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Abstract

Background

Diet has been associated with better mental health in general populations, but less is known
on this association in patients with a history of coronary heart disease.

The objective of this study is to examine the cross-sectional associations between dietary
patterns and mental health in elderly patients with a history of myocardial infarction.

Methods

Data were drawn from the final assessment of the Alpha Omega cohort that monitored
patients with a history of myocardial infarction (age range 60—80 years). 2171 patients with
complete data for diet and mental health were included in this study. Diet was assessed

with the 203-item Food Frequency Questionnaire, and subsequently categorized into two
scores: the Dutch Healthy Nutrient and Food Score (DHNaFS) and the Dutch Undesirable
Nutrient and Food Score (DUNaFS). Depressive symptoms, assessed with the Geriatric
Depression Scale (GDS-15), and dispositional optimism, assessed with the 4-item question-
naire (4Q), were cross-sectionally analyzed in relation to dietary patterns using linear
regression analysis.

Results

Patients were on average 72.2 years old and 79.5% were male. The DHNaFS score was
associated with less depressive symptoms and higher dispositional optimism (8 =-0.108;
P<0.001; and 3 = 0.074; P<0.001), whereas no associations were found with the DUNaFS
score. Particularly, consumption of vegetables, fruits, whole grains, fish, and low fat-dairy
were associated with less depressive symptoms and higher optimism. Similar associations
were found when analyzing the association between average DHNaFS score over the pre-
ceding 41 months with depression 8 = -0.085; P<0.001) and higher dispositional optimism
(B =0.084; P<0.001).
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Conclusions

A healthy dietary pattern, in particular a higher consumption of vegetables, fruit, whole
grains, fish and low-fat dairy, was associated with less depressive symptoms and higher
optimism. However, given the cross-sectional nature of our analyses, our findings may
also be explained by more optimistic participants making healthier food choices. Therefore,
future prospective or interventions studies are needed to establish the direction of causality
of this association.

Trial registration
ClinicalTrials.gov NCT03192410.

Introduction

Depression is a highly prevalent mental disorder among patients with a history of myocardial
infarction (MI) [1, 2] and is associated with a decreased quality of life and high costs in health-
care use [3]. Moreover, comorbid depression is related to worse cardiovascular outcomes and
increased mortality [4, 5]. Thus far, conventional depression treatments such as pharmaco-
therapy and psychotherapy have only yielded modest results [6-8], and subclinical depressive
symptoms often persist and remain untreated [9]. Research is therefore needed to identify
alternative or additional lifestyle factors that are associated with mental health in cardiac
patients.

Diet may be such a modifiable risk factor. Systematic reviews in general populations have
shown a beneficial effect of healthy dietary patterns that include high consumption of fruits,
vegetables, fish, olive oil, nuts, and legumes, and an adverse effect of unhealthy dietary patterns
that include high consumption of processed food, sugar and fat [10-13]. In line with these
reviews, later observational studies have reported an inverse association between healthy die-
tary patterns and depressive symptoms [14-17]. Also, a large randomized trial (the PRE-
DIMED study) showed that a low fat, Mediterranean diet decreased the incidence of
depression in a population at high cardiovascular risk [18]. Their results suggested an associa-
tion between a dietary pattern enriched with extra-virgin olive oil and mixed nuts, but only in
a sensitivity analysis among the participants with diabetes mellitus type 2.

Dietary patterns have not only been related to the state-like depressive symptoms, but also
to positive psychological traits [19]. Dispositional optimism, a positive trait that refers to an
individual’s generalized positive expectancies towards the future [20], has been associated with
healthier dietary patterns in younger adults [21, 22], older men [23], and post-menopausal
women [24]. More recently, a cross-sectional study among Spanish women with fibromyalgia,
reported an association between optimism and higher consumption of fruit, vegetables, and
fish [25]. Most of these previous studies used short questionnaires to estimate dietary habits
[22, 25], while one did use a standardized dietary history method [23]. Therefore, more studies
on the association between dietary patterns and dispositional optimism are needed.

