Older people, the natural environment and common mental disorders:

cross-sectional results from the Cognitive Function and Ageing Study

Authors
Yu-Tzu Wu'!, A. Matthew Prina'?, Andy J ones’, Fiona E Matthews" >, Carol Braynel, MRC

CFAS®

Affiliations

I Department of Public Health and Primary Care, Institute of Public Health, Forvie Site,
University of Cambridge, School of Clinical Medicine, Cambridge Biomedical Campus,
Cambridge CB2 OSR, United Kingdom

% King’s College London, Institute of Psychiatry, Psychology and Neuroscience, Centre for
Global Mental Health, Health Service and Population Research Department, De Crespigny
Park, Denmark Hill, London SE5 8AF, United Kingdom

3 Norwich Medical School, University of East Anglia, Norwich, Norfolk, NR4 7TJ, United
Kingdom

* MRC Biostatistics Unit, Institute of Public Health, University of Cambridge, Cambridge,

CB2 0SR, United Kingdom



> Institute of Health and Society, Newcastle University, Newcastle Upon Tyne, NE4 5PL,
United Kingdom

% Medical Research Council Cognitive Function and Ageing Study (www.cfas.ac.uk)

Corresponding author

Yu-Tzu Wu

Department of Public Health and Primary Care, Institute of Public Health, Forvie Site
University of Cambridge, School of Clinical Medicine

Cambridge Biomedical Campus, Cambridge CB2 OSR, United Kingdom

Email: ytw22@medschl.cam.ac.uk

Telephone: 01223 330321



Abstract

Objectives

To explore the hypothesis that higher exposure to natural environments in local areas is

associated with a lower odds of depression and anxiety in later life

Design

A cross-sectional study based on the year-10 interview of the Medical Research Council

Cognitive Function and Ageing Study (CFAS), a population-based study of ageing in the UK.

Postcodes of the CFAS participants were mapped onto small geographic units, Lower-layer

Super Output Areas (LSOA) and linked to environmental data from government databases.

The natural environment was characterised as the percentage of green space and private

gardens in each LSOA based on the UK Generalised Land Use 2001 Dataset.

Participants

2424 people aged 74 and over in the CFAS year-10 follow-up interview (2001) from four

English centres (Cambridgeshire, Nottingham, Newcastle and Oxford)

Main outcome measures



Depression and anxiety; clinical and sub-threshold cases were identified using the Geriatric

Mental State Examination (GMS) package and its associated diagnostic algorithm: the

Automated Geriatric Examination for Computer Assisted Taxonomy

Results

Compared to the lowest quartile, living in the highest quartile of neighbourhood natural

environment provision was associated with a reduced odds of sub-threshold depression (OR:

0.66, 95% CI1 0.46 to 0.95), anxiety symptoms (OR: 0.62, 95% CI 0.46 to 0.83) and their

co-occurrence (OR: 0.55, 95% CI 0.35 to 0.84) after adjusting for individual level factors.

Controlling for area deprivation attenuated the strength of associations for sub-threshold

depression by 20% but not for anxiety symptoms or for co-occurrence of the conditions.

Conclusions

A high exposure to natural environments (green space and gardens) in communities was

associated with fewer mental disorders amongst older people. Increasing provision of green

environments in local areas could be a potential population-level intervention to improve

mental health amongst older people.



Strengths and limitations of this study

This study was based on a longitudinal population-based cohort of older people, providing

detailed assessments of health conditions and mental status in later life.

The association between natural environments and common mental disorders was

investigated using consistent outcome measures with known clinical significance, coupled

with objectively defined environmental exposure estimates, in a large sample of older

people across England.

This study was cross-sectional and therefore the associations observed cannot be assumed

to be causal.

The study population was survivors from the baseline interview ten years earlier and the

problem of drop out might potentially have caused selection bias.



