caffeine or alcohol consumption (except wine)”, a pattern mimicking a WD,
evident (322). They also stressed that CBF was a far less studied outcome compared to
others, therefore the need for further research (322). Our study provided new evidence to
the limited available literature, yet further research is still required as we could not assess
the short-term response in the CBF to the dietary interventions, but the acute comparison

only.

Circulating blood biomarkers and blood pressure

Inflammation is a critical biomarker for neurological disorders (323, 324) and
further postulated to have a causative role in mood and anxiety disorders (325, 326).
Human neuroimaging studies indicated bidirectional relationships between heightened
amygdala activity and elevated production of inflammatory factors (327). Hence,
inflammation is recommended to be a treatment target (328-330). A systematic review
including studies with a minimum duration of 12 weeks revealed that a MDP can reduce
CRP and interleukins (331). A cross-over RCT compared the three different 4-day diets;
low-fat low-glycaemic index, low-carbohydrate high-fat, and low-carbohydrate high-fat
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plus 15 mins walking, in individuals aged 48 to 72 years (223). They did not report on
CRP, however, all three conditions diminished p-JNK, “a marker of cellular
inflammation” (223). Regarding our CRP results, the literature suggests that potential
causes may primarily include infections (332), which was not controlled for in our study.
MediMood appears to be the first RCT assessing the short-term effects of a MDP
compared to WD on inflammation, with evidence of reduced CRP even after a 5-day, with
this indication of reduced inflammation potentially contributing to the mental health

benefits observed.

Regarding the postprandial inflammatory responses, a systematic review stated
that interleukin-6 (IL-6) was the only marker which consistently responded to single high-
fat meals, while emphasising the robust finding on acute unresponsiveness of CRP and
tumour necrosis factor (TNF) (333). Consistent with their conclusion, a study published
in 2023 compared a MDP and a WD meal on oxidative stress and found no difference in
CRP levels whereas significant differences in interleukins were evident (334). Thus, no
difference in our postprandial CRP results align with the previous literature which also
suggests that a retrospective profiling of other inflammatory biomarkers in our biobanked

plasma samples such as IL-6 should be conducted in the future.

Cortisol was the other circulating biomarker exhibited a significant change in
response to five-day interventions, which surprisingly was increased by 6% by the MDP
and decreased by 6% by the WD. We did not measure salivary cortisol unlike the common
practice, nevertheless cortisol levels in saliva and blood were reported to be highly
correlated (335). One crossover RCT conducted in healthy young females tested the effect
of 3-day low and high glycaemic index (GI) diets on cortisol in saliva samples, with the
high GI diet increased cortisol compared to baseline and low GI diet (336), contradicting
with our findings. It was discussed that cortisol may react differently in people based on
metabolic conditions such as diabetes (131), obesity (337) and sex (338). Cortisol plays
a role in the stress response and mood management (339). Nonetheless, the increase in
cortisol in MDP did not hamper the mood improvements, suggesting cortisol may not be
the primary dietary responsive mechanisms mediating the altered determining mood
status. No change in postprandial level is consistent with the literature as other studies
examining the different meals with different macronutrient compositions on cortisol

reported no effect of food on postprandial response (340, 341).
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A MDP helps regulate BP in a long-term (342). Two systematic reviews identified
that higher baseline BP and longer study duration was significantly associated with
reductions in BP induced by a MDP (343, 344). Consistent with our findings, Lee et al.
did not see an effect of a 10-day MDP and suggested that changes in BP require structural
alterations in large artery stiffness (194). Therefore, five days may be too short to see a

change in BP.

Regarding our glucose and insulin findings, there were no changes in fasting
glucose and insulin in five days despite the significant postprandial differences. Similar
to our study design, Vitale ef al. investigated postprandial and 8-week impacts of an
isoenergetic MDP compared to a control arm (similar to a WD) in 29 overweight/obese
adults, and found improved glucose, insulin and insulin sensitivity at both timepoints
(345). Being overweight/obese was not a characteristic of our population, which may
explain lack of short-term effects in MediMood. Another study comparing chickpea and
wheat consumption postprandially in 19 healthy adults over six weeks found lower
glucose, insulin and insulin sensitivity (measured by HOMA) levels following a chickpea
based meal consumption, whereas there was no difference after six weeks (346),
suggesting glucose and insulin appears to be more reactive to postprandially, supporting
our findings. To the best of my knowledge, no short-term study (up to 10 days) examining

a MDP on glucose metabolism has been published.

Despite the substantial fat composition differences of our diets, we saw no change
in blood lipids either short-term or postprandially. One study examining two weeks effects
of a calorie controlled MDP, German style diet or a fast-food diet reported no effect of
diets on any of the blood lipids (347). Another study comparing a very low carbohydrate
diet (10% carbohydrate, 60% total fat and 21% SFA) and low-fat diet (62% carbohydrate,
19% total fat and 6% SFA) in 10 healthy women demonstrated significant differences in
total cholesterol, LDL-cholesterol, HDL-cholesterol and triacylglycerol in very low
carbohydrate diet at weeks 2 and 4, whilst the low fat diet was linked with lowered total
cholesterol, LDL-cholesterol and triacylglycerol at week 2 only (348). There is no shorter-
term study available examining the impact of a MDP on blood lipids. Taken together, it
may require minimum of two to four weeks to see significant alterations in blood lipids
for a meaningful overall improvement, explaining our findings.
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Impaired neuroplasticity associate with psychiatric and neurological disorders
(133). Dietary intake is thought to be a potential modulator of BDNF concentrations, as
an indicator of neural plasticity (133). A systematic review published in 2022 reported the
PREDIMED study as the only MDP intervention assessing BDNF in humans (349),
which observed an elevation after three years of intervention (173). A 2024 meta-analysis
pooling the effects of human omega-3 PUFA interventions, a characteristic bioactive of
MDP, on BDNF involved 12 studies whose study durations ranging between 4 to 26
weeks (350). They reported a significant positive effect (p<0.001), however, subgroup
analysis revealed insignificant effect when only shorter-term (less than 10 weeks) studies
were included (350), consistent with our results. Regarding its postprandial changes,
studies comparing different GI breakfasts (351), and breakfasts with different
macronutrient compositions (352) reported no change in BDNF levels despite the

significant changes in glucose and insulin levels, consistent with our results.

Anthropometrical changes

Regarding body weight, MDP caused a lkg reduction in weight compared to a
WD, with the greatest reduction in female participants. Although we did not intend to
cause a change in body weight with isocaloric diets providing 2000 (+10%) kcal per day,
with our participants provided with snacks if they felt hungry, our day suggest that a MDP
may be associated with weight loss. Consistent with our study, Lee et al. reported weight
loss after 10 days MDP consumption despite no energy restriction (194). Furthermore, a
study employing either low or high GI diets for three days, both with ad libitum intake,
recorded a significantly lower energy intake in the low GI diet, implying the higher satiety
provided by higher fibre/healthier diets (336), which may explain the weight loss
observed in the MDP arm in our study. A metabolic effect of the MDP on macronutrient

metabolism and energy production may underlie this weight loss.

Behaviour change

A MDP adherence range of our 25 recruited patients was between 3 and 7 at
screening as 7 was used as the cut-off for inclusion (MEDAS 14-point scale). Participants’

score increased to be between 5 and 12 (among 17 participants) at follow-up, resulting in
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a significant improvement in their MDP behaviour. In more detail, only one participant’s
score remained the same at 5, with the other 16 individuals increased their MEDAS score
by 1 to 5 points, with biggest rise was from 7 to 12. Considering even 1-point increment
in MEDAS pyramid score is associated with 1.7 fewer years of cognitive ageing as
reported by EPIC-Norfolk study (185), the reported changes are remarkably promising.
Additionally, they found it easier to follow the MDP than the WD. Notably, those who
did not respond to the follow-up questionnaire are likely to have less favourable dietary
practices, as known as ‘retention bias’ (353), yet we cannot conclude with a certainty that

the change would have become insignificant if they responded.

Although we did not design our study to change long-term dietary behaviour, the
full food provision and detailed instructions appeared to provide them with
“demonstration of the behaviour, behavioural practice/rehearsal and instruction on how
to perform a behaviour”, which are significant dietary behaviour change techniques (354).
MediMood is the first study assessing the impact of 5-day dietary change on a longer term
eating behaviour, as dietary behaviour change strategies tend to be examined in a longer
term, such as minimum of 12 weeks (355). We also showed the feasibility of a high MDP
adherence by non-Mediterranean individuals and that intense short-term MDP
intervention with full food and food preparation instruction and provision may be an
effective way to promote longer term behaviour change. This work therefore contributes
to the literature exploring feasible and practical avenues to encourage non-Mediterranean

populations to follow a MDP which is a hot topic in research (162, 356).

Strengths and limitations

MediMood has several strengths and limitations. Regarding its strengths:

- It is the first short-term RCT evaluating the efficacy of a MDP on mental health
in individuals who are currently suffering from low mood and anxiety.

- It tests both postprandial and short-term effects of a MDP embedded in the one
study.

- It employed a detailed mechanistic investigation of the main physiological and
biochemical drivers of mood anxiety and cognition.

- Its crossover design eliminates the within person differences between the arms.
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- Itis inclusive with no exclusion criteria based on age, sex or medication use.

- It maximises the dietary adherence with full food provision, food preparation
instructions and additional food for an extra person in the household.

- The primary outcome measures used are commonly used validated tools,
facilitating comparability with the limited published evidence.

- The variety of cognitive tasks used allow the characterisation of the impact of a
MDP on several cognitive domains.

- Daily reminder emails sent every morning aids study adherence and motivation.

- Low dropout rate at 12% compared to the literature which reports a minimum of

20% in medical RCTs (357).

In terms of limitations:

- Mood and cognition testing and biological samples collection were not conducted
every day to reduce participant burden.

- Additional postprandial blood samples could not be collected on day 1 for
logistical reasons, as the CRF and MRI centres were at different locations and we
prioritised the MRI scan as it was a key secondary outcome, with the analysis of
blood biomarkers representing a tertiary outcome.

- MRI scans could not be executed at the beginning and at the end of five-day
interventions to see short-term changes due to its cost, limiting us to assessing
only the postprandial effects on CBF.

- Adjustment for additional covariates could not be performed due to inadequate
sample size.

- Serotonin and dopamine, primary happiness hormones, could not be analysed due
to their cost. Nonetheless metabolomics analyses will quantify tryptophan which
is the precursor of those hormones to amplify our understanding. Besides,
biobanked samples can be analysed in future if funding is secured.

- The distance between QI CRF and UWWBIC took an approximately 20 mins
walk before MRI scan, and another 20 mins before postprandial blood withdrawal,
which as a form of exercise might have affected our results. However, as the
participants underwent the same standardised protocol on each intervention arm

(MDP or WD) any impact of our study findings was minimised.
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- Our data collection spanned from June to December 2023, causing seasonal

differences as weather may influence some individuals (358).

4.4. Conclusion

We conducted the first RCT examining the postprandial and short-term impacts
of a MDP on brain health outcomes, namely, mood, anxiety, cognition, perfusion and
sleep, alongside several cardiometabolic parameters in 25 adults with existing mild to
moderate level mental health issues. Our results showed that a MDP can be effective in
promoting mental health (by decreasing depressive symptoms, i.e. TMD, tension,
depression, fatigue and confusion, and increasing vigour and alertness). We also detected
improved motor function and inflammation after five days, alongside improved
postprandial insulin sensitivity. These findings are novel, and create a good basis/rationale

for further research and health policies.

4.5. MediMood contributions

The intervention was delivered by Latife Esgunoglu, Marrium Liaquat, Rachel
Gillings, Juliet Hill and Rachel McGauley. The blood chemistry results were medically
reviewed by Andrew Wilson. Data entry was managed by Latife Esgunoglu with inputs
from Marrium Liaquat, Rachel Gillings, Juliet Hill and Rachel McGauley. Overall
cognition score was generated by Latife Esgunoglu by discussions with Sol Morrissey,
Michael Hornberger and Mizanur Khondoker. Statistical analysis was conducted by

Latife Esgunoglu with guidance from Mizanur Khondoker and Amy Jennings.
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Chapter 5. Bidirectional relationships between fruit and
vegetable intake, overall dietary quality and mental wellbeing:

C-19 Wellbeing Tracker longitudinal study

(Drafted manuscript)

The C-19 Wellbeing Tracker study was started as an immediate response to the
pandemic. The study involved comprehensive daily tracking of lifestyle behaviours in
1044 participants for 12 weeks and follow up assessments at 3, 6, 12 and 24 months. This
chapter includes the daily tracking data collected over the first lockdown (March to June

2020) to study the short-term effects of diet on mental health.

I joined the study in April 2020 because of adaptations in my PhD plan (as a result
of COVID-19 associated social lockdown and UEA and the clinical trials unit shut-down),
participated in the team meetings, and contributed into the creation of the follow up

surveys at 3, 6, 12 and 24 months.

5.1. Introduction

COVID-19 is a severe acute respiratory syndrome (SARS-CoV-2) caused by a
virus from the coronavirus family (359). Following its severe spread starting from Wuhan,
China, in December 2019, the WHO announced the unprecedented outbreak as a
‘pandemic’ on 11 March 2020 (360). As of 24™ March, 2024, the global number of
people infected was over 775 million and the death toll was more than 7 million (361). In
the UK, the number of the confirmed case was nearly 25 million with over 232,000 deaths
due to a positive COVID-19 diagnosis (361). As COVID-19 is a novel disease, much
remained unknown about the pathophysiology, risk factors and management strategies
and there was no confirmed treatment/vaccination available until 8% of December 2020

(362).

As a consequence of the COVID-19 pandemic and the absence of a targeted
treatment, strict lockdown measures were implemented by governments in order to lower
the spread of the disease by restricting interaction between people. In the UK, the official
restrictions were put in place on the 237 of March 2020. According to these lockdown
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measures, people were allowed to leave home only for essential shopping, one form of
exercise per day, any medical need and travel to and from work if there is absolutely no
possibility to work from home. Furthermore, all shops, except those selling essential
goods such as food and medicine were instructed to close until further notice (363).
Therefore, cafés, pubs and restaurants remained unavailable. These restrictions were
projected to result in significant alterations in people’s daily lifestyle and health
behaviours including eating behaviour, due to changes in food choices, cooking frequency

and preferences.

As detailed in the introductory chapter (Chapter 1), the increasing prevalence of
mental health disorders such as low mood, depression and anxiety has drawn attention
worldwide. In the UK, the rate of depressive symptoms at moderate to severe level,
established by Patient Health Questionnaire (PHQ-8), more than doubled during the
pandemic, from 10% to 21% (before the pandemic vs early 2021) (364).

5.1.1. Chronic effects of dietary intake on mental health and sleep

A meta-analysis of observational studies assessing the risk of depressive outcomes
in relation to various healthy dietary indices, namely, “the Mediterranean-style dietary
pattern (MDP), the Healthy Eating Index (HEI) and Alternative Healthy Eating Index
(AHEI), the Dietary Approaches to Stop Hypertension (DASH), and the Dietary
Inflammatory Index (DII)”, reported that the MDP displayed the strongest association
with a lower incidence of depression (RR: 0.67, 95% CI 0.55-0.82), suggesting ‘avoiding
a pro-inflammatory’ diet can be effective in the prevention of depression (365). Another
meta-analysis (including 16 studies with a total of n=92,242 adults) examining the dose-
response relationship between dietary induced pro-inflammation (established by the DII,
a valid tool used examining inflammation level of a diet) and mental health showed a
linear relationship with every 1-unit increase in DII score linked to an elevated risk of
depression (OR: 1.06, 95% CI: 1.03-1.19), anxiety (OR: 1.27, 95% CI: 1.08-1.49) and
distress (OR: 1.85, 95% CI: 1.43-2.40) (366).

In terms of the relationships between food groups and mental wellbeing, Gibson-
Smith et al. (367) investigated the associations between individual food groups in the

MDP and mental health outcomes using the data from the Netherlands Study of
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Depression and Anxiety (NESDA) including 1634 participants. The food groups were
fruits, vegetables, non-refined grains, legumes, fish, potatoes, olive oil, high fat diary, red
and processed meat, poultry and alcohol, whilst the mental health outcomes were
depression (assessed by Inventory of Depressive Symptomatology-Self Report), anxiety
(assessed by Beck Anxiety Inventory) and phobias (assessed by Fear Questionnaire)
(367). Vegetable intake was linked to lower depression (j3: -0.10, 95% CI: -0.12—0.02),
anxiety (B: -0.06, 95% CI: -0.11-0.01) and fear (b: -0.11, 95% CI: -0.16- -0,06), and fruit
intake was linked to lower fear (B: -0.09, 95% CI: -0.14-0.04) (367). Similarly, El Ansari
et al. (368) examined the relationships between eating behaviour and perceived stress and
depressive symptoms among UK university students (n=3706). Eating behaviour was
explored using a Food Frequency Questionnaire (FFQ) which captured the following
groups; sweets, cakes/cookies, snacks and fast/canned food, fresh fruits, raw and cooked
vegetables and salads, meat and fish, milk products and cereals (368). The Cohen’s
Perceived Stress Scale (PSS-4) was used to measure stress, and a Modification of the
Beck Depression Inventory (MBDI) was used for the evaluation of depressive symptoms
(368). Fruit and vegetable intake was associated with reduced perceived stress (f: -0.067,
p=0.002 in female, B: -0.092, p=0.025 in male) and depressive symptoms (B: 0.081,
p<0.001 in female, B: -0.115, p= 0.004 in male) (368).

Sleep quality is another important lifestyle factor associated with mental health
(369), and alterations in sleep pattern are associated with changes in nutritional
behaviours such as increased hunger and appetite (370). To date, the largest cross-
sectional study investigating the associations between dietary intake, sleep and mental
health symptomatology used the UK Biobank data involving 502,494 middle aged
individuals demonstrated positive associations between fruit (B: 0.011, p<0.001) and
vegetable intake (B: 0.001, p<0.01) and healthy sleep (established by a composite score
calculated using UK Biobank questionnaire with the following components; “sleep
duration, chronotype, sleeplessness, snoring and daytime dozing/sleeping”); and negative
associations between fruit (B: -0.23, p<0.001) and vegetable intake (: -0.012, p<0.001)
and mental health symptomatology (assessed by a composite score created using UK
Biobank questionnaire with the following elements; “mood swings, miserableness,
irritability, sensitivity/hurt feelings, fed up feelings, worrier/anxious feelings,
tense/highly strung, worry too long after embarrassment, suffer from nerves,

loneliness/isolation, guilty feelings and risk taking) (371).
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Whilst dietary intake can affect mental health status, similarly impaired mental
health can worsen eating habits. In Australia, Forsyth et al. analysed the dietary
consumption of patients (n=109) who were being treated for depression and/or anxiety in
general practices (372). Participants were asked to complete a diet history (assessed
through Australian Modified Healthy Eating Index (Aust-HEI)), and Depression, Anxiety,
Stress Scale (DASS) questionnaires. Fruits were the most compelling groups correlated
(shown by Pearson’s coefficients) with lower depression (B: -0.31, p<0.01), anxiety (b: -
0.25, p<0.01), stress (B: -0.38, p<0.001) and total DASS scores (B: -0.37, p<0.001) (372).
Likewise, one meta-analysis pooling 58 observational studies with a total of 35481
participants, looked at the “dietary intake of people with severe mental illnesses (SMI),
namely, “schizophrenia spectrum disorders, bipolar affective disorder, depression with
psychosis, or other psychotic illnesses”, compared to a control group and showed that
poorer dietary quality was evident across all SMI groups, including lower fruit and

vegetable intake and higher consumption of sugary drinks (373).

As indicated in Chapters 2-4, research investigating the impact of a MDP and
mental and cognitive health is limited, with limited understanding of short-term impact
of individual food groups on brain health. Therefore, the C-19 Wellbeing Tracker project
provided a unique opportunity to assess the bidirectional relationship between diet and

mental health outcomes.

5.1.2. Effects of COVID-19 restrictions on dietary habits and mental health in

the UK and elsewhere

The aforementioned COVID-19 related lockdown restrictions influenced people’s
eating behaviours and mental health status, which has been the subject of research carried

out in multiple countries.

In terms of change in eating behaviours, a French study (n=37,252) tracked
changes in dietary intake (DI), physical activity (PA) and body weight (BW) during the
first lockdown (March to May 2020) compared to before the pandemic (374). Participants
were asked to complete validated questionnaires on ‘“‘sociodemographic and lifestyle

characteristics, health status, DI, PA and anthropometrics” (374). DI intake was measured
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using 24-hour dietary records which were later followed by interviews with a dietitian
and validated through plasma/urine biomarkers (374). Diet quality was assessed using the
Alternative Healthy Eating Index (AHEI) which included fruits, vegetables, whole grains,
sugar-sweetened beverages, nuts and legumes, red/processed meat, long chain (n-3)
polyunsaturated fatty acids, total polyunsaturated fatty acids, sodium and alcohol (374).
Baseline mental health status was screened using PHQ-9 and GAD-7 (374). 56.2% of the
sample reported changes in their dietary intake, of which the main reasons given were life
routine changes (47.6%) and increased time to cook at home (40.4%) (374). Decreased
fresh fruits (17%) and vegetables consumptions (18%) were reported (374) whilst
increased consumption of cakes (p=0.002) and cookies (p=<.0001) compared to pre-

lockdown were evident (374).

An Italian study surveyed individuals (n=3533, aged 12 to 86 years) about their
health behaviours for two weeks to make a comparison between pre-lockdown and during
lockdown (375). Over half of the cohort reported a change in their appetite and fullness
perceptions, and weight gain (375). As for their healthy food choices (established
considering their fruits, vegetables, nuts and legumes consumptions), around a quarter
kept their choices the same, 37% reported to have healthier food and 36% reported to eat
less healthy food (375). Participants were also followed at individual food items level,
with homemade sweets increasing the most, by over 40% (375). More prolonged sleep

duration during lockdown was also evident (p<0.001) (375).

Regarding changes in mental health status, the first study providing insights on
effects of the pandemic on mental health status in UK adults (n=3097) was conducted
during the first 4-6 weeks of the lockdown (376). The outcomes of interest were
depression (measured by PHQ-9, 27-point scale), anxiety (measured by GAD-7, 21-point
scale) and stress (measured by Perceived Stress Scale, PSS-4, 16-point scale). Worsened
mental wellbeing was reported, with scores (presented in mean) rising as follows; PHQ-
9 from 2.91 to 7.69; GAD-7 from 2.95 to 6.59 and PSS-4 from 6.11 to 6.48, all significant
(p<0.0001) (376). The UK Avon Longitudinal Study of Parents and Children (ALSPAC)
found no significant change in depression levels, but almost a doubling in anxiety

compared to pre-pandemic levels (377).
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With respect to the research investigating changes in both dietary behaviour and
mental wellbeing status during the pandemic, a cross-sectional survey carried out in
Zimbabwe (n=507) tracked a variety of health behaviours including diet, alongside stress
and anxiety levels for two weeks in May 2020 to compare during lockdown to pre
lockdown (378). The dietary questions measured the participants’ perceptions on changes
in their eating behaviour captured as overall diet quality and the following food groups;
“dark green leafy vegetables, other vitamin A rich fruits and vegetables, other vegetables,
other fruits, meat and meat groups, cereal breads and tubers, pulses, legumes, nuts and
seeds, dairy products and eggs” and GAD-7 was used as the anxiety measure (378). 96.6%
of the study population reported a change in their overall diet patterns (378). The majority
(76.4%) reported higher stress and anxiety (378). Besides, elevated GAD-7 scores were
associated with the lower intakes of vitamin A rich fruits and vegetables (69.1%,
p=0.005), other vegetables (58.8%, p=0.001) and other fruits (80.1%, p<0.001) (378).
An online survey in the UK (n=264) examined pandemic related psychological distress
and its relationships with dietary behaviours alongside exercise and body image during
lockdown compared to pre-lockdown (379). Over half of the cohort found the regulation
of their eating behaviour more difficult (53%), more thinking about food (59%) and more
concerned with their body image (49%), all of which were linked to psychological distress
(respectively r=0.36, r=0.29 and r=0.41, all p<0.001), of which having a previously
diagnosed mental health disorder was a significant predictor (p<0.001) (379).

5.1.3. The C-19 Wellbeing Tracker study and the purposes of the present

chapter

The C-19 Wellbeing Tracker is a longitudinal cohort study developed by a
multidisciplinary team at UEA, as an immediate response to the first lockdown based in
the UK. The overall aim of the project was to track how a variety of health behaviours,
namely, dietary behaviour, physical activity, alcohol consumption, smoking and
substance use varied within and between individuals during the nationwide lockdown by
tracking daily behaviour for 12 weeks in n=1044 individuals with participants
additionally followed up at 6, 12 and 24 months. Mental wellbeing and sleep quality was
also monitored daily. Three vulnerable groups were prioritised for recruitment, i)

individuals at high-risk of COVID-19 (defined in line with the NHS), ii) individuals living
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in a high deprivation area, and iii) individuals with a self-reported mental health issue.

The full protocol is publicly available on an electronic database (OSF | C-19 Wellbeing
Tracker study).

The initial results of the study derived from the first 30 days (early April to May
2020) have been published (380). In comparison to the pre-pandemic levels, reductions
in fruit (mean difference -0.57 portion, 95% CI -0.64, -0.50) and vegetable (-0.33
portions, 95% CI -0.40, -0.25) intakes were observed, with no changes in high sugar foods
(mean difference -0.03 portions, 95% CI -0.12, 0.06) and a lower self-rated diet quality
(15%) reported in the whole sample (n=1044) (380). In the subgroup of people who
reported an initial mental health issue, the changes were comparable to those in the group
as a whole (380). Changes in some other health behaviours, namely, physical activity,
alcohol intake, smoking and e-cigarette use, and substance use were also reported;

however, the most substantial change was in fruit and vegetable intake (FVI) (380).

The present chapter is a sub-study of the C-19 Wellbeing Tracker study with the
primary objective to investigate the bi-directional lagged associations between short term
FVI and happiness. Happiness was identified as the primary variable of interest, as
contentment was the factor which emerged from our systematic review as a mood domain
most consistently affected by short-term dietary intake (196). Contentment as a word, is
defined as “a feeling of being happy or satisfied” by the Oxford dictionary (381). In the
psychology literature, contentment as a term, has been discussed as the ‘“cognitive
component of the happiness” (382, 383). The secondary objectives are to investigate the
bi-directional lagged associations between short term dietary intake (FVI, high sugar
foods and overall diet quality score) and mood, stress and sleep quality. All objectives
were examined using daily survey data collected over 84 days (i.e. 12 weeks). We
hypothesised that higher fruit and vegetable intake, lower sugar intake and a higher diet
quality would be associated with a better mental health profile (higher happiness and sleep

quality, lower low mood and stress levels), and vice versa.

The term ‘lag’ refers to the time interval between the statistical assessment points
where the effects of an independent variable is tested on a dependent variable to
investigate whether they predict each other. In a ‘bidirectional’ concept, the variables will

be examined to explore whether one act as antecedent or precedent for the other. For
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instance, lag 1 refers to analyses testing whether food intake from the previous day
influence today’s mental health or whether today’s food choices influence tomorrow’s
mental health and vice versa, as part of the ‘bidirectional’ model (Figure 5.1). The lag
duration was tested up to five days (days/lags 1(~24h), 2(~48h), 3(~72h), 4 (~96h) and
5 (~120h), e.g. with lag 5 testing the impact of eating behaviours on mental health
outcomes and sleep five days later. Five days was chosen as the upper lag duration for
two reasons. First, the gut microbiota is a major determinant of mental health through the
‘gut-brain axis’ (384), and greater than 80% of the whole gut transit occurs within 120
hours/5 days (385). Therefore, bioactives produced by the microbiome may take up to
five days to modulate their impact on brain health. Secondly, it was to keep the theme of
the present PhD thesis consistent as we previously defined the short-term as five days for

the MediMood study (Chapter 3 and 4).

5.2. Methods

5.2.1. Ethics

The study was conducted by the UEA in compliance with the European Union
General Data Protection Regulation (GDPR) 2018 and approved on 31/03/2020 by the
Research Ethics Committee of the Faculty of Medicine and Health with the reference
number 2019/20-089.

5.2.2. Sample and study design

The C-19 Wellbeing Tracker study was a longitudinal cohort study with a baseline

along with daily surveys conducted over 12 weeks. All surveys were hosted on the web

based Qualtrics XM software (www.qualtrics.com) and daily reminders to complete the

daily survey were sent at 8 pm, 9 or 10 pm (depending on participant’s preference) over
the course of the survey period (12 weeks). An online platform was used to send daily

message reminders (www. TextAnywhere.com).

The participant eligibility criteria were as follows; aged 18 years or over residing
in the UK, had a capacity to give informed consent, and had daily access to an internet-

connected device e.g. smartphone, tablet, PC, laptop. The study was advertised via social
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media, existing contacts of the research team and several “organisations supporting
people with conditions that make them vulnerable to suffering health complications from
COVID-19”. Of note, the number of participants in the abovementioned first study paper
was 1044, whereas our dataset consists of 992 individuals. The reason for the discrepancy
is that the data used in that paper was curated for the first 30 days of the surveys; however,
the number of individuals reduced over time as the daily surveys were collected over 85

days.

The recruitment was open for 12 days, from 8" to 19" of April 2020. To collect
the baseline data, participants were requested to complete a questionnaire (see Appendix
30) which had 78 demographic questions comprising contact information, age, sex,
ethnicity, marital status, pre-existing health conditions, COVID-19 related health
questions, employment status, average monthly income, postcode, nutrition, physical
activity, mental wellbeing, smoking, alcohol consumption and drug use. Next, daily data
were collected by means of Ecological Momentary Assessment (EMA) (386) which is a
commonly used method in psychological research to track changes in behaviours
administering repeated measurements as they happen over time in real world settings
(387). EMA is suggested to be particularly useful to observe rapidly changing

circumstances (388).

The daily surveys included four eating behaviours (fruit, vegetable and sugar
intakes and overall dietary quality) and four mental wellbeing outcomes (happiness,
stress, low mood, and sleep quality) out of a total of 30 questions (see Appendix 31). The

four basic eating questions were as follows;

1) [Fruit portions]: How many portions of fruit did you eat today? (e.g. 5, 0, 1). A
portion of fruit is 80g (about a handful). Fresh, frozen, canned, dried and juiced
fruit all count. 30g of dried fruit is equivalent to around 80g of fresh fruit. You can
include fruit juice or smoothies once. For example, if you have 2 glasses of fruit
juice and a smoothie in one day, this still counts as 1 portion.

2) [Vegetable portions]: How many portions of veg did you eat today? (e.g. 5, 0, 1).
A portion of vegetables is 80g (about 3 heaped tablespoons or a cup of salad

vegetables). Fresh, frozen and canned vegetables all count.
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3) [High sugar foods]: How many times today (e.g. 5, 0, 1) did you eat foods high in
sugar such as chocolate (regular bar), cakes, biscuits (3), sweets (1 small packet),
sugary drinks and jams (3 teaspoons). Include chocolate spreads (3 teaspoons),
honey (2 teaspoons), table sugar (3 teaspoons), squash cordials and fruit juice.

4) [Self-rated diet quality]: How would you describe your overall diet today? Would
you say: (1) Excellent, (2) Very good, (3) Good, (4) Fair, (5) Poor.

The daily mental wellbeing questions which included the sleep quality were as follows:

5) [Happiness]: Did you feel happy in general today? (0) Unhappiest, ... (10)
Happiest

6) [Stress]: How would you rate the amount of stress you have experienced today?
(1) No stress, (2) A little, (3) Moderate, (4) A lot, (5) Extreme

7) [Low mood]: How low do you feel right now? (1) Not at all, (2) Slightly, (3)
Somewhat, (4) Very, (5) Extremely

8) [Sleep quality]: How would you rate your sleep quality last night? (1) Very good,
(2) Fairly good, (3) Fairly bad, (4) Very bad

5.2.3. Data preprocessing and statistical analysis

A detailed statistical analysis plan was published in an open access platform
(OSF) (Appendix 32). As a primary statistical approach, Structural Equation Modelling
(SEM) was employed for all primary and secondary objectives for the lagged type
analyses. More precisely, the SEM model established if FVI is associated with the next
day (meaning lag 1) happiness or vice versa. Due to the nature of the ‘cross-type lagged
panel model’ analysis, both outcomes serve as both independent and dependent variables,
as illustrated below (Figure 5.1). The SEM was built independently for each lag between
each time point, the results of SEM were then combined using a meta-analysis model.
Covariates (age, sex, BMI, mental health and IMD status) were added to both SEM and
meta-analysis models. These analyses were run for each association between dietary and
mental health variables for lag 2, 3, 4 and 5 alongside lag 1. The number of the repeated
assessments at each lag were as follows; n=84 for lag 1, n=83 for lag 2, n=82 for lag 3,

n=81 for lag 4 and n=80 for lag 5.
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A p value<0.0005 was established as the significance threshold after adjustment
for multiple testing (Bonferroni correction, n=100 tests). Additionally, we determined a
threshold of 1% change as clinical or biological relevant, thus, associations yielding less

than 1% change were deemed non-significant.

Mental Mental Mental
health health health
day 4 day 5 day 6 day 85

Figure 5.1. Cross-type lagged panel model for five lags

Lag 1 (1 day) Dietary intake: fruit intake, vegetable intake, total fruit and

Lag 2 (2 days) Vvegetable intake, sugar consumption and overall self-rated dietary
Lag 3 (3 days) quality; Mental health: happiness, stress, low mood and sleep

Lag 4 (4days) quality. The illustrated bidirectional associations at five different

Lag 5 (S days) lags were repeated throughout 85 days, with the number of the

repeated assessments being as follows: n=84 for lag 1, n=83 for lag 2, n=82 for lag 3, n=81 for
lag 4 and n=80 for lag 5.

In addition to the primary and secondary objectives stated above, the tertiary
objectives were 1) to describe and to compare the adequacy of the diet of the cohort
relative to dietary recommendations (5 A Day) and the Health Survey for England
National Diet and Nutritional Survey (NDNS) data, ii) to report the changes in eating
behaviours over the first 12 weeks, iii) to assess the linear associations between the
independent and dependent variables using a cross-sectional analysis, and iv) to
investigate the impact on changes in eating behaviour of selected variables (as predictors)

such as initial self-reported mental health status, age, sex, BMI and deprivation status.

The other statistical methods employed in this study to meet the secondary and
the tertiary objectives, alongside the primary statistical approach described above, are as
follows. Descriptive statistics and frequencies were used to identify the sample
characteristics. Correlation analyses were carried out among dietary variables and mental

health variables in order to cross-check the quality of data. The predefined covariates,
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namely, age, sex, BMI, IMD status and presence of previously diagnosed mental health
issues were examined using linear and logistic regressions to understand whether they
modulated dietary behaviours. In order to make comparisons between the pre-pandemic
and during pandemic in dietary intake, baseline survey was taken as the pre-COVID-19
intake, and daily surveys were aggregated at individual level by taking the mean values
of each participant to generate the during pandemic values. Paired t-test was used to
compare the cohort’s dietary intake to the NDNS data. Mean values of the variables of
interest (both dietary and mental health) were aggregated for each individual (85 days),
and correlation analyses (adjusted for age, sex, BMI, previously diagnosed mental health
issue and IMD status) were conducted to investigate the linear cross-sectional

associations among them.

The responses to the diet quality (Q4) and the sleep quality (Q8) questions were
reversed to ease the data interpretation so that a higher score always reflected an
‘improvement’. A composite variable named ‘fruit and vegetable intake (FVI)’ was
created with the aim to investigate their unified impact in addition to the distinct effects

of fruits and vegetables separately.

Missing data

The literature suggests that a missing data strategy should be applied if the rate of
missing data is more than 10% (389). In our dataset, given the participants were asked to
complete a 30-question survey every day for 12 weeks, we unsurprisingly had a higher
missing data rate of 32.3%. Various techniques to deal with the missing data such as case
deletion, mean imputation, multiple imputation and maximum likelihood were considered
(390). In order to select the optimal strategy and to explore the missingness prior to the
main analysis, several scenarios with different completion rates (in terms of the number
of the days surveys were completed) were investigated. Then, the mean values of primary
interest for dietary variables (fruits and vegetables) were compared for each of those

scenarios (Table 5.1).
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Table 5.1. Numbers of days and participants at different completion rates, with average
fruit and vegetable intakes

Completion Days Participant Missing Fruit intake  Vegetable FVI
rate completed number data rate  (Mean + SD) intake (Mean = SD)
(%) (Mean = SD)

Whole dataset ~ Any (0-85) 992 32.3 211+ 1.54 291 +1.62 5.02+£2.40
90% >77 475 24 222+1.24 2.98+1.22 5.20+2.40
80% > 68 567 4.5 2.18+£1.55 295+1.62 5.12+2.39
50% >43 679 9.8 214+ 1.54 2.93+1.62 5.07+£2.39
20% >17 809 19.0 212+ 1.54 291+1.62 5.03+£2.40

Intakes were presented as Mean + Standard Deviation (SD) and represent portions per day. FVI:
Fruit and vegetable intake.

Because of the dearth of consensus regarding the handling of missing data in the
published literature, we had in-depth discussions within the team (including an expert in
EMA studies and a statistician) and reached the consensus to set a minimum completion
threshold of 50% of days for inclusion (n=679). Thus, the rate of missing data dropped
below 10%, being 9.8% (Table 4.1). The literature suggests that if the missing data rate
is below 5%, it is negligible, leaving the slice between 5-10% as a grey area (391).
Although less than 10% missing data is unlikely to cause a substantial bias, in order to be
fully robust in our approach we decided to implement the Full Information Maximum
Likelihood (FIML) strategy as it is considered to be the best missing data technique for
SEM (392).

As the final step, we checked the responses of those individuals (n=679) with at
least overall 50% completion rate to the daily surveys in terms of all the dietary and
mental wellbeing questions on a given day. If they answered all questions of interest, their
data were marked as complete data. If they had a missing answer to any of the variables,
it then marked as incomplete. Thus, the final completion was defined as at least 50%
completion to the daily surveys and with all diet and mental health questions answered.

Therefore, our final dataset used in the data analysis included 674 participants.

Outliers

The normal ranges for the dietary continuous variables were defined as 0-10

portions per day for fruits and vegetables, and 0-20 portions for high sugar foods, while
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the self-rated diet quality variable already existed on a predefined scale of 1 to 5. The
outliers detected in the entire dataset (n=992) and in the 50% thresholded dataset (n=679)
were minimal and remained the same in both datasets (Table 5.2). Due to the minor outlier
rate, many of which belonged to the same individuals, and the fact that the majority were
just over the threshold of 10 portions per day for fruit and vegetables and 20 for sugar we

decided to retain outliers in the analysis.

Table 5.2. Frequencies for outliers

Whole dataset (n=992) Minimum 50% completion rate (n=674)

Fruits Vegetables  High sugar Fruits Vegetables High sugar

foods foods
11-15 7 15 NA 7 15 NA
16-20 0 0 NA 0 0 NA
21-25 0 0 3 0 0 3
26-30 0 0 2 0 0 2
31-35 0 0 1 0 0 1

The normal range is for fruits and vegetables ‘0-10 portions’, and ‘0-20 times’ for sugary foods.

NDNS data preparation

The NDNS is a rolling programme conducted by Public Health England and

collects detailed data on the nation’s dietary intake since 2008 (National Diet and

Nutrition Survey - GOV.UK (www.gov.uk). The most up-to-date data are available from

Years 9-11 (2016/2017-2018/9). It provides information on total energy intake, macro and
micronutrient intakes and disaggregated food items including FVI (number of portions),
fruit (not including juice) (grams), fruit juice (grams) and vegetables (grams). To create
the variables for comparison with our current COVID-19 tracker data, amounts were
converted into portions. Fruit juice was added to both fruits and FVI to make them
comparable to our data as the relevant question in our survey counted fruit juice as part
of the total fruit consumption. NDNS presents the data for age groups and sexes. We took
the average of 19-64 years and 65+ years as our study had participants over 18 years old

with no upper age limit. Table 5.3 below presents the NDNS data.
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Table 5.3. The conversion of NDNS disaggregated food items into portions

Original NDNS data Converted versions
Population Fruits Fruit juice  Vegetables FVI Fruits Fruit juice Total fruit*  Vegetables* FVI*
(g/day) (g/day) (g/day) (portions) (portions) (portions) (portions) (portions) (portions)
19-64 years 105 + 109 34+£92 206 + 136 43+£2.6 1.31+1.36 0.23+0.61 1.54+1.97 2.58+1.70 4.12+3.67
65+ years 123 £103 35+73 183+ 110 43+24 1.54+1.29 0.23+£0.49 1.77 £ 1.78 2.29+1.38 4.06+3.16
Average 114 + 106 35+83 195 + 124 43+£25 1.43+1.33 0.23 £0.56 1.66 £ 1.89 243 +1.55 4.09 +3.44

Data presented as mean + standard deviation. FVI: Fruit and vegetable intake. Serving sizes used to convert amounts into number of portions: 80 grams of fruits and
vegetables and 150 g fruit juice equal to one portion. *Final variables to be included in the comparison analysis
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5.3. Results

5.3.1. Sample characteristics

The baseline demographic characteristics of the sample are presented in Table 5.4.
Overall, 674 people completed at least 43 of the possible 85 daily surveys with complete
answers to the dietary and mental wellbeing questions (minimum 50% completion rate).
The mean age of the cohort was 48.9 years. The majority of participants (59.7%) were
middle-aged (30 to 59 years), female (73.4%), from white ethnic background (96.7%)
and married (52.7%). Approximately 60% of participants were employed (either self-
employed or employed by others), of which nearly half (44.2%) held
managerial/professional jobs. Nearly one fifth (17%) of the group earned less than the
minimum living wage (£1500/month) and more than a quarter were living in the Index of
Multiple Deprivation (IMD) quintiles 1 and 2 (most deprived). Regarding health status at
baseline, the average body mass index (BMI) of the population was 27.3 kg/m?, with
almost 60% being overweight or obese. 5% reported mental health issues and around a
third (31.6%) reported that they were either at increased risk (according to mainstream

advice) or at very high risk (contacted by NHS to be informed) of COVID-19.

Table 5.4. The baseline characteristics of the study cohort

Characteristic Mean £ SD Number (n) Percentage
(%)
Age (years) 489+ 149 NA NA
Age groups (n=672)
18-29 NA 93 13.8
30-59 401 59.7
60+ 178 26.5
Sex (n=670)
Female NA 492 73.4
Male 178 26.6
Ethnicity (n=673)
White NA 651 96.7
Mixed/multiple ethnic backgrounds 11 1.6
Asian/Asian British 6 0.9
Black/African/Caribbean/Black British 4 0.6
Any other 1 0.1
Marital status (n=674)
Single NA 134 19.9
Co-habiting 95 14.1
Civil partnership 5 0.7
Married 355 52.7
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Divorced 62 9.2

Widowed 23 3.4
Employment status (n=674)
Not working (student/home carer/retired) NA 172 25.5
Never worked or long term unemployed 2 0.3
Unemployed and looking for work, not due to 12 1.8
COVID-19 66 9.8
Out of work, furloughed or given leave of
absence, due to COVID-19 18 2.7
Unable to work due to sickness or disability 350 51.9
Employed 54 8.0

Self-employed/freelance

Occupation group (n=404)

Routine and manual occupations NA 13 1.9
Intermediate occupations 93 13.8
Managerial/professional occupations 298 44.2
Net household income (n=601)
Less than £1500 (minimum wage) NA 115 17.0
£1500-£2999 252 37.3
£3000-£4999 181 26.9
More than £5000 53 7.9

Index of Multiple Deprivation (IMD) quintile
(1=most deprived) (n=662)

1 NA 76 11.5
2 104 15.4
3 165 24.9
4 148 22.4
5 169 25.5
Body Mass Index (BMI) (kg/m?) 27.3+£6.9 NA NA
BMI classification (n= 669) *
Underweight (<18.5) NA 13 1.9
Normal weight (18.5-24.9) 272 40.7
Overweight (25.0-29.9) 213 31.8
Obesity class 1 (30.0-34.9) 108 16.1
Obesity class 2 (35.0-39.9) 33 4.9
Obesity class 3 (>40) 30 4.5
Mental health issue (n=674)
Yes NA 33 4.9
No 641 95.1
COVID-19 risk groups (n=674) **
No increased risk NA 461 68.4
Increased risk 163 24.2
Very high risk 50 7.4

Descriptive statistics were used to explore the population characteristics. SD: Standard
deviation. The missing data for the relevant characteristics are as follows; n=2 for age, n=4 for
sex, n=1 for ethnicity, n=73 for net household income, n=12 for IMD status and n=5 for BMI
status. Occupation group does not have any missing data as it is consistent with the total number
of ‘employed and self-employed’ individuals stated in the row above.

* The National Institute for Health and Care Excellence classification was used (393).

** Public Health England was taken as reference.
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5.3.2. Correlations between outcomes

Associations between primary and secondary variables, namely, FVI to fruits,
vegetables, high sugar and diet quality, and happiness to low mood, stress and sleep
quality were assessed. FVI was positively correlated with diet quality, and negatively
correlated with sugar intake (Table 5.5). Happiness was positively correlated with sleep

quality and inversely associated with low mood and stress (Table 5.6).

Table 5.5. Correlations between fruit and vegetable intake and other dietary variables in

674 participants from the COVID-19 tracker study at baseline

Fruits Vegetables Sugar Diet quality
B (95% CI) B (95% CI) B (95% CI) B (95% CI)
FVI 0.805 0.777 -0.117 0.484

(0.777, 0.830) **  (0.745, 0.805) **  (-0.191,-0.042) *  (0.424, 0.540) **

FVI: Fruit and vegetable intake. FVI was the primary dietary variable. 3: Correlation coefficient;
CI: Confidence Interval; *: p< 0.005; ** p < 0.001.

Table 5.6. Correlations between self-reported happiness and other mood outcomes in 674

participants from the COVID-19 tracker study at baseline

Low mood Stress Sleep quality
B (95% CI) B (95% CI) B (95% CI)
Happiness  -0.771 (-0.800, -0.738)  -0.638 (-0.681, -0.591)  0.565 (0.511, 0.614)
kk kk kk

Happiness was the primary mental health variable. B: Correlation coefficient; CI: Confidence
Interval; *: p< 0.005; ** p <0.001.

5.3.3. The predictors of dietary behaviours

Age was the most significant predictor of all dietary variables followed by BMI.
Sex and mental health status predicted overall diet quality, but not individual food

components. All dietary behaviours were independent of IMD status (Table 5.7).
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Table 5.7. The predictors of dietary behaviours

Age Sex BMI Mental health IMD
B (95% CI) B (95% CI) B (95% CI) status status
B (95% CI) B (95% CI)

FVI 0.034%** -0.078 -0.039%** -0.531 0.069
(0.025,0.043)  (-0.389,0.233) (-0.058,-0.019) (-1,158,0.096) (-0.034, 0.171)

Fruit 0.024** -0.050 -0.014* -0.158 0.025
(0.018-0.030)  (-0.250, 0.150) (-0.017,-0.002) (-0.562,0.246) (-0.041, 0.091)

Vege- 0.010** -0.028 -0.025%* -0.373 0.044
table (0.004, 0.016)  (-0.225,0.168) (-0.037,-0.012) (-0.770,0.023) (-0.021, 0.108)

Sugar -0.023%** 0.167 0.022%** 0.226 -0.036
(-0.029, -0.017) (-0.032,0.367)  (0.009, 0.034) (-0.177,0.628) (-0.102, 0.029)

Diet 0.014%** -0.125%* -0.024%** -0.274%* 0.021
quality (0.010,0.017) (-0.238,-0.011) (-0.032,-0.017) (-0.503,-0.045) (-0.016, 0.058)

BMI: Body Mass Index; IMD: Index of Multiple Deprivation; CI: Confidence Interval; FVI: Fruit
and vegetable intake. 3: Unstandardised coefficient; *: p value< 0.05; ** p < 0.001 (regression
analysis).

5.3.4. Changes in dietary behaviours, and their comparisons to the NDNS

Fruit, vegetable, and high sugar food intakes and self-rated diet quality were lower

during the first lockdown compared with pre lockdown. The largest reduction among the

original daily questions was seen in self-rated diet quality which was reported to be lower

by approximately 15%. The FVI was still over 5 portions a day post-pandemic (5.08 +

2.38) despite the decreases compared to pre pandemic levels (5.69 + 2.41) (Table 5.8).

Table 5.8. Dietary behaviour comparison in UK adults between before the COVID-19
pandemic and the first 12 weeks of the COVID-19 lockdown (n=674)

Dietary behaviour Pre-COVID 19 During COVID 19 Difference
(Mean = SD) (Mean = SD) 95% CI)
Total FVI (portions) 5.69+£2.41 5.04 +£1.83 -0.65 (-0.66, -0.64)
Fruits (portions) 249+ 1.51 2.11+1.19 -0.38 (-0.38, -0.37)
Vegetables (portions) 320£1.52 293 +1.12 -0.27 (-0.28, -0.27)
High sugar food (times) 1.97 £ 1.41 1.92+1.20 -0.06 (-0.06, -0.05)
Self-rated diet quality (1-5) 3.24+0.95 2.77 £ 0.69 -0.47 (-0.48, -0.47)

Differences in means were calculated. Baseline survey served for the Pre-COVID 19 values;
during COVID 19 were obtained by aggregating the mean values of daily surveys of 12 weeks

during the first lockdown period. SD: Standard Deviation; CI: Confidence Interval, Lower -

Upper Bounds; FVI: Fruit and vegetable intake.
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Pre- and during pandemic FVI was also compared to national FVI using NDNS
data (Table 5.9). Despite decreased consumption of fruits and vegetables of the present
study’s cohort relative to pre pandemic, it was still higher than the UK averages reported

in the NDNS.

Table 5.9. Dietary behaviour comparison in UK adults between before the COVID-19
pandemic and the first 12 weeks of the COVID-19 lockdown (n=674)

Dietary NDNS intake Pre-COVID vs During-COVID vs
behaviour NDNS* NDNS*
Fruits 1.66 + 1.89 0.83 (-2.88, 4.53) 0.45 (-3.25,4.16)
Vegetables 243 +1.55 0.77 (-2.27, 3.81) 0.50 (-2.54, 3.53)
Total FVI 4.09 + 3.44 1.60 (-5.14, 8.34) 0.95 (-5.79, 7.69)

*Pre pandemic (baseline) vs during pandemic (aggregated mean values of the 12 weeks lockdown
period, March-June 2020) were compared to NDNS data using mean differences, presented as the
Mean + Standard Deviation. NDNS: National Diet and Nutritional Survey, Years 9-11
(2016/2017-2018/9) were used. FVI: Total fruit and vegetable intake.

5.3.5. Cross-sectional associations between dietary behaviours and mental
wellbeing

Fruits and vegetable intake, either separately or together, were not correlated with
mental health outcomes. Conversely, high sugar intake was negatively correlated with
happiness, and positively correlated with low mood and stress. Self-reported diet quality
was associated with all mental health variables, happiness, low mood, stress and sleep
quality. The largest correlations were observed between diet quality and sleep quality, and

diet quality and happiness (Table 5.10).
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Table 5.10. Correlations between dietary intake and mental health

Happiness Low mood Stress Sleep quality
B (95% CI) B (95% CI) B (95% CI) B (95% CI)
FVI 0.069 -0.005 -0.012 0.049
(-0.018, 0.154) (-0.085, 0.083) (-0.090, 0.069) (-0.025, 0.124)
Fruits 0.071 0.007 -0.019 0.050
(-0.006, 0.147) (-0.069, 0.086) (-0.094, 0.060) (-0.025, 0.121)
Vegetables 0.036 -0.016 0.000 0.026
(-0.054, 0.119) (-0.100, 0.069) (-0.082, 0.083) (-0.045, 0.103)
Sugar -0.099 0.083 0.080 -0.055
(-0.188, -0.030) * (0.006, 0.166) * (0.007, 0.164) * (-0.126, 0.013)
Diet 0.366 -0.228 -0.206 0.387
quality (0.299, 0.435) **  (-0.299, -0.151) **  (-0.282,-0.127) **  (0.309, 0.462) **

Correlation analyses were run using the average data of 85 days. The model was adjusted for age,

sex, BMI, IMD and previously diagnosed mental health issues. 3: Pearson correlation coefficient;
CI: Confidence Interval; FVI: Fruit and vegetable intake; *p <0.05 and **0<0.001.

5.3.6. Lagged associations between dietary behaviour and mental health
status

In total, 100 bidirectional associations (5 dietary variables x 4 mental health
variables x 5 lags) were examined. More specifically, the association of each dietary
variable (FVI, fruit, vegetable, sugar intake and diet quality) with each mental health
variable (happiness, low mood, stress and sleep quality) at lags 1 to 5 were analysed

(Tables 5.11 and 5.12).

There was no significant association between FVI and happiness at any of the
lags. Diet quality was positively associated with sleep quality at all lags, being linked
with 1,7% improvement at lag 1 ($=0.066, 95% CI: 0.059-0.073) (Figure 5.2a), 1.6%
improvement at lag 2 ($=0.064, 95% CI: 0.061-0.071), and 1.7% improvements at lag 3
(B=0.068, 95% CI: 0.061, 0.075), lag 4 (B=0.064, 95% CI: 0.059-0.074) and lag 5
(B=0.069, 95% CI: 0.062-0.076) (Figure 5.2c) (Table 5.11). Similarly, sleep quality was
linked with 1.3% improvements with diet quality at all lags as follows; lag 1 (=0.064,
95% CI: 0.054-0.073) (Figure 5.2b), lag 2 ($=0.063, 95% CI: 0.054-0.073), lag 3
(B=0.066, 95% CI: 0.056-0.075), lag 4 (B=0.064, 95% CI: 0.054-0.074) and lag 5
(B=0.064, 95% CI: 0.054-0.074) (Figure 5.2d) (Table 5.12). No other significant
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associations were evident between other dietary variables (FVI, fruits, vegetables, and

high sugar) and other mental health variables (happiness, stress and low mood).
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Table 5.11. Associations of dietary variables to mental health from lag 1 to lag 5

Happiness (0-10)

Low mood (1-5)

Stress (1-5)

Sleep quality (1-4)

Lags

B (95% CI)

B (95% CI)

B (95% CI)

B (95% CI)

FVI (0-20)

1 day
2 days
3 days
4 days
5 days

-0.008 (-0.013, -0.003)
-0.007 (0.012, -0.002)
-0.010 (-0.015, -0.005)*
-0.011 (-0.016, -0.005)*
-0.011 (-0.016, -0.005)*

0.005 (0.002, 0.007)*
0.004 (0.002, 0.007)
0.006 (0.004, 0.009)*
0.007 (0.004, 0.009)*
0.006 (0.003, 0.008)*

0.004 (0.002, 0.007)
0.004 (0.001, 0.007)
0.004 (0.001, 0.007)
0.002 (-0.000, 0.005)
0.003 (0.000, 0.006)

0.002 (-0.001, 0.005)
-0.001 (0.003, 0.002)
-0.000 (-0.003, 0.003)
-0.001 (-0.004, 0.002)
-0.000 (-0.003, 0.003)

Fruit intake (0-10)

1 day
2 days
3 days
4 days
5 days

-0.001 (-0.008, 0.006)
0.009 (0.001, 0.017)
0.005 (-0.003, 0.013)
0.002 (-0.006, 0.011)
0.002 (-0.006, 0.010)

0.006 (0.002, 0.010)
0.004 (-0.000, 0.008)
0.005 (0.001, 0.009)
0.007 (0.002, 0.011)
-0.011 (-0.016, -0.005)*

0.011 (-0.005, 0.026)
-0.001 (-0.005, 0.004)
-0.001 (-0.006, 0.004)
-0.001 (-0.005, 0.004)
0.000 (-0.004, 0.005)

0.005 (0.001, 0.009)
0.004 (-0.001, 0.008)
0.005 (0.000, 0.009)
0.003 (-0.001, 0.007)
0.003 (-0.001, 0.008)

Vegetable intake (0-10)

1 day
2 days
3 days
4 days
5 days

-0.017 (-0.024, -0.010)*
-0.024 (-0.031, -0.017)*
-0.026 (-0.034, -0.019)*
-0.024 (-0.032, -0.016)*
-0.025 (-0.032, -0.017)*

0.003 (-0.000, 0.007)
0.006 (0.003, 0.010)
0.009 (0.005, 0.013)*
0.008 (0.004, 0.013)*
0.007 (0.003, 0.011)

0.007 (0.002, 0.011)
0.009 (0.005, 0.013)*
0.010 (0.005, 0.015)*
0.006 (0.001, 0.011)
0.007 (0.003, 0.011)

-0.000 (-0.004, 0.004)
-0.005 (-0.008, -0.001)
-0.005 (-0.009, -0.001)
-0.004 (-0.009, -0.000)
-0.004 (-0.008, 0.000)

Sugar intake (0-20)

1 day
2 days
3 days
4 days
5 days

-0.016 (-0.023, 0.009)*
-0.014 (-0.022, -0.005)
-0.017 (-0.025, -0.009)*
-0.014 (-0.023, -0.005)
-0.012 (-0.022, -0.003)

0.009 (0.005, 0.014)
0.007 (0.02, 0.012)
0.009 (0.004, 0.013)
0.006 (0.001, 0.011)
0.005 (-0.000, 0.010)

0.007 (0.003, 0.012)
0.009 (0.005, 0.014)*
0.010 (0.005, 0.015)*
0.009 (0.005, 0.014)*
0.009 (0.004, 0.013)*

-0.006 (-0.010, -0.002)
-0.008 (-0.013, -0.004)*
-0.007 (-0.011, -0.003)
-0.008 (-0.012, -0.003)*
-0.008 (-0.013, -0.004)*

Diet quality (1-5)

1 day

2 days
3 days
4 days

0.045 (0.033, 0.058)*
0.054 (0.039, 0.068)*
0.054 (0.040, 0.068)*
0.053 (0.039, 0.067)*

-0.021 (-0.028, -0.015)*
-0.021 (-0.029, -0.014)*
-0.017 (-0.025, -0.009)*
-0.018 (-0.025, -0.010)*

176

-0.014 (-0.021, -0.007)*
-0.022 (0.029, -0.014)*
-0.023 (-0.031, -0.015)*
-0.030 (-0.037, -0.022)*

0.066 (0.059, 0.073) (1,7%)
0.064 (0.057, 0.071) (1.6%)
0.068 (0.061, 0.075) (1.7%)
0.067 (0.059, 0.074) (1.7%)



5days | 0.049(0.035,0.063)* | -0.017 (-0.024, -0.010)* | -0.029 (-0.037,-0.020)* | 0.069 (0.062, 0.076) (1.7%)

FVI: Total fruit and vegetable intake. B: Coefficient. *Statistically significant with Bonferroni corrected p value<0.0005, but not clinically meaningful with effect size
less than 1%. Results that have a significant p value (<0.0005) and clinically meaningful effect size (>1%) are highlighted in bold. Structured Equational Modelling
was used to test associations of dietary variables to mental health. The model was adjusted for age, sex, body mass index (BMI), Index of Multiple Deprivation (IMD)
status and previously diagnosed mental health issues. Effect sizes (percentage changes) were calculated using coefficients for significant associations and presented in
brackets if they were greater than 1%.
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Table 5.12. Associations of mental health to dietary behaviours from lag 1 to lag 5

FVI Fruit Vegetable Sugar Diet quality

Lags B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)
Happiness (0-10) 1 day 0.003 (0.005, 0.011) 0.006 (0.001, 0.011) 0.001 (-0.005, 0.007) -0.008 (-0.013, -0.002) 0.038 (0.034, 0.041)*

2 days 0.002 (-0.007, 0.011) 0.007 (0.001, 0.014) -0.002 (-0.008, 0.005) | -0.008 (-0.014, -0.003) 0.040 (0.036, 0.044)*

3 days -0.008 (-0.018, 0.002) 0.007 (0.001, 0.013) -0.010 (-0.017, -0.004) | -0.008 (-0.014, -0.003) 0.039 (0.035, 0.043)*

4 days -0.007 (-0.016, 0.002) 0.007 (0.001, 0.013) -0.010 (-0.017, -0.003) | -0.012 (-0.019, -0.006)* 0.040 (0.036, 0.044)*

5 days -0.004 (-0.013, 0.006) 0.007 (0.001, 0.013) -0.007 (-0.013, 0.000) | -0.009 (-0.015, -0.003) 0.038 (0.034, 0.042)*
Low mood (1-5) 1 day 0.021 (0.003, 0.040) 0.012 (0.000, 0.023) 0.002 (-0.013, 0.017) 0.008 (-0.005, 0.021) -0.035 (-0.044, -0.027)*

2 days 0.029 (0.009, 0.049) 0.012 (-0.001, 0.025) | 0.008 (-0.006, 0.023)* 0.016 (0.004, 0.029) -0.039 (-0.048, -0.029)*

3 days 0.055 (0.033, 0.077)* 0.013 (-0.001, 0.027) 0.033 (0.018, 0.048)* 0.010 (-0.004, 0.024) -0.030 (-0.040, -0.020)*

4 days 0.053 (0.031, 0.076)* 0.017 (0.003, 0.031) 0.028 (0.013, 0.043) 0.020 (0.005, 0.034) -0.034 (-0.045, -0.024)*

5 days 0.044 (0.021, 0.066)* | -0.004 (-0.013, 0.006) 0.019 (0.004, 0.034) 0.015 (0.002, 0.029) -0.032 (-0.042, -0.023)*
Stress (1-5) 1 day -0.001 (-0.019, 0.018) | 0.003 (-0.017, 0.024) | -0.003 (-0.017,0.011) 0.010 (-0.004, 0.024) -0.038 (-0.047, -0.029)*

2 days 0.018 (-0.005, 0.040) | -0.005 (-0.020, 0.010) 0.017 (0.002, 0.031) 0.019 (0.005, 0.032) -0.037 (-0.047, -0.027)*

3 days 0.027 (0.008, 0.047) -0.006 (-0.020, 0.008) | 0.027 (0.012, 0.042)* 0.022 (0.008, 0.037) -0.031 (-0.040, -0.021)*

4 days 0.034 (0.012, 0.056) 0.003 (-0.012, 0.019) 0.026 (0.011, 0.041) 0.027 (0.014, 0.041)* -0.029 (-0.038, -0.020)*

5 days 0.034 (0.013, 0.055) 0.002 (-0.012, 0.017) 0.026 (0.011, 0.041) 0.017 (0.003, 0.032) -0.022 (-0.032, -0.012)*
Sleep quality (1-4) 1 day -0.001 (-0.022, 0.021) | 0.006 (-0.008, 0.019) -0.001 (0.017, 0.015) -0.005 (-0.018, 0.008) | 0.064 (0.054, 0.073) (1.3%)

2 days -0.011 (-0.035,0.013) | 0.003 (-0.011, 0.017) | -0.009 (-0.011, 0.017) -0.006 (-0.020, 0.008) | 0.063 (0.054, 0.073) (1.3%)

3 days -0.013 (-0.035, 0.009) | 0.009 (-0.006, 0.024) | -0.016 (-0.032, 0.001) -0.005 (-0.019, 0.009) | 0.066 (0.056, 0.075) (1.3%)

4 days -0.019 (-0.042, 0.003) | 0.009 (-0.005, 0.024) | -0.024 (-0.043, -0.004 -0.012 (-0.026, 0.003) | 0.064 (0.054, 0.074) (1.3%)

5 days -0.003 (-0.025, 0.020) | 0.011 (-0.004, 0.027) | -0.008 (-0.025, 0.009) 0.003 (-0.012, 0.017) 0.064 (0.054, 0.074) (1.3%)

FVI: Total fruit and vegetable intake. : Coefficient. *Statistically significant with Bonferroni corrected p value<0.0005, but not clinically meaningful with effect size
less than 1%. Results that have a significant p value (<0.0005) and clinically meaningful effect size (>1%) are highlighted in bold. Structured Equational Modelling
was used to test associations of dietary variables to mental health. The model was adjusted for age, sex, body mass index (BMI), Index of Multiple Deprivation (IMD)
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status and previously diagnosed mental health issues. Effect sizes (percentage changes) were calculated using coefficients for significant associations and presented in
brackets if they were greater than 1%.
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Effect size Weight

