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Abstract

Background: Long chain omega-3 polyunsaturated fatty acids (LCn3PUFASs) may improve
cardiovascular health and depression. This study investigated the relationships between erythrocyte
membrane LCn3PUFA status, depression and angina symptoms in patients with heart disease.
Methods: We recruited 91 patients (65 males and 26 females, mean age 59.2 + 10.3 years) with heart
disease and depressive symptoms (Center for Epidemiological Studies Depression Scale, CES-D > 16)
and low fish/fish oil intakes. The Omega-3 Index (EPA+DHA) of erythrocyte membranes (as a
percentage of total fatty acids) was assessed by gas chromatography. Depression status was measured
by both self -report and clinician-report scales; CES-D and the Hamilton depression scale (HAM-D).
Angina symptoms were measured using the Seattle Angina Questionnaire and the Canadian
Cardiovascular Society Classification for Angina Pectoris.

Results: The mean Omega-3 Index was 4.8 = 1.0% (xSD). Depression scores measured by CES-D and
HAM-D were 29.2 + 8.8 (moderate to severe) and 11.0 £ 5.7 (mild) (arbitrary units) respectively
reflecting a different perception of depressive symptoms between patients and clinicians. Angina
status was inversely associated with depressions scores (r > -0.26, P < 0.03). There were no significant
relationships between individual LCn3PUFA or the Omega-3 Index and either the depression scores or
the angina symptoms.

Conclusion: Worse angina status was associated with worse depression, but the Omega-3 Index was

not associated with symptoms of depression or angina in patients with heart disease.
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Introduction

In patients with cardiovascular disease (CVD), depression is common and associated with high
mortality rates [1]. Depression is also an independent risk factor for the development of coronary heart
disease [2]. A number of pathophysiological factors including endothelial dysfunction, altered platelet
activity and aggregation, inflammation and autonomic nervous system dysfunction have been
suggested to link depression with adverse cardiac outcomes [3]. Also, as a major manifestation of
coronary heart disease (CHD), angina may be one of the possible mediators in the relationship
between CHD and depression. Depression can augment perceived pain [4] thus the sensation of angina

may be increased in patients with depression [5].

The long chain omega-3 polyunsaturated fatty acids (LCn3PUFAS) eicosapentaenoic acid (EPA) and
docosahexaenoic acid) (DHA) may improve cardiovascular health and depression via a number of
mechanisms. Cardiovascular benefits of LCn3PUFAs include lowering blood pressure and resting
heart rate, improving heart rate variability and vascular endothelial function, decreasing serum
triglycerides levels, inhibiting inflammation, platelet aggregation and new plaque development [6, 7].
The exact mechanism by which LCn3PUFAs may influence depression remains unclear. However,
DHA is highly concentrated in the retina, brain and nervous system [8], and plays important roles in
the structure (neuronal membranes) and function (neurotransmission and receptor function) of

neurons, the growth of neural cells, and the gene expression in the brain [9].

The role of LCn3PUFAs in improving endothelial function in the brain might optimise the auto-
regulation of cerebral perfusion and blood brain barrier integrity, thus enhancing mental health by
adequate oxygen and nutrition supply to brain regions [10]. LCn3PUFAs may also increase levels of
monoaminergic neurotransmitters in the brain [11], and inhibit inflammation that is associated with
depression [9]. The mechanisms underlying depression are complex and, while there is some evidence
linking change to cerebrovascular structure and function with depression [12], other evidence suggests
that inflammatory changes are central [13]. Changes in inflammatory markers following
supplementation with LCn3PUFAs have been proposed to be central to improvements seen in vascular

function in adults with metabolic syndrome [14]. Furthermore, low levels of omega 3s have been



associated with cerebral small vessel disease in acute ischemic stroke patients [15]. In a meta-analysis
of prospective cohort studies and randomised controlled trials (RCT), Chowdhury et al [16] found
moderate inverse associations between fish consumption and incidence of cerebrovascular disease.
Interestingly, LCn3PUFAs measured as circulating biomarkers in observational studies or given as
supplements in primary and secondary prevention trials were not associated with cerebrovascular
disease, suggesting that the positive effects may be due to the wide variety of nutrients in fish or may

reflect a healthier dietary pattern or higher socioeconomic status.