Introduction

Theoretical models suggest that a good exposure to green space, areas with natural vegetation
such as grass, trees and plants, will not only encourage physical activity, a protective factor
against mental disorders, but can also act as a buffer to psychological distress and
deprivation.' Recent reviews have particularly emphasised the beneficial influence of urban
green space, including public parks and domestic gardens, on the physical and mental health
of the population.” > There is a particular interest in elements of the natural environment that
might mitigate the potential negative influence of adverse environmental characteristics

. . . . .4
experienced by urban populations, such as over-crowding, pollution and noise.*”

Accordingly, a relationship between mental illnesses and neighbourhood green space has been
previously reported.”® Recent studies in the UK have shown both cross-sectional and
longitudinal associations between mental health and green space among younger adults.” "'
Although the literature has suggested a positive influence of natural environments on
individual mental health, the associations may vary across different age groups.'” Few studies
have explored these associations in older people, who have reduced levels of physical
function, a lower pattern of outdoor activity, and consequently different levels of exposure to

the natural environment compared to their younger counterparts.”> Some existing studies have

suggested that access to green space is important for age-friendly environments.'* ' There



has been little research on how the physical environment, and specifically access to green
space, may support mental health and well-being amongst older adults and therefore might be
a modifiable influence at the population level. A UK-based study of people aged 65 or above
reported that perceived neighbourhood pleasantness, a measure which included the
availability of trees and plants, was associated with overall life satisfaction.'® However, the
sample size was small (n=271) and measure of exposure to green space was based on
self-report. A negative relationship between greenness in local areas and psychological
distress of older adults has also been reported in recent studies in South Wales, UK, and
Australia.® ' These studies measured the proportion of green space in neighbourhoods using
satellite images or government databases and found that high exposure to green space in local
areas was associated with a 10~20% lower odds of psychological distress. However, the
association between natural environments, depression and anxiety, important mental health
problems with practical and clinical significance, has not been investigated in older age
groups. Using data from a large cohort of older people in England, this study explores the
association between area based exposure to the natural environment, measured according to
the objectively defined neighbourhood green space and private gardens, and common mental

disorders, based on consistent outcome measures of depression and anxiety symptoms.



Method

Study population

The Medical Research Council Cognitive Function and Ageing Study (CFAS) is a
longitudinal population-based study investigating cognitive and physical decline of people
aged 65 years and over in six centres across England and Wales (Liverpool, Cambridgeshire,
Gwynedd, Newcastle upon Tyne, Nottingham and Oxford)."® Identical study design and
measurement methods were used at each except Liverpool, which has been excluded from this

analysis.

Full details of CFAS have been described elsewhere.'® In brief, community and
institutionalised populations were sampled from primary care registrations in order to capture
equal sized samples of individuals aged 65-74 and 75 years and over. Baseline interviews
were conducted between 1991 and 1994 and delivered by trained interviewers visiting the
participants’ home residence. Among 16258 individuals invited for the study, 13004
completed the initial screening interview with a response rate of 80%. The main follow-up
waves included 1 year follow-up and a 2 year re-screen, new selection for assessment and
further a 1 year follow-up, a 6 year follow-up of the assessed, an 8 year follow-up of a
specific subgroup, and a 10 year follow-up of the whole sample. The analysis presented here

focuses on the 2424 participants who attended the year-10 interview in 2001 from the four



English centres (Cambridgeshire, Newcastle upon Tyne, Nottingham and Oxford). The centre
in Wales (Gwynedd) was excluded due to the lack of comparable information on area

deprivation.

For the purposes of this study, a range of variables were extracted from the CFAS:

(1) Mental disorders

Depression and anxiety symptoms were measured by the Geriatric Mental State Examination
(GMS) and its associated diagnostic algorithm: the Automated Geriatric Examination for
Computer Assisted Taxonomy (AGECAT)."” A clinical case of depression was defined as an
AGECAT depression level of three or above (out of a maximum of five) while a score of one
or two was considered a sub-threshold case.'” Since the number of participants with clinical
anxiety (anxiety level three and above) was small (N=46), the measure of anxiety used
identified all study participants with any anxiety symptoms, which was defined as anxiety
level of one or above. Those who had both depression and anxiety symptoms were considered

to have co-occurrence of depression and anxiety.

(2) Individual level covariates

Socio-demographic information, including age, gender, education and social class were



recorded at the interview. Based on the previous studies from the CFAS baseline, these factors
were known to be significantly related to depression and anxiety symptoms in later life.*"*'
Education was divided into two groups separating people with nine or fewer years of
education from those with ten years and above. The longest occupation reported was used to
classify the social class of each participant according to the Registrar General’s
occupation-based social class tables.*” Participants with social class classifications I to IIINM
were grouped as the ‘non-manual’ group while those in social class IIIM to V formed the

‘manual’ group. The interview question “Have you moved in the last two years?”” was used to

identify recently relocated participants.

Co-morbidity associated with the presence of chronic conditions is known to be an important
risk for poor mental health.”> The number of chronic illnesses associated with each participant,
including hypertension, diabetes, stroke, heart attack, angina, low blood pressure/dizzy on
standing, hearing and vision impairment, were recorded based on self-reported information in

the year-10 interview and were used in this analysis.