Study with 95% CI (%)
Study 1 —a,— 0.04[-0.01. 0.10] 1.64
Study 2 - 0.05[-0.01, 0.11] 1.24
Study 3 —- 0.03[-0.03, 0.09] 1.26
Study 4 - 0.09[ 0.02. 0.15] 1.12
Study S — - 0.03[-0.03, 0.09] 1.26
Study 6 —- 0.06 [ -0.01. 0.12] 1.20
Study 7 — - 0.08[ 0.02. 0.14] 1.27
Study 8 — - 0.05[-0.01, 0.11] 1.21
Study 9 —-, 0.04 [-0.01. 0.10] 1.43
Study 10 - 0.12[ 0.06. 0.19] 1.15
Study 11 —- 0.01[-0.05, 0.08] 1.10
Study 12 — S —— 0.15[ 0.09, 0.22] 1.22
Study 13 - 0.08[ 0.01, 0.14] 1.07
Study 14 — - 0.04 [-0.02, 0.09] 1.46
Study 15 —-,— 0.07 [ 0.01, 0.13] 1.29
Study 16 L 0.05[-0.01. 0.11] 1.34
Study 17 —-, 0.07 [ 0.01, 0.14] 1.17
Study 18 —a-— 0.05[-0.01. 0.11] 1.16
Study 19 — - 008 002, 0.13] 1.34
Study 20 —-— 0.06 [ -0.00, 0.12] 1.18
Study 21 —-— 0.04 [-0.02. 0.10] 1.21
Study 22 =4 0.07 [ 0.00, 0.13] 1.06
Study 23 —- 0.05[-0.00. 0.11] 1.37
Study 24 — - 0.08[ 0.02. 0.15] 1.15
Study 25 - 0.05[-0.02, 0.12] 1.05
Study 26 —- 0.09[ 0.03, 0.15] 1.29
Study 27 — - 0.04[-0.02. 0.10] 1.18
Study 28 — - 0.06 [ -0.01. 0.12] 1.05
Study 29 —a.,— 0.05[-0.02, 0.11] 1.12
Study 30 —— 0.06 [ -0.00. 0.12] 1.16
Study 31 - 0.06 [-0.00. 0.13] 1.03
Study 32 —,— 0.06 [ -0.00. 0.12] 1.19
Study 33 - 0.08[ 0.03. 0.14] 1.40
Study 34 - 0.07[ 0.01, 0.12] 1.33
Study 35 e - 0.07[ 0.01, 0.13] 1.22
Study 36 - 0.08[ 0.02. 0.14] 1.24
Study 37 —— 0.08[ 0.03, 0.14] 1.34
Study 38 — 0.07 [ 0.01, 0.13] 1.10
Study 39 - 0.11[ 0.04. 0.17] 1.06
Study 40 —— 0.06[ 0.01. 0.12] 1.28
Study 41 —-— 0.05[-0.01. 0.11] 1.27
Study 42 —- 0.07 [ 0.01. 0.14] 1.16
Study 43 — - 0.08[ 0.02, 0.15] 1.15
Study 44 — - 0.03[-0.03, 0.10] 1.14
Study 45 - 0.05[-0.01. 0.11] 1.09
Study 46 — - 0.09[ 0.03, 0.15] 1.11
Study 47 — -, 0.08 [ 0.02., 0.14] 1.15
Study 48 3 0.07[ 0.01. 0.13] 1.19
Study 49 — - 0.08[ 0.02, 0.13] 1.45
Study 50 —,— 0.03[-0.02. 0.09] 1.39
Study 51 —— 0.10[ 0.04. 0.16] 1.22
Study 52 —- 0.04[-0.02, 0.11] 1.12
Study 53 —-— 0.05[-0.01. 0.12] 1.09
Study 54 -3 0.06[ 0.00, 0.13] 1.11
Study 55 —- 0.05[-0.01, 0.12] 1.14
Study 56 S - 0.11[ 0.05. 0.16] 1.25
Study 57 - 0.09[ 0.03, 0.15] 1.18
Study 58 — 0.11[ 0.05, 0.17] 1.28
Study 59 - 0.10[ 0.03. 0.16] 1.11
Study 60 - 0.05[-0.02, 0.12] 1.00
Study 61 —- 0.07 [ 0.00. 0.13] 1.04
Study 62 — - 0.10[ 0.04. 0.16] 1.22
Study 63 —,— 0.05[-0.01. 0.11] 1.20
Study 64 —-— 0.09[ 0.03, 0.15] 1.16
Study 65 —-.— 0.06 [ -0.01. 0.12] 1.14
Study 66 - 0.10[ 0.04, 0.17] 1.19
Study 67 —- 0.03[-0.03, 0.09] 1.26
Study 68 - 0.10[ 0.04, 0.16] 1.25
Study 69 —- 0.09[ 0.03, 0.15] 1.16
Study 70 ——#—— 0.13[ 0.07. 0.19] 1.30
Study 71 - 0.06[ 0.00. 0.13] 1.09
Study 72 — - 0.01[-0.05. 0.08] 1.03
Study 73 —- 0.03[-0.03, 0.10] 1.03
Study 74 — - 0.06 [ -0.00. 0.13] 1.11
Study 75 —- 0.07[ 0.01, 0.13] 1.21
Study 76 —- 0.10[ 0.04, 0.16] 1.12
Study 77 — - 0.04[-0.02, 0.11] 1.11
Study 78 - 0.06 [ -0.00, 0.13] 0.97
Study 79 — - 0.05[-0.01. 0.12] 1.03
Study 80 = 0.03[-0.03, 0.09] 1.16
Study 81 — - 0.10[ 0.04, 0.16] 1.16
Study 82 —-— 0.03[-0.04. 0.10] 0.97
Study 83 = 0.04 [-0.02. 0.10] 1.25
Study 84 —- 0.02[-0.04, 0.08] 1.29
Overall ’ 0.07 [ 0.06. 0.07]

Heterogeneity: ° = 0.00. I7 = 0.00%. H* = 1.00
Test of ©, = §;: Q(83) = 60.91, p = 0.97
Testof © = 0: z = 19.33, p = 0.00

Figure 5.2. Bidirectional effects of diet quality and sleep quality on each other
5.2.a. Diet quality on sleep quality at lag 1 for each of the 85 data collection days

Overall effect was calculated by averaging daily effects.
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Effect size Weight
Study with 95% ClI (%)
Study 1 —, 0.07 [ -0.02, 0.15] 1.18
Study 2 — - 0.09 [ -0.00, 0.17] 1.05
Study 3 — - 0.07 [-0.01, 0.15] 1.30
Study 4 _ 0.10[ 0.02, 0.18] 1.15
Study 5 — . -0.02 [ -0.11, 0.06] 1.24
Study 6 —. 0.05[-0.03. 0.13] 1.16
Study 7 —-— 0.01 [-0.07, 0.10] 1.13
Study 8 —,— 0.10[ 0.02, 0.19] 1.14
Study 9 —., 0.10[ 0.02, 0.18] 1.28
Study 10 —-., 0.03 [-0.05. 0.11] 1.25
Study 11 —. 0.08 [ 0.00, 0.186] 1.22
Study 12 — ., 0.03 [-0.05, 0.11] 1.37
Study 13 —, 0.08 [ -0.00, 0.16] 1.20
Study 14 —a 0.05[ -0.03, 0.14] 1.22
Study 15 - 0.10[ 0.00, 0.19] 0.91
Study 16 —., 0.13[ 0.05, 0.22] 1.15
Study 17 — -, 0.02[-0.06, 0.11] 1.04
Study 18 —., 0.02 [ -0.06. 0.10] 1.30
Study 19 —— 0.03[-0.05, 0.11] 1.30
Study 20 —,— 0.10[ 0.02, 0.18] 1.18
Study 21 —., 0.05[-0.04, 0.13] 1.14
Study 22 — - 0.08 [ -0.00. 0.17] 1.14
Study 23 e B 0.13 [ 0.05. 0.20] 1.41
Study 24 —a— 0.01 [-0.07, 0.08] 1.36
Study 25 —, 0.10[ 0.03, 0.18] 1.33
Study 26 —m 0.08 [ 0.01. 0.16] 1.40
Study 27 —., 0.04 [ -0.04, 0.12] 1.31
Study 28 —. 0.03[-0.06, 0.11] 1.17
Study 29 —— 0.04 [ -0.04, 0.13] 1.19
Study 30 —, 0.04 [ -0.04, 0.12] 1.29
Study 31 B T 0.06 [ -0.02, 0.15] 1.19
Study 32 —.— 0.04 [ -0.04, 0.11] 1.35
Study 33 —, 0.12[ 0.04, 0.20] 1.27
Study 34 — ., 0.12[ 0.04, 0.21] 1.09
Study 35 —_— 0.06 [ -0.02, 0.14] 1.22
Study 36 —-, 0.01 [-0.07, 0.09] 1.21
Study 37 —.,— 0.10[ 0.02, 0.18] 1.29
Study 38 — @ ——— 0.19[ 0.11. 0.28] 1.14
Study 39 — -, 0.03[-0.05, 0.11] 1.28
Study 40 —a— 0.07 [ -0.01, 0.14] 1.41
Study 41 — - 0.06 [ -0.03, 0.14] 1.06
Study 42 —.— 0.09[ 0.00, 0.17] 1.10
Study 43 —., 0.07 [ -0.01., 0.15] 1.23
Study 44 — -, 0.07 [-0.01, 0.14] 1.37
Study 45 —m 0.09[ 0.01, 0.17] 1.23
Study 46 —— -0.01 [ -0.09, 0.07] 1.18
Study 47 R 0.08 [ 0.00, 0.17] 1.20
Study 48 —.— 0.04 [-0.04, 0.13] 1.17
Study 49 — -, 0.03 [ -0.05, 0.12] 1.19
Study 50 —-. 0.10[ 0.01. 0.18] 1.09
Study 51 B 0.17 [ 0.09, 0.25] 1.29
Study 52 —. 0.09[ 0.00, 0.18] 1.08
Study 53 — -, 0.09 [ -0.00, 0.17] 1.10
Study 54 — - 0.03 [-0.06, 0.12] 1.02
Study 55 —— 0.10[ 0.01, 0.18] 1.10
Study 56 —,— 0.06 [ -0.02, 0.15] 1.19
Study 57 —., 0.06 [ -0.02, 0.15] 1.13
Study 58 — - 0.03 [-0.06, 0.12] 1.04
Study 59 — . 0.10[ 0.02, 0.18] 1.24
Study 60 —; 0.03 [-0.04, 0.11] 1.42
Study 61 —,— 0.04 [ -0.04, 0.12] 1.22
Study 62 —-. 0.02 [ -0.07. 0.10] 1.13
Study 63 —-.— 0.09[ 0.00, 0.18] 0.99
Study 64 — ., 0.04 [ -0.04, 0.12] 1.21
Study 65 —_— 0.10[ 0.02, 0.17] 1.36
Study 66 —- -0.02 [ -0.10, 0.07] 1.22
Study 67 — - 0.03 [-0.06. 0.13] 0.92
Study 68 —-— 0.11 [ 0.03, 0.20] 1.09
Study 69 —, 0.13 [ 0.05, 0.21] 1.27
Study 70 — -, 0.04 [ -0.05, 0.12] 1.15
Study 71 —_— 0.02 [-0.07, 0.11] 0.97
Study 72 —., 0.06 [ -0.03, 0.14] 1.16
Study 73 —m, 0.10[ 0.02, 0.17] 1.38
Study 74 —., 0.04 [ -0.04, 0.12] 1.28
Study 75 —,— 0.05 [ -0.04, 0.13] 1.14
Study 76 S = -0.00 [ -0.09, 0.09] 0.98
Study 77 —-. 0.09[ 0.00. 0.18] 1.06
Study 78 —— 0.06 [ -0.02, 0.15] 1.10
Study 79 —. 0.05 [ -0.04, 0.13] 1.15
Study 80 —.— 0.01 [-0.07, 0.09] 1.29
Study 81 —. 0.05[-0.03, 0.13] 1.29
Study 82 —-. 0.14 [ 0.05. 0.23] 1.05
Study 83 — -, -0.03[-0.11, 0.05] 1.21
Study 84 —-., 0.09[ 0.00, 0.18] 1.02
Overall ‘ 0.06 [ 0.05. 0.07]

Heterogeneity: 7° = 0.00, 1 = 1.36%, H® = 1.01
Testof 8 = ©;: Q(83) = 83.32, p = 0.47
Testof ® = 0: z = 13.74, p = 0.00

Random-effects REML model

5.2.b. Sleep quality on diet quality at lag 1
Overall effect was calculated by averaging daily effects.
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Effect size Weight

Study with 95% CI (%)
Study 1 —-, -0.01 [ -0.07, 0.05] 1.59
Study 2 —-, 0.05[-0.01, 0.11] 1.41
Study 3 — - 0.08 [ 0.02, 0.14] 1.37
Study 4 . 0.08[ 0.02, 0.15] 1.18
Study 5 — - 0.00 [ -0.06, 0.06] 1.36
Study 6 —, 0.12[ 0.05, 0.18] 1.24
Study 7 —.,— 0.05[-0.01, 0.12] 1.18
Study 8 —., 0.11[ 0.04, 0.17] 1.16
Study 9 — ., 0.04 [ -0.03, 0.10] 1.27
Study 10 — -, 0.08 [ 0.03, 0.14] 1.53
Study 11 — - 0.11[ 0.05, 0.17] 1.35
Study 12 - m 0.08[ 0.02, 0.14] 1.50
Study 13 —-,—— 0.07 [ 0.01, 0.14] 1.18
Study 14 —., 0.06 [ -0.00, 0.13] 1.24
Study 15 —-., 0.10[ 0.04, 0.16] 1.27
Study 16 . 0.11[ 0.04, 0.17] 1.38
Study 17 —, 0.10[ 0.04, 0.17] 1.20
Study 18 —;— 0.06 [ -0.00, 0.12] 1.23
Study 19 — - 0.07 [ 0.00, 0.13] 1.27
Study 20 e 0.09[ 0.03, 0.16] 1.23
Study 21 —— 0.06 [ -0.00, 0.13] 1.19
Study 22 —., 0.06 [ 0.00, 0.13] 1.31
Study 23 —. 0.03 [-0.03, 0.08] 1.54
Study 24 - 0.09[ 0.03, 0.15] 1.34
Study 25 — - 0.05[-0.02, 0.12] 1.11
Study 26 — -, 0.08 [ 0.02, 0.15] 1.36
Study 27 — - 0.10[ 0.04, 0.17] 1.17
Study 28 —.— 0.04 [ -0.02, 0.10] 1.22
Study 29 S om 0.13[ 0.07, 0.19] 1.37
Study 30 —- 0.06 [ -0.01, 0.13] 1.12
Study 31 —-. 0.05[-0.01, 0.12] 1.23
Study 32 —— 0.05 [ -0.01, 0.12] 1.20
Study 33 —m, 0.09[ 0.03, 0.15] 1.45
Study 34 — - 0.05[-0.01, 0.11] 1.31
Study 35 — . 0.13[ 0.06, 0.19] 1.13
Study 36 —;, 0.04 [ -0.02, 0.09] 1.46
Study 37 — - 0.08[ 0.01, 0.14] 1.32
Study 38 —— 0.07 [ 0.00, 0.13] 1.22
Study 39 —.,— 0.06 [ -0.01, 0.13] 1.07
Study 40 — -, 0.07 [ -0.00, 0.13] 1.13
Study 41 - 0.07 [ 0.01, 0.13] 1.36
Study 42 — - 0.10[ 0.04, 0.17] 1.21
Study 43 - 0.06 [ -0.01, 0.12] 1.32
Study 44 o 0.07 [ 0.00, 0.13] 1.36
Study 45 - 0.08[ 0.02, 0.15] 1.22
Study 46 —.,— 0.08 [ 0.02, 0.15] 1.21
Study 47 —a| 0.11[ 0.05, 0.18] 1.28
Study 48 —-., 0.07 [ 0.01, 0.14] 1.23
Study 49 —a 0.04 [ -0.03, 0.11] 1.12
Study 50 —. 0.06 [ -0.00, 0.13] 1.16
Study 51 — . 0.09[ 0.03, 0.16] 1.19
Study 52 S om 0.07 [ 0.01, 0.14] 1.16
Study 53 —. 0.07 [ 0.00, 0.13] 1.29
Study 54 —,— 0.05 [ -0.01, 0.11] 1.30
Study 55 —., 0.09[ 0.03, 0.16] 1.20
Study 56 —-. 0.10[ 0.03, 0.16] 1.26
Study 57 ——— 0.05[-0.01, 0.12] 1.14
Study 58 — - 0.10[ 0.04, 0.17] 1.36
Study 59 - 0.02[-0.04, 0.08] 1.37
Study 60 — - 0.09[ 0.02, 0.16] 1.04
Study 61 — - 0.04 [ -0.03, 0.10] 1.05
Study 62 0= 0.04 [ -0.02, 0.10] 1.41
Study 63 —-. 0.01[-0.05, 0.08] 1.31
Study 64 —., 0.09[ 0.03, 0.16] 1.40
Study 65 ——— 0.06 [ -0.01, 0.13] 1.14
Study 66 —®——— 0.15[ 0.09, 0.21] 1.27
Study 67 —-,—— 0.06 [ -0.01, 0.13] 1.08
Study 68 I = 0.10[ 0.03, 0.16] 1.11
Study 69 —,— 0.05[-0.02, 0.11] 1.20
Study 70 S = 0.09[ 0.02, 0.15] 1.21
Study 71 om 0.04 [ -0.02, 0.10] 1.41
Study 72 —-. 0.06 [ -0.01, 0.12] 1.14
Study 73 — ., 0.05[-0.01, 0.12] 1.12
Study 74 —-.— 0.08 [ 0.01, 0.14] 1.06
Study 75 —,—— 0.01 [ -0.05, 0.08] 1.10
Study 76 —-— 0.06 [ -0.01, 0.13] 1.17
Study 77 —. 0.11[ 0.05, 0.18] 1.17
Study 78 —- 0.05[-0.02, 0.13] 1.04
Study 79 —., 0.03 [-0.03, 0.10] 1.20
Study 80 —-. 0.05[-0.01, 0.12] 1.22
Overall ‘ 0.07 [ 0.06. 0.08]
Heterogeneity: 7° = 0.00, I = 0.02%, H® = 1.00
Testof ©, = 8;: Q(79) = 68.24, p = 0.80
Testof 8 = 0: z = 18.94, p = 0.00

- ) R 2

Random-effects REML model

5.2.c. Diet quality on sleep quality at lag 5
Overall effect was calculated by averaging daily effects.
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Effect size Weight

Study with 95% ClI (%)
Study 1 — ., 0.10[ 0.02, 0.18] 1.40
Study 2 —. 0.03 [-0.06, 0.12] 1.18
Study 3 —-. 0.04 [-0.05, 0.13] 1.27
Study 4 —_— 0.06 [ -0.02, 0.14] 1.39
Study 5 — - 0.05[-0.04, 0.13] 1.33
Study 6 —. 0.00 [ -0.08, 0.09] 1.26
Study 7 —. 0.05[-0.04, 0.13] 1.25
Study 8 — -, 0.13[ 0.04, 0.22] 1.28
Study 9 — -, 0.04[-0.05, 0.12] 1.30
Study 10 —-. 0.03 [-0.06, 0.11] 1.26
Study 11 —, 0.08 [-0.01, 0.17] 1.20
Study 12 R s 0.05[-0.03, 0.13] 1.55
Study 13 —— 0.04 [ -0.05, 0.13] 1.26
Study 14 —m, 0.05[-0.03, 0.13] 1.51
Study 15 —-. 0.13[ 0.04, 0.22] 1.16
Study 16 o 0.07 [-0.02, 0.16] 1.17
Study 17 —. 0.01[-0.08, 0.10] 1.20
Study 18 — - 0.10[ 0.01, 0.19] 1.19
Study 19 —. 0.08 [ -0.00, 0.17] 1.35
Study 20 —m 0.07 [-0.01, 0.15] 1.48
Study 21 —-— 0.04 [-0.05, 0.13] 1.17
Study 22 —. 0.11[ 0.02, 0.19] 1.27
Study 23 ——— 0.02 [ -0.06, 0.10] 1.62
Study 24 —_ 0.03[-0.06, 0.11] 1.26
Study 25 o= 0.09[ 0.01, 0.17] 1.43
Study 26 —a,— 0.05[-0.03, 0.14] 1.40
Study 27 —., 0.07 [-0.01, 0.16] 1.33
Study 28 — . 0.03 [-0.06, 0.13] 1.17
Study 29 — @ 0.21[ 0.12, 0.30] 1.18
Study 30 —.,— 0.07 [ -0.02, 0.15] 1.36
Study 31 —-, 0.08 [ -0.01, 0.17] 1.14
Study 32 —.,— 0.06 [ -0.02, 0.15] 1.40
Study 33 —a,— 0.09[ 0.00, 0.17] 1.42
Study 34 —— 88— 0.18[ 0.09, 0.27] 1.21
Study 35 —; 0.05[-0.04, 0.13] 1.29
Study 36 —- 0.09[ 0.00, 0.18] 1.26
Study 37 —- 0.12[ 0.03, 0.20] 1.25
Study 38 — - 0.14[ 0.04, 0.23] 1.07
Study 39 —-— 0.11[ 0.02, 0.21] 1.10
Study 40 —,— 0.01 [ -0.07, 0.10] 1.40
Study 41 — - 0.11[ 0.02, 0.19] 1.32
Study 42 —. 0.02[-0.07, 0.11] 1.27
Study 43 —-,— 0.06 [ -0.02, 0.15] 1.31
Study 44 —, 0.06 [ -0.02, 0.14] 1.46
Study 45 —-., 0.10[ 0.01, 0.20] 1.09
Study 46 —,— 0.01 [-0.08, 0.10] 1.27
Study 47 —-. 0.11[ 0.02, 0.20] 1.17
Study 48 -0.06 [ -0.14, 0.03] 1.31
Study 49 —-,— 0.06 [ -0.03, 0.15] 1.19
Study 50 —- 0.14[ 0.04, 0.23] 1.08
Study 51 —- 0.09[ 0.00, 0.18] 1.17
Study 52 —- 0.05[-0.05, 0.14] 1.08
Study 53 —— 0.14 [ 0.05, 0.24] 1.16
Study 54 —a 0.03[-0.06, 0.13] 1.13
Study 55 —., 0.08 [ -0.00, 0.17] 1.30
Study 56 — -, 0.07 [ -0.01, 0.15] 1.41
Study 57 —. 0.06 [ -0.03, 0.14] 1.25
Study 58 —-— 0.06 [ -0.03, 0.15] 1.12
Study 59 —- 0.05[-0.04, 0.14] 1.21
Study 60 —. 0.04 [ -0.05, 0.12] 1.31
Study 61 —-. 0.05 [ -0.04, 0.14] 1.27
Study 62 —, 0.01 [-0.08, 0.10] 1.24
Study 63 —- 0.11[ 0.02, 0.21] 1.09
Study 64 —- 0.07 [ -0.01, 0.16] 1.20
Study 65 —. 0.12[ 0.03, 0.20] 1.24
Study 66 — -, 0.05[-0.04, 0.14] 1.15
Study 67 — - 0.07 [-0.03, 0.17] 0.98
Study 68 —- 0.06 [ -0.03, 0.15] 1.13
Study 69 —- 0.13 [ 0.04, 0.21] 1.29
Study 70 e 0.06 [ -0.03, 0.15] 1.19
Study 71 —- 0.07 [-0.02, 0.17] 1.07
Study 72 —-. 0.09[-0.00, 0.18] 1.15
Study 73 —.— 0.07 [ -0.02, 0.16] 1.27
Study 74 —-., -0.01 [-0.09, 0.08] 1.29
Study 75 —, -0.02[-0.11, 0.07] 1.18
Study 76 —- 0.04 [ -0.06, 0.13] 1.01
Study 77 —. 0.06 [ -0.02, 0.15] 1.29
Study 78 — - 0.05[-0.04, 0.14] 1.10
Study 79 —. -0.00 [ -0.09, 0.08] 1.31
Study 80 —. -0.03

5.2.d. Sleep quality on diet quality at lag 5

Overall effect was calculated by averaging daily effects.
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5.4. Discussion

The present study investigated the bidirectional relationships between five dietary
behaviours, namely, fruit intake, vegetable intake, total FVI, sugar intake and subjective
diet quality and four aspects of mental health, respectively, happiness, low mood, stress
and sleep quality over five time-lags, one to five days, using a data collected through
EMA during the first lockdown of the COVID-19 pandemic. This study applied a novel
analysis approach by integrating five different time-lags to provide insight into the timing
of short-term associations between diet and mental health outcomes. The findings suggest
that diet quality and sleep quality are positively and consistently associated with each
other in the short-term, over one to five days. Notably, the effect sizes of our findings
were small, with the coefficients ranging from 0.063 to 0.069 (related to percentage

changes between 1.3% and 1.7%).

Our systematic review suggested that a MDP as a whole dietary pattern can
improve mood in up to 10 days (196). The current analysis did not indicate any
associations between dietary intake and happiness, low mood or stress in contrast to our
primary hypothesis and the literature. For example, a study surveyed university students
from 28 countries from Asia, Africa and America (n= 18,522, age (mean + SD) of 20.9 +
2.4) and found that FVI was in a linear association with happiness and negatively linked
with depression, with 6 portions of FVI per day provided the largest effect size (394) .
Furthermore, longitudinal data analysis using the “Household, Income and Labour
Dynamics in Australia (HILDA)”, evaluated the relationships between fruits and
vegetables with mental wellbeing of 12,385 individuals (395). The results demonstrated
improved happiness, life satisfaction and wellbeing in association with fruits and
vegetables consumption in 24 months with a peak effect at 8 portions/day (395). A UK
study including nearly 80,000 individuals looked at the associations between FVI
consumption and wellbeing, and they found positive linear associations in individuals
consuming 5-8 portions of FVI daily (396). These chronic studies suggest 6-8 portions
may be needed to see a mediating effect of FVI on mental health and the FVI of our cohort
was 5.04 = 1.83 (mean + SD) (Table 8). In terms of acute studies, a cross-over RCT

examining the postprandial effects of flavonoids through a blueberry drink in 21 adults
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(18 to 21 years old) assessed mood by ‘Positive and Negative Affect Schedule (PANAS)’
and showed improved positive mood states with no decrease in negative mood states
(397), suggesting the type of fruit consumed might be more important acutely and it may
be easier to acutely meditate happiness than alleviating the symptoms of low mood and

stress by means of FVI.

The potential links between eating and sleep quality and quantity have previously
been reviewed (398), and evidence suggests that the composition of a diet and meal
influences sleep both acutely and chronically (399). However, little empirical evidence
exists. For example, a systematic review of 61 observational studies examining
associations between FVI and mental health (published in 2020) reported that FVI
improves mental wellbeing but also indicated that there was only one study examining
the FVI and sleep quality, highlighting the research gap (400). “Personalized Responses
to Dietary Composition Trial 1 (PREDICT)” study including 833 healthy adults (mean
age 0f 46.2 years) investigated the determinants of morning alertness levels (401). Results
indicated that longer sleep duration the night before and a balanced breakfast rich in
carbohydrates influenced the morning alertness, of which the predictors were identified
as happiness, older age, and sleep quality (401). In accordance with this, another study
discussed that sleep quality could be promoted via carbohydrate quality and availability
(399). In terms of the bidirectional relationships between diet quality and sleep quality, a
methodologically similar study assessed sleep quality, night time eating behaviour and
loss of control eating at 4 lags (lag durations were 6 months) in adolescents (11-17 years)
(402). The results showed that higher night eating scores predicted poor sleep quality and
loss of control eating at lag 1, 2 and 3; poorer sleep quality predicted night time eating at
lag 1 and 3; and higher loss of control scores predicted higher night eating scores at wave
1 and 2 (402), showing several bidirectional associations between eating behaviour and

sleep quality.

Similar to our study, Schultchen et al. examined the bidirectional relationships
between stress and healthy eating (using a single-item scale) among 51 healthy university
students (aged 19 to 29 years) (403). Data were collected using EMA with measurement
frequency and durations six times/day assessing 2.5 hours lags alongside physical activity

for seven days (403). They reported no effect of stress and affect with healthy eating,
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whilst they found significant bidirectional associations with physical activity (403).
Mason et al. looked at the acute (two hours) bidirectional associations between diet and
mood (‘affective’) states among pregnant women who had low income using EMA of
which the duration was four days, and the assessment frequency was 5 times/day. Women
who had lower pre-pregnancy BMI, FVI and a better mood profile predicted each other
(404). The authors concluded that the relationships between FVI and mood states were
heavily dependent on BMI status among pregnant women (404). As we were interested
in the link between dietary intake and mental health, we did not assess the bidirectional
relationships of either dietary variable or mental health variables with each other.
However, one study examining the daily bidirectional relationships between affect
(mood) and sleep (duration, efficiency, quality) among 359 people with depression or past
depression history or no depression using two-week EMA and objective (via actigraphy)
and subjective (via diaries) sleep data (405). They found associations between self-

reported sleep quality and mood on the same day (405).

The inverse significant associations we observed between sugar intake and mental
health profiles are consistent with the literature. For example, Liao et al. assessed
relationships of high fat high sugar (HFHS) and FVI with affective states (406). To do so,
they implemented EMA structure with 2-hours lags over for a week among women
(n=202) and the findings demonstrated that higher HFHS consumption was linked to
sadness (406). Women who were overweight or obese also reported to have higher stress,

but FVI and happiness were positively linked independent of weight status (406).

Regarding the dietary variables we utilised in our analysis and the fact that only
the diet quality demonstrated significant associations may be explained by ‘the
superiority of whole dietary patterns over individual food items’ due to synergistic effects
of foods arising in whole diets (399). Furthermore, single-item overall diet quality
question may be a better tool to capture self-reported dietary quality compared to
individual food items (407), as individuals may have a more reliable understanding on
overall dietary quality as it includes several elements, resulting in possible increased

chance for participants to score it more accurately.
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One potential explanation as to why only sleep quality was associated with dietary
intake could be attributed to the nature of sleep. Sleeping is core to survival (408), thus
may involve more direct pathways that can be easier to modulate mechanistically
compared to mood-related factors. In other words, psychological factors (i.e. happiness,
mood and stress) may be more complex and multifaceted, therefore they may not be

physiologically as straightforward as sleep.

Change in eating behaviour between pre- and during pandemic, and NDNS

data comparisons

Our study showed poorer dietary habits during the pandemic. This is consistent
with the other similar studies conducted in both in the UK and in the other countries (374,
375, 378, 409). It is noteworthy that our baseline survey asked the questions with the
phrase ‘prior to the pandemic’ which relies on longer term memory, whilst daily surveys
demanded less memory skills. Therefore, the change in dietary behaviour derived from
direct comparison between pre-pandemic and during-pandemic may not be of high-

quality.

Regarding FVI consumption, UK public health policy promotes ‘5 A Day’
campaign recommending at least 5 portions (400 grams) of FVI per day (410). The study
cohort met the target both before and during the pandemic and consumed more fruits and
vegetables than the NDNS population. It may be due to the difference between the dietary
assessment methods used; the NDNS employed 4-day food diaries with estimated weights
(411), whereas our study utilised isolated dietary questions which asked the number of
the portions without weight estimation. Thus, NDNS is likely to have a higher quality

data with higher accuracy.

Strengths:

Our study has several strengths. In terms of the study structure, our study duration
(12 weeks/85 days) and sample size (n=674 participant) are superior compared to similar
studies. The data collection method used, EMA, provides real time ambulatory

assessment (412). Furthermore, four mental health questions assessed four separate
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domains (both positive -happiness and sleep quality- and negative -low mood and stress-
) as opposed to common literature which usually looks at one or two outcomes. Fruit and
vegetable intakes were asked separately providing separate measures to differentiate
them; besides we created a unified variable to see the composite effect likewise.
Regarding statistical analysis method utilised, the number of the lags tested that were
gradually increased with high number of repetitions, provided a thorough inspect on day-

by-day effects. Besides, each association was tested bi-directionally which is novel.

Limitations:

We also have a number of limitations. First of all, the number of the significant
associations were higher than expected that may be a result of repeated assessments over
80 observations, hence, clinically insignificant effects might have become
statistically/mathematically significant. To correct for this, we corrected for multiple
testing and applied a minimum of 1% effect size to ensure the results reported were
statistically and biologically meaningful. Secondly, the scales used to assess mental health
variables (happiness on 0-10; low mood and stress on 1-5 and sleep on 1-4) had different
sizes, and we converted them into percentages to overcome the issue. However, it might
still not be of great quality in terms of the comparisons as the wider scales can provide
more precision. Third, the data were self-reported which is subject to reporting bias.
Nonetheless, the correlation analyses (Table 5.5 and 5.6) demonstrated that the responses

given were consistent supporting validity of the data.

Furthermore, the data were collected during the pandemic, therefore it reflected
worsened dietary behaviours (of note, although the FVI was lower during the pandemic
compared to the pre-pandemic levels, it was still above the 5-a-day recommendations
(Table 5.8)) and amplified mental health complaints which may open the results to bias
whether they would apply to normal/typical/regular circumstances and may restrict the
generalisability of the findings. However, both dietary behaviour and mental health had
worsened comparably, thus the effect size might have remained the same. Additionally,
the fact that our data were collected during the pandemic may not be a ‘limitation’. For
instance, Schultchen et al. particularly selected exam period to collect their data assessing

bidirectional associations between stress and healthy eating in order to ensure
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considerable amount of stress was loaded to increase the quality of their results (403),
hence, in our case the pandemic as a stress trigger could have served for that purpose

(403, 413).

The study population lacked diversity (white ethnicity rate of 96.7%) and
appeared to be an advantaged cohort compared to general public with approximately half
of the participants (44.2%) stated that they had managerial/professional occupations
(implying possible higher education) and 47.9% were living in upper IMD quintiles. This
is a recognised limitation in the field of health research, where research volunteers tend
to be from white ethnic and more affluent groups and therefore not fully representative of
the UK population. For example, the UK Biobank is 94.6% white and more affluent than
the general population (414). Lastly, we asked the sugar question as the number of the
occasions a type of sugar snack was eaten rather than the amount (as per MEDAS
questionnaire), therefore we could not compare it with the NDNS data and provide any

precision rather than impact of sugar intake quantity.

Conclusion

To the best of our knowledge, this is the first study examining the short-term
bidirectional relationships with five different lag durations between dietary intake and
mental health using EMA methodology, and the longest study in terms of the study
duration among similar studies. We found that sleep quality and diet quality are positively
and bidirectionally related with each other with a consistent and significant effect lasting
up to five days/lags, which we believe is a novel contribution to the literature. There was
no significant relationship between individual food items (fruits, vegetables and sugar)

and other mental health outcomes (happiness, stress and low mood).

5.5. C-19 Wellbeing Tracker study contributions

The C-19 study was planned and managed by Felix Naughton and Caitlin Notley,
with daily nutrition questions added by Anne Marie Minihane and Amy Jennings. The
data cleaning was done by Emma Ward. The research question for this analysis was

developed by Latife Esgunoglu, Felix Naughton, Amy Jennings and Anne Marie
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Minihane. The statistical analysis plan was generated by Latife Esgunoglu, Amy
Jennings, Anne Marie Minihane and Felix Naughton. The statistical model for the primary

analysis was developed by Mizanur Khondoker and performed by Latife Esgunoglu.
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Chapter 6. General discussion

Due to the significance of mental health disorders and widely known health
benefits of a MDP conferred in a long-term (Chapter 1), my hypothesis was that a MDP
can improve mental wellbeing (mood, anxiety, cognition and sleep) in the short-term
through biological mechanisms including increased brain perfusion, reduced

inflammation and improved glucose control/insulin sensitivity (Figure 1.6).

6.1. Summary of main findings

We conducted the first systematic review of the short-term (up to and including
10 days) effects of a MDP on mood and cognition (Chapter 2), and found improved
alertness, contentment and attention with a MDP compared to any control arm. The
extensive search performed in 2020 formally identified the lack of research in the area
despite the potential, with a second updated search in 2023 confirming the continuing

validity of the research gap.

We designed the first short-term RCT conducted in individuals with existing mild-
moderate depression and/or anxiety investigating acute, 24-hour and 5-day impacts of a
MDP in comparison to a WD on brain health, particularly, mood, cognition, CBF and
sleep, and investigating select underlying mechanisms (Chapter 3). MDP consumption
improved mood at 24-hour and 5-days, alongside reduced variability in executive
function and peripheral inflammation and increased cortisol levels at 5-days; acutely (24-
hour) heightened insulin sensitivity; and led to higher MDP adherence after three months

as a positive dietary behaviour change (Chapter 4).

As a change to the original thesis plan due to COVID-19 lockdown, we analysed
the bidirectional short-term (up to five days) lagged associations between dietary intake
(fruit, vegetable, sugar intakes and subjective overall diet quality) and mental health
(happiness, low mood, stress and sleep) utilising an observational longitudinal data
collected in the COVID-19 pandemic (Chapter 5). Significant relationships between
overall diet quality and sleep quality were evident with effects lasting up to five days. We

found no other associations in this cohort.
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6.2. Overall discussion of the experimental chapters (Chapters 2 to 5)

The first systematic review on the impacts of whole dietary patterns on mood was
published in 2019 and included a number of healthy dietary patterns, namely, “MDP,
dietary approach to stop hypertension (DASH), vegetable-based, glycaemic load-based,
ketogenic, zone and paleo diets”, with no restriction on study type and duration (415).
Only 18 studies (with four MDP studies) were identified with no consistent findings,
highlighting the need for further studies to draw robust conclusions (415). Consequently,
a narrative review (published in 2021) discussing the recent evidence regarding potential
role of nutrition to prevent and to manage mental health disorders recommended that a
MDP can help prevent depression and anxiety (416). The authors highlighted that this
evidence was mainly retrieved from epidemiological studies, therefore, RCTs were
needed to confirm efficacy and expand the knowledge on biological mechanisms (416).
In 2021, Aucoin ef al.’s review stated that the potential role of dietary interventions lack
of evidence especially for those with current mental health disturbances as the rate of the
studies involving those was reported to be only 10% (417). Thus, this PhD meets an
important research gap in the field especially owing to its RCT component (Chapters 3
and 4).

This PhD project involved two quantitative chapters (Chapter 4, the MediMood
results and Chapter 5, the C-19 longitudinal data analysis). The results from Chapter 5
favours the theory that dietary patterns as a whole are more effective to improve health
status, potentially because of the synergistic effects of foods compared to single food
items or isolated nutrients (418). The variety of foods consumed also has documented to
confer more benefits on mental health (417). Similarly, Bhupathiraju et al. emphased not
quantity but the diversity of fruits and vegetables play a significant role in inflammation
reduction (419), which is consistent with our findings in MediMood where results from
both chapters, since we the MediMood consisted of a wide range of fruits and vegetables

in the MDP plan which potentially was associated with CRP levels (Chapter 4).

Furthermore, both MediMood RCT and C-19 analysis primarily aimed to assess
‘healthy’ foods, an overall MDP and total fruit and vegetable intake, respectively, on

mood over five days. Coupled with the fact that these studies have different designs, and
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analysed the extremes of dietary intake (MediMood) versus a continuum of habitual diet
(C-19), the apparent differences in the findings are also likely attributable to the greater
diversity of a MDP. Fruits and vegetables are composed of carbohydrates alongside fibre,
with minimal fat content, whereas a MDP is abundant in MUFA and PUFA from olive oil
and fish, along with other several bioactives such as phenolic acids, vitamins e.g. vitamin
E and B12, and minerals such as selenium in oily fish. Therefore, it is highly likely that

the high quality fat composition of a MDP contribute to its positive impact on brain health.

Regarding other potential mechanisms (in addition to those of mechanistic focus
in Chapter 4) that mediated our results, altered tryptophan status may be involved.
Tryptophan is a precursor of serotonin which is a neurotransmitter/hormone involves in
mood, cognition and sleep regulation, and it is also linked with neuroinflammation,
BDNF and gut microbiota (420, 421). As food enriched in a MDP such as white meat,
nuts and bananas (422), are important dietary sources of tryptophan, and serotonin levels
are set by the tryptophan availability, increased tryptophan may in part mediate the
positive impact of a MDP on mood and fear (421, 423, 424). Dietary acid load (DAL) is
another potential explanation how a MDP and WD influences mental and metabolic
health differently as it is reported to deteriorate cardiometabolic health with heightened
inflammation (425). Plant-based diets such as a MDP reduce DAL whereas WD is
suggested to increase acid and thus cause metabolic acidosis, creating a challenge for the
body (425). A systematic review reported worsened mental wellbeing and sleep status

associated with high DAL (426).

Compared to prescribed medications and other dietary pattern interventions, a
MDP also emerges as a safer approach to improve mental health. For instance, one-week
ketogenic diet consumption compared to non-ketogenic diet adherers is reported to be
associated with greater alertness, contentment and calmness and lowered stress,
depression, anxiety and loneliness (427), with authors suggesting that it may be gamma-
aminobutyric acid (GABA), a neurotransmitter, behind the improved mental wellbeing
(427). The use of a combined version of Mediterranean ketogenic diets are also of interest
targeting neuroinflammation (428), short-chain fatty acid production (429) and cerebral
perfusion (430). Nonetheless, ketogenic diets are not compatible with national and global

food and nutrient based nutrition recommendations and should be embarked upon under
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the supervision of a doctor or dietitian due to its potential side effects such as diarrhoea,
vomiting and fatigue (431), whereas no side effect of MDP has been reported, making it

feasible for a wider application.

As highlighted by our systematic review findings (Chapter 2), there is a lack of
consistency in MDP description. Although wine is a traditional element of a MDP, we
decided to keep the wine consumption optional in MediMood for two reasons (Chapter
3). Firstly, we wanted the study to be inclusive of individuals who do not consume alcohol
for any reason, thereby increasing the generalisability of our findings. Second, given the
characteristics of our population and the comorbid links between alcohol use disorders,
depression and anxiety (432), we did not want to mandate alcohol consumption for ethical
reasons. The Global Burden of Disease study in 2016 recommended zero alcohol intake
as the safe consumption limit that ensures prevention of any health loss (433).
Consequently, Martinez-Gonzalez, a researcher involved in both PREDIMED and SUN
studies, discussed the robust controversy surrounding the potential risks (including
neurological harms) and benefits (obtained from light to moderate consumption) of wine
(434, 435). Accordingly, a new study has been introduced to compare the relevant clinical
outcomes and all-cause mortality between drinkers and non-drinkers among males aged
50 to 70 years and females aged 55 to 75 years over a 4-year follow up duration (434). In

this regard, this PhD may contribute to a revised description of a MDP if required.

As this PhD focused on mood and cognition, we had an opportunity to consider
the wide range of instruments measuring mood and cognition used across the literature.
The common challenges faced to assess mood and cognition in nutrition research are
recognised (436). For example, ‘reaction time’ is considered to be a gold-standard
outcome measure (436), yet the best assessment method remains under discussion (437).
Similarly, techniques measuring mood were also thought to be in need for advancements
(438). To overcome this issue; the consensus appears to be; i) use a combination of
objective and subjective tools (as we did to measure sleep in Chapter 3 and 4), ii) employ
real-time assessments especially for mood research such as EMA (as we did in Chapter
5), and iii) produce a roadmap to inform cognitive measures, in particular, composite
cognitive scores which are sensitive enough to quantify the changes induced by nutrition

(436, 438, 439). A greater degree of standardisation of tools for the assessment of mood,
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anxiety and cognition is needed to compare findings from different studies and to reach
better interpretations and translation into practice, particularly considering the limited

data availability in the field.

6.3. Strengths and limitations

Based upon my current knowledge, this is the first PhD project specifically
focused on the short-term effects of a MDP on brain health in humans, which provide
novel insights for nutrition and psychology and likely to be of interest to both disciplines.
The novelty element identified in 2020, namely the ‘short-term’ focus remains with
ongoing trials examining the impact of a MDP on mood for example having an 8-week
intervention period (NCT06188754) with cognition trials being of 12-week
(NCT06287489) and 12-month (NCT04990362) duration. Second, we published the
protocols of each experimental chapter to enhance the credibility (“rigour, reproducibility
and transparency”) of our research (440, 441). Pre-registered protocols are publicly
available as follows; systematic review (Chapter 2) is on PROSPERO, MediMood RCT
(Chapter 3) is in the process of publication (submitted to BMJ Open) and COVID-19 data
analysis (Chapter 5) is available on Open Science Framework. Next, we employed a
multidisciplinary approach (nutrition, psychology/neuroscience and medical statistics) to
design, conduct the research and analyse the data. Finally, the thesis has methodological
diversity across the experimental chapters, including a systematic review, a human RCT
including producing its protocol and ethics applications alongside the delivery of the
intervention, and one longitudinal data analysis, that promoted a diversity of learning

across my PhD.

On the other hand, this methodological diversity limited the cross-comparability
of chapters. The common limitation of our empirical studies was the diversity of the study
populations. Regarding mental health diversity; our systematic review (Chapter 2)
consisted of 102 healthy young females from three 10-day studies and 26 senior people
with metabolic syndrome from one postprandial study. Our RCT (Chapter 3 and 4)
included 25 individuals with existing mental health complaints from various age groups
with no information on their metabolic health status, and the longitudinal data analyses

(Chapter 5) involved 674 individuals with only 5% of them reported to be with previous
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mental health issues. Concerning ethnic diversity; the studies in Chapter 2 did not report
on that. In MediMood (Chapters 3 and 4), we did not screen them for ethnicity, although
the majority appeared to be white. Only C-19 study reported on ethnicity which was over
95% white as discussed in detail in Chapter 5.

6.4. Overall conclusion

This PhD sought to answer whether a MDP can enhance brain health in adults in
a short-term. Our results provided the literature with several original contributions.
Firstly, we highlighted the lack of knowledge on the short-term effects of dietary patterns,
foods and nutrients on brain health as a research gap. Second, we found that mood,
cognition and sleep can be ameliorated in one to ten days by dietary intake. Furthermore,
our 5-day RCT demonstrated a significant effect on inflammation, with CRP levels
reducing after MDP and rising after WD. Postprandially, we detected improved insulin
sensitivity with no significant difference in CBF. One surprising finding of our RCT was
the alterations in cortisol levels. Contrasting our predictions, the MDP increased cortisol
levels with reduced levels after the WD. Finally, we showed that self-reported diet quality
and sleep quality are positively associated with each other daily, up to five days. Overall,
this PhD reveals that a MDP has a potential to elevate mood, reduce anxiety, and support
cognition and sleep in adults in a short-term. The novel evidence we provided lays a
foundation for future research and informs public health policies. Importantly, the sample
size in MediMood study was small (although a priori power calculation was conducted),
and the characteristics of the study population was heterogenous. Therefore, further

research is needed for generating public health policies for the relevant populations.

6.5. Practical implications

The success rate of the conventional first line treatment formed by
pharmacotherapy and psychotherapy is only 50% as reported in 2023 (141). On the other
hand, the potential comparability of nutrition versus pharmacotherapy and psychotherapy
against mental disorders was previously discussed (442). The International Society for
Nutritional Psychiatry Research (416) and MyNewGut consortium (443) particularly

suggested a MDP to be the treatment for mental health disorders, with a caution that the
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evidence was mainly derived from epidemiological evidence and a few RCTs with none
of them conducted in people with existing symptoms. As we have now shown, switching
to a MDP, for as little as five days can alleviate disturbed mental wellbeing of adults with
existing complaints, making a healthcare policy using our findings can be considered by
policy makers. As MDP is widely known to be a healthy dietary pattern with no known
side effect, it can be safely recommended, which is especially important for people who
require extra caution with use of antidepressants for instance pregnant and lactating
women (444) and those who are on other medications which are counter indicated with
antidepressant-drug use (445). Widened dietary counselling, for example referral to a
dietitian for a diet quality assessment and eating behaviour change support, would help

realise efficacy (417, 446).

An important issue going forward which needs to be considered is affordability.
Notably, the average price we paid for a MDP grocery basket in MediMood was
approximately £87 for 5 days whilst the cost per basket was around £60 for the WD.
Given that 11% of the UK population experience food poverty (447), and it has been even
worsened by UK austerity policies (448) and the COVID-19 pandemic (449), strategies
targeting affordability and accessibility of healthy food items should be prioritised for
governments. When the economic burden of mental health disorders is considered,
governments should invest in solutions providing financial support for all to promote
healthy food consumption, which could be for example include provision of
weekly/monthly allowance for MDP components, or reduction in the cost of healthy those

food items’ prices through subsidy schemes.

6.6. Future research directions

Although the findings of this PhD provide important insights into the short-term
effects of dietary intake on brain health, some research gaps certainly remain to be

elucidated.

Firstly, the study populations were diverse in the experimental chapters.
Therefore, the next step should be running bigger trials with larger sample sizes that allow

meaningful subgroup analyses according to for example, psychiatric medication use,
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ethnicity, age and sex. The short-term efficacy of a MDP should be tested in individuals
with more severe mental health disorders. It may also be worth to replicate the MediMood
study in people with T2D as their neurological mechanisms may be more sensitive to the

dietary interventions differently as discussed in Chapter 4.

Regarding the dietary design, using the extreme ends of the MEDAS scale (a
comparison between 0 and 14) was feasible in a clinical trial setting, yet it is unclear if it
would be realistic in a habitual setting. Therefore, the efficacy of more modest
improvements in MDP adherence should be tested. For example, it is still unclear whether
a slight increase such as from 4 to 6 could provide any benefit, or people who already
have a moderate or high level of MDP adherence would confer a benefit if they increase
their scores even higher, such as from 6-9 to above 10. Furthermore, a study testing mood
and anxiety every day and collecting biological samples more often than we did could
provide better insights into the daily metabolic responsiveness of the body to diets in the

context of change in mental health and their associations.

Strategies to reduce inflammation should become more of a target for both
research and healthcare practices as we have seen significant improvements in CRP and
in mood, although we did not perform a correlation analysis. The effects of food on
cortisol levels, and/or the role of cortisol in mental health diseases should be investigated
further as our results showed improved mental health despite the unexpected rise in
cortisol in MDP and a decrease in WD. To account for sex would be useful as males’ and
females’ cortisol responses to food may differ (338). Circulating levels of ketone bodies,
GABA and tryptophan as a result of a MDP and a WD and their associations to mood
should be investigated in the future using our stored samples as they postulated to be

associated with brain health.

Mitochondrial function is likely to mediate brain disorders including mood,
anxiety, cognitive and sleep disorders and social behaviour (450, 451). It is responsible
for the energy production, and disordered energy metabolism in the brain is thought to be
a feature of neuropsychiatric disorders (452). Therefore, assessing the brain’s
mitochondrial function response to a MDP should be considered for future RCTs. To the

best of my knowledge, no study has evaluated it yet. To do so, Positron Emission
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Tomography (PET), a non-invasive technique, can be applied as it was previously used
and recommended for brain research to measure oxidative stress and glucose metabolism

as indicators of the mitochondrial function (453, 454).

Although this PhD provided some preliminary evidence on cognition, sleep and
CBF, they were not the primary outcomes for this PhD. Therefore, future MDP RCTs
addressing cognition, sleep and CBF as their primary outcomes should be developed to

gain a deeper understanding on those as they are indispensable elements of the brain

health.

Regarding health behaviour research, a Patient Public Involvement (PPI) to
identify participants’ views in the study design stage and a focus group to explore
participants’ opinions after the intervention to understand what exactly drove them to
change their dietary behaviour should be included in future studies to improve design and

to provide invaluable insights into intervention adherence (455).

Furthermore, although a MDP is a plant-based dietary pattern, it is still not fully
vegan or vegetarian. Considering being vegan/vegetarian was the most common
exclusion reason at screening (nearly 10%) for MediMood, alternative MDP versions
should be developed for those individuals, to explore the best alternatives to substitute
fish. Besides, we did not assess their hydration status or track their water consumption
during the study, which is reported to affect mood and cognitive performance (456),
hence, can be considered for future trial designs. Similarly, we did not monitor their
caffeine intake that is also reported to play a significant role particularly on cognition,

thus, should be taken into account for future study designs (457).

The health and longevity of ‘traditional’ Mediterranean citizens, the root
inspiration for researchers to work on a MDP, is likely to be beyond only diet (458). An
active lifestyle, ‘siesta’ (nap at midday), eating together, having strong social and family
relationships are all recognised to be core elements of a Mediterranean lifestyle pattern
alongside diet (251, 459-461). Therefore, a study holistically assessing and/or intervening

as many of those components as possible along with eating behaviour/nutrition in non-
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Mediterranean populations, would take nutrition and brain health research one step

further.

200



References

1. Ross AC, Caballero B, Cousins RJ, Tucker KL. Modern nutrition in health and
disease: Jones & Bartlett Learning; 2020.

2. World Health Organization. Regional Office for Europe. Ottawa Charter for
Health Promotion, 1986. Ottawa Charter for Health Promotion, 1986 (who.int)

3. Sami W, Ansari T, Butt NS, Ab Hamid MR. Effect of diet on type 2 diabetes
mellitus: A review. International journal of health sciences. 2017;11(2):65.

4, Reddy KS, Katan MB. Diet, nutrition and the prevention of hypertension and
cardiovascular diseases. Public health nutrition. 2004;7(1a):167-86.

5. Ostuzzi R, Didonna F, Micciolo R. One-year weight follow-up in anorexia

nervosa after inpatient psycho-nutritional rehabilitative treatment. Eating and Weight
Disorders - Studies on Anorexia, Bulimia and Obesity. 1999;4(4):194-7.

6. Topcuoglu MA, Arsava EM. Neuronutrition: An Emerging Concept. In: Arsava
EM, editor. Nutrition in Neurologic Disorders: A Practical Guide. Cham: Springer
International Publishing; 2017. p. 155-206.

7. Adan RAH, van der Beek EM, Buitelaar JK, Cryan JF, Hebebrand J, Higgs S, et al.
Nutritional psychiatry: Towards improving mental health by what you eat. European
Neuropsychopharmacology. 2019;29(12):1321-32.

8. Rao TS, Asha MR, Ramesh BN, Rao KS. Understanding nutrition, depression and
mental illnesses. Indian J Psychiatry. 2008;50(2):77-82.
o. Zamroziewicz MK, Barbey AK. Nutritional Cognitive Neuroscience: Innovations

for Healthy Brain Aging. Frontiers in Neuroscience. 2016;10.

10. Bach B, Kramer U, Doering S, di Giacomo E, Hutsebaut J, Kaera A, et al. The ICD-
11 classification of personality disorders: a European perspective on challenges and
opportunities. Borderline Personality Disorder and Emotion Dysregulation.
2022;9(1):12.

11. First MB, Gaebel W, Maj M, Stein DJ, Kogan CS, Saunders JB, et al. An
organization- and category-level comparison of diagnostic requirements for mental
disorders in ICD-11 and DSM-5. World Psychiatry. 2021;20(1):34-51.

12. NHS Digital. National Clinical Coding Standards ICD-10 5th Edition. 2023. ICD-
10 2023 5th Ed NCCS.pdf (classbrowser.nhs.uk)

13. NHS Digital. Clinical classifications. 2023. Clinical Classifications - NHS England
Digital

14. World Health Organization. ICD-11: International classification of diseases (11th
revision). 2022. ICD-11 (who.int)

15. National Institute for Health and Care Excellence. Browse guidance by topic.
Mental health, behavioural and neurodevelopmental conditions. Mental health,
behavioural and neurodevelopmental conditions | Topic | NICE

16. National Institute for Health and Care Excellence. Insomnia. 2024. Insomnia
Health topics Ato Z | CKS | NICE

17. Maj M, Stein DJ, Parker G, Zimmerman M, Fava GA, De Hert M, et al. The
clinical characterization of the adult patient with depression aimed at personalization
of management. World Psychiatry. 2020;19(3):269-93.

18. National Institute for Health and Care Excellence. Depression in adults:
treatment and management. 2022. Overview | Depression in adults: treatment and
management | Guidance | NICE

201



19. Thayer JF, Friedman BH, Borkovec TD. Autonomic characteristics of generalized
anxiety disorder and worry. Biological Psychiatry. 1996;39(4):255-66.

20. National Institute for Health and Care Excellence. Common mental health
problems: identification and pathways to care. 2011. Common mental health
problems: identification and pathways to care | Guidance | NICE

21. Substance Abuse and Mental Health Services Administration (US) Methodology
Report. Impact of the DSM-IV to DSM-5 Changes on the National Survey on Drug Use
and Health. 2016.

22. Hirschfeld RM. The comorbidity of major depression and anxiety disorders:
recognition and management in primary care. Primary care companion to the Journal
of clinical psychiatry. 2001;3(6):244.

23. Dragan M, Grajewski P, Shevlin M. Adjustment disorder, traumatic stress,
depression and anxiety in Poland during an early phase of the COVID-19 pandemic.
European Journal of Psychotraumatology. 2021;12(1):1860356.

24, Shalev AY. Acute stress reactions in adults. Biological Psychiatry.
2002;51(7):532-43.

25. Filiou MD, Sandi C. Anxiety and Brain Mitochondria: A Bidirectional Crosstalk.
Trends in Neurosciences. 2019;42(9):573-88.

26. Ganguli M, Blacker D, Blazer DG, Grant |, Jeste DV, Paulsen JS, et al.
Classification of neurocognitive disorders in DSM-5: a work in progress. Am J Geriatr
Psychiatry. 2011;19(3):205-10.

27. Sachdev PS, Blacker D, Blazer DG, Ganguli M, Jeste DV, Paulsen JS, et al.
Classifying neurocognitive disorders: the DSM-5 approach. Nature Reviews Neurology.
2014;10(11):634-42.

28. Salthouse TA. When does age-related cognitive decline begin? Neurobiology of
Aging. 2009;30(4):507-14.

29. Hugo J, Ganguli M. Dementia and cognitive impairment: epidemiology,
diagnosis, and treatment. Clin Geriatr Med. 2014;30(3):421-42.
30. Reisberg B, Shulman MB, Torossian C, Leng L, Zhu W. Outcome over seven

years of healthy adults with and without subjective cognitive impairment. Alzheimer's
& Dementia. 2010;6(1):11-24.

31. Perrotin A, La Joie R, de La Sayette V, Barré L, Mézenge F, Mutlu J, et al.
Subjective cognitive decline in cognitively normal elders from the community or from a
memory clinic: Differential affective and imaging correlates. Alzheimer's & Dementia.
2017;13(5):550-60.

32. Moreira HS, Costa AS, Machado A, Castro SL, Lima CF, Vicente SG.
Distinguishing mild cognitive impairment from healthy aging and Alzheimer’s Disease:
The contribution of the INECO Frontal Screening (IFS). PLoS One. 2019;14(9):e0221873.
33. Etgen T, Sander D, Bickel H, Forstl H. Mild Cognitive Impairment and Dementia
The Importance of Modifiable Risk Factors. Deutsches Arzteblatt International.
2011;108(44):743-U12.

34, Jennings A, Cunnane SC, Minihane AM. Can nutrition support healthy cognitive
ageing and reduce dementia risk? BMJ. 2020;369:m2269.

35. Pontifex M, Vauzour D, Minihane A-M. The effect of APOE genotype on
Alzheimer's disease risk is influenced by sex and docosahexaenoic acid status.
Neurobiology of Aging. 2018;69:209-20.

202



36. Leonhardi J, Barthel H, Speerforck S, Dietzel J, Schroeter ML, Saur D, et al.
Differential Diagnosis Between Alzheimer’s Disease-Related Depression and Pseudo-
Dementia in Depression: A New Indication for Amyloid-pB Imaging? Journal of
Alzheimer's Disease. 2022;88:1029-35.

37. Perry GS, Patil SP, Presley-Cantrell LR. Raising Awareness of Sleep as a Healthy
Behavior. Preventing Chronic Disease. 2013;10:E133.

38. Oswald I. Sleep as a Restorative Process: Human Clues. In: McConnell PS, Boer
GJ, Romijn HJ, Van De Poll NE, Corner MA, editors. Progress in Brain Research. 53:
Elsevier; 1980. p. 279-88.

39. Carley DW, Farabi SS. Physiology of Sleep. Diabetes Spectr. 2016;29(1):5-9.
40. Adam K. Sleep as a Restorative Process and a Theory to Explain Why. In:
McConnell PS, Boer GJ, Romijn HJ, Van De Poll NE, Corner MA, editors. Progress in
Brain Research. 53: Elsevier; 1980. p. 289-305.

41. Morselli LL, Guyon A, Spiegel K. Sleep and metabolic function. Pfligers Archiv -
European Journal of Physiology. 2012;463(1):139-60.

42. Krueger JM, Jr FO. Sleep function. FBL. 2003;8(4):511-9.

43, Frank MG. The mystery of sleep function: current perspectives and future
directions. Reviews in the Neurosciences. 2006;17(4):375-92.
44, Palmer CA, Alfano CA. Sleep and emotion regulation: An organizing, integrative

review. Sleep Medicine Reviews. 2017;31:6-16.

45. Killgore WDS. Effects of sleep deprivation on cognition. In: Kerkhof GA, Dongen
HPAv, editors. Progress in Brain Research. 185: Elsevier; 2010. p. 105-29.

46. Tononi G, Cirelli C. Sleep function and synaptic homeostasis. Sleep Medicine
Reviews. 2006;10(1):49-62.

47. Diekelmann S, Born J. The memory function of sleep. Nature Reviews
Neuroscience. 2010;11(2):114-26.

48. Landmann N, Kuhn M, Piosczyk H, Feige B, Baglioni C, Spiegelhalder K, et al. The
reorganisation of memory during sleep. Sleep Medicine Reviews. 2014;18(6):531-41.
49. Benitez A, Gunstad J. Poor Sleep Quality Diminishes Cognitive Functioning
Independent of Depression and Anxiety in Healthy Young Adults. The Clinical
Neuropsychologist. 2012;26(2):214-23.

50. Magquet P. Sleep function(s) and cerebral metabolism. Behavioural Brain
Research. 1995;69(1):75-83.

51. Miraglia F, Tomino C, Vecchio F, Gorgoni M, De Gennaro L, Rossini PM. The
brain network organization during sleep onset after deprivation. Clinical
Neurophysiology. 2021;132(1):36-44.

52. Weiss JT, Donlea JM. Roles for Sleep in Neural and Behavioral Plasticity:
Reviewing Variation in the Consequences of Sleep Loss. Front Behav Neurosci.
2021;15:777799.

53. World Health Organization. Depression and other common mental disorders
Global Health Estimates. 2017. Depression and Other Common Mental Disorders
(who.int)

54. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global,
regional, and national incidence, prevalence, and years lived with disability for 354
diseases and injuries for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. The Lancet.
2018;392(10159):1789-858.

203



55. World Health Organization. Global burden of mental disorders and the need for
a comprehensive, coordinated response from health and social sectors at the country
level: report by the Secretariat. 2012. Microsoft Word - B130 9-en.doc (who.int)

56. World Health Organization. Depression. 2021. Depression (who.int)

57. Office for National Statistics. Cost of living and depression in adults, Great
Britain: 29 September to 23 October 2022. Cost of living and depression in adults,
Great Britain - Office for National Statistics (ons.gov.uk)

58. Overton M, Pihlsgard M, Elmstahl S. Prevalence and Incidence of Mild Cognitive
Impairment across Subtypes, Age, and Sex. Dementia and Geriatric Cognitive
Disorders. 2019;47(4-6):219-32.

59. Nichols E, Steinmetz JD, Vollset SE, Fukutaki K, Chalek J, Abd-Allah F, et al.
Estimation of the global prevalence of dementia in 2019 and forecasted prevalence in
2050: an analysis for the Global Burden of Disease Study 2019. The Lancet Public
Health. 2022;7(2):e105-e25.

60. Nichols E, Szoeke CE, Vollset SE, Abbasi N, Abd-Allah F, Abdela J, et al. Global,
regional, and national burden of Alzheimer's disease and other dementias, 1990-2016:
a systematic analysis for the Global Burden of Disease Study 2016. The Lancet
Neurology. 2019;18(1):88-106.

61. Chung SC, Providencia R, Sofat R, Pujades-Rodriguez M, Torralbo A, Fatemifar
G, et al. Incidence, morbidity, mortality and disparities in dementia: A population
linked electronic health records study of 4.3 million individuals. Alzheimers Dement.
2023;19(1):123-35.

62. World Health Organization. The top 10 causes of death. 2024. The top 10
causes of death (who.int)

63. Association AP. Sleep-wake disorders: DSM-5® selections: American Psychiatric
Pub; 2015.

64. Peterson MJ, Benca RM. Sleep in Mood Disorders. Psychiatric Clinics.
2006;29(4):1009-32.

65. Benca RM, Okawa M, Uchiyama M, Ozaki S, Nakajima T, Shibui K, et al. Sleep
and mood disorders. Sleep Medicine Reviews. 1997;1(1):45-56.

66. Gonzalez-Campoy JM, St.jeor ST, Castorino K, Ebrahim A, Hurley D, Jovanovic L,
et al. Clinical practice guidelines for healthy eating for the prevention and treatment of
metabolic and endocrine diseases in adults: Cosponsored by the American association
of clinical endocrinologists/the american college of endocrinology and the obesity
society: Executive summary. Endocrine Practice. 2013;19(5):875-87.

67. Patel A, Biso GMNR, Fowler JB. Neuroanatomy, temporal lobe. StatPearls
Publishing; 2021.

68. Moini J, Avgeropoulos N, Samsam M. Epidemiology of brain and spinal tumors:
Academic Press; 2021.

69. Fogwe LA, Reddy V, Mesfin FB. Neuroanatomy, hippocampus. 2018.

70. Horel JA. The neuroanatomy of amnesia: A critique of the hippocampal
memory hypothesis. Brain. 1978;101(4):NP1-NP.

71. Scoville WB, Milner B. Loss of recent memory after bilateral hippocampal
lesions. J Neurol Neurosurg Psychiatry. 1957;20(1):11-21.

72. AbuHasan Q, Reddy V, Siddiqui W. Neuroanatomy, amygdala. StatPearls
Publishing; 2021.

204



73. LeDoux J. The emotional brain, fear, and the amygdala. Cellular and molecular
neurobiology. 2003;23:727-38.

74. Joseph R. The limbic system: emotion, laterality, and unconscious mind.
Psychoanalytic review-New York-. 1992;79:405-.

75. Nikolenko VN, Oganesyan MV, Rizaeva NA, Kudryashova VA, Nikitina AT, Pavliv
MP, et al. Amygdala: neuroanatomical and morphophysiological features in terms of
neurological and neurodegenerative diseases. Brain Sciences. 2020;10(8):502.

76. Baxter MG, Murray EA. The amygdala and reward. Nature Reviews
Neuroscience. 2002;3(7):563-73.

77. Wachinger C, Salat DH, Weiner M, Reuter M, Initiative AsDN. Whole-brain
analysis reveals increased neuroanatomical asymmetries in dementia for hippocampus
and amygdala. Brain. 2016;139(12):3253-66.

78. El-Baba RM, Schury MP. Neuroanatomy, frontal cortex. 2020.

79. Gent TC, Bassetti CLA, Adamantidis AR. Sleep-wake control and the thalamus.
Current Opinion in Neurobiology. 2018;52:188-97.

80. Jan JE, Reiter RJ, Wasdell MB, Bax M. The role of the thalamus in sleep, pineal
melatonin production, and circadian rhythm sleep disorders. Journal of Pineal
Research. 2009;46(1):1-7.

81. Morrell MJ, McRobbie DW, Quest RA, Cummin ARC, Ghiassi R, Corfield DR.
Changes in brain morphology associated with obstructive sleep apnea. Sleep Medicine.
2003;4(5):451-4.

82. Payne JD, Kensinger EA. Sleep leads to changes in the emotional memory trace:
evidence from FMRI. J Cogn Neurosci. 2011;23(6):1285-97.

83. Wen W, Thalamuthu A, Mather KA, Zhu W, Jiang J, de Micheaux PL, et al.
Distinct Genetic Influences on Cortical and Subcortical Brain Structures. Sci Rep.
2016;6:32760.

84. Zilka N, Novak M. The tangled story of Alois Alzheimer. Bratislavske lekarske
listy. 2006;107(9/10):343.

85. Adolfsson R, Gottfries C, Roos B, Winblad B. Changes in the brain
catecholamines in patients with dementia of Alzheimer type. The British Journal of
Psychiatry. 1979;135(3):216-23.

86. Alexopoulos GS, Meyers BS, Young RC, Campbell S, Silbersweig D, Charlson M.
'Vascular Depression' Hypothesis. Archives of General Psychiatry. 1997;54(10):915-22.
87. Kirichenko A. Depression, anxiety and cardiovascular system. Therapist.
2002;12:58-61.

88. Gallagher D, O'Regan C, Savva GM, Cronin H, Lawlor BA, Kenny RA. Depression,
anxiety and cardiovascular disease: Which symptoms are associated with increased
risk in community dwelling older adults? Journal of Affective Disorders.
2012;142(1):132-8.

89. Kelleher RJ, Soiza RL. Evidence of endothelial dysfunction in the development
of Alzheimer's disease: Is Alzheimer's a vascular disorder? Am J Cardiovasc Dis.
2013;3(4):197-226.

90. Thorp EB, Flanagan ME, Popko B, DeBerge M. Resolving inflammatory links
between myocardial infarction and vascular dementia. Seminars in Immunology.
2022;59:101600.

205



91. Kuzma E, Lourida I, Moore SF, Levine DA, Ukoumunne OC, Llewellyn DJ. Stroke
and dementia risk: a systematic review and meta-analysis. Alzheimer's & Dementia.
2018;14(11):1416-26.