Despite evidence of mechanisms for how LCn3PUFAs may reduce the risk of developing CHD and
depression, whether supplementation is beneficial for either condition remains controversial.
Epidemiological studies have reported low LCn3PUFA status in patients with CHD compared with
healthy age and gender matched controls [17]. Furthermore, The PREDIMED study reported [18]
protection from cardiac mortality with LCn3PUFAs. Hazard ratios for meeting the recommended intake
of LCn3PUAFS (500mg/day) (n=5452, 75.7%) were, 0.61 (95% CI 0.39-0.96) for fatal cardiovascular
disease, and 0.54 (95% CI 0.29-0.99) for fatal coronary heart disease. Evidence from large RCTs have
shown beneficial effects of LCn3PUFAs on CHD mortality. Supplementation with LCn3PUFAs as part
of cardiovascular disease management have been found to reduce the risk of non-fatal coronary events
in Japanese hypercholesterolaemic patients (JELIS study), reduce the risk of death, non-fatal myocardial
infarction and stroke in Italian patients with a history of myocardial infarctions (original GISSI-P) [19]
and improve survival for patients with chronic heart failure (GISSI-HF) [20]. However, recent meta-
analyses have generated conflicting results, with one concluding that supplementation with LCn3PUFA
may not reduce the incidence of coronary events but may improve the odds of survival [21] while
another concluded that there was no significant reduction in mortality from supplementation with
LCn3PUFAs.[22]. Differences may be due to inclusion or exclusion of individual studies; however, it
is currently suggested that there is neither a beneficial nor adverse effect of LCn3PUFA supplementation

for primary or secondary prevention of coronary heart disease [23].



A major manifestation of CHD is the presence of angina symptoms. There is limited research
investigating angina symptoms and LCn3PUFA and what few studies there are have provided mixed
results. A small RCT of 20 patients with stable angina reported benefits associated with fish oil
supplementation [24] but two other studies found no benefits [25, 26]. Understanding relationships

between angina symptoms, depression and omega 3 status may help to explain these mixed findings.

Epidemiological studies have also reported low levels of LCn3PUFASs in people with depression [27].
Cross-sectional studies have also reported that depressed patients with heart disease have significantly
lower blood levels of DHA compared with non-depressed patients [28-30]. There are mixed
conclusions from meta-analyses as to whether omega 3 supplements are beneficial for reducing the
risk of depression [31, 32]. A meta-analysis of clinical trials of treatment with LCh3PUFAs for
depression concluded that the use of these supplements is effective in patients with a diagnosis of

Major Depressive Disorders (MDD) and in depressive patients without a diagnosis of MDD.[33]

This study investigated associations of LCn3PUFA status, with (a) depression severity and (b) angina
symptoms in patients with cardiac disease and depression who were low fish consumers. It was
hypothesised that in patients with heart disease, LCn3PUFA status would be inversely associated with

depression severity and angina symptoms.



Methods
Study design

The present study represents a secondary analysis of baseline data collected in a randomized placebo-
controlled trial that evaluated the effects of supplementation with long chain omega-3 polyunsaturated
fatty acids on depression scores in patients with heart disease. The RCT was approved by the Human
Research Ethics Committees at the Queen Elizabeth Hospital (Ethics Reference Number: 2008104)
and the University of South Australia (Ethics Reference Number: P223/08) and registered on the
Australian New Zealand Clinical Trials Registry (ACTRN12608000598381). Each participant

provided written informed consent before enrolment.
Patients

Patient inclusion criteria comprised: (1) angiographically-documented coronary artery disease (defined
as >50% stenosis in an epicardial coronary artery on selective coronary angiography [34]) or systolic
heart failure (heart failure admission and an ejection fraction < 40%), (2) co-morbid clinically relevant
depression (determined by a score of greater than or equal to 16 on the Center for Epidemiological
Studies Depression Scale (CES-D) [35]), and (3) able to complete questionnaires in written English.
Exclusion criteria were the consumption of more than one fish meal per week or the regular use of fish

oil supplements (containing more than 300mg EPA + DHA per day).
Procedure

Participants were recruited in 2009-2013 during hospital admission or outpatient visits and by mail-out
invitations from two public hospitals that service the North-Western Adelaide suburbs (population

approximately 550,000) and by newspaper advertisements.