Community level measurements: area deprivation and the natural environment
Based on information from the National Statistics Postcode Directory (NSPD), the postcodes

of the year-10 participants were mapped to Lower-layer Super Output Areas (LSOA), a



geographic unit developed for the collation of small area statistics following the 2001 UK
Census, with an average of 1500 residents per unit.** In cases where postcodes from the
year-10 interview were missing, incomplete or incorrect, the full address was used to obtain

complete postcodes from the Royal Mail, Google Maps and property websites.

Environmental data for each LSOA were obtained from published UK Government
Neighbourhood Statistics, a collection of small area level data across England.® The measure
of natural environment exposure employed was the percentage of green space and private
gardens in each LSOA based on the Generalised Land Use 2001 Dataset (GLUD), which
provides areas of different types of land use in thousands of square metres for all the LSOAs
across England (data.gov.uk/dataset/land use_statistics generalised land use database).
Green space was defined as areas covered with grass and private gardens were grounds
adjacent to houses. The data were originally derived from the UK Ordnance Survey
MasterMap product, which consists of a series of 1:1250 to 1:10000 scale maps produced
from on-ground surveys

(www.ordnancesurvey.co.uk/business-and-government/products/mastermap-products.html).

Area deprivation was measured by the English Index of Multiple Deprivation (IMD 2004),

which was based on data collected in 2001 and 2002.%° The IMD score summarised seven



domains of characteristics related to deprivation including income, employment, education

and training, health and disability, barriers to housing and services, the living environment

and crime.

Analysis strategy

Two level multilevel logistic regression, with individuals at level 1 and LSOAs of residence at

level 2, was used to explore the association between community level measurements (area

deprivation and natural environment) and the existence of mental disorders. Three types of

regression model were fitted. First was a univariable model (Model 1) including just one

individual or community level factor at a time which was used to investigate their unadjusted

associations with depression (clinical or sub-threshold cases), anxiety symptoms and their

COo-occurrence.

The second model (Model 2) focused on the association between the natural environment and

mental disorders in later life adjusting for individual socio-demographic characteristics and

the measure of co-morbidity. Model 3 further adjusted for area deprivation to control for the

potential influence of other correlated but unmeasured social and environmental factors. It

allowed an examination of whether the strength and direction of associations between the

natural environment, depression and anxiety changed considerably after full adjustment. Since



those who had recently re-located would have had little exposure to the natural environment

in their local areas, a sensitivity analysis was carried out by excluding those who reported

moving into the areas in the past two years. A test for trend was applied to examine whether a

linear trend in the odds of mental disorders was present across quartiles of neighbourhood

natural environment exposure. Statistical analyses were performed using Stata 10.0.

Results

Descriptive analysis and individual level factors

The median age of the 2424 participants was 81 years old with a range from 74 to 101.

Approximately 60% were women. Most had education of less than 9 years duration (60.1%)

and a manual occupation (53.8%). Over 70% reported at least one chronic condition in the

interview.

The crude prevalence of clinical and sub-threshold level depression was 9.2% and 18.3%

respectively and over 30% of participants had anxiety symptoms. The co-occurrence of

depression and anxiety disorders is graphically presented in Figure 1. In total, 398 (16.4%)

participants had a co-occurrence of depression and anxiety symptoms. Among the 224

participants with clinical depression, 75% also had clinical (N=27) or sub-threshold (N=141)



level symptoms of anxiety. In the sub-threshold cases of depression, 52% (N=230) had a

co-occurrence of anxiety symptoms.

The prevalence of mental disorders according to characteristics of the study population is

reported in Table 1. The prevalence of depression and anxiety disorders was not higher in the

older age groups. A higher proportion of mental disorders presented amongst women, those of

low education and low social class. Women were almost twice likely to have clinical

depression than men. A higher number of chronic illnesses was also associated with a higher

likelihood of mental disorders; those reporting at least two chronic conditions were between

60-80% more likely to have depression or anxiety symptoms compared to those with no

chronic conditions.