92. Alexopoulos GS. The vascular depression hypothesis: 10 years later. Biological
psychiatry. 2006;60(12):1304-5.

93. Chrysohoou C, Kollia N, Tousoulis D. The link between depression and
atherosclerosis through the pathways of inflammation and endothelium dysfunction.
Maturitas. 2018;109:1-5.

94. Roher AE, Tyas SL, Maarouf CL, Daugs ID, Kokjohn TA, Emmerling MR, et al.
Intracranial atherosclerosis as a contributing factor to Alzheimer’s disease dementia.
Alzheimer's & Dementia. 2011;7(4):436-44.

95. Waclawovsky AJ, de Brito E, Smith L, Vancampfort D, da Silva AMV, Schuch FB.
Endothelial dysfunction in people with depressive disorders: A systematic review and
meta-analysis. Journal of Psychiatric Research. 2021;141:152-9.

96. Vogel RA, Corretti MC, Plotnick GD. Effect of a Single High-Fat Meal on
Endothelial Function in Healthy Subjects. The American Journal of Cardiology.
1997;79(3):350-4.

97. Bonetti PO, Lerman LO, Lerman A. Endothelial Dysfunction. Arteriosclerosis,
Thrombosis, and Vascular Biology. 2003;23(2):168-75.

98. Poredos P, Poredos AV, Gregoric |. Endothelial Dysfunction and Its Clinical
Implications. Angiology. 2021;72(7):604-15.

99. Taylor WD, Aizenstein HJ, Alexopoulos GS. The vascular depression hypothesis:
mechanisms linking vascular disease with depression. Molecular Psychiatry.
2013;18(9):963-74.

100. Terry RD, Davies P. Dementia of the Alzheimer type. Annual review of
neuroscience. 1980;3(1):77-95.

101. Kisler K, Nelson AR, Montagne A, Zlokovic BV. Cerebral blood flow regulation
and neurovascular dysfunction in Alzheimer disease. Nature Reviews Neuroscience.
2017;18(7):419-34.

102. LanD, Songs§, Jia M, Wang M, Jiao B, Liu Y, et al. Cerebral Venous-Associated
Brain Damage May Lead to Anxiety and Depression. Journal of Clinical Medicine.
2022;11(23):6927.

103. Alosco ML, Gunstad J, Beard C, Xu X, Clark US, Labbe DR, et al. The synergistic
effects of anxiety and cerebral hypoperfusion on cognitive dysfunction in older adults
with cardiovascular disease. Journal of geriatric psychiatry and neurology.
2015;28(1):57-66.

104. Chao LL, Buckley ST, Kornak J, Schuff N, Madison C, Yaffe K, et al. ASL perfusion
MRI predicts cognitive decline and conversion from MCI to dementia. Alzheimer
Disease & Associated Disorders. 2010;24(1):19-27.

105. Mazza M, Marano G, Traversi G, Bria P, Mazza S. Primary cerebral blood flow
deficiency and Alzheimer's disease: shadows and lights. Journal of Alzheimer's Disease.
2011;23(3):375-89.

106. Hoehn-Saric R, Lee JS, McLeod DR, Wong DF. Effect of worry on regional
cerebral blood flow in nonanxious subjects. Psychiatry Research: Neuroimaging.
2005;140(3):259-69.

206



107. Lennerz BS, Alsop DC, Holsen LM, Stern E, Rojas R, Ebbeling CB, et al. Effects of
dietary glycemic index on brain regions related to reward and craving in men. The
American Journal of Clinical Nutrition. 2013;98(3):641-7.

108. Shabab T, Khanabdali R, Moghadamtousi SZ, Kadir HA, Mohan G.
Neuroinflammation pathways: a general review. International Journal of Neuroscience.
2017;127(7):624-33.

109. Ransohoff RM. How neuroinflammation contributes to neurodegeneration.
Science. 2016;353(6301):777-83.

110. Padovan G, Preteroti R, Bortolato B, Papaioannou MM, Piva G, Magnolfi G. High
Sensitivity C-Reactive Protein as a Potential Biomarker of Neuroinflammation in Major
Psychiatric Disorders. Current Psychiatry Reviews. 2018;14(2):105-28.

111. Luan Y-y, Yao Y-m. The clinical significance and potential role of C-reactive
protein in chronic inflammatory and neurodegenerative diseases. Frontiers in
immunology. 2018;9:1302.

112. Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive
protein, IL-1, and IL-6: a meta-analysis. Psychosomatic medicine. 2009;71(2):171-86.
113. Longs, ChenY, Meng, Yang Z, Wei M, Li T, et al. Peripheral high levels of CRP
predict progression from normal cognition to dementia: A systematic review and
meta-analysis. Journal of Clinical Neuroscience. 2023;107:54-63.

114. Heneka MT, Carson MJ, Khoury JE, Landreth GE, Brosseron F, Feinstein DL, et al.
Neuroinflammation in Alzheimer's disease. The Lancet Neurology. 2015;14(4):388-405.
115. Gobel B, Langemann D, Oltmanns KM, Chung M. Compact energy metabolism
model: brain controlled energy supply. J Theor Biol. 2010;264(4):1214-24.

116. Cunnane SC, Courchesne-Loyer A, Vandenberghe C, St-Pierre V, Fortier M,
Hennebelle M, et al. Can Ketones Help Rescue Brain Fuel Supply in Later Life?
Implications for Cognitive Health during Aging and the Treatment of Alzheimer’s
Disease. Frontiers in Molecular Neuroscience. 2016;9(53).

117. Cunnane SC, Courchesne-Loyer A, St-Pierre V, Vandenberghe C, Pierotti T,
Fortier M, et al. Can ketones compensate for deteriorating brain glucose uptake during
aging? Implications for the risk and treatment of Alzheimer's disease. Ann N 'Y Acad Sci.
2016;1367(1):12-20.

118. Blazquez E, Hurtado-Carneiro V, LeBaut-Ayuso Y, Veldzquez E, Garcia-Garcia L,
Goémez-Oliver F, et al. Significance of Brain Glucose Hypometabolism, Altered Insulin
Signal Transduction, and Insulin Resistance in Several Neurological Diseases. Frontiers
in Endocrinology. 2022;13.

119. Rasgon N, Jarvik L. Insulin Resistance, Affective Disorders, and Alzheimer's
Disease: Review and Hypothesis. The Journals of Gerontology: Series A.
2004;59(2):M178-M83.

120. RoyT, Lloyd CE. Epidemiology of depression and diabetes: A systematic review.
Journal of Affective Disorders. 2012;142:58-S21.

121. GeneE. Alexander, Ph.D.,, Kewei Chen, Ph.D.,, Pietro Pietrini, M.D., Ph.D. ,,
Stanley I. Rapoport, M.D., and, Eric M. Reiman, M.D. Longitudinal PET Evaluation of
Cerebral Metabolic Decline in Dementia: A Potential Outcome Measure in Alzheimer’s
Disease Treatment Studies. American Journal of Psychiatry. 2002;159(5):738-45.

122. de la Monte SM, Wands JR. Alzheimer's disease is type 3 diabetes-evidence
reviewed. J Diabetes Sci Technol. 2008;2(6):1101-13.

207



123. M de la Monte S. Brain insulin resistance and deficiency as therapeutic targets
in Alzheimer's disease. Current Alzheimer Research. 2012;9(1):35-66.

124. Tichomirowa MA, Keck ME, Schneider HJ, Paez-Pereda M, Renner U, Holsboer
F, et al. Endocrine disturbances in depression. Journal of Endocrinological
Investigation. 2005;28(3):89-99.

125. Makris AP, Karianaki M, Tsamis Kl, Paschou SA. The role of the gut-brain axis in
depression: endocrine, neural, and immune pathways. Hormones. 2021;20(1):1-12.
126. Andreas S, Florian H. Stress-responsive neurohormones in depression and
anxiety. Handbook of depression and anxiety. 2003:207-28.

127. Pégo J, Sousa J, Almeida O, Sousa N. Stress and the neuroendocrinology of
anxiety disorders. Behavioral neurobiology of anxiety and its treatment. 2010:97-118.
128. Steiger A, Dresler M, Kluge M, Schissler P. Pathology of Sleep, Hormones and
Depression. Pharmacopsychiatry. 2013;46(S 01):530-S5.

129. Dedovic K, Duchesne A, Andrews J, Engert V, Pruessner JC. The brain and the
stress axis: The neural correlates of cortisol regulation in response to stress.
Neurolmage. 2009;47(3):864-71.

130. Adam EK, Quinn ME, Tavernier R, McQuillan MT, Dahlke KA, Gilbert KE. Diurnal
cortisol slopes and mental and physical health outcomes: A systematic review and
meta-analysis. Psychoneuroendocrinology. 2017;83:25-41.

131. Duong M, Cohen JI, Convit A. High cortisol levels are associated with low quality
food choice in type 2 diabetes. Endocrine. 2012;41:76-81.

132. Perogamvros |, Ray DW, Trainer PJ. Regulation of cortisol bioavailability—
effects on hormone measurement and action. Nature Reviews Endocrinology.
2012;8(12):717-27.

133. Fakhoury M, Eid F, El Ahmad P, Khoury R, Mezher A, El Masri D, et al. Exercise
and dietary factors mediate neural plasticity through modulation of BDNF signaling.
Brain Plasticity. 2022;8(1):121-8.

134. Polacchini A, Metelli G, Francavilla R, Baj G, Florean M, Mascaretti LG, et al. A
method for reproducible measurements of serum BDNF: comparison of the
performance of six commercial assays. Sci Rep. 2015;5:17989.

135. Bathina S, Das UN. Brain-derived neurotrophic factor and its clinical
implications. Archives of medical science. 2015;11(6):1164-78.

136. Levy MJF, Boulle F, Steinbusch HW, van den Hove DLA, Kenis G, Lanfumey L.
Neurotrophic factors and neuroplasticity pathways in the pathophysiology and
treatment of depression. Psychopharmacology. 2018;235(8):2195-220.

137. Lee B-H, Kim Y-K. The roles of BDNF in the pathophysiology of major depression
and in antidepressant treatment. Psychiatry investigation. 2010;7(4):231.

138. Molendijk ML, Spinhoven P, Polak M, Bus BAA, Penninx BWJH, Elzinga BM.
Serum BDNF concentrations as peripheral manifestations of depression: evidence from
a systematic review and meta-analyses on 179 associations (N=9484). Molecular
Psychiatry. 2014;19(7):791-800.

139. Ng TKS, Ho CSH, Tam WWS, Kua EH, Ho RC-M. Decreased serum brain-derived
neurotrophic factor (BDNF) levels in patients with Alzheimer’s disease (AD): a
systematic review and meta-analysis. International journal of molecular sciences.
2019;20(2):257.

208



140. Duman RS, Deyama S, Fogaca MV. Role of BDNF in the pathophysiology and
treatment of depression: Activity-dependent effects distinguish rapid-acting
antidepressants. European Journal of Neuroscience. 2021;53(1):126-39.

141. Guo B, Zhang M, Hao W, Wang Y, Zhang T, Liu C. Neuroinflammation
mechanisms of neuromodulation therapies for anxiety and depression. Translational
Psychiatry. 2023;13(1):5.

142. World Health Organization. Mental disorders. 2022. Mental disorders (who.int)
143. van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, Chen C, Gee M, et al.
Lecanemab in Early Alzheimer's Disease. N Engl J Med. 2023;388(1):9-21.

144. Mintun MA, Lo AC, Duggan Evans C, Wessels AM, Ardayfio PA, Andersen SW, et
al. Donanemab in early Alzheimer’s disease. New England Journal of Medicine.
2021;384(18):1691-704.

145. Terao |, Kodama W. Comparative efficacy, tolerability and acceptability of
donanemab, lecanemab, aducanumab and lithium on cognitive function in mild
cognitive impairment and Alzheimer's disease: A systematic review and network meta-
analysis. Ageing Research Reviews. 2024;94:102203.

146. (NICE) NIfHaCE. Benefits of new Alzheimer’s treatment lecanemab are too
small to justify the cost to the NHS. 2024.

147. Firth J, Siddigi N, Koyanagi A, Siskind D, Rosenbaum S, Galletly C, et al. The
Lancet Psychiatry Commission: a blueprint for protecting physical health in people with
mental illness. The Lancet Psychiatry. 2019;6(8):675-712.

148. Ritchie K, Lovestone S. The dementias. The Lancet. 2002;360(9347):1759-66.
149. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D, et al.
Dementia prevention, intervention, and care. The Lancet. 2017;390(10113):2673-734.
150. Vilarnau C, Stracker DM, Funtikov A, da Silva R, Estruch R, Bach-Faig A.
Worldwide adherence to Mediterranean Diet between 1960 and 2011. European
journal of clinical nutrition. 2019;72(Suppl 1):83-91.

151. Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E, et al.
Mediterranean diet pyramid: a cultural model for healthy eating. The American journal
of clinical nutrition. 1995;61(6):1402S-6S.

152. Davis C, Bryan J, Hodgson J, Murphy K. Definition of the Mediterranean Diet; a
Literature Review. Nutrients. 2015;7(11):9139-53.

153. Sdez-Almendros S, Obrador B, Bach-Faig A, Serra-Majem L. Environmental
footprints of Mediterranean versus Western dietary patterns: beyond the health
benefits of the Mediterranean diet. Environ Health. 2013;12:118.

154. Dernini S, Berry EM. Mediterranean Diet: From a Healthy Diet to a Sustainable
Dietary Pattern. Frontiers in Nutrition. 2015;2(15).

155. UNESCO Intangible Cultural Heritage. Mediterranean diet 2013. Mediterranean
diet - intangible heritage - Culture Sector - UNESCO

156. Mila-Villarroel R, Bach-Faig A, Puig J, Puchal A, Farran A, Serra-Majem L, et al.
Comparison and evaluation of the reliability of indexes of adherence to the
Mediterranean diet. Public Health Nutrition. 2011;14(12A):2338-45.

157. Bach A, Serra-Majem L, Carrasco JL, Roman B, Ngo J, Bertomeu |, et al. The use
of indexes evaluating the adherence to the Mediterranean diet in epidemiological
studies: a review. Public Health Nutrition. 2006;9(1a):132-46.

158. Minihane AM, Murphy KJ. The health benefits and practical considerations for
the adoption of a Mediterranean-style dietary pattern. Br J Nutr. 2022;128(7):1201-5.

209




159. Martinez-Gonzdlez MA, Garcia-Arellano A, Toledo E, Salas-Salvado J, Buil-
Cosiales P, Corella D, et al. A 14-item Mediterranean diet assessment tool and obesity
indexes among high-risk subjects: the PREDIMED trial. 2012.

160. Papadaki A, Johnson L, Toumpakari Z, England C, Rai M, Toms S, et al.
Validation of the English Version of the 14-Iltem Mediterranean Diet Adherence
Screener of the PREDIMED Study, in People at High Cardiovascular Risk in the UK.
Nutrients. 2018; 10(2).

161. Shannon OM, Lee V, Bundy R, Gillings R, Jennings A, Stephan B, et al. Feasibility
and acceptability of a multi-domain intervention to increase Mediterranean diet
adherence and physical activity in older UK adults at risk of dementia: protocol for the
MedEx-UK randomised controlled trial. BMJ Open. 2021;11(2):e042823.

162. Keys A. Mediterranean diet and public health: personal reflections. The
American Journal of Clinical Nutrition. 1995;61(6):1321S-3S.

163. Kromhout D, Menotti A, Bloemberg B, Aravanis C, Blackburn H, Buzina R, et al.
Dietary Saturated and transFatty Acids and Cholesterol and 25-Year Mortality from
Coronary Heart Disease: The Seven Countries Study. Preventive Medicine.
1995;24(3):308-15.

164. Knoops KTB, de Groot LCPGM, Kromhout D, Perrin A-E, Moreiras-Varela O,
Menotti A, et al. Mediterranean Diet, Lifestyle Factors, and 10-Year Mortality in Elderly
European Men and WomenThe HALE Project. JAMA. 2004;292(12):1433-9.

165. Tong TYN, Wareham NJ, Khaw K-T, Imamura F, Forouhi NG. Prospective
association of the Mediterranean diet with cardiovascular disease incidence and
mortality and its population impact in a non-Mediterranean population: the EPIC-
Norfolk study. BMC Medicine. 2016;14(1):135.

166. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a
Mediterranean Diet and Survival in a Greek Population. New England Journal of
Medicine. 2003;348(26):2599-608.

167. Martinez-Gonzalez MA, Corella D, Salas-Salvadé J, Ros E, Covas M, Fiol M, et al.
Cohort Profile: Design and methods of the PREDIMED study. International Journal of
Epidemiology. 2012;41(2):377-85.

168. Ros E, Martinez-Gonzalez MA, Estruch R, Salas-Salvadd J, Fitd M, Martinez JA,
et al. Mediterranean diet and cardiovascular health: Teachings of the PREDIMED study.
Advances in nutrition. 2014;5(3):330S-6S.

169. Zazpe |, Sanchez-Tainta A, Estruch R, Lamuela-Raventos RM, Schroder H, Salas-
Salvado J, et al. A Large Randomized Individual and Group Intervention Conducted by
Registered Dietitians Increased Adherence to Mediterranean-Type Diets: The
PREDIMED Study. Journal of the American Dietetic Association. 2008;108(7):1134-44.
170. Estruch R, Ros E, Salas-Salvadd J, Covas M-I, Corella D, Ards F, et al. Primary
prevention of cardiovascular disease with a Mediterranean diet. New England Journal
of Medicine. 2013;368(14):1279-90.

171. Sanchez-Villegas A, Galbete C, Martinez-Gonzalez MA, Martinez JA, Razquin C,
Salas-Salvado J, et al. The effect of the Mediterranean diet on plasma brain-derived
neurotrophic factor (BDNF) levels: the PREDIMED-NAVARRA randomized trial.
Nutritional neuroscience. 2011;14(5):195-201.

172. Sood S, Feehan J, Itsiopoulos C, Wilson K, Plebanski M, Scott D, et al. Higher
Adherence to a Mediterranean Diet Is Associated with Improved Insulin Sensitivity and

210



Selected Markers of Inflammation in Individuals Who Are Overweight and Obese
without Diabetes. Nutrients. 2022; 14(20).

173. Shannon OM, Mendes |, Kbchl C, Mazidi M, Ashor AW, Rubele S, et al.
Mediterranean Diet Increases Endothelial Function in Adults: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials. The Journal of Nutrition.
2020;150(5):1151-9.

174. Vogel Robert A, Corretti Mary C, Plotnick Gary D. The postprandial effect of
components of the mediterranean diet on endothelial function. Journal of the
American College of Cardiology. 2000;36(5):1455-60.

175. Deanfield JE, Halcox JP, Rabelink TJ. Endothelial Function and Dysfunction.
Circulation. 2007;115(10):1285-95.

176. Lamport DJ, Pal D, Macready AL, Barbosa-Boucas S, Fletcher JM, Williams CM,
et al. The effects of flavanone-rich citrus juice on cognitive function and cerebral blood
flow: an acute, randomised, placebo-controlled cross-over trial in healthy, young
adults. British Journal of Nutrition. 2016;116(12):2160-8.

177. Sadeghi O, Keshteli AH, Afshar H, Esmaillzadeh A, Adibi P. Adherence to
Mediterranean dietary pattern is inversely associated with depression, anxiety and
psychological distress. Nutr Neurosci. 2019:1-12.

178. Altun A, Brown H, Szoeke C, Goodwill AM. The Mediterranean dietary pattern
and depression risk: A systematic review. Neurology, Psychiatry and Brain Research.
2019;33:1-10.

179. Sdanchez-Villegas A, Martinez-Gonzalez MA, Estruch R, Salas-Salvadé J, Corella
D, Covas M, et al. Mediterranean dietary pattern and depression: the PREDIMED
randomized trial. BMC medicine. 2013;11:208-.

180. Jacka FN, O'Neil A, Opie R, Itsiopoulos C, Cotton S, Mohebbi M, et al. A
randomised controlled trial of dietary improvement for adults with major depression
(the 'SMILES' trial). Bmc Medicine. 2017;15.

181. Parletta N, Zarnowiecki D, Cho J, Wilson A, Bogomolova S, Villani A, et al. A
Mediterranean-style dietary intervention supplemented with fish oil improves diet
quality and mental health in people with depression: A randomized controlled trial
(HELFIMED). Nutritional Neuroscience. 2019;22(7):474-87.

182. Bayes J, Schloss J, Sibbritt D. The effect of a Mediterranean diet on the
symptoms of depression in young males (the “AMMEND: A Mediterranean Diet in MEN
with Depression” study): a randomized controlled trial. The American Journal of
Clinical Nutrition. 2022;116(2):572-80.

183. Shannon OM, Stephan BCM, Granic A, Lentjes M, Hayat S, Mulligan A, et al.
Mediterranean diet adherence and cognitive function in older UK adults: the European
Prospective Investigation into Cancer and Nutrition—Norfolk (EPIC-Norfolk) Study. The
American Journal of Clinical Nutrition. 2019;110(4):938-48.

184. Singh B, Parsaik AK, Mielke MM, Erwin PJ, Knopman DS, Petersen RC, et al.
Association of Mediterranean Diet with Mild Cognitive Impairment and Alzheimer's
Disease: A Systematic Review and Meta-Analysis. Journal of Alzheimer's Disease.
2014;39:271-82.

185. Ful, Tan L, Lee JE, Shin S. Association between the mediterranean diet and
cognitive health among healthy adults: A systematic review and meta-analysis.
FRONTIERS IN NUTRITION. 2022;9.

211



186. Martinez-Lapiscina EH, Toledo E, Clavero P, Sanjulian B, Sanchez-Tainta A,
Corella D, et al. Virgin Olive Oil-Rich Mediterranean Diet Improves Cognition: The
Predimed-Navarra Randomized, Prevention Trial. Annals of Nutrition and Metabolism.
2013;62:36-.

187. Knight A, Bryan J, Wilson C, Hodgson JM, Davis CR, Murphy KJ. The
mediterranean diet and cognitive function among healthy older adults in a 6-month
randomised controlled trial: The MedLey study. Nutrients. 2016;8(9):579.

188. Berendsen A, Santoro A, Pini E, Cevenini E, Ostan R, Pietruszka B, et al. Reprint
of: A parallel randomized trial on the effect of a healthful diet on inflammageing and
its consequences in European elderly people: design of the NU-AGE dietary
intervention study. Mech Ageing Dev. 2014;136-137:14-21.

189. Marseglia A, Xu W, Fratiglioni L, Fabbri C, Berendsen AAM, Bialecka-Debek A, et
al. Effect of the NU-AGE Diet on Cognitive Functioning in Older Adults: A Randomized
Controlled Trial. Frontiers in physiology. 2018;9:349-.

190. Jennings A, Shannon OM, Gillings R, Lee V, Elsworthy R, Rao G, et al. Feasibility,
acceptability, and cognitive benefits of a theory-informed intervention to increase
Mediterranean diet adherence and physical activity in older adults at risk of dementia:
the MedEx-UK randomised controlled trial. medRxiv. 2023.

191. McMillan L, Owen L, Kras M, Scholey A. Behavioural effects of a 10-day
Mediterranean diet. Results from a pilot study evaluating mood and cognitive
performance. Appetite. 2011;56(1):143-7.

192. Leel, Pase M, Pipingas A, Raubenheimer J, Thurgood M, Villalon L, et al.
Switching to a 10-day Mediterranean-style diet improves mood and cardiovascular
function in a controlled crossover study. Nutrition. 2015;31(5):647-52.

193. Attuquayefio T, Stevenson RJ, Oaten MJ, Francis HM. A four-day Western-style
dietary intervention causes reductions in hippocampal-dependent learning and
memory and interoceptive sensitivity. PLOS ONE. 2017;12(2):e0172645.

194. Office for National Statistics. Deaths registered in England and Wales: 2021.
https://backup.ons.gov.uk/wp-content/uploads/sites/3/2022/06/Death-registration-
summary-statistics-England-and-Wales-2021.pdf

195. Prince M, Wimo A, Guerchet M, Ali G, Wu Y, Prina M. The global impact of
dementia. World Alzheimer Report. 2015:1-82.

196. Petersen RC. Mild cognitive impairment. CONTINUUM: Lifelong Learning in
Neurology. 2016;22(2 Dementia):404.

197. Jessen F, Amariglio RE, Buckley RF, van der Flier WM, Han Y, Molinuevo JL, et al.
The characterisation of subjective cognitive decline. The Lancet Neurology.
2020;19(3):271-8.

198. Jessen F, Amariglio RE, van Boxtel M, Breteler M, Ceccaldi M, Chételat G, et al.
A conceptual framework for research on subjective cognitive decline in preclinical
Alzheimer's disease. Alzheimer's & Dementia. 2014;10(6):844-52.

199. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D, et al.
Dementia prevention, intervention, and care. The Lancet. 2017;390(10113):2673-734.
200. Visioli F, Franco M, Toledo E, Luchsinger J, Willett WC, Hu FB, et al. Olive oil and
prevention of chronic diseases: Summary of an International conference. Nutrition
Metabolism and Cardiovascular Diseases. 2018;28(7):649-56.

212



201. Gorzynik-Debicka M, Przychodzen P, Cappello F, Kuban-Jankowska A, Marino
Gammazza A, Knap N, et al. Potential Health Benefits of Olive Qil and Plant
Polyphenols. International Journal of Molecular Sciences. 2018;19(3).

202. Bendall CL, Mayr HL, Opie RS, Bes-Rastrollo M, Itsiopoulos C, Thomas CJ.
Central obesity and the Mediterranean diet: A systematic review of intervention trials.
Critical Reviews in Food Science and Nutrition. 2018;58(18):3070-84.

203. Kastorini C-M, Milionis Haralampos J, Esposito K, Giugliano D, Goudevenos John
A, Panagiotakos Demosthenes B. The Effect of Mediterranean Diet on Metabolic
Syndrome and its Components. Journal of the American College of Cardiology.
2011;57(11):1299-313.

204. de Lorgeril M, Salen P, Martin J-L, Monjaud |, Delaye J, Mamelle N.
Mediterranean Diet, Traditional Risk Factors, and the Rate of Cardiovascular
Complications After Myocardial Infarction. Circulation. 1999;99(6):779-85.

205. Sanchez-Villegas A, Martinez-Gonzalez MA, Estruch R, Salas-Salvado J, Corella
D, Covas M, et al. Mediterranean dietary pattern and depression: The PREDIMED
randomized trial. BMC Medicine. 2013;11(1):208.

206. WuL, Sun DL. Adherence to Mediterranean diet and risk of developing
cognitive disorders: An updated systematic review and meta-analysis of prospective
cohort studies. Scientific Reports. 2017;7.

207. Shafiei F, Salari-Moghaddam A, Larijani B, Esmaillzadeh A. Adherence to the
Mediterranean diet and risk of depression: a systematic review and updated meta-
analysis of observational studies. Nutrition Reviews. 2019;77(4):230-9.

208. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JPA, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate health care interventions: explanation and elaboration. Journal of Clinical
Epidemiology. 2009;62(10):e1-e34.

209. Esgunoglu L CE, Jennings A, Murphy K, Minihane AM. Short-term effects of a
Mediterranean-style dietary pattern and olive oil on cognition, mood and mental
wellbeing: a systematic review of clinical trials. PROSPERO: University of York; 2021.
210. Bramer WM, Rethlefsen ML, Kleijnen J, Franco OH. Optimal database
combinations for literature searches in systematic reviews: a prospective exploratory
study. Systematic Reviews. 2017;6(1):245.

211. Gusenbauer M, Haddaway NR. Which academic search systems are suitable for
systematic reviews or meta-analyses? Evaluating retrieval qualities of Google Scholar,
PubMed, and 26 other resources. Research synthesis methods. 2020;11(2):181-217.
212. Haraldstad A-MB, Christophersen E. Chapter 5 - Literature Searches and
Reference Management. In: Laake P, Benestad HB, Olsen BR, editors. Research in
Medical and Biological Sciences (Second Edition). Amsterdam: Academic Press; 2015.
p. 125-65.

213. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB 2:
a revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366:14898.

214. Diekmann C, Wagner M, Huber H, Preuss M, Preuss P, Predel HG, et al. Acute
impact of dietary pattern and walking on postprandial attention, mood, and satiety in
older adults: A randomized crossover trial. Nutrients. 2019;11(10):2294.

215. De Vries E, Van Schrojenstein Lantman M, Hoebregts V, MacKus M, Garssen J,
Verster JC, et al. Mediterranean diet and mood. European Neuropsychopharmacology.
2017;27(Supplement 4):5879-S80.

213



216. Wade AT, Davis CR, Dyer KA, Hodgson JM, Woodman RJ, Keage HAD, et al. A
Mediterranean diet supplemented with dairy foods improves mood and processing
speed in an Australian sample: results from the MedDairy randomized controlled trial.
Nutritional Neuroscience. 2020;23(8):646-58.

217. Masana MF, Haro JM, Mariolis A, Piscopo S, Valacchi G, Bountziouka V, et al.
Mediterranean diet and depression among older individuals: The multinational MEDIS
study. Experimental Gerontology. 2018;110:67-72.

218. BayesJ, Schloss J, Sibbritt D. Effects of Polyphenols in a Mediterranean Diet on
Symptoms of Depression: A Systematic Literature Review. Advances in Nutrition.
2020;11(3):602-15.

219. Myette-Coté E, Durrer C, Neudorf H, Bammert TD, Botezelli JD, Johnson JD, et
al. The effect of a short-term low-carbohydrate, high-fat diet with or without postmeal
walks on glycemic control and inflammation in type 2 diabetes: a randomized trial.
American Journal of Physiology-Regulatory, Integrative and Comparative Physiology.
2018;315(6):R1210-R9.

220. Stevenson RJ, Francis HM, Attuquayefio T, Gupta D, Yeomans MR, Oaten MJ, et
al. Hippocampal-dependent appetitive control is impaired by experimental exposure to
a Western-style diet. Royal Society Open Science. 2020;7(2):191338.

221. Driscoll I, Hamilton DA, Petropoulos H, Yeo RA, Brooks WM, Baumgartner RN,
et al. The Aging Hippocampus: Cognitive, Biochemical and Structural Findings. Cerebral
Cortex. 2003;13(12):1344-51.

222. Bannerman DM, Rawlins JNP, McHugh SB, Deacon RMJ, Yee BK, Bast T, et al.
Regional dissociations within the hippocampus—memory and anxiety. Neuroscience &
Biobehavioral Reviews. 2004;28(3):273-83.

223. MacQueen GM, Campbell S, McEwen BS, Macdonald K, Amano S, Joffe RT, et al.
Course of illness, hippocampal function, and hippocampal volume in major depression.
Proceedings of the National Academy of Sciences. 2003;100(3):1387.

224. Yeom C-W, Park Y-J, Choi S-W, Bhang S-Y. Association of peripheral BDNF level
with cognition, attention and behavior in preschool children. Child and Adolescent
Psychiatry and Mental Health. 2016;10(1):10.

225. Teixeira AL, Barbosa IG, Diniz BS, Kummer A. Circulating levels of brain-derived
neurotrophic factor: correlation with mood, cognition and motor function. Biomarkers
in Medicine. 2010;4(6):871-87.

226. Kealy J, Greene C, Campbell M. Blood-brain barrier regulation in psychiatric
disorders. Neuroscience Letters. 2020;726:133664.

227. Youdim KA, Shukitt-Hale B, Joseph JA. Flavonoids and the brain: interactions at
the blood—brain barrier and their physiological effects on the central nervous system.
Free Radical Biology and Medicine. 2004;37(11):1683-93.

228. Hsu TM, Kanoski SE. Blood-brain barrier disruption: mechanistic links between
Western diet consumption and dementia. Frontiers in Aging Neuroscience. 2014;6(88).
229. Mattsson N, Tosun D, Insel PS, Simonson A, Jack CR, Jr., Beckett LA, et al.
Association of brain amyloid-p with cerebral perfusion and structure in Alzheimer’s
disease and mild cognitive impairment. Brain. 2014;137(5):1550-61.

230. McManus S, Tejera N, Awwad K, Vauzour D, Rigby N, Fleming |, et al.
Differential effects of EPA versus DHA on postprandial vascular function and the
plasma oxylipin profile in men. Journal of lipid research. 2016;57(9):1720-7.

214



231. Foster JA, McVey Neufeld K-A. Gut—brain axis: how the microbiome influences
anxiety and depression. Trends in Neurosciences. 2013;36(5):305-12.

232. Proctor C, Thiennimitr P, Chattipakorn N, Chattipakorn SC. Diet, gut microbiota
and cognition. Metabolic Brain Disease. 2017;32(1):1-17.

233. Bischoff SC. Microbiota and aging. Current Opinion in Clinical Nutrition &
Metabolic Care. 2016;19(1).

234. David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE, Wolfe BE, et al.
Diet rapidly and reproducibly alters the human gut microbiome. Nature.
2014;505(7484):559-63.

235. David LA, Materna AC, Friedman J, Campos-Baptista Ml, Blackburn MC,
Perrotta A, et al. Host lifestyle affects human microbiota on daily timescales. Genome
Biology. 2014;15(7):R89.

236. Abdelhamid A, Jennings A, Hayhoe RPG, Awuzudike VE, Welch AA. High
variability of food and nutrient intake exists across the Mediterranean Dietary
Pattern—A systematic review. Food Science & Nutrition. 2020;8(9):4907-18.

237. NHS Digital. Adult Psychiatric Morbidity Survey: Survey of Mental Health and
Wellbeing, England, 2014. 2016. Adult Psychiatric Morbidity Survey: Mental Health and
Wellbeing, England, 2014 - GOV.UK (www.gov.uk)

238. Arias D, Saxena S, Verguet S. Quantifying the global burden of mental disorders
and their economic value. eClinicalMedicine. 2022;54.

239. NHS England. NHS mental health dashboard. NHS England » NHS mental health
dashboard

240. Cuijpers P, Sijbrandij M, Koole SL, Andersson G, Beekman AT, Reynolds Il CF.
The efficacy of psychotherapy and pharmacotherapy in treating depressive and anxiety
disorders: a meta-analysis of direct comparisons. World Psychiatry. 2013;12(2):137-48.
241. Castaldelli-Maia JM, Scomparini LB, Andrade AGd, Bhugra D, de Toledo Ferraz
Alves TC, D'Elia G. Perceptions of and Attitudes Toward Antidepressants: Stigma
Attached to Their Use-A Review. The Journal of Nervous and Mental Disease.
2011;199(11):866-71.

242. Simpson CA, Diaz-Arteche C, Eliby D, Schwartz OS, Simmons JG, Cowan CSM.
The gut microbiota in anxiety and depression — A systematic review. Clinical
Psychology Review. 2021;83:101943.

243. World Health Organization. Comprehensive Mental Health Action Plan 2013-
2030. Comprehensive Mental Health Action Plan 2013-2030 (who.int)

244. World Health Organization. World mental health report: Transforming mental
health for all. 2022. World mental health report: Transforming mental health for all
(who.int)

245. Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, Dernini S, et al.
Mediterranean diet pyramid today. Science and cultural updates. Public Health Nutr.
2011;14(12a):2274-84.

246. Sanchez-Villegas A, Delgado-Rodriguez M, Alonso A, Schlatter J, Lahortiga F,
Majem LS, et al. Association of the Mediterranean Dietary Pattern With the Incidence
of Depression The Seguimiento Universidad de Navarra/University of Navarra Follow-
up (SUN) Cohort. Archives of General Psychiatry. 2009;66(10):1090-8.

247. Shannon OM, Ranson JM, Gregory S, Macpherson H, Milte C, Lentjes M, et al.
Mediterranean diet adherence is associated with lower dementia risk, independent of

215



genetic predisposition: findings from the UK Biobank prospective cohort study. BMC
Med. 2023;21(1):81.

248. Christ A, Lauterbach M, Latz E. Western diet and the immune system: an
inflammatory connection. Immunity. 2019;51(5):794-811.

249. Kopp W. How western diet and lifestyle drive the pandemic of obesity and
civilization diseases. Diabetes, metabolic syndrome and obesity: targets and therapy.
2019;12:2221.

250. Jacka FN, Cherbuin N, Anstey KJ, Sachdev P, Butterworth P. Western diet is
associated with a smaller hippocampus: a longitudinal investigation. Bmc Medicine.
2015;13.

251. Esgunoglu L, Jennings A, Connole ES, Murphy KJ, Minihane AM. Short-term
effects of a Mediterranean-style dietary pattern on cognition and mental well-being: a
systematic review of clinical trials. British Journal of Nutrition. 2022;128(7):1247-56.
252. Alvaro PK, Roberts RM, Harris JK. A Systematic Review Assessing Bidirectionality
between Sleep Disturbances, Anxiety, and Depression. Sleep. 2013;36(7):1059-68.
253. El-DenS, Chen TF, Gan Y-L, Wong E, O’Reilly CL. The psychometric properties of
depression screening tools in primary healthcare settings: A systematic review. Journal
of Affective Disorders. 2018;225:503-22.

254. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Archives of internal medicine.
2006;166(10):1092-7.

255.  Fritz JM, Cleland J. Effectiveness Versus Efficacy: More Than a Debate Over
Language. Journal of Orthopaedic & Sports Physical Therapy. 2003;33(4):163-5.

256. Singal AG, Higgins PDR, Waljee AK. A primer on effectiveness and efficacy trials.
Clin Transl Gastroenterol. 2014;5(1):e45-e.

257. Rodriguez-Rején Al, Castro-Quezada I, Ruano-Rodriguez C, Ruiz-Lépez MD,
Sdnchez-Villegas A, Toledo E, et al. Effect of a Mediterranean Diet Intervention on
Dietary Glycemic Load and Dietary Glycemic Index: The PREDIMED Study. Journal of
Nutrition and Metabolism. 2014;2014:985373.

258. Hall AK, Cole-Lewis H, Bernhardt JM. Mobile text messaging for health: a
systematic review of reviews. Annu Rev Public Health. 2015;36:393-415.

259. Junod Perron N, Dao MD, Righini NC, Humair J-P, Broers B, Narring F, et al.
Text-messaging versus telephone reminders to reduce missed appointments in an
academic primary care clinic: a randomized controlled trial. BMC Health Services
Research. 2013;13(1):125.

260. McNair DM, Lorr M, Droppleman LF. Manual profile of mood states. 1971.

261. Bond A, Lader M. The use of analogue scales in rating subjective feelings. British
Journal of Medical Psychology. 1974;47(3):211-8.

262. Robertson IH, Manly T, Andrade J, Baddeley BT, Yiend J. "Oops!': Performance
correlates of everyday attentional failures in traumatic brain injured and normal
subjects. Neuropsychologia. 1997;35(6):747-58.

263. Whyte J, Grieb-Neff P, Gantz C, Polansky M. Measuring sustained attention
after traumatic brain injury: Differences in key findings from the sustained attention to
response task (SART). Neuropsychologia. 2006;44(10):2007-14.

264. Stergiou G, Palatini P, Asmar R, de la Sierra A, Myers M, Shennan A, et al. Blood
pressure measurement and hypertension diagnosis in the 2017 US guidelines: first
things first. Hypertension. 2018;71(6):963-5.

216



265. Marchesi S, Lupattelli G, Schillaci G, Pirro M, Siepi D, Roscini AR, et al. Impaired
flow-mediated vasoactivity during post-prandial phase in young healthy men.
Atherosclerosis. 2000;153(2):397-402.

266. Thom NJ, Early AR, Hunt BE, Harris RA, Herring MP. Eating and arterial
endothelial function: a meta-analysis of the acute effects of meal consumption on
flow-mediated dilation. Obesity Reviews. 2016;17(11):1080-90.

267. Esposito K, Nappo F, Giugliano F, Giugliano G, Marfella R, Giugliano D. Effect of
dietary antioxidants on postprandial endothelial dysfunction induced by a high-fat
meal in healthy subjects. The American Journal of Clinical Nutrition. 2003;77(1):139-
43,

268. Cortés B, Nuiez |, Cofan M, Gilabert R, Pérez-Heras A, Casals E, et al. Acute
Effects of High-Fat Meals Enriched With Walnuts or Olive Oil on Postprandial
Endothelial Function. Journal of the American College of Cardiology. 2006;48(8):1666-
71.

269. Jeays AD, Lawford PV, Gillott R, Spencer PA, Bardhan KD, Hose DR. A framework
for the modeling of gut blood flow regulation and postprandial hyperaemia. World J
Gastroenterol. 2007;13(9):1393-8.

270. Page KA, Chan O, Arora J, Belfort-DeAguiar R, Dzuira J, Roehmholdt B, et al.
Effects of Fructose vs Glucose on Regional Cerebral Blood Flow in Brain Regions
Involved With Appetite and Reward Pathways. JAMA. 2013;309(1):63-70.

271. FranksS, Linder K, Kullmann S, Heni M, Ketterer C, Cavusoglu M, et al. Fat intake
modulates cerebral blood flow in homeostatic and gustatory brain areas in humans.
The American Journal of Clinical Nutrition. 2012;95(6):1342-9.

272. Roberts SB, Franceschini MA, Silver RE, Taylor SF, de Sa AB, Co R, et al. Effects
of food supplementation on cognitive function, cerebral blood flow, and nutritional
status in young children at risk of undernutrition: randomized controlled trial. BMJ.
2020;370:m2397.

273. Videbech P. PET measurements of brain glucose metabolism and blood flow in
major depressive disorder: a critical review. Acta Psychiatrica Scandinavica.
2000;101(1):11-20.

274. \Wolters FJ, Zonneveld HI, Hofman A, Lugt Avd, Koudstaal PJ, Vernooij MW, et
al. Cerebral Perfusion and the Risk of Dementia. Circulation. 2017;136(8):719-28.

275. Cunnane S, Nugent S, Roy M, Courchesne-Loyer A, Croteau E, Tremblay S, et al.
Brain fuel metabolism, aging, and Alzheimer’s disease. Nutrition. 2011;27(1):3-20.
276. Mezue M, Segerdahl AR, Okell TW, Chappell MA, Kelly ME, Tracey I.
Optimization and reliability of multiple postlabeling delay pseudo-continuous arterial
spin labeling during rest and stimulus-induced functional task activation. J Cereb Blood
Flow Metab. 2014;34(12):1919-27.

277. Alsop DC, Dai W, Grossman M, Detre JA. Arterial spin labeling blood flow MRI:
its role in the early characterization of Alzheimer's disease. J Alzheimers Dis.
2010;20(3):871-80.

278. Brant-Zawadzki M, Gillan GD, Nitz WR. MP RAGE: a three-dimensional, T1-
weighted, gradient-echo sequence--initial experience in the brain. Radiology.
1992;182(3):769-75.

279. Hajnal JV, Bryant DJ, Kasuboski L, Pattany PM, De Coene B, Lewis PD, et al. Use
of fluid attenuated inversion recovery (FLAIR) pulse sequences in MRI of the brain.
Journal of computer assisted tomography. 1992;16:841-.

217



280. Raimondo L, Oliveira IAF, Heij J, Priovoulos N, Kundu P, Leoni RF, et al.
Advances in resting state fMRI acquisitions for functional connectomics. Neurolmage.
2021;243:118503.

281. Stephen M. Smith FA-AaKLM. UK Biobank Brain Imaging Documentation
Version 1.8. Oxford University on behalf of UK Biobank; 2020.

282. Peuhkuri K, Sihvola N, Korpela R. Diet promotes sleep duration and quality.
Nutr Res. 2012;32(5):309-19.

283. Godos J, Grosso G, Castellano S, Galvano F, Caraci F, Ferri R. Association
between diet and sleep quality: A systematic review. Sleep Medicine Reviews.
2021;57:101430.

284. Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and research. Psychiatry
Res. 1989;28(2):193-213.

285. Akerstedt T, Hume K, Minors D, Waterhouse J. The subjective meaning of good
sleep, an intraindividual approach using the Karolinska Sleep Diary. Perceptual and
motor skills. 1994;79(1):287-96.

286. Miley AA, Kecklund G, Akerstedt T. Comparing two versions of the Karolinska
Sleepiness Scale (KSS). Sleep Biol Rhythms. 2016;14(3):257-60.

287. Byers AL, Yaffe K. Depression and risk of developing dementia. Nature Reviews
Neurology. 2011;7(6):323-31.

288. Jacka FN, Pasco JA, Mykletun A, Williams LJ, Hodge AM, O'Reilly SL, et al.
Association of Western and Traditional Diets With Depression and Anxiety in Women.
American Journal of Psychiatry. 2010;167(3):305-11.

289. Gorgolewski KJ, Auer T, Calhoun VD, Craddock RC, Das S, Duff EP, et al. The
brain imaging data structure, a format for organizing and describing outputs of
neuroimaging experiments. Sci Data. 2016;3:160044.

290. Woolrich MW, Chiarelli P, Gallichan D, Perthen J, Liu TT. Bayesian inference of
hemodynamic changes in functional arterial spin labeling data. Magnetic Resonance in
Medicine: An Official Journal of the International Society for Magnetic Resonance in
Medicine. 2006;56(4):891-906.

291. Jenkinson M, Beckmann CF, Behrens TE, Woolrich MW, Smith SM. FSL.
Neuroimage. 2012;62(2):782-90.

292. Kerry D, Tianjing L, Douglas GA, Diana E. CONSORT 2010 statement: extension
to randomised crossover trials. BMJ. 2019;366:14378.

293. Lawton CL, Walton J, Hoyland A, Howarth E, Allan P, Chesters D, et al. Short
Term (14 Days) Consumption of Insoluble Wheat Bran Fibre-Containing Breakfast
Cereals Improves Subjective Digestive Feelings, General Wellbeing and Bowel Function
in a Dose Dependent Manner. Nutrients. 2013;5(4):1436-55.

294. Hultsch DF, MacDonald SWS, Dixon RA. Variability in Reaction Time
Performance of Younger and Older Adults. The Journals of Gerontology: Series B.
2002;57(2):P101-P15.

295. Edwards LM, Murray AJ, Holloway CJ, Carter EE, Kemp GJ, Codreanu |, et al.
Short-term consumption of a high-fat diet impairs whole-body efficiency and cognitive
function in sedentary men. The FASEB Journal. 2011;25(3):1088-96.

296. D’Anci KE, Watts KL, Kanarek RB, Taylor HA. Low-carbohydrate weight-loss
diets. Effects on cognition and mood. Appetite. 2009;52(1):96-103.

218



297. Roman GC, Jackson RE, Gadhia R, Roman AN, Reis J. Mediterranean diet: The
role of long-chain omega-3 fatty acids in fish; polyphenols in fruits, vegetables, cereals,
coffee, tea, cacao and wine; probiotics and vitamins in prevention of stroke, age-
related cognitive decline, and Alzheimer disease. Revue Neurologique.
2019;175(10):724-41.

298. Ozawa H, Miyazawa T, Miyazawa T. Effects of Dietary Food Components on
Cognitive Functions in Older Adults. Nutrients. 2021;13(8):2804.

299. Salman HB, Salman MA, Yildiz Akal E. The effect of omega-3 fatty acid
supplementation on weight loss and cognitive function in overweight or obese
individuals on weight-loss diet. Nutr Hosp. 2022;39(4):803-13.

300. Power R, Nolan JM, Prado-Cabrero A, Roche W, Coen R, Power T, et al. Omega-
3 fatty acid, carotenoid and vitamin E supplementation improves working memory in
older adults: A randomised clinical trial. Clin Nutr. 2022;41(2):405-14.

301. Otaegui-Arrazola A, Amiano P, Elbusto A, Urdaneta E, Martinez-Lage P. Diet,
cognition, and Alzheimer's disease: Food for thought. European Journal of Nutrition.
2014;53(1):1-23.

302. Ramezani M, Meymand AZ, Khodagholi F, Kamsorkh HM, Asadi E, Noori M, et
al. A role for flavonoids in the prevention and/or treatment of cognitive dysfunction,
learning, and memory deficits: a review of preclinical and clinical studies. Nutritional
Neuroscience. 2023;26(2):156-72.

303. Stevenson RJ, Francis H. Diet Impacts on Brain and Mind. Cambridge:
Cambridge University Press; 2023.

304. Nabb SL, Benton D. The effect of the interaction between glucose tolerance and
breakfasts varying in carbohydrate and fibre on mood and cognition. Nutritional
Neuroscience. 2006;9(3-4):161-8.

305. Papanikolaou Y, Palmer H, Binns MA, Jenkins DJ, Greenwood CE. Better
cognitive performance following a low-glycaemic-index compared with a high-
glycaemic-index carbohydrate meal in adults with type 2 diabetes. Diabetologia.
2006;49(5):855-62.

306. Cox DJ, Kovatchev BP, Gonder-Frederick LA, Summers KH, McCall A, Grimm KJ,
et al. Relationships Between Hyperglycemia and Cognitive Performance Among Adults
With Type 1 and Type 2 Diabetes. Diabetes Care. 2005;28(1):71-7.

307. Pasman WJ, Blokdijk VM, Bertina FM, Hopman WPM, Hendriks HFJ. Effect of
two breakfasts, different in carbohydrate composition, on hunger and satiety and
mood in healthy men. International Journal of Obesity. 2003;27(6):663-8.

308. Lluch A, Hubert P, King NA, Blundell JE. Selective effects of acute exercise and
breakfast interventions on mood and motivation to eat. Physiology & Behavior.
2000;68(4):515-20.

309. Mahoney CR, Taylor HA, Kanarek RB. The acute effects of meals on cognitive
performance. Nutritional neuroscience. 2005:73-91.

310. Lloyd HM, Green MW, Rogers PJ. Mood and cognitive performance effects of
isocaloric lunches differing in fat and carbohydrate content. Physiology & Behavior.
1994;56(1):51-7.

311. Gibson EL, Green MW. Nutritional influences on cognitive function:
mechanisms of susceptibility. Nutrition research reviews. 2002;15(1):169-206.

312. Hoscheidt S, Sanderlin AH, Baker LD, Jung Y, Lockhart S, Kellar D, et al.
Mediterranean and Western diet effects on Alzheimer's disease biomarkers, cerebral

219



perfusion, and cognition in mid-life: A randomized trial. Alzheimers Dement.
2022;18(3):457-68.

313. Lamport DJ, Pal D, Moutsiana C, Field DT, Williams CM, Spencer JPE, et al. The
effect of flavanol-rich cocoa on cerebral perfusion in healthy older adults during
conscious resting state: a placebo controlled, crossover, acute trial.
Psychopharmacology. 2015;232(17):3227-34.

314. Jensen DEA, Leoni V, Klein-Fligge MC, Ebmeier KP, Suri S. Associations of
dietary markers with brain volume and connectivity: A systematic review of MRI
studies. Ageing research reviews. 2021;70.

315. Leonard BE. Inflammation, Depression and Dementia: Are they Connected?
Neurochemical Research. 2007;32(10):1749-56.

316. Okin D, Medzhitov R. Evolution of inflammatory diseases. Current Biology.
2012;22(17):R733-R40.

317. Rosenblat JD, Cha DS, Mansur RB, Mclintyre RS. Inflamed moods: A review of
the interactions between inflammation and mood disorders. Progress in Neuro-
Psychopharmacology and Biological Psychiatry. 2014;53:23-34.

318. Harrison NA, Brydon L, Walker C, Gray MA, Steptoe A, Critchley HD.
Inflammation Causes Mood Changes Through Alterations in Subgenual Cingulate
Activity and Mesolimbic Connectivity. Biological Psychiatry. 2009;66(5):407-14.

319. Felger JC. Imaging the role of inflammation in mood and anxiety-related
disorders. Current neuropharmacology. 2018;16(5):533-58.

320. Jones BDM, Daskalakis ZJ, Carvalho AF, Strawbridge R, Young AH, Mulsant BH,
et al. Inflammation as a treatment target in mood disorders: review. BJPsych Open.
2020;6(4):e60.

321. Zunszain PA, Hepgul N, Pariante CM. Inflammation and Depression. In: Cowen
PJ, Sharp T, Lau JYF, editors. Behavioral Neurobiology of Depression and Its Treatment.
Berlin, Heidelberg: Springer Berlin Heidelberg; 2013. p. 135-51.

322. Salim S, Chugh G, Asghar M. Chapter One - Inflammation in Anxiety. In: Donev
R, editor. Advances in Protein Chemistry and Structural Biology. 88: Academic Press;
2012. p. 1-25.

323. Schwingshackl L, Hoffmann G. Mediterranean dietary pattern, inflammation
and endothelial function: a systematic review and meta-analysis of intervention trials.
Nutrition, Metabolism and Cardiovascular Diseases. 2014;24(9):929-39.

324. Emerson SR, Kurti SP, Harms CA, Haub MD, Melgarejo T, Logan C, et al.
Magnitude and timing of the postprandial inflammatory response to a high-fat meal in
healthy adults: a systematic review. Advances in Nutrition. 2017;8(2):213-25.

325. Ticcar TB, Akbulut G. Mediterranean meal favorably effects postprandial
oxidative stress response compared with a Western meal in healthy women.
International journal for vitamin and nutrition research Internationale Zeitschrift fur
Vitamin-und Ernahrungsforschung Journal international de vitaminologie et de
nutrition. 2023;93(4):319-28.

326. Hellhammer DH, Wiist S, Kudielka BM. Salivary cortisol as a biomarker in stress
research. Psychoneuroendocrinology. 2009;34(2):163-71.

327. Al-Dujaili EA, Ashmore S, Tsang C. A short study exploring the effect of the
glycaemic index of the diet on energy intake and salivary steroid hormones. Nutrients.
2019;11(2):260.

220



328. Herhaus B, Ullmann E, Chrousos G, Petrowski K. High/low cortisol reactivity and
food intake in people with obesity and healthy weight. Translational psychiatry.
2020;10(1):40.

329. Lemmens SG, Born JM, Martens EA, Martens MJ, Westerterp-Plantenga MS.
Influence of consumption of a high-protein vs. high-carbohydrate meal on the
physiological cortisol and psychological mood response in men and women. PloS one.
2011;6(2):e16826.

330. Van Eck M, Berkhof H, Nicolson N, Sulon J. The effects of perceived stress,
traits, mood states, and stressful daily events on salivary cortisol. Psychosomatic
medicine. 1996;58(5):447-58.

331. Ohlsson B, Darwiche G, Roth B, Hoglund P. Two meals with different
carbohydrate, fat and protein contents render equivalent postprandial plasma levels of
calprotectin, cortisol, triglycerides and zonulin. International Journal of Food Sciences
and Nutrition. 2016;67(7):872-80.

332. Volek JS, Love DM, Avery NG, Sharman M, Kraemer WIJ. Effects of a high-fat diet
on postabsorptive and postprandial testosterone responses to a fat-rich meal.
Metabolism-Clinical and Experimental. 2001;50(11):1351-5.

333. Zambrano AK, Cadena-Ullauri S, Ruiz-Pozo VA, Tamayo-Trujillo R, Paz-Cruz E,
Guevara-Ramirez P, et al. Impact of fundamental components of the Mediterranean
diet on the microbiota composition in blood pressure regulation. Journal of
Translational Medicine. 2024;22(1):417.

334. Cowell OR, Mistry N, Deighton K, Matu J, Griffiths A, Minihane AM, et al. Effects
of a Mediterranean diet on blood pressure: a systematic review and meta-analysis of
randomized controlled trials and observational studies. Journal of Hypertension.
2021;39(4):729-39.

335. Filippou CD, Thomopoulos CG, Kouremeti MM, Sotiropoulou LI,
Nihoyannopoulos PI, Tousoulis DM, et al. Mediterranean diet and blood pressure
reduction in adults with and without hypertension: A systematic review and meta-
analysis of randomized controlled trials. Clinical Nutrition. 2021;40(5):3191-200.

336. Vitale M, Giacco R, Laiola M, Della Pepa G, Luongo D, Mangione A, et al. Acute
and chronic improvement in postprandial glucose metabolism by a diet resembling the
traditional Mediterranean dietary pattern: Can SCFAs play a role? Clinical Nutrition.
2021;40(2):428-37.

337. Nestel P, Cehun M, Chronopoulos A. Effects of long-term consumption and
single meals of chickpeas on plasma glucose, insulin, and triacylglycerol
concentrations. The American journal of clinical nutrition. 2004;79(3):390-5.

338. Parcina M, Brune M, Kaese V, Zorn M, Spiegel R, Vojvoda V, et al. No short-
term effects of calorie-controlled Mediterranean or fast food dietary interventions on
established biomarkers of vascular or metabolic risk in healthy individuals. Nutrition
Research and Practice. 2015;9(2):165-73.

339. Volek JS, Sharman MJ, Gomez AL, Kraemer W/, Scheett TP. An isoenergetic very
low carbohydrate diet improves serum HDL cholesterol and triacylglycerol
concentrations, the total cholesterol to HDL cholesterol ratio and postprandial lipemic
responses compared with a low fat diet in normal weight, normolipidemic women. The
Journal of nutrition. 2003;133(9):2756-61.

221



340. Gravesteijn E, Mensink RP, Plat J. Effects of nutritional interventions on BDNF
concentrations in humans: a systematic review. Nutritional neuroscience.
2022;25(7):1425-36.

341. Ziaei S, Mohammadi S, Hasani M, Morvaridi M, Belanci¢ A, Daneshzad E, et al. A
systematic review and meta-analysis of the omega-3 fatty acids effects on brain-
derived neurotrophic factor (BDNF). Nutritional neuroscience. 2024;27(7):715-25.

342. Tsukamoto H, Ishibashi A, Marley CJ, Shinohara Y, Ando S, Bailey DM, et al.
Plasma brain-derived neurotrophic factor and dynamic cerebral autoregulation in
acute response to glycemic control following breakfast in young men. American
Journal of Physiology-Regulatory, Integrative and Comparative Physiology.
2021;320(1):R69-R79.

343. Gravesteijn E, Mensink RP, Smeets ET, Plat J. Dietary macronutrients do not
differently influence postprandial serum and plasma brain-derived neurotrophic factor
concentrations: a randomized, double-blind, controlled cross-over trial. Frontiers in
Neuroscience. 2021;15:774915.

344. Norvell DC, Dettori JR, Chapman JR. Enhancing clinical study retention rates to
avoid follow-up bias: how do we keep our study participants from “the land of the
lost”? Global spine journal. 2016;6(5):519-21.

345. Cradock KA, Olaighin G, Finucane FM, Gainforth HL, Quinlan LR, Ginis KAM.
Behaviour change techniques targeting both diet and physical activity in type 2
diabetes: A systematic review and meta-analysis. International Journal of Behavioral
Nutrition and Physical Activity. 2017;14:1-17.

346. Samdal GB, Eide GE, Barth T, Williams G, Meland E. Effective behaviour change
techniques for physical activity and healthy eating in overweight and obese adults;
systematic review and meta-regression analyses. International Journal of Behavioral
Nutrition and Physical Activity. 2017;14:1-14.

347. McEvoy CT, Moore SE, Appleton KM, Cupples ME, Erwin C, Kee F, et al.
Development of a peer support intervention to encourage dietary behaviour change
towards a Mediterranean diet in adults at high cardiovascular risk. BMC Public Health.
2018;18:1-13.

348. Bell ML, Kenward MG, Fairclough DL, Horton NJ. Differential dropout and bias
in randomised controlled trials: when it matters and when it may not. BMJ : British
Medical Journal. 2013;346:e8668.

349. Sohn C-H, Lam RW. Update on the Biology of Seasonal Affective Disorder. CNS
Spectrums. 2005;10(8):635-46.

350. Folegatti PM, Ewer KJ, Aley PK, Angus B, Becker S, Belij-Rammerstorfer S, et al.
Safety and immunogenicity of the ChAdOx1 nCoV-19 vaccine against SARS-CoV-2: a
preliminary report of a phase 1/2, single-blind, randomised controlled trial. The Lancet.
2020;396(10249):467-78.

351. World Health Organization. Listings of WHO's response to COVID-19. 2020.
Listings of WHO's response to COVID-19

352. World Health Organization. WHO COVID-19 Dashboard. COVID-19 cases | WHO
COVID-19 dashboard

353. Watson 0J, Barnsley G, Toor J, Hogan AB, Winskill P, Ghani AC. Global impact of
the first year of COVID-19 vaccination: a mathematical modelling study. The Lancet
Infectious Diseases. 2022;22(9):1293-302.

222



354. Prime Minister’s statement on coronavirus (COVID-19): 23 March 2020. Prime
Minister's statement on coronavirus (COVID-19): 23 March 2020 - GOV.UK
(www.gov.uk)

355. Office for National Statistics. Coronavirus and depression in adults, Great
Britain: January to March 2021. Coronavirus and depression in adults, Great Britain -
Office for National Statistics (ons.gov.uk)

356. Lassale C, Batty GD, Baghdadli A, Jacka F, Sdnchez-Villegas A, Kivimaki M, et al.
Healthy dietary indices and risk of depressive outcomes: a systematic review and
meta-analysis of observational studies. Molecular psychiatry. 2019;24(7):965-86.
357. Chen G-Q, Peng C-L, Lian Y, Wang B-W, Chen P-Y, Wang G-P. Association
between dietary inflammatory index and mental health: a systematic review and
dose-response meta-analysis. Frontiers in nutrition. 2021;8:662357.

358. Gibson-Smith D, Bot M, Brouwer IA, Visser M, Giltay EJ, Penninx BWJH.
Association of food groups with depression and anxiety disorders. European Journal of
Nutrition. 2020;59(2):767-78.

359. El Ansari W, Adetunji H, Oskrochi R. Food and mental health: relationship
between food and perceived stress and depressive symptoms among university
students in the United Kingdom. Central European journal of public health.
2014;22(2):90-7.

360. Anderson KN, Bradley AJ. Sleep disturbance in mental health problems and
neurodegenerative disease. Nat Sci Sleep. 2013;5:61-75.

361. Spiegel K, Tasali E, Penev P, Cauter EV. Brief communication: sleep curtailment
in healthy young men is associated with decreased leptin levels, elevated ghrelin
levels, and increased hunger and appetite. Annals of internal medicine.
2004;141(11):846-50.

362. Hepsomali P, Groeger JA. Diet, Sleep, and Mental Health: Insights from the UK
Biobank Study. Nutrients. 2021;13(8).

363. Forsyth AK, Williams PG, Deane FP. Nutrition status of primary care patients
with depression and anxiety. Australian Journal of Primary Health. 2012;18(2):172-6.
364. Teasdale SB, Ward PB, Samaras K, Firth J, Stubbs B, Tripodi E, et al. Dietary
intake of people with severe mental illness: systematic review and meta-analysis. The
British Journal of Psychiatry. 2019;214(5):251-9.

365. Deschasaux-Tanguy M, Druesne-Pecollo N, Esseddik Y, de Edelenyi FS, Allés B,
Andreeva VA, et al. Diet and physical activity during the coronavirus disease 2019
(COVID-19) lockdown (March—May 2020): Results from the French NutriNet-Santé
cohort study. The American journal of clinical nutrition. 2021;113(4):924-38.

366. DiRenzo L, Gualtieri P, Pivari F, Soldati L, Attina A, Cinelli G, et al. Eating habits
and lifestyle changes during COVID-19 lockdown: an Italian survey. Journal of
Translational Medicine. 2020;18(1):229.

367. Jia R, Ayling K, Chalder T, Massey A, Broadbent E, Coupland C, et al. Mental
health in the UK during the COVID-19 pandemic: cross-sectional analyses from a
community cohort study. BMJ Open. 2020;10(9):e040620.

368. Kwong AS, Pearson RM, Adams MJ, Northstone K, Tilling K, Smith D, et al.
Mental health before and during the COVID-19 pandemic in two longitudinal UK
population cohorts. The British journal of psychiatry. 2021;218(6):334-43.

223



369. Matsungo TM, Chopera P. Effect of the COVID-19-induced lockdown on
nutrition, health and lifestyle patterns among adults in Zimbabwe. BMJ Nutr Prev
Health. 2020;3(2):205-12.

370. Robertson M, Duffy F, Newman E, Prieto Bravo C, Ates HH, Sharpe H. Exploring
changes in body image, eating and exercise during the COVID-19 lockdown: A UK
survey. Appetite. 2021;159:105062.

371. Naughton F, Ward E, Khondoker M, Belderson P, Marie Minihane A, Dainty J, et
al. Health behaviour change during the UK COVID-19 lockdown: Findings from the first
wave of the C-19 health behaviour and well-being daily tracker study. British journal of
health psychology. 2021;26(2):624-43.

372. Contentment. Oxford Learner’s Dictionaries. contentment noun - Definition,
pictures, pronunciation and usage notes | Oxford Advanced Learner's Dictionary at
OxfordLearnersDictionaries.com

373. Veenhoven R. Is happiness relative? Social Indicators Research. 1991;24(1):1-
34.

374. Rojas M, Veenhoven R. Contentment and Affect in the Estimation of Happiness.
Social Indicators Research. 2013;110(2):415-31.

375. Clapp M, Aurora N, Herrera L, Bhatia M, Wilen E, Wakefield S. Gut microbiota’s
effect on mental health: The gut-brain axis. Clinics and practice. 2017;7(4):987.

376. Evans R, Kamm M, Hinton J, Lennard-Jones J. The normal range and a simple
diagram for recording whole gut transit time. International journal of colorectal
disease. 1992;7(1):15-7.

377. Runyan JD, Steenbergh TA, Bainbridge C, Daugherty DA, Oke L, Fry BN. A
Smartphone Ecological Momentary Assessment/Intervention “App” for Collecting Real-
Time Data and Promoting Self-Awareness. PLOS ONE. 2013;8(8):e71325.

378. Shiffman S, Stone AA, Hufford MR. Ecological Momentary Assessment. Annual
Review of Clinical Psychology. 2008;4(1):1-32.

379. Stone AA, Shiffman S. Ecological momentary assessment (EMA) in behavorial
medicine. Annals of Behavioral Medicine. 1994;16(3):199-202.

380. Bennett DA. How can | deal with missing data in my study? Australian and New
Zealand Journal of Public Health. 2001;25(5):464-9.

381. Baraldi AN, Enders CK. An introduction to modern missing data analyses.
Journal of School Psychology. 2010;48(1):5-37.

382. Mirzaei A, Carter SR, Patanwala AE, Schneider CR. Missing data in surveys: Key
concepts, approaches, and applications. Research in Social and Administrative
Pharmacy. 2022;18(2):2308-16.

383. Enders CK, Bandalos DL. The Relative Performance of Full Information
Maximum Likelihood Estimation for Missing Data in Structural Equation Models.
Structural Equation Modeling: A Multidisciplinary Journal. 2001;8(3):430-57.

384. National Institute of Health and Care Excellence. Obesity: identification,
assessment and management. 2023. Overview | Obesity: identification, assessment
and management | Guidance | NICE

385. Peltzer K, Pengpid S. Dietary consumption and happiness and depression
among university students: A cross-national survey. Journal of Psychology in Africa.
2017;27(4):372-7.

224



386. Muijcic R, J.Oswald A. Evolution of Well-Being and Happiness After Increases in
Consumption of Fruit and Vegetables. American Journal of Public Health.
2016;106(8):1504-10.

387. Blanchflower DG, Oswald AJ, Stewart-Brown S. Is Psychological Well-Being
Linked to the Consumption of Fruit and Vegetables? Social Indicators Research.
2013;114(3):785-801.