With the present study, we aimed to assess the associations of dietary patterns with depres-
sive symptoms and optimism in cardiac patients, using detailed dietary data. We hypothesized
that a healthy nutrient-rich food score would be associated with lower depressive symptoms
and higher optimism; whilst food scores relatively high in solid fats, sodium and/or added
sugar would be associated with a poorer mental health.

PLOS ONE | https://doi.org/10.1371/journal.pone.0186368 October 16, 2017 2/13


https://clinicaltrials.gov/ct2/show/NCT03192410
https://doi.org/10.1371/journal.pone.0186368

@° PLOS | ONE

Diet and mental health

Methods
Study sample

This analysis was carried out among participants of the final wave of the Alpha Omega Trial
(AOT) (ClinicalTrials.gov no. NCT00127452). The design of this trial has been described in
detail elsewhere [26]. Briefly, the AOT was a randomized, double-blind controlled trial that
investigated the effects of n-3 fatty acids supplementation on relapse of cardiovascular events
in a sample of patients with a history of MI. These post-MI patients were recruited by cardiolo-
gists from 32 hospitals between 2002 and 2006, and the date of last follow-up was December
23rd, 2009. Subjects were considered eligible if they were aged between 60 to 80 years at base-
line, had a verified diagnosed MI up to 10 years before randomization, were not cognitively
impaired (i.e. MMSE score > 22 points), and were willing to provide written informed consent
[26, 27]. These selection criteria resulted in a sample of 4837 eligible subjects at baseline (T1)
who were subsequently randomized into four groups of the n-3 fatty acids. Of this initial
cohort, 370 participants died during follow-up. Results of this primary analysis on the associa-
tion between diet and cardiovascular outcomes have already been published elsewhere [26].
For the current secondary analysis, we focused on data from the final wave as mental health
was only assessed at this time point (T2). At the final wave, owing to financial constraints, die-
tary data were only available for the first 2675 patients who were randomized until August
2006, yielding 55% of the initial cohort. Of these remaining 2675 participants, 293 participants
were excluded because they had more than one missing on the diet assessment, 46 participants
because they had more than one missing on the mental health assessment, and 165 participants
because they had more than one missing on both the mental health assessment and the diet
assessment. Thus, 2171 participants with complete data were included in our cross-sectional
analyses on the association between diet and mental health.

The study was conducted in compliance with the Declaration of Helsinki and approved by
a central medical ethics committee (Haga Hospital, Leyenburg, The Hague, Netherlands) and
by the ethics committee at each participating hospital Written informed consent was obtained
from all participants.

Dietary data

Dietary data were collected by a 203-item food frequency questionnaire (FFQ) developed for
the Alpha Omega Trial. The FFQ was an extended and adapted (for people aged 60-80 years)
version of a reproducible and biomarker validated FFQ [28, 29]. Patients were asked to report
the usual intake of foods consumed during the previous month; questions on the frequency,
amount, and type of foods and preparation methods were included. Trained dieticians
checked the returned questionnaires and obtained additional information on unclear or miss-
ing items by phone. Quality assurance procedures included double entry of all FFQ data. The
food data were converted into energy and nutrient intake by using the 2006 Dutch food com-
position database [30]. The 203 food items were collapsed into 24 food groups according to
criteria derived from the Guidelines Food Choice of the Netherlands Nutrition Center.

The calculation of the food scores within the AOT has been previously reported in more
detail [31]. We made a distinction between food groups consisting of nutrient-dense foods
that contribute importantly to the nutrient supply and are typical for the Dutch diet and food
groups that are relatively high in solid fats (saturated and trans fats) and/or sodium and/or
added sugar. To create two food scores, the food groups were categorized into quintiles of con-
sumption, with study patients receiving a score of 0 to 4 for each of the 24 food groups, and
then summed. The Dutch Healthy Nutrient and Food Score (DHNaFS) included 11 nutrient-
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dense food groups: vegetables, fruit, whole grains, protein-rich plant foods (i.e. legumes), pota-
toes, lean meat, fish, eggs, low-fat milk and yogurt, oils and soft margarines, and non-caloric
drinks. The Dutch Undesirable Nutrient and Food Score (DUNaFS) included 13 food groups
that were high in solid fats, sodium, and/or added sugar: processed food, high-fat meat, pro-
cessed meat, full-fat milk, cheese, refined grains, butter and margarines, soups, spreads, ready-
to-eat meals, sweet snacks, and sugar-sweetened beverages.