The natural environment and mental disorders in later life

The modelled associations between the area based measure of natural environment exposure

and mental disorders in later life are reported in Table 2a and 2b. Before adjustment (Model 1)

the lowest odds of reporting all the conditions considered were found in the highest quartile of

neighbourhood natural environment exposure, with statistically significant trends across

categories of green space for sub-clinical depression, anxiety, and the co-occurrence of

symptoms. After adjusting for individual level factors, living in the highest quartile of natural



environment exposure was associated with a 30~40% lower odds of clinical and sub-threshold

depression and anxiety symptoms (Model 2). The decreasing trend in anxiety symptoms

achieved statistical significance (p-value for trend <0.01). Those living in neighbourhoods

with the highest exposure to natural environments had just over half (OR: 0.62, 95% CI: 0.46,

0.83) the odds of anxiety symptoms compared to those in the lowest quartile. Excluding those

who had moved residence in the past two years did not substantially influence the estimates

(results not shown).

In Model 3, area deprivation was not strongly associated with clinical depression or anxiety

symptoms, although the odds of sub-threshold depression significantly increased from the

least to most deprived areas (OR: 1.98, 95% CI: 1.34, 2.93). Controlling for deprivation had

only a small influence on the strength of association between these mental disorders and

natural environment exposure (Model 3) with a general trend of slight attenuation of the

magnitude of relationships. After controlling for area deprivation, the strength of association

between the natural environment and sub-threshold depression was attenuated and the effect

size in the highest quartile of natural environment reduced by about 20% (OR: 0.66 vs 0.84)

compared to the estimates in Model 2.



Discussion

Main findings

This study found that a high exposure to green space and gardens in local areas was

associated with lower odds of common mental disorders in later life after adjusting for

individual socio-demographic factors and measures of co-morbidity. Living in the highest

quartile of neighbourhood natural environment provision was associated with a nearly 40%

reduced odds compared to living in the lowest quartile. Controlling for area deprivation

attenuated the strength of association for sub-threshold depression but had limited influence

on associations with anxiety symptoms and the co-occurrence of depressive and anxiety

symptoms.

Strengths and limitations

This study was able to utilise a large and well-characterised cohort of older people across

heterogeneous areas of England. A structured interview using validated instruments to elicit

information on psychiatric symptoms was used to measure depression and anxiety with

consistent diagnostic standards across study centres. The CFAS interview also collected

detailed information on co-morbidities and therefore their potential confounding eftects could

be taken into account in the analysis.



In terms of limitations, the study was cross-sectional and therefore the associations observed
cannot be assumed to be causal. The study population comprised survivors from the baseline
interview ten years earlier; individuals with more disadvantaged socioeconomic status and
poor health status have been reported to have a higher risk of mental disorders and are more

likely to be lost to follow-up, so findings might be slightly attenuated by this.*’

Although the GMS-AGECAT provides a structured and systematic method to investigate
mental disorders in later life, specific types of anxiety disorders such as panic disorder and
phobias were not identified due to lack of a clinical diagnostic stage. Since the prevalence of
clinical cases of anxiety disorders was low, this study focused on any level of anxiety
symptoms. Nevertheless, although these sub-threshold symptoms did not necessarily achieve
clinical significance and severity, it is known that they can substantially affect the quality of

life and well-being of older people.”™ >

The measure of exposure to the natural environment used was the amount of green space and
private gardens in the geographical unit within each respondent lived. It may be that this
spatial scale was not the most appropriate to define neighbourhood exposure. Further, no
information was available on the quality and accessibility of local green space. No details

were collected on time spent out of doors and therefore the association with actual



interactions with green spaces in communities could not be tested. Although the concept of

“greenness” might be different in urban and rural areas® >’

, the rural population in CFAS was
small (N=380, 15.7%) and skewed with 90% in the highest quartile of the natural
environment exposure. It was therefore not possible to examine if associations with exposure
to the natural environment differed between those in rural and urban areas. We did however
conduct a sub-analysis focusing solely on the urban population and found a somewhat

stronger relationship between natural environment exposure, depressive and anxiety

symptoms (Table S1, supporting information).

The natural environment and mental health in later life

The findings of this study suggest that a high exposure to natural environment in communities
may be beneficial to mental health of older people in England. These findings also suggest a
stronger association in older people compared to previous studies in younger age groups,
which generally reported a small effect size of less than 10%.% 7 Although the causal
mechanisms linking natural environment exposure to mental disorders amongst older people
could not be investigated in this cross-sectional study, some behavioural factors, such as
physical activity, emotion and stress, have been considered to be associated with the exposure
to green space in neighbourhoods. In the literature, psychological restoration and physical

activity have been suggested to be two pathways to explain the positive influence of the



natural environment on mental health.’’ A high exposure to green space is thought to have
direct effects on stress reduction or indirectly influence individual mental health through
increasing outdoor activity.’*>> A small number of existing studies have reported that the
amount of green space or patterns of land use in local areas were associated with biomarkers
related to stress and inflammation in middle age or older adults, although such information
was unavailable to this study.>*° In this older population aged 74 and above, the high
prevalence of chronic conditions might also limit opportunities for physical activity although
how this may be moderated by the exposure to natural environments within which to be active

is unknown.