388. Khalid S, Barfoot KL, May G, Lamport DJ, Reynolds SA, Williams CM. Effects of
Acute Blueberry Flavonoids on Mood in Children and Young Adults. Nutrients. 2017;
9(2).

389. St-Onge M-P, Mikic A, Pietrolungo CE. Effects of Diet on Sleep Quality.
Advances in Nutrition. 2016;7(5):938-49.

390. St-Onge MP, Cherta-Murillo A, Darimont C, Mantantzis K, Martin FP, Owen L.
The interrelationship between sleep, diet, and glucose metabolism. Sleep Med Rev.
2023;69:101788.

391. Glabska D, Guzek D, Groele B, Gutkowska K. Fruit and Vegetable Intake and
Mental Health in Adults: A Systematic Review. Nutrients. 2020;12(1).

392. Vallat R, Berry SE, Tsereteli N, Capdevila J, Khatib HA, Valdes AM, et al. How
people wake up is associated with previous night’s sleep together with physical activity
and food intake. Nature Communications. 2022;13(1):7116.

393. WengH, Barnhart WR, Cheng Y, Chen G, Cui T, Lu T, et al. Exploring the
bidirectional relationships between night eating, loss of control eating, and sleep
quality in Chinese adolescents: A four-wave cross-lagged study. International Journal of
Eating Disorders. 2022;55(10):1374-83.

394. Schultchen D, Reichenberger J, Mittl T, Weh TRM, Smyth JM, Blechert J, et al.
Bidirectional relationship of stress and affect with physical activity and healthy eating.
British Journal of Health Psychology. 2019;24(2):315-33.

395. Mason TB, Wang W-L, Bastain T, O’Connor SG, Cabison J, Naya CH, et al. Bi-
Directional Associations of Affective States and Diet among Low-Income Hispanic
Pregnant Women Using Ecological Momentary Assessment. Psychiatry International.
2022;3(4):273-85.

396. Difrancesco S, Penninx BWJH, Antypa N, van Hemert AM, Riese H, Lamers F.
The day-to-day bidirectional longitudinal association between objective and self-
reported sleep and affect: An ambulatory assessment study. Journal of Affective
Disorders. 2021;283:165-71.

397. LiaoY, Schembre SM, O'Connor SG, Belcher BR, Maher JP, Dzubur E, et al. An
Electronic Ecological Momentary Assessment Study to Examine the Consumption of
High-Fat/High-Sugar Foods, Fruits/Vegetables, and Affective States Among Women.
Journal of Nutrition Education and Behavior. 2018;50(6):626-31.

398. Loftfield E, Yi S, Immerwahr S, Eisenhower D. Construct validity of a single-item,
self-rated question of diet quality. J Nutr Educ Behav. 2015;47(2):181-7.

399. Krueger JM, Frank MG, Wisor JP, Roy S. Sleep function: Toward elucidating an
enigma. Sleep Medicine Reviews. 2016;28:46-54.

400. Gonzalez-Monroy C, Gdmez-Gomez |, Olarte-Sanchez CM, Motrico E. Eating
Behaviour Changes during the COVID-19 Pandemic: A Systematic Review of
Longitudinal Studies. International Journal of Environmental Research and Public
Health. 2021; 18(21).

401. NHS. Why 5 A Day?. 2022. Why 5 A Day? - NHS (www.nhs.uk)

225




402. Bates B, Collins D, Jones K, Page P, Roberts C, Steer T, et al. NDNS: results from
years 9 to 11 (2016 to 2017 and 2018 to 2019). 2020.

403. Bertz JW, Epstein DH, Preston KL. Combining ecological momentary assessment
with objective, ambulatory measures of behavior and physiology in substance-use
research. Addictive Behaviors. 2018;83:5-17.

404. Malesza M, Kaczmarek MC. Predictors of anxiety during the COVID-19
pandemic in Poland. Personality and Individual Differences. 2021;170:110419.

405. Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, et al.
Comparison of sociodemographic and health-related characteristics of UK Biobank
participants with those of the general population. American journal of epidemiology.
2017;186(9):1026-34.

406. Arab A, Mehrabani S, Moradi S, Amani R. The association between diet and
mood: A systematic review of current literature. Psychiatry Research. 2019;271:428-
37.

407. Kris-Etherton PM, Petersen KS, Hibbeln JR, Hurley D, Kolick V, Peoples S, et al.
Nutrition and behavioral health disorders: depression and anxiety. NUTRITION
REVIEWS. 2021;79(3):247-60.

408. Aucoin M, LaChance L, Naidoo U, Remy D, Shekdar T, Sayar N, et al. Diet and
anxiety: A scoping review. Nutrients. 2021;13(12):4418.

409. Jacobs DR, Tapsell LC, Temple NJ. Food Synergy: The Key to Balancing the
Nutrition Research Effort. Public Health Reviews. 2011;33(2):507-29.

410. Bhupathiraju SN, Tucker KL. Greater variety in fruit and vegetable intake is
associated with lower inflammation in Puerto Rican adults123. The American Journal
of Clinical Nutrition. 2011;93(1):37-46.

411. Correia AS, Vale N. Tryptophan metabolism in depression: a narrative review
with a focus on serotonin and kynurenine pathways. International journal of molecular
sciences. 2022;23(15):8493.

412. Shabbir F, Patel A, Mattison C, Bose S, Krishnamohan R, Sweeney E, et al. Effect
of diet on serotonergic neurotransmission in depression. Neurochemistry
international. 2013;62(3):324-9.

413. Hulsken S, Martin A, Mohajeri MH, Homberg JR. Food-derived serotonergic
modulators: effects on mood and cognition. Nutrition Research Reviews.
2013;26(2):223-34.

414. Jenkins TA, Nguyen JC, Polglaze KE, Bertrand PP. Influence of tryptophan and
serotonin on mood and cognition with a possible role of the gut-brain axis. Nutrients.
2016;8(1):56.

415. Kroes MC, van Wingen GA, Wittwer J, Mohajeri MH, Kloek J, Fernandez G. Food
can lift mood by affecting mood-regulating neurocircuits via a serotonergic
mechanism. Neuroimage. 2014;84:825-32.

416. Storz MA, Ronco AL, Hannibal L. Observational and clinical evidence that plant-
based nutrition reduces dietary acid load. Journal of nutritional science. 2022;11:e93.
417. Daneshzad E, Keshavarz S-A, Qorbani M, Larijani B, Bellissimo N, Azadbakht L.
Association of dietary acid load and plant-based diet index with sleep, stress, anxiety
and depression in diabetic women. British Journal of Nutrition. 2020;123(8):901-12.
418. Garner S, Davies E, Barkus E, Kraeuter A-K. Ketogenic diet has a positive
association with mental and emotional well-being in the general population. Nutrition.
2024;124:112420.

226



419. Di Majo D, Cacciabaudo F, Accardi G, Gambino G, Giglia G, Ferraro G, et al.
Ketogenic and modified mediterranean diet as a tool to counteract neuroinflammation
in multiple sclerosis: Nutritional suggestions. Nutrients. 2022;14(12):2384.

420. Nagpal R, Neth BJ, Wang S, Craft S, Yadav H. Modified Mediterranean-ketogenic
diet modulates gut microbiome and short-chain fatty acids in association with
Alzheimer's disease markers in subjects with mild cognitive impairment. EBioMedicine.
2019;47:529-42.

421. Neth BJ, Mintz A, Whitlow C, Jung Y, Solingapuram Sai K, Register TC, et al.
Modified ketogenic diet is associated with improved cerebrospinal fluid biomarker
profile, cerebral perfusion, and cerebral ketone body uptake in older adults at risk for
Alzheimer’s disease: a pilot study. Neurobiology of Aging. 2020;86:54-63.

422. Kraeuter A-K, Phillips R, Sarnyai Z. Ketogenic therapy in neurodegenerative and
psychiatric disorders: From mice to men. Progress in Neuro-Psychopharmacology and
Biological Psychiatry. 2020;101:109913.

423. Boschloo L, Vogelzangs N, van den Brink W, Smit JH, Veltman DJ, Beekman ATF,
et al. Alcohol use disorders and the course of depressive and anxiety disorders. British
Journal of Psychiatry. 2012;200(6):476-84.

424, Sheikh A, Collaborators GA. Alcohol use and burden for 195 countries and
territories, 1990-2016: a systematic analysis for the Global Burden of Disease Study
2016. The Lancet. 2018;392(10152):1015.

425. Martinez-Gonzalez MA. Should we remove wine from the Mediterranean diet?:
a narrative review. The American Journal of Clinical Nutrition. 2024;119(2):262-70.
426. Martinez-Gonzalez MA, Gea A, Ruiz-Canela M. The Mediterranean Diet and
Cardiovascular Health. Circulation Research. 2019;124(5):779-98.

427. Hamer M, Dye L, Siobhan Mitchell E, Layé S, Saunders C, Boyle N, et al.
Examining techniques for measuring the effects of nutrients on mental performance
and mood state. European journal of nutrition. 2016;55:1991-2000.

428. Brenner E, Smeets JBJ. How Can You Best Measure Reaction Times? Journal of
Motor Behavior. 2019;51(5):486-95.

429. Asuku AO, Ayinla MT, Ajibare AJ. Measuring Mood in Nutritional Research.
Nutrition and Psychiatric Disorders: An Evidence-Based Approach to Understanding the
Diet-Brain Connection. 2024:215-34.

430. Pase MP, Stough C. An evidence-based method for examining and reporting
cognitive processes in nutrition research. Nutrition research reviews. 2014;27(2):232-
41.

431. Adewumi MT, Vo N, Tritz D, Beaman J, Vassar M. An evaluation of the practice
of transparency and reproducibility in addiction medicine literature. Addictive
Behaviors. 2021;112:106560.

432. Valdez D, Vorland CJ, Brown AW, Mayo-Wilson E, Otten J, Ball R, et al.
Improving open and rigorous science: ten key future research opportunities related to
rigor, reproducibility, and transparency in scientific research. F1000Res. 2020;9:1235.
433. Opie RS, O'Neil A, Itsiopoulos C, Jacka FN. The impact of whole-of-diet
interventions on depression and anxiety: a systematic review of randomised controlled
trials. Public Health Nutrition. 2015;18(11):2074-93.

434. Dinan TG, Stanton C, Long-Smith C, Kennedy P, Cryan JF, Cowan CSM, et al.
Feeding melancholic microbes: MyNewGut recommendations on diet and mood.
Clinical Nutrition. 2019;38(5):1995-2001.

227



435. Dubovicky M, Belovicova K, Csatlosova K, Bogi E. Risks of using SSRI/SNRI
antidepressants during pregnancy and lactation. Interdisciplinary toxicology.
2017;10(1):30-4.

436. Ereshefsky L, Jhee S, Grothe D. Antidepressant Drug-Drug Interaction Profile
Update. Drugs in R & D. 2005;6(6):323-36.

437. Staudacher H, Teasdale S, Cowan C, Opie R, Rocks T, Jacka F. Diet Interventions
for Anxiety and Depression. 2023.

438. UK Parliament House of Commons Library. Food poverty: Households, food
banks and free school meals. 2024. Food poverty: Households, food banks and free
school meals - House of Commons Library (parliament.uk)

439. Jenkins RH, Aliabadi S, Vamos EP, Taylor-Robinson D, Wickham S, Millett C, et
al. The relationship between austerity and food insecurity in the UK: a systematic
review. EClinicalMedicine. 2021;33.

440. Power M, Doherty B, Pybus KJ, Pickett KE. How COVID-19 has exposed
inequalities in the UK food system: The case of UK food and poverty. Emerald Open
Research. 2023;1(10).

441. Morella IM, Brambilla R, More L. Emerging roles of brain metabolism in
cognitive impairment and neuropsychiatric disorders. Neuroscience & Biobehavioral
Reviews. 2022;142:104892.

442. Klein I-L, van de Loo KFE, Smeitink JAM, Janssen MCH, Kessels RPC, van
Karnebeek CD, et al. Cognitive functioning and mental health in mitochondrial disease:
A systematic scoping review. Neuroscience & Biobehavioral Reviews. 2021;125:57-77.
443. Pollicino F, Veronese N, Dominguez LJ, Barbagallo M. Mediterranean diet and
mitochondria: New findings. EXPERIMENTAL GERONTOLOGY. 2023;176.

444. |kawa M, Okazawa H, Nakamoto Y, Yoneda M. PET imaging for oxidative stress
in neurodegenerative disorders associated with mitochondrial dysfunction.
Antioxidants. 2020;9(9):861.

445. Shishido F, Uemura K, Inugami A, Tomura N, Higano S, Fujita H, et al. Cerebral
oxygen and glucose metabolism and blood flow in mitochondrial encephalomyopathy:
a PET study. Neuroradiology. 1996;38(2):102-7.

446. JongS, Jennings A, Shannon OM, Gillings R, Hanson S, Lee V, et al., editors.
Process evaluation of a Mediterranean diet and exercise intervention among an older
at-risk UK-based population. 36th Annual Conference of the European Health
Psychology Society; 2022.

447. Masento NA, Golightly M, Field DT, Butler LT, van Reekum CM. Effects of
hydration status on cognitive performance and mood. British Journal of Nutrition.
2014;111(10):1841-52.

448. Camfield DA, Stough C, Farrimond J, Scholey AB. Acute effects of tea
constituents L-theanine, caffeine, and epigallocatechin gallate on cognitive function
and mood: a systematic review and meta-analysis. Nutrition Reviews. 2014;72(8):507-
22.

449. Yannakoulia M, Kontogianni M, Scarmeas N. Cognitive health and
Mediterranean Diet: Just diet or lifestyle pattern? Ageing Research Reviews.
2015;20:74-8.

450. Phull S, Wills W, Dickinson A. Is It a Pleasure to Eat Together? Theoretical
Reflections on Conviviality and the Mediterranean Diet. Sociology Compass.
2015;9(11):977-86.

228



451. Diolintzi A, Panagiotakos DB, Sidossis LS. From Mediterranean diet to
Mediterranean lifestyle: a narrative review. Public Health Nutrition. 2019;22(14):2703-
13.

452. Legrand R, Nuemi G, Poulain M, Manckoundia P. Description of Lifestyle,
Including Social Life, Diet and Physical Activity, of People 290 years Living in lkaria, a
Longevity Blue Zone. International Journal of Environmental Research and Public
Health. 2021;18(12):6602.

453. Bound Alberti F. This “Modern Epidemic”: Loneliness as an Emotion Cluster and
a Neglected Subject in the History of Emotions. Emotion Review. 2018;10(3):242-54.
454. Jeste DV, Lee EE, Cacioppo S. Battling the modern behavioral epidemic of
loneliness: suggestions for research and interventions. JAMA psychiatry.
2020;77(6):553-4.

229



Appendices

Appendix 1. The 14-point Mediterranean Dietary Adherence Screener (MEDAS)

Q1. Do you use olive oil as your principal source of fat for cooking? (yes or no)

Q2. How much olive oil do you consume each day? (4 tablespoons is equivalent to 50 ml or 50

g. Include all olive oil used for frying, roasting, salad dressings, and that eaten outside the home.)

Q3. How many servings of vegetables do you consume each day? One serving is 200 g. Count
salad garnishes and side servings as 1/2 serving. (Include all vegetables EXCEPT potatoes,
sweetcorn, and peas (the latter count as a legume). Vegetable weights are those prepared and ready

to eat.

Q4. How many servings of fruit (including 100% fruit juice) do you consume each day? One
serving is 80 g, or 30 g of dried fruit, or 150 ml of 100% fruit juice. (Include fresh, cooked, frozen,

canned (in fruit juice only) and dried fruit, and up to one serving of 100% fruit juice or smoothie

per day.)

QS. How many servings of red meat do you consume each day? One serving is 100-150 g. Include
pork, lamb, beef, veal, venison, duck, and processed red meat products like hamburgers, sausages,

and bacon. (Include all items containing red meat such as sausage rolls, meat pies, and pasties.)

Q6. How many servings of butter, margarine, or cream do you consume each day? One serving

is 12 g (This includes butter or margarine used to make cakes or pastries.)

Q7. How many glasses of sugar-sweetened soft drinks do you consume each day? One glass is
100 ml. Include fizzy drinks, diluted squash, and cordial. (Do not include diet or zero-calorie

drinks.)

Q8. How many glasses of wine do you consume each week? One glass is 125 ml. Include red,

white, rosé, or sparkling.

Q9. How many servings of pulses do you consume each week? One serving is 150 g cooked

weight. Include peas, beans (including baked beans), lentils, chickpeas, and soybeans. (Include



dried, tinned, and frozen varieties. Do not include green or French beans, or mangetout or sugar-

snap peas (these count as vegetables)

Q10. How many servings of fish or shellfish do you consume each week? One serving of fish or

shellfish (without the shell) is 125 g (Fish or shellfish can be fresh, frozen, or canned.)

Q11. How many times do you consume commercial sweets (such as cakes, pastries, and biscuits)
each week? (Include all commercial cakes, pastries, biscuits, puddings, custard, and ice-cream.

Do not include homemade varieties.)

Q12. How many servings of nuts do you consume each week? One serving is 30 g (Include all

nuts, nut butters, peanuts, and seeds. Do not include salted varieties.)

Q13. Do you preferentially consume white meat instead of red meat each week? (White meat
includes chicken, turkey, rabbit, and game like goose, pigeon, pheasant, partridge, and guinea
fowl. Red meat includes pork, lamb, beef, veal, venison, duck, and processed red meat products

like hamburgers, sausages, and bacon. If you are vegetarian or vegan, please answer ‘Yes’.)

Note: in the MediMood, we added if you are vegetarian or vegan, please choose not applicable as

the study required eating several meat products.

Q14. How many times each week do you consume meals prepared with sofrito (sauce made with
tomato-based sauce, containing at least one of (onions/garlic/leeks) that have been sautéed in olive
0il? (Include commercial tomato-based pasta sauces, passata, canned or fresh tomatoes that have

had onions/garlic/leeks sautéed in olive oil added.)
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Abstract

Although the long-term effects of a Mediterranean-style dietary pattern (MDP) on cognition and overall mental well-being have been consistently
described, the short-term effects of the MDP on cognitive performance, mood and anxiety have not been as widely reviewed. Therefore, the aims
of this systematic review were to synthesise the evidence from randomised controlled trials (RCT), to examine whether a MDP can alter cognition
and overall mental well-being in the short-term (up to 10 d). This will also be used to identify research gaps and to inform the design of future
acute RCT in the area. Ovid Embase, Ovid MEDLINE and Web of Science Core Collection were searched from inception to 8 December 2020. The
data were synthesised narratively with no quantitative synthesis. The detailed protocol is available on PROSPERO, with the registration number
CRD42021221085. A total of 3002 studies were initially identified. After the deduplication and screening stages, four studies (three articles and
one conference proceeding) were eligible to be included. Despite the very limited data obtained, the literature suggests that a MDP can improve
cognition and mood in the short-term. Specifically, improvements in attention, alertness and contentment were consistently reported. A MDP
appears as a promising strategy to improve short-term cognitive and mental health. A limitation of this review is the small number of studies
identified, therefore, future studies are required to confirm these initial novel findings and to provide granularity as to which domains are most

responsive and in which population subgroups.

Key words: Mediterranean-style dietary pattern: Mood: Cognition: Acute: Short-term

With global ageing population demographics, the prevalence of
cognitive disorders has surged””. The number of individuals liv-
ing with dementia, which is a major cause of loss of independ-
ence and disability in older age, has doubled between 1990 and
2016, reaching 50 million worldwide”. In the UK, dementia is
now the number one cause of death, responsible for about
15% of all-cause mortality'”. Besides, dementia has an enor-
mous economic burden, with the global cost expected to reach
$2 trillion by 2030%.

The prevalence of mild cognitive impairment, the transition
phase prior to incident dementia, has been estimated to occur
in 15-20% of the population aged over 60 years, with 8%
15% progressing to dementia per year'”. Subjective memory
complaints (SMC), which are loosely defined as a state in which
individuals present with ‘self-reported’ cognitive decline relative
to their previous cognitive status (which is not diagnosed by
objective standard tests), occur in 50-80 % of individuals aged
70 years or older™. SMC is linked to depression, anxiety and

future Alzheimer's disease risk®®. In addition to cognitive
decline, mental disorders, including depression and anxiety
disorders, are prevalent, occurring in 3-5 % of the global pop-
ulation™, and are one of the top three causes of non-fatal
health loss in terms of years lived with disability™.
Depression is also a risk factor for future dementia®.
Currently, Alzheimer's disease and other dementias are irre-
versible with no effective treatments available to slow or reverse
the condition. Therefore, behaviours (such as altered eating
behaviour and nutrition status) which can prevent or delay pro-
gression of these conditions have the potential to dramatically
reduce both individual risk and the population burden of the dis-
ease”"”. A Mediterranean-style dietary pattern (MDP) is emerg-
ing as having potential positive effects on mental health status.
The diet is characterised by high consumption of extra virgin
olive oil (EVOO) and plant-based foods such as fruits, vegeta-
bles, nuts, legumes, whole-grain cereals; low to moderate con-
sumption of dairy products mainly yoghurt and cheese; fish

Abbreviations: BDNF, brain-derived neurotrophic factor; EVOO, extra virgin olive oil; MDP, Mediterranean-style dietary pattern; RCT, randomised controlled

trial.

* Corresponding author: Latife Esgunoglu, email Lesgunoglu@uea.ac.uk
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consumed two to four times a week; low amounts of red meat
and moderate consumption of red wine mainly with meals®V.
EVOO, in addition to being the major component of a MDP,
has been shown to independently confer neuropsychiatric
and cardiovascular benefits"'?, attributed to its high monoun-
saturated fatty acids (MUFA) and phenolic content ™.

The cardiometabolic health benefits of a MDP, first reported
in the Seven Countries Study in the 1950s" ", are now well estab-
lished>-'”. An improved cardiometabolic phenotype is thought
to in part underlie the emerging cognitive benefits of this dietary
pattern. However, the majority of this evidence has been
acquired from observational studies, such as European
Prospective Investigation into Cancer-Norfolk"®, with a dearth
of randomised controlled trials (RCT) which report on the causal
benefits of a MDP on long-term cognitive and overall mental
health. The Prevencion con Dieta Mediterranea (PREDIMED)
was the first RCT testing the long-term effectiveness of a MDP
in primary prevention which had incidence of CVD as the pri-
mary point”?. In a sub-group secondary analysis, the MDP inter-
ventions enriched with either EVOO or nuts were shown to
improve cognitive function® and depressive symptoms®“".
Available systematic reviews and meta-analysis focus on the
long-term mental health benefits of a MDP, with adherence asso-
ciated with an overall risk ratio of 0-79 (95% CI 0-70, 0-90) of
developing cognitive disorders®?. Although no association
was observed in the cohort analysis, data from nine cross-
sectional studies indicate a negative relationship between adher-
ence to a MDP and risk of depression (OR=0-72; 95% CI
0-60, 0-87)29,

In addition to the long-term trajectory, for the ever-increasing
number of individuals with pre-existing cognitive or mental
health deficits and even in healthy individuals, there is a great
need and interest in identifying nutrition strategies which
improve cognition, mood and anxiety in the short-term, in order
to improve capabilities, independence and overall quality of life.
Therefore, the objectives of the current systematic review are, (i)
to conduct an evidence synthesis from RCT data to scrutinise
whether a MDP has the potential to alter cognition, mood and
mental well-being in the short-term and (ii) identify research
need and inform the design of future acute RCT in the area.

Methods

This systematic review was written in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guide-
lines“?. Our systematic review protocol is available on PROSPERO
with the registration number CRD42021221085%%.

Search strategy, eligibility criteria and study selection

‘Short-term’ is defined as ‘up to 10 days’ by discussions among
the authors, where effects on cognition are likely to be mediated
by rapidly responsive physiological processes such as brain
blood flow, inflammation and oxidative status. Ovid Emabse,
Ovid MEDLINE and Web of Science Core Collection were
searched**” from their inception dates to 8 December 2020
by using keywords covering ‘Mediterranean diet, ‘olive oil’,
‘cognition’, ‘dementia’, ‘mood’, ‘mood disorders’, ‘anxiety’,

‘anxiety disorders’, ‘depression’, ‘depressive disorders’ and ‘well-
being'. Free search terms and medical subject heading terms
were combined where the databases allowed, namely Embase
and MEDLINE. Final search strategies were constructed with
the assistances of an expert in systematic reviews in Norwich
Medical School, and the academic librarian of the Faculty of
Medicine and Health Sciences, University of East Anglia. The full
electronic search string used in Ovid Embase is presented in
Appendix 1.
Studies were accepted eligible if they,

- had an RCT design,

- intervened with either a MDP or EVOO,

- had an intervention period of up to and including 10 d,

- assessed either cognition, mood, anxiety or depression as a
primary or secondary endpoint,

- included adults over 18 years and

- published in the English language.

Observational epidemiological studies were excluded. No sex
filter was applied. The reference lists of included studies were
manually read in order to obtain further potential publications.
Two authors (L. E. and E. S. C.) independently completed screen-
ing the titles and abstracts against the predefined eligibility crite-
ria. Any discrepancies were resolved by discussions until an
agreement was reached. EndNote X9 is used as the reference
management tool.

Definition of cognitive and mental health as the primary
outcomes

Cognition is defined as ‘the mental action or process of acquiring
knowledge and understanding through thought, experience and
the senses™®. Memory, attention, reasoning, decision-making,
visual and spatial abilities and behaviours are examples of ‘cog-
nitive functions’. Depression and anxiety are significant mood
disorders; however, mild to moderate level of psychological
stress can also cause substantial reductions in the quality of life.
A variety of validated tools are available to assess cognition and
mood, with details of the tools used in individual studies detailed
below and in Table 1.

Data extraction and quality assessment

A table which recorded the authors, publication year, country
where studies were conducted in, type of RCT, participant char-
acteristics, study duration, intervention, main outcomes, assess-
ment methods used, results (mental health status) and additional
results/comments was generated to extract the data from the
included studies.

A quality assessment was done using RoB2, a revised tool
for risk of bias by Cochrane™™, which has five domains: bias
arising from the randomisation process (D1), bias due to devi-
ations from intended interventions (D2), bias due to missing
outcome data (D3), bias in measurement of the outcome
(D4), bias in selection of the reported result (D5) and plus
overall bias (D6). The results of bias investigation are pre-
sented by means of a traffic light plot under low risk, some
concerns or high risk.
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Table 1. Study details and main outcomes
(Mean values and standard deviations)

Publication Type of Participant Main Assessment Additional Additional results/
Authors year Country RCT characteristics Duration Intervention oL thods used ot Results (Mental Health Status) comments
Diekmann 2019 Germany Crossover n26 45h, 4 interven- Mocod, MDMQPY, Appetite, MDMQ: No effect of diet No effect of diet on
et al® 8 Female, 18 2-week tions (isoe-  Cognition FAIR-2E7 Plasma cortisol.
Male washout nergetic, cortisol
Metabolic periods 4300 kJ/ levels
syndrome meal): 1.
69.9 (s0 4.7) WD + FAIR-2: Walking group: 1-4-fold VAS: No impact of
years walking. 2. increase in attention in MDP com- diet on hunger.
BMI =303 (sp WD + rest- pared with WD. Resting group: Satiety was higher
2.3) kg/m?" ing. 3. 1.1-fold increase in attention in after MDP com-
MDP + MDP compared with WD. pared with the WD
walking. 4. (P=0.045 from IAUC data, meal x (P<0-001)
MDP + time interaction NS).
resting
de Vries 2017 Netherlands Parallel  n53 10d MDP or con- Mood POMS®5) Significant decreases in vigour/activ- Food diaries were
et al® arms Female trol group Bond-Lader™% ity (P < 0.001); tension/anxiety used over 10 d but
(P=0.001); fatigue/inertia not reported in the
(P=0.003); anger/hostility text.
22.3 (s0 3.6) (P=0.014); confusion/bewilder- No detail given on
years’ ment (P=0.015) and the total the control group
mood disturbance score (p not diet.
stated), and contentment
(P=0.001); alertness (P = 0-003)
in MDP compared to control
group.
P values are for the time x treat-
ment interactions, no effect sizes
are presented.
Lee 2015 Australia Crossover n24 10d MDP or NC Mood, POMS®* Bond- Cardiovascular Confusion reduced in MDP Food diaries were
et al®" Cognition Lader®, function: (=1-19) and increased (1-52) in used over 10 d
COMPASS blood pres- NC (F=6.87, P=002)
sure, blood Alertness increased in MDP (6-93) Augmentation pres-
flow velocity and reduced in NC sure (mmHg)
and arterial (-8-31) (F=14.11, P<0.01) reduced in MDP
stiffness, (~1-05) and
Dietary increased in NC
adherence, (0-95) (F=6.15,
Anthropome- P=002)
Female tric mea- Contentment increased in the MDP 100 % dietary adher-
sures group (5-35) and reduced in NC (— ence to MDP
4.23). (F=6-49, P<002).
Immediate word recall: Correct BW: Reduced in
responses increased in MDP MDP group (-1-77
(1-14) and reduced in NC kg) and increase in
(-0-64) (F=819, P=0.01). NC group (0-11)
Healthy | ds d in (F=10,81,
MDP (-0-32) and increased in NC P<001)

(0-36) (F=4.83, P=0.04).
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Table 1. (Continued)

Publication
year

Type of

Authors Country RCT

Participant Main

Assessment
thods used

Additional

characteristics Duration Intervention ot

Results (Mental Health Status)

Additional results/
comments

Mc Millan
et al®

2011 Australia Parallel

ams

256 (s0 51)
years’

n25 10d MDP orNC  Mood,

Cognition

Female

Healthy

211 (s0 3:3)
years’

65-item
POMS'“),

Lader™®,
COMPASS 9

Dietary adher-
ence,
Anthropome-
tric mea-
sures

Delayed word recall: Incorrect
responses decreased in MDP
(~0-33) and increased in NC
(0-71) (F=4.57, P=0.046).

3-back task: Correct responses
reduced in the MDP (-2-32) and
increased in NC (4.14) (F=6-64,
P=002).

Vigour increased in MDP by 18 %
(3-67) and reduced in NC by 22 %
(~5-08) (F=11.25, P=0.003)

Alertness increased in MDP by 30 %
(16-43) and reduced in NC group
by 15% (-9-02) (F=22.23,

P <0001). Contentment
increased in MDP by 20 % (12-89)
and reduced in NC by 15%
(~10-4) (F=16.634, P < 0.001)

Numeric working memory: RT
increased in MDP by 2 % (+15)
and decreased in NC group by
14 % (-122) (F=5.05, P=0.04)

Corsi Blocks task: RT reduced in
MDP by 14 % (-420) and
increased in NC by 27 % (837)
(F=17.628, P<0-001)

Word recognition: RT reduced in
MDP by 3% (-29) (P=0.574, NS)
and in the NC by 20 %

(~191) (P=0.001). The difference
between groups was significant:
(F=5-04, P=0035).

No change in BMI

Food diaries were
used over 10d

100 % dietary
adherence to MDP

No effect of diet on
BW, BMI and WC.

szt

v 32 ndoundsy "1

RCT, randomised controlled trial; WD, Western diet that is rich in total fat, SFA, saturated fatty acids; and animal protein; MDP, Mediterranean-style dietary pattern; MDMQ, Mood State QO jire for mood:; FAIR-2, Frankfurt Attention
Inventory-2 for cognition: IAUC: AUC, area under the curve; VAS, Visual Analogue Scale for hunger, appetite and satiety; POMS, Profile of Mood States i ire for mood i iety ili igl ia, vi Vi jion/
i and total mood disturbance score); Bond-Lader Scale for mood and NC, No change in diet; COMPASS, The Ci Mental F A System for cognith

domains; RT, reaction time; 'B\H. body weight; WC, waist circumference.
N mean and iation unless ise s
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Data synthesis

A narrative approach was used to synthesise the data. No quan-
titative analysis was performed due to the small number of
studies.

Results
Study identification

Initially, 3002 studies were obtained from the three electronic
databases. After deduplication, 2261 studies remained, with
1721 from the MDP search and 540 from the EVOO search. Of
these, 2253 were excluded following the title and abstract
screening for reasons such as longer study durations, irrelevant
outcomes, supplement interventions, epidemiological studies,
animal studies, any type of reviews, meta-analysis and protocols.
Full texts were screened for the remaining eight studies. Finally,
four studies, three full articles“* % and one conference proceed-
ing®¥ met the eligibility criteria and were included. These four
papers yielded a reference list of eighty-five, which were
scanned manually by LE and ESC, with no additional publica-
tions emerging for inclusion. The study identification process

is presented in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses diagram (Fig. 1).

Study characteristics

All included studies were RCT, two with a crossover®*? and
two with a parallel design®3¥_ All intervened with a MDP
and were carried out in non-Mediterranean countries, two
Northern European®!3» and two Australian® 32, The sample
sizes ranged from 24%% to 53“%, Three of the studies included
young females only, with mean ages of 21-1 (sp 3-3)39, 22.3
(0 37)%Y and 25:6 (sp 5:2)°? years. The remaining study“"
included both males and females with metabolic syndrome traits
with a participant mean age of 70 (s 5) years. None of the four
RCT reported any previous cognitive or mental health issues in
the participants. Three had a study duration of 10 d, with one®*"
examining the physiological response 4-5 h after the test meal.
One study®" implemented a MDP alone or with a physical activ-
ity intervention (30 min moderate walking).

In terms of the MDP intervention, in one crossover study"),
participants were provided with their test breakfast (4300 kJ) that
consisted of ciabatta, smoked salmon, muesli, fruit and vege-
tables which was described as rich in unsaturated fatty acids,

Records identified through
database searching
(n 3002)

Records after duplicates removed
(n2261)

Records screened
(n 2261)

Records excluded
(n 2253)

] [ Screening ] [ Identification ]

Full-text articles assessed for

Full-text articles excluded,

- eligibility with reasons
= (n4)
% n 1 Multiple publication
= n 1 No control group
n 1 No full text available
Additional records n 1 Longer intervention
identified through other period
sources (reference lists of
included studies)
- (n 85, none included)
2
=
g
- Studies included in the
systematic review
Fig. 1. Pref Reporting ltems for Sy R and Meta-A (PRISMA) flow diagram.
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dietary fibre and antioxidative compounds. The remaining
three studies did not provide the study foods but rather guided
participants in following a MDP. De Vries et al.*? did not
provide any detail of the dietary instructions provided to
participants. Lee et al.®? requested participants in the MDP
group to increase their intake of fruit, vegetables, oily fish,
low-fat dairy products and nuts with a focus on healthy carbo-
hydrates, fats and proteins, and to exclude meat, butter, mar-
garine, caffeinated/energy drinks, added sugars and salts,
alcohol, tobacco and illicit drugs during the study period.
Besides, participants were also asked to consume freshly pre-
pared foods and to avoid processed and packaged options
where possible. Similarly, McMillan et al.%*” asked partici-
pants to increase their consumption of fruits, vegetables, oily
fish, low-fat dairy products and nuts and to combine good
sources of carbohydrates (less refined carbohydrates, whole
grains, legumes, fruits and vegetables), fats and proteins.
Additionally, they were instructed to abstain from red meat,
refined sugars, refined flour, pre-packaged and processed
foods, caffeinated products, soft drinks and condiments.

Regarding dietary assessment methods, food diaries were
used over the 10-d study period in order to record the dietary
intake in three of the studies®323%, The remaining study pro-
vided the foods, so no self-reported dietary assessment was
required®?.

While three studies examined both mood and cognition as
outcomes*-32), one study assessed only mood. The assess-
ment methods for mood included the German version of
Multidimensional Mood State Questionnaire®? for subjective
mood (good/bad mood; alertness/fatigue and ease/unease)®",
the Profiles of Mood States questionnaires®” scoring the sub-
scales tension/anxiety, fatigue/inertia, vigour/activity, confu-
sion/bewilderment, anger/hostility, depression/rejection and
the total mood disturbance score®323% and the Bond-Lader
visual analogue scales™ for the alertness, calmness and con-
tentment®"*23% For the assessment of cognition, the German
version of the Frankfurt Attention Inventory 2 (test version A)°”
for attention®” and the Computerised Mental Performance
Assessment System®® battery for a variety of cognitive domains
were used“’3? (Table 1).

Study quality

The study quality assessment showed that all included studies
have a low risk of bias in the first three domains ((D1), bias aris-
ing from the randomisation process; (D2) bias due to deviations
from intended interventions; (D3), bias due to missing outcome
data), while the other two domains ((D4) bias in measurement of
the outcome and (D5) bias in selection of the reported result)
were assessed as having some concerns (Fig. 2).

Primary outcome measures

Cognition. According to the Computerised Mental Performance
Assessment System results, increased correct responses (1-14,
F=819, P=0:01) and decreased incorrect responses (-0-32,
F=4-83, P=0-04) were seen in immediate word recall; reduced
incorrect responses (-0-33, F=4-57, P= 0-046) in delayed word
recall were evident in the MDP group relative to the control,

Diekmann et al.

o1
NeVrieset al .

Leeetal.

McMillan et al. .
. Low risk |

D1: bias arising from the randomisation process;

D2: bias due to deviations from intended interventions;

D3: bias due to missing outcome data;

D4: bias in measurement of the outcome;

DS5: bias in selection of the reported result; D6: overall bias.

9009
99909 :
I= 1= 1= 1= I2
= 1= 1= 1= 13

OO0k

Some concerns . High risk

Fig. 2. Risk of bias assessment results.

while correct responses significantly decreased in MDP treat-
ment (=2-32, F=6-64, P=0-02) for the three-back task®%.
Reaction time increased for numeric working memory task in
MDP by 2% and decreased by 14% in the control group
(F=5-05, P=0:04); reduced for Corsi Blocks task by 14 %
(~420) in MDP treatment and increased by 27 % (+837) in the
control group (F=17-628, P<0-001)“”, Whilst reaction times
reduced in the word recognition task in both arms, it was not
significant in the MDP (3 %, 29, P= 0-574) treatment and signifi-
cant in the control group (20 %, <191, P=0-001). The difference
between the groups was significant (F= 5-04, P = 0-035)3%.

No overall significant effect of meal type in attention (as
assessed by the Frankfurt Attention Inventory 2 method) was
recorded. However, in the walking groups, a 1-4-fold increase
was seen in the MDP group when compared with the WD, while
this increase was 1-1-fold higher in the MDP relative to the WD in
resting (P = 0-045 from iAUC data)®".

Mood. Using the Profiles of Mood States questionnaire, vigour/
activity (P <0-001), tension/anxiety (#=0-001), fatigue/inertia
(P=0-003), anger/hostility (P=0-014), confusion/bewilder-
ment (£=0-015) and the total mood disturbance score (P value
not stated) were significantly improved in the MDP arm com-
pared with the control group®®. Lowered confusion was
observed by the MDP treatment (~1-19, F=6-87, P=0-02) with
no other changes in the subscales of mood evident®?. Following
10 d of MDP adherence, vigour rose by 18% (3-67, F=11-25,
P=0-003) in the MDP condition with no other dimensions of
mood significantly affected®”.

Using the Bond-Lader scale, alertness and contentment were
improved by MDP in all three studies used this scale. The results
were as follows: alertness (P=0-003) and contentment
(P=0-001)5%; alentness (6-93, F=14-11, P<0-01) and content-
ment (535, F=6-49, P<0:02) scores®?; and alertness (16-43
(about 30%), F=22-23, P<0-001) and contentment (12-89
(about 20%), F=16-634, P<0-001)“*". No significant change
was reported for calmness.

Using the Multidimensional Mood State Questionnaire test,
no main effect of meal type interventions was observed for
moodBD,
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Secondary outcome measures

Two of the studies reported dietary adherence. In the Lee et al.’s
study®®?, all of the participants (» 24) an average MDP adherence
of 94 % was evident which ranged from 80 % to 100 %. Similarly,
in the McMillan et al.'s study™”, a mean MDP adherence of 93 %
for meals (range 80-100 %) and 95 % for snacks (85-100 %) was
reported.

No significant impact of a MDP meal v. WD meal on plasma
cortisol levels was evident®". Only Lee et al. assessed the impact
of intervention on blood pressure, blood flow velocity and
arterial stiffness®?. A significant decrease (-1-05, F=6-15,
P=0-02) in augmentation pressure (mm Hg) was observed in
the MDP condition relative to the control group.

Diekmann et al. assessed the desire to eat®". The overall
hunger was not influenced by meal, while satiety was higher
after MDP as compared with the WD (£ < 0-001).

Body weight and BMI were tracked in two of the studies. Lee
et al.®? reported a significant weight loss in the MDP (~1-77 kg,
F=10,81, P <0-01) group. McMillan et al.®" observed no signifi-
cant main effect of diet on body weight, BMI or waist circumfer-
ence between the two groups.

Discussion

This is the first systematic review to report the short-term effects
of a MDP on cognition and overall mental well-being. The
findings suggest that a MDP has the potential to affect cogni-
tion and mood in as little as 10 d. The findings have also iden-
tified important research gaps notably; there are few reported
studies and of the studies available most were conducted in
young people, aged 18-38 years©®323% and all conducted
in individuals without cognitive or mental health complaints.
In addition, there was a tendency to study females with only
eighteen males in the 128 participants from the four studies.
Therefore, the short-term effect of a MDP on mental health sta-
tus in older adults, and in particular individuals who present
with evidence of cognitive or mental health decline, is cur-
rently unknown.

Specific cognitive domains improved in all of the studies
assessing the cognition, although the findings were not consis-
tent® 32 Attention was significantly improved after the MDP
in one study, with the authors speculating that this difference
may be caused by the higher glucose content of the MDP (carbo-
hydrate content of the meals: 133 gin MDP 2. 93-7 g in WD) as the
brain uses glucose as the primary source of energy®". Other
studies reported improvements in immediate and delayed
memory recall tasks, working memory and reaction times®?,
and spatial working memory®”. Consistent with these
short-term effects, previous studies have reported longer-term
(8 weeks) effects of a MDP enriched with dairy foods on
processing speed in adults at above average CVD risk in the
MedDairy study®®.

Mood dimensions, namely, alertness and contentment, were
significantly and consistently improved by MDP in the short-term
in all four studies. Vigour™3* and confusion®**¥ were also
improved following the MDP. Adherence to a MDP has previ-
ously been shown to be associated with reduced risk of

depression in elderly™”, and in the MedDairy study, a reduction
in depression, tension, anger, confusion and total mood disturb-
ance score was recorded following the 8-week dietary interven-
tion period®”. Furthermore, polyphenols intake, which are
considered an important bioactive in the plant-based MDP,
has shown to reduce depressive symptoms".

Previous short-term studies using other dietary intervention
or health endpoints provide insight into the possible mechanistic
basis for the effect of a MDP on mental health. Myette-Coté
et al Y examined the effects of a low-fat, low glycaemic index
diet, to a low carbohydrate diet or a low carbohydrate plus post-
meal walking, in type 2 diabetes on glucose levels and inflamma-
tory factors in a RCT comprising three 4-days interventions.
While improved glycaemic control was evident in the low carbo-
hydrate diet group, plasma monocyte-derived microparticles
reduced significantly in the low-fat, low glycaemic index diet
group which was similar to a MDP, suggesting that cerebral
hypometabolism and inflammation which are features of cogni-
tive disorders may be positively modulated by short-term dietary
strategies. Attuquayefio et al“"? reported a decrease in hippo-
campal-dependent learning and memory following a breakfast
high in saturated fat, cholesterol and added sugar and low in pro-
tein relative to an isoenergetic healthy breakfast for 4 consecu-
tive days, findings which were subsequently confirmed over a
1-week intervention period“?. The hippocampus is a core brain
area for cognitive functions such as learning and memory“®.
Besides, the hippocampus is involved in anxiety-related behav-
iours"” and major depression””. This evidence suggests that
the hippocampus function can be affected negatively by an
unhealthy eating pattern in as short period as 4 d.

The hippocampus also produces high concentrations of
brain-derived neurotrophic factor (BDNF) which is important
in attention, cognition and total behaviour™?. Decreased levels
of BDNF have been linked to cognitive and mood disorders, and
it has been identified as a therapeutic target in neurodegen-
erative and psychiatric impairments?. In PREDIMED study, a
MDP raised BDNF levels over 3 years, whilst a MDP supple-
mented with nuts was linked to significant improvement in
serum BDNF levels in individuals with depression®%.
However, the existing literature does not provide any insight into
the short-term impacts of a MDP on BDNF levels.

Blood brain barrier is a dynamic selective interface between
the brain and the bloodstream, in which dysregulations are asso-
ciated with cognitive (including Alzheimer’s disease) and psychi-
atric disorders®”. Although selected dietary components have
been shown to affect blood brain barrier function such as per-
meability in animal models®* and the blood brain barrier is sus-
ceptible to be impairment by a WD, the impact of a MDP in
short- or long-term mental health is currently unknown but
should be a focus of investigation. Additionally, a reduction in
cerebral blood flow is associated with cognitive dysfunction®".
Lamport et al."> investigated the impacts of high flavanones on
cognition and cerebral blood flow in young healthy participants
in an acute RCT. A high flavanone citrus juice resulted in a 2-h
increase in cerebral blood flow and better performance in one
cognitive task (Digit Symbol Substitution) was observed in the
experimental group. McManus et al.%? examined the acute
effects of EPA or DHA, found in oily fish, on arterial stiffness
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in men at high risk of CVD. Four hours following to the test meal,
vascular function was significantly improved by the DHA-rich
oil. Besides, a MDP is known to chronically affect systematic vas-
cular function®?.

The influences of the gut microbiota on cognition and overall
mental well-being are well-recognised®®*”. Therefore, nutri-
tional strategies targeting the gut health may represent a mean-
ingful strategy for delaying or even reversing neuropathology”.
David et al®V demonstrated that the gut microbiota can be
changed through both animal-based and plant-based diets in
5 d. Moreover, in a 1-year longitudinal study, the gut microbiota
responded to daily changes in diet®?. Hence, accumulating evi-
dence suggests that the gut-brain axis could mediate the even
short-term effects of a MDP on cognition and mental well-being.

The current review highlighted that all of the participants in
the MDP treatments from the two studies tracking dietary adher-
ence®"3? reported high dietary adherence with no side effects.
Besides, a MDP was linked to higher satiety in one study®" and
significant weight loss despite no energetic restriction in the
another study®®?. Considering the fact that maintenance of
healthy eating behaviours is not an easy task even in the
short-term, this available evidence suggests that a MDP is
an acceptable implementable approach even in non-
Mediterranean countries.

The review has also highlighted a lack of consistency in how
the MDP is applied. Despite the small number of included stud-
ies, none of them used the same dietary procedure, although the
two Australian studies gave similar instructions to their partici-
pants®*3? Abdelhamid et al.®” have previously reported the
high inconsistencies in food and nutrient intake through when
adopting a MDP. Davis et al.“" also reported discrepancies in
how the MDP was defined and the resulting nutrient intakes,
with vegetable intakes, for example, ranged from 191 to 500
g/d in high MDP adherers. A greater standardisation in the def-
inition of a MDP is needed in order to integrate data from differ-
ence sources and translate it in dietary recommendations
focussed on improved short- and long-term health.

The main strength of the present paper is that it is the first sys-
tematic review to examine the short-term impact of a MDP on
mood and cognition. Second, the database combination used
ensured optimal coverage of the data®?” and has been
shown by others to retrieve 95-9 % of available references?.
Third, the review covers all available literature up to
December 2020. As for limitations, the number of studies
found was small; therefore, the conclusions are preliminary
rather than robust. However, this limitation provided an
opportunity to identify research gaps. The second limitation
is the high heterogeneity in the dietary and mental health
status assessments used. This methodological variability
restricted making comparisons between studies.

In conclusion, the possible short-term beneficial impacts of a
MDP on cognitive and mental health have been reviewed sys-
tematically for the first time. The results provide some initial evi-
dence that short-term dietary interventions can confer health
benefits which directly and/or indirectly improve cognitive
and mental health. However, future studies are required to elu-
cidate which cognitive and other mental health domains could
be beneficially affected and what are the underlying

physiological mechanism mediating the effects. Short-term strat-
egies to improve cognition, mood and anxiety are not only of
interest to improve quality of life and capabilities in those with
existing mental health deficit but also in healthy individuals.
The definition of the MDP in future studies should be carefully
considered, with attention given to its population adoption tak-
ing into account social, geographical and cultural mediators of
eating behaviours.
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The long-term benefits of a Mediterranean-style dietary pattern (MDP) on cognitive"” and other mental health outcomes® has been
consistently reported. However, the short-term efficacy of a MDP on cognition and mental wellbeing is less researched and remains
mostly unknown. Therefore, this systematic review aimed to scrutinise the data from randomised controlled trials (RCT) to investigate
whether a MDP can improve mental health in the short-term. This process also aimed to identify research gaps and provide insights
into the design of future acute RCTs in the area.

Systematic searches were conducted in Ovid Embase, Ovid Medline and Web of Science Core Collection from inception up to

» o« » o«

December 2020, with the keywords “Mediterranean diet”, “olive oil”, “cognition”, “dementia”, “mood”, “mood disorders”, “anx-
iety”, “anxiety disorders”, “depression”, “depressive disorders” and “wellbeing”. RCTs conducted in adults (both males and females,
over 18 years), up to and including 10 days intervention were included. No additional exclusion criteria were applied. A quality assess-
ment was done using RoB2, a revised tool for risk of bias by Cochrane. A narrative approach was used to synthesise the data. A
predefined protocol was registered with PROSPERO (CRD42021221085).

In total, 3002 studies were retrieved through initial database searches. Following the elimination of duplicates and screening stages,
4 studies met the inclusion criteria, all of which conducted in non-Mediterranean countries. Three studies included only young females
(18 to 38 years) and one included both genders aged 60 to 80 years. Participants had no previous cognitive and mental health com-
plaints. Despite the limited evidence available and the heterogeneity among the methods, the findings indicate that a MDP improves
cognition and mood in the short-term. In particular, increases after MDPs compared to the controls in attention (1.1-1.4 fold), alert-
ness (_p =_0.003; F=14.11, p <0.01; F =22.23, p<0.001) and contentment (p = 0.001; F=6.49, p <0.02; F=16.634, p <0.001) were
consistently reported.

As a novel contribution to the literature, the short-term effects of a MDP on cognition and mood were reviewed systematically for
the first time. A MDP was identified as a promising nutritional strategy to improve cognitive and other mental health outcomes in the
short-term. This is valuable to promote the quality of life, for not only those with existing cognitive and mental health deficits but also
healthy individuals. A recognised significant limitation of this study is the small amount of evidence available to review, however, this
severe limitation has provided a systematic identification of research gaps, with further studies are needed to confirm these initial
findings, and to provide granularity as to which domains are most responsive and in which population subgroups.

Proceedings of the Nutrition Society

0
oL

References

1. Shannon OM, Stephan BC, Granic A et al. (2019) Am J Clin Nutr 110, 938-948
2. Altun A, Brown H, Szoeke C et al. (2019) Neurol Psychiatry and Brain Res 33, 1-10

https://dbi.org/10.1017/50029665121002743 Published online by Cambridge University Press




Appendix 4. PROSPERO registration

1. Review title
Short-term effects of a Mediterranean-style dietary pattern and olive oil on cognition, mood and

mental wellbeing: a systematic review of clinical trials

2. Original language title
English

3. Anticipated or actual start date
15/09/2020

4. Anticipated completion date
31/03/2021

5. Stage of review at time of this submission

Preliminary searches

6. Named contact

Miss Latife Esgunoglu

7. Named contact email

l.esgunoglu@uea.ac.uk

8. Named contact address
Bob Champion Research and Education Building, Colney Ln, Norwich, NR4 7UQ

9. Named contact phone number
00441609591949

10. Organisational affiliation of the review

University of East Anglia

11. Review team members and their organisational affiliations

Miss Latife Esgunoglu, University of East Anglia

8



Mrs Elizabeth Sanchia Connole, University of South Australia
Dr Amy Jennings, University of East Anglia
Dr Karen Murphy, University of South Australia

Professor Anne Marie Minihane, University of East Anglia

12. Funding sources/sponsors
University of East Anglia
Ministry of National Education, Republic of Turkiye

13. Conflicts of interest

None

14. Collaborators
15. Review question
Is a Mediterranean-style dietary pattern (MDP) and olive oil able to provide short-term (up to 10

days) cognitive and mental health benefits in adults?

16. Searches

Comprehensive searches will be conducted in the following databases; Ovid MEDLINE, Ovid
EMBASE and Web of Science with the search terms “Mediterranean diet, Mediterranean eating
pattern, olive oil, cognition, cognitive disorders, dementia, mood, mood disorders, anxiety,
anxiety disorders, wellbeing and depression”. Free search terms and MeSH terms will be

combined where databases allow which are MEDLINE and EMBASE.

The search strategies were designed with the guidance of an expert in systematic reviews, Dr Lee

Hooper and an academic librarian, Matthew Smith at the University of East Anglia (UEA).

Studies published in English language will be included. All studies exploring Mediterranean diet
adherence and cognition and mental health, up to the 08/12/2020 will be included.

Reference lists of included publications will be searched for additional original publications.

17. URL to search strategy
NA



18. Condition or domain being studied

The positive association between the long-term consumption of a MDP and cognition and overall
mental health has been observed in epidemiological studies and a limited number of clinical trials.
Besides, olive oil either by itself or as a component of a MDP has numerous health benefits.
However, there is limited evidence on whether a MDP or olive oil impact on cognition and mental

health in the short-term.

19. Participants/population
Adults (over 18)

20. Intervention(s), exposure(s)
Studies involving either a MDP or olive oil in their protocol will be included.
21. Comparator(s)/control
- Any control group (no intervention, ad libitum, another type of dietary intervention)

- Baseline for single-arm studies

22. Types of study to be included
This review will include all types of clinical trials, both single-arm and multi-arms, in which either

a MDP or olive oil is employed.

Epidemiological studies (cohort, cross-sectional, observational, longitudinal, quantitative),

reviews and meta-analyses will be excluded.

23. Context

24. Main outcome(s)

The main outcomes of interest are measures of mental health including cognition, mood, anxiety
and depressive symptoms. Cognition can either be reported as a composite cognitive score such
as provided by the Neurocognitive Test Battery (NTB), Cognitive Drug Research (CDR) or
Cambridge Neuropsychological Test Automated Battery (CANTAB) test batteries, or as
individual measures of domains such as memory and its sub-types, executive function, spatial

recognition and verbal fluency.

25. Additional outcome(s)

We will report the following outcomes where available;
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- Circulating biomarkers of cognition and mental health such as brain derived neurotrophic factor

(BDNF) and circulating amyloid B (Ap)

- Dietary adherence measured by methodologies, such as Food Frequency Questionnaires, 24 hr
recall, Food Diaries and any validated instrument to measure Mediterranean diet adherence such

as the Mediterranean Diet Adherence Score (MEDAS).

- Cardiovascular and metabolic parameters such as blood pressure, blood lipid and glucose levels

as they are linked to cognitive and overall mental health

- Body weight, BMI, fat mass, fat free mass.

26. Data extraction (selection and coding)
The search results will be imported in EndNote as the reference management tool. The inclusion

criteria are as follows;

- Adults over 18 years,

- MDP or olive oil interventions with a study period up to 10 days

- A control group or reference group

- Assessing at least one of the followings; cognition, mood, anxiety or depressive symptoms

- A clinical trial.

Titles and abstracts found using the defined search strategy above will be screened against the
eligibility criteria by the first and second researchers independently. Full texts of potentially
eligible articles will be reviewed in detail in the second step of screening. In the case of missing
data or unavailability of full texts, study authors will be contacted for further information. Any
disagreement during the study selection process will be resolved by discussion among all the

authors.
A data extraction table will be created including the followings; authors, publication year, country,

study design, population characteristics, study duration, intervention, outcomes, assessment

methods used, results and any comments.

11



The article will be produced in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guideline. We will report the study selection process in
a PRISMA flowchart. EndNote X9 will be used as the reference management tool.

27. Risk of bias (quality) assessment

The Cochrane risk of bias tool will be employed to assess risk of bias in randomised clinical trials.
The tool has 6 domains; selection bias, performance bias, detection bias, attrition bias, reporting
bias and other bias. The result of bias investigation will be presented in a table under high risk,

low risk or unclear categories.

28. Strategy for data synthesis

The data from the individual studies will be critiqued narratively with reference to the
intervention, time-scale and the size effect observed. Study characteristics will be visualised by
means of a table including the following columns; authors, publication year, country, study
design, population characteristics, study duration, intervention, outcomes, assessment methods
used, results and any comments. As we expect the data available to be limited with high
heterogeneity among the included studies in terms of study design, the assessment methods used
and measurement units, we do not plan to conduct a meta-analysis. This systematic review will
follow the Synthesis Without Meta-Analysis (SWiM) (462) reporting guidelines as an extension
to the PRISMA guidelines.

29. Analysis of subgroups or subsets

We will evaluate the results under two subgroups which are MDP and olive oil.

30. Type and method of review

Systematic review; Mental health and behavioural conditions

31. Language
English

32. Country
England, Australia

33. Other registration details
NA
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34. Reference and/or URL for published protocol
NA

35. Dissemination plans

We are planning to publish this review in British Journal of Nutrition.

36. Keywords
Mediterranean diet
Olive oil
Cognition
Dementia

Mental wellbeing
Mood

Depression

Anxiety

37. Details of any existing review of the same topic by the same authors
NA

38. Current review status

Review Completed Published

39. Any additional information

Systematic reviews exist on the long-term effects of a MDP on cognitive and mental health,
however, there is no systematic review currently assessing it in the short-term. Therefore, this
review is being conducted to address a research gap, and to provide us with the rationale for, and
contribute to the planning and design of an acute clinical trial examining the impact of nutrition

on mental health outcomes.

40. Details of final report/publication(s) or preprints if available

Esgunoglu, L., Jennings, A., Connole, E., Murphy, K., & Minihane, A. (2022). Short-term effects
of a Mediterranean-style dietary pattern on cognition and mental well-being: A systematic review
of  clinical trials. British Journal of  Nutrition, 128(7), 1247-1256.
doi:10.1017/S0007114521002567
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ABSTRACT

Introduction Psychological disorders including
depression and anxiety are significant public health
concerns. A Mediterranean-style dietary pattern (MDP)

has been associated with improved mental well-being

in observational studies. Evidence of the acute (defined

as postprandial to 1 week) effects of an MDP on brain
function, mood, cognition and important modulators,
including sleep and the gut microbiota is limited. The
current intervention aims to examine whether an MDP,
compared with a Western diet (WD), improves mood,
cognition and anxiety symptoms, postprandially, at 24-hour
and after 5days in adults with mild to moderate anxiety
and depression.

Methods and analysis Twenty-five UK adults (aged 18 or
over) with mild to moderate anxiety and/or depression and
low adherence to an MDP were recruited to a cross-over
randomised controlled trial. Each participant undergoes

a 5day MDP and a 5day WD in a randomised order with
all meals provided. The co-primary outcomes are mood
and anxiety, with secondary outcomes including cognitive
function, brain perfusion (as assessed by MRI), sleep
quality, blood pressure, plasma glucose, insulin, lipids,
C-reactive protein, cortisol, brain-derived neurotrophic
factor, gut microbiota speciation and microbial metabolites
including short chain fatty acids. A linear mixed model and/
or paired analysis will be used to compare the effects of
treatments over time.

Ethics and dissemination The study has received a
favourable ethics opinion from the National Health Service
London Queen Square Research Ethics Committee (22/
L0/0796). The results will be disseminated through
scientific journals and conferences.

Trial registration number NCT05927376.

INTRODUCTION

Mental health disorders represent a major
public health challenge.' In 2019, depres-
sion exceeded 280million cases globally,

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The design of MediMood was informed by a sys-
tematic review of the literature which provided the
need for, and informed the design of, the current
randomised controlled trial (RCT).

= MediMood is a highly controlled efficacy RCT with
all food provided for 5 days with detailed food prepa-
ration instructions rather than dietary advice only.

= The study quantified key physiological determinants
of brain health including gut microbiota and brain
perfusion quantified by MRI.

= To minimise participant burden, the primary out-
comes (mood and anxiety) and biological samples
collection could not be conducted daily.

= For logistical and costs reasons, MRI scans could
not be executed at the beginning and at the end of
the 5day interventions, to assess short-term chang-
es in brain perfusion, limiting us to assessing only
the postprandial effects of dietary intervention on
cerebral blood flow.

and anxiety surpassed 300million cases,
as the two most common forms of mental
health disorders." Mental health disorders
have constituted around 15% of ‘years lived
with disability’ worldwide since 1990,® with
depression predicted to be the global leading
cause of disease by 2030.” In England, nearly
20% of adults report depression, anxiety,
sleep problems, poor concentration and
forgetfulness.*

The economic impact of mental health
disorders are substantial, with an estimated
annual global cost of approximately $5 tril-
lion including loss of productivity.” The UK
National Health Services (NHS) has allocated

BM) Group

Esgunoglu L, et al. BMJ Open 2024;14:€082935. doi:10.1136/bmjopen-2023-082935 1

14



a £2.3billion budget for the years 2023-2024 for mental
health services as part of its long-term plan.’

The main treatment for mental health disorders are
antidepressant medications and psychotherapy; both
can cause negative side eﬁ"ect.s,7 stigma8 and have poor
uptake.! Despite increased treatment in recent decades,
no decrease in the prevalence of mental disorders is
evident,’ underlining the need for alternative interven-
tion approaches.

The WHO has highlighted the critical need for ‘afford-
able, effective and feasible strategies to promote, protect
and restore mental health’, and launched several initia-
tives such as the ‘Comprehensive Mental Health Action
Plan 2018-2030’"" and the ‘World mental health report:
transforming mental health for all'"' to address these
needs.

A Mediterranean-style dietary pattern (MDP) consists
of high amounts of fruits, vegetables, legumes, nuts, olive
oil and fish. It is low in high fat dairy, red and processed
meat, carbonated beverages and free sugars, and rich
in unsaturated fatty acids, polyphenols and unrefined
complex carbohydrates,” which aligns with healthy
eating guidelines in the UK and many other countries."

Long-term adherence to an MDP has been consis-
tently shown to protect mental health. Longitudinal
analysis of the SUN cohort (n=10094) reported that
higher MDP adherence was correlated with a lower
depression incidence after 4.4 years,' supported by a
meta-analysis of observational studies showing a reduced
risk of depression associated with long-term MDP adher-
ence (OR=0.72; 95% CI, 0.60 to 0.87)."” The Prevencion
con Dieta Mediterranea (PREDIMED), the hallmark
randomised controlled trial (RCT) in the field, reported
a 41% reduction in depression among atrisk individuals
with type 2 diabetes who followed an MDP supplemented
with nuts for 8 years (HR=0.59; 95% CI, 0.36 to 0.98)."°
The HELFIMED,'” SMILES' and AMMEND" trials, all
of which examined the effects of an MDP on depression
in adults with moderate to severe depression over the
course of 3-6 months, demonstrated significant decrease
in depressive symptoms. The cognitive benefits of an
MDP have also been consistently reported. The PRED-
IMED study showed improved cognition after MDP inter-
ventions,” while a recent UK Biobank analysis suggested
a reduced risk of future dementia associated with MDP
consumption.”’ Additionally, a meta-analysis reported
a linear dose-response relationship between an MDP
adherence and the risk of future cognitive disorders.”

On the other hand, a Western diet (WD), which
includes high amounts of saturated fat (SFA) and simple
sugars, is associated with compromised brain health, and
a higher incidence of depression, anxiety and neurolog-
ical conditions.” **

Our systematic review investigating the short-term
effects (up to 10 days) of an MDP on brain health
revealed improved mood and cognition, in particular,
alertness, contentment and attention domains in the four
included studies.”” There were too few studies to draw

firm conclusions, and we identified several limitations
and research gaps. Three of the four studies were of 10
days duration, with no shorter term or postprandial data
available. Besides, in all reviewed studies, participants
were provided with dietary advice rather than the inter-
vention diet, and adherence to the intervention was not
monitored. Furthermore, mental health outcomes were
not comprehensively assessed to elucidate which domains
are most responsive to a short-term MDP intervention
and little attention has been given to possible underlying
mechanisms which could be mediating the acute effects of
an MDP such as changes in inflammation, glucose regula-
tion, cerebral blood flow (CBF) and the gut microbiota.?
Therefore, despite its potential benefits® on mental
well-being and quality of life, the acute effects of an MDP
are largely unknown. The overall aim of MediMood study
is to examine the impact of an MDP versus a Western-style
diet (WD) on mood, anxiety and cognition postprandially,
at 24-hour (mood and anxiety only) and after 5 days, and
to investigate underpinning physiological mechanisms.

METHODS AND ANALYSIS

This article follows the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT)
guidelines.”

Study setting

MediMood is a single-centre cross-over RCT conducted at
the University of East Anglia (UEA), and the NHS Clin-
ical Research Facility (CRF) intervention centre, based at
the Quadram Institute (QI), in Norwich, UK. The data
collection period spanned from June to December 2023.

Eligibility criteria

Potential participants were recruited from the general

population and from the University staff and students,

using advertising posters/leaflets, internal emails and
social media.

Twenty-five people aged 18 years or over were recruited.
Participants were eligible if they met the following
conditions:

1. Had mild to moderate level depression and/or anxi-
ety, established using the Patient Health Questionnaire
(PHQ-9) (score 5-14/ 27)27 and the Generalised
Anxiety Disorder (GAD-7) (score 5-14/21).® Both
measures are commonly used in the NHS settings as
preindicators of depression and anxiety.

2. Were not already following an MDP, established using
the Mediterranean Diet Adherence Screener (ME-
DAgsg) (score<7/14) (online supplemental appendix
1).

3. Had been on the same dosage of their medication for
at least 3months and expected to keep a stable dosage
for the next 3months (for those who are on any anti-
depressant/antianxiety medication).

4. Were eligible to undertake an MRI scan (eg, not hav-
ing any possibility of pregnancy).
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Table 1 The eligibility criteria

Inclusion criteria Exclusion criteria
Males and females aged 18
or over

Mild to moderate level
anxiety and/or depression

Vegan, vegetarian

Allergic to any of the study
components for example, nuts

(PHQ-9 and/or GAD-7 and fish

scores of 5-14)

Low MDP adherence On antianxiety and/or
(MEDAS score<7/14) antidepressant medication

which has changed in the last
3 months or likely to change in
the next 3 months

Unwilling or unable to make
changes to their diet for 10

Able to have an MRI scan

days (2x5days period)
Computer literate with Unable to attend the
internet access intervention centre
Fluent in written and MEDAS score>7

spoken English
Gave consent for the study
team to contact their GP

Willing and able to comply
with all study procedures
including diet

Not fluent in written and
spoken English

MRI unsafety

Not agreement for the study
team to contact their GP

Not prepared to make changes
to diet for 10 days (2x5days
period)

GAD-7, Generalised Anxiety Disorder (includes 7-item); GP, general
practitioner; MDP, Mediterranean-style dietary pattern; MEDAS,
Mediterranean Diet Adherence Screener tool (includes 14-items);
PHQ-9, Patient Health Questionnaire (includes 9-item).