Demographic data, cardiovascular risk factors, current diagnoses, and medication history were
obtained by patient interview and case note extraction. If eligible, participants completed a self-

reported depression assessment and a clinician completed an assessment of depression. Height and



body mass were used to calculate body mass index (BMI) and fasting venous blood samples were

collected from which LCn3PUFA status was measured in erythrocyte membranes.

Quantification of Angina Symptoms

Angina status was measured by the Seattle Angina Questionnaire (SAQ) [36] and the Canadian
Cardiovascular Society Classification for Angina Pectoris (CCSA) [37]. The SAQ assessed four
domains of interest for this study (angina frequency, physical limitation, quality of life and treatment
satisfaction). Scores of each subscale ranges from 0 (lowest level) to 100 (highest level). The CCSA
measured severity of angina symptoms across 4 grades from best (1) to worst (IV), (i.e. the reverse
order to the SAQ instrument). Both have good reliability and validity [36, 38].

Quantification of Depressive Symptoms

Self-reported depressive symptoms were assessed using the CES-D, a 20 item scale designed to
measure the level of depressive symptoms during the past week [39 ]. Standard threshold scores were
not depressed (CES-D < 16), mild depression (CES-D = 16-26) and moderate to severe depression

(CES-D > 26).

Clinician-rated depression was assessed using HAM-D, a 21 item rating scale assessing a patient’s
current level of depression [40]. Levels of depression were classified as normal (0 — 7), mild

depression (8 —16), moderate depression (17 — 23), and severe depression (> 24) [41].
Determination of fatty acids

Fasting venous blood samples were collected in 10ml tubes containing ethylenediaminetetraacetic
acid. Erythrocytes were separated from plasma via centrifugation at 1780 g for ten minutes at 4°C,
washed with isotonic saline and stored at -80°C. After thawing, fatty acid contents of erythrocytes
were determined using previous published modifications of Lepage and Roy’s technique [42].
Samples were analyzed by a gas chromatography (GC2010, Shimadzu) and fatty acids were identified
and quantified against a reference standard (GLC-463, Nu-Chek Prep Inc. Elysian, MN, USA).
Individual fatty acid contents were reported as percentages of total fatty acids in erythrocytes. The
Omega-3 index was calculated as the sum of erythrocyte membrane eicosapenatenoic acid (EPA) and

docosahexaenoic acid (DHA).



Statistical Analysis

Statistical analysis was performed using SPSS Statistics for windows, version 21.0 (IBM Corp,
Armonk, NY). Data were checked for normality and variables presented as mean and standard
deviation (mean £ SD). Student’s t-tests and 1-way ANOVAs were performed to test for differences
between groups based on depression severity and Spearman Rank and Pearson correlations were used
where relevant to determine the relationships between LCn3PUFA status, angina status and depression

scores. P < 0.05 was considered statistically significant.



Results
Patients

3817 patients were invited to participate and 340 patients were screened. 110 patients agreed to
participate, but 18 withdrew before the baseline interview. Thus 92 patients took part in the study and

91 had complete baseline data (Figure 1).

Patient characteristics are provided in Table 1. The majority of patients (78%) had coronary heart
disease, with 51% having stable angina. Most had very mild angina status (reflected by levels equal or
greater than 50 (arbitrary units) on the five subscales of the SAQ) (data not shown). This was
consistent with the measurement of angina severity by the CCSA with the majority of patients (88.8%)
being classified into grade | and grade Il indicating either no or slight limitation of ordinary activity
related to angina (data not shown). Of note, 43% of patients were taking at least one antidepressant
medication.