The association between natural environment exposure and sub-threshold depression was only
somewhat attenuated after controlling for area deprivation. It is noteworthy that controlling
for area deprivation attenuated associations with anxiety less than it did for depression. High
exposure to natural environments in local areas may be particularly important to moderate
feelings of unease, worry and fear. Our findings suggest a complex influence of multiple
environmental factors and green space on depression symptoms in later life. The Indices of
Multiple Deprivation examined include several compositional and contextual indicators such
as unemployment, over-crowding, air pollution and crime, which have been associated with

depression in existing studies.”’’ Further, a large population-based study in England has



reported a high exposure to green space in local areas to be associated with lower levels
income-related health inequality.*’ A combination of environmental (lack of natural
environment, air pollution, crime) and individual factors (socioeconomic disadvantage,
stressful life events, poor health status) might therefore act to increase the risk of depressive

symptoms in later life.

Implications in public health and clinical practice

This study indicates a potential positive influence of exposure to green space on mental health
in later life. Although this study is cross-sectional in nature, the findings provide some
indication that the provision of natural environments in neighbourhoods may be an effective
public health intervention to maintain good mental health in older adults. Land-use planners
need to consider further ways in which to best support older people using local green space as
promoting use of green space in older adults may help support healthy ageing. Ecotherapy, a
wide range of programmes related to various activities in green environments, has been
proposed as a potentially efficacious mechanism to moderate stress and depression,
particularly when used as an adjunct to some type of formal therapy such cognitive behaviour
therapy.*"" ** Our findings suggest clinical practice and primary care settings could play a role
in this potential promotion of wellbeing in later life by signposting patients to opportunities

such as the local availability of health walks which provide group-based walking



opportunities in natural settings.

Future research directions

Although potential mechanisms that may explain the beneficial influence of the natural
environment on individual mental health have been proposed, actual interactions between
older people and green space need to be further investigated. Our research provides
circumstantial support for programmes encouraging exposure to natural environments in local
areas, but longitudinal studies involving the study of patterns of migration and the impact of
changes in provision of natural environments will be avenues for creating a more rigorous
evidence base. Since mental health benefits of physical activity have been shown to be greater

4 more detailed information on the usage of

when activity is performed in green settings
green space in older populations could be provided by qualitative studies that investigate
various subgroups such as gender, ethnicity and socioeconomic status, and also from
quantitative studies that employ technologies such as global positioning systems and audit
tools to track activity patterns.*®*” Different types and qualities of green space might also
have differential influences on the mental health of older people and a better understanding of

how green space characteristics might influence their use and cumulative mental health

benefits through outdoor activity is needed.
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Tables

Table 1 The distributions of depression and anxiety disorders across individual level factors

Depression symptoms Anxiety symptoms

Sub-threshold Clinical Any level

(d1 or d2, %) (dn3+, %) (anl~ an5, %)

Total 443 (18.3) 224 0(9.2) 776 (32.0)
Age 74-79 171 (17.2) 76 0(7.7) 304 (30.6)
80-84 144 (18.6) 80 (10.3) 255 (32.8)

85-89 90 (20.5) 39 0(8.9) 130 (29.6)

90+ 38 (17.5) 5(13.4) 87 (40.1)

Sex Men 137 (14.4) 55 0(5.8) 271 (28.4)
Women 306 (20.8) 169 (11.5) 505 (34.3)

Education >9 years 162 (16.8) 71 0(7.4) 275 (28.5)
<9 years 281 (19.4) 152 (10.5) 498 (34.3)

Social class Non-manual 192 (17.3) 93 0(8.4) 338 (30.4)
Manual 249 (19.2) 128 0(9.9) 431 (33.3)

Number of None 100 (14.8) 52 0(7.7) 162 (24.0)
chronic illness One 137 (17.2) 66 0(8.3) 267 (33.4)
Two and more 206 (21.7) 106 (11.2) 347 (36.6)