5. Were not vegan or vegetarian.
6. Did not have food allergies or intolerances to the food
provided such as fish and nuts.

If participants reported antibiotics use in the last
month, their participation was postponed until 1 month
after treatment to allow the gut microbiota composition
to return to its habitual status. Participants are requested
to keep any probiotic supplement use and physical activity
levels stable during their participation. For MRI safety,
‘any possibility of being pregnant’ or those with specific
medical implants or devices (such as cardiac pacemakers
or artificial limbs) were precluded from participating
(online supplemental appendix 2, MRI Safety Screening
Form). Participants were advised to discuss their participa-
tion with their general practitioners (GPs) and informed
that the study researchers were going to inform their GPs
about their participation (online supplemental appendix
3, Participant Information Sheet).

Table 1 lists the full inclusion and exclusion criteria.

Recruitment

Individuals who expressed an interest in the study were
provided with the Participant Information Sheet and
directed to the study website (https://app.mantal.co.
uk/medimood), built on the Mantal platform, an online
research management portal. First, participants were
asked to provide consent (online supplemental appendix
4, Consent Form). Second, participants completed ques-
tionnaires to ascertain if they meet the study inclusion
criteria detailed above. Those meeting the criteria were
enrolled in the study and randomised to either an MDP
or a WD for arm 1 of the study, by using random number
generator in Microsoft Excel.

The study stages are displayed in figure 1.

Safeguards for maintaining psychological well-being of
participants

Enrolled participants’ GPs are notified about their
patients’ participation and provided with their PHQ-9
and GAD-7 scores. The GPs of participants who are inel-
igible due to severe levels of anxiety and/or depression
were also notified. All participants are signposted to
mental health and well-being support.

Interventions

The experimental arm is a 5day MDP, with a 5day WD
comparator arm. Both diets are designed to provide
approximately 2000 kcal/day (+10% flexibility per day,
ranging between 1800 and 2200 kcal). The MDP dietscores
14 (or 13 if no alcohol is consumed) on the MEDAS scale
(maximum score 14) on each of the 5days. Conversely,
the WD scores zero points on the MEDAS scale on each of
the 5 days. The full meal plans are presented in the online
supplemental appendix 5.

The total macronutrient (carbohydrates, fat and
protein) composition, and free sugars, fibre, SFA and
monounsaturated fat content of the diets have been
designed to ensure that they represent typical MDP and
WD. For the MDP, the PREDIMED diet was used as the
reference standard® and for the WD, the nutrient profile
was based on extreme nutrient intakes (lowest or highest
2.5%) of the UK population using the UK National Diet
and Nutrition Survey (NDNS) data (https://www.gov.uk/
government/collections/national-diet-and-nutrition).
Table 2 represents the nutrient compositions of the test
lunch meals, and table 3 represents the nutrient composi-
tions of the full 5day diets.

To capture their habitual dietary intake prior to the
study, the participants are asked to complete the Euro-
pean Prospective Investigation into Cancer and Nutri-
tion study Food Frequency Questionnaire (EPIC FFQ;
https://www.epic-norfolk.org.uk/about-epic-norfolk/
nutritional-methods/ffq/) before their baseline visit. To
promote adherence, all study foods are delivered to partic-
ipants’ homes using a supermarket delivery service, with
extra food provided for the evening meals for one other
person at home. Participants are provided with booklets
(online supplemental appendix 6), with guidance as to
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Recruitment
Through UEA, UEA Nutrition Participant database and Facebook
v
[ Electronic informed consent ]
v
Online screening
Determine eligibility based on MEDAS, GAD-7 and PHQ-9 scores
v
( Randomization (n=25) ]
( Allocated to MDP (n=13) Allocated to WD (n=12) ]
B .
o 5-days MDP 5-days WD
5 Day 1: On site visit Day 1: On site visit
Morning fasting baseline Moming fasting baseline
measurements measurements
Breakfast (neutral) Breakfast (neutral)
|= Mediterranean test-meal Westem test-meal
Post-meal measurements Post-meal measurements
Day 2 on-line measurements Day 2 on-line measurements
Day 6 on-site measurements Day 6 on-site measurements
{ 4 weeks washout period J
a— —
L Allocated to MDP (n=12) J [ Allocated to WD (n=13) ]
v
i 5-days MDP 5-days WD
! Day 1: On site visit Day 1: On site visit
Morning fasting baseline Morning fasting baseline
measurements measurements
Breakfast (neutral) Breakfast (neutral)
.l Mediterranean test-meal Westem test-meal
Post-meal measurements Post-meal measurements
Day 2 on-line measurements Day 2 on-line measurements
Day 6 on-site measurements Day 6 on-site measurements

\/

[

3 months later

)

.

[

Follow-up MEDAS questionnaire

]

Figure 1 Study flow diagram. GAD-7, Generalised Anxiety Disorder (includes 7-item); MEDAS, Mediterranean Diet Adherence
Screener; PHQ-9, Patient Health Questionnaire (includes 9-item); WD, Western-style diet.

how to store and prepare the meals and which additional
foods and snacks can be consumed if hungry. The snacks
are chosen to ensure they do not affect the MEDAS score
of the study arm. To track dietary compliance, partici-
pants are asked to record all foods and beverages on the
daily checklists in the booklets and provide notes and
feedback. Participants are contacted daily to encourage
dietary adherence.”

Participants are asked to visit the intervention centre
on day 1 (figure 2), from 08:00 until approximately 15:30.

Before their arrival, they are required to collect a urine
and faecal sample at home using sample collection kit
provided at least 2 days prior to their day 1 visits. The kit
includes a stool sample catcher, two plastic tubes with
scoop, a biohazard bag, a sealable bag, a urine sample
collection pot with a sealable bag, a pair of disposable
gloves, an insulated cool bag, two freezer blocks with
two sterile outer bags and instructions. They are asked
to collect the faecal sample within 24 hours prior to their
clinical visit, and the urine sample as the first pass on the

4
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Table 2 Nutrient composition of the lunch test meals (day
1) taken from the product labels

Mediterranean diet Western diet

Energy Kcal 1013 984
Carbohydrates g 45 123
% 18.3 50.3
Free sugars g 0 83
Fibre g 10.6 2.9
Proteins g 60 37.5
% 243 15.3
Total fat g 63 37.3
% 57.4 34.4
SFA g 8.8 15.2
% 7.8 14

%, contribution to the total daily energy intake as per cent; g,
grams; kcal, kilocalories; SFA, saturated fatty acids.

morning of their visit (day 1). Participants arrive at the
intervention centre in a fasted state (fasted from 20:00
the night before). On arrival, anthropometric (weight
and height) and blood pressure (BP) measurements
are taken. A nurse collects the baseline blood sample.
Participants are then provided with a honey and oat
cereal bar. After 15 min rest, participants undergo the
mood, anxiety, cognition and sleep testing via the study
website; 90 min after completing these tests, participants
are served either an MDP or a WD test meal (at 11:30)

Table 3 Nutrient composition table of the 5day test diets

Mediterranean  Western diet
diet (mean+SD) (meanz=SD)
Energy Kcal/ 1878+46 2027+79
day
Carbohydrates g/day 154.2+16.2 230.8+24
% 32.8+3.0 45.5+4.6
Free sugars g/day 0.3+0.6 35.7+10.4
Fibre g/day 34.8+6.4 10.6+2.9
Proteins g/day 80.8+19.1 64.6+11.4
% 17.1+4 12.7+2.3
Total fat g/day 105.0+8.9 94.2+11.2
% 50.3+4.6 41.8+4.6
SFA g/day 16.1+2.0 37.1+3.9
% 7.2+1.0 16.5+1.3
MUFA g/day 43.5+6.1 5.0+2.6
PUFA g/day 16.9+7.5 2.6+3.0
Omega-3 PUFA  g/day 2.4+1.5 0.7+0.1
Omega-6 PUFA  g/day 9.3+6.6 0.6+0.7

%, contribution to the total daily energy intake as per cent; g,
grams; kcal, kilocalorie; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids.

depending on the arm they are randomised to. Following
the meal, participants’ BP is measured at 12:45 and start
postprandial mood and cognitive testing at 13:00. At
14:00, they undergo the brain MRI scan and provide a
postprandial blood sample at 15:15. Afterwards, partic-
ipants are provided with an afternoon snack before
leaving the unit and consume their day 1 dinner at home.
On day 2 morning, participants complete online mood
and anxiety testing at home after having a honey and oat
cereal bar. On days 2-5, participants complete a sleep
diary. An actigraphy is worn throughout the intervention
period. On completion of the 5day intervention, partici-
pants return to the intervention centre on the morning of
day 6 (08:00-10:00) to repeat the morning assessments, as
carried out on day 1 (figure 2).

As menstruation-related hormonal fluctuations can
cause disturbance in mood,* neurocognitive functions”
and sleep,* a wash-out period of 28-days was chosen to
ensure female participants are on the same phase of their
menstrual cycle on each intervention arm (ie, 28 days
between arm 1day 1 and arm 2day 1).

Outcomes
All outcome measures are summarised in table 4.

Primary outcomes

Mood and anxiety

Mood and anxiety levels are monitored using two scales.
The primary outcome measure is the Profile of Mood
State score (POMS)* with mood also scored using the
Bond-Lader questionnaire.”® The former has 65 items
measuring 6 elements of mood (namely anxiety, anger,
confusion, depression, fatigue and vigour); while the
latter has 16 items (alert, drowsy, calm, excited, strong,
feeble, muzzy, clear-headed, well-coordinated, clumsy,
lethargic, energetic, contented, discontented, troubled,
tranquil, mentally slow, quick witted, tense, relaxed, atten-
tive, dreamy, incompetent, proficient, happy, sad, antago-
nistic, amicable, interested, bored, withdrawn, gregarious)
under four categories (1. mental sedation or intellectual
impairment, 2. physical sedation or bodily impairment,
3. tranquillisation or calming effects and 4. other types
of feelings or attitudes) or three mood factors (alertness,
contentment and calmness). Both are commonly used in
research including three of the four studies included in
our systematic review,” allowing a direct comparison of
our findings with the limited published literature. The
primary outcomes are the ‘contentment’ domain from
Bond-Lader and the anxiety domain from POMS.

Secondary outcomes

Cognitive performance

Changes in cognition are assessed using a cognitive
battery administered using the NeurOn online platform
(https://neuropsychology.online). The following tests
are included the following:

1. Reaction Time Test for motor function.

2. Digit Span Test for executive function.
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Figure 2 The protocol for the intervention centre visits. On the day 1 visit, participants undergo the full protocol. On day 6
visit, participants undergo the moring session only. CBF, cerebral blood flow; MDP, Mediterranean-style dietary pattern; WD,

Western diet.

3. Trail Making Test (Trails A and Trails B) for executive
function.
4. Sustained Attention to Response Test for executive
function and attention.
. Word Encoding for episodic memory.
. Word Recognition for episodic memory.
. Go No-Go for executive function and impulse control.
. Fragmented Letters Test for visuospatial function.
Attention is an important secondary outcome as it was
shown to improve in the short-term in our systematic
review.” Attention is measured by the Sustained Attention
to Response Task (SART).” In the SART test, participants
have a visual presentation of 225 digits on a computer
screen in a random order over a 4.3 min period (1150 ms
between the onsets of digits) and are expected to resgond
with a key press except when they see the digit 3.7 * It is
a commonly used measure in research and is postulated
to be sensitive to everyday attention tasks in traumatic
brain injyured patients as well as normal (control) indi-
viduals.”” *

00 3O Ot

Cerebral blood flow

CBF, also known as brain perfusion, can be affected by
macronutrient composition® ** and bioactives such as
polyphenols,‘11 which are abundant in an MDP. Further-
more, reduced brain energy glucose metabolism and CBF
is evident in major depressive disorders™ and cognitive
decline,” ** which is affected by food intake. An effect
of intervention on CBF is proposed to partly underpin
the effect of intervention on mood, anxiety and cognitive
outcomes. We hypothesise a greater CBF after the MDP
meal compared with the WD meal. MRI is considered the
gold standard CBF measurement,”’ with the following
sequences used:

1. Time of flight angiography to determine the labelling
plane to be used with pseudo-Continuous Arterial Spin
Labelling (p-CASL).

2. P-CASL which provides a means of quantifying region-
al CBE.*

3. Magnetisation Prepared Rapid Gradient Echo
(MPRAGE) for routine whole brain imaging using rap-
id acquisition.*®

4. Fluid-Attenuated Inversion Recovery (FLAIR) to visu-
alise the white matter hyperintensities (WMH).47
MPRAGE and FLAIR sequences help to eliminate

potential confounders influencing CBF in the present

study such as atrophy and WMH.

Resting state functional MRI (rs-fMRI) is used to explore
resting neural activity and connectivity between different
brain regions including those that are concerned with self-
referential processing and salience networks.” During
the scan, participants wear a pulse oximeter and respira-
tory belt to record the influence of cardiac and respira-
tory processes on measured signal. The scan parameters
are taken from the UK-Biobank protocol,49 allowing a
comparison to this large cohort. Analysis utilises physio-
logical noise modelling, white matter/CSF signal regres-
sion and spatial independent components analysis to
define resting state networks. Seed-based analysis utilises
regions of interest (ROIs) for example, insular cortex,
to determine whole brain connectivity. As part of a more
extensive analysis, we will employ a Functional Connec-
tivity Multivariate Pattern Analysis approach. This meth-
odology allows us to rigorously test hypotheses across
the entire functional connectome as it encompasses all
voxel-to-voxel functional connections throughout the
entire brain. This exploratory approach complements
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Table 4 Summary of the outcome measures

Time per
Measurement Tool used Time point measurement point Location
Screening Mood PHQ-9 Prebaseline 9 min Home
Anxiety GAD-7 Prebaseline 6 min Home
Initial dietary habits ~ MEDAS Prebaseline 10 min Home
During Initial dietary profile  EPIC FFQ Baseline 30 min Home
interventions  \104 and anxiety Bond-Lader Baseline, postprandial, 30 min Home (24 hours) and
VAS, 24 hours, intervention centre
POMS day 6 (baseline, postprandial
and day 6)
Cognitive functions ~ NeurOn battery Baseline, postprandial, 30 min Intervention centre
day 6
CBF MRI Postprandial 30 min UWWBIC
Blood pressure Baseline, postprandial, 5 min Intervention centre
day 6
Blood samples Baseline (=10 hour 15 min Intervention centre
fasting), postprandial,
day 6 (>10hour fasting)
Urine and faecal Baseline, Home collection kits
samples day 6 are provided
Weight and height SECA scale Baseline, 5 min Intervention centre
day 6
Initial sleep profile PSQl Baseline 10 min Intervention centre
Sleep quality Actigraphy Over 5days Continuously (for Home
KSD actigraphy)
KSS 5 min (for KSD and
KSS)
Subjective dietary Non-validated Day 6 Intervention centre
review score single question
Follow-up Dietary behaviour MEDAS 3 months 10 min Home

CBEF, cerebral blood flow; EPIC FFQ, European Prospective Investigation into Cancer and Nutrition study Food Frequency Questionnaire;
GAD-7, Generalised Anxiety Disorder-7; KSD, Karolinska Sleep Diary; KSS, Karolinska Sleepiness Scale; MEDAS, Mediterranean Diet
Adherence Screener tool (includes 14-item); PHQ-9, Patient Health Questionaire-9; POMS, Profile of Mood States; PSQI, Pittsburgh Sleep
Quality Index; UWWBIC, University of East Anglia Wellcome-Wolfson Brain Imaging Centre; VAS, Visual Analogue Scale.

the seed-based method as it does not require a predeter-
mined parcellation of the brain into ROI.”

Blood pressure

Brachial BP is measured with the participant seated and
following a 5min rest period. Measurements are taken
using an automatic BP monitor (Omron, 705IT) with an
appropriately sized cuff. BP is measured three times and
averaged in accordance with published guidelines.”’

Biological samples

Blood, urine and faecal samples are collected at baseline
(onday 1) and on completion of the 5 day intervention (on
day 6 morning). Postprandial blood samples are collected
after the day 1 test meal; 30mL of blood is collected in
three separate tubes (EDTA, Heparin, SST). Several
blood biomarkers of mental and cognitive health as well
as cardiometabolic health will be assessed including but
not limited to plasma glucose, lipids, cortisol and select

inflammatory markers and brain-derived neurotrophic
factor. On arrival of the day 1 and day 6 mornings, the
urine and faecal samples are frozen at -80°C for later
analysis.

Gut microbial profile

The link between the gut microbiota and anxiety, depres-
sion,” and cognition™ is evident through the gut-brain
axis. Diet composition is an important modulator of
microbiome composition and metabolism.”* The gut
microbiome will be profiled using 16S rRNA Amg}icon-
based Metagenomic Sequencing of faecal samples.™

Metabolomics profile

Metabolomics are a tool for providing mechanistic insight
into the response to dietary interventions.”® The influ-
ences of interventions on the metabolomics signature
in serum and/or faecal samples will be explored usin

IH-NMR-based untargeted metabolomics approach.’
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Targeted metabolomics by Liquid Chromatography
Tandem Mass Spectrometry will be used to measure both
straight and branched short chain fatty acids, which are
important mediators of gut-brain communication.*®

Sleep timing, quality and quantity and circadian rest-activity
rhythmicity

Due to the multidirectional relationship between 51%33
and circadian disturbances, anxiety and depression,5 !
cognition including alertness and attention®® and food
intake,” we will investigate the shortterm effects of
diet on sleep and circadian rhythmicity. By doing so,
we also aim to eliminate the confounding effect of low
sleep quality on mood and anxiety. The Pittsburgh Sleep
Quality Index (PSQI) will be used to establish the initial
sleep profile to detect sleep disturbances on day 0.**
Sleep quality is tracked during the two 5 day intervention
periods using the Motion Watch 8, which is a wrist-worn
actigraphy device. This will allow for the estimation of
sleep timing, duration and quality as well as the ampli-
tude and stability of circadian rest-activity rhythmicity
known to be interlinked with mental well-being. The
Karolinska Sleep Diary (KSD) is a subjective measure and
used to estimate the duration, timing and quality of all
sleep periods and will complement the actigraphy data to
increase the accuracy of the objective sleep quality estima-
tion.%® The Karolinska Sleepiness Scale (KSS) is adminis-
tered every morning during the interventions alongside
the KSD, to subjectively measure sleepiness. The KSS is a
9-point scale and asks the user to circle the number that
represents the sleepiness level during the immediately
preceding 5 min.*®

Dietary behaviour

Participants will be sent the MEDAS questionnaire,
3months after completing both arms to see if they have
made any long-term change to their diets compared with
the screening phase. They were also asked to rate how
they found following the diets on a scale of 1-10.

Statistical methods: data collection, management and
analysis

Sample size calculation

The sample size calculation was based on data from a
previous cross-over trial of the effect of MDP adherence
in a young healthy adult g'roup.67 Assuming an error rate
of 0.05 and 90% power, we would require 15 and 20 partic-
ipants to complete each arm for the primary outcome,
which is the contentment, a mood domain from the
Bond-Lader scale (9.6 unit expected difference, SD 10.3).
To account for up to 20% dropout between random allo-
cation to treatment sequence and study completion, we
recruited 25 individuals.

Analysis

The main aim of the trial is to test if mood and anxiety
can be improved over 5 days of intervention. The primary
outcome analysis will use two-way repeated measures anal-
ysis with paired analysis taking mean change-scores.

CBF data analysis steps

1. Data preprocessing: raw data will be converted into the
Brain Imaging Data Structure format for standardised
data organisation.

2. Structural processing: individual subject-level process-
ing includes structural image processing and segmen-
tation and normalisation to enhance the quality of an-
atomical data.

3. Single-subject ASL processing: specific processing
steps tailored for ASL data will be applied at the indi-
vidual subject level, including motion correction, reg-
istration, partial volume correction and quantification
of perfusion.

Group-level analysis: group-level processing through
template creation producing a group-average image and
subsequent atlas-based ROI statistical analyses.”

Machine learning analysis

Machine learning holds considerable potential for iden-
tifying biomarkers and enhancing clinical decision-
making in varied contexts and is effective in discerning
clinical interventions. Our study will use the Random
Forest algorithm to enhance the interpretability of
the heterogeneous data. This is a supervised machine
learning approach recognised for its adeptness to handle
missing values, alleviate data noise and mitigate the risk
of overﬁtting making it a robust choice for our analytical
framework.”

Monitoring: incidental findings and adverse events
Measurements that are deemed to be outside the normal
clinical range will be reported to GPs as incidental find-
ings. Potential incidental findings may be noted from
PHQ-9 and/or GAD-7 questionnaires, blood sample
analysis or the MRI scans. Due to the nature of the inter-
vention, that is, commercially available food products,
no adverse events are expected. If participants feel in
anyway adversely affected by any foods or the principal
investigator feels an AE necessitates cessation, the partic-
ipant will be advised not to continue, and the appro-
priate measures will be taken. All AE’s will be recorded
and handled in accordance with Good Clinical Practice
guidelines.

Patient and public involvement
None.

DISCUSSION

The MediMood study is an efficacy trial which will provide
evidence and mechanistic insights into the acute and
short-term effects of an MDP on mental health and cogni-
tive performance in UK adults.

MediMood is the first RCT examining the acute (post-
prandial up to 5days) effects of an MDP on mood and
anxiety as the primary endpoint. Its strengths are as
follows: (1) its controlled intervention design informed by
a systematic review,” with standardised meals supported
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by full food provision and detailed preparation instruc-
tions, rather than dietary advice only, (2) its cross-over
design,70 (3) assessment of several biological mecha-
nisms which are hypothesised to mediate the effects of
diet on mental and cognitive health, (4) combination of
both objective and subjective assessment/measurement
methods, (5) its focus on atrisk individuals for future
major psychological and neurological disorders, (6)
involvement of adults with no upper age limit as people
suffer from mental disorders at every life stage and (7)
considers the effects of the menstrual cycle on the study
outcomes.

The main limitation of the study is that, to reduce the
participant burden, we do not measure mood, anxiety and
cognition every day. Second, our MRI scan is in a different
location, which causes a delay in the postprandial blood
collection. Given the nature of the diets, it is not possible
to conduct a double-blinded intervention as participants
know which diets they are following which may lead to an
‘expectation bias’.*’ All clinical data, including MRI and
biological samples will be anonymously analysed. Cross-
over design requires participants to undergo two inter-
ventions which may cause attrition.” However, as our
intervention duration is only 5days, we think it is a low
risk for the MediMood study.

Day-to-day low mood, anxiety and poor cognitive
performance can adversely affect quality of life for not
only those with pre-existing mental and/or cognitive
health complaints but also healthy individuals. Therefore,
there is a need to identify safe and accessible approaches
impacting short-term brain health, which is the focus
of the MediMood intervention, which also has a strong
mechanistic component. The results will help inform
future management strategies and policies for individuals
with mental health complaints and in the early stages of
age-related cognitive decline.
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Background: Dementias and mental health disorders (i.e. depression, anxiety) are sig-

Correspondence ) nificant public health challenges. Chronic consumption of a Mediterranean diet (MD)
Latife Esgunoglu, University of East Anglia,
Norwich, United Kingdom. has been associated with lower incident dementia, improved cognitive performance,

Email: Lesgunoglu@uea.ac.uk and reduced brain atrophy. Yet, short-term studies and randomised clinical trials (RCT)

are lacking. Our systematic review of RCTs showed that in only four available stud-
ies, a MD can improve attention, alertness and contentment in up to 10 days (1). In a
controlled efficacy study with all foods provided, we aim to explore postprandial, 24-h
and 5 days impacts of a MD and a Western diet (WD) on mood, anxiety and cognition,
cerebral blood flow as assessed by MRI.

Method: MediMood is an efficacy crossover RCT. Individuals (n = 25) over 18
years with mild to moderate anxiety and/or depression will complete a 5-day MD
and a 5-day WD intervention with a 4-week wash-out period, with foods, meal
plans and instructions provided. Biological samples (blood, urine, faeces) will be col-
lected. The primary outcomes are mood and anxiety assessed using Bond-Lader
and POMS questionnaires. Secondary outcomes include cognitive outcomes assessed
through computerised neuropsychology tests, brain perfusion assessed by MRI, select
cardiometabolic and inflammatory biomarkers, ketones, brain-derived neurotrophic
factor, several hormones (e.g. serotonin, dopamine), gut microbiome speciation, sleep
quality and behaviour change. The assessment time points during each arm are base-
line (day 1 morning), postprandial (post day 1 lunch), 24-h (day 2 morning) and day 6
morning.

Result: NA

Conclusion: This will be the first well-controlled RCT examining the acute and short-
term impacts of aMD and a WD on mental health and cognition in a targeted risk group.
MediMood considers interfaces between sleep quality and the gut-brain axis as modi-
fiable determinants of mental health. We expect the findings to provide novel insights

in efficacy of a MD on daily and short-term well-being in those with existing mild-
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Appendix 7. NHS HRA ethics application

IRAS Form Reference: IRAS Version6.3.4
22/1LO00796

Weilcome to the integrated Research Application System

IRAS Project Filter

The integrated dataset required for your project wil be created from the answers you give 10 the following questions. The
system wil generale only those questons and sectons which (a) apply %0 your study type and (b) are required by the
bodies reviewing your study. Please ensure you answer all the questions before proceeding with your applications.

Please complete the questions in order. If you change the response o a queston, please select ‘Save’ and review all he
questons as your change may have alfecied subseguent guestions.

Please enter a short Sle for this project (maximum 70 charactens )
Acute effects of a Meditemanean diet on mood and andety

1. Is your project research?

S Yes () No

Z. Select one category from the st below:
0 onising Radiaton for combined revew of cinical tial o an investigatonal medicing product

() lenising Radation and Devices form for combined review of combined tial of aninvestigatonal meddnal product
and an irvestigatonal medcd devce

() Clinical investigation or other sbudy of @ medical device

8 Other clinicd tial tostudy a novd Interventon or rapdomised cinical iid to compane interventions Inclincd practice
) Bask sdence sbudy invdvng procedunes wWih human paridpants

() Sthudy administenng quesSionnaines interviews for quantitative analysis, or Lsing mixed quanttativa'qualkative

Mmoo oy
() Study involving quditatve methcds ody

(7) Study limited to working with human sswe samples (or other human biclogical samples) and data (specific project
coly)
(7] Study limited to working with data (specific project cnly)

) Research tssue bark
() Research database

M your work does not 81 any of these categories, select the opSion below:

() Other sbudy

2a. Wl he study involve the use of any medical device without 3 UKCA/CE UKNICE Mark, or 2 UKCALCE UKNICE madced
device which has been modiied or will be used outside its intended purposes?

1 Yes @i No

2b. Please answer the following quesSion(s):
a) Does the study invdve the use of any |lonising radiation? OYes gho

b) Will you be taking new human tssue samples (or other human biclogical samples|? W Yes [ mNo
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IRAS Form Reference: IRAS Version 6.3.4
22/1LON0796

c) Wil you be using existing human issue samples (or other human biclcgical samples)? (T Yes @ No

3. In which countries of the UK will the research sites be located 2(Tick aV that agply)

M Erglana

[] Scctana

O Wales

O Nohem reland

3a. In which country of the UK will the lead NHS RAD office be located:
§ Englana
() Scoland
() Wales
(7) Northem Ireland

() This sbudy does not involve the NS

4. Which applications do you require?

M ®AS Fom
[] Conficentality Advisory Group (CAG)
[[] Her Majesty's Priscn and Probation Service (HMPPS)

5. Wil arvy research sites in this study be NHS organisasions?

- Yes I No

5. Are all e research costs and infrastructure costs (lunding for the support and faciliies needed 10 carry out he
research e.g. NHS support costs) for this study provided by a NEHR Biomedical Research Centre (BRC) NEHR Applied
Research Collaboration (ARC). NEHR Patient Safety Translational Reseasch Centre (PSTRC) or an NEHR Madiech and In
Vitro Diagnostic Cooperaive (MIC) in all study sites?

Please see information bution for further details.

O Yes @No

Please see information button for further detalls.

5. Do you wish 1o make an applicaion for the study 10 be considered for NEHR Clinical ResearchNetwork (CRN)
Support and inchusion in the NEHR Clinical Research Network Portiolio?

Please see information button for further details.

O Yes @iNo

The NIHR Clinicad Resoavch Nedwovk (CRN) provides msoachors wih the practical suppovt thoy need o make clnical
studies happon in the NHS in England ©.9. by provding access 10 the peop'e and facities neaded L0 cary owt mseach oo

the ground®.

¥ you select yos 1o this quasdion infomadion fowm yow \RAS subwission wit aulomadically bo shad with dhe NIHR CRMN
Submission of 2 Portfolio Application Form (PAF) Is no longer required.
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&. Do you plan %0 include any parSicipants who are children?

7.Do you plan atany stage of the project to undertaiie intrusive research involving aduits lacking capacity %o consent
for themselves?

Yes @No

Answer Yos i you plan Lo morat iving paricpants 20d 16 or over who lack capadlty, or to mdéain thom in the study followng
1055 of capacity. ndrusve RseaTh Means any seach wih the Wing RQuinng consent inlaw. This iholides use of
idondifalie ¥5500 SampNes o POVSoNa NIOMadon, excopd whove appiicadion |s balng made to the Confidontiolly Advsory
Growp 10 sef aside the comman law dudy of confidentialty in Engiand and Wales. Flease consult the guidance nodes for
fuvther informadion on the logal framewarks for soath ivoddng aduls lacking capacity in the UX

£.Do you plan %0 inchude any parSicipants who are prisoners or young offenders in the custody of HM Prison Service or
who are offenders supervised by the probation service in England or Wales?

|:|Y“ . No

9. Is the study or any part of it being undertaiien as an educaional project?

O Yes @No

10. Wil this research be Sinancially supported by the United States Department of Health and Human Services or any of
s divisions, age ncies or programs?

|:|Y“ . No

11. Wil idensiiable patient data be accessed outside the care team without prior consent at any stage of the project
(including identification of potenial participants)?

MYes @No
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IRAS Form Reference: IRAS Version 6.3.4
22/1L.ON0796

Integrated Research Application System
Application Form for Other clinical trial or investigation

Fioase rafor fo the E-Subwasion and ChockNsd fabs for estructions on subwmilting this agplcadon

The Chiel Investigater should complete this form. Guidance on the questons is avalable whorever you soe this
symbol dsplayed. We recommend reading ™he gudance first. The complete guidance and a glossary are avalable by

selectng Halo,
Please define any terms or acronyms that might not be Gmias 10 ly reviewers of the applcation.

Short title and version number: (maximum 70 characters - this wil be inserted as header on al forms)
Acute effects of a Medierranean diet cn mood and anxiety

Floaso complefo these dofals aflor you have booked the REC apploadion for reviow.

REC Name:

London - Queen Sguare Research Ethics Commitios

REC Reference Number: Submission date:
22/L00795 051022022

- PART A: Core study information |

A1.Full title of the research:

MedMood: A (esimissd, controlied trial investigatng the acute impact of a plant based Mediterranean-style dietary
pattem (MDP) on mood, anxiety and cognition in UK adults with mikd to moderate mental heath camplaints

Al Chief krvesSigator:

Tide Foreramainitials Sumame

Professor Anne Mare Mirihane
Poat Head of Nutiition and Preventive Mediche
Oulifications m m:: snd Slachemisy
ORCD D 0000 0001 9042 4226
Employer University of East Angla
Viork Address Universiy of East Angla
Noewich Medicd School
BCRE Level 2 Noowich
Peat Code NS4 7UQ
Wiork E-mail amininanedluea ac uk
* Perscnal E-mail a minihaneqluea ac uk
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IRAS Form Reference: IRAS Version6.3.4

22.0\07%6
Wok Telephone 01603552339
* Personal Telephona'Mobile 016035523389
Fax 01603583752

* This informadion is opdional & willnod be placed b the pubiic domal or disdosed 10 any ober third padty withowt peior
consent.
A copy of @ cument CV fmaximum 2 pages of A4) for the Chied investigator must be submitied with the appiicadion

A4 .Who is the contact on behalf of the sponsor for all ceerespondence relating to applications for this project?
This canfacd wil rooave coos of aY camespandence from REC and HRARAD revowors that is sent fo the CL

Title Forenamedinitials Sumame

Mg, Sarah Ruthven

Address University of East Angla
Research & Innovation Services
Norwich Research Park

Post Code NR4 ZL1

E-mai snttweniduea ac uk

Telephore 01503552389

Fax 01503583752

ASA. Research reference numbers. Ploase Qive any mievant miomnces fov youwr study

Applicant's /(0oganisatica's own reference number, eg R&A D (f R211670
available)

Sporsodsiprotocol number: NA
Protocol Version: z0
Protocol Date: 2802022
Funder's reference number (enter the reference number of State not NA
applicable)

Project

website: .

Registry reference numberis):

The UX Palicy Framewaork for Hoalth and Social Care Resoarch sels owlthe pinciie of making informadion abowt
msoaTh pubivcly avalalie. Futhomove: Amicle 19 of the Waowd Medical Associdion Declamdion of Halsinki adopied
in 2008 siados thad “ovevy clnkbal el must bo mgisiornd on a pubidy accessive daabase bofow moraiment of he
st sudyect®; and the Indemadional Commitioe of Medical Joumal Edors PCMUE) wil consider a cliniaal al fov
pubiicadion only ¥ & has boon mgsiornd in an appvopale mgVsiy. Ploase 500 Quidance for move informadion.

Intemational Standand Raegiomiged Controlled Trial Number SSRCTN)
Clinical Trials gov identfier (NCT number):

Addisional reference numberis):
Rl Nunber Descripion Reference Number

ASZ s this application Bnied 10 a previous study or another current application?
(OYes @No

Ploase give be! datals and RN NUMbOVS.
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IRAS Form Reference: IRAS Version 6.3.4
22/1LON0796

2. OVERVIEW OF THE RESEARCH

To provide ail the information requived by review bodies and research information systems, we ask a number of

specific questions. This section lvites you to give an overview using language comprehensible fo lay reviewers and
members of the public. Please read the guidance notes for advice on this section.

AB1. Summary of the study. Flease provide @ bref sammany of the research (maximum 300 wonds) wsing language
oasy undarsiood by lay reviowors and mambers of the public. Where dhe rosearch (s roviowod by @ REC within e UX
Hoah Departmonts” Rosearch EMics Serwce, this summary sd) bo puddshod an the Hoavh Resoarch Awthorky (HRA)
wobsYo falowing the edhvoal review. Ploase rafor fo the guestian speciio gudanoe for this Quashon.

Depression, anxety and age-related cognitve decine are leading global public heakth probiems. A plant-based
Medrerranean-style dietary pattern {MDP) includes clive ol as the main scurce of fal, fresh fruits, vegetaties, seafood,
legumes and nuls and a low consumption of red and processed meal, confectionany, and high-sugar drinks. A MDFE
promotes both physical and mental wellbeing and brain function. However, most studies 1o date have examined the
impact of a MDP on health over months of years. As several underpinning biokogical mechanisms are Ikely to be
responsive within hours or days, examining the short.term effect of a MOP on mental health cutcomes is impartant.

In this study we aim %0 %est whether a MDP can enhance mood, aqdety and cognition (brain function) folowing a meal
(postprandial) and over 5-days in adults over 18 years with mid to moderate mental health problems (low mood and
anxiety). Participants who are already folowing a MDF or hawve unstable use of antidepressant and/or antiarcdety
medications (l.e. medication has changed over the kst 3 months, or the likely to change over the course of the study)
wil be excluded. Participants wil be assigned % both a MDP and a Westemn diet (WD) for Sdays in @ random order
with a 4.week break period. We wil conduct several computer-based lests measuring mood, anxiety and cognitve
performance over the five days, beain imaging (MRI). and collection and analyses of blood, urine and faecal samples
wil also be carried out. The study will be conducted in the NHS Cinical Research Faciity (CRF, Quadmaym Insttute) by
the Norwich Medical School, University of East Angla (UEA) and Norfok and Norwich University Hospitals (NNUH). As
low mood, anxiety and stress disorders affect daily funciioning and reduce the quaillty of iife signficanty for many, we
beleve ?he findings have wide publc health applcaton.

AS-2. Summary of main issues. Poase SUMMALHR e main edhoa, logal, or managamant issues ansing from your study
and say how you have addressed dhom.

Nod ad studhes ra'se significant (ssuos. Some sdachos may have straghifonward effvoa ar ofher /ssuos that can be Mandied
and managed routinaly. Ofhers may prosent sipnaificant Issues requining furmher cansidaration by @ REC, HRA, or other
rowow body (as appropviate fo Mhe issue). Studies tha! prosevd @ minkmad sk fo pamicpants may raise compax
CEANSANII or loga ssues. You showd Uy 10 consider a the Hypos of issuos that dhe difarent reviewors may nood fo
consiler.

PURPOSE AND DESIGN
The aim of the present study is to examine the effects of a MDP on mood and arcdety by comparing it %o a WD.

A MDF s rich in fresh fruils and vegetables, olve oil, 1sh and nuts and has been traditionally followed in Mediteranean
countries for centuries. it has been repeatedly proven 1o be healthy. A WD refers to the pooc quality diet {high saturated
1at, high free sugar and low fbre) that is followed in Western countries including the UK. A WD may harm healkh in long
form.

Both diets have been designated using National Diet and Nutrition Survey (NDNS) data, from which extreme ends (top
2.5% and bottom Z 5% of population intake) were taken as the references, thus, it is ensured that the the intervertions
wil overiap with the nations’ detary behaviour and stay in the frame of the latest nutrient profies of the UK population.
For the MDP arm, PREDIMED (the largest Mediieranean diet intervention conducted to date) (1) had been used as a
reference diet in ™he intervention design.

Although long term consumpdon of he WD would not be recommended, we have based the intakes on NDNS data,
s0 the nutrient profie is reflectve of poor diets currently consumed by adults in the UK. The two intervensons will be
delivered using commercially avalabie whole foods, and no supplements will be involved. We do not expect any
significant risk, side effects or ethical issue with either interventon am.

A cross-over RCT medel will be used where paricpants perform as heir own controls, reducing participant numbers.
While designing the study, @ pumder of discussions were hold with ditferent experts. Professer Anne Marie Minhane
and Dr Amy Jennings are expert in the design and the delvery of dietary nterventions. Professor Andrew Scholey
{Swinburne University, Mebcumne, Australa) advised on mood testing. Professor Michael Homberger advised on
cognitve tests and brain imaging sequences while Dr Alpar Lazar advised on deep assessment. Thus, ensuring that
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IRAS Form Reference: IRAS Version 6.3.4
22/1LON0796

,e study is wel planned in terms of. recnidtment, indusion and exdusion criteria, the safety of participants,
acceptabity of nterventions, assessment methods, selection and valdity of measures that have been planned 1o use,
and the overall efMoacy of the study.

The previous version of this application {IRAS Project ID was 314156) was not approved. The main reason was that
e Commitiee was concemed hat there was no dinical psychology input to deal with any potential acute
cacerbations of anxety\depression in our paricipants. In response to this, a Clinical Consultant Psychologist, Dr
Agran Leddy, has joined our research team. GPs of participants wil be informed about their mental heaith stabus and
participaton in ™e study. This has been now made cdiear in al study documentations. Faricpanis who do not consent
GP contact wil be excluded. Relevant charites such as MIND and Samaritans have been signposted in the PIS.
Agditionally, the lnguage used in PIS in describing MDP and WD has now been more balanced. Partcipants are now
clearty informed that a WO might have some mild side effects. The remuneration (£50) ?hat will be given to paricipants
%0 reimburse their time and effort has been removed fom the 'benefis’ section in both PIS and IRAS forms.

1. Martinez-Gonzdlez MA, Salas-3ahadd J. Estiuch R, Corella D, B3 M, Ros E. Erg@mad investigators. Benedts of the
Medterancan diet: insights from e PREDIMED study. Frogress in cardovascular diseases. 2015 Jul 1;58(150.60.

RECRUITMENT

The shudy wil be advertised at UEA using social media accounts and internal email lists 10 invite students and staf.
Recrutment posters and leafets wil be ciroufated on campus. Al recruitment matenal will be submitted to REC for
appeoval. Individuals who ook part in previcus studies run by our department, Nutriion and Preventive Medicine, and
Qave consent to be nwied for future studies will also be contacted. If needed, recrultment might be troadened 1o the
local media and relevant chanties. No data will be collected unti petential paricipants give ®hweir informed consent to
take part in the study. No GP database will be imvolved.

INCLUSION'EXCLUSION
No participant will be excluded on the basis of race, gender, appearance or religon. The health and welfare of those

not wishing to be involved will not be compromised by dedining the imvtaton to paricipate. It wil be glﬁﬂgl.
tmes Mat invalvement in the study i entirely waluntary and that withdrawal can be initated at any Sme and w

gwving a reason. Recrutment matedal wil make no therapeutic promises. Indusion and exchsion criteria have been
designed solely 10 gU0iguss confounders that may affect the valdity of the outcome measure.

Quoral we wil recnut indviduals who

« Have mild 10 moderate level of depression andior anxiety as this makes them at risk population for future mental and
cognitve dseases, and 350 Tkely %0 be responsive 1o the intervention.

- Do not normally folow a MDP ip crder to increase the chance of seeing e improvements provided by the
intervention as the sbudy duration is short.

Pecple who are curendy taking medication (antidepressantiantiarcdety) of which has changed in past o next 3
months (1.e. sbudy duration induding recrument) wil be exduded 1o prevent a shadowing eflect on the intervention
effects. Vegan and vegetarians wil be excluded as a MOF indudes fsh_aed encourages consumpion of more white
moat (0.g. poultry) than red meat. Designing a novel akernative vegan/vegetarian MOFP is beyond the scope of the
current research. As our study wil iInclude questionnaires, people who are not fluent in English language wil be
exduded. Lasty, peopie having alergies % any of the study components such as fish or nuts will be excluded for their

own safaty.

CONSENT

Pecple inisally wil be provided with the efhics commitiee approved Participant indormation Sheet such that they can
duly appraise themseives of the purpose and nature of research. Electronic consent process will be in place. Those
who express an interest 10 taking part in e study will be contacted to arange an cnline videocaonference session via
Zoom where the study wil be explained in detal, such as the dietary interventions Le. what ?hey wil eat, how the foods
wil be delvered, storpd and prepared, and their quessons will be answered. if they wish 1o proceed, informed
electronic consent wil be taken using the Consent Form approved by the ethics commitice.

Consent forms wil be compieted in the presence of a researcher from the study team, who wil take the partcipant
#wough each point of e form, thus ensuring ?hat they understand what is being asked. Both researcher and
participart wil use a simple electronic signature. A copy of the form wil be made and given to the participant. If the
study team have any doubt as 1o the abilty of the participant to give informed caoseat then they will not be able o
participate. All consent Ikerature wil be photocopied for ther records and partcipants will have a minimum of 72 hows
betwoon consent and future invoivement in the sbudy. At each stage the partcipant will be reminded that their
involvement is entrely voluniary and that they may withdraw at any $me without gving a reason, and that such
withdrawal will not in any way impact on hweir future healthcare.

RISKS, BUBDEYS AND BENEFITS
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As menticned above, no significant risks of ?he intervention are expected. However, as menticned above, in case of
any acute aggravation of existing mental health complaints, we wil contact cur dinical psychologist for the advice. In
case of any discomiort or adverse effect (e.g. stomach bloatng or wind as a result of increased fbre intake in the
MDP), & Wil be moniored and documented immaediately, and participants wil be advised not to contnue. The design
has been carefuly considered to MiRISE partcpant burden. For axample, day two mood assessment wil be done
anfine instead of in the CRF % reduce the paricpant burden and al food wil be defivered o participants home, via a
supermarket delvery.

CONFIDENTIALITY

The General Data Protection Regulations (GDPR) 2018 and Data Protecson Act (DPA) 2018 will be fulfiled to protect
individuals’ perscnal data. The handing of pamonaliyidectifable data in the study wil be conducted in complance
with the Caldicott principles, and under the new GOPR 2018 and DPA 2018 reguiations, such that only relevant study-
relevant information and data wil be collecied or measured. All data colected in the study wil be gseudeoyaiaid by
assgning a numerical code to partcipants and their associated data and biclogical samples. Participants will be
made aware at their consent visit that their data will be 2000xBisRs and that only group mean (and not individual) data
wil be presented and pubished.

CONFLICT OF INTEREST
All study researchers declare no confict of inderest.

USE OF TISSUE SAMPLES IN FUTURE RESEARCH

Human $ssues, biood and faecal samples collected as part of this study Wil only be used in this study for the
purposes outined in the research protocol Hosewer these samples could be invaluable for future research in this
area, and so during the consent process voluntoors will be asked if they consent 1o the data and samples baing
stored to be used for future research projects. These samples wil be de-identfied and labeled with andy their study
1D. This information is avalable at e Paricpant Information Sheet.

| 3. PURPOSE AND DESIGN OF THE RESEARCH

A7. Select the appropriate methodology descripSion for this research. Ploaseo ok alV thad apply:

O Case seres/ case note review

[ Case control

O Cobhort chservation

O Controlled tial without gapdomisaton,
[] Cresssectional shudy

[[] Database analysis

O Epidemiciogy

[C] Feasibility/ pilot sbady

[[] Laboratory sbady

O Metanalysis

[] Qualitative research

M Questiconaire, interview or cbservation shudy
M Recdomised controlled uid

[] Oher (please specity)

A10. What is the principal research question/objective? Ploase pul! this in bnguage comprefenstio fo a lay person.

Can a plant based Medrerranean-style dietary pattem (MDP| imgeove moed and anxdety after a meal (postprandial), at
24.hcur and over 5 days in UK adults with mild to moderate mental heaith problems?

A11. What are the secondary research quessions/objecives if applicable? Ploase put is in bnguage comprahonsibie 1o
a lay pevson.
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¥ a MDP (compared to a Westem Diet) can modulate:

« cognition (brain functicns)

- cardiometabolc hedth (tood pressure and plasma Ipid, gucose and insdin)

< circdaing homones reguiaing mood, anxiety and stress

- circulating biomarkens of mood and cognition regulation

- circudaing ketone body profile which are the only altemative energy source for the brain

«the gut profile induding gut microonganisms and homones

« improve sleep qualty which 5 @ mgor determinant of mental and cognitve healh

< response to reatment In accordance with baseline APOE genctype status will be Investigated.
- dietary behavicur at 3 months

A12Z. What is the scientific justification for the research? Floaso puf Mis i fanguage comprahansitvo 0 @ My porson.

A MDF has boon associated with decreased depression and anxiety symptoms, and the risk of future cognitive
dsorders such as dementia. However, this evidence is cbtained from observational studies which do not explain
causality. Besides, those studes were long-lerm, conducted over many months or years. Evidence looking at the
acute impact of a MDP on mental health is extremely limited.

Considering ?hat millons of pecple sufer rom depression and andety workiwide, creating a huge personal,
community and heakh care provision burden with direct (reatment costs) and indrect costs (loss of productivity due %o
inabiity to work), It is essential to discover safe, guick and accessible approaches % support indwiduals suffering
from mental health problems. Such approaches would have wider application and asscciated with imgroved mental
heaith, cognitive perfogmance and averal quaity of life in heallvy individuals.

Our systematic review investigating the short.term impact {up 1o 10 days) of a MDP an mood and cogniion (1)
demonsirated that only 4 aggiomised.cinical ¥rials (RCT) are avalable with none conducied in the UK. Despite this
very imited data, a MDP showed some indcations of being beneficial in the short term.

Our systematic review identifed several research gaps. Firstly, three of four studies provided dietary instructions rather
than controling the diet fully. Second, the same three studies out of four were conducted in young and healtty
individuals. The remaining RCT was a single test meal and included people over 65 years with metabolic syndrome,
with no mental andior cognitive health compiaints. Overall, the day-to-day impact of a MDP in individuals with curent
mental andior cognitive health comglaints remains unknown. In addition, none of the studes assessed hormones,
biomarkers, ketones, gut grplie and sieep quality, which are needed % establish e mechanism undertying any
maental or cogniive health benedls.

The proposed study is therefore designed to understand the postprandial, 24 hour and five day offects of a MDP on
mood and anxiety using a wel-controlied diet that is habitually achievable. To the best of cur knowledge, this sbudy will
be he first 10 do so.

1. Esgunogiu L, Jennings A, Sa060@ Co00skR E. Murphy KJ, Minhane AM. Short.term effects of a Mediteranean-style
detary patiern on cognition and mental welbeing: A systematic review of clinical trials. British Journal of Nutrison.

2021 Jul&

A1l Please supmnarise your design and me tho dolo gy. X showd be cloar exaclly whad witl happen o e mseach
padicipand, how many ¥mes and in what ordev. Plaase complede this section in Bnguae compvahaons'bie 10 he lay pevson.
Do not simply mpvoduce or mder 10 the pvodocdl. Fuvther guidance is avalabie in the gadance noles.

Participants Wil be recruited, provde informed consent, and saeenad remotely, uEing a combination of
questionnaines sent through the post or emalled, along with an online Zoom meeting, where there will be the
opporunity 1o discuss the study at length with the shudy researcherns. Once recruited paridpants wil be wited o
undengo two X five-day perods of intervention (MDF and VWO) in @ random onder sepanated by a fouraveek washout
perod. All food Wil be delivered to paridpants by supemarket delivery along with detaled instructions on how o
store, prepane and recond the food consumed. During each five-day perod patidpants will be requested to collect a
faecal sample the day before, @ wine sampie on the moming o day one and attend the CRF after 12h fast. The day
one schadule Wil be approximately 885 hours In total and indude a 60 nd (30 mi x 2) blood sanple, mood and
cognitive questicnnaire, a test lunch (MDP or WD) and a brain scan (MRY) post meal 10 255055 brain bicod flow. On
day two participants will be asked to complate online mood and cogrition guestiownaines at home, on day five o
collect a faecal samge and on day six, collect @ wine sample and atend the CRF to provide a blcod sampie (30 mi)
and conduct the final mood and cogniive testing.

The nudl hypothesis s that relative to @ Westem Diet (WD) "a MDP Wil not improve mocd and andd ety companed over
the course of five days In aduls with mild to modenate lewels o depression or anxiety
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The akernatve hypothesis of the study is ?hat relative 0 a WD, a MOP wil mgeove mood and ansety over the cowrse of
fve days in adults with mid to moderate kevels of depression or anxety.

A detail description of ?he schedule as to what participants will be expected is given below.

FOTENTIAL PARTICIPANTS

1. Send Partcpant informaton Sheet (pricr to the consent meeting, at least 5 days ago). 10 mins to cead.

2. Detalied nformation, questions and answers session, informed electronic consent via an online meeting, 45 mics
3. Screening via an emal: PFHO-S, GAD.7, MEDAS questicnnaires, and MRI safety screening form 20 mins

RECRUITED PARTICIPANTS

Partcipants will be given the equipment for urine and stool sampie collections at home.
A wristaworn actigraphy waich will also be given to be wom throughcut the inferventions 1-3 days prior to the study
start.

Partcipants wil be asked %0 complete a food frequency questionnaire capturing hweir habitual dietary behaviowr.
All study foods will be delivered 10 e paricipants’ addresses.

Day1

8 amc Arrive at Clinical Research Fadity (CRF)

Baseline measurements: Weight, height and blood pressure (15 mins), Venous bicod coliection (30 mU(15 mins),
Urine sample {wil be done at home, the first pass of the day), Faecal sample (wil be dane at home pricr to the 24 h),
Sleep questionnares (10 mins)

840 am: Simple breakfast (cereal bar and water) {10 mins)

9 anmc Mood and cognitive measurements, a set of computerized tests (60 mins)

12 po Lunch (test meal) (30 mins)

2 pm: Mood and cogniive measurements (650 mins)

3 pm: Venous biced sample (30 mi) and biced pressure measwrement (15 mins)

3.15 pm: MRI scanning (30 mirs)

4.00 poc End of the day 1 in CRF

Day2

Az home 9.00 am: The same simple breakiast (cereal bar and water) as day one (10 mins)
9.15.10.15 am: Mood measurements (30 mins)

10.15.10.20 am: Sleep questionnaires (5 mins)

Day 3,4,5 Skeep diaries will be kept daily (5 mins)

Dayé

8 anx: Arrive at CRF

Baseline measurements: Weight, height, tood pressure {15 mins)

Vencus bicod callection (30 mi) (15 mins)

Urine sample {at home, ™he frst pass of the day)

Stcol sample (at home prior to the 24 h)

Single question asking ™eir view on the diets, Le. how easyhard did they find foliowing 1o the intervention?
8.40 am: Simple broakfast (cereal bar and water) {10 mins)

9 am: Mood and cognitive measurements, a set of computerized sests (60 mins)

4 WEEKS WASH OUT PERIOD
2ND ROUND, ALL STEPS REPEATED

Folow-upe A MEDAS questonnaire will be sent by an emall 3 months after he study ends (15 mins)

A4 In which aspects of he research process have you acBively involved, or will you involve, patients, service users,
and'or their carers, or mem bers of the public?
DDulwoﬂhonum:h

DMdummh
Dmmhmmh
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[] Aralysis of results
[ SNsseminaticn of indings
M Nooe of the above

Give dedal's of lovalvemend, or if none ploase jusily the absonce of invavement.

The described sbudy is an efMcacy RCT. ts design has been Muenced by the feedback received from Noewich
Institute of Healthy Ageing (NIHA) coproduction parnenship, and its lead Anna Sweeting.

4_RISKS AND ETHICAL ISSUES

RESEARCH PARTICIPANTS

A15. What is the sample group or cohort 10 be studied in this research?
Select all that apply:

M Blood
[] Cancer

[] Cardiovascuar

[] Congenital Discrders

[] Dementias and Neurcdegenerative Diseases
[] abetes

[ClEar

Ceye

M Generic Health Relevance

[[] infection

[] mtammatory and immune System

[ "njuries ana Accidents

[ Mental Health

[ Metabalic and Endocrine

[ Musculoskeletal

[[] Newrclogical

[[] Oral and Gastrointestinal

[] Basciatics

[[JRenal and Urcgenital

[] Reprocuctive Health and Childbirh

[] Respiratory

[] Skin

(| Stroke
Gender. Male and female participants
Lower age limit- 18 Yoars
Upper age limit No upper age limit

36



IRAS Form Reference: IRAS Version 6.3.4
221LON0798

A174. Please lst the principal inclusion criteria (st the most important, max 5000 characters).

< Male and female, aged 18years or over

« Mild to moderate level of depression andior anxdety. The former will be established using the SJtem Patient Health
Questionnaire (PHOS) while the T4tem Geperalised Arxiely Discrder (GAD-T) Wil be appled for the establshment of
the latter. Both quesicnnaines ane interpreted acconding to the total score. The classfication of scores ane: 04 none,
59 mild, 10-14 moderate, 1519 moderately severe, 20.27 severe for PHOS and, similady, 04 no to low sk, 59 mild,
1014 moderate, 15+ severe. Individuals will be induded if they score 514 from PHOS and GAD.T.

« Low habitual adherence toa MDP. A 144tem Mediteranean Diet Adherence Screener (MEDAS ) quesiconaire wil be
used o assess this crteron. Pecple scoing 7 or less ona 14-point scale will be included.

< Access to, and able to use, the intemetomputentablet devoe

« Understands and i wiling and alie to comgy with all study procedures, Induding changes o det

« Fluent in wiitten and spoken English

«VWiling and able to provide witten infomed cansent

A17.2. Please list the principal exclusion criteria (list the most important, max 5000 characters).

« Use of antdepressantaniamdety medication If it has changed in the last 3 months or expecied 1o change in ™he naxt
3 months (end of the second anm).

« Hgh adherence 1o a MDF at present (scoring mare than 7 on MEDAS)

- Being vegan or vegetanan

« Hawving a food alergy to any of the MDP clements such as fish or nuts

< Notgiving consent to GF contact.

A13. Give details of all non<linical infervention(s) or procedure(s) that will be received by participants as part of the
research profocol. These include seaking consend, indavvions, nonclokal leery s and wse of Qos¥aNNaes.

FPlease complete the columns for each interventonprocedune as follows:
1. Total number of interventions /procedures to be received by each partidpant as part of the research protocal.

Z_ ¥ this interventicniprocedune would be routinely given to partidpants as part of their care cutside the research,
how many of the total would be routine?

3. Average ime taken per intervent on'procedune (minutes, howrs or days)

4. Detalls of who Wil conduct the interventon'procedure, and where it Wil take place.

procedure
Online consent 1 0 45 mintes By the shudy researches.
Via videcconferencing
Online screening 1 0 Z0minutes Results Wil be assessed by the shudy researchers. An email or

paper coples will be sent.
Dietary interventicns 2 0 10dcays (5 Paticipants will follow their assigned dets for 10 days, with 2 5.cdays

(MDF and WD) days x 2) periods with @ 4aweek wash-out perod.
nital sleep profle 1 0 Sminutes Paicipants Wil be guided by shudy researchers. At CRF, at day 1 vst
assessment
Sleep dlagy 10065 By paricipants.
minsx5=25 Day 1and 5t CRF, day 23 4 at home.
ming
Weadng an actigrapty 2 0 2x5 By partidpants during the intervenions
watch days=10
ays
Mood and anxiely 8 0 15minutes By paicipants. The 3nd one at 24-h will take place at home. The
Questionnaires eminiogs Wil be done at CRF.
Cognitive tests 6 0 45mirutes By paticipants inthe presence of the study researcherns at CRF.
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Online followup 1 0 10 mingtes By patidpants vaan emal
Qquestionnaire

A19. Give details of any clinical intervention(s) or procedures) %0 be received by parSicipants as part of the research
profocol. Those include uses of madiohal pvodudts or dovices, odhor Moo ol 4oadmants o 25505 Smonis, manial hoadh

indorvontions, imaging investigations and taking samples of human iological maderial. Include procedues which might be
RCoived as ouling clnicdl cave owlside of the msoeach.

Please complete the columns for each interventonprocedure as follows:
1. Total number of interventions/procedunes to be received by each paridpant as part of the research protocal.

2 ¥ this interventionprocedure would be routinely given to partidpants as part of their care cutside the research,
how many of the total would be routine?

3. Average time taken per interventon'procedune (minutes, howrs or days).
4. Details of who will conduct the intervention'procedure, and where it Wil take place.

Intervention or procedure 1.2 3 4

Weight-height measurements 4 0 5mintes By the shudy rescarchers at CRF
Blood pressure measwrement 6 0 5mintes By the shudy researchers at CRF
Vencus blood colection (30 mi) 6 0 15 minses By nurses/phlebotomists at CRF
Wine sample 4 0 The first urine pass By paridpants at home

Faccal sample 4 0 24&hrs prior to day 1 By paridpants at home

AZ0. Wil you withhold an intervenSion or procedure, which would normally be considered a part of routine care?

() Yes W No

A21. How long do you expect each participant 1o be in the study in total?
128 days = 2 x 5 days Imerventions + 4 woeks washout + single 3 months follow.up queston

AZ2 What are the potenSial risks and burde ns for research participants and how will you milpimise them 7

For all studles, descnbe any polondal adverse effocs, pain, dlscomion, dNstoss, Indrusion, (EQQYaNience o chanpes
o Mesiyle. Only doscrbe Rsks or budons thad cowd ocow @5 @ s of paidipadion in the msoaTh. Say what stops
woud b taken 10 sIoingse fsks and budons as fav as possitle.

We do not foresee any significant dde effectiisk with this research as the study Wil test a whole diet approach
consisting of foods which are commercially avallatie cammonly congumed food items.

WESTERN DIET (WD In the long term A WD may aggravate the existing mental health complaints of partidpants.
Although we do not expect a signficantimpact over the 5 days interention pericd, a Cinical Consultant Psychologist
IS part of the research team, who can advise If such an event happens. GPs of participants will be informed about
their patients' participation in the study withthe study overview and patients’ mental healh assesament results
provided. In addition, the PIS includes signpasting to relevant charties.

TRAVEL: Participants will hawe to travel to the UEA for the purpose of this study, which may represent an
Incorvenience to them. We hope to pioimise the inconvenience by remunerating the partidpants, which may pemit
moce convenient foms of ravel - rain, bus, or taxd.

BLOOD SAMPLING: Blood samples Wil be taken by wWoOSRunciag as part of ths project which introduces a dight sk
of bruising and infection. To pioimise s sk, dl blocd samples wil be collected by personnd who have been
rained in these blood sampling techniques, and standard aseplc technigues Wil be employed to protect against
crossdnfection. Shodd vaduwes be cusside of nomd cinical Imis the necessary cinical folowup (Sindar o that
outlined below for MR indings ) Wil bein place.
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MAGNETIC RESONANCE IMAGING: A pumber of thearetical risks are associated with the magnetic resonance
imaging (MRI) scans. Heating and peripheral nerve stimwfation can oocur, but only at power levels much greater than
found in normal use: protections in the machine prevent safe levels being exceeded. the presence of pacemakers,
surgical dips, and other implants i a contraindication %0 scanning; subjects will be asked to comgpiele the standard
MR form identitying these. Scanning can be very loud; however, subjects will be provided with earplugs andior
headphones %0 reduce sound levels 10 a comfortable walume. i wil be made clear that the subject can abandon the
examination at any stage that they wish to, without prejudicing payment of expenses.

INCIDENTAL FINDINGS: There is a smal chance that the examination may demonstirate an incidental abnomaliy. In
such an event, it will be the Principal Investigator's responsiily 10 cepapiee ™e necessary cinical follow.up, which
will include informing the subject and thelr GP by mall and possible referral 10 an appropriate physician, as well as
he aaRsARA,of further investigations. As for incidental indings emerging from MRI, & will be University of East
Angla Yirleopu, Waollson Brain Imaging Centre (UWWEIC) Head or their delegate’s responsibilty %o contact
paricipants” GP.

TIME COMMITTMENT: The first co-site visit wil be %4 day. Participants will be provided with rest pericds in between
the procedures. We moved the 24 hoewr mood assessment anfine 10 reduce the partcipant burden. The last visit of
each day (at day 6) will be a short duration, appraximately 2,5 hours with no extensive percds of walting. The
research team wil be mindful of maintaining a pace which is %0 e comfort of the paricipant. Participants wil be
asked reguarly If they are happy to continue before progressing 10 the next stage.

FASTING: Participants will be asked to fast for 12-hours prior to the two on-site cinical visits. Partcipants wil be
instructed to maintain hydration with water cn the testing days.

Cogritive testing s designed 1o be sightly challenging 5o that an imgrovement in performance can be detected,
which we explan to all partcpants. However, some paricpants can feel somewhat deflated if they feel they have not

done well. We have designed cur cognitive lesting by placing the Fragmented Letters fest last. Paricpants generaly
find this lest relatively easy, so finish with a sense of 'success’

We have selected the shorter validated sleop dades_aed incorporated the dietary Instruction session in the consent
mecting %o keep the researcher-paricipant interaction 10 a minkmum in order to save time for participants.

Wie put our best effort into meal planning %0 ensure the meals are acceptable, casy to prepare and enjoyabie in both
arms during the dietary design process. Wae will defiver 2l the required foods to thelr homes, to avoid the
incorwenience of grocery shopping.

AZ3. Will interviews! quesSionnaires or group discussions include topics tThat might be sensifive, embarrassing or
upsetiing, or is it possible that criminal or ofher disclosures requiring action could occur during the study?

OYes g No

A24. What is the potential for benefit to research participants?

There are no obvious direct benedts 10 participants for taking part in the study. However, they may observe some
Improved health and welbeing during the MDP am.

Participants will contribute to the development of a betler understandng on how a MOP and WD atfect mental
welbeing, and therefore, future directons in research and polcy making.

A25. What arrangements are being made for continued provision of the intervention for participants, if appropriate,
once the research has finished? May apply & any ciwioald intorvandion, inoudng a drug, medioa device, manfal hoath

Intervantion, comgplementary therapy, physiatherapy, dVatary manipufation, ostyo ohange, efc.

No imtervention wil be available afier the trial. but on request participants will be signposted %o relable source of
dietary information.

AZE. What are the potential risks for the researchers themselves? §f any)

The safety and wellbeing of the researcherns |s the uimost prodly to us. However, as the intervention will take place at
CRF and a fow online assessment at partidpants’ home on thar own, we do not expect any rsk for our reseanchens.
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Some members of the research team Wil be handling and processing potentially infectious human biclogical
samples, namely wine, faeces and biccd. These indvduals wil be trained in Good Clinical Practice and wil also be
familiar with he joirt standand cperating procedures (SOPs ) of the tha Univerdty of East foglia (UEA) and the Nook
and Noewich University Hospitals (NNUH).

Risk assessments Wil be camed cut and Jl study sta®f wil be imowrised against hepatits B If appropdate to thar
role.

The analysis of samples Wi take place in the Bob Champion Research and Education Buldng (BCRE) atthe UEA,
and al s Wil be rained in the laboratory procedures for handing Hohazand samples and work © stict SOPs and
Control of Substances Hazandous to Health (COSHH) guidelines and forms.

All cliricd measurements Wil be heldwithin the CRF, Quadaq Institute, andnoncinical assessments may be had in
small interview rcoms within the BCRE bullding. Two researchens will be present for all shudy days as far as poasble,
and S0Ps for safe working will be devised.

In this section we ask you fo describe the recruitment procedwres for the study. Please give separate details for
different study groups where appropriate.

A271. How will potential participants, records or samples be identified? Who will carry this cut and what resources
will be ysed2Eo axampla, Mondficaton may Wvolve a disease rogisfar, computonsed seavoh of GP rocovd's, or raview of
medical rocords. indicafo whofar this wil So done by the direct hoathcare foam or by researohers acting undar
arangamants with the responsitio care QAN S).

Wae wil send out an rwitation emal 10 al relevant individuals on our existing participant database (Depariment of
Nutrition and Preventive Medicine, UEA). We will display recnidtment posters around the campus and adveriise the
study through UEA social media platforms and local media. i needed, we Wikl contact local relevant charites. This
process wil be carmied out by our research feam, mainly two PhD students. No other persen cutside our research
team such as GP, any NHS gouige wil be nvolved in this. We wil not use GP or hospital records to identfy potential
participants.

AZTZ. Wil the ideniicaion of potential parSicipants nvolve reviewing or screening the identiable personal
information of patients, service users or any ofher person?

(O Yes @ No
Ploase give dotal's balow:

Only information we Wil have wil be potential paridpants’ name and contact detalls during the recultment. No other
personal information Wil be collected untll they give their informed consent, afer which screening will take place.

AZE. Wil any parSicipants be recruited by publicity Swou gh posters, leafiets, adverts or websites?
@Yes (No
¥ Yos, ploase gve dodals of how and whove publicity wil be conducied, and evclose copy of al advertising maderal

{with vevsion numbevs and dades |
Posters will be displayed in varous locations within the University of East Angla.

A29. How and by whom will potential participants first be approached?