Mental health assessment

Depressive symptoms were assessed with the 15-item version of the Geriatric Depression Scale
(GDS-15). The GDS-15 is a validated self-report instrument designed to assess depressive
symptoms in older people [32]. This instrument is especially useful to measure depressive
symptoms in older patients with coronary heart disease, as it excludes somatic symptoms that
might also be related to physical illnesses rather than to depressive symptoms [33]. The total
score ranges from 0 to 15 points, with higher scores indicating more depressive symptoms. For
the computation of the GDS-15 score, two missing items were allowed, being subsequently
imputed with the mean of the remaining items. Furthermore, a (familiar) history of depression
and use of antidepressants were reported.

Dispositional optimism was assessed using the four-item questionnaire (4Q) [34] from a
survey of Statistics Netherlands (CBS) consisting of the following statements—“I still expect
much from life”, “I do not look forward to what lies ahead for me in the years to come”, “My
days seem to be passing by slowly”, and “I am still full of plans” (our translations). Subjects
were asked to express the extent of their agreement with each of the items, coding their
responses on a 0-2 Likert type scale. Within the four score items, two negatively stated items
required reversed coding. The additional answer category “do not know” was also coded as the
midpoint (score 1). The optimism questionnaire scores range from 0-8 points, with higher
scores being indicative of higher optimism levels.

Covariates

At T2, data were collected on demographic factors, lifestyle, medical history, current health
status, and medication use. Information about the highest attained level of education was used
as an indicator of socioeconomic status, with more than 11 years of education as the upper cat-
egory. Marital status was dichotomized into the categories being married (or cohabiting) or
not (i.e. unmarried, divorced, widow). Smoking habits were categorized into never smoked,
smoked in the past, and current smoking. Alcohol use was categorized into no alcohol use, use
of 1 unit per week, and use of more than 1 alcohol units per week. Body mass index (BMI) was
calculated from the measured weight and height. Reported self-rated health was dichotomized
into excellent to good self-rated health and moderate to poor self-rated health. Physical activity
was assessed by the validated Physical Activity Scale for the Elderly (PASE) questionnaire and
categorized as no activity or only light activity, <30 min/day moderate to vigorous activity,
and >30 min/day moderate to vigorous activity [35]. Self-reported medication of the patients
was coded according to the Anatomical Therapeutic Chemical Classification System (ATC).
ATC codes for antidepressant medication were NO6A and NO6AX.

Statistical analyses

Sociodemographic and baseline characteristics were summarized using descriptive statistics.
Categorical variables were presented as proportions across quintiles of both food scores. Con-
tinuous data were presented as mean and standard deviation. As the variable depressive symp-
toms was positively skewed and optimism was negatively skewed, these variables are presented
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as median and interquartile ranges. We additionally performed multiple imputation to evalu-
ate the effects of missing data and avoid the potential bias and decreased statistical power asso-
ciated with complete case analysis. The imputation model incorporated three key variables
used in the analysis and fourteen auxiliary (confounding) variables. The results of five imputed
data-sets were compared with the complete case analyses. The Multivariate Imputation by
Chained Equations approach was used as a multiple imputation method.

An analysis of covariance and linear regression were conducted to explore the associations
of the food scores with depressive symptoms, on the one hand, and dispositional optimism, on
the other hand. We used the standardized beta-coefficients as estimates of effect size over the
increasing quintiles. Associations were first assessed in a crude model, using a Jonckheere-
Terpstra non-parametric test. Subsequently, we repeated the analyses adjusting first for age
and sex (Model 1) and additionally for education, marital status, physical activity, body mass
index, high alcohol use, current smoking, use of antidepressants, family history of depression,
self-rated health, chronic disease, and treatment group (Model 2). Furthermore, linear regres-
sion analyses were performed to evaluate the association of individual foods of the healthy
composite food score with depressive symptoms, on the one hand, and dispositional optimism,
on the other hand.