Table 2a The associations between natural environment and depression

Depression: clinical case

Depression: sub-threshold case

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Individual level factors
Age

Sex Men
Women
Education >9 years
<9 years
Social class Non-manual
Manual

Number of None
chronic illness 1
2+
Area deprivation
(least) Q1
Q2
Q3
(most) Q4
Natural environment
(lowest) Ql
Q2
Q3
(highest) Q4
p-value for trend

1.03 (1.01, 1.06)

1.00 (0.00, 0.00)
2.12(1.55,2.91)

1.00 (0.00, 0.00)
1.47 (1.10, 1.98)

1.00 (0.00, 0.00)
1.20 (0.91, 1.59)

1.00 (0.00, 0.00)
1.08 (0.74, 1.58)
1.51 (1.07, 2.14)

1.00 (0.00, 0.00)
0.95 (0.60, 1.51)
1.14(0.73, 1.78)
1.44 (0.95, 2.20)

1.00 (0.00, 0.00)
1.04 (0.69, 1.55)
0.92 (0.61, 1.39)
0.67 (0.42, 1.07)

0.11

1.02 (1.00, 1.05)

1.00 (0.00, 0.00)
2.11 (1.52,2.93)

1.00 (0.00, 0.00)
1.51 (1.08, 2.10)

1.00 (0.00, 0.00)
1.02 (0.74, 1.39)

1.00 (0.00, 0.00)
1.02 (0.69, 1.51)
1.40 (0.97, 2.01)

1.00 (0.00, 0.00)
0.99 (0.66, 1.51)
0.97 (0.64, 1.47)
0.72 (0.45, 1.16)

0.24

1.02 (1.00, 1.05)

1.00 (0.00, 0.00)
2.12(1.53,2.94)

1.00 (0.00, 0.00)
1.47 (1.05, 2.06)

1.00 (0.00, 0.00)
1.00 (0.73, 1.38)

1.00 (0.00, 0.00)
1.02 (0.69, 1.51)
1.40 (0.97, 2.02)

1.00 (0.00, 0.00)
0.79 (0.49, 1.27)
0.94 (0.59, 1.49)
1.14 (0.70, 1.84)

1.00 (0.00, 0.00)
1.01 (0.66, 1.52)
1.03 (0.67, 1.59)
0.80 (0.48, 1.33)

0.52

1.01 (0.99, 1.03)

1.00 (0.00, 0.00)
1.71 (1.37,2.13)

1.00 (0.00, 0.00)
1.25 (1.01, 1.55)

1.00 (0.00, 0.00)
1.17 (0.95, 1.44)

1.00 (0.00, 0.00)
1.20 (0.91, 1.60)
1.69 (1.30,2.21)

1.00 (0.00, 0.00)
1.64 (1.14, 2.35)
1.62 (1.13,2.32)
2.20 (1.56, 3.10)

1.00 (0.00, 0.00)
0.95 (0.69, 1.31)
0.97 (0.71, 1.34)
0.64 (0.45, 0.91)

0.04

1.00 (0.98, 1.02)

1.00 (0.00, 0.00)
1.74 (1.38,2.19)

1.00 (0.00, 0.00)
1.26 (0.98, 1.61)

1.00 (0.00, 0.00)
1.06 (0.83, 1.35)

1.00 (0.00, 0.00)
1.18 (0.88, 1.58)
1.67 (1.26,2.21)

1.00 (0.00, 0.00)
0.91 (0.65, 1.26)
0.98 (0.71, 1.35)
0.66 (0.46, 0.95)

0.08

1.00 (0.98, 1.02)

1.00 (0.00, 0.00)
1.74 (1.38, 2.19)

1.00 (0.00, 0.00)
1.16 (0.90, 1.49)

1.00 (0.00, 0.00)
0.99 (0.78, 1.27)

1.00 (0.00, 0.00)
1.15 (0.85, 1.55)
1.63 (1.23,2.16)

1.00 (0.00, 0.00)
1.52 (1.05, 2.20)
1.49 (1.03, 2.17)
1.98 (1.34,2.93)

1.00 (0.00, 0.00)
0.97 (0.70, 1.34)
1.13 (0.81, 1.58)
0.84 (0.57, 1.23)

0.68

Model 1: Unadjusted; Model 2: Adjusted for all individual level factors; Model 3: Adjusted for all individual level factors and area deprivation



Table 2b The associations between natural environment, anxiety and co-occurrence of depression and anxiety

Anxiety symptoms

Co-occurrence of depression and anxiety

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Individual level factors
Age