An nitial invitation emal, including the paricpant information shoot will be sent 10 potential participants who have
expressed an interest in MedMood by contacting us using the study email address (medimocddiuea ac.uk) which wil
also be placed on recrultment posters. The principle of wiluntary basis of the parscipation wil be considered
throughout the study. We are not plarning 1o identity potential paricipants through GEs_ therefore, no heakh care
membaer wil be ivolved in e first approach %o participants.
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A0, Will you obtain informed consent from or on behalf of research participants?

®Yes (No

¥ you wi¥ bo abéaning consont fram aduk parfoipants, poase ve dedals of who wiV fake consend and how it wiY bo
done, with dofals of any slops 1o provide infarmation (@ wnltion iformadion sheet, videos, ar inforacive madoriad).
Arrangameonts for aduts anadio fo consant for hamseves showd be doscribed separalely i Fart 8 Section 6, and for
chvdren in Part B Section 7.

¥ you plan fo sook infarmed consant from vueralie growps, say how you witl enswe thal consent is waluntary and
Yy informod.

The researchers will cbtain $e informed electronic consent via a videoconference using Zoom. The researcher wik
explain each tem_and wil ask the participant If thay have any further questions. They wil also emphasis that they
are free 1o withdraw at any ime without giving in @ reasen for doing so. Farticipants will have been given the Patient
information Sheet in the mailout detalled previously, and during the onine consent process, and wil have the
opportunity %0 re-read this in the presence of @ member of the research feam prior 10 their consent being taken.
FParicpanis’ GFPs wil be contacted in the avent of any resuls outside the normal range being observed during the
study. This provision will be detalied on the corsent form. The consent form will be signed by both the researcher
hoiding the meeting and the partcipant. Both researcher and participant will give a simple electronic signatre. A
printed version of signed corsent forms will be stored.

As our target sample is adults who arg able 1o give consent, we wil not be handing with the procedures related to
vulnerable groups.

¥ you are not cbfaling cansend, poase expdale why nof.

Floase encloso a copy of the formadion shool(s) and consent fovmis)

A2 Wl you record informed consent (or advice from consultees) in writing?
C|Y“ |!|No

N No, how will & be moorded?

We will cbtain consent electronically. A researcher will go through the consent fom with the potential partidpants
online. Once participants give their consent, they wil be emailed an cnline copy of the Consent Fom flor their
reconds. Research team will also keep an cnline copy for the recond.

A31. How long will you aliow potential participants to decide whether or not to take part?

Potlental participants will be given up 10 48 hours to make their decision whether or net if they are hapgy 1o proceed
with consentng. For thase who do not provide ondine consent, another Zoom session wil be offered to help
compieting the Consent Form.

AlZ Wl yourecruit any parSicipants who are involved in current research or have recently beeninwvolved in any
research prior 10 recruitment?

) Yes

#No
) Not Known

A334. What arrangements have been made for persons who might not adequately understand verbal explanations or
written information given in English, or who have special communication needs?/0.g. ransladion, use of intopreters)

No armangements have been made for transiation of materials to any language other than English, or for the provision
of interpreters. Due to the nature of the intervention {e.g. use of coline pla¥orms, questionnakres), a
understanding of written and verbal English is a requirement for participation the study and will be detaled n the

screening questionnaire.
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A34. What arrangements will you make to ensure participants receive any information that becomes available during
the course of the research that may be relevant to their continued participation?

Wae do not expect any new indormation to emerge which have a potental 10 atfect their participation. However, the
research feam wil keep themselves uptodate of any developments in e llerature refevant 1o the study. Information
with mplications for risk or benefit of participation, or atlecting the method of study delvery, will be assessed by the
research team and disseminated 1o partcipants immedately as necessary.

ALS. What steps would you take if a parSicipant, who has given informed consent, loses capacity 1o consent during the
study? Tick one opdion only.

(7)) The participant and all identifiable data or §ssue collected would be withdrawn from the study. Data or issuwe which

IS not identfiable to the research team may be retained.

@ The participant would be withcrawn from the study. idendfiable data or issue dready colected with consent would
be retained and usedin the shudy. No further data or issue wodd be cdlected or any other research procedures camed
out on o in relation to the paticipant.

() The participant would continue to be included in the study.

(71 Not applicable - infomed congent will not be scught from any participants in this research.

() Not applicable - itis not practicable for the reseanch team to monitor capadty and continued capacity wil be
assumed.

Futher dedals:

In the unlikely event of loas of capadty, as s0on as the reseanch team became avare that a participant had lost the
capacity to consent, that partidpant would be fully withdrawn from the study due 1o bath nature of the study and the ethical
Isswes involved, and no further sampies cdlected or tess undemaken. Ary data already colected would be fdly
FOCOYNNE QD and retained for analyds.

¥ you plan 10 méain and make futher use of idendifiabie dadatis sue following s s of capaaty, you showd inform
Paticipants abowt iNs whon SeoNng tholr consont inviially.

In this section, personal data means any data relating to a participant who could potentially be identified. R includes

osoudonvmizad data capable of being linked to a participant through a unigue code number.

i 4 PR TS Om Al 4 J

AJE. Wil you be undertaiing any of the following acivities at any stage (including in the identification of potential
parSicipants J2( Tick as appvoyade)

[ Access to medical reconds by those cutside the direct healthcare team
[] Access to sccial cane reconds by those cutside the direct sockal care team
[M Electronic transfer by magnedc of cpical media, emdl of computer networks
[] Sharing of perscnal data wth other Cganisalcos

O Expornt of personal data cutside the EEA

~M Use of personal addresses, postcodes, faxes, endls or idephone numberns
[] Publicaticn of direct quotations from res pondents

[] Publicaticn of data that might allow [centfication ofindivduals

[ Use of audioMsud recording devices

Dswamau data on any of the following:

M Manual files (ncludes pager o film)
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[ NS computers
[] Secial Care Service computens

[[] Home or other perscnal computens
4 University computers

[] Private company computers

[[] Laptop computers

Futher detals:

Qur screening questicnnaire will be circulated using Microsoft Foms link as a platform. Personal detalls such as
email addresses and telephone numbers Wil be required such that we are able to contact, screen and book
participants in for shudy sessions. Paper coples of informaticnwill be kept locked in a fling cabinet and Wil not be
accessite by anyone cutdde of the reseanch team, and wil 350 be uncoupled fom subsegquent data hrough the
deidentification process detalled elsewhere. Electronic study data wil be deidentfied at the point of coledion, and
where each paicipant is to be assigned a unique shudy code. Data wil be stored solely on computens o the research
team, namely password protected designated testing PCs, on which the vanous pans of the cogniive test battery wil
also be located, and on the passwond protected work (ofice) PCs of the team, again stuated onslte at USA and
Inaccessible except Va swipe cands/door codes. Vihere data is collected & the CRF (NINUH facility), deddentfied data
Wil be collected either as hardcopies o the case report foms or on computens that will be situated In the CRF. Only
the sbudy team Wil have access to these folders. MRI data will be transfemed to UEA computens via magnetic or optical
media Magnetic media will always be encrypted, and files wil be dddentified prior to trans fer.

A37.Please describe the physical security arrangements for storage of persenal data during the shady?

The perscnal data of partcipants wil be stored in accordance with the General Data Frotection Reguation (GDPR)
2018 and Data Protection Act (DPA) 2018. Safeguards will be taken 1o ensure about the securty. Paper coples of
personal data wikk be kegt locked in a filng cabinet and wil not be accessbie by anyone outside of e research team.
Electronic data wil be siored on password-prolected office computers siuated onsile at UEA, backed-up onto secure
servers regularty, and supported by secunty provided by each insttution’s IT team. Plwsical access % and fling
cabinels computers will be via swipe cards\door codes. Study compulers on which the varous pans of the cognitive
test battery wil be located will be password protected and stored safely in locked cupboards when unatiended.

A3B. How will you ensure the confidentiality of personal dMazEleass provide @ genaral stadement of e palicy and
procedwos for ansuring confidantially, o.g. AMAMNTARING, OF BEMARNTHIA. of data.

The Data Protection Act 2018 and General Data Prolection Reguiation 2018 wil be followed. Partcipants wil be

assigned random codes as their study idendfications to deidendly their real identiies. This wil be done by a person
outside our research team within the department 1o bind the study researchers. Faricipants will nct be identfiable in

publcatons with research findings presented as the average data of the cahort. Ay identifiable infarmation will not
learve the research sites, nor appear i any repors or papers published by the research team.

A&D. Who will have access to participants’ personal data during the study? Where acoess Js by inadvidua's owlside the
dioct care foam, pleaso Justify and say whathar cansent wiV 0o SOuh.

Only members of the research team will have access to this data, to be stored in a highly secure manner as detalled
previcusly. Participants will be made aware that thelr a0ouBisest data may be subject to audk procedures but wil
remain confidential. Only GPs will be advised of a participant’s personal data in the event of cbtaining study data that
indcates a potential risk to the participant. This wil be detaled on the consent dm o partcipants are comforiabie

with this amangement.

A41 . Where will the data generated by the study be analysed and by whom 7

Some of the biclogcd samges (glucose, Ipids and coisal wsing blood sampies) Wil be oaiaed at the NS

Norolk and Norwich University Hospal (NNUH). All data wil be godlysed in the UEA by the research team, on UEA
password protected computens and data storage systems. The data wil not be ransfemed either cutside the UK or

EEA
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Data Wil be 30ly5ed by members of the research team at LEA. Ary plvsicd or electronic data wil be secure,
passwordprotected and encryplted where relevant, in accordance with guidelnes from IT department and in
accordance with GOPR.

AAZ Who will have contral of and act as the custodian for the data generated by the study?

Tide Foreramaiinitials Sumame
Professor Anne Made Miribane
Poat Head of Nutition and Preventive Medicine
Pralifinnlians BSc Nutritional Blochemistry
PhD Nutrition
Wiok Address University of East Angla
Nowich Medical School
BCRE Level Z Nowich
Post Code NS4 TUQ
Work Email aminihanedluea ac Lk
Work Telephone 01803552339
Fax 016803522752

A4 How long will personal data be stored or accessed afler the study has ended?

) Less than 3 months
() 3-6months

() 6= 12 months

() 12 months -~ 3 years
) Over3 years

¥ longer than 12 months, ploase jusiiy:

Personal data of participants who consent to being contacted for future studies Wil be stored on the UEA Department
of Nutrition and Preventive Medicine database and maintained In accondance with approved procedunes.

For those who do not congent 1o being induded in the database, once shudy has been publshed and all participants
have been sent coples of the shudy cutcomes, personal data wil be deleted.

Volunteers will be asked ¥ they agree to ther ancrymous sampkes being stored for future analysis as pant of the
consenting process.

AL4 For how long will you store research data generated by the study?

Yoars: 10
Months: 0

A4S, Please give details of the long term arrangements for storage of research data after the study has gnded. 5oy,
whore dafa wi¥ bo storad, who wil haveo a0cess and the aranlemaents 10 ansure soowily.

The data generated via the questonnaires will be slored onine where the UEA owned dioud location and the files wil
be password protecied. Pager-based data wil be slored within the same rooms, within locked flings cabinets which
again will only be accessible by the research team. As for the biclogical samples collected, they wil be deddentified,
with anly study ID on, and wil be slored securely in the university freezers (-80) untl the study end date, ater which

they will be transferred 1o the boreposiony to be stored for up to 10 years. Approved personnel wil have access by a
swipe card.
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AAS. Wl research parSicipants receive any payments, reimbursement of expenses or any other benefits or incentives
for taking oart in this research?

@Yes [ONe

¥ Yeos, ploase ghve dodals. For monadary payments, IndNcade how much and on what basis iNs has boon dedomined.
Participans wil receive £50 as a voucher upon compledon of both interventions of the study as a recogniton of their
participation

Study focds will be purchased and delivered participants’ addres ses by the research team with no cost to participants.
Al ravel expenses wil bereimbursed on presentation of receipts (public transport, tadds ) or at cument skespeciic
mileage rates (pdvate vehides) up to a 30 milke radius. Car parking fees Wi also be reimbursed.

AAT. Wl individual researchers receive any personal payment over and above normal salary, or any ofher benefits or
Incentives, for taking part in this research?

O Yes @No

A4S Does the Chief invesSigator or any ofher invesSigator/collaborator have any direct personal involvement (e.g.
financial, s hare holding personal relasionship efc. ) in the orga nisASo ns spons oring or fundi ng the researchthat may
aive rise %0 a oossible confiict of interest?

O Yes @No

NOTIFICATION OF OTHER PROFESSIONALS

A431. Wl youindorm the paricipants” General Practiioners (and'or any ofher health or care professional responsible
for their care) that they are taiiing part in the study?

@ Yes [MNo
¥ Yos, ploase evicse a copy of the Informadian sheetfetior fov the GPMoalth prodes siorad with 2 vevsion number and dade.

AAS2. Wl you seek permission from the research parSicipants 10 inform their GP or ofher healthy' care professional?
@ Yes [MiNo
& showd bo made clear in the paticipant's informadion shoa I the GPMoalth profes sional will be informed.

PUBLICATION AND DESSEMINATION

ASQ. Will he research be registered on a public database?

The UX Palicy Framework for Hoalth and Social Care Resoarcth sels owtthe princile of making informadion abowt
msoaTh pubivcly avalalie. Futhomove: Amicle 19 of the Wowd Medicad Associadtion Declaradion of Halsink adopded

in 2008 stades that “ovevy clnioal inal must bo mgisiond on a pubidy accessiie daabase bafove moraiment of he
frst subyjoct”; and the Mndomational Commitioe of Modical Joumal Ediors PCMIE) wil consider a cliniaal il for
pubivicadion only ¥ & has boon mgisiond in an appvopviade RgVsiy. Please 500 guidance for mor informadion.

@ Yes [MNo
Ploase gve dedals, or justly if not rgistening the msoach.

As 5000 as the ethical approval s cbtained, a public registry wil be completed. The sudy will be registered cn
Clinical Trals.gow.
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Ploase onswe thad you have endeved mglsiy miemnce numbav(s) in question A5.1.

AS1. How do you inte nd 0 repor t and dissemina te the resulits of the study? Tick as ppopdade:

M Peer reviewed scientific jpumals

M Intemal repodt

M Conference presentation

[] Publicaticn cn website

M Chr publication

[] Submission to regulatory authorties

[] Access to raw data and rght to publish freely by all investigators in shady or by hdependent Steerng Commitiee
on behalf of al invesigatons

[[] No plans to report o disseminate the results

[] Oher (please specity)
News on local or national media, www. Iheconyens i on.com

AS2.If you will be using identifiable personal data, how will you ensure that anonymity will be maintained when
publishing the results?

To maintain ancnymity, participants wil be alocated a numerical identfier. Afler consent is cblained, cnly tese
numbers wil identity paricipants. All raw and 30alys6d. data from tests and questionnaines wil be assigned a code
number and wil not contain information that could enable identification of indwicual participants. In all publications
and findings, the average values wil be reported, the upper and lower bounds can be stated as only numbers with no
ientties paricpants wil be ancnymous.

AS53. How and when will you inform participants of the study resuits?

¥ thero wiY Do no arangomants in pace o \nform gasigipante A\oaso Justly s
A summary report of the findings preduced in a lay language will be sent 1o the participants in a paper-based letter
form to their addresses.

5. Sclentific and Statistical Review |

AS4 How has the scienBific quality of the research been 35343350d2TIck a5 appvopvial:

[ incependent extemal review
D Reylew withina compary
D Review within a mult-Coolrg reseanch [ (¥ )

~ Review withinthe Chief Investigator's insitution or host ooganisalcn
~ Review withinthe research team
M Review by educational supervisor
[] Oher
Justy and descrbe the mview pvocess and ouwlcame. N the mview has boon undoviakon but not sean by the

msoaThoy, pive dedals of the body which has undoviakon the mview:
Review was conducted by the research team in consultation with intemal and extemal cdleagues in the fleld.

For all studes excopd nondocion studont msoach, please endose a copy of any avaibiie sclondific aitique mpors,
togather with any mialed Comespondence.

For nondocion studont mseach, pease enclose a copy of the 255055mont Fom youwr educadiona supavesow’ insdlution.
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ASE. How have the s latisSical aspec ts of the research been revigwed? Tick as appvopviade:

[ Review by independent statistician commisscnad by funder of Sponscr

D COehar review by independent sRisidan
O Review by company statisidan

M Review by a statistician within the Chief Investigator's institution

M Review by astatistician within the research team or multi-Ceole group
[ Review by educaticnal supervisor

[] Other review by individual with relevant satisical expertise

[INo review necessary as only frequencies and associations will be assessed ~ detalls of statistical input not
required

b al cases ploase gve daals balow of the indwidud mspositie v mviewing the statisdical aspects. N advice has
boon provided in confidence, ghve dedals of he dopaviment and Instiiulion concemed.

Tide Forenamadinitials Sumame

Or  Amy Jernings
Department Nutrition and Preventive Medidre
rstttion University of East Anglia
Wk Address University of East Angla
Noewich Medical School
BCRE Level 2 Noewich
Poat Code NR4 TUQ
Telephone 01603552339
Fax
Mcbile
Email any jennings fluea ac uk

Ploase enclose a copy of any avalable comments or povts fovn a stallsdiadan.

AST. What is the primary outcome measure for the study?

Profile of Mood State (POMS) questionnaire which has 65 ems.

ASB. What are the secondary outcome measures?SY any)

Bond-Lader scale will be the co-primary oulcome measure for mood and ansety.

A compesie score generated fwough a newopsychological test battery wil be used for the cogniion. The Sustained
Attenton to Response Task (SART) will be the measure for the attention cutcame wihich is also an important

paramater for our study.

Omher secondary oulcome measures will include cardiometabolic profle markers (blood pressure, insulin, glucose,
Ipids and infammatory markers such as C-Reactive Frolein), hormenes (adrenalne, corisel, serotonin, dopamine
and thyroid hormones ), brain-derived neurctrophic factor (BONF), tryptophan (precurser of serctonin and melatoning
and choline, APOE4 genctype stabus, ketones (bela-hydroxybutyrate (B-HBA) and acetoacetate {AGAG)H) neurcimaging
using MR! to assess regional bood fow.

AS3. Whatis the sample size for the research? How many padic/pants/samplestiala moods do you planto siudy in
2odal? N thove IS Mo than one Growp, Nease give futhor dodals balbw.

Total UK samplesize: 25

Total intematiconal sample si2e (ncluding UK

Total in Eurcpean Economic Area:
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Futher detals:
The study dedign i @ two-amed cross-over design, therefore, partidpants wil complete both anmms and actas thar
oWn controls.

AB0. How was the sample size decided upon? ¥ a formal sample size calouation was used, indicafe how Mis was dane,
Sving suficiend infarmadion 1o ustVy and reproduce the cafcwation.

Ouwr sample sze cakculaion was based on data from a previcus cross-over rial of the effect MODP adherence in a
young heallyy adult group (1). Assuming an error rate of 0.05 and 90% power we would require 15 and 20
paridpants to complete each arm for meed (9.6 unit expected diference, SD 10.3) and cognition (0.7 unit expected
ditterence, SO 0.9). respectively. To account for dropouts between random aliocation to treatment sequence and study
completion we Wil aim to recrut 20% more participants per group; Tws, we wil recrul 26 Individuals.

1. Lee J. Eass M. Elpogas A, Bavbsobsinsd, Thurgood M, Yilsiga,L, et al Switching 1o a 10.day Mediterancan-style
diet improves mood and cardivascular function in a controlled crossover study. Nutnition. 2015.31(5).647.52.

AS1. Wil participants be allocated 1o groups at random?
@ Yes [MNo

¥ yos, ploase give dedal's of the indanded method of Gandopisalion:
Yes, patidpants wi be rapdomised © a shudy amm, minimiang for sex (MF) to ensure madmum possitie balance
ACI0ES aMs.

AB2. Please describe the methods of analysis (statistical or other appropriate methods, e.g. for qualitative research) by
which the data will be evaluated to meet the study objectives.

Our statistoan wil advise on statistical analysis plan UoAlEALE0, RAANGANGO.f parscipants, data management
and data and statistical analyss.

6. MANAGEMENT OF THE RESEARCH

AS3. Other ey invesSigators/collaborators. Ploase include al grand co-appicants, prodocol co-auwhovs and other key
mambavs of the Chied Mvestigador's doam, INCaNng Nondociaral studont RseaTthors.

Tide Forenama'initals Sumame

Miss Latife Esgunoglu
Post Doctoral Researcher
Qualificaticrs MSc
Employer University of EastAnglia

Wiok Address University of EastAnglia
Norwich Medical School
BCRE Level 2 Noewich

Post Code NS4 TUQ

Telephone 01603552389

Fax

Mockile

Wiok Email lesgunoglufiuea ac uk

Tide Foreramainitials Sumame
Miss Mamum Uaguat
Poat Doctoral Researcher
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Qualticatons

Employer
Work Address

Post Code
Telephone
Fax

Work Email

Qualfcatons

Employer
Work Address

Post Code
Telephane
Fax

Work Email

Quaifcatons

Employer
Work Address

Post Code
Telephone
Fax

Work Email

Qualticatons

Employer
Work Address

Post Code
Talephone
Fax

Reference:
221L.000796

MSc

University of East Anglia

University of East Anglia

Norwich Medical School

BCRE Leved 2 Norwich

NR4 ZUO

01603532289

m.laquatiluea ac Lk

Title Forenamednitials Sumame
Professce Michael Homberger
Professor

PhD

University of East Anglia

University of East Anglia

Norwich Medical School

BCRE Leve! 2 Norwich

NR4 ZUQ

010603597139

m.hombergerZuea.ac.uk

Title Forename/intials Surmame
Or  Apar Lazar
Asscoate Professor

PhD

University of East Anglia
University of East Anglia

Schod of Healh Sclences

1.06 CGueen's Bulicing

NR4 ZLL

01603537001

alazanBuea.ac.uk

Titke Forenamainitials Sumame
Professcr Miguel Ruz-Capsia

Professor
University of Navarra

Span
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Mcbie
Work Emal

Quatfcatons

Employer
Work Address

Post Code
Telephone
Fax

Work Emal

Qualfcatons

Employer
Work Address

Post Code
Telephone
Fax

Work Emal

Quatfcatons

Employer
Work Address

Post Code
Telephone
Fax

Work Emal

Quatfcatons

Reference:
221LON0798

mcanelaflunay.es

Title Forename/intials Surmame
Dr Jon Brooks
Assccate Professor

PhD

University of East Anglia
University of East Angla

Schodl of Psychology

NR4 I
01603455161

Jonathan . BrooksiDuea ac ik

Title Forenamedinitials Surname
Or Cristina Bazauin Budke,
Research Asscciate

PhD
University of Navarra

Navarma
Span

crazquinglunav.es

Titke Forenamafinitials Sumame
Professce Wilam Fenny
Professor

PhD

University of East Anglia

University of East Anglia

Schodl of Psychology

NR4 I
01603455161

W.Pernyfluoa ac ik

Title Forename/intials Surmame
Dr Ay Jennings
Senkr Research Follow
Doctorate
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Employer University of EastAnglia
Wok Address University of EastAnglia

Noewich Medical School

BCRE Level 2 Noewich
Poat Code NS4 TUQ
Telephone 3G
Fax
Mcbile
Wok Email anvy jennings uea ac uk

Tide Forenamaiinitials Sumame

Or Addan Leday
Poat Clinical Assodate Professor, Clinical Psychologist
Qualificaticns PRD
Employer University of East Angla, Nodiolk and Noewich University Hospitd
Work Address Noewich Medical School

OMce04

Noewich
Poat Code NS4 TTY
Telephone 01603 455181
Fax
Mcbile
Work Email A Leddyfluea ac uk

Af41. Sponsor
Lead Sponsor
Stabus: () NHS or HSC care cganisatico Commercial stabus: Noo-
@ Academic Commercial

() Prameaceutical incustry

() Medical device Industry

() Local Authordty

() Oher sccial care provider (ncluding voluntary sector of prvate
OIS

() Oher

¥ Other, please specify

Contact parson

Name of coganisatico Uriverdty of East Anglla

Gven name Sarah
Family name Ruttwen
Address Noewich Medical School, BCRE Level 2
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Towncity Noewich

Post code NR4 TUQ
Country United Kingdom
Telephone 01603552389

E.mail s nttwendluea ac uk

IRAS Version 6.3.4

the sponsor thad is based in Novthem Mland or the EU

Contact parson

Name of caganisatico
Gven name
Family name

Towndcity
Post code

Telephone

E-mail

Legal representaive for clinical invessigation of medical device (studies involving Northern ireland only)
Clinloal Mvestipations of Modical Dovicos that take place in Novthom haland must have a logal mprsontatie of

ASS. Has external funding for the research been secured?

Ploase ¥ok at least one chack box
M Funding secured from one of more fundens.

[] Extemal funding applicationto cne of more funderns in progress
[ No applicaton for extemal fundng wil be made

Wihat type of research project is this?
# Standalcne project
() Project that is part of a programme grant
D) Project that s part of a Centre grant
(7 Project that is part of a fellowship' personal awand! research training awand
) Other
Other - please state:

Please give details of funding applicasions.

Qnganisation MRC UK Research and Innovation
Address 58 Victorda Embankment
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London
Post Code EC4Y DS
Telephone 01793 298 902
Fax
Mobie
Emal corporateflmrc ukricrg
Funding Applcation Status: ® Secured  (Tin progross
Amount: £30,000
Duration
Years 1
Months: 6

¥ appicatie, ploase speclly the programmey’ fumavng stoam.
What is ™e funding stream/ programme for this research project?
Existing MRC consortium grant uSoany UK consartium for cptimal nutriSon for healtyy brain ageing

Omankatien Commonwealth Scholarships Cameission UK

Address Wobum House 20.24
Tadsiask Square
London

Post Code WC1H SHE

Telephone +44 (0)207 380 6700

i

Mobie

Emali press@cscul ong.uk

Funding Applcation Status: ) Secured (TIn peogress

Amount: £10.000

Duration

Years 2022

Months: 2025

¥ appioatie, ploase specly he programmey’ fundng stroam.
What s e funding stream/ programme for this research project?

Oganksation Ministry of Natonal Educaton, Republc of Turkey

Address Ankara
Turkey
Post Code 06460
Telephone 903124131693
Fax
Mcbie
Emal bursy_londrafdmeb.gov.tr
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Funding Application Status: @) Secured () In progress
Amount: £10,000
Duration
Years: 2020
Months: 2023

¥ applicalie, please spacly the programmey’ unding stoam.
Winat is the funding streany' programme for this research project?

O Yes @No

han a cosponsor Bsted in AS441) ? Ploase gve dedals o subcondacions ¥ appicable.

country?
@ Yes [TiNo

¥ Yos, ploase give dedalls of oach myecied applcadon:

AST. Has this or a simillar application been previously rejected by a Research Ethics Commitiee in the UK or another

Decision and date taken:
Research ethics committee reference number:

Name of Research Ethics Commitiee or ethics authodly: London Soulh East Research Etics Committee

25 July 2022
221004599

Ploase prode a cqpy of the Yolypumiie opinion ledlevis | You show'd explain in your answer 10 quasion AS.2 how the
Rasons fov the Yoalavaupble opiion have boon addmssed inthis appiicadion.

Tite Forenamel/ndals Surname

Rowe Felcia Rowe
Quanaaion Norfolk & Norwich University Hospial
Address Norfolk & Norwich University Hosplal

Post Code NR7 QMG

Work Email felcia rowefnmuhnhs uk
Telephone 01603 647322

Fax

Mobie

AG6841. Give details of the lead NHS RAD contact for this research:

Cinical Research Faciity Quadram Insttute
Rosalind Frankin Road, Colney, Norwich

Detads can e obéanod fram e NHS RAD Forum websile: hilo Swww rdforam nhe o

Planned start date: 31/10v2022
Planned end date: 30/0V2023

AS31. How long do you expect the study 1o kst in the UK?
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Total duration:
Years: 0 Months: 10 Days: 0

IRAS Version6.3.4

the triat (¥

study ends.

AT0. Definition of the end of trial, and justification in the case where it is not the last visit of the last subject undergoing

The last interaction with the participants wil be the folow-up questionnaire that wil be drculated 3 manths after the

AT14. Is tis study?

@ Sirgleceote
0 duiticente

AT1Z Where will the research take place? (Tick as appvopvade)

M Erglana

[0 Scotand

O wales

[0 Nohem ireland

[ Other countries in Eurcpean Economic Area

Total UK sites in sbudy

Does this trial involve countries outside the EU?
CYes ®iNo

ve approximade numbers if Known:

B NHS coganisations In Engand 1
[[1 NS ooganisalicos. in Wides

[] NE4S coganisations. in Scotland

D HSC ooganisations. In Nothem reland

[1 G practices in England

[ G® practices in Wales

O GP practices in Scotland

[]G® practices in Northem Ireland

[[] Joint hedth and socid care agendes (¢9
community mental health teams)
O Local authodties

[]FPhase 1 tial units
[ Priscn establishments
O Probation areas

[] Incependent (pdvate or voluntary sector)
GRS CO5,
BEMHN establishments 1

[] Independent research units
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[] Oher (give cetails)

Total UK sites in sbhudy 2

AT3A. Wil potential parSicipants be identified through a iy rganisafions o ther than the research sites Bsted above?

M Yes @ No

AT4. What arrangements are in place for monitoring and auditing the conduct of the research?

The standards that are set cut in the Research Govemance Framework will be foliowed in the manitoring and audting
the conduct of the study. In arder to comply with Good Clinkal Fractice (GCP) guidelnes, manitoring and audting
procedures wil be followed. The study wil be monitored at reguar intervals 1o ensure complance wih the study
protocol. GCP and legal aspects. This may indude an-site checking of the case report form (CRF) for completeness
and darity, cross-checking with scurce documents, and clarification of administrative matters. Standard Operating
Procedures (SOPs) wil be in place to ensure the ¥iad is conducted in accordance with GCP. Additicrally, there wil be
an SOP for administering and scoring each 1ask to ensure production of quality data. The Pi will routinely monior the
trial and ensure the trial is being conducted in accordance with the protocal and GCP requirements. Addtionally, the
prindpal investigator and research team members involved in this study wil have weekly meetings to discuss

progress and any Issues which arise qqﬂm ’p.cpgy!mm study.

ATSA. What arrangements will e made %0 review interim safety and efficacy data from the rial? Willl 2 formal data
monitoring commitiee or equivalent body be convened?

Participants will be asked to contact the study team immediately In the event of experencing an adverse (AE) or
serous adverse event (SAE ) no matter how unikely itseems that ths woudd relate to the nterventicn

We have not established a Data Moritodng Committee as this 5 a short e study and we do not predict any Hgh
morbidity or mortality, of unknown of uncentain risks.

¥ a formal DMC is 80 bo convened, ploase foraavd dodal's of the mambeavship and standard opavading procedues o the
Resoach Ethics Commitioe whon avalable. The REC showd also be nodified of DMC mcommendadions and moove

Summavy mpovis of indevim analyses.

AT5.2. What are the criteria for electively stopping the trial or other research prematurely?

In the event that cancecn be caused through a high number of adverse events being reported, dinical staff may
terminate the study with immedate effect.

| AT6. Insurance/ indemnity to eet potential legal liahilitias

Note: in this question fo NHS indemnity schemes include equivalent schemes provided by Health and Soclal Care
| (HSC) in Northern Ireland ‘

ATEA. What arrangements will be made for insurance and'or indemnity 1o meet the potential legal Bability of the
sponsoris) for harm %0 parSicipants arising from the management of the research? Ploase Yok boxfes) as applcatve.

dde: Whove a NHS 0nanisadion has apvoed 10 act 36 SPIVEXY OF CO-SPONSY, Ihdomnlly |s provided thouph NHS schomas.
Inddcade ¥ iNs appiies fhow Is no Need 1o provide documentavy evdence) For all ather sponsovs, please dosarbe the
2TINPOMOnts and pvovide evidence.

[] NS indemnity scheme will apply (NS sponsons only)

M Other Insurance or indemnity amangements will apply (give detalls below)

UEA insurance shall apply.

Ploase enclose a copy of mievant documents
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ATEZ What arrangements Wil be made for insurance and' or indemninity %0 meet the potential legal Bability of the
sponsornis) or employers) for harm %0 parSicipants arising from e degign of the research? Ploase ok boxfes) as
appiicalie.

ode: Whow msoathors with substantive NHS emplopment condacis have desined the mseach, hdomaly is provided
thouph NHS schames. Indicade ¥ this appiies Show s N0 Need 10 provide documentary evidence) For ather prodocol
UWhs 0.9 COMPATY aMENOYOes, VNSl Mombavs ) Wease doscabe the aTINeMaNis and pOvide evidence.

[ NHS indemnity scheme will apply (protoccl authors with NS contracts only)
M Oher insurance of indemnity amangements will apply (give details below)

UEA insurance shall apply.
Ploase enclose a copy of mievant documents.

ATED. What arrangements will be made for insurance and or indemnnity 1o meet the potential legal Bability of
nvesSgatorsicollaborators arising from harm %0 parSicipants in the gonduct of the research?

2de: Whowe the pavicipants ave NHS padients, indomnly & pvovided through the NHS schomes or through profes slona
indomnity. Indcade ¥ this apples 1o the whaole study fhew is o need Lo provide documentary eWdencel Whaw nondNHS

sies aw 1o be inciuded in the msearch, induding pivale pracices ploase dosarbe the aranpamants which wil be made at
these sies and provide evidence.

4 NHS indemnity scheme o professiond indemnity will apply (participants recruited at NHS sites only)
M Research includes nondNHS sites (give detalls of insurance! indemnity amangements for these sites below)

UEA and NHS insurances shall apply

Ploase enclose a copy of mievant documenis

AT7. Has the sponson(s ) made arangemen is for payme nt of compe nsasion in the event of harm %0 the research
parSicipants where no legal Bability arises?

MYes @No

Ploase enciose a copy of mievant doauaments

ATE. Could the research lead 1o the development of 2 new productiprocess or the generation of intellectual property?

O Yes & No () Not sure

~ Part B: Section 5— Use of newly obtained human tissualor other human biological materials)
for research purposes

1.What types of human Sssues or ofher biclogical material willl be included in the study?

Blooa:
A fasted blocd samge of no moce than 20 mil Wil be colected three imes at day 1 (wo times ) and day 6 (one tme) in
three separate tubes (EDTA, Heparin, Serum).

Urinec

A fasted midstream wine sample wil be provided at the day 1 and day 6 onsite Wsks o measure selected plant
bicactives as markers intake of foods spedfc to the MOP. All participants wil be asked to provide the frst moming wid
and to collect at least 100 mL of wine in @ provided 200 miL container. Wine samples will be aliquoted in the
laboratores and add staliisers added .o hydrocHonc acid, ascorbic add).
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E3gces:

Within 24 hours of the baseline and cutcome measurement, @ faecal collection Wil be made. From a passed stool, 4
poa sized diguos of faeces Wi be removed (equipment provded) and added to samge bes (n=2 tubes, With 2
pleces of faeces in each tube) containing ENALMGE RNA Siabilsatico Sclution (rwitrogen, UK) and silcone
dispersion beads, and then irnverted Wgorously. Samples will then be placed in asealed container (provided) on top of

ice (ce cube sheets made by participant with mataial provided) and then retumed to the research facilty for freezing at
40" C until further analysis.

2. Who will collect the samples?

Blood wilk be collected in e Qinical Research Facility (CRF) by research nurses or Trust approved phlebotomists.
Urine samples will be colected by the participant at home and brought to the CRF during the two on-site visits. The
approprate urine collection kits wil be provided with instructions on their use. Faecal samples will also be collected
by paricipants at hame, using e equipment provided by the research team, and brought to the CRF during the on-
site visis. Instructions on safe sampile collection and approgeiate storage conditions wil be provided to participants in
advance.

3. Who will he samples be removed from?

M Uving conces
[] The ceceased

4. Wil informed consent be obtained from Bving donors for use of the samples? Ploase Mok as appopval
In this research?

S Yes (ONo

In future research?
® Yes () No () Not applicable

E.Wll anvy Sssues or cells De used for human applicaion or 10 carry out festing for human application in this research?

O Yes @No

2. Wil the samples be stored: [Tick as appopade)

In Adly accoyoised fom? fink Lo donor broken)
r:| Yes E| No

In linked accoyoised fom? finked L stoed ¥ssue but donor nat identfabie to msearhars)
() Yes g No

In a form in which the donor could be identfiable to researchens 7
@ Yes [)No

¥ Yos, poaseusdy.
Samgles will be stored in the deddentfied form by having patidpants’ study 1Ds on, thus, the samples can be
linked back to Indivduals using ther study IDs. The Pl and the researchens named by the Pl will have access the

by IDs.

9. What types of test or analysis will be carried out on the samples?
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Blood: The plasmadsenum will be stored for future analysis of predntervention'pre-existing iMammatory and cognitve
decline sk biomarkerns.

Urine: to measure selected plant bicadives as makens Intake of foods speciic to the MOP.

Faeces: Wil be assessed for gut bacterd speciaton and shotchain fatly adds.

10. Wil the research involve the analysis or use of human DNA in the samples?

@ Yes [TiNo

11.0s it possible that the research could produce indings of clinical signiicance for donors or their relatives?

@ Yes [TiNo

12 M so, will arrangements be made 10 nofify the individuals concermed?

() Yes @ No (7) Not applicable
N No, ploase psty. ¥ Yes, say what amangoments wil bo made and gve detals of the suppovt or counseling
sevvice.

AFQOE gene status Wil be assessed, which 5 cne of the most signiicant genetic risk factors for the dementia.
Neither participants nor relatives, wil be noffied about he resuls as, (1) yet there i no avalatie intervenions

which can with any cerainty miigate he indeased risk and (2) the genclype Is predicive rather than deteministic,
With the majodty of camens never developing dementia.

FPaicipants will be asked to congent o the results of their medical screening (and any other relevant detals,
determined by the clinical advisor) being forwarded their GP. This is to ensure the pdmarny health care provider (GP)
has access o any pertinent clinical data regarding their patient. No clinical opinion Wil be given by the research
team on the basis of a cne-of test result. The GP of the vdunteer may decide to pursue the matter with subsegquent
test to establish the impotance o the finding.

During the MR scan procedure, there |s the potential that an abnomality may be detected, which the paticipant is
unaware of. These cccumences ane genenally infrequent. However, In the event of this happening. the Chief

Irvestigator will highlight this finding with the partidpant pdmary care provider (GP), to ensure that the necessary
clinical follow up may be pursued

13. Give details of where the samples will be stored, whe will have access and the custodial arrangements.

Al samples Wikl be collected in CRF and stored in -20°C freezers at CRF. Before analysis, samples wil be transferred
to e Bob Champion Research and Ecucation Bulding (BCRE), UEA according to approved human $ssue schedule
of works atiained for each procedure. Faccal samples will inisaly be stored at -80°C within CRF. Access to all stored
samgpies in the CRF and BCRE Is restricied %o stalf as delegated by the CRF management (holding an approved
research passport). The BCRE has swipe-card access and the freezer room, and each individual freezer, & locked
when not in use (Wth keys held in a code protecied kewpress (access to key-press code is limited to quiborised,
personnel). Samples are stored In 2 RIRARAKIESY, format (i.e. numerical code) and linking codes to connect
subjects to numerical codes wil have restricted access (delegated by the Boecinal investgator). Nl samples will be
stored at the bicrepository for a madmum of 10 years from the collection of the last sample from ™he last voluntoer.
Samples wil then be disposed of or transfered %0 the NNUH Human Tissue Bani for long lerm storage and potential
use for further analyses within this research o in future research. The samples wil be kept there in the name of e
Bdacipal investigator and access wil be restricted 1o the Principal investgalor and researchers named by the Chief
Investgator cnly. The Boecinal investgator is responsitie for the custodial arrangemaents.

14. What will happen 10 the samples at the end of the research? Ploase ok alV thad appdy and give fuvther dedalls

[ Transter to research fasue bank

W the bank is in England, Wales or Novthom Mland the instiution wiV mquie 2 JRease fom the Human Tisswe
Awthority 10 store mievant maderal fov possiie fuwther msoach.)
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[[] Storage by research team pending ethicd approval for use in ancther project

Unless the msoaThor’s Msdiulon holds 2 siovae Joence fovm the Human Tisue Awhoty, or the ¥sswels sioed in

Scodland, or it Is not mievant madonal, a futher appiicadion for edhical mview showd be submitied bafove the end of
s proyect )

[] Storage by research team as part of @ new reseanch ssue bank

(The instiution Wi mQuire 2 JLeace fovn the Human Tisswe Awhonty ¥ the bank wil be storing méavant madevia in

England, Wales or Novthem Mland. A sopavade appiication for ethical edew of the dsswe bark may also be
submidied. )

[] Storage by research team of biclogical matedal which is not “relevant makdal” for the purposes of the Human
Tisswe Act

[[1 Disposal in accordance with the Human Tissue Authorty's Code of Practice
[] Otrer
Duuyukm

Ploase give fuwthor dodal's of the prOpOsSed TN ements.

The samples wil bestored for up 1o 10 years to wse for future reseanch purposes, (0 order 1o soalse the Hologcal
samples for any new emenging biomarkers of healh and dietary exposure. Participans wil be informed about this
possibility on the PFaticipant Information Shoet as well as the informed Congent Fom.
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PART C: Overview of research sites

Please enter details of the host orga nisasions (Local Authority, NHS or other)in the UK that will be resp onsible for the
research sites. Fov futher informadion please mfer 1o uidance.

Investigator pecearch sie Irwestigator Name
icentfier
i () NHSHSC Site

#) NonNHSHSC Site
Micde name Marie

Family name Minihane

Email aminihanedluea ac uk
Instibticn name  University of East Angla Qualification

MO PhD
Department clon Brain Imagng Centre -
Country United Kingdom
Street address  School of Psychology
Townlcity Lawrence Stenhouse Bullding
Post Code NS4 TTY
Country United Kingdom
nz
®) NSHSC Site

() NonAB4SHSC Site

Micde
name
Family  gqounogiu

Orgasisalion NORFOLK AND NORW/ICH UNIVERSITY —

rame HOSPITALS NS FOUNDATION TRUST Email |esguncglufluea ac Lk

Address COLNEY LANE Qualification e

COLNEY (D)
Poat Code N4 TUY
Country ENGLAND
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PART D: Declarations

D1. Declaration by Chief Investigator

1. The information in this form is accurate to the best of my knowledge and bellef and | take full responsibiity for
i

2. | undertake 1o fulll the responsibiities of the chief ivestgalor for This study as set out in the UK Palicy
Framework for Health and Sccial Care Research.

3. lundertake 10 abide by the ethical principles underlying the Dedaraton of Helsinkd and good practice
guidelines on the proper conduct of research.

4. If the research i appmoued | underiake to adhere to the study protocol. the terms of the full applcaton as
approved and any condiions set out by review bodies in giving approval

5. | undertake 10 notlly review bodies of substantial amendments % the protocol or the terms of e approved
application, and to seek a (ayoumbie, opinion from the main REC before implementing the amendment.

6. | undertake 1o submit annual progress reports seting out the progress of the research, as required by review
bodies.

7. 1 am aware of my responsibiity o be up 10 date and comply with the requirements of the law and relevant
guideines relating 10 security and confdentiality of patient or other personal data, induding the need to register
when cecessany with the appropriate Data Protection Officer. | understand that | am not permitted to disciose
identfiable data 10 ™ird parties uniess the disclosure has the consent of the data subject or, in ™he case of
patient data in England and Wales, the dsdosure i covered by the terms of an approval under Section 251 of
the NHS Act 2006,

8. I understand that research records/data may be subject 1o inspection by review bodies for audit purposes if
regquired.

9. | understand that ary personal data in this appicaton will be held by review bedies and their operationad
managers and that this wil be managed according to the principles estabiished in the Data Frotection Act
2018.

10. 1 understand that ?hve information contained in this application, any supporing documentation and ail
comespondence with review bodies or thelr operational managers relatng to the applcation:

= Wil be heid by the REC (where applicable) until at least 3 years after the end of e study; and by NHS
RAD offices (where the research requires NHS managemant permission) in accordance with the NHS
Code of Practice on Records Management.

«» May be discicsed to Twe operational managers of review bodies, or the appoining authorlty for the REC
(where applcable), in order to check that the application has been processed comecty or 1o investigate
any complaint.

* M?ybomnuymallon appointed % undertake accreditation of RECs (where applcatie).

» Wil be subject to the provisions of the Freedom of Information Acts and may be dscdosed in response

10 requests made under the Acts except where stakstory exempticns apply.
- May be sent by emal to REC members.

11. I understand that information relating to this research, including the contact details on this application, may be
heid on natonal research information systems, and that this will be managed according 1o the principies
establshed in the Data Prolection Act 2018,

12. 1 understand that he main REC or its cperational managers may share information in this application or
supporting documentation with the Medicines and Healihcare products Regufatory Agency (MHRA) where £ is
refevant 1o !he Agency’s statulory resporsibidies.

13. Where the research is reviewed by a REC within the UK Heakh Depariments Research Ethics Service, |
understand that the summary of this study wil be published on the website of the Health Research Autharity
(HRA) together with the contact paint for enguiries named below. Publication will take place no earfer than 3
months atter the ssue of the ethics commitiee’s final opinion or the withdrawal of ?he application.
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Contact p oint for publicai onplod appiicalve fov RED Forms)

HRA wowld Mke 1o include a contact paint with the pubiished summavy of the study for those wishing 10 sook fuwther
informadion. We wouwld bo gradel I you wowd indicade one of the condact ponds balow.

#) Chiefinvestigator
() Sporsor
() Shudy COCAIRACC
() Student
Oahnr-plouogvo“l
() Nore
Access %0 application for training purposes Pl appiicabie fov RED Forms)
Optionad - ploase ok as agpvopade:
1 would be content for memberns of other RECs to have access to the informaton in the appicaton in conddence

for training purposes. All personal [dertifiens and references o Sponsons, funders and researnch unts would be
removed.

This section was signed electronically by Professcr Anne Mare Minihane on 04/ 10V2022 1716

Job TidePost: Prof of Nutrigenetics
Ongaciaation UEA
Email: aminihanedluea ac uk
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DZ Declaration by the sponsor's representative

¥ there Js mare than ane sponsor, Mis declaradion showd be signed an boha of the co-sponsavs by a representative
of #he load sponsor namod at ASE.T.

I confrm that

1. This research proposal has been discussed with the Chief ivestgator and agreament in principle to
sponsor the research is in place.

2. An appropriate process of scentifc critigue has demonstrated hat this research proposal is wortwhie and
of high scientifc quality.

3. Any necessary indemnity of insurance arrangements, as described in question ATS, wil be in place before
this research starts. Insurance or indemnity policies wil be renewed for the duration of the sbudy where
necessary.

4. Arrangements will be in place bedore the study starts for the research team 1o acoess resources and support
to delver the research as proposed.

5. Arangements % aliccale resporsibiities for the management, menitaring and reporiing of e research wil
be in place before the research slars.

6. The responsibilties of sponsors set cut in the UK Policy Framework for Health and Soclal Care Research wil
be fultlied in relaton to this research.

Please nole: The decaradions bavow do nof farm part of the applcation for appvoval above. They wil nat bo
cansidored by the Research Ethics Commilioo.

7. Where the research is reviewed by a REC within the UK Heath Departments Research Ethics Senvice, |
understand that the summary of s study will be published on the website of the Naticnal Research Ethics
Service [NRES), together with the contact point for enguiries named in this applicaton. Publication wil take
place no earlier than 3 months afler issue of the ethics committee's final opinion or the withdrawal of the
application.

8. Spedficaly, for submissions 1o the Research Ethics Commitiees (RECs) | declare that any and al dinical
trials approved by the HRA since 30th September 2013 (as defined on IRAS categories as cinical trials of
medicines, devices, combination of medcnes and devices or other cinical ¥rials) have been regstered on a
publsaly. accessible register in compliance with the HRA registration requirements for the UK, or that any
deferral granted by the HRA sl apples.

This section was signed clectranically by Mgg Sarah Ruthven on 06/10/2022 14:33.

Job Titke/Post: Research Manager
Qumansann University of East Anglia
Emal: researchsponsoriiuea ac uk
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Appendix 8. ClinicalTrials.gov registration

Study overview

Brief summary: Observational studies and a limited numbers of RCTs have observed
that habitual Mediterranean-style dietary pattern (MDP) consumption is associated with
improved mental health and cognition. Yet, its efficacy in a short-term has not been

studied in well-controlled intervention settings.

MediMood is a cross-over RCT aiming to test whether a MDP can affect mood and
anxiety following a meal (postprandial) and over 5-days in adults over 18 years with mild

to moderate mental health problems relative to a Western diet (WD).

Detailed description: Depression, anxiety and age-related cognitive decline are leading
global public health problems. A plant-based Mediterranean-style dietary pattern (MDP)
includes olive oil as the main source of fat, fresh fruits, vegetables, seafood, legumes and
nuts and a low consumption of red and processed meat, confectionary, and high-sugar
drinks. A MDP promotes both physical and mental wellbeing and brain function.
However, most studies to date have examined the impact of a MDP on health over months
or years. As several underpinning biological mechanisms are likely to be responsive
within hours or days, examining the short-term effect of a MDP on mental health
outcomes is important. The overall goal of the present study is to understand the effects

of a MDP on acute/sub-chronic brain health and its underpinning mechanisms.

MediMood is a randomised cross-over efficacy trial. Participants will be assigned to an
isocaloric MDP and a Western diet (WD) for 5-days in a random order with a 4-week
wash-out period. All foods, meal plans and detailed dietary instructions will be provided.
In addition to the primary outcome measures (mood and anxiety), the impact of
intervention on cognitive performance, sleep, cerebral blood flow (MRI) and a selection

of biomarkers of brain function will be measured in biological samples over five days.

65



As low mood, anxiety and stress disorders affect daily functioning and reduce the
quality of life significantly for many, the investigators believe the findings will have

wide public health application.

Official Title: MediMood: A Randomised Controlled Trial Investigating the Acute
Impact of a Plant Based Mediterranean-style Dietary Pattern (MDP) on Mood, Anxiety
and Cognition in UK Adults With Mild to Moderate Mental Health Complaints

Conditions: Depression/Anxiety

Intervention/ Treatment:

Behavioural; Mediterranean diet

Behavioural: Western diet

Other study ID Numbers: R211670

Study start (Actual): 2023-08-01

Primary completion (Actual): 2023-12-15

Study completion (Estimated): 2024-06-30

Enrolment (Actual): 25

Study type: Interventional.

Location: Norwich, Norfolk, UK

Participation criteria

Eligibility criteria:

Inclusion criteria:
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e Male and female, aged 18 or above

o Iswilling and able to comply with all study procedures, including changes in diets

e Has access to and able to use the internet/computer/tablet device

e Mild to moderate level of anxiety and/or depression symptoms, assessed by
Generalised Anxiety disorder (GAD-7) score and Patient Health Questionnaire
(PHQ-9), scores 5 to 14 on both questionnaires

e A habitual MEDAS score of < 7/14

e To be fluent in English

Exclusion Criteria:

o MEDAS score >7

e Vegan/vegetarian

o Allergies to one of the study components i.e. nuts, fish

e Onantidepressant or antianxiety medication where dosage is likely to change over
the next 3 month

o Factors precluding MRI scanning such as suffers from claustrophobia or has metal
implants

e Not fluent in English

o Not agreement for the study team to contact the participants general practitioner

about trial participation and screening results
Ages Eligible for Study: 18 Years and older (Adult, Older Adult)
Sexes Eligible for Study: All

Accepts Healthy Volunteers: Yes

Study plan:
Design Details

Primary Purpose: Prevention
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Allocation: Randomized

Interventional Model: Crossover Assignment

Masking: Single (Outcomes Assessor)

Arms and Interventions:

Participant Group/Arm: Intervention/Treatment
Experimental: Mediterranean-style Behavioural: Mediterranean diet
dietary pattern

A Mediterranean-style diet (as a whole  All foods, meal plans and
diet, no supplements instructions provided.

Active Comparator: Western-style dietary | Behavioural: Western diet

pattern
A Western-style diet (as a whole diet, no  All foods, meal plans and
supplements) instructions provided.

Primary Outcome Measures:

Outcome Measure Measure Description Time Frame
Change in mood Established by the Bond- | Baseline (morning of day
Lader visual analogue 1), Postprandial (after

scale (includes 16 items lunch on Established by
each having antonyms on | the Bond-Lader visual
two ends, on a scale of 1 to | analogue scale (includes
100, 50 being the neutral 16 items each having day
point) 1), 24-hours (morning of
day 2), day 5 (morning of
day 6 upon completion of
5 full days intervention)

Change in anxiety Established by the Profile | Baseline (morning of day
of Mood States (includes 1), Postprandial (after
65 items on a 5 point lunch on day 1), 24-hours
Likert scale) (morning of day 2), day 5

(morning of day 6 upon
completion of 5 full days
intervention)
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Secondary Outcome Measures:

Outcome Measure

Measure Description

Time Frame

Change in cognitive

Established by a
neuropsychological test battery
(https://neuropsychology.online)
which assesses the following

Baseline (morning of
day 1), Postprandial
(after lunch on day 1),

performance measures; attention, motor day 5 (morning of day 6
function, executive function, upon completion of 5
episodic memory, impulse full days intervention)
control, visuospatial function

Cerebral blood flow Measured using MRI Postprandial day 1

Baseline (morning of
1), Post ial
. Measurements of brachial artery day 1), Postprandia

Change in blood . . (after lunch on day 1),
blood pressure (both diastolic .

pressure : day 5 (morning of day 6
and systolic pressure) .

upon completion of 5

full days intervention)

Baseline (morning of
Change in gut Faecal samples will be analysed | day 1), day 5 (morning

microbiota speciation

for the gut microflora using
16sRNA sequencing.

of day 6 upon
completion of 5 full
days intervention)

Change in plasma short
chain fatty acids
(SCFA)

Acetate, propionate and butyrate

Baseline (morning of
day 1), Postprandial
(after lunch on day 1),
day 5 (morning of day 6
upon completion of 5
full days intervention)

Change in untargeted

Analysed through faecal
samples using | H-NMR-based

Baseline (morning of
day 1), Postprandial
(after lunch on day 1),

metabolomics untargeted metabolomics day 5 (morning of day 6
approach. upon completion of 5
full days intervention)
The Pittsburgh Sleep Quality
Habitual sleep quality Index is a 10-items validated
profile assessed by the | questionnaire, which is based on | Baseline (morning of

Pittsburgh Sleep Quality
Index

'the last month'. It will be used
to establish usual sleep habits
(before the interventions) and to

day 1)

69




identify sleep disturbances if
there is any.

Change in subjective
sleep quantity

Assessed using the Karolinska
Sleep Diary (KSD). The KSD is
a series of questions, with 5
possible tick box options, which
characterise the efficiency and
the duration of last night's sleep.

Each morning, days 1-6

Change in subjective
sleep quality

Assessed using the Karolinska
Sleepiness Scale (KSS). The
KSS is a single item, 9-point
scale, assessing the sleepiness
level at a particular time of day.

Each morning, days 1-6

Change in objective
sleep quality

Assessed using the
MotionWatch 8. The
MotionWatch 8 is a medical-
grade actigraphy watch which
can be used to monitor sleep,
circadian rhythm and physical
activity. Its software (The
Motion Ware) will provide two
objective measures of sleep
quality, namely sleep efficiency
and sleep fragmentation.

Each morning, days 1-6

APOE4 genotype status

Assessed through DNA
genotyping

Baseline (day 1)

Participants subjective
overview of the
intervention

Assessed through a non-
validated single question

Upon completion of 5
full days

Other Outcome Measures:

Outcome Measure

Measure Description

Time Frame

Change in dietary
behaviour

Through the
Mediterranean Diet
Adherence Screener (14
items food questionnaire,
MEDAS) questionnaire,
with a minimum score of 0

and a maximum of 14. A

Screening and 3 months
upon the completion
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higher score indicates a

higher diet quality which is

a better outcome

Change in plasma insulin

Measured using ELISA

Baseline (morning of day
1), Postprandial (after
lunch on day 1), day 5
(morning of day 6 upon
completion of 5 full days
intervention)

Change in plasma glucose

Measured by autoanalyser

Baseline (morning of day
1), Postprandial (after
lunch on day 1), day 5
(morning of day 6 upon
completion of 5 full days
intervention)

Change in plasma
triglycerides

Measured by autoanalyser

Baseline (morning of day
1), Postprandial (after
lunch on day 1), day 5
(morning of day 6 upon
completion of 5 full days
intervention)

Change in plasma cortisol

Measured by autoanalyser

Baseline (morning of day
1), Postprandial (after
lunch on day 1), day 5
(morning of day 6 upon
completion of 5 full days
intervention)

Change in plasma brain
derived neurotropic factor

Measured by ELISA

Baseline (morning of day
1), Postprandial (after
lunch on day 1), day 5
(morning of day 6 upon
completion of 5 full days
intervention)

Change in plasma
serotonin

Measured by ELISA

Baseline (morning of day
1), Postprandial (after
lunch on day 1), day 5
(morning of day 6 upon
completion of 5 full days
intervention)

71




Collaborators and Investigators

Sponsor: University of East Anglia
Collaborators: Newcastle University

Investigators: Principal Investigator: Anne Marie Minihane
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Appendix 9. Participant information sheet

\z

MediM&d

5-day plant based Mediterranean style
and Western style diet on
Mood and Anxiety in UK adults

PARTICIPANT INFORMATION SHEET
13/12/2022, version 2.1, IRAS ID: 320471

INVITATION TO PARTICIPATE IN A RESEARCH PROJECT

We would like to invite you to take part in a research study conducted by the University
of East Anglia (UEA). Before you decide to take part, it is important for you to understand
why the research is being done and what it will involve. Please take time to read the
following information carefully, and do not hesitate to contact us if anything is not clear
or if you would like more information.

This study is organised by Professor Anne Marie Minihane (the Principal Investigator)
and Miss Latife Esgunoglu.

Members of the study team who can be contacted are:
Miss Latife Esgunoglu and Miss Marrium Liaquat.

To contact the study team:
Tel: +44 (0) 1603591949
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Email: medimood@uea.ac.uk

Before deciding whether or not you would like to take part, you may wish to talk about
it with a relative, friend or your local doctor.

If you decide to take part in the research project, you will first be asked to provide
consent to participate in the study. You will be asked to sign and return a consent form
either electronically or by post which a researcher will check via videoconferencing
software (e.g., Zoom). A copy of the signed consent form will be provided to you. By
signing it you are telling us that you:

e understand what you have read in this information sheet
e consent to take part in the research project

e consent to have the tests and treatments described
e consent to the use of your personal and health information as described.

An expression of interest does not commit you to take part.
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Why are we doing this research and why is it important?

Mental health issues such as anxiety and depression are common problems worldwide
at all stages of life. Although some effective medications and psychotherapies are
available to treat depression, these can take time to work, may be expensive, and do not
suit everyone.

Scientific evidence shows that what you eat plays an important role on your health,
including mental and cognitive (brain function) health. Both a Mediterranean-style diet
and a Western-style diet are among the most studied dietary patterns associated with
mental health. A Mediterranean-style diet is high in olive oil, fish, fruits and vegetables,
nuts, legumes while a Western-style diet is high in processed foods, refined sugar,
saturated fat, and salt.

To date, most of the studies examining the impact of diet on mental and cognitive health
have been carried out over many weeks or months. We aim to compare the effects of a
Mediterranean-style diet and a Western-style diet on mental health and overall quality
of life in the short term (over the course of five days)

What is the MediMood study?

The MediMood study is designed to explore the short term (5 days) effect of eating a
Mediterranean-style diet and a Western style diet on mental and cognitive health in
adults. Both diets have been designed by an expert nutrition team. Using dietary profiles
based on national intakes in the UK population. The study is funded by MRC-NIHR
Nu/Brain Consortium Grant, PhD scholarships of The Republic of Turkiye, and The
Commonwealth Scholarship Funds.

Who can take part in the study?

We aim to recruit 25 volunteers aged 18 years or over, fluent in English, who have a mild
to moderate level of anxiety or depression which we will determine through a
questionnaire.

Unfortunately, you will not be able to volunteer if you:

— have high levels of depression or anxiety

— are on antianxiety and/or antidepressant medication which is likely to change over
the next 3 months

— are already following a Mediterranean diet

— are vegan or vegetarian

— have allergies to any of the study components e.g., nuts or fish

— are not fluent in English language

— are not able to have an MRI scan (e.g., have a pacemaker, suffer from
claustrophobia)

— are not prepared to make changes to your diet for 10 days (2 x 5 day periods)

75



— do not agree your GP to be contacted about your participation and with your
screening results.

If you are unsure whether you meet the criteria for our study, please get in touch with
the study team and we can talk to you about your suitability.

Do | have to take part in the study? Can | withdraw after consenting?

Participation in this research is entirely voluntary. If you decide to take part, you will be
free to withdraw at any time and without giving a reason. If you choose to take part, or
withdraw from the study, this will not affect your future health care. An expression of
interest (for example, contacting the study researchers via telephone or email for further
details) does not commit you to participation. If you withdraw, we will keep the data you
have given us up to that point.

Where is the study based? Who is involved?

The study will take place in the Norfolk and Norwich University Hospitals (NNUH) Clinical
Research Facility (CRF) in the Quadram Institute, based on the Norwich Research Park.
The study is being conducted by researchers and PhD students at the University of East
Anglia (UEA), Norwich. The study also involves research nurses who will take your blood
samples.

What will happen if | agree to take part?

This study will involve two 5-day dietary intervention study periods blood, urine and
faecal samples collected on day one and six of each study periods, computerised
psychological and brain function-related tests administered on day one, two and six of
each study period, and an MRI scan taken on day one of each study period.

The figures below (on the next page) summarise the stages of the study:
1. Consent to the study (online, 45 minutes)

If you are interested in taking part, we will arrange an online videoconference using
Zoom (or a phone call, depending on your choice) where a member of the study team
will go through the details of the study including dietary instructions with you and
answer your questions. When you are satisfied with the information provided and you
remain interested in taking part, we will ask you to complete and sign a consent form
either electronically or using a print-out version which you can post to the study team.
If you prefer, you can take an extra 48 hours to decide to consent and proceed with the
study.

2. Online screening (30 minutes)
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After you consent the study, we will ask you to complete four short questionnaires to
establish your eligibility for the study. of the first of these questionnaires will be about
your food preferences and how often you currently eat certain foods, and the second
and the third will assess certain aspects of your mental health, the final questionnaire
will assess your suitability for an MRI scan of your brain. We will also ask you if you are
currently on any antidepressant or antianxiety medication. The screening can be done
either electronically or paper based, depending on your choice.

Once we have your answers and assess the results, we will compare them to the study
inclusion/ exclusion criteria (see information on ‘who can take part in this study?’ above),
and if we think you are suitable for the trial, we will contact you via email or telephone
to let you know. If you are suitable and happy to proceed, we will then arrange your
study dates. If you are not eligible to take part, we will explain why this is, and you will
be encouraged to contact your GP if you have any concerns.

Dietary intervention: We will ask you to follow a meal plan for 5-days on two different
occasions with a four-week break in between. We will provide all your food (we will
arrange supermarket delivery to your home) for the two five-day periods and full
instructions on how to prepare the food. We will ask you to complete daily checklists
(Appendix 1 and 2), and we will contact you to find out if you are managing to follow the
diet. On days one and six of each of the dietary intervention period, we will ask you to
attend on-site appointments at the CRF as detailed below.

Figure 1. The study overview

1*t round of the study 2" round of the study
Diet 1 for 5 days Diet 2 for 5 days
Day 2 Day 6 S Day 2 Day 6
Day Online Day On-site /"" Day Online Day On-site
o tests 4 visit 4 N\ o tests 4 visit
< VS
® e e e o o o > | weeks | ® © © © © © o >
Day1 Day Day \ break Day1 Day Day
on 3 s . o on- 3 s

site site
visit visit

Figure 2. The study steps
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Read this Participant Information Sheet and contact us
Receive detailed information on the study protocol including diets, ask any questions and
\_ give consent (online, 45 minutes)

¥

|
ELIGIBILITY SCREENING ]
]

Complete 3 questionnaires (online, 30 mins)

-
Collect faecal sample (anytime during the day)
S Receive a reminder phone call and ask your questions if you have any
4
Ve E

Collect the first urine of the day at home
Weight, height, blood pressure, sleep questionnaires
Breakfast and lunch, start keeping sleep diary (over the 5 days)
Collection of blood samples (30 ml x 2 times)

. One MRI brain scan, computerised mood: anxiety and brain function tests x 2 times J/

s N

DAY 2 ON-LINE TESTS AT HOME (09.00-09.30)

Computerised mood and anxiety tests

¥

Collect faecal sample (anytime during the day)
v

4 -
Collect the first urine of the day at home
Weight, height, blood pressure, collection of blood sample (30 ml) x 1 time
Breakfast, computerised mood, anxiety and brain function tests

\_ Sleep questionnaires, single dietary assessment question
2" ROUND OF THE STUDY
After a 4-week break, the above steps will be repeated.
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3. On-site and online measurement appointments

Day 0: In the 24 hours prior to the day-1 visit, you will be asked to collect a faecal sample
using the kit and instructions sent to you beforehand. You will be asked not to eat or
drink (except water) from 8 pm until you arrive for your on-site appointment the
following morning at 8 am.

Day 1 (8 hours): You will be asked to collect the first urine you pass in the morning at
home in a container provided. You will be invited to the CRF, UEA, at 8 am in the morning.
During your visit, a researcher will take your urine and faecal samples collected at home,
measure your weight, height, and blood pressure, and collect a blood sample (30 ml).

You will be then provided with a light breakfast of a cereal bar and water. Following a 10-
15 minute break, we will ask you to complete mood-related and cognitive tests with a
researcher. These tests will assess different aspects of your mood and overall brain
function and will take approximately one hour. We will then ask you to remain in the CRF
and rest for 2 hours and complete a short questionnaire assessing your usual sleep
habits.

At approximately 12 pm, we will provide you with a lunch and ask you to visit the main
UEA campus where you will have a brain scan using MRI which will take approximately
30 minutes and allow us to look at the structure, function, and blood flow of your brain.
As the MRI scanner has a strong magnetic field, it is not safe for some people to have an
MRI scan. If you have any concerns about the scan e.g., metal pins (used to repair
fractures) or other implemented medical devices, please bring this to the attention of
the researcher (please see Appendix 3 for MRI specific information later in this
document). Subsequently, we will repeat the mood and cognitive tests and take you back
to the CRF and where a nurse will take another blood sample (30 ml), at around 4.30 pm.

Day 2 (30 mins): We will ask you to complete online mood and anxiety tests at home.
Similar to day one, first we will ask you to have the light breakfast supplied (a cereal bar
and water), and then complete (9-9.30 am) the online tests via a link which will be sent
to you. After completing the tests, you will follow your assigned meal plan including
breakfast.

Day 5: Similar to day 0, we will ask you to collect a faecal sample at home. You will be
asked not to eat or drink (except water) from 8 pm until you arrive for your clinical visit
the next day.