To assess the association with longer term dietary patterns, analyses were repeated with the
average food scores (at T1 and T2) as the independent variable and depressive symptoms and
dispositional optimism as the dependent variables. In a sensitivity analysis, the same analyses
were conducted in the subgroup of patients not using antidepressants at T1 and T2.

All tests were two-tailed with p<0.05 denoting statistically significance. The software used
was SPSS version 24.0 (SPSS Inc., Chicago, IlI).

Results
Study population

The included 2171 patients had a mean age of 72.2 years and were predominantly male
(79.5%). Most participants were married and had a low educational level. The mean BMI was
27.7 kg/m® and 20.5% of the patients was physically active. Alcohol consumption was predom-
inantly moderate and most of the patients were former smokers. Patients rated their own
health predominantly as good (72.5%). Regarding mental health, the median GDS-15 score
was 1.00 points, whereas the median score for the 4Q-optimism scale was 6.67 points. Only
4.7% reported use of antidepressants and 19.6% had a positive family history for mood
disorders.

Compared to the included patients, excluded participants were more likely to be older,
unmarried, being unhealthier (i.e., more smoking, higher BMI, and more chronic disease)
men, and therefore more likely to rate their health as poor and scoring slightly higher on the
depression scale. The results of the multiple imputation analysis showed a pooled beta of
-0.120 (t = -4.34; p = 0.004) for depression scores in relation to healthy diet and a pooled beta
0f 0.08 (t = 2.70; p = 0.03) for optimism scores in relation to healthy diet. Similar effect esti-
mates were found after multiple imputation of the missing data, suggesting that findings were
robust.

Cross-sectional findings

Table 1 shows the baseline characteristics across quintiles of the DHNaFS and the DUNaFS
scores. Patients in the highest quintile of the healthy food score were more likely to be men, be
married, and had higher education levels. They were also more physically active, were less
likely to smoke, and subjectively rated their health as better than patients in the lowest quintile.
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Table 1. Characteristics of 2171 post-myocardial infarction patients at T2 depending on DHNaFS and DUNaFS quintiles.

Dutch Healthy Nutrient and Food Score Dutch Undesirable Nutrient and Food Score
(DHNaFS) (DUNaFS)
Q1 Q3 Q5 Q1 Q3 Q5

Age, years mean (SD) 72.9 (5.5) 72.4(5.4) 71.7 (5.2) 72.7 (5.4) 72.1(5.6) 71.9(5.3)
Men. No. (%) 295 (72.8%) 422 (79.2%) 399 (86.9%) 273 (66.1%) 274 (79.2%) 358 (90.9%)
Higher education®. No (%) 31 (7.7%) 86 (16.2%) 94 (20.6%) 41 (10.0%) 58 (16.9%) 70 (17.9%)
Married. No (%) 286 (70.6%) 432 (81.2%) 395 (86.1%) 305 (74.0%) 289 (83.5%) 334 (84.8%)
Body mass index. mean (SD) 27.7 (3.9) 27.6 (3.3) 27.7 (3.6) 28.1(3.9) 27.7 (3.8) 27.3(3.6)
Physically active. No. (%) 46 (11.4%) 120 (22.6%) 121 (26.4%) 83 (20.4%) 58 (16.9%) 94 (23.9%)
Current Smoker. No. (%) 76 (18.7%) 72 (13.5%) 44 (9.6%) 70 (16.9%) 48 (13.9%) 46 (11.7%)
Alcohol use. No (%)

*>1 glass a week 269 (66.7%) 381 (71.8%) 363 (79.1%) 291 (70.6%) 248 (72.3%) 294 (74.6%)

* <1 glass a week 6 (4.0%) 46 (8.7%) 25 (5.4%) 8 (4.4%) 25 (7.3%) 27 (6.9%)