Sex

Education

Social class

Number of
chronic illness

Area deprivation
(least)

(most)
Natural environment
(lowest)

(highest)
p-value for trend

Men
Women

>9 years
<9 years

Non-manual
Manual

None
1
2+

Ql
Q2
Q3
Q4

Q1
Q2
Q3
Q4

1.01 (0.99, 1.03)

1.00 (0.00, 0.00)
1.32 (1.10, 1.57)

1.00 (0.00, 0.00)
1.31 (1.10, 1.57)

1.00 (0.00, 0.00)
1.14 (0.96, 1.36)

1.00 (0.00, 0.00)
1.59 (1.27, 2.00)
1.83 (1.47,2.28)

1.00 (0.00, 0.00)
0.89 (0.67, 1.20)
1.09 (0.82, 1.45)
1.41 (1.07, 1.85)

1.00 (0.00, 0.00)
0.79 (0.60, 1.03)
0.86 (0.66, 1.12)
0.58 (0.4, 0.78)

<0.01

1.01 (0.99, 1.02)

1.00 (0.00, 0.00)
1.32(1.09, 1.51)

1.00 (0.00, 0.00)
1.33 (1.09, 1.64)

1.00 (0.00, 0.00)
1.01 (0.83, 1.23)

1.00 (0.00, 0.00)
1.59 (1.25, 2.02)
1.81 (1.43,2.28)

1.00 (0.00, 0.00)
0.75 (0.57, 0.98)
0.88 (0.67, 1.16)
0.62 (0.46, 0.83)

<0.01

1.01 (0.99, 1.02)

1.00 (0.00, 0.00)
1.33 (1.10, 1.60)

1.00 (0.00, 0.00)
1.31 (1.07, 1.61)

1.00 (0.00, 0.00)
1.00 (0.82, 1.23)

1.00 (0.00, 0.00)
1.59 (1.25, 2.02)
1.82 (1.45,2.30)

1.00 (0.00, 0.00)
0.78 (0.58, 1.05)
0.92 (0.68, 1.24)
1.09 (0.79, 1.49)

1.00 (0.00, 0.00)
0.76 (0.57, 0.99)
0.93 (0.71, 1.24)
0.67 (0.48, 0.92)

0.07

1.01 (0.99, 1.03)

1.00 (0.00, 0.00)
1.60 (1.27,2.01)

1.00 (0.00, 0.00)
1.51 (1.20, 1.90)

1.00 (0.00, 0.00)
1.13 (0.91, 1.40)

1.00 (0.00, 0.00)
1.46 (1.08, 1.99)
2.07 (1.55, 2.75)

1.00 (0.00, 0.00)
1.25 (0.81, 1.92)
1.41 (0.93, 2.14)
2.03 (1.37, 2.99)

1.00 (0.00, 0.00)
0.77 (0.53, 1.10)
0.76 (0.53, 1.09)
0.52 (0.34, 0.79)

<0.01

1.00 (0.98, 1.03)

1.00 (0.00, 0.00)
1.62 (1.26, 2.08)

1.00 (0.00, 0.00)
1.68 (1.27,2.21)

1.00 (0.00, 0.00)
0.88 (0.68, 1.14)

1.00 (0.00, 0.00)
1.48 (1.06, 2.05)
2.07 (1.52,2.83)

1.00 (0.00, 0.00)
0.71 (0.49, 1.04)
0.78 (0.54, 1.13)
0.55 (0.35, 0.84)

0.01

1.00 (0.98, 1.03)

1.00 (0.00, 0.00)
1.63 (1.27,2.09)

1.00 (0.00, 0.00)
1.59 (1.20, 2.11)

1.00 (0.00, 0.00)
0.85 (0.54, 1.10)

1.00 (0.00, 0.00)
1.46 (1.05, 2.03)
2.06 (1.51,2.81)

1.00 (0.00, 0.00)
1.03 (0.66, 1.61)
1.12 (0.72, 1.75)
1.52 (0.97, 2.39)

1.00 (0.00, 0.00)
0.75 (0.51, 1.09)
0.88 (0.60, 1.30)
0.66 (0.41, 1.07)

0.17

Model 1: Unadjusted; Model 2: Adjusted for all individual level factors; Model 3: Adjusted for all individual level factors and area deprivation