Depression status

Depression data are provided in Table 2. As assessed by the CES-D, more than half (53/91) of patients
had moderate to severe depression and when measured by HAM-D, about one third were not
depressed (28/91), 47/91 had mild depression and 16/91 had moderate to severe depression. There was

no difference between men and women in depression status.
Long chain omega-3 polyunsaturated fatty acid status

The mean erythrocyte membrane levels of EPA, DPA and DHA were 0.8 + 0.3%, 2.4 £ 0.4% and 4.0
+ 0.9% respectively. The mean Omega-3 Index was 4.8 £ 1.0% (ranging from 3.1 to 7.6%) and the
mean erythrocyte membrane level of total LCn3PUFAs was 7.2 £ 1.1%. Stratifying the Omega-3
Index by the severity of depression indicated that patients with higher depression scores, measured by

either CES-D or HAM-D, tended to have a higher Omega-3 Index (Table 3).
Associations between membrane fatty acids, angina symptoms and depressive symptoms

There were no significant relationships between depression measures and any of the individual

LCn3PUFAs (data not shown) or between the Omega-3 Index and either self-reported (CES-D; r =
10



0.152, P = 0.150) or clinician-rated (HAM-D; r = 0.098, P = 0.357) depression. No significantly
different associations were observed when data were split into those taking or not taking

antidepressant medication.

There were no significant associations between Omega-3 Index and angina status measured by either
SAQ or CCSA (Table 4). There were weak to moderate negative correlations between depression

scores and angina status, indicating that better angina status was associated with less depression

(Table 4).

11



Discussion

The principal finding of this study was that while worse symptoms of angina were associated with
greater severity of depression the Omega-3 Index was not associated with either. Thus, our hypotheses

were not supported.

The relationships between blood levels of LCn3PUFASs and depression remain controversial in the
literature. Many studies have found lower LCn3PUFA levels in erythrocyte membranes [28], total
serum [29], plasma [43] and plasma phospholipids [30, 44] in depressed patients and inverse
relationships between these LCn3PUFA biomarkers and depression status, while others have found no
such relationships [42, 45-47]. These discrepancies may be due to differing demographic
characteristics of the samples evaluated (including severity of depressive symptoms), type of
cardiovascular disease, the method of depression measurement and the component of blood extracted
for the assessment of LCn3PUFA content. Whilst the content of LCn3PUFAs in blood samples is a
useful and accessible biomarker of LCn3PUFA status, the fraction of blood used for analysis is
important. Erythrocyte membrane content is considered to be the most reliable, biologically relevant,
and long-term marker of dietary LCn3PUFA intake, with the Omega-3 Index reflecting the erythrocyte
membrane content of EPA and DHA and having shown to be inversely associated with risk for CHD

mortality [48].

The mean Omega-3 Index in the present study was 4.8 + 1.0%. This is comparable with levels
reported in other Australian studies, where values ranged from 3.97 to 5.78% [42, 49] in healthy
controls. Milte et al reported similar omega-3 levels in people with mild cognitive impairment (MCI)
and age matched healthy controls (HC) (mean + SEM ; MCI15.49 + 0.13% vs HC 5.78 £ 0.17%) [42].
By comparison the mean Omega-3 Index in an American population with acute coronary syndrome
and depression was 2.9%, compared with 3.3% in those with acute coronary syndrome but without
depression [28]. The Omega-3 index was also found to be lower in a German population with major
depressive disorder (3.9%), compared to healthy controls (5.1%) [27]. It may be that omega-3 status
only influences depression below a threshold Omega-3 Index of ~ 4-5%, and thus the omega-3 status

of patients in the present study was too high to see any effect. Dietary differences across countries,
12



and/or the way in which depression has been diagnosed, may account for some of the differences in

findings between studies.

Rates of depression vary widely across the world [50] and the intake of long chain omega 3 varies
between countries [51], with several including Australia [52] and the USA [53] reporting that
population intakes are below the recommended levels. A recent study in the USA examined plasma
LCn3PUFA concentrations as a biomarker assessment of LCn3PUFA status in a nationally
representative cohort (NHANES) and reported that nearly the whole population had levels below those
associated with cardiovascular protection [54]. Whilst the plasma levels differ from the Omega-3

Index, these findings are nevertheless supportive.