*No use 118 (29.3%) 104 (19.6%) 71 (15.5%) 103 (25.0%) 70 (20.4%) 73 (18.5%)
Poor self-rated health. No (%) 146 (36.1%) 144 (27.1%) 102 (22.2%) 123 (29.9%) 95 (27.5%) 92 (23.4%)
Chronic disease. No (%) 138 (34.1%) 171 (32.1%) 136 (29.6%) 159 (38.5%) 94 (27.2%) 107 (27.2%)
Antidepressant use. No (%) 26 (6.4%) 26 (4.9%) 14 (3.1%) 29 (7.0%) 14 (4.0%) 11 (2.8%)
Family history of depression. No (%) 56 (13.9%) 98 (18.5%) 117 (25.5%) 79 (19.3%) 70 (20.3%) 84 (21.4%)
Depressive symptoms GDS, median (IQR) 2(3) 1(2) 1(2.1) 2(3) 1(2.1) 1(3)
Optimism 4Q, median (IQR) 6(2) 7(2) 7(2) 6 (3) 7(2) 7(2.7)

Participants were included according to completeness of data for all variables.

Higher education is defined as having more than 11 years of education or having at least completed secondary education.
Body mass index is calculated as weight in kilograms divided by height in meters squared.

Chronic disease is defined as the presence of diabetes, cancer, or self-reported stroke.

Physically active was defined as >5 d/wk of moderate or vigorous activity (>3METS).

https://doi.org/10.1371/journal.pone.0186368.t001

Alcohol consumption, on the contrary, tended to be higher in the highest quintile of the
DHNaFS score. Differences for lifestyle variables were smaller across quintiles of the DUNaFS
score.

Table 2 presents the results of the analyses on the association of food scores with depressive
symptoms and dispositional optimism. These results show an inverse association between
higher quintiles of the DHNaFS score and depressive symptoms (§ = -0.108; P<0.001), besides
a positive association between higher quintiles of the DHNaFS score and dispositional opti-
mism (B = 0.074; P<0.001). Conversely, no associations were found between the DUNaFS
score and depressive symptoms (B = -0.002; P = 0.93) or dispositional optimism (B = -0.014;

P =0.48).

In Table 3 we report the results of the univariate and multiple linear regression analyses on
the association between the individual foods of the composite DHNaFS score and mental
health. Depressive symptoms were inversely associated with higher consumption of vegetables
(B=-0.074; P = 0.003), fruits (B = -0.047; P = 0.03), whole grains (3-0.090; P<0.001), fish (§ =
-0.051; P = 0.018), and low-fat dairy (8 = -0.055; P = 0.009); whilst higher dispositional opti-
mism was only associated with higher consumption of vegetables (B = 0.089; P = 0.001), whole
grains ( = 0.087; P<0.001), fish (B = 0.043; P = 0.05), and low-fat dairy (B = 0.047; P = 0.03).

Findings in relation to average food scores

The mean change of the healthy and undesirable food scores was 0.23 (SD = 5.70, P = 0.07)
and -0.08 (SD = 6.15, P = 0.55), respectively, indicating that there was only a slight
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Table 2. Quintiles of undesirable food score in relation to depressive symptoms and dispositional optimism in 2055 post-myocardial infarction

patients.

Dutch Healthy Nutrient and Food Score (DHNaFS) Q1 Q2 Q3 Q4 Q5 Beta’s | P—value for trend

Range in DHNaFS
Depressive symptoms:

(n=405) @ (n=399) | (n=533) (n=375) | (n=459)
21016 17t020 | 21t024 | 251027 | 28t038 - -

* Median (p25, p75) 2(1,4) 2(1,3) 1(0,3) 1(0,2) 1(0,2) - <0.001*

e Crude 2.71(0.14) | 2.20(0.12) | 1.89(0.09) | 1.57 (0.09) | 1.65 (0.09) | - 0.195 <0.001

* model 1 2.63(0.11) | 2.19(0.11) | 1.88(0.10) | 1.61 (0.11) | 1.72(0.10) | -0.172 <0.001

* model 2 2.40(0.10) | 2.12(0.10) | 1.91(0.09) | 1.75(0.10) | 1.86 (0.09) | - 0.108 <0.001
Dispositional optimism:

* Median (p25,p75) 6(5,7) 6(5,8) 7(6,8) 7(6,8) 7 (6,8) - <0.001*

e crude 5.94 (0.09) | 6.15(0.08) | 6.39(0.07) | 6.36 (0.08) | 6.63(0.07) | 0.154 <0.001