Figures

Figure 1 Mix of depression and anxiety symptoms in the sample

Depression only
(Sub-threshold, d1 or d2)
N=213

Anxiety only
(Sub-threshold, anl or an2)
N=378

No anxiety (an0) and
no depression (d0)
N=1379
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Supporting information

A stratified analysis of rural/urban areas

The definition of rural and urban areas was based on the 2011 Rural/Urban Classification and
categorised into three groups: urban conurbations (N=1036), urban city and town (N=981)
and rural areas (N=380). Since the sample size of the rural population was small with 90% in
the highest quartile of natural environment exposure, the analysis mainly focused on the urban
population. After excluding participants in rural areas, living in the highest quartile of natural
environment exposure was associated with 40-50% lower odds of depressive and anxiety
symptoms and their co-occurrence (Table S1). In urban conurbations, there was a significant
decreasing trend in the odds of anxiety symptoms from the lowest to highest quartile of
natural environment (p-value for trend <0.01). Living in the second quartile of natural
environment exposure was associated with 35% lower odds (OR: 0.65, 95% CI: 0.46, 0.90)
and the odds further decreased 5% in the third (OR: 0.61, 95% CI: 0.42, 0.87) and 10% in the
fourth (OR: 0.54, 95% CI: 0.25, 1.20) quartile (Model 2). Similarly, the graduated decrease of

odds from the lowest to highest quartile of natural environment exposure was found in



co-occurrence of depression and anxiety symptoms. The effect sizes were not materially

attenuated after controlling for area deprivation (Model 3). In residents of urban cities and

towns, the lowest odds of depressive and anxiety symptoms therefore still appeared in the

highest quartile of natural environment.



Table S1 The associations between natural environment exposure, depression and anxiety in

different urban contexts

Depressive symptoms

Anxiety symptoms

Co-occurrence of depression and

anxiety
Model 2 Model 3 Model 2 Model 3 Model 2 Model 3
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Urban areas (N=2044)

Natural environment Q1 (lowest) 1.00 1.00 1.00 1.00 1.00 1.00
Q2 0.97 (0.71, 1.32) 1.03 (0.75,1.39)  0.75(0.57,0.98)  0.76 (0.57, 1.00) 0.73 (0.50, 1.06)  0.76 (0.52, 1.12)
Q3 0.94 (0.69, 1.28) 1.07 (0.78,1.47)  0.86(0.65,1.13)  0.91 (0.69, 1.21) 0.72 (0.49,1.06)  0.83 (0.56, 1.23)
Q4 (highest) 0.59(0.37,0.96)  0.74(0.45,1.22)  0.57(0.38,0.86)  0.61 (0.40, 0.93) 0.46 (0.25,0.86)  0.57(0.30, 1.10)

Urban conurbation (N=1063)

Q1 (lowest)
Q2

Q3

Q4 (highest)

Natural environment

Urban city and town (N=981)

Q1 (lowest)
Q2

Q3

Q4 (highest)

Natural environment

1.00
1.07 (0.76, 1.52)
0.88 (0.59, 1.30)
0.87 (0.39, 1.97)

1.00
0.76 (0.42, 1.38)
091 (0.53, 1.56)
047 (0.24, 0.92)

1.00
1.15(0.81, 1.62)
0.96 (0.65, 1.44)
1.15 (0.49, 2.66)

1.00
0.80 (0.45, 1.43)
1.03 (0.60, 1.76)
0.57 (0.29, 1.12)

1.00
0.65 (0.46, 0.90)
0.61 (0.42, 0.87)
0.54 (0.25, 1.20)

1.00
1.01 (0.62, 1.64)
121 (0.78, 1.90)
0.63 (0.37, 1.09)

1.00
0.65 (0.47,0.91)
0.65 (0.45, 0.95)
0.56 (0.24, 1.26)

1.00
1.04 (0.65, 1.66)
1.29 (0.83, 2.00)
0.72 (043, 1.22)

1.00

0.72 (0.46, 1.13)
0.52 (031, 0.88)
041 (0.12, 1.38)

1.00

0.72 (036, 1.47)
0.88 (0.47, 1.69)
0.43 (0.18, 0.98)

1.00
0.78 (0.51, 1.21)
0.61 (036, 1.04)
0.58 (0.17, 1.97)

1.00
0.75 (037, 1.52)
0.98 (0.51, 1.87)
0.50 (0.21, 1.16)

p.: p-value of test for trend; Model 2: Adjusted for all individual level factors including age, gender, education,

social class and the number of chronic illnesses; Model 3: Adjusted for all individual level factors and area

deprivation