Day 6 (2.5 hours): You will be asked to collect the first urine sample of the day in a
container provided. We will invite you to the CRF for the last time before your 4 weeks
rest period. As for Day 1, we will ask you to arrive at the CRF fasted at 8 am. We will
measure your weight and blood pressure and a nurse will collect a blood sample (30 ml),
along with the already collected urine and faecal samples. We will provide the same light
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breakfast and ask you to complete mood and cognitive tests (1 hour), a sleep diary and
ask how you found following the meal plan.

Sleep assessment: As sleep plays a significant role on our mood and brain functions and
is affected by what we eat. Therefore, we will measure your sleep quality throughout the
two 5-day intervention periods.

You will be asked to complete a questionnaire on your day 1 on-site visit for us to
establish your sleep quality (5 mins). You will also be required to keep a sleep diary
(Appendix 4) covering each 5-day intervention period. You will be asked to estimate the

duration, timing, and quality of all sleep periods (3 mins).

You will be asked to wear a MotionWare 8 actiwatch
(CamNtech Ltd, UK) continuously during the two 5-
day intervention periods (24 hours per day) (Figure
3). Actiwatches are compact, unobtrusive,
lightweight, water-resistant wrist worn devices
measuring sleep rhythms. We will not hold you
responsible if watches become broken or lost when
they are with you. In case of broken/lost devices,

please contact us for a replacement.

Figure 3. Image of a MotionWare 8 actiwatch

We will ask you to not to change your physical activity levels and use of probiotic
supplements use over the course of the study, as these could affect your study results.
After the completion of your first 5 days period, you will have a 4 week break where you
will continue to follow your usual diet. We will then invite you for to start the second
diet for five days and attend the same on-site appointments as for the first phase. This
time you will allocated to the other diet, for example, if you were on a Mediterranean
diet in the 1%t round, you will be following a Western diet in the 2" round.

How many times will | need to come to the clinical research facility?
You will be expected to visit us 4 times in total over the course of two months.
What if any abnormal results emerge?

MediMood is not a clinical examination and we do not run diagnostic tests. It is
important to note that elevated scores of mental health screening are not a clinical
diagnosis of depression or anxiety.

However, if any of your screening tests (mental health questionnaires), and/or MRI scan
are outside of the range considered healthy, we will provide signposting to relevant
services where you can access further support (for mental wellbeing support) and
contact your GP who may then contact you to discuss your results further. Please note
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that a research MRl scan is not a substitute for proper clinical investigation, if you suspect
you are suffering from a neurological problem (affecting the brain or nervous system)
you should always consult your GP in the first instance.

What will be measured in the samples collected?

The blood samples collected during your assessment visits will be analysed for blood
glucose, fats, markers of brain function, vascular health and inflammation, hormones,
levels of antioxidants, and select gene variants (from your DNA).

We will analyse your urine and faecal samples for various markers of gut and brain
health. In the faecal samples we will also assess your gut bacteria as recent evidence
suggests that gut bacteria are important in overall health, including mental wellbeing.

The samples collected will be securely stored in the biorepository, for up to 10 years,
which is only accessible by approved personnel with swipe card access. These samples
will be de-identified and only have your study ID on them.

Are there any risks or burdens associated with taking part in the study?

Both diets are based on commercially available foods which are already widely
consumed by public. There is a small risk that change in your diet may affect your
mood/anxiety levels. If you experience a change in your health (including your mood
and anxiety) during the study and you are concerned please contact a member of the
study team who will immediately signpost you to services that can offer support. If any
concerns about the psychological wellbeing of any participant are raised, the Consultant
Clinical Psychologist attached to the research team will be contacted for advice. We may
also ask you to stop following the diet.

If food and diet are sensitive subjects for you, you may want to consider whether
participation in MediMood is right for you.

It is normal that you feel some mild discomfort when giving a blood sample and there is
a risk of slight tenderness on your arm and occasional bruising. The nurses involved in
our study are specifically trained at taking blood samples.

There is also some risk of becoming tired or frustrated when completing the
questionnaires and/or cognitive tests, and of symptoms of cognitive decline being
identified due to participating in the research. However, researchers will provide you as
many breaks as you need.

With the appropriate safety checks in place MRI is a safe, non-invasive imaging
technique, with no known side effects. There are no obvious risks from the scans that
you will be asked to undergo. If you become tired or uncomfortable during the MRI scan,
please let the MRI operator know and we can take a break or end the session.
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Where can | get mental wellbeing support?

If you need support with your wellbeing or mental health, there are many services
available which are ready to support you.

Call your GP at first instance. If you are a student or a staff member at UEA, you can also
contact the university wellbeing services. There are also several charities available for
support including Mind and Samaritans who have volunteers to listen to you through
helplines/nightlines. Please find the contact details below:

UEA Medical Centre: 01603 251600

UEA Student Support Service: studentsupport@uea.ac.uk

UEA Counselling Service: csr@uea.ac.uk
Norwich Nightline: Call on 01603 597298, or text on 07794 924366

Wellbeing: Call on 0300 123 1503 or email to admin@wellbeingnandw.co.uk

Mind (Norwich branch): 0300 330 5488 or email:
enquiries@norfolkandwaveneymind.org.uk

Samaritans: Free phone 116123 (24-hour service) or email jo@samaritans.org

What are the potential benefits of taking part?

Your efforts with contributing to the study will contribute to a better understanding of
how diet affects mental wellbeing in the short term. This will inform policy makers and

contribute to future dietary recommendations focussed on improved mental health.

How will we use information about you?

We will need to use information from you for this research project.
This information will include your

— Initials

— Name

— Contact details

People will use this information to do the research or to check your records to make sure
that the research is being done properly.
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People who do not need to know who you are will not be able to see your name or
contact details. Your data will have a code number instead.

We will keep all information about you safe and secure.

Some of your de-identified research results, i.e., you cannot be identified, will be shared
with national and/or international scientific colleagues for further scientific analyses.
These colleagues must follow our rules about keeping your information safe.

Once we have finished the study, we will keep some of the data so we can check the
results. We will write our reports in a way that no-one can work out that you took part
in the study.

What are your choices about how your information is used?

- You can stop being part of the study at any time, without giving a reason, but we
will keep information about you that we already have.

- We need to manage your records in specific ways for the research to be reliable.
This means that we won’t be able to let you see or change the data we hold about
you.

— If you agree to take part in this study, you will have the option to take part in
future research using your data saved from this study.

- If you were to lose capacity to verbally consent to your continued participation
in the research you would no longer be able to participate, however we would
retain and use any collected data.

Where can you find out more about how your information is used?

You can find out more about how we use your information
— by asking one of the research team
- by sending an email to the University’s Data Protection Officer, Ellen Paterson at:
dataprotection@uea.ac.uk or
— by ringing the University’s Data Protection Officer on 07824 527234.

What will happen to the results of the research study?

The results of this research study will be published in scientific journals and presented
at national and international scientific meetings. All results will be in an anonymised
format so that no individual can be identified. The information will only be used for the
purpose of health and care research and cannot be used to contact you or to affect your
care. It will not be used to make decisions about future services available to you, such as
insurance. Once the data has been made public, we will send you a letter summarising
our findings. Unfortunately, we cannot report on the findings of specific individuals.

Are there any circumstances in which you would divulge my Personally Identifiable
Information to anyone outside of the research team?
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We have a duty of care to volunteers and the general public. If you give us information
that indicates a real risk of harm to yourself or another person, we have a responsibility
to share that information with relevant services. You should only consent to taking part
if you understand this possibility.

Expense Payments

Participating in this study is on a voluntary basis. Participants will receive a one-off
payment of £50 in the form of a gift voucher, to cover costs incurred. This will be provided
by a member of the research team upon completion of the 2x5 days study period. You
can claim travel expenses to the NNUH CRF. All study food will be provided.

Who has reviewed the study?

The study is sponsored by the UEA and has been reviewed and received a favourable
opinion from Health Research Authority and the associated [insert the name of
approving ethics committee] Research Ethics Committee who works independently and
have a duty to protect research volunteers’ safety, rights, wellbeing, and dignity.

Insurance

Insurance for the study is from the NNUH for the clinical activities undertaken in the CRF
and from the UEA for all other activities.

What if | want to complain?

If you have any concerns about the study and your participation in it, or wish to make a
complaint, please contact Professor Charles ffrench-Constant, pro-vice-chancellor for
the Faculty of Medicine and Health Sciences (cffc@uea.ac.uk).

Contact for further information

Thank you for reading this and showing an interest in our study. If you have any questions
or would like further information about the study, please contact the study team who
are happy to answer your questions.

Phone: +44 (0) 1603591949

Emails: medimood@uea.ac.uk
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Appendix: 1 day meal plan with checklist for Diet 1

Meal Food / drink item Weight Consumption status Any additional comment
(v for yes and x for no) (Eaten less or more, how much)
Breakfast Natural yoghurt 120¢g
Blueberries 75¢
Muesli 30g
Snack 1 Orange juice 150¢g
Lunch Chicken and salad sandwich 220¢g
(Malted bread, chicken, lettuce, cucumber,
tomato, mayonnaise)
Snack 2 Humous 70 g
Carrot sticks 100 g
Dinner Roast salmon with spinach & tomatoes 445 ¢g
(Salmon fillet, new potatoes, spinach, roasted
cherry tomatoes, olive oil 2 tbsp, garlic, pesto)
Snack 3 Fruit salad (supermarket fresh pot) 120 g

Beverages (please
specify)
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Appendix 2: 1 day meal plan with checklist for Diet 2

(please specify)

Meal Food / drink item Weight Consumption status Any additional comment
(v for yes and x for no) (Eaten less or more, how much)
Breakfast Semi skimmed milk 100 g
Cereal (Kellogs crunchy not cornflakes) 35g
White toast x 1 27g
Jam 15¢g
Butter 12 g
Snack 1 Tunnocks caramel wafer 30¢g
Lunch Ham and cheese sandwich 160 g
(2 slices of white bread, ham, mayonnaise, cheddar
cheese)
Snack 2 Muller chocolate digestive corner yoghurt 130¢g
A can of coke 330g
Dinner Beef burger with potato wedges 370g
(Beef and cheddar burger, brioche bun, potato wedges,
sliced half tomato)
Snack 3 Triple chocolate muffin 106 g
Beverages
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Appendix 4. MRI scan

MRI stands for “magnetic resonance
imaging.” MRI uses a strong magnetic
field to give us a 3D picture of your
brain and allows us to see changes in
the activity of different parts of your
brain.

MRI is a non-invasive technique, it
does not involve injections or x-rays,
and is used routinely in modern
medicine. It has no known side effects.

Because of the strong magnetic field, before you can go into the scanner, a qualified MRI
operator will ask you to remove all metal belongings (which we will store safely) and
check that you have no metal within your body. When you attend for your scan, please
try to wear clothing that is comfortable and loose fitting and does not have metal parts
(e.g., wear jogging pants instead of jeans with zipper). Occasionally it may be necessary
for participants to remove items of clothing e.g., bra (due to the underwire/adjusters),
so you may prefer to wear a sports bra for your visit. If the MRI operator does not think
it is safe for you to be scanned, we will not continue. They will ask you questions to
ensure that you will be comfortable in the scanner. If you are very uncomfortable in
small, confined spaces you may not wish to participate. If it is safe and you are happy to
proceed, you would be placed on the scanner bed and made comfortable with the use
of padding (e.g., under your knees). For brain scans you would then move into the
scanner head first and remain inside the long tube whilst the scans are taken. There is
normally a mirror placed above your eyes that will allow you to see the screen inside the
scanner, so you can watch a movie or complete the tasks. In between scans a two-way
intercom will allow you to communicate with the MRI operator. The scanner is very noisy
and you will be asked to wear earplugs. You will be provided with a hand-held alarm that
you can squeeze if you become uncomfortable or distressed at any time. This will alert
the operator who will immediately stop the scan and check you are okay, and if
necessary, remove you from the scanner. To collect good quality scans, it is important
that you keep your head and body as still as possible when in the scanner. Scans typically
last 30 minutes.
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Appendix 4. Sleep diary

Instructions:

Please refer to your last overnight sleep episode, i.e., not a daytime nap, when

answering the following questions. Please indicate whether the time is am or pm.

What time did you go to bed? AM/PM

What time did you try starting to sleep at? AM/PM

How long did it take you to fall asleep? (min)

How many times did you wake up?

How long were you awake for? (min) Please estimate the

time and duration of each night awakening.

What time did you wake up? AM/PM

What time did you get up? AM/PM

Did your alarm clock wake you up?

Did you do any strenuous activity during the last 24 hours

(if yes, please specify)

How would you rate your quality of sleep?

Best Worst sleep
sleep ever
ever

1 2 3 4 5 6 7 8 9

How difficult did you find to wake up/get up?
1 2 3 4 5 6 7 8 9

Very easy Quite hard
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Instructions:

Please indicate your level of sleepiness for the previous 5 minutes using the scale

below.
Extremely alert 1
2
Alert 3
4
Neither sleepy nor alert 5
6
Sleepy, but not fighting sleep 7
8
Extremely sleepy; it is an effort to stay awake 9
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Appendix 10. Online informed consent form
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MediMood: A randomised controlled trial investigating the immediate effects of a
plant based Mediterranean-style dietary pattern (MDP) and Western-style Diet
(WD) on mood, anxiety and cognition in adults with mild to moderate mental health
complaints

Study IRAS ID: 320471, Date and version: 24/05/2023, V2.3

Principal Investigator: Prof Anne Marie Minihane

Please tick the boxes below to confirm your consent and then click the submit button:

I confirm that I have been provided with a copy of the participant information
sheet (dated 24/05/2023 and version 2.3), which I have read and understood. I
have had the opportunity to ask any questions and they were answered to my
satisfaction.

I confirm that the possible risks have been explained to my satisfaction.

I understand that one copy of the signed version of this form will be provided to
me and one copy will be kept for the research team’s record.

I understand that my participation is voluntary, and I am free to withdraw from
the project at any time without giving a reason.

I understand that this project is for the purpose of research and not for profit.

I agree to complete questionnaires about my medical history, sleep, mood,
anxiety, and diet.

I agree to make changes to my diet for 10 days as part of the research and to
receive supermarket deliveries of foods.

During the 10 days intervention period, I also agree to;

attend four clinical visits to participate in a series of mood, memory and brain
function tests and have my height, weight and blood pressure measured

have an MRI brain scan which is a research scan, not a clinical scan and will not
be explicitly screened for medical disorders or diagnostic purposes.
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provide venous blood samples at the four clinical visits (which will be used for
research purposes to assess blood glucose, fats, hormones, markers of brain
function, genetics, vascular health, inflammation, levels of antioxidants)

provide urine and faecal samples at home prior to the four clinical visits (which
will be used for research purposes to assess markers of gut and brain health and
gut bacteria).

take part in two tests of mood at home

complete a daily dietary checklist during the two 5-day intervention periods

wear an actiwatch continuously during the two 5-day interventions periods (for
24 hours per day)

complete a dietary questionnaire 3 months after the intervention

I agree for my GP to be contacted if;

My mental health screening indicates above a low level of anxiety or depression

A significant abnormality is noticed in my blood results or MRI scan by the
University of East Anglia Wellcome-Wolfson Brain Imaging Centre (UWWBIC)

Please provide your GP details below:
GP name:
GP address and postcode:

I agree for my data/samples to be used for future studies for up to 10 years which
have been approved by the ethics committee

I understand that any personal or health information about me which is collected
during the study my participation will be treated as highly confidential. My
anonymity will be preserved, and I will not be identified in publications or
otherwise without my express consent.

I understand that UEA has a duty of care to volunteers and the general public,
therefore, in case of any possibility of harm to myself or others, my personally
identifiable information may be divulged.

I read and understand this document and agree to above statements. Thus, I
consent to participate in the MediMood study.

I agree to be contacted about future studies (Please note that this is optional, only
tick if you are happy to be contacted for futures studies).
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Appendix 11. Print version of the consent form
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MediMood: A randomised controlled trial investigating the immediate effects of a
plant based Mediterranean-style dietary pattern (MDP) and a Western-style diet on
mood, anxiety and cognition in adults with mild to moderate mental health
complaints

Study IRAS ID: 320471

(s
\\ 1

Principal Investigator: Prof Anne Marie Minihane

I consent to participate in the project named above. I have been provided a copy of
the participant information sheet and this consent form (dated 24/05/2023 and version
2.3) and any questions I have asked were answered to my satisfaction.

Please initial to confirm acceptance

I agree to be interviewed by a researcher and complete questionnaires asking about

my medical history, sleep, mood and anxiety states, and diet

I agree to make changes to my diet for 10 days as part of the research and receive to
supermarket deliveries of foods

During the 10 days intervention period, I also agree to:

attend four clinical visits to participate in a series of mood, and brain function tests
and have my height, weight and blood pressure measured

have an MRI brain scan which is a research scan, not a clinical scan and will not

be explicitly screened for medical disorders or diagnostic purposes.

provide a venous blood sample at the four clinical visits (which will be used for
research purposes to assess blood glucose, fats, hormones, markers of brain function,

genetics, vascular health, inflammation, levels of antioxidants)

provide urine and faecal samples at home prior to the four clinical visits (which will
be used for research purposes to assess markers of gut and brain health and gut

bacteria)

take part in two tests of mood at home

complete a daily dietary checklist
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wear an actiwatch continuously during the two 5-day intervention periods
(for 24 hours per day)

complete a dietary questionnaire 3 months after the intervention

I agree for my GP to be contacted if

My mental health screening indicates above a low level of anxiety or depression

A significant abnormality is noticed in my blood results or MRI scan by the
University of East Anglia Wellcome-Wolfson Brain Imaging Centre (UWWBIC)

Please provide your GP details below:

GP name:

GP address & postcode:

I agree for my data/samples to be used for future studies for up to 10 years
which have been approved by the ethics committee

I understand that one copy of the signed version of this form will be
provided to me and one copy will be kept for the research team’s record.

I acknowledge that:

a) the possible risks have been explained to me to my satisfaction

b) my participation is voluntary and that I am free to withdraw from the project at

any time

¢) this project is for the purpose of research and not for profit

d) any personal or health information about me which is gathered in the course of

my participation
will be treated as highly confidential, and retained and analysed solely for the
purposes of the study

e) my anonymity will be preserved, and I will not be identified in publications or

otherwise without
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my express written consent.

f)  UEA has a duty of care to volunteers and the general public, therefore, in case

of any possibility of harm to myself or others, my personally identifiable
information may be divulged.

I agree to be contacted about future studies

(Please note that this is optional — only initial if you are happy to be contacted
for future studies)

By signing this document, I agree to the above statements and to participate in this
project.

Name of Participant:

Signature Date

Name of Investigator:

Signature Date
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Appendix 12. Patient Health Questionnaire-9 (PHQ-9)

Over the last 2 weeks, how often have you been bothered by any of the following problems?

L.

Little interest or pleasure in doing things?
o Notatall
o Several days
o More than half the days
o Nearly every day

Feeling down, depressed, or hopeless?
o Notatall
o Several days
o More than half the days
o Nearly every day

Trouble falling or staying asleep, or sleeping too much?
o Notatall
o Several days
o More than half the days
o Nearly every day

Feeling tired or having little energy?
o Notatall
o Several days
o More than half the days
o Nearly every day

Poor appetite or overeating?
o Notatall
o Several days
o More than half the days
o Nearly every day

Feeling bad about yourself - or that you are a failure or have let yourself or your family
down?

o Not at all
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o Several days
o More than half the days
o Nearly every day

Trouble concentrating on things, such as reading the newspaper or watching television?
o Notatall
o Several days
o More than half the days
o Nearly every day

Moving or speaking so slowly that other people could have noticed? Or the opposite -
being so fidgety or restless that you have been moving around a lot more than usual?
o Notatall
o Several days
o More than half the days
o Nearly every day

Thoughts that you would be better off dead, or of hurting yourself in some way?
o Notatall
o Several days
o More than half the days
o Nearly every day
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Appendix 13. Generalised Anxiety Disorder questionnaire (GAD-7)

1. Feeling nervous, anxious or on edge?
o Notatall
o Several days
o More than half the days
o Nearly every day

2. Not being able to stop or control worrying?
o Notatall
o Several days
o More than half the days
o Nearly every day

3. Worrying too much about different things?
o Notatall
o Several days
o More than half the days
o Nearly every day

4. Trouble relaxing?
o Notatall
o Several days
o More than half the days
o Nearly every day

5. Being so restless that it is hard to sit still?
o Notatall
o Several days
o More than half the days
o Nearly every day

6. Becoming easily annoyed or irritable?
o Notatall
o Several days
o More than half the days
o Nearly every day
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7. Feeling afraid as if something awful might happen?
o Notatall
o Several days
o More than half the days
o Nearly every day

The followings were added for the purposes of the MediMood screening:

o Are you currently on any antidepressant or antianxiety medication?

o Ifso, did its dosage change in the last 3 months or is it likely to be changed in the next 3

months?
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Appendix 14. UWWBIC MRI screening form

MRI Safety Screening Form (v1.1w)

(E\

Uniertyof Last Angha
Last Name First Name | Weight (kg)
DOB /! Email Height (m)
Address Postcode
Telephone
GP’s Name & Address

Please answer the following questions as best as you can. Some of the items on the list are contraindications for

MRL If you answered Yes to any of the questions, please give more information to the scanner operator/researcher
who asked you to complete this form. Please use the diagrams to indicate the location of any

surgery/implant/device.

Failure to disclose information could result in serious injury.

Yes No

Any surgery or other invasive procedures in the last six weeks

Any injury to your eye involving metallic fragments

Any possibility you may be pregnant

Cardiac pacemaker

Internal Cardiac Defibrillator

Pacing wires

Aneurysm or other type of blood vessel clips
Cochlear or other type of ear implant

Deep brain stimulator

Implanted insulin or other drug delivery pump
Intraventricular or spinal shunt

Artificial heart valve/ Annuloplasty Rings/ Sternal Suture Wires

Venous umbrella/filter
Vascular stents

Implanted contraceptive device (intrauterine device/IUD/"coil”)

Embolisation coils

Vascular access port or catheter

Loop recorder (event monitor)

Spinal fusion stimulator

Harrington rods (spinal rods)

Eye/orbital prosthesis e.g. intraocular lens, eye buckle
Artificial imb or joint

Shrapnel, shot or bullet

Tattoos (including any semi-permanent makeup)
Orthopaedic devices (pins, screws, wires or plates)
Penile/breast or other tissue expanders/implants
Patches for drug delivery e.g. nicotine, analgesia
Other implanted device/foreign body not listed above
Metallic body piercing/jewellery (Remove before entry)
Hearing aid (Remove before entry)

Dentures (Remove before entry)

Right Left

AL
.l

/ y &-'\.\a
e

Left Right

Now turn over page

UEA Wellcome Wolfson Brain Imaging Centre, School of Psychology, University of East Anglia, Norwich NR4 7T)
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Comments/Details

Please remove all metallic objects before entering the magnet room including: keys, coins, cards, phones, jewellery,

watch, belt etc. Lockers are available to secure your personal belongings. Any clothing containing metallic material

might need to be removed. Scrubs will be offered to get changed. Earplugs are required during the MRI

examination.

| confirm that the above information is correct to the best of my knowledge. | have read and understand the
contents of this form and I have had the opportunity to ask questions regarding the information required and

regarding the MRI procedure that | am about to undergo.

Your name Relationship to Your
volunteer. Please circle  Signature
(self/parent/guardian)
MR Staff MR Staff
name Signature
Dati
¢ /7
Yes No Comments
Metal detector (wand) used | | | |
If No, please explain why
Checked wand is working before use | | | |
Alarmed went off 1 [
If yes, please give details -
|| Bra
|| Rivets
|| Buttons
| Zip
|| Hip replacement
|| Knee replacement
|| Orthopaedic device
|| Other (please detail)
Details
Date / / Principal Investigator/Lab
Subject ID Scan ID/UBIC No MR No/Study

UEA Wellcome Wolfson Brain Imaging Centre, School of Psychology, University of East Anglia, Norwich NR4 7T)
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Appendix 15. EPIC Food Frequency Questionnaire

W o sutynumser [ [ [ [ [ [ | ™®
YOUR DIET LAST YEAR

For each food there is an amount shown, either a "medium serving" or an example of a serving such
as "a slice” or "a teaspoon”. Please put a cross (%) in the box to indicate how often, on average, you
have eaten a specified amount of food over the last 12 months. If you complete a box incorrectly
please fill the wrong one. e.g. - and put a cross in the correct box.

The rest of this. page shows examples of how to fill in the questionnaire.

These questions are all about the food you have eaten over the last year.

For white bread the serving size is one slice or roll, so if you ate 2 to 4 slices a

week on average, over the last 12 months, you should put a cross in the column
headed "2-4 per week".

ERXOAN NV XIS E

FOODS AND AMOUNTS AVERAGE USE IN THE LAST TWELVE MONTHS

i

1 B T B O
BREAD §§ % g % % g :% % §

(one slice or roll)

White bread and rolls D D l:] E] D D D D .

example of
mistake

P = | For chips, the serving size is a small side plate so if you ate a serving of chips
S YIFELIS 21 twice a week, over the last 12 months; you should put a cross in the column
headed "2-4 per week".

FOODS AND AMOUNTS AVERAGE USE IN THE LAST TWELVE MONTHS

Never or | ess than
once/month

1-3 per month
Oncea week
-3 per day
5 per day
6+ per day

Once a day

i
¥
3

24 per week

POTATOES
(one small side plate)

Chips LU Odxibdodd

o~

For very seasonal fruits such as strawberries and raspberries you should estimate

SLANIPANIS & | your average intake in summer, so if you ate strawberries or raspberries about once
aweek in summer you should put a cross in the column headed "once a week".

FOODS AND AMOUNTS AVERAGE USE IN THE LAST TWELVE MONTHS

% § £ %

B EEEREEE

© o
FRUIT 2¢§Y$§¢33
(1 fruit or handful) = - ~ & &
strawberies, raspoerries, kit || | %] [] [ [ [ [ [
| |
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START OF QUESTIONNAIRE

1a. Onaverage do you think you eat the same, more or E] Same D More [:] Less
less than somecne of your own age and sex?
Please put a cross (X) in only one box.

1b.  On an average day how many portions of fruit do you eat? [:]

1c.  On an average day how many portions of vegetables do you eat? G

Please estimate your average food use as best you can, and please answer every question -
do not leave ANY lines blank.

FOODS AND AMOUNTS AVERAGE USE IN THE LAST TWELVE MONTHS

DAIRY PRODUCTS AND FATS

Nover or less than
once/month

Single of sour cream (tablespoon)
Double or dlotted cream (tablespoon)
Low fat yoghurt. fromage frals (small pot)
Full fat or Greok yoghurt (small pot)

Dairy dosserts (small pot) e.g. chocolate
MoUsSse, cream caramels

Cheeso, o g. cheddar, brie, edam
(matchbox size)

Low fat cheese o.g. reduced fat cheddar
(matchbox size)

Cottage cheese, low fat soft cheose

(2 tablospoons)

Eggs as bolled, fried, scrambled, otc. (one)

Quichao (slice)

Low calore, low fat salad cream (tablespoon)
Full fat salad croam, mayonnaise (lablespoon)
French dressing (tablespocn)

Other salad dressing (tablespoon)

OO0 0o0opoguodon

DUO0O0O00000 0000 1 serm
DUOUIOL OO O L) oneeawes
OUO000000D0O00O00O0 24mews
OUO0O0000D0O0O00O0] semws
OUO00O000000000) o
OO000000000000 2seme
OOO000000000000 «see
DOO0O0DO000D0O0O0 O] epers

3 518 V20 LR ) QTSRS 1SS0 O WIS\ |
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] =

Study Number- [

5 Page d

AVERAGE USE IN THE LAST TWELVE MONTHS

FOODS AND AMOUNTS

wadeo (JIOJOOUOOON
wassy (111000000
waoez (1OI0O00O00O0
wesno [ 111000
wansos (1]0O0O0O0
wunorz (10100 O0O0]
=0 [0 00O00O0
wewnacs [ JO1JOOUOOO0]

wmowey 100000000

. 1 i 6y

mmw mmﬂ mmm,
m.m.mm | m m,mww mm,mmmw
H wrmm i

FRUIT - For seasonal fruits marked®, please estimate your average use in summer

Apples (1 fruit)

0ogogogoadd
ouogoguoaod
gogogogooadad
gogogogoadd
ogogoguooadad
Uogogaogoadd
Uogogogaoaod
Uododaoaogaad
ogogaogaodadd

Peoars (1 frult)

Oranges, satsumas, mandarins (1 frut)

Geapefruit (half)

Bananas (1fruit)

Geapos (handful)

Molon (1 shce)

* Poaches, plums, apricots (1 frul)

* Strawberrios, raspberries, other borries,
Kiwi feust (one fruit o handful)

Tinned fruit (handhd)

Dried fruit, 0.g. raisins, prunes

(heaped tablespoon)
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. Page 4

FOODS AND AMOUNTS

wx JOIOUO0O0000O0000O000000000000
w=asy [ ]1JOI0IO0O00O00O00000000000000
w2 [ ]JO0O00000000000000000000
w0 100000000 00O000O0O00O00OO0
wenes J]1LIOI0IO0IO0O00O 0000000000000
wwxdvz [ ]]O0O0O000O0000000000000000
»weeo (J]UO00O0UO00O0000O000000000004d
wousaes (] 1IOI0IOUIO0O0O00O0UO0000000000

wasaowen 110000000 0O0O0O0O0O000000

Fresh, frozen or tinned

(handful)

Carrots

Spinach

Broceed, spring greon, kale

Brussel sprouts

Groen beans, broad beans, runner beans
Baked boans

Marow, courgettes

Parsnips, tumips, swoces

Leoks

Onions

Garlic (clove)

Mushrocms

Swoel peppers

Beansprouts

Groen salad, lettuce, cucumber, calery
Watorcress

Tomatoes

Sweetcom

Beetroct

Coleslaw

Avocado

Pulses 0.9 lentis, beans, peas

Moat substitutes o.9. 1ofu, soyameat,
textured vegetable protein, vegeburger
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i kit swtyntec | | | | | | ]

FOODS AND AMOUNTS AVERAGE USE IN THE LAST TWELVE MONTHS

MEAT AND FISH
(haif a small sicde plate)

Nover or less than
once/month

Beof. roast, steak, mince, stew of
cassecolo

Beoburgers

Pork: roast, chops or stew

Lamb: roast, chops or stow
Chicken or other poultry 0.9. brkey
Bacon or gammen

Ham, cured meats & chorizo

Corned Beol, Spam, luncheon meats

Sausagos

Savoury ples, 0.g. meat pio, pork pie,
pastios, steak & kidney pio, sausage rolis

Livee, liver pate, liver sausage
Fried fish in batter, as in fish and chips
Fish fingers, fish cakes & breaded fish

Cthor white fish, fresh or frozen, 0.9. ced,
plaice, sole, hacdock, halbut

Olly fish, frosh or canned, 0.g. tuna, mackerel,
kippers, salmon, sardines, herring

Shelfish, 0.g. crab, prawns, mussels

L0000 0O0000O00O00O0 0] rseemom
LO0000000000000 00 oreaws
UO0000000000O00000 24w
UO0Q00000000O0O0OL0] serew
UO000000000000000) o
UO0000000000000000) 2svee
UO0000000000000000) «seee

Uooo00oioiodolodon

Fish roe, taramasalata
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| | Page s

AVERAGE USE IN THE LAST TWELVE MONTHS

FOODS AND AMOUNTS

wde (101100
w=asy [ JJICI0O0
weacz [L]LJOIOI0]
mesoo 1010010
weundos [ J]UIOIOI0
wnnavz 10ICI0I0
weso [L]10ICI0IC]
wowsaes [ ]LJCIOI0]

wamanmen JIOICIOIO)

BREAD AND SAVOURY BISCUITS
(cne sice, or rol, or biscult)

White bread/rolis
Wholemea! & granary bread'rolls
Croam crackoers, savoury biscuits
Crispbread, 0.9. Ryvita

Naan, poppadoms, flour lortilas

Brown broad/rol's

SOUPS, SAUCES AND SPREADS

gogaogodd
UJogogodn
UogoooodO
gogooaogdn
gogogognt
Jogogodn
godogogdns
gogaogogn
Jogogodn

Vegetabie 50,23 (bowl)

Maat soups (bow) (o iIncluce meat

and vegetatie soups)

Sauces, e.g. while sauce, cheesa ssuce,
oravy (tablespoon)

Tomato kelchup (tablespoon)
Picides, chutney (tablespoon)
Marmito, Bowril (teaspoon)

Jam, marmalade, honey (leaspoon)
Poanut butter (taaspoon)
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| | Page 7

AVERAGE USE IN THE LAST TWELVE MONTHS

FOODS AND AMOUNTS

wadeo (IO 00O0O0OO00O00O000000O000
wsey (1O JO0O0000O00O000000000
waeez (11100000000 O0O00OUOY
weo (110000000 00O00000O0000O
wnios (11O O00O0UO0OO00O0OQO00O0
iz (11O O000UO00O00O00O00O0
=0 (110000000 0O000O00000O000
wewnaes (] 0O00O00O00O00O0O000OO0O0

msmome 110000000 000000000
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FOODS AND AMOUNTS

B v

wew JO0O0O OOOOO Ooooooaog
wwsr JOO0 OQOOOO Oo0ogoood
soasz [ (][] ] gogog UJoguogouaogd
weo JO000 QOO0OO0O 000000000
weies OO0 QOOOOO 000000000
e JOO00 QO0O0O00O Oo0ogoood
weeo JO00  OO0O00 0000o0o0og
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FOODS AND AMOUNTS

AVERAGE USE IN THE LAST TWELVE MONTHS

wadee (1O OOO0O0OO0OO0OOOO0N
waeey (OO0 O0ULO0O0O0OLO000O0000
weez (JOUOUO0UO00O0O0OO000O00O00
wwo (1110000000000 00000O0O
wandos (11O 0O0QO0O0O0OO00O000O0
~niz (OO0 0O000O0000000000000
o [ J]JOUOUOUO0OUOO0OO0OO
wosnees (1100000 00000000000

mmmmey OO0 00O00000O000000000C0

Coffes whitoner, 0.g. Coffee-mate (leaspoon)

Fizzy soft drinks, 0.9. Coca Cola, lemonade

(cup)
Pure frit juice (100%) 0.9. orange, apple juice

(cup)

Groen toa (cup)

Frut toa (cup)

Caoffoe, instant or ground (cup)
Coffes, decafleinated (cup)
Cocoa, hot chocolate (cup)

Low fat hot chocolate (cup)

Haxficks, Ovaltine (cup)
White wine (small glass)

Red wine (smal glass)

Boer, lagoer or cider (half pint)
e e
mmi;mmmm
Low calodie of diet fizzy soft drinks (cup)
Fnat squash or cordial (cup)
Smoothies (cup)

DRINKS
Tea (cup)
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W a0 Mmm[ll]lll.
YOUR DIET LAST YEAR, continued

2. Are there any OTHER foods which you ate more than once a week over the last year?

No D < GO TO question 3 Yes D If yos, ploase kst below
N Number of times eaten
Food Usual serving size each wook

3. Have you drunk milk or a milkk substitute over the past year? (Including in hot drinks)

NoDcJ GO TO question 6 Yosl':]é GO TO gquestion 4

4, What type of mik or milk substitute did you most often use over the last year?

Select one only Full cream D Semi-skimmed D
Skimmed D Channel Islands D
Dried milk D Soya D

Other (please spacily)

5. About how much milk did you drink each day, including milk with tea, coffee, cereals etc?

:o;:nmmamnorol D One Pint D
Half a pint E] More than one pint [:]

Three quarters of a pint D

6. Did you usually eat breakfas! cereal in the last year (excuding Porridge and Ready Brek
mentioned earfier)?

No | |= 60TO question 7 Yes | | 1 yes, which beand and type of breakfast
cereal, including muesl, did you usually eat?

List the one or two types most often used
Brand e.g. Kellogg's Type e.g. cornflakes

7. Do youuse of or fat for frying, roasting, griling etc?

N[ | = GoTOquestond  Yes[ | = GOTOquestion8
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8. What kind of fat did you mast often use for frying, roasting, grilling etc? Select one only
Butter G Olive oi D Margarine D Vegetable oil D
Lardidripping [ | Soid vegetable fat [ | Low tat spray [ Ohor O

If you used vegetable oil or other oll
please give type o.g. corn, sunflower, sesame

9. What kind of fat did you most often use for baking cakes etc? Select one only

I don't bake [ | Lardidripping [ | Solid vegetable fat | | None [ |
Buter [ ] Vegetable oil [ | Marganne (]

if you used margarine, please give name or lype e.q. Flora, Stork

10.  How often did you eat food that was fried at home?

Never D Luslhanonooawukl:] 1-3t’moslmokD
4-6ﬁmcsawookD Daily D

11, How often did you eat fried food away from home?
Never ] Less than once a week | | 1-3 times a week | |
46 times a week | | Daily (]

12, Have you eaten meat in the last year?
N°D° GO TO question 17 ch[:]o GO TO gueston 13

13. What did you do with the visible fat on your meat?

Did not eat meat with visible fat| | Ate some of the fat| |
Ale as ittle as possible [:] AhmostolthofatD

14.  Did you eat roast/grilled meat over the past year?
No|[ }» 60O TO question 17 ves| |= GO TO question 15

15.  How often did you eat grilled or roast meat?

Daily [:l 1-3 times a week D
Mﬂmosamk[:] Loumtoncoawook[j
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16.  How well cooked did you usually have grilled or roast meat?
Wall done / dark brown || Lightly cooked / rare ||
17, How often did you add salt to food while cooking?
Novoc[] SamumosD AMaysD

Rarely [ | usually [ |

18, How often did you add salt to any food at the table?

Never [:] Sometimes E] Always [:]

Rarely [ | Usually | ]
19. Do you regularly use a salt substitute (e.g. LoSalt)?

No [:] Yes [:] i yeos, which brand?

20. We would like to summarise what you have told us, During the course of last year, on
average, how many times a week did you eat the following foods?

Food Type Times/week Portion size

Vegetables (exciuding potatoes but D:] medum serning
incduding baked beans)

Salads medum serving

Fruit and fruit products (not including fruit juice) EI:] medium serving or 1 frut
Oily fish and fish products _] medum serving

Non oily fish and fish products D:] medum serving

Meat, meat products and meat dishes [::] medum serving
{including bacon, ham and chicken)

21. Have you taken any vitamins, minerals, fish oils, fibre or other food supplements during
the pas! year?

No [ ] ves[ | © GOTO question 22
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22. Please st any vitamins, minarals, fish olls, fibre or other food supplements taken during the past year. If
you have taken more than 6 types of supplement please list the 6 most frequentty consumed brands first,

Vitamin supplements Average frequency
Qu‘mbathMTM
Number 2
Name and brand P.:.::b 3% € 3 ¥ ¥ - >
Pawiiamws e 3o £ F F ' 8§ 5 3
oo cong sg i g &8 B 3 B ¥ 3
2 &§ ¥ 3 &§ & T
- | 000000000

=1 000000000

= | O00000000

=g o0o0ob0oo0od

= 000000000

Doooooodd
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LR Study Number

Please return the completed questionnaire,
using the pre-paid envelope provided.
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Appendix 16. Recruitment poster

Versen 10

25/02/2022 M e d i M O O d

=@ 3

Are you interested in taking part in a study about
improving mood and anxiety?
Do you consider your current mood and anxiety levels to be
less than optimal?

If you are over 18 years and fluent in English, this could be the
research study for you!

Researchers at University of East Anglia want to find out whether eating a plant

based Mediterranean style diet improves mood and anxiety in people who are
currently concerned about their mental wellbeing.

Participants will be provided with food and a £50 one-off payment.

If you think you might like to take part in the study,
simply follow this web link:

[INSERT LINK]

You can contact the study team on:
Tel: Email: medimood@uyea.ac uk

Expressing an Iinterest does not commit you taking part in the study.

Please tear me off and take me awary!  Please tear me off and take me away!  Please tear me off and take me away!

R -
=~ =

=
x"RE ~-r
=z =-r
A =i
Xz =T
RZ ~-r
R =
xXE —r
xXZE—r
"RE-r
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Appendix 17. Recruitment invitation email

Dear [Participant’s name]

We are writing to invite you to take part in a research study run by scientists at Norwich
Medical School at the University of East Anglia (UEA). The study will be conducted in
the Norfolk and Norwich University Hospital’s Clinical Research Facility (CRF) based

at the Quadram Institute.

We will recruit 25 healthy individuals aged 18 years or over. The purpose of the study is
to compare the effect of a Mediterranean-style diet versus a Western-style diet on mood,
anxiety and brain function (cognition) over 5 days. Please find attached a copy of the

information sheet.

If you think you would like to take part in the study, please reply to this email.

Please note that there is no obligation to take part in the study, and if you are suitable and

take part, you can withdraw your interest at any time.

You have received this email as you are registered with the University of East Anglia's
Sleep research recruitment database. If you no longer wish to be on the database, please
reply to this email to let us know.

Thank you.

Kind regards,

[Researcher’s name)

The MediMood Research Team
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Appendix 18. GP letter to inform eligibility/participation

[GP name]
[GP Practice address]

[Date]

Dear Doctor
Re: [Patient name], DOB: [insert patient date of birth]

We are writing to inform you that your patient has consented to take part in the nutrition research
study entitled: ‘MediMood: The effect of a Mediterranean diet on mood, anxiety and cognition in
UK adults’. The study is being run within the Norfolk and Norwich University Hospital’s Clinical
Research Facility (CRF) based at the Quadram Institute on Norwich Research Park, by a team at
the Norwich Medical School, University of East Anglia (UEA). The study has full HRA approval.

We anticipate your patient will complete this study within two months. In addition to following
the diets provided for two x five-day periods, they will be asked to visit the CRF for baseline and
end-point measurements of mental wellbeing and cognitive health and provide blood, urine and
faecal samples. The study will also include an MRI brain scan. We will forward you a copy of the
MRI results if any incidental findings are detected which are outside the normal range for this

age-group.

Our study recruits participants with mild to moderate levels of anxiety and/or depression
according to the Patient Health Questionnaire (PHQ-9) and Generalised Anxiety Disorder
questionnaire (GAD-7). Your patient had the following scores: XX/27 on PHQ-9 and YY/21 on
GAD-7.

We would like to inform you that [Patient name] is now a participant on the study as they were

deemed eligible with mild/moderate level anxiety and mild/moderate level depression.
They have been advised this might be something they wish to peruse further and we have

signposted them to the Norfolk and Suffolk NHS Wellbeing Service which is the comissioned

provider for patiens with anxiety and depression, as well as the following organisations: university
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(UEA) counselling services, Minds, Samaritans. However, we understand as their GP that you

might wish to contact [him/her] to arrange further follow up and investigation.

Yours sincerely,

[Researcher Name]

Department of Nutrition and Preventive Medicine
Norwich Medical School

University of East Anglia

Norwich NR4 7UQ

+44 (0) 1603 591949

IRAS number: 320471
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Appendix 19. GP letter to inform ineligibility because of higher depression

[GP name]
[GP Practice address]

[Date]

Dear Doctor

Re: [Patient name], DOB: [insert patient date of birth]

We are writing to you to inform that your patient has consented to take part in the nutrition
research study entitled: ‘MediMood: The effect of a Mediterranean diet on mood, anxiety and
cognition in UK adults’. The study is being run within the Norfolk and Norwich University
Hospital’s Clinical Research Facility (CRF) based at the Quadram Institute on Norwich Research
Park, by a team at the Norwich Medical School, University of East Anglia (UEA). The study has
full HRA approval.

Our study recruits participants with mild to moderate levels of anxiety and/or depression
according to the Patient Health Questionnaire (PHQ-9) and Generalised Anxiety Disorder
questionnaire (GAD-7). Your patient had the following scores: XX/27 on PHQ-9 and YY/21 on
GAD-7.

We would like to inform you that [Patient name] was deemed ineligible to take part in the study
due to scoring either in the moderately severe/severe depression range and/or the severe level
anxiety range on the PHQ-9 and GAD-7. Whilst this indicates an elevated self-reported level of
depression and/or anxiety symptoms this should not be considered a clinical diagnosis. This has

been explained to (Patient name).

They have been advised this might be something they wish to puruse further and we have
signposted them to the Norfolk and Suffolk NHS Wellbeing Service which is the comissioned
provider for patiens with anxiety and depression, as well as the following organisations: university
(UEA) counselling services, Minds, Samaritans. However, we understand as their GP that you

might wish to contact [him/her] to arrange further follow up and investigation.

Yours sincerely,
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[Researcher Name)

Department of Nutrition and Preventive Medicine
Norwich Medical School

University of East Anglia

Norwich NR4 7UQ

+44 (0) 1603 591949

IRAS number: 320471
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Appendix 20. MediMood booklets

MediM@,’i))d

Mediterranean Diet Meal Plan\

PARTICIPANT ID:
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This booklet outlines your meal plans for five days, and questions about
your sleep which we would like you to complete before your breakfast
each day.

Please try your best to stick to the meal plans and weigh and measure
foods where possible to ensure accuracy. Do not add any oils/fats to
foods or when cooking other than those stated, and use the suggested
cooking instructions/methods. You may add additional seasoning to
meals using pepper, herbs, spices or garlic, but not salt or sugar. Please
note any additions in the comments box.

We would like you to eat the meals on the days stated, however, if for
your convenience you wish to swap the order of the lunch and evening
meal, you can.

We have provided enough in your food delivery to allow you to eat your
evening meal with a companion. If you are eating alone, please do not
consume the extra food during the five days. If you choose to swap the
order of the meals on any given day, please keep in mind that only
ingredients for the evening meal were provided in duplicate.

If you feel unable to eat the full meal, please prioritise the ingredients
that are preceded by an asterisk, these are the most important
components of the meal/snack for our research.

If you are still hungry after consuming your meals and snacks, you can eat
an ‘additional’ snack from the list of suitable snacks.

Please only drink water, no added sugar/sugar free drinks, tea or coffee in

addition to the drinks listed in the meal plans. If you usually drink alcohol,
you can continue to do so, but please only drink wine.
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SHOPPING DELIVERY

Your shopping delivery should consist of the items listed on the
following page. As you unpack, please tick off the items and store
them according to the instructions on the packaging. Please
inform the research team immediately if anything is missing or
incorrect e.g., a food swap has been made by the supermarket.

@

[J  Hovis Wholemeal Bread - 800g Cool, dry place/freezer
[0  Free Range Eggs - 6 pack Fridge

[0  Wholewheat Pasta - 500g Cool, dry place
[0  Wholewheat couscous - 500g Cool, dry place
[0  Balsamic Vinegar Cool, dry place
[  Extra Virgin Olive Oil - 1L Cool, dry place
[0  Green Pesto Fridge

[  Tomato Puree Fridge

[0  Tesco Soft Figs - 250g Cool, dry place
[J  Tinned prunes in Fruit Juice - 410g Cool, dry place
[  Tinned Chopped Tomatoes - 3 x 400g Cool, dry place
[0  Chickpeas in Water - 400g x 1 Cool, dry place
[  Tinned Black Beans in Water - 400g Cool, dry place
[0  Tuna Chunks in Spring Water - 145g Cool, dry place
[J  Yeo Valley Greek Yogurt-4x 110g Fridge

[0  Blueberries - 125g x 2 packs Fridge

[0  Fruit Salad - 400g Fridge

[0 Pearsx5 Cool, dry place
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] Applesx2 Cool, dry place
[J  Orange Juice - 900ml Fridge
[J  Cherry Tomatoes - 2 x 250g packs Fridge
[J Tesco Mixed Leaf Salad - 120g Fridge
[J Large Cucumberx1 Fridge
[J RedPeppersx3 Fridge
[J Carrotx1 Fridge
[0  Mixed Chilli peppers - 65g pack Fridge
[]  Coriander - 30g Fridge
[  Frozen Sliced Mixed Peppers - 500g Freezer
[J  Frozen Butternut Squash - 500g Freezer
[J  Frozen Spinach - 900g Freezer
[J  Baking potatox 1 Cool, dry place
[J  Norfolk potatoes - 750g Cool, dry place
[J RedOnionsx4 Cool, dry place
[] Garlic 4 pack Cool, dry place
[J  Tesco Three Bean Chilli Soup - 600g Fridge
[0  Foodojogie Lentil & Turmeric Daal Fridge/Freezer
[] Gosh Original Falafel - 300g Fridge/Freezer
[J Houmous -3 x 60g Fridge
[J Salmon Fillets - 240g Fridge/Freezer
[0  Chicken Breast Fillets - 300g x 2 packs Fridge/Freezer
[J  Walnut Halves - 100g Cool, dry place
[  Mixed Nuts - 25g x 4 packs Cool, dry place
[J  Rice cakes Cool, dry place

IMPORTANT NOTE: Please wash fresh fruit, vegetables, and salad
items before consuming.
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ADDITIONAL SNACK OPTIONS:

Do not consume more than the quantities stated at mealtimes. If
you are still hungry after consuming your meals and snacks, you
can eat ‘additional’ snacks from the list of suitable snacks below.

Please only eat snacks from this list.

*  Rice cakes/oat cakes/wholemeal bread/toast

=  Cottage cheese or low fat cream cheese spread e.g.
Philadelphia

*  Low sugar breakfast cereal e.g. Rice Krispies, Cornflakes
(not Crunchy Nut) with milk.

If you are unsure if a snack is suitable, please contact the
MediMood Research Team.

Please consume the drinks that are specified in the meal plan. In
addition, you can drink any of the following to make up your daily
fluid intake:

=  Water
* Tea/coffee (without sugar) (caffeinated or decaf)
=  Sugar free drinks

If you usually drink alcohol, you can continue to do so, but please
only drink wine and consume no more than 5 small (125ml)
glasses over the five days.

Remember to note any additional snacks and drinks in the
comments box.
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Please contact the MediMood research
team if you have any queries:

medimood@uea.ac.uk
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DAY 1

DINNER - Soup

item Quantity Amount Eaten
« Extra virgin olive oil 2tbsp/25ml

* Three bean chilli soup ¥ pack/300g

Wholemeal bread 2 slices/80g

PREPARATION GUIDELINES - DOUBLE the ingredient amounts if making for 2 people

See soup packaging for heating instructions.
Extra virgin olive oil can be stirred into the soup or used for dipping the bread.

SNACK
item Quantity Amount Eaten
* Fruit salad % pack/200g
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DAY 1 CONTINUED

DAY 1 COMMENTS

Please list any additional foods and drinks that you have consumed today, since leaving your
appointment. Include quantities, brand names and any additional details e.g. ‘sugar free’.

Foods: Drinks:

On the morning of day 2 do NOT drink any caffeinated drinks prior to your online test
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DAY 2

SNACK - To be eaten before MediMood online tests

item Quantity Amount Eaten
*Nature Valley Honey and Oat Bar 1 pack/42g

BREAKFAST

item Quantity Amount Eaten
* Blueberries 80g

Yeo Valley Greek Style Yogurt 1 pot/110g

SNACK

item Quantity Amount Eaten
* Orange Juice 150ml
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DAY 2 CONTINUED

LUNCH - Falafel salad

item Quantity Amount Eaten

*Falafel balls 6 balls/150g

*Houmous % pot/30g

* Cucumber 1inch/60g

* Mixed salad leaves Y5 packet/40g

* Cherry Tomatoes 6 tomatoes/90g

» Extra Virgin Olive Oil 2tbsp/25ml

Balsamic vinegar To taste

PREPARATION GUIDELINES

. Olive oil and balsamic vinegar can be combined to make a salad dressing. A
recommended ratio of oil to vinegar is 3 parts oil: 1 part balsamic

NOTE: The remaining falafel can be frozen and saved for consumption following the 5_
day meal plan, if required. See packaging.
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DAY 2 CONTINUED

SNACK

item Quantity Amount Eaten
« Cucumber 1.5 inch/90g

* Houmous

% pot/30g
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DAY 2 CONTINUED

DINNER - Black bean and butternut squash chilli — DOUBLE the ingredient amounts if
making for 2 people

item Quantity Amount Eaten
* Frozen spinach blocks 2 blocks/80g
*Frozen butternut squash cubes 125g

*Red Onion % onion/75g
*Tinned tomatoes % can/200g
» Extra Virgin Olive Oil 2tbsp/25ml
» Black beans, canned ¥ can/120g
= chilli pepper 10g

* Tomato Puree 10g

* Garlic 1 clove/3g

* Coriander 15g

Please turn over for preparation guidelines
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DAY 2 CONTINUED

PREPARATION GUIDELINES - DOUBLE the ingredient amounts if making for 2 people

Peel and slice the onion and garlic. Chop the chilli pepper. Drain and rinse the beans.
Heat 2 tbsp of olive oil in a large pan or casserole dish.

Gently sauté the onion for 5 minutes, stirring occasionally. Add the chopped garlic and
chilli pepper and fry for a further 1 minute.

Add the butternut squash cubes and sauté for 5 minutes.

Add the tomato purée and stir to coat.

Add the tomatoes, and a little water if needed, to cover the squash. Bring to the boil.
Add the frozen spinach blocks.

Simmer, under cover for 20-25 minutes until tender. Add the black beans and cook for
another 5 minutes.

Stir through the coriander leaves and serve.

SNACK

Item Quantity Amount Eaten
* Walnuts 3 halves/10g

« Figs 30g
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DAY 2 CONTINUED

DAY 2 COMMENTS

Please list any additional foods and drinks that you have consumed today, since leaving your
appointment. Include quantities, brand names and any additional details e.g. ‘sugar free’.

Foods: Drinks:

IMPORTANT: If you have frozen the Daal or salmon fillets, please defrost the

required quantity according ahead of your day 3 lunch and evening meal. See
defrosting instructions on the packaging.
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DAY 3

BREAKFAST

item Quantity Amount Eaten

Wholemeal Bread 1 slice/40g

Boiled eggs 2 eggs

PREPARATION GUIDELINES

. Lower room temperature eggs into boiling water for the desired amount of time.
5 minutes: set white and runny yolk
6 minutes: liquid yolk
7 minutes: almost set
8 minutes: softly set
10 minutes: the dassic hard-boied egg
- When cooked, scoop the eggs out of the pan with a suitable spoon.

SNACK

Item Quantity Amount Eaten

* Orange Juice 150ml
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DAY 3 CONTINUED

LUNCH - Daal

Item Quantity Amount Eaten
*Foodologie lentil and turmeric Daal 1 pot/400g

*Olive oil 2tbsp/25ml

PREPARATION GUIDELINES

See Daal packaging for heating instructions.
Before serving, add olive oil to the daal and stir.

SNACK

item Quantity Amount Eaten
* Pear 1 fruit

* Walnuts 3 halves/10g
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DAY 3 CONTINUED

DINNER - Salmon, New Potatoes and Salad

item Quantity Amount Eaten
* Salmon 1 fillet

Pesto 1tbsp/24g

New Potatoes, boiled 2 pot/85g

* Mixed salad leaves ¥ packet/40g

* Cherry Tomatoes 6 tom/90g

* Extra Virgin Olive Oil 2tbsp/25ml

* Garlic 1 clove/3g

PREPARATION GUIDELINES — DOUBLE the ingredient amounts if making for 2 people

* Spread a tablespoon of pesto over the top of the salmon fillet and oven bake according
to instructions on salmon packaging.
*  Wash the baby potatoes. Bring a pan of water to the boil. Gently simmer potatoes for
approximately 15-20 minutes, until just tender.
* Serve salmon and potatoes with the fresh salad leaves and chopped cherry tomatoes.

*  Drizzle with the olive oil. Add crushed garlic if desired.

137




DAY 3 CONTINUED

SNACK
Item Quantity Amount Eaten
* Mixed Nuts 1 pack/25g
* Prunes in Juice % can/205g
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DAY 3 CONTINUED

DAY 3 COMMENTS

Please list any additional foods and drinks that you have consumed today, since leaving your
appointment. Include quantities, brand names and any additional details e.g. ‘sugar free’.

Foods:

Drinks:

IMPORTANT: If you have frozen the chicken fillets, please defrost the required
quantity according ahead of your day 4 evening meal. See defrosting instructions on the
packaging.
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DAY 4

BREAKFAST

item Quantity Amount Eaten
*walnuts 9 halves/30g

« Blueberries 80g

Yeo Valley Greek Style Yogurt 1pot/110g

SNACK

item Quantity Amount Eaten
* Orange Juice 150ml
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DAY 4 CONTINUED

SNACK
item Quantity Amount Eaten
« Figs 30g
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DAY 4 CONTINUED

LUNCH - Baked Potato with Tuna and Salad

Item Quantity Amount Eaten
Baked Potato 1 potato

* Canned Tuna, drained 1 can/105g

* Extra Virgin Olive Oil 2tbsp/25ml

Balsamic Vinegar Add to taste

* Cucumber 1.5 inches/90g

* Cherry Tomatoes 7 toms/105g

PREPARATION GUIDELINES

- Heat the oven to 220C/200C fan/gas 7. Put the potato on the top shelf of the oven. Bake
for 20 mins, then turn down the oven to 190C/170C fan/ gas 5 and bake for 45 mins-1 hr
more until the skin is crisp and the inside soft.

- Make a cross in the centre of the potato and add the tuna and drizzle with the olive oil.

. Serve with a side of cucumber and cherry tomatoes

142




DAY 4 CONTINUED

DINNER — Grilled Chicken with Mediterranean Vegetables and Couscous

item Quantity Amount Eaten
*Grilled Chicken Breast 1 fillet

*Butternut squash chunks 125g

*Frozen sliced mixed peppers 125g

Wholewheat Couscous 50g (dry weight)

* Extra Virgin Olive Oil 2tbsp/25ml

PREPARATION GUIDELINES — DOUBLE the ingredient amounts if making for 2 people

. Roast butternut squash according to instructions on packaging, using ¥ tbsp of olive oil.
Add the frozen peppers to the roasting tray for the final 5-10 minutes or until thoroughly
heated through.

- Grill chicken breast according to instructions on packaging.

. Place 50g wholewheat couscous to a heatproof bow! or jug. Add 100ml boiling water,
cover and stand for 5-10 minutes. Add the remaining olive oil to the couscous and stir
through with a fork before serving.
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DAY 4 CONTINUED

SNACK
item Quantity Amount Eaten
* Pears 1 fruit

* Mixed Nuts 1 pack/25g
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DAY 4 CONTINUED

DAY 4 COMMENTS

Please list any additional foods and drinks that you have consumed today, since leaving your
appointment. Include quantities, brand names and any additional details e.g. ‘sugar free’.

Foods: Drinks:

IMPORTANT: If you have frozen the chicken fillets, please defrost the required
quantity according ahead of your day 4 evening meal. See defrosting instructions on the
packaging.
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DAY 5

BREAKFAST

Item Quantity Amount Eaten
* Blueberries 80g

* Walnuts 9 halves/30g

Yeo Valley Greek Style Yogurt 1 pot/110g

SNACK

Item Quantity Amount Eaten
* Orange Juice 150ml
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DAY 5 CONTINUED

LUNCH - Pasta and Tomato Sauce

item Quantity Amount Eaten
Wholemeal Pasta 75g (dry weight)

» Extra Virgin Olive Oil 2tbsp/25ml

* Red Onion % onion/75g

* Garlic 2 cloves/6g

* Canned tomatoes % can/200g

* Red Pepper % pepper/80g

PREPARATION GUIDELINES

. Peel and slice the onion and garlic. Dice the red pepper.

. Heat 2 tbsp of olive oil in a large pan or casserole dish.

- Gently sauté the onion for 5 minutes, stirring occasionally. Add the chopped garlic and
fry for a further 1 minute. Add the diced red pepper and stir for 2-3 minutes.

- Tip in the canned tomatoes, then bring to the boil. Reduce the heat, then simmer
uncovered for 5 mins, stirring occasionally.

. Cook pasta according to instructions on the packaging.

- Mix the cooked pasta and sauce together and serve.
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DAY 5 CONTINUED

SNACK

Item Quantity Amount Eaten
= Carrot sticks 80g

* Cucumber 90g

* Houmous 1 pot/60g
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DAY 5 CONTINUED

DINNER — Chicken with Chickpeas in Tomato Sauce

item Quantity Amount Eaten
* Chicken 1 fillet

* Extra Virgin Olive Oil 2tbsp/25mi

* Red onion % onion/75g

* Red pepper 160g

* Garlic 2 cloves/6g

* Canned Tomatoes % can/200g

# Canned Chickpeas ¥ can/120g

* Spinach 2 cubes/80g

Please turn over for preparation guidelines
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PREPARATION GUIDELINES - DOUBLE the ingredient amounts if making for 2 people

Peel and slice the onion and garlic. Dice the red pepper. Drain and rinse the chickpeas.
Heat 2 tbsp of olive oil in a large pan or casserole dish.

Gently sauté the onion for 5 minutes, stirring occasionally. Add the chopped garlic and
fry for a further 1 minute. Add the diced red pepper and stir for 2-3 minutes.

Tip in the chopped tomatoes and add the frozen blocks of spinach. Bring to the boil.
Reduce the heat, then simmer uncovered until the spinach has heated through, stirring
occasionally.

Add the Chickpeas and heat for a further 5 minutes.

Meanwhile, grill the chicken breast according to instructions on packaging.

Once cooked, poor the sauce over the chicken and serve.

SNACK

Item Quantity Amount Eaten
*Apple 1 fruit

*Pear 1 fruit
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DAY 5 CONTINUED

DAY 5 COMMENTS

Please list any additional foods and drinks that you have consumed today, since leaving your
appointment. Include quantities, brand names and any additional details e.g. ‘sugar free’.

Foods: Drinks:
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Please bring your booklet with you when you
attend your next appointment
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medimood@uea.ac.uk

Tel: 01603 591949
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MediM&d

Western Diet Meal Plan



SHOPPING DELIVERY

Your shopping delivery should consist of the items listed on the
following page. As you unpack, please tick off the items and store
them according to the instructions on the packaging. Please
inform the research team immediately if anything is missing or
incorrect e.g., a food swap has been made by the supermarket.
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Raspberry Jam - 454g jar

Fridge

Semi Skimmed Milk - 2 pints

Fridge

Kellogg's Frosties cereal - 470g

Cool, dry place

Free Range Eggs - 6 pack

Fridge

Hovis White Bread Medium - 800g

Cool, dry place/freezer

Tesco Brioche Buns - 4 pack

Cool, dry place/freezer

Tesco Potato Salad - 300g Fridge
Tesco Quiche Lorraine - 160g x 2 Fridge/Freezer
Unsmoked Back Bacon - 300g Fridge/Freezer
Tesco Pork Sausages- 8 pack Fridge/Freezer
Tesco Beef Quarter Pounder - 4 pack Freezer
Tesco straight cut oven chips - 950g Freezer
Chicago Town Meaty Pizza - 2 pack Freezer
Tesco Spaghetti Carbonara 2 x 400g Fridge/Freezer
Lurpak butter - 250g Fridge
Tesco Cream of Chicken Soup - 3 x 400g Cool, dry place
Aero Chocolate Mousse - 4 pack fridge
Vanilla & Choc Cheesecake - 2 slices Fridge

Cadbury Caramel cake bars - 5 pack

Cool, dry place

Mr Kipling Bakewell Tarts - 6 pack

Cool, dry place

KitKat 2 Finger - 9 pack

Cool, dry place

Walkers Baked Sea Salt snacks - 6 pack

Cool, dry place

Coca-Cola original 150ml - 6 cans

Fridge

OO000o0o0Oo0ooOooOoooooololoololo]o]o]olof o

Tomato Ketchup

Fridge
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SUITABLE SNACK AND DRINK OPTIONS:

Do not consume more than the quantities stated at mealtimes. If
you are still hungry after consuming your meals and snacks, you
can eat ‘additional’ snacks from the list of suitable snacks below.
Please only eat snacks from this list.

*  White bread/Toast with jam/marmalade (no butter)

»  High sugar breakfast cereal e.g. Frosties, Crunchy Nut
Cornflakes, Coco-Pops with milk

= Chips

=  Crisps

If you are unsure if a snack is suitable, please contact the
MediMood Research Team.

Please consume the drinks that are specified in the meal plan. In
addition, you can drink any of the following to make up your daily
fluid intake:

=  Water

*  Tea/coffee/milk (without sugar) (caffeinated or decaf)

*  No added sugar/sugar free drinks (NOT fruit/vegetable
juice)

If you usually drink alcohol, you can continue to do so, but please
do NOT drink wine.

Remember to note any additional snacks and drinks in the
comments box
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Please contact the MediMood Research
Team if you have any queries:

medimood@uea.ac.uk
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DAY 1

EVENING MEAL - Soup and Bread

Item Quantity Amount Eaten
Cream of chicken soup 1 can/400g

White bread/toast 1 slice/40g

*Butter for toast % tbsp/6g

PREPARATION GUIDELINES - DOUBLE the ingredient amounts if making for 2 people

See soup packaging for heating instructions.

SNACK

Item Quantity Amount Eaten

*Bakewell tart 1 tart/46g
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DAY 1 CONTINUED

DAY 1 COMMENTS

Please list any additional foods and drinks that you have consumed today, since leaving your
appointment. Include quantities, brand names and any additional details e.g. ‘sugar free’.

Foods:

Drinks:

IMPORTANT: If you have frozen the sausages or quiche, please defrost the required

quantity ahead of your day 2 meals following the instructions on the packaging.

On the morning of day 2 do NOT drink any caffeinated drinks prior to your online tests.
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DAY 2

SNACK - To be eaten before MediMood online tests

Item Quantity Amount Eaten
*Nature Valley Honey and Oat Bar 1 pack/42g

BREAKFAST - Toast

Item Quantity Amount Eaten
White bread/toast 1 slice/40g

Jam

Heaped tsp/18g

*Butter for toast

1tbsp/12g
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DAY 2 CONTINUED

SNACK
Item Quantity Amount Eaten
*KitKat (2 finger) 1 KitKat

LUNCH - Quiche and Potato Salad

Item Quantity Amount Eaten
*Quiche Lorraine 1 quiche/160g

Potato salad Ya pot/100g

PREPARATION GUIDELINES

Quiche can be eaten hot or cold. See packaging for heating instructions.

SNACK

Item Quantity Amount Eaten

*Coca-Cola original 150ml can
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DAY 2 CONTINUED

EVENING MEAL - Sausage and Chips

Item Quantity Amount Eaten
*Sausages, grilled/oven baked 2 sausages

Chips 165g

Ketchup 1 tbsp/24g

PREPARATION GUIDELINES - DOUBLE the ingredient amounts if making for 2 people

See sausage packaging for cooking instructions.
See oven chip packaging for cooking instructions.

SNACK

Item Quantity Amount Eaten

*KitKat (2 finger) 1 KitKat
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DAY 2 CONTINUED

DAY 2 COMMENTS

Please list any additional foods and drinks that you have consumed today. Include quantities,
brand names and any additional details e.g. ‘sugar free’.