* model 1 6.01(0.08) | 6.15(0.08) | 6.41(0.07) | 6.33(0.08) | 6.58 (0.07) | 0.126 <0.001

e model 2 6.15(0.08) | 6.19(0.07) | 6.39(0.06) | 6.24 (0.08) | 6.49 (0.07) | 0.074 <0.001
Dutch Undesirable Nutrient and Food Score (DUNaFS) Qi Q2 Q3 Q4 Q5 P—uvalue for trend

Range in DUNaFS
Depressive symptoms:
* Median (p25,p75)

¢ Crude

* model 1

* model 2

Dispositional optimism:

* Median (p25,p75)

e crude

* model 1

* model 2

(n=413) (n=485) (n=346) (n=533) (n=394)
5t019 20to 24 25t027 2810 32 33 to 49

2(0,3) 1(0,3) 1(0,2) 1(0,3) 1(0,3) - 0.07*
2.19(0.13) | 2.12(0.12) | 1.92(0.13) | 1.79(0.09) | 1.92(0.11) | - 0.059 0.008
2.06(0.11) | 2.09(0.10) | 1.92(0.12) | 1.87(0.10) | 2.04(0.11) | - 0.019 0.37
2.01(0.10) | 2.08(0.09) | 1.95(0.11) | 1.86(0.09) | 2.12(0.10) | - 0.002 0.93

6(5,8) 7(5,8) 6(6,8) 7(6,8) 7(5,8) - 0.45%
6.19(0.09) | 6.31(0.08) | 6.34 (0.09) | 6.39 (0.06) | 6.33(0.08) | 0.043 0.05
6.30 (0.08) | 6.33(0.07) | 6.33(0.08) | 6.32(0.07) | 6.26(0.08) | 0.003 0.89
6.33(0.08) | 6.33(0.07) | 6.32(0.08) | 6.32(0.06) | 6.21(0.08) | - 0.014 0.48

Data are reported (adjusted) mean and standard errors (SE).

*p-values calculated with the non-parametric Jonckheere-Terpstra test.

Analysis of covariance (ANCOVA) was used to determine significance for linear trend over the quintiles of the diet (un)healthy score. Linear regression
analysis was used to determine the beta’s. Depressive symptoms and dispositional optimism were introduced in the model as continuous variables.

Model 1: adjusted for age, sex.

Model 2: additionally adjusted for education, marital status, physical activity, body mass index, high alcohol use, current smoking, use of antidepressants,
family history of depression, self-rated health, chronic disease, and treatment group.

https://doi.org/10.1371/journal.pone.0186368.t002

improvement in these healthy food scores between T1 and T2. The Pearson’s correlation coef-
ficients were 0.55 (P<0.001) for the healthy food scores. There was an inverse association
between average healthy food score over 41 months and depressive symptoms (-0.085;
p<0.0001); whilst a positive association was found for dispositional optimism (0.084;p<0.001)
(Table 4).

Discussion

Results from the present study suggest that a healthy dietary pattern is associated with better
mental health in older patients with a history of cardiac infarction. Particularly, higher con-
sumption of vegetables, fruit, whole grains, fish and low-fat dairy were associated with less
depressive symptoms. Similar results were found for a healthy dietary pattern and higher levels
of dispositional optimism, also for the individual foods. Furthermore, our results showed that
average healthy food scores over 41 months of follow-up are also associated with better mental
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Table 3. Individual foods of the DHNaFS in relation to depressive symptoms and dispositional optimism at T2 in 2171 post-myocardial infarction
patients.