Different dietary patterns including pro-inflammatory diets have been linked to increased risk of
depression [55], [56] although a recent meta-analysis highlighted the variability in findings [57]. The
association between fish consumption specifically and risk of depression was recently reviewed with
results from a meta-analysis concluding that high fish consumption was associated with reduced risk
of depression, the pooled risk ratio of depression for the highest versus lowest consumption of fish
being 0.83 (95% CI 0.74 to 0.93) [58]. However, when studies were separated by continent, not all
followed the same pattern; there were significant associations in studies conducted in Europe but not
in those conducted in North America, South America, Asia and Oceania. This heterogeneity may
result from differences in fish type, fish preservation and cooking styles or from differences in
methods used to report intake. Cultural and socioeconomic differences across countries in these
continents are also an important consideration when considering diet patterns and stimuli of depressive

symptoms [59].

Another difference between the findings of this report and previous studies is that the majority of
previous studies have compared depressed and non-depressed groups of patients rather than assessing
the relationship between LCn3PUFA status and severity of depressive symptoms within a sample with

depression. It might be expected to be more difficult to demonstrate a relationship between

13



LCn3PUFAs and depression within a more homogenous population than between two different
populations, and in particular in a population that for the most part was not severely depressed. In two
studies reporting no association between blood levels of LCn3PUFAs and depression status [45, 46]
the authors argued that a significant association may be evident only in clinical or severe levels of
depression. This is partially supported by a study in a Dutch community population (n = 241), which
did not find an association between levels of LCn3PUFAs in plasma phospholipids and depression
status in the full sample but found a strong inverse relationship (r = -0.465, P = 0.005) in those
participants who reported clinically relevant depressive symptoms (CES-D > 16, n = 35) [60]. A meta-
analysis of trials conducted in populations with major depression or trials conducted in other
populations found that beneficial effects of LCn3PUFAS on depressive symptoms were only evident in
populations with major depression [61]. The patients in the present study were screened for depression
status by CES-D (CES-D > 16), which was considered as clinically relevant level of depressive
symptoms. However, when the patients were assessed using the clinician rated tool, almost one third
(28 of 91) did not reach the clinically relevant level (HAM-D > 8). Moreover, more than half of the
patients (53) had moderate to severe depressive symptoms measured by CES-D whereas less than one
fifth (16) had moderate to severe depressive symptoms when they were assessed using the HAM-D
instrument (Table 2). HAM-D may be a more sensitive and specific tool than CES-D and truly reflect
the depression status of these patients. Thus, the lack of a relationship between LCn3PUFA status and
depression in the present study may have been due to only a small proportion of the sample having
clinically relevant or severe depression. Future studies should aim to recruit populations with a
broader range of depressive symptoms to explore this further. Nevertheless, despite the low ratings of
depression, we found that worse angina status was associated with higher depression scores. These
findings are consistent with previous studies which have reported that patients with higher depression
scores (measured by CES-D) suffered more frequent angina (measured by SAQ) [5]. However, there

were no associations between angina status and the Omega-3 Index.

A limitation of the present study that might have contributed to the absence of a significant

relationship between LCn3PUFA status and depression or angina symptoms is insufficient statistical
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power. Using the correlation coefficient obtained from testing the association between CES-D
depression scores and the Omega 3 Index (r = 0.152), a post hoc power analysis [62] found that 266
participants would be required to detect a significant relationship. However, despite not being
statistically significant, because the coefficient (r = 0.152) only explains approximately 2% of the
variance in depression scores (CES-D), it is unlikely to be clinically meaningful. Common factors
associated with LCn3PUFAs and depression are age, gender, race, education, hypertension, diabetes,
BMI, medications and smoking status [28]. These variables may influence the relationship between
LCn3PUFAs and depression, which might not only reduce the statistical power, but also confound the
effects of LCn3PUFAs on depression. Some of these variables were recorded (Table 1), however
given the small sample size in the present study, no analyses controlling for these potential
confounders were performed. Increasing the size of the sample and performing analyses controlling
for these factors may have assisted in finding a significant relationship between blood levels of

LCn3PUFAs and depression status.

A strength of this study was the determination of omega-3 status by measuring the Omega-3 Index.
However a limitation was the narrow distribution of the Omega-3 index in the study population. The
minimal variability of the Omega-3 Index in this group may have limited the ability to detect a
relationship between the Omega 3 index and depression. It is possible that associations may exist
between omega 3 status and depression when a population with a broader range of omega 3 intakes are
considered. Future studies should also look at relationships between changes in omega 3 erythrocyte

content and changes in depression in controlled supplementation studies.