Foods:

Drinks:

IMPORTANT: If you have frozen the bacon or brioche buns, please defrost the
required quantity ahead of your day 3 lunch. See defrosting instructions on the
packaging.
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DAY 3

BREAKFAST - Cereal

Item Quantity Amount Eaten
Frosties cereal 50g

Semi Skimmed Milk 135ml

SNACK

Item Quantity Amount Eaten
*KitKat (2 finger) 1 KitKat
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DAY 3 CONTINUED

LUNCH - Bacon Roll

Item Quantity Amount Eaten
*Bacon, grilled 5 rashers/150g

Brioche bun 1roll/63g

*Butter for bun 1 tbsp/12g

Ketchup 1 tbsp/24g

PREPARATION GUIDELINES

See bacon packaging for grilling instructions.

SNACK

Item Quantity Amount Eaten

*Bakewell tart 1 tart/46g

166




DAY 3 CONTINUED

DINNER - Pizza and Potato Salad

Item Quantity Amount Eaten
*Mega meaty Chicago Town pizza 1 pizza/157g

Potato salad ¥a pot/100g

*Coca-Cola original 150ml can

PREPARATION GUIDELINES - DOUBLE the ingredient amounts if making for 2 people

See pizza packaging for cooking instructions.

SNACK

Item Quantity Amount Eaten

*Vanilla and chocolate cheesecake 1 slice/90g
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DAY 3 CONTINUED

DAY 3 COMMENTS

Please list any additional foods and drinks that you have consumed today. Include quantities,
brand names and any additional details e.g. ‘sugar free’.

Foods: Drinks:

IMPORTANT: If you have frozen the sausages, please defrost the required quantity
ahead of your day 4 breakfast. See defrosting instructions on the packaging.
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DAY 4

BREAKFAST - Sausages and Eggs

Iltem Quantity Amount Eaten
White bread/toast 1 slice/40g

*Sausages, grilled/oven cooked 2 sausages

Eggs, fried 2 eggs

*Butter for frying 1tbsp/12g

PREPARATION GUIDELINES

See sausage packaging for grilling or oven cooking guidelines.

Fried eggs:

=  Heat the butter in a frying pan until melted, but not hot enough to brown.

=  Crack the eggs into the pan.

=  Cover with a lid and leave for 3 minutes over a low heat. Check the white is set, if not,
leave it for another 30 seconds and check again.
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DAY 4 CONTINUED

SNACK
Item Quantity Amount Eaten
*KitKat (2 finger) 1 KitKat

LUNCH - Soup and Bread

Item Quantity Amount Eaten
Cream of chicken soup 1 can/400g

White bread/toast 2 slices/80g

PREPARATION GUIDELINES

See soup packaging for heating instructions.

SNACK
Item Quantity Amount Eaten
*Aero chocolate mousse 1 pot/59g
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DAY 4 CONTINUED

EVENING MEAL - Spaghetti Carbonara

Item Quantity Amount Eaten
*Spaghetti carbonara 1 meal/400g
* Coca-Cola original 150ml can

PREPARATION GUIDELINES - DOUBLE the ingredient amounts if making for 2 people

See spaghetti carbonara packaging for heating instructions.

SNACK

Item Quantity Amount Eaten

*Cadbury caramel cake bar 2 bars/2 x 25g
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DAY 4 CONTINUED

DAY 4 COMMENTS

Please list any additional foods and drinks that you have consumed today. Include quantities,
brand names and any additional details e.g. ‘sugar free’.

Foods:

Drinks:

IMPORTANT: If you have frozen the quiche or brioche buns, please defrost the
required quantity ahead of your day 5 meals. See defrosting instructions on the
packaging.
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DAY 5

BREAKFAST - Cereal

Item Quantity Amount Eaten
Frosties cereal 50g

Semi Skimmed Milk 135ml

SNACK

Item Quantity Amount Eaten
*KitKat (2 finger) 1 KitKat
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DAY 5 CONTINUED

LUNCH - Quiche

Item Quantity Amount Eaten
*Quiche Lorraine 1 quiche/160g

Walkers 1 packet/22g

*Coca-Cola original 150ml can

PREPARATION GUIDELINES

Quiche can be eaten hot or cold. See packaging for heating instructions.

SNACK
Item Quantity Amount Eaten
*Bakewell tart 1 tart/46g
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DAY 5 CONTINUED

DINNER - Burger and Chips

Item

Quantity

Amount Eaten

*Quarter pound beef burger

1 burger/114g

Brioche bun 1roll/63g
*Butter for bun 1tbsp/12g
Chips, oven cooked 135g
Ketchup 1 tbsp/24g

PREPARATION GUIDELINES - DOUBLE the ingredient amounts if making for 2 people

See burger packaging for grilling instructions.
See chip packing for oven cooking instructions.

SNACK

Iitem

Quantity

Amount Eaten

*Aero chocolate mousse

1 pot/59g
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DAY 5 CONTINUED

DAY 5 COMMENTS

Please list any additional foods and drinks that you have consumed today. Include quantities,
brand names and any additional details e.g. ‘sugar free’.

Foods:

Drinks:
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Please bring your booklet with you when you
attend your next appointment

177



medimood@uea.ac.uk

Tel: 01603 591949
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Appendix 21. Daily reminder email

Good morning [Participant name]

We hope you are doing well with your diet. Please do not forget wearing your watch, and

completing the questionnaires on the booklet.

If you have any question, please do not hesitate to contact us by either replying to this email.

This study would not have been possible without you. Many thanks for your participation.

See you soon on your next study visit!

Kind regards,
The MediMood Research Team

179



Appendix 22. 3-months follow-up invitation email

Dear [Participant’s name]

Thank you for your participation in the MediMood study.

For the final stage of the study, we would like you to complete a short questionnaire about your
current diet. The questionnaire contains 14 questions and will take approximately 10 minutes to

complete.

[link to the study website]

Please let the research team know if you have any questions.

Many thanks,

The MediMood Team
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Appendix 23. Profile of Mood States (POMS)

Below is a list of words that describe feelings people have. Please read each one carefully, the
circle the one that best describes HOW YOU HAVE BEEN FEELING IN THE PAST WEEK
INCLUDING TODAY.

The numbers refer to these 43. Good natured. 012 3 4
phases: 44. Gloomy 01234
0— Not at all
1-Alittle 21. Hopeless 01 2 3 4 | 45. Desperate 01234
2 — Moderately 22. Relaxed 01 2 3 4 | 46. Sluggish 01234
3 —Quite a bit
4 — Extremely
1. Friendly 01234 | 23.Unworthy. 01 2 3 4| 47. Rebellious 01234
2. Tense 012 34 | 24. 5Spiteful 01 2 3 4| 48. Helpless 01234
3. Angry 01 2 3 4 | 25.Sympathetic 01 2 3 4| 49. Weary 012314
4. Worn out 012 34 | 26.Uneasy 01 2 3 4 |50.Bewildered 01234
5. Unhappy 01 2 3 4| 27.Restless 012 3 4| 51. Alert 01234
6. Clear headed 012 3 4| 28.Unableto 012 3 4| 52. Deceived 01234
concentrate
7. Lively 01 2 3 4| 29. Fatigued 01 2 3 4 | 53. Furious 01234
8. Confused 01 2 3 4 | 30. Helpful 01 2 3 4 | 54. Efficient 01234
9. Sorry forthings 01 2 3 4 | 31. Annoyed 01 2 3 4| 55. Trusting 01234
done 32. Discouraged 01 2 3 4| 56. Full of pep 01234
10. Shaky 01234
11. Listless 01 2 3 4 | 33. Resentful 01234 |57.Badtempered 01234
12. Peeved 01 2 3 4| 34. Nervous 01 2 3 4| 58. Worthless 01234
13. Considerate 01 2 3 4| 35. Lonely 01 2 3 4 | 59. Forgetful 01234
14. Sad 01 2 3 4 | 36. Miserable 01 2 3 4| 60. Carefree 012314
15. Active. 012 34| 37. Muddled 01 2 3 4 | 61. Terrified 01234
16. On edge 01 2 3 4 | 38. Cheerful 01 2 3 4] 62.Guilty 01234
17. Grouchy 01 2 3 4| 39. Bitter 01 2 3 4 | 63.Vigorous 0123 4
18. Blue 01 2 3 4| 40. Exhausted 012 3 4| 64.Uncertainabout 0123 4
things
19. Energetic 01 2 3 4| 41. Anxious 01 2 3 4| 65.Bushed 01234
20. Panicky 01 2 3 4 | 42. Ready to fight 01234
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Appendix 24. Bond-Lader Visual Analogue Scale

Please rate the way you feel in terms of the dimensions given below.
Regard the line as representing in the full range of each dimensions.

Rate your feelings as they are at the moment.

el

Mark clearly and perpendicularly across each line.

Alert Drowsy
Calm Excited
Strong Feeble
Muzzy Clear-headed
Well-coordinated Clumsy
Lethargic Energetic
Contented Discontented
Troubled Tranquil
Mentally slow Quick-witted
Tense Relaxed
Attentive Dreamy
Incompetent Proficient
Happy Sad
Antagonistic Amicable
Interested Bored
Withdrawn Gregarious
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Appendix 25. Pittsburgh Sleep Quality Index (PSQI)

Instructions: The following questions relate to your usual sleep habits during the past month

only. Your answers should indicate the most accurate reply for the majority of days and nights in

the past month. Please answer all questions.

During the past month:

1. When have you usually gone to bed at night?

hall

How long (in minutes) has it usually taken you to fall asleep each night?
When you usually gotten up in the morning?

How many hours of actual sleep did you get at night? (This may be different than the

hours you spend in bed)

For the remaining questions, choose the best response.

During the past month, how often have you had trouble sleeping because you:

5. Cannot get to sleep within 30 minutes

O

O

O

O

Not during the past month
Less than once a week
Once or twice a week

Three or more times a week

6. Wake up in the middle of the night or in the night or early morning

O

O

O

O

Not during the past month
Less than once a week
Once or twice a week

Three or more times a week

7. Have to get up to use the bathroom

O

O

O

Not during the past month
Less than once a week
Once or twice a week

Three or more times a week
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8. Cannot breath comfortably
o Not during the past month
o Less than once a week
o Once or twice a week

o Three or more times a week

9. Cough or snore loudly
o Not during the past month
o Less than once a week
o Once or twice a week

o Three or more times a week

10. Feel too cold
o Not during the past month
o Less than once a week
o Once or twice a week

o Three or more times a week

11. Feel too hot
o Not during the past month
o Less than once a week
o Once or twice a week

o Three or more times a week

12. Had bad dreams
o Not during the past month
o Less than once a week
o Once or twice a week

o Three or more times a week

13. Have pain
o Not during the past month
o Less than once a week
o Once or twice a week

o Three or more times a week
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Appendix 26. Karolinska Sleep Diary (KSD)

Instructions:

Please refer to your last overnight sleep episode, i.e. not a daytime nap, when answering the

following questions. Please indicate whether the time is am or pm.

What time did you go to bed? AM/PM

What time did you try starting to sleep at? AM/PM

How long did it take you to fall asleep? (min)

How many times did you wake up?

How long were you awake for? (min) Please estimate the time

and duration of each night awakening.

What time did you wake up? AM/PM

What time did you get up? AM/PM

Did your alarm clock wake you up?

Did you do any strenuous activity during the last 24 hours (if

yes, please specify)

How would you rate your quality of sleep?

Best sleep Worst sleep
ever ever
1 2 3 4 5 6 7 8 9

Very easy Quite hard
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Appendix 27. Karolinska Sleepiness Scale (KSS)

Instructions:

Please indicate your level of sleepiness for the previous 5 minutes using the scale below.

Extremely alert 1
2
Alert 3
4
Neither sleepy nor alert 5
6
Sleepy, but not fighting sleep 7
8
Extremely sleepy; it is an effort to stay awake 9
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Appendix 28. Statement of the Assessment of MediMood protocol

To explain my learning curve in a structured way, I use Gibbs’ Reflective Cycle
which is an academic reflective tool and includes the followings; “description of the
experience, feelings and thoughts about the experience, evaluation of the experience, both
good and bad, analysis to make sense of the situation, conclusion about what you learned
and what you could have done differently and action plan for how you would deal with

similar situations in the future, or general changes you might find appropriate” (463).

Funding

When we began designing the study, the budget was not confirmed. Therefore, we
decided to chase relevant grant calls alongside producing the protocol. We applied for
Rank Prize (£1500, Return to Research Grant) and Cure Alzheimer’s. We had received
the former but were not successful with the latter. I looked for further grants for the next
few months but there was none available at the time, which taught me the difficulties with
getting a grant, such as the amount of the funding, the discrepancies between grants’
timelines and the ideal study timeline, and the effort required. Later, my primary

supervisor secured a pump priming grant.

Another small but troublesome issue was the gift vouchers to be used for
reimbursement purposes that were misdelivered by Amazon. Amazon initially neither
took any responsibility for the loss nor offered any solution. It was a purchase worth £950
for which I used the Rank Prize grant. Although my supervisors comforted me saying that
“it was not my mistake, even if they do not refund, it is not the end of the world. It is not
worth as it consumes some much of my time and energy.” It was relieving but I felt
responsible for the research grant. I took all the screenshots of numerous live chats with
Amazon customer services, and I requested my primary supervisor to email them, which
she did. Thus, I was able to prove their mistake at the end of two months. Finally, they
refunded us the money and provided me with a £100 gift voucher to apologise, which I
used for the study expenses. Although it seems quite a small detail, it was a very
frustrating experience, teaching me the least expected incidents can turn into a real

struggle.
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Ethics and internal approvals

The main issue we encountered with the MediMood was the attainment of the
NHS ethics approval which was a lengthy process taking 11 months in total. I put the first
IRAS application in March 2022 and a UEA FMH Ethics monitor application in April
2022, both required to be withdrawn. I submitted next IRAS application in June 2022,
and we attended the meeting in July 2022. Two weeks later we were given an
unfavourable opinion. The main reason was the committee thought we were not prepared
adequately for the possibility that a Western diet could exacerbate the mild to moderate
mental health symptoms of participants. They signified the necessity of a ‘safety net’. To
respond, we invited a clinical psychologist to our team. We also highlighted that the
duration was going to be only five days and equated to the current dietary practices of the
bottom decile of the UK population and thus was very unlikely to cause any permanent
negative health effects. There were a few other minor issues raised, mainly around
Participant Information Sheet such as the language we used could cause bias in favour of
a MDP, and the study could be sensitive for some people with eating disorders. I submitted
the fourth ethics application with revised documents in October 2022, and we attended
the meeting in November 2022. The committee provided us with a provisional outcome
and requested further information, which we submitted in mid-December 2022. We hoped
to hear in the beginning of January 2023, but we did not. Then I tried contacting the ethics
secretary several times but did not hear from them. I found the institutional email address
of the chair and requested my supervisors to reach them out thinking they would be more
efficient than myself. My primary supervisor emailed them on 6" February 2023.

Consequently, we received the favourable ethical opinion on 8 February 2023.

Next, we needed R&D study approval from the NNUH as the trial involved the
CREF facilities. During the next few months, [ was heavily in contact with CRF personnel,
prepared Standard Operating Procedures for kitchen use and food storage, and conducted
Site Initiation Visits. We were provided with the green light in May 2023, and had the
first participant in June 2023. The recruitment and data collection were concluded in

December 2023.

Study design
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Conducting an acute randomised controlled trial (RCT) as the main project of my
PhD was determined when I applied. To begin with, I conducted a systematic review
(Chapter 2) to identify the research gaps to justify and inform the study design. After
publishing the systematic review in June 2021, the plan was to continue with the COVID-
19 data analysis first (Chapter 5) and then to start producing the RCT protocol. In my
second-year annual review meeting in August 2021, I proposed generating the protocol
first, and then analysing the COVID-19 data whilst waiting for the study ethics approval
with the interest of time. Thus, we started designing the study in September 2021.

The key objective of the study was going to be the short-term effects of a
Mediterranean diet on brain health. My research interests included the ketone use by the
brain in neurodegenerative diseases. My primary supervisor informed me about the
likelihood of a new PhD student joining the project who was interested in the fibre and
the gut-brain axis, which forwarded me to think of a three-arm study with two test arms
(one enriched with unsaturated fat and one enriched with fibre) and one common control
arm. Then, my primary supervisor highlighted the impracticalities of running a three-arm
study such as a big sample size required. We also discussed the design (parallel or cross-
over arms) and a few possible scenarios with the arms, the selection of primary outcomes
and their measures. This early brainstorming enabled me to notice the number of critical

decisions that need to be made at early stages in order to build a study from scratch.

My supervisors and I held regular weekly discussions to set up the study, where I
initially thought that I should listen to them and follow their ideas only as they are well
established and experienced academics whilst I was only a second year PhD student, and
the idea of making mistakes was risky. Within a few weeks, I felt confident enough to
propose my own ideas to contribute to the study owing to the atmosphere my supervisors’
approach brought, that was safe to make mistakes and to learn from them. In November
2021, we finalized the main elements of the study, i.e. participants’ characteristics, study

type and duration, and outcomes.

The primary outcomes were going to be associated with mental health. To decide
the domains to measure and the tools to use, we took our systematic review findings as
reference alongside the further literature search conducted. My primary supervisor

consulted the experts in mood and cognition in November 2021. Then we had a meeting

189



with Michael Hornberger (UEA) in January 2022 to discuss the cognitive side further. I
also offered adding sleep component as both a confounding factor and a secondary
outcome as I thought that the dietary intake and mental wellbeing status affect sleep
quality and quantity, which in turn affect mood and cognition. As a result, we requested

Alpar Lazar’s (UEA) expertise on this in February 2022.

Brain perfusion was one of the things my primary supervisor mentioned about the
mechanisms that is likely to be rapidly responsive to the intervention and to affect the
outcomes. As the study budget was uncertain at the time, my second supervisor suggested
creating two different versions of the study documents (protocol, participant information
sheet and consent form), one implementing MRI and one without MRI to be prepared for
each scenario, which I did. Then as I read the literature, I realised it has a likelihood to be
the most impactful outcome, therefore, it seemed an essential component to have to me
rather than keeping it optional. Furthermore, the gold standard to measure CBF was
Arterial Spin Labelling (ASL) assessed by MRI (279) which was a very expensive method
(in our MRI centre, the costing was £510 p/h for external funders that provide full
economic costing e.g. UKRI). In February 2022, I attempted to highlight the importance
of the MRI and the value it will add. As I was aware of the limited budget, I offered to
conduct two scans instead of three. My primary supervisor agreed with me, and we later
reduced the number of scans to one per arm per participant. We requested advice from
cognitive and neuroimaging experts on MRI sequences, and we had a meeting with
colleagues from UWWBIC in April 2022, which was amazing as it was one of the first

in-person meetings I had the chance to attend after the pandemic.

To decide the duration of the washout period, I proposed four weeks considering
the menstrual cycle as it can cause significant fluctuations in our primary outcomes. I
initially questioned myself whether it was professional to bring up ideas from subjective
experiences to a professional meeting. I looked in the literature and saw that those ideas
were well aligned with the evidence, that premenstrual syndrome (PMS) is common and
causes significant mood swings occurring on day to day basis (464). Besides, ignoring
menstrual cycle in study designs is unfortunately not uncommon although it is a very
natural part of women health, and causes ‘sex bias’ and heterogeneity in findings (465).
Later my teammates noticed that the washout duration should be 23 days to achieve that

aim of 28 days between the start of each dietary arm (with each arm itself being 5 days),
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which was one of the points I appreciated working with a team can mean you have well

considered decisions which minimise any errors in the protocol.

Following participants up with the MEDAS questionnaire at three months, to see
how MediMood could influence longer term eating behaviour was my idea. Although I
was aware that it might have slightly seemed out of main scope, I wanted to take the
opportunity to evaluate whether individuals would voluntarily make any long-term
change to their dietary behaviours as feasibility of adopting a MDP in non-Mediterranean

populations is also interest of MDP research.

Dietary design

The research assistant of our group created the first meal plans in October 2021.
Later, as a result of our rigorous debates, we decided to go for the extreme ends of both
diets and took several resources as reference points as explained in detail in the protocol.
I recommended to keep the wine consumption not mandatory for two reasons. First,
because of the characteristics of our target population, I thought there might be people
trying to better control their alcohol consumption behaviours. I also wanted to be as
inclusive as possible. I am a member of a minority group and wanted people from
different religious backgrounds to be able to participate when alcohol was not mandatory.
For the same reason, I also offered to keep flexible on meat provision not to exclude
anyone because of their lifestyle. I think it is important to have a diverse team to be more
aware of the lifestyles of others in designation of studies to get those individuals into
research and thus increase the generalisability of study findings, as recently proposed by

NHS to implement Patient and Public Involvement (PPI) strategies (466).

I recommended purchasing the Nutritics software to automatically calculate and
monitor meal compositions in terms of macro- and micronutrients, fibre and sugar in
order to be more precise. My supervisors approved and I purchased an annual
membership using the Rank Prize grant I held. I made adoptions to finalise the diets in
June 2022. I was more confident with designing the Mediterranean meals as [ am from a
Mediterranean country but was hesitant about Western eating habits as I knew them only
by theory with no real-life experience. After obtaining the ethics approval, my native

teammates checked the plans and made further adoptions in February-March 2023 to
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make them more practical/edible/realistic for a UK population. Then I was suggested to
do a mock run-through on a friend, which was a great idea to see how everything goes.
My friend’s feedback helped us to realise we needed to provide participants with snack
options in case they were not full. Thus, we chose snack options that do not affect the

MEDAS score.

With the changes I made to the diets in June 2022, the daily caloric content ranged
between 1990-2010 as I allowed myself a flexibility for +10 kcal/day. When we started
reviewing them as a team, | asked my primary supervisor what range we should keep the
total daily energy intake as it is almost impossible to keep them exactly at 2000 kcal/day
every day. She responded that as long as the total 5-day diet added up to 10,000 kcal, that
up to 10% variability per day (£200 kcal/day) was acceptable, which was 20-fold higher
flexibility than I allowed myself. I, thus, realised sometimes I may be too much of
perfectionist and for my future projects I need to be more realistic and easier on myself

and my teammates.

There were also a number of practical considerations for serving the lunch in our
Clinical Research facility (CRF). Due to allergen status of nuts, we were not allowed to
store any opened package there and it had suggested us to find single use pack options.
We had planned to serve 30 grams. Due to practical considerations, my colleagues
suggested to go for a 25 grams mixed nuts (almonds, hazelnuts, cashews and pecans) to
make things more practical. However, I was not convinced by this as I intuitively thought
that walnuts would be a more powerful option for our trial purposes, with evidence that
walnuts are likely to support brain health and circulation (467, 468) due to their superior
PUFA composition compared to hazelnuts and almonds (469). I spoke to my primary
supervisor if it would be okay from the financial perspective to use a large packet of
walnuts each time as we were going to need to discard the remaining amount of the
package after every use and she confirmed we could afford that as it was a small sample

size.

Pros, cons and lessons learnt

Running this type of a study as a PhD student was subject to its own pros and

cons. The main advantage was the incredible learning curve; how to create a new study
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from the scratch and how to handle the ethics process, which I feel very lucky about as
not all PhD students build their own studies and are involved in every step undertaken. I
now have an in-depth understanding on constructing and conducting a project. I feel
confident that I can manage this on my own in my future career as I am now experienced
with every possible scenario, particularly with the ethics process. The skills I gained have
significantly elevated my ability to oversee and execute complex research activities with
precision. The main disadvantage was the pressure brought by the undeniable nature of a
PhD as it must be completed within a limited timeframe with limited resources. In that
sense, my year three and four was extra stressful due to the impacts of the delays on the

timescale of my PhD as I had to start my data collection in my year four.

I believe, my main strength was being good at coordination and organisation. I
also displayed some leadership skills as I contributed to the study design. It felt amazing
and boosted my confidence when my opinions were listened and appreciated by well-
established academics. Furthermore, I served as the study coordinator for a detailed RCT
created and run by a wide range of academic professionals (undergraduate students,
another PhD student alongside myself, a research associate, doctors and professors),
together with several departments i.e. Clinical Research Facility, UEA Research and
Innovation Services, ethics committees and some IT support. I maintained the study
documentation throughout, i.e. IRAS, Trial Master File. My weaknesses were I
sometimes struggled with staying calm because of some internal and external factors. If
I were to redo everything, I would have more open communication with relevant people
when I needed to. However, it is essential to be aware of the fact that this study was

developed under partly pandemic circumstances, therefore I did my best.

Overall, I learnt

- the value of having experienced advisors and a skilled professional network

- the importance of knowing the limits of your knowledge, and consulting the
experts where it is not your primary expertise area

- the invaluable sense of being a part of a team involving people from different
backgrounds at different stages in their careers

- the importance of creating a safe space for junior colleagues to help them grow

- the value of maintaining good relationships with colleagues
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- thatitis good to follow your intuitions as long as they can be justified by scientific

evidence.

Implementing an RCT is an arduous task which requires a good amount of
resilience and flexibility. For example, the paperwork side or the practical side may not
proceed as planned. Having encountered several obstacles and gained insights, I will be
more prepared for the challenges in my future actions, especially in terms of time
management as it is not uncommon to have delays in research. It is important to be ready
to deal with unpredicted challenges. In my opinion, getting benefits from past
experiences, considering different perspectives and having open communications are key

to mitigate risks and to overcome those challenges.
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Appendix 29. Impacts of MDP and WD interventions on mood and anxiety after one and five days

Scale N D1 N D2 N1 D6 Treatment Time Treatment *
morning morning morning Effect size Effect size time
B (95% CI) B (95% CI) Effect size
(mean + (mean + (mean +
p value p value B (95% CI)
SD) SD) SD)
p value
POMS Anxiety MDP 25 15760 25 155+58 23 11.7+4.9 -2.2 (-4.0,-04) -1.9(-3.6,-0.1) -4.3(-7.7,-0.9)
0.018 0.039 0.014
(9-36) WD 23 16.0+54 23 159+51 22  160=£6.6
Depression  MDP 25 149+72 25 149+102 23 9.0+7.3 -2.3(-5.8,-0.2) -2.1(-4.8,0.6) -7.3(-12.5,-2.1)
0.033 0.130 0.007
(15-60) WD 23 153+9.0 23 148+88 21 164+11.0
Anger MDP 25 84+49 25 9.3+6.7 23 7.0+5.3 0.1 (-1.7,2.0) -0.7(-2.5,1.2) -2.4(-6.0, 1.2)
0.885 0.465 0.194
(12-48) WD 23 103+73 23 100+£8.0 21 9.6+64
Vigour MDP 25 11.4+55 25 11.2+55 23 13.5+£5.4 2.3(0.5,4.1) 0.8 (-1.0, 2.6) 4.4 (0.9,7.9)
0.013 0.397 0.014
(8-32) WD 23 11.7+32 23 11.3+48 22 10.0+43
Fatigue MDP 25 13.8+£56 25 128+64 23 9.9+4.2 -3.2 (-5.1,-1.4) 0.356 -3.8 (-7.4,-0.1)
0.001 -0.9 (-2.7, 1.0) 0.044
(7-28) WD 23 11.8+5.1 23 124+51 22 129+£5.6
Confusion MDP 25 11.1+3.6 25 9.9+4.2 23 74+34 -3.2 (-4.6,-1.7) 0.115 -2.4(-5.2,0.4)
<0.001 -1.1(-2.5,0.3) 0.097
(7-28) WD 23 102+42 23 11.0+3.8 22 10.6+4.5
TMD MDP 25 52.4+£223 25 5124271 23 31.5+£19.8 -14.1(-23.0,-5.2) -7.3(16.2,1.5) -25.2(-41.9,-8.4)
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(-32-200) WD 23 519+£269 23 52.8+£227 22 555+30.8 0.002 0.101 0.004

Bond-Lader Contentment MDP 25 602+135 25 59.1+159 23 64.6+154 52(-1.7,12.0) 3.4(-3.5,10.3) 4.4(-94,18.3)

0.140 0.333 0.524
(0-100) WD 23 585+£132 23 543+£124 22 56.7+13.7
Alertness MDP 25 49.0=+£13.1 25 549+13.7 22 61.1+14.0 7.9 (0.9, 14.9) 5(-2.0, 12.0) 6.2 (-7.8,20.1)
0.028 0.157 0.381
(0-100) WD 23 486+105 23 497+147 22 51.7£13.7
Calmness MDP 25 603+154 25 594+138 23 609+165 -1.2(-9.0,6.6)* 0.6(-7.3,84) 4.8(-11.3,20.2)*
0.755 * 0.572
(0-100) WD 23 529+16.7 23 55.6+14.6 22 543+164 0.888

MDP: Mediterranean-style dietary pattern. WD: Western-style diet. N: number of observations with maximum possible N being 25, however N varies due to dropouts,
missing data and extreme outliers. SD: Standard deviation. B: Coefficient. CI: Confidence Interval. D1: Day 1 (baseline), D2: Day 2 (24h), D6: Day 6 (end of 5-day
intervention). POMS: Profile of Mood States questionnaire (65 items, 0-4 scale). TMD: Total Mood Disturbance is an overall score generated using tension, depression,
anger, vigour, fatigue and confusion scores. Bond-Lader is a visual analogue scale with each item has 0-100 mm scales. A linear mixed model was run for the statistical
analyses, adjusted for treatment, sequence and period effects. All significant effects were highlighted in bold. * Significant period effect.
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Appendix 30. C-19 Baseline questionnaire

Survey Flow

Block: Participant info (2 Questions)

Standard: Screening questions and contact info (10 Questions)
Standard: C19 health questions (6 Questions)

Standard: Demographics (8 Questions)

Standard: Employment (16 Questions)

Standard: Nutrition and exercise (13 Questions)

Standard: Smoking and Cessation (12 Questions)

Standard: Drugs and alcohol (10 Questions)

Standard: Debrief block (1 Question)
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Ql
COVID-19 WELLBEING STUDY

We have had a fantastic response to the survey, especially from women, and are
therefore no longer recruiting women to take part.

We would like more men to take part in the study and the survey is still open to people
who identify as male or non-binary.

Help us track how health behaviours and wellbeing are affected by the COVID-19
pandemic and social distancing.

We would like to know how this is affecting you on a daily basis. Take 3 minutes to fill
in a brief daily survey for the next 12 weeks about your mood, nutrition, physical

activity, sleep, alcohol and drug use.

The findings will help researchers, policy makers, and government to understand how
best to plan for health and wellbeing support.

To take part in this research study, you will complete an initial 15 minute survey
clicking on the link below. Following this, the 3 minute daily survey link will be texted
to your phone every day for 12 weeks starting from tomorrow (or as soon as possible
after tomorrow if we are experiencing a high number of responses).

If you fill in most of the daily surveys over the 12 week period you will be given the
opportunity to have a personalised report at the end of the study. The report will
summarise how your behaviour and wellbeing changes over time.

All data will be stored confidentially and will be anonymised.

Thank you for your interest.

Take me straight to the survey - I agree to participate (1)

I would like further information about the study (2)

Display This Question:

If COVID-19 WELLBEING STUDY We have had a fantastic response to the
survey, especially from women,... = [ would like further information about the study
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Q2 Further Study Information Who is organising and funding this study?

The study is being led by a team of researchers at the Faculty of Medicine and Health
Sciences based at the University of East Anglia (UEA) and is funded by a UEA impact
fund.

Why is this study important?

The COVID-19 pandemic has affected all our lives in a very short space of time. It is
essential that we understand more about how our health behaviours and wellbeing are
affected. This is to make sure that future support strategies are based on real data and
will help the people who need it most.

Who can take part in this study?

Anyone who lives in the UK who is aged 18 years or over and has access to a
smartphone.

What will taking part involve?

Clicking on the link below will take you to an initial 15 minute 'baseline' survey which
asks you to tell us about yourself and about your past and current health behaviours and
wellbeing.  Starting from tomorrow (or as soon as possible after tomorrow), you will
receive a daily text message every evening with a web-link to a brief online survey. You
can choose whether to receive the text at 8pm, 9pm, or 10pm. The survey should take
less than three minutes to complete a day. The survey will ask about COVID-19
symptoms and your mood, wellbeing, nutrition, physical activity, sleep, alcohol and
drug use. There may also be opportunities to be involved in further research about the
COVID-19 pandemic and health behaviours and wellbeing.

What are the possible benefits of taking part?

We plan to give you the opportunity to receive a personalised summary report of your
survey results if you complete the daily questionnaire for most of the 12 weeks (84
days).

Your contribution will be very important in helping us understand and best support
changes to people’s health behaviours and wellbeing as a result of the COVID-19 or
similar future pandemic.

What are the disadvantages of taking part?

There are no direct risks to you from taking part in this research. The daily survey has
been designed to be brief and easy to complete. You are free to withdraw from the study
at any point during the 12 week (84 day) period.

Will my information be kept confidential?

We will securely store surveys and any personal details that you provide for 36 months
after the end of the study. We will use them only for contacting you in relation to this
research study. We will not identify your participation to anyone outside of the research
team and all data will be reported anonymously.  Your mobile phone number will need
to be passed to TextAnywhere so we can send you study-related text messages (e.g.
daily survey links). This data will not be shared with any other third parties and will
only be used for this study. For further information, see
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https://www.textanywhere.com/policy-documents/terms-and-conditions/ ~ All data will
be handled in accordance with GDPR. Please see the following link for how we use
personal information: https://portal.uea.ac.uk/information-services/strategy-planning-
and-compliance/regulations-and-policies/information-regulations-and-policies/data-
protection Fully anonymised data may be shared on academic open access platforms to
ensure transparency, aid peer review and allow others to make use of important data for
re-analysis.

What will happen to the results of the study?

We will feedback our findings to healthcare professionals and Public Health
Commissioners. We may also publish our findings in academic journals and present at
conferences to relevant user and professional groups.

Who has reviewed the study?

The study has been approved by the Faculty of Medicine and Health Sciences Research
Ethics Committee at the University of East Anglia (30th March 2020 Ref: 2019-20
089).

Further information and contact details

If you have any questions please feel free to contact Dr Caitlin

Notley c.notley(@uea.ac.uk  Alternatively, if you would prefer to speak to someone
independent about this research, please contact: Professor Lee Shepstone, Associate
Dean for Research, Norwich Medical School at l.shepstone@uea.ac.uk

I agree to participate (1)

Q17 What is your gender?
Male (1)
Female (2)

Non-binary/third gender (3)

Display This Question:

If What is your gender? = Female

Q80 Thank you for your interest. We have had a fantastic response to the survey,
especially from women, and are therefore no longer recruiting women to take part.

If you are not female, please hit the back button and choose another option.
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Skip To: End of Survey If Thank you for your interest. We have had a fantastic

response to the survey, especially from wome... Is Displayed

Q3 Are you aged 18 years or over?
) Yes (1)
) No (2)

Display This Question:

If Are you aged 18 years or over? = No

Q4 Thank you for your interest. This study is aimed at adults aged 18 years or over.

If you are aged 18 or over, please hit the back button and select 'yes' to the previous
question.

Q5 Do you live in the UK?
) Yes (1)
) No (2)

Display This Question:

If Do you live in the UK? = No

Q6 Thank you for your interest. This study is aimed at adults who are resident in the
UK.

If you are resident in the UK, please hit the back button and select 'yes' to the previous
question.

Skip To: End of Survey If Thank you for your interest. This study is aimed at adults

who are resident in the UK. If you are... Is Displayed
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Q7 What is your mobile phone number? Please give the number that you would like the
survey link texted to on a daily basis.

Please enter your mobile number without any spaces (including at the end of the
number).

Q8 What is your email address? We will only use your email if we need to contact you
about this study.

Please enter your email address without any spaces (including at the end of the address).

Q9 What time would you like to receive the daily text with the three minute survey
link? Please pick the time closest to your normal bedtime.

8pm (1)
9pm (2)

10pm (3)

Q10 Please write your preferred name that you would like to be referred to in the text.
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Q11 We need to ask you some questions about you to best understand how you are
affected by the COVID-19 pandemic. These questions take around 15 minutes to
complete and you will only be asked to fill them in once.

Q12 Have you been tested and diagnosed as having a COVID-19 infection?
Yes (1)

No (2)

Q13 Have you experienced any possible COVID-19 symptoms since the pandemic
began in the UK in February 2020? e.g. a high temperature and/or new and continuous
cough?

Yes (1)

No (2)

Q14 Have you been informed by the NHS that you are at very high risk of severe illness
if you catch coronavirus, and advised to remain at home for a minimum of 12 weeks?
(e.g. transplant recipients, cancer patients, people with severe respiratory conditions
such as severe asthma/COPD, people on immunosuppression therapies, pregnant
women)

Yes (1)

No (2)

Display This Question:

If Have you been informed by the NHS that you are at very high risk of severe
illness if you catch c... = No

Q15 Are you in a group at increased risk of severe illness from coronavirus and so
advised to follow particularly stringent social distancing measures [but have not been
contacted by the NHS and advised to remain at home for 12 weeks]? (e.g. aged over 70
years, suffering from asthma, COPD, bronchitis, high blood pressure, liver disease,
chronic neurological conditions, spleen removal, sickle cell, HIV or AIDS, weakened
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immune system, BMI of 40 (kg/m2) or above), or anyone instructed to get a flu jab as
an adult each year on medical grounds):

Yes (1)

No (2)

Q16

Please state any health condition(s) in the box below:

Q18 What is your date of birth? (e.g. 30/01/1995)

Q19 What is your postcode? (e.g. NR4 7TJ)

Please make sure you use capital letters.
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Q20 What is your ethnic group?
White (1)
Mixed/multiple ethic backgrounds (2)
Asian/Asian British (3)
Black/African/Caribbean/Black British (4)
Arab (5)

Any other ethnic group, please describe: (6)

Q21 Please state your marital status:
Single (1)
Co-habiting (2)
Civil partnership (3)
Married (4)
Divorced (5)

Widowed (6)

Q22 Please state the number of adults (18 years or over) that currently live in your
household including yourself:

205



Q23 Do you have children (under age 18) currently living in your household?
If you are a blended/step family please include children who currently live with you
regularly even if it is not all of the time.

) Yes (1)
) No (2)

Display This Question:

If Do you have children (under age 18) currently living in your household? If you
are a blended/ste... = Yes

Q24 Please state the number of children in each age group that live in your household:

) 0-4 years (1)

()59 years (2)

) 10-14 years (3)

() 15-17 years (4)

Display This Question:

If Do you have children (under age 18) currently living in your household? If you
are a blended/ste... = Yes

Q25 Are you the parent/caregiver of the children?
) Yes (1)
) No (2)

Q26 The following questions focus on employment in order to understand how the
COVID-19 pandemic has affected your work situation.
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Q27 What is your employment status?
Not working (student/home carer/retired) (1)
Never worked or long-term unemployed (4)
Unemployed and looking for work (not due to COVID-19 crisis) (2)
Out of work, furloughed, or given leave of absence, due to COVID-19 (3)
Unable to work because of sickness or disability (5)
Employed (6)

Self-employed/freelance (7)

Display This Question:

If What is your employment status? = Employed

Or What is your employment status? = Self-employed/freelance

Q28 What is your occupation group?

Routine and manual occupations (e.g. HGV driver, van driver, cleaner, porter,
sewing machinist, messenger, labourer, waiter/waitress, bar staff) (1)

Intermediate occupations (e.g. secretary, personal assistant, clerical worker, office
clerk, call centre agent, healthcare assistant, nursery nurse) (2)

Managerial/professional occupations (e.g. teacher, nurse, physiotherapist, social
worker, welfare officer, artist, musician, police officer (sergeant or above), software
designer) (3)

Q29 Some questions will refer to prior the COVID-19 pandemic. Please answer for the
time period November 2019 to January 2020 - the three months preceding the date of
the first identified transmitted coronavirus case in the UK.
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Q30 Was your employment status different before the COVID-19 pandemic?
Yes (1)

No (2)

Display This Question:

If Was your employment status different before the COVID-19 pandemic? = Yes

Q31 What was your employment status before the COVID-19 pandemic?
Not working (student/home carer/retired) (1)
Unemployed and looking for work (not due to COVID-19 crisis) (2)
Never worked or long-term unemployed (3)
Unable to work because of sickness or disability (4)
Employed (5)

Self-employed/freelance (6)

Display This Question:
If What was your employment status before the COVID-19 pandemic? = Employed

Or What was your employment status before the COVID-19 pandemic? = Self-
employed/freelance

Q32 What was your occupation group before the COVID-19 pandemic?

Routine and manual occupations (e.g. HGV driver, van driver, cleaner, porter,
sewing machinist, messenger, labourer, waiter/waitress, bar staff) (1)

Intermediate occupations (e.g. secretary, personal assistant, clerical worker, office
clerk, call centre agent, healthcare assistant, nursery nurse) (2)

Managerial/professional occupations (e.g. teacher, nurse, physiotherapist, social
worker, welfare officer, artist, musician, police officer (sergeant or above), software
designer) (3)
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Display This Question:

If What is your employment status? = Employed

Or What is your employment status? = Self-employed/freelance

Q33 In what location are you working?

() At home - I've always worked at home (1)

() At home - I'm working at home due to COVID-19 (2)
) Not at home - in my usual workplace (3)

) Not at home - in a different workplace to normal (4)

Display This Question:

If What is your employment status? = Employed

Or What is your employment status? = Self-employed/freelance

Q34 Have your actual hours worked (rather than contracted hours) increased or
decreased since the COVID-19 pandemic?

) Decreased considerably (1)
) Decreased somewhat (2)
O Stayed the same (3)

) Increased somewhat (4)

) Increased considerably (5)

Display This Question:

If What is your employment status? = Employed

Or What is your employment status? = Self-employed/freelance
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Q35 Has your income increased or decreased since the COVID-19 pandemic?
) Decreased considerably (1)

) Decreased somewhat (2)

O Stayed the same (3)

) Increased somewhat 4)

) Increased considerably (5)

Display This Question:

If What is your employment status? = Employed

Or What is your employment status? = Self-employed/freelance

Q36 Are you having to take care of children during your usual (pre COVID-19) work
hours?

) Yes (1)
) No (2)

Display This Question:

If What is your employment status? = Employed

Or What is your employment status? = Self-employed/freelance

Q37 Are you a “key worker”? (e.g. NHS workers, social care workers, teachers, police
officers, supermarket staff, delivery staff, infrastructure staff)

) Yes. Please give your job role: (1)

) No (2)

210



Q38 Have you applied for, or are you currently receiving, financial support from the
Government as a result of the COVID-19 pandemic?

Yes. Please describe support scheme/benefit: (1)

No (2)

Q39 What was your household’s average net (after tax) monthly income in March
2020? Please include any benefits your household members received.

If you are a single person living in a shared house/lodging please base this on your
individual income.

£0-£500 (1)
£501-£999 (2)
£1000-£1499 (3)
£1500-£1999 (4)
£2000-£2499 (5)
£2500-£2999 (6)
£3000-£3499 (7)
£3500-£3999 (8)
£4000-£4499 (9)
£4500-£4999 (10)
£5000+ (11)

Prefer not to say (12)
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Q40 Has your household income changed since the COVID-19 pandemic?
Yes (1)

No (2)

Display This Question:

If Has your household income changed since the COVID-19 pandemic? = Yes

Q41 What was your household’s average monthly net income (after tax) in January
2020 (before the COVID-19 pandemic)? Please include any benefits your household
members received.

If you are a single person living in a shared house/lodging please base this on your
individual income.

£0-£500 (1)
£501-£999 (2)
£1000-£1499 (3)
£1500-£1999 (4)
£2000-£2499 (5)
£2500-£2999 (6)
£3000-£3499 (7)
£3500-£3999 (8)
£4000-£4499 (9)
£4500-£4999 (10)
£5000+ (11)

Prefer not to say (12)
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Q42 We are very interested in how COVID-19 may have impacted on your health
behaviours. The next questions ask about your nutrition and physical activity.

Q43 We would like to know your BMI (body mass index) both now and at the end of
the 12 week period. To work this out we need to know your height and weight.

Do you measure your height in feet and inches or cm?
) Feet and inches (1)

Cem (2)

Display This Question:

If We would like to know your BMI (body mass index) both now and at the end of
the 12 week period. T... = Feet and inches

Q44 What is your height in feet and inches?

) Feet (1)

) Inches (2)

Display This Question:

If We would like to know your BMI (body mass index) both now and at the end of
the 12 week period. T... = cm

Q45 What is your height in cm?

Q46 Do you measure your weight in stones and pounds or kg?
() Stones and pounds (1)

kg (2)
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Display This Question:

If Do you measure your weight in stones and pounds or kg? = Stones and pounds

Q47 What is your weight in stones and pounds?

Stones (1)

Pounds (2)

Display This Question:

If Do you measure your weight in stones and pounds or kg? = kg

Q48 What is your weight in kgs?

Q49 Prior to the COVID-19 pandemic, on average how many portions of fruit did you
eat per day? (e.g. 5,0, 1) A portion of fruit is 80g (about a handful). Fresh, frozen,
canned, dried and juiced fruit all count. 30g of dried fruit is equivalent to around 80g of
fresh fruit. You can include fruit juice or smoothies once. For example, if you have 2
glasses of fruit juice and a smoothie in one day;, this still counts as 1 portion.

Q50 Prior to the COVID-19 pandemic, on average how many portions of veg did you
eat per day? (e.g. 5,0, 1) A portion of vegetables is 80g (about 3 heaped tablespoons
or a cup of salad vegetables). Fresh, frozen and canned vegetables all count.
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Q51 Prior to the COVID-19 pandemic, on average how many times per day (e.g. 5,0, 1)
did you eat foods high in sugar such as chocolate (regular bar), cakes, biscuits (3),
sweets (1 small packet), sugary drinks and jams (3 teaspoons).

Include chocolate spreads (3 teaspoons), honey (2 teaspoons), table sugar (3 teaspoons),
squash cordials and fruit juice.

Q52 Prior to the COVID-19 pandemic, on a typical day, how healthy was your overall
diet? Would you say:

Excellent (1)
Very good (2)
Good (3)
Fair (4)

Poor (5)

Q53 Before the COVID-19 pandemic, how many days a week did you do a total of 30
minutes or more of physical activity, which was enough to raise your breathing rate?

This may include exercise, and brisk walking or cycling for recreation or to get to and
from places, but should not include housework or physical activity that may be part of
your job.

V¥ 0 days a week (4) ... 7 days a week (12)

Q54 Before the COVID-19 pandemic, how many days a week would you have done an
activity to improve your strength, such as yoga, resistance training, the gym or bowls?

V¥ 0 days a week (4) ... 7 days a week (11)
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Q55 We are very interested in how COVID-19 may have impacted on your health
behaviours. The following questions ask you about any smoking, drinking, and
recreational drug use.

Q56 Do you smoke any tobacco? (e.g. cigarettes, rollups, include 'social smoking')
) Yes - I smoke (2)

() No - I have given up since the COVID-19 pandemic (1)

() No-1 gave up before the COVID-19 pandemic (4)

() No - I have never smoked 3)

Display This Question:

If Do you smoke any tobacco? (e.g. cigarettes, rollups, include 'social smoking') =
Yes - [ smoke

Or Do you smoke any tobacco? (e.g. cigarettes, rollups, include 'social smoking') =
No - I have given up since the COVID-19 pandemic

Q57 Before the COVID-19 pandemic, how many cigarettes/rollups per day did you
usually smoke?

(If you didn’t smoke every day, please add up the number of cigarettes you usually
smoked over a week and divide by 7)

Display This Question:

If Do you smoke any tobacco? (e.g. cigarettes, rollups, include 'social smoking') =
Yes - [ smoke

Or Do you smoke any tobacco? (e.g. cigarettes, rollups, include 'social smoking') =
No - I have given up since the COVID-19 pandemic
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Q58 Before the COVID-19 pandemic, where would you usually smoke? Please select
all that apply.

Indoors at home (include smoking out of a window) (1)

Outdoors at home (e.g. doorstep, garden, balcony) (2)

In car (3)

In public places in designated smoking areas (e.g. work/pub smoking shelter)

(4)

In public spaces in the open (e.g. park, beer garden, pavement, outside office
building) (5)

Other. Please state: (6)

Display This Question:

If Do you smoke any tobacco? (e.g. cigarettes, rollups, include 'social smoking') =
Yes - [ smoke
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Q59 Where do you usually smoke now? Please select all that apply.
D Indoors at home (include smoking out of a window) (1)
D Outdoors at home (e.g. doorstep, garden, balcony) (2)

D In car (3)

D In public places in designated smoking areas (e.g. work/pub smoking shelter)
4

D In public spaces in the open (e.g. park, beer garden, pavement, outside office
building) (5)

D Other. Please state: (6)

Display This Question:

If Do you smoke any tobacco? (e.g. cigarettes, rollups, include 'social smoking') =
Yes - [ smoke

Q60
How many cigarettes/rollups per day do you usually smoke currently?

(If you don’t smoke every day, please add up the number of cigarettes you smoke over a
week and divide by 7)

Display This Question:

If Do you smoke any tobacco? (e.g. cigarettes, rollups, include 'social smoking') =
Yes - [ smoke
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Q61 How soon after you wake up do you smoke your first cigarette?
() Within 5 minutes (1)

() 6-30 minutes (2)

() 31-60 minutes 3)

() More than 60 minutes 4)

Display This Question:

If Do you smoke any tobacco? (e.g. cigarettes, rollups, include 'social smoking') =
Yes - [ smoke

Q62 How much do you want to quit?
() Notatall (1)

() Somewhat (2)

O Moderately (3)

) Quite a bit 4)

() Extremely (5)
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Q63 Did you use any of the following in the three months before the COVID-19
pandemic (Nov 2019 to Jan 2020)?

D E-cigarettes / vapes (1)

D Heated tobacco products (e.g. heat-not-burn products, non-combustible
cigarettes) (2)

D Nicotine replacement (e.g. gum, patches) (3)

D Stop smoking medication (e.g. Champix) (4)

D None (5)

Display This Question:

If Did you use any of the following in the three months before the COVID-19
pandemic (Nov 2019 to Ja... = E-cigarettes / vapes

Q64 How often did you use e-cigarettes before the COVID-19 pandemic?
() Less than once a month (6)

() Once a month (1)

() Two to four times a month (2)

() Two to three times per week (3)

) Four to six times a week 4)

O Every day (5)

Display This Question:
If Did you use any of the following in the three months before the COVID-19

pandemic (Nov 2019 to Ja... = Heated tobacco products (e.g. heat-not-burn products,
non-combustible cigarettes)
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Q65 How often did you use heated tobacco products before the COVID-19 pandemic?
Less than once a month (6)
Once a month (1)
Two to four times a month (2)
Two to three times per week (3)
Four to six times a week (4)

Every day (5)

Display This Question:

If Did you use any of the following in the three months before the COVID-19
pandemic (Nov 2019 to Ja... = Nicotine replacement (e.g. gum, patches)

Q66 How often did you use nicotine replacement therapy before the COVID-19
pandemic?

Less than once a month (6)
Once a month (1)

Two to four times a month (2)
Two to three times per week (3)
Four to six times a week (4)

Every day (5)

221



Q67 Before the COVID-19 pandemic, how often on average did you have a drink
containing alcohol?

Never (1)

Once a month (2)

Two to four times a month (3)
Two to three times per week (4)

Four or more times per week (5)

Skip To: Q70 If Before the COVID-19 pandemic, how often on average did you have a

drink containing alcohol? = Never

Q68 Before the COVID-19 pandemic, how many drinks did you have on a typical day
when you were drinking?

1-2 (1)
3-4 (2)
5-6 (3)
7-9 (4)

10+ (5)

Q69 Before the COVID-19 pandemic, how often did you usually have six or more
drinks on one occasion?

Never (1)

Once a month (2)
Weekly (3)
Almost daily (4)

Daily (5)
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Q70 Have you used any recreational drugs (e.g. cannabis, MDMA, opioids, LSD, new
psychoactive substances) within the 3 months preceding the COVID -19 pandemic?

(Nov 2019 to Jan 2020)
Please note that the study is confidential and your anonymised data will only be used for

research.
Yes (1)
No (2)

Prefer not to say (4)

Display This Question:

If Have you used any recreational drugs (e.g. cannabis, MDMA, opioids, LSD, new
psychoactive substan... = Yes

Q71 What type of recreational drugs did you use within the 3 months preceding the
COVID -19 pandemic? (Nov 2019 to Jan 2020)

Please note that the study is confidential and your anonymised data will only be used for
research.

Cannabis (1)

Stimulants (e.g. MDMA, speed, cocaine) (2)

Depressants (e.g. Valium, Xanax, GHB, opioids, heroin) (3)
Hallucinogens (e.g. magic mushrooms, LSD, ketamine, DMT) (4)
New Psychoactive Substances (5)

Prefer not to say (7)

Display This Question:

If What type of recreational drugs did you use within the 3 months preceding the
COVID -19 pandemic?... = Cannabis
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Q72 How often did you use cannabis during the 3 months preceding the COVID-19
pandemic?

) Less than once a month (1)

() Once a month 2)

) Two to four times a month 3)
() Two to three times per week (4)

) Four or more times a week (5)

Display This Question:

If What type of recreational drugs did you use within the 3 months preceding the
COVID -19 pandemic?... = Stimulants (e.g. MDMA, speed, cocaine)

Q73 How often did you use stimulants (e.g. MDMA, speed, cocaine) during the 3
months preceding the COVID-19 pandemic?

) Less than once a month (1)

() Once a month 2)

) Two to four times a month 3)
() Two to three times per week (4)

) Four or more times a week (5)

Display This Question:

If What type of recreational drugs did you use within the 3 months preceding the
COVID -19 pandemic?... = Depressants (e.g. Valium, Xanax, GHB, opioids, heroin)
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Q74 How often did you use depressants (e.g. Valium, Xanax, GHB, opioids, heroin)
during the 3 months preceding the COVID-19 pandemic?

) Less than once a month (1)

() Once a month 2)

) Two to four times a month 3)
() Two to three times per week (4)

) Four or more times a week (5)

Display This Question:

If What type of recreational drugs did you use within the 3 months preceding the

COVID -19 pandemic?... = Hallucinogens (e.g. magic mushrooms, LSD, ketamine,
DMT)

Q75 How often did you use hallucinogens (e.g. magic mushrooms, LSD, ketamine,
DMT) during the 3 months preceding the COVID-19 pandemic?

) Less than once a month (1)

() Once a month 2)

) Two to four times a month 3)
() Two to three times per week (4)

) Four or more times a week (5)

Display This Question:

If What type of recreational drugs did you use within the 3 months preceding the
COVID -19 pandemic?... = New Psychoactive Substances
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Q76 How often did you use new psychoactive substances during the 3 months
preceding the COVID-19 pandemic?

Less than once a month (1)
Once a month (2)

Two to four times a month (3)
Two to three times per week (4)

Four or more times a week (5)

Q77 Thank you for volunteering to take part in the UEA COVID-19 Wellbeing
Study.  Your input will help researchers, policy makers, and government to understand
how best to plan for long-term health and wellbeing support. ~ You will be sent a text
message with a daily survey link at your specified time (8pm, 9pm, or 10pm) for the
next 12 weeks (84 days) starting tomorrow or as soon as possible after tomorrow if we
are experiencing a high volume of responses.  For further information see:
https://www.uea.ac.uk/medicine/research/addiction ~ You can access support for any of
the topics covered by following the links below: =~ NHS COVID-19

advice Government guidance for the public on the mental health aspects and
wellbeing aspects of the coronavirus (COVID-19) NHS mental wellbeing while
staying at home tips NHS general health behaviours and wellbeing advice: NHS
quitting smoking advice NHS alcohol use advice Substance misuse support
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Appendix 31. C-19 Daily questionnaire
Q1

Welcome back to the COVID-19 Wellbeing Study daily survey!

Everyone taking part in the study is asked the same questions so that we can capture
changes in behaviour. This may mean that you are asked questions about behaviour that
you have previously told us that you don't do.

We ask you about your health behaviours and wellbeing for ‘today’ — this includes the
time frame from the moment you got up to just before you go to bed.

It would be helpful if you could complete the measures in the evening before bedtime.

Q2 Have you been tested and diagnosed as having a COVID-19 infection
today? Please only select yes if you received your diagnosis today.

Yes (1)

No (2)

Q3 Have you experienced any possible COVID-19 symptoms today? e.g. a high
temperature and/or new and continuous cough?

Yes (1)

No (2)

Q4 Did you leave your home today?
No - I'm self isolating and not leaving the house (1)
No - but not because I'm self-isolating (2)
Yes - for exercise, to go shopping, to pick up medication, or to go to work. (3)

Yes - for another reason. Please state: (5)
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Q5 How would you rate your sleep quality last night?
Very good (1)
Fairly good (2)
Fairly bad (3)

Very bad (4)

Q6 How many portions of fruit did you eat today? (e.g. 5, 0, 1) A portion of fruit is
80g (about a handful). Fresh, frozen, canned, dried and juiced fruit all count. 30g of
dried fruit is equivalent to around 80g of fresh fruit. You can include fruit juice or
smoothies once. For example, if you have 2 glasses of fruit juice and a smoothie in one
day, this still counts as 1 portion.

Q7 How many portions of veg did you eat today? (e.g. 5,0, 1) A portion of
vegetables is 80g (about 3 heaped tablespoons or a cup of salad vegetables). Fresh,
frozen and canned vegetables all count.

Q8 How many times today (e.g. 5, 0, 1) did you eat foods high in sugar such as
chocolate (regular bar), cakes, biscuits (3), sweets (1 small packet), sugary drinks and
jams (3 teaspoons).  Include chocolate spreads (3 teaspoons), honey (2 teaspoons),
table sugar (3 teaspoons), squash cordials and fruit juice.
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Q9 How would you describe your overall diet today? Would you say:
Excellent (1)
Very good (2)
Good (3)
Fair (4)

Poor (5)

Q10 How many alcoholic drinks did you have today so far? (e.g. 0, 2, 6)

Q11 How many alcoholic drinks do you plan to have later? (e.g. 0, 2, 6)

Q12 Have you done any physical activity today, which was enough to raise your
breathing rate?  This may include exercise, and brisk walking or cycling for recreation
or to get to and from places, but should not include housework or physical activity that
may be part of your job.

No (1)

Yes. Please state the approximate number of minutes in the box: (2)
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Q13 Have you done any exercise today to improve your strength and flexibility, such as
weights, yoga or a fitness app?

Yes (1)

No (2)

Q14 If you track your daily steps (using app/watch/phone), how many steps did you
achieve today approximately (so far)?

If you don't track your steps please add in a 0.

Q15 On a scale of 0 - 10, did you feel happy in general today?

0 Unhappiest (1)
1 (2)
2 (3)
34
4 (5)
5 (6)
6 (7)
7 (8)
8 (9)
9 (10)

10 Happiest (11)
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Q16 How would you rate the amount of stress you have experienced today?
No stress (1)
Alittle (2)
Moderate (3)
Alot (4)

Extreme (5)

Q17 How low do you feel right now?
Notat all (1)
Slightly (2)
Somewhat (3)
Very (4)

Extremely (5)

Q18 How anxious do you currently feel about you or one of your family contracting
coronavirus?

Notat all (1)
Slightly (2)
Somewhat (3)
Very (4)

Extremely (5)
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Q19 Have you smoked tobacco today? (e.g. cigarettes, rollups)
) Yes (1)
) No (2)

Display This Question:

If Have you smoked tobacco today? (e.g. cigarettes, rollups) = Yes

Q20 How many cigarettes/rollups have you smoked today?

Q21 Have you used any of the following today?
D None (5)

E-cigarettes / vapes (1)

Heated tobacco products (2)

Nicotine replacement (e.g. gum, patches) (3)

O000

Stop smoking medication (e.g. Champix) (4)

Display This Question:

If Have you used any of the following today? = E-cigarettes / vapes

Q22 What strength nicotine eliquid did you mainly use today in mg/ml? (e.g. 18, 3.5)

232



Display This Question:

If Have you used any of the following today? = E-cigarettes / vapes

Q23 Approximately how much e-liquid you have used today (in ml)? (e.g. 0.5, 4, 8)

Q24 Have you taken any recreational drugs today? (e.g. cannabis, MDMA, opioids,
LSD, new psychoactive substances) Please note that the study is confidential and
your anonymised data will only be used for research.

Yes (1)

No (2)

Display This Question:

If Have you taken any recreational drugs today? (e.g. cannabis, MDMA, opioids,
LSD, new psychoactive... = Yes

Q25 What type of recreational drugs did you take today? Please note that the study
is confidential and your anonymised data will only be used for research.

Cannabis (2)

Stimulants (e.g. MDMA, speed, cocaine) (3)

Depressants (e.g. Valium, Xanax, GHB, opioids, heroin) (4)

Hallucinogens (e.g. magic mushrooms, LSD, ketamine, DMT) (5)

New Psychoactive Substances (6)

Prefer not to say (7)
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Q26 How motivated have you felt to engage in healthy behaviours today? (e.g. eat well,
avoid alcohol, be physically active, avoid tobacco if a smoker, etc.)

Notat all (1)
Slightly (2)
Somewhat (3)
Very much (4)

Extremely (5)

Q27 Do you feel you have had the opportunity to engage in healthy behaviours today?
(e.g. having the right facilities, equipment, food and support from others)

Notat all (1)
Slightly (2)
Somewhat (3)
Very much (4)

Extremely (5)

Q28 Do you feel you have had the ability to engage in healthy behaviours today? (e.g.
knowing what to do or having the right mindset)

Notat all (1)
Slightly (2)
Somewhat (3)
Very much (4)

Extremely (5)
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Q29 Please use this space if you have any further comments you would like to add
relating to your wellbeing or health behaviour today.

Q30 Please click next to submit your daily UEA COVID-19 Wellbeing Study response -
thank you! We look forward to your responses tomorrow.

We really appreciate your involvement in this important study which will help
researchers, policy makers, and government understand how best to plan for health and
wellbeing support.

Please contact c.notley(@uea.ac.uk if you have any questions or you would like to
withdraw from the study.

Skip To: End of Survey If Please click next to submit your daily UEA COVID-19

Wellbeing Study response - thank you! We look... Is Displayed
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Appendix 32. C-19 Nutritional analysis Statistical Analysis Plan (Uploaded onto
OSF)

Version control

Version and date Change from previous version

V1.0 10/10/2022 NA

V1.1 21/11/2022 The plans to conduct an exploratory data analysis (EDA) has been
removed.

Overview of the project

In rapid response to the COVID-19 pandemic and the sweeping changes to healthcare and
restrictions on daily living, we set up a UK intensive longitudinal study to understand the impact

on health behaviours and mental health/wellbeing.

This study has four components:

1) A baseline cohort of 1,044 people with assessments of participants’ circumstances and health
behaviours before the COVID-19 pandemic

2) Daily surveys for 12 weeks among the cohort tracking health behaviours and wellbeing,
including COVID-19 symptoms, smoking and alternative nicotine device use, alcohol and
substance use, physical activity, diet, sleep and theory-informed psychosocial determinants of
health behaviours.

3) A 3, 6, 12, and 24 month follow up questionnaire to establish longer term changes in
behavioural, health and mental health patterns and outcomes

4) Detailed qualitative feedback via interviews to provide contextualised explanations for self-

recorded behavioural and mental health changes.
Objectives
The primary aim of the current analysis, which will form a part of a PhD, is to:
e test the association between short term fruit and vegetable intake (FVI) and happiness
using daily survey data.
The secondary aims are to

e test the association between short term dietary intake dietary intake (FVI, high sugar

foods and overall diet quality score) and low mood and stress using daily survey data.
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e test the association between short term dietary intake (FVI, high sugar foods and overall

diet quality score) and sleep quality using daily survey data.

Statistical methods

To achieve the objectives:

e A lagged analysis will be investigated in relation to the primary objective (470).

O

Multilevel modelling will be used to predict ecological momentary assessment
(EMA) end-of-day happiness from the FVI, with a lag duration of 24 hours (lag
1) as the colonic transit appears to mainly occur around 24 hours (385, 471, 472).
The same approach will also be taken for the secondary outcomes (low mood,
stress and sleep rating).

Fruit and vegetable intakes will be added together for each day for each person

as well as to be analysed separately.

e Secondary analyses;

O

4 additional lags (days 2, 3, 4 and 5) will be investigated as the whole gut transit
may occur up to 5 days for those with slower colonic movements (385, 471, 472).
A cross-sectional (same-day) analysis will also be conducted in order to assess
the associations between the independent and dependent variables, with an
attempt to examine individual confounding factors such as age, sex, mental health
status, baseline BMI status and baseline diet quality, which will be applied to the

secondary analyses.

The analysis will be adjusted for the below covariates.

Covariates:

From the baseline survey which will be used to inform descriptive of the sample: Sex, age,

deprivation status, work and income status, ethnicity, marital status, weight, BMI status,

diagnosed mental health reporting, baseline FVI.

From the daily survey: Sleep, exercise, smoking, alcohol, Covid-19 diagnosis

Variables:
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Primary independent variable:

e FVI

Secondary independent variables:
e High sugar food intake

e Overall diet quality score

According to our systematic review findings, contentment can be improved over a short period of

time (473). Therefore;

Primary dependent variable:

e Happiness (Did you feel happy in general today? (0-10))

Secondary dependent variable:
e Low mood (How low do you feel right now? (1-5))
e Stress (How would you rate the amount of stress you have experienced today? (1-5)),

e Sleep quality
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Questions of interest

Baseline variables will be used to produce descriptives, and to explore random effects in the model
i.e. time-invariant individual characteristics which may predict the strength of the associations.

Baseline questionnaire

Nutritional behaviour | Prior to the pandemic

1) How many portions of fruit ... ?

2) How many portions of vegetable ... ?

3) How many times per day foods high in sugar ...

9
4) How health was your overall diet?
Mental health “Please state any health condition(s) in the box below”
Potential covariates Sex (male, female, non-binary)
Age (date of birth)

Postcode — deprivation status

Work and income status

Ethnicity

Marital status

Weight

BMI status

Diagnosed mental health issue reporting

Daily surveys
Nutritional behaviour | Today Independent
1. How many portions of fruit ...? (474) variables
2. How many portions of vegetable ...? (474)
3. How many times per day foods high in sugar

.2
4. How healthy was your overall diet? (407, 475)
Mental wellbeing 1. Did you feel happy in general today? (0-10) | Dependent
(476) variables

2. How would you rate the amount of stress you
have experienced today? (1-5) (477)
3. How low do you feel right now? (1-5) (478)

Sleep 1. How would you rate your sleep quality last | Covariate
night? (1 to 4 points) (291)
Exercise 1. Have you done any physical activity today, | Covariate

which was enough to raise your breathing rate?
This may include exercise, and brisk walking
or cycling for recreation or to get to and from
places. But should not include housework or
physical activity that may be part of your job.
(No; Yes, please state the approximate number

of minutes in the box))
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2. Have you done any exercise today to improve
your strength and flexibility, such as weights,
yoga or a fitness app? (Yes, No)

3. If you track your daily steps (using
app/watch/phone), how many steps did you
achieve today approximately (so far)? If you
don’t track your steps please add in a 0. (479)

Smoking 1. Have you smoked tobacco today? Covariate
2. How many cigarettes/rollups have you smoked
today? (480)

Alcohol 1. How many alcoholic drinks did you have so | Covariate
far?

2. How many alcoholic drinks do you plan to
have later? (481)
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