Depressive symptoms Dispositional optimism
Crude Beta | P—value | Adjusted Beta* P—value | CrudeBeta | P—value | Adjusted Beta* P—value
Vegetables -0.120 <0.001 -0.074 0.003 0.108 <0.001 0.089 <0.001
Fruits -0.070 0.001 -0.047 0.03 0.057 0.008 0.032 0.14
Whole grains -0.106 <0.001 -0.090 <0.001 0.096 <0.001 0.087 <0.001
Potatoes -0.092 <0.001 -0.041 0.09 0.045 0.036 -0.008 0.75
Protein enriched plants -0.084 <0.001 -0.040 0.09 0.066 0.002 0.031 0.17
Lean meat -0.060 0.005 -0.039 0.07 0.057 0.008 0.041 0.06
Eggs -0.016 0.45 -0.006 0.77 0.025 0.24 0.019 0.39
Fish -0.068 0.002 -0.051 0.018 0.062 0.004 0.043 0.05
Low-fat dairy -0.067 0.002 -0.055 0.009 0.057 0.01 0.047 0.03
Oils and margarines -0.016 0.45 0.013 0.54 -0.016 0.47 -0.040 0.07
Non-caloric drinks -0.0002 0.93 0.027 0.21 0.017 0.43 -0.01 0.61

The Dutch Healthy Nutrient and Food Score (DHNaFS) included 11 nutrient-dense food groups: vegetables, fruit, whole grains, protein-rich plant foods
(mostly legumes), potatoes, lean meat, fish, eggs, low-fat dairy (milk and yogurt), oils and soft margarines, and non-caloric drinks.
*: Adjusted beta’s by multiple regression analysis including all 11 food groups from the DHNaFS.

https://doi.org/10.1371/journal.pone.0186368.t003

health outcomes. By contrast, no such associations were shown with the undesirable food
scores.

Our finding of an association between a healthy dietary pattern and depressive symptoms is
in line with the results of other observational studies that showed that high adherence to
healthy dietary habits is associated with less depressive symptoms [14-17, 36]. In accordance
with these previous studies, we also found that specifically the consumption of vegetables,
fruits and whole grains is associated with lower risks of depression. We extend their findings
by showing that these associations are also relevant in patients with a history of coronary heart
disease and not only in community-dwelling populations.

Table 4. Healthy food score over the preceding 41 months (T1 and T2) in relation to depressive symptoms and dispositional optimism at T2 in
2171 post-myocardial infarction patients.

Dutch Healthy Nutrient and Food Score (DHNaFS) Q1 Q2 Q3 Q4 Q5 Beta’s | P—value for trend
(n=423) (n=433) (n =464) (n=401) (n =450)
Range in mean DHNaFS 2to0 25 10t0 29 13t0 32 12to 34 19to 38 - -
Depressive symptoms:
* crude 2.83(0.16) | 2.02(0.12) | 1.75(0.11) | 1.77(0.12) | 1.60(0.15) | -0.162 <0.001
» model 1 2.72(0.16) | 2.02(0.12) | 1.77(0.11) | 1.77(0.12) | 1.69(0.15) | -0.139 <0.001
* model 2 2.52(0.14) | 1.91(0.11) | 1.84(0.09) A 1.90(0.11) | 1.81(0.13) | -0.085 <0.001
Dispositional optimism:
e crude 5.87(0.12) | 6.17(0.08) | 6.49 (0.08) | 6.46(0.09) | 6.57 (0.11) | 0.151 <0.001
* model 1 5.98 (0.11) | 6.17(0.08) | 6.48 (0.07) | 6.45(0.08) | 6.48(0.11) | 0.127 <0.001
* model 2 6.08 (0.11) | 6.23(0.08) | 6.43(0.07) | 6.38(0.08) | 6.41(0.10) | 0.084 <0.001

Data are reported (adjusted) mean and standard errors (SE). Quintiles of the average (T2,T1)

Analysis of covariance (ANCOVA) was used to determine significance for linear trend over the quintiles of the diet healthy score. Linear regression analysis
was used to determine the beta’s. Depressive symptoms and dispositional optimism were introduced in the model as continuous variables.

Model 1: adjusted for age, sex.