Conclusion

In summary, the Omega-3 Index was not associated with the depression scores measured by HAM-D
or CES-D in depressed cardiac patients who have low fish / omega-3 intake. The absence of
significant relationships may be due to the small sample size or relatively low severity of depression in
the present sample. The relationship between LCn3PUFAS and depression in patients with heart

disease remains unclear.
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Figure 1: The Consort diagram showing patient recruitment for this cross-sectional analysis. CES-D =

Epidemiological Studies Depression Scale
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Table 1: Characteristics of the Patients (n = 91)

Variables Mean £ SD or n (%)

Age (Years) 59.2+10.3
BMI (kg/m?) * 30.5+5.9
Gender

Male 65 (71%)

Female 26 (29%)
Type of Heart Disease

Coronary Heart Disease 71 (78%)

Heart Failure 20 (22%)

Stable Angina 46 (51%)
Smoking Status

Non-smokers 20 (22%)

Current Smoker 25 (27%)

Past Smoker 46 (51%)
Hypertension 50 (55%)
Type 2 Diabetes 30 (33%)

Family History of Premature cardiovascular disease

Yes 45 (49%)
No 41 (45%)
Unknown 5 (6%)

Medication History

Aspirin 66 (75%)
Clopidogrel 32 (35%)
Nitrates 42 (46%)
Calcium Channel Blockers 47 (52%)

Beta Blockers 31 (34%)




ACEI

ARB

Diuretics

Digoxin
Antiarrhythmic agents
Statins

Fibrates
Benzodiazepines

SSRI

Tricyclic antidepressant

Other Antidepressant

46 (51%)
15 (16%)
32 (35%)
13 (14%)
6 (7%)
68 (75%)
4 (4%)
18 (20%)
19 (21%)
9 (10%)

18 (20%)

ACEI = Angiotensin Converting Enzyme Inhibitor, ARB = Angiotensin Receptor Blocker, BMI =

Body Mass Index, SD = Standard deviation, SSRI = Selective Serotonin Re-uptake Inhibitor,+ n =90
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Table 2: Depression status of patients (n = 91)

Variable n Mean + SD
CES-D 29.2+8.8
Mild (> 16 and < 26) 38 21.1+34
Moderate to severe (> 26) 53 35.1+£6.7
HAM-D 11.0+£5.7
None (0-7) 28 52+14
Mild (8 — 16) 47 11.2+26
Moderate (17 — 23) 13 19.7+18
Severe (> 24) 3 253+1.2

CES-D = Center for Epidemiological Studies Depression Scale, HAM-D = Hamilton Depression

Scale, SD = Standard Deviation
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Table 3: The Omega-3 Index stratified by depression scores (n =91)

n Omega-3 Index
Depression scores
(Mean £ SD) P value
CES-D
Mild (> 16 and < 26) 38 46+1.0
0.085
Moderate to severe (> 26) 53 49+10
HAM-D
None (0-7) 28 46+0.8
Mild (8 — 16) 47 48+1.1
0.817
Moderate (17 — 23) 13 49+10
Severe (> 24) 3 56+05

CES-D = Center for Epidemiological Studies Depression Scale, HAM-D = Hamilton Depression

Scale, SD = Standard deviation
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Table 4: Correlations between the Omega-3 Index, depression status and angina study

Omega-3 Index HAM-D CES-D
r P value r P value r P value
SAQ
Angina Frequency  -0.005 0.963 -0.313 0.003 -0.273 0.009
Physical 0.001 -0.262
o 0.167 0.149 -0.374 0.022
Limitation
Disease 0.000 -0.371
) -0.003 0.976 -0.364 0.000
Perception
Treatment 0.001 -0.285
) ) 0.139 0.192 -0.338 0.007
Satisfaction
CCSA~* -0.002 0.986 0.308 0.003 0.257 0.015

CCSA = Canadian Cardiovascular Society Classification for Angina Pectoris, CES-D = Center for
Epidemiological Studies Depression Scale, HAM-D = Hamilton Depression Scale, SAQ = Seattle
Angina Questionnaire. *Spearman'’s rank-order correlation coefficient (rho)reported for relationships
with CCSA. Statistically significant at p<0.05.