Model 2: additionally adjusted for healthy diet score at baseline, education, marital status, physical activity, body mass index. high alcohol use, current
smoking, use of antidepressants, family history of depression, self-rated health, chronic disease, and treatment group.

https://doi.org/10.1371/journal.pone.0186368.t004

PLOS ONE | https://doi.org/10.1371/journal.pone.0186368 October 16, 2017 8/13


https://doi.org/10.1371/journal.pone.0186368.t003
https://doi.org/10.1371/journal.pone.0186368.t004
https://doi.org/10.1371/journal.pone.0186368

@° PLOS | ONE

Diet and mental health

Interestingly, our results showed that an undesirable diet was not independently associated
with depressive symptoms. Therefore, our findings regarding undesirable diet are discrepant
with some other studies that did find undesirable dietary patterns to predict depressive symp-
toms [37-39]. These conflicting results may be explained by methodological differences or the
studied population. First of all, most studies were conducted among relatively young, healthy
adults, whilst we studied older cardiovascular patients who were at increased risk for depressive
symptoms. Secondly, other cohort studies used other (often short) dietary indices that have
been constructed differently and are based to various national, nutritional guidelines that are
similar but not completely concordant with the Dutch dietary guidelines. Finally, other studies
have often assessed depression with self-report questions or have included the use of antide-
pressants as a proxy for the diagnosis of depression, whilst such medication may have been pre-
scribed with other indications and depression may have remitted at the time of assessment.

Regarding the association between dietary patterns and optimism, our results were concor-
dant with those of an earlier study among a younger, population-based sample [21, 22], post-
menopausal women [24], women with fibromyalgia [25], and older men [23]. With this study,
we add up to the emerging evidence on the association between dietary patterns and optimism
in older men and women with a history of myocardial infarction.

A variety of biological and psychosocial mechanisms have been suggested to explain the
association between diet and mental health. Some of the previously studied healthy dietary pat-
terns, such as the Mediterranean, Norwegian, or Japanese diets, are anchored in social tradi-
tion. Mealtimes are events when the whole family comes together, and may thus serve as social
gatherings, possibly enhancing mental health through enhancing intimacy and reducing lone-
liness [40]. It could be hypothesized that more healthy food choices are made when meals are
consumed together [41]. From a biological point of view, various hypotheses have been formu-
lated. A healthy diet may positively affect mood by increasing brain levels of monoamines
[42], reduce apoptosis of the limbic system [43, 44], and have anti-inflammatory properties
[45, 46]. The high content of antioxidants in fruits and vegetables is likely to be protective
against the negative effects of oxidative stress at neuronal level, which has been associated
with depression [47]. Particularly, the anti-inflammatory and anti-oxidant effects are likely to
be of importance in preventing both cerebral changes associated with depression and chronic
inflammatory states that influence coronary heart disease [48]. However, more (experimental)
studies are needed to confirm this hypothesis.

A major strength of this study was the inclusion of a large, representative cohort of patients
with coronary heart disease, and the assessment of the variables with well-validated scales. A
specific focus on patients with coronary heart disease contributes to shed light on what factors
might be important in the prevention and reduction of comorbidity in these patients. Further-
more, we differentiated between a healthy and undesirable food score, being able to show that
mental health was more strongly associated with a healthy dietary patterns rather than with
undesirable dietary patterns.

Nevertheless, some limitations should also be considered. Because dietary patterns were
assessed using a self-report questionnaire, it is possible that the provided information resulted
in a measurement error of actual food scores. However, the main limitation is inherent to
the cross-sectional design of our study, as it hampers interpretation of the causal direction.
Reverse causation cannot be excluded as it is also possible that depression influences eating
habits by its intrinsic symptoms such as loss of appetite, disturbed sleep or craving to foods
containing fat and sugar [49]. Furthermore, residual confounding may also have affected our
results. Factors such as lower socioeconomic status and physical activity could influence both
depression and dietary habits. It is plausible that patients who hold a healthier lifestyle, also
engage in other protective lifestyle behaviors that prevent depression [50].
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Our findings provide preliminary evidence of a relationship between dietary patterns and
mental health in patients with coronary heart disease. Future research in controlled interven-
tions and well powered prospective studies might help to elucidate the direction of these asso-
ciations and establish whether cardiac patients may benefit from efforts to promote healthier
diets, not only as a primary prevention of coronary heart disease, but also to reduce depressive
symptoms and improve dispositional optimism [50, 51].

In conclusion, this study in participants with a history of MI showed that a healthy diet is
associated with better mental health More research is needed to define the pathway of causality
and to investigate the potential benefits of dietary interventions in improving mental health in
cardiac patients.
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