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Abstract

Objective—To examine whether adherence to a Mediterranean-based dietary pattern is
predictive of depressive symptoms among older adults.

Design—Generalized estimating equation models were used to test the association between a
Mediterranean-based dietary pattern and depressive symptoms over time. Models were adjusted
for age, sex, race, education, income, widowhood, antidepressant use, total calorie intake, body
mass index, smoking, alcohol consumption, number of self-reported medical conditions, cognitive
function, and physical disability.

Setting—Chicago, Illinois.

Participants—Community-dwelling participants (n=3502) of the Chicago Health and Aging
Project aged 65+ years (59% African American) who had no evidence of depression at the
baseline.

Measurements—Adherence to a Mediterranean-based dietary pattern was assessed by the
MedDietScore. Dietary evaluation was performed with a food frequency questionnaire at baseline
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and related to incident depression as measured by the presence of four or more depressive
symptoms from the 10-item version of the Center for Epidemiologic Studies Depression scale.

Results—Over an average follow-up of 7.2 years, greater adherence to a Mediterranean-based
diet was associated with a reduced number of newly occurring depressive symptoms (parameter
estimate = -0.002, standard error = 0.001; p = 0.04). The annual rate of developing depressive
symptoms was 98.6% lower among persons in the highest tertile of a Mediterranean-based dietary
pattern compared with persons in the lowest tertile group.

Conclusion—Our results support the hypothesis that adherence to a diet comprised of
vegetables, fruits, whole grains, fish, and legumes may protect against the development of
depressive symptoms in older age.
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Methods

The percentage of older adults who have clinically-relevant depression has been reported to
range from 7% to 49% (1) and depressive symptomatology is also common (2-6), persistent
(7), and has been associated with declines in physical performance (8) and even mortality
(9). Despite its prevalence, reports have estimated that 70-90% of depression in older age is
undiagnosed, mis-diagnosed, or dismissed as a normal part of aging (10). Lifestyle
behaviors may be an effective, low-cost intervention to improve overall well-being in older
adults.

Adherence to a Mediterranean diet, characterized by an abundance of whole grains, plant
foods, and olive oil, and moderate intake of fish and wine has been associated with a variety
of disease outcomes (see review in Sofi et al., 2010) (11), including reduced odds of
cognitive decline and deficit (12-17) and cancers (18-20), improvements in cardiovascular
risk factors (19, 21-23), and reduced all-cause and cause-specific mortality (24-28).
However, there has been very little attention to the relation of the Mediterranean diet to
overall well-being. One study of young adults in Spain suggests that the Mediterranean diet
may reduce clinical depression (29). Therefore, we examined this relation in our study of
community-dwelling older adults living in a mid-western U.S. population.

The study was conducted among participants of the Chicago Health and Aging Project
(CHAP), a longitudinal study of Black and White residents 65 years and older living in three
southside Chicago neighborhoods. A total of 6,158 age-eligible residents (78.9%) who were
identified in a door-to-door census participated in the 1993-1996 baseline interview survey.
Follow-up interviews were conducted at approximately three-year intervals from 1997 to
2000 (N = 4,320), 2000 to 2003 (N = 2,943), and 2003 to 2006 (N = 2,351), or up to 12
years. The structured, in-home interviews included sociodemographic questions, health
history, medication use, lifestyle behaviors, psycho-social characteristics, and cognitive
performance. All participants provided written, informed consent.
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Study Variables

CHAP study participants completed a validated, semi-quantitative food-frequency
questionnaire (FFQ) (30, 31). A Mediterranean diet score (the MedDietScore) was computed
from responses to reported consumption of 11 food groups (22) that characterize the
Mediterranean diet. Questionnaire items were assigned to the food groups as follows: non-
refined cereals (3 items), potatoes (3 items), fruits (11 items), vegetables (16 items),
legumes, nuts, beans (7 items), fish (3 items), olive oil (2 items), red meat and meat products
(11 items), poultry (4 items), full fat dairy (6 items), and alcohol (3 items). Weekly
consumption of the food groups characteristic of the Mediterranean pattern (i.e., fruits,
vegetables, legumes, olive oil, fish, potatoes, and non-refined cereals) were assigned scores
ranging from 5 for weekly consumption to O for rare consumption. Frequency of
consumption of food groups not characteristic of the Mediterranean diet (i.e., red meat,
poultry, full-fat dairy) was scored in the reverse (i.e., a score of O for consumption > 10
times per week to a score of 5 for once per week consumption or less often). Scoring for
alcohol consumption was non-monotonic; a score of 5 was assigned for alcohol
consumption <300 mL per week and >0, a score of 0 was assigned for consumption >700
mL/week or never consumed, and intermediate scores for 300 mL-700 mL. Possible scores
ranged from O to 55, with higher scores representing greater consumption of food groups
characteristic of a Mediterranean diet.

Assessment of depressive symptoms was based on the 10-item, yes-no version of the Center
for Epidemiologic Studies Depression scale (CES-D) (32, 33). Because the distribution of
CES-D scores is highly, positively skewed, we computed a dichotomous CES-D variable -
scores of 3 or less versus scores of 4 and higher. A score of 4 or higher is the standard
cutpoint and has shown reasonable specificity and sensitivity in identifying older adults with
major depression (34).

We examined a number of potential confounders and effect modifiers: age (in years); sex;
race (non-Hispanic Black vs. Non-Hispanic White); education (years of schooling); yearly
personal income (income ranges scored from 1 [lowest] to 10 [highest]); widowhood (yes/
no); total calorie intake; body mass index (BMI); smoking (pack years); alcohol
consumption (mL per day); and number of self-reported medical conditions (myocardial
infarction, stroke, cancer, diabetes, high blood pressure, Parkinson's disease, shingles,
thyroid disease, and hip fracture). We also controlled for global cognitive function -
computed from the average of standardized scores from 4 tests (the Mini-Mental State
Examination, Symbol Digit Modalities Test, the East Boston Test of Immediate Memory,
and the East Boston Test of Delayed Memaory). We also controlled for physical disability -
assessed using six self-reported activities of daily living (ADLs) and instrumental activities
of daily living (IADLs) measures based on the work of Katz (35).

Statistical Analysis

Of the 6,158 CHAP participants, 12% (n = 747) were excluded from analyses due to
incomplete data. We also excluded 991 participants with evidence of depression (CES-D
score = 4 symptoms) at baseline and 918 participants who died before their first follow-up.
The remaining 3,502 participants comprised our final analytic sample, of which, 50%
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completed all four interview cycles, 22% completed three cycles, and 28% completed two
interview cycles, resulting in 11,263 depression assessments over four observation cycles.
Death was the primary reason for non-participation at each follow-up cycle. The average
follow-up was 7.2 years.

We used generalized estimating equation (GEE) models to model the vector of CES-D
scores from each person as a function of age, sex, race, time since baseline, and other
covariates. GEE is particularly suitable for this as it offers a choice of link functions to
model the outcome variable and accounts for the within-person correlation across repeated
measurements (36). The number of depressive symptoms (where CES-D score >= 4) was
modeled as a poisson-distributed count variable with a canonical log link function (37, 38).
The basic model was adjusted for age, sex, race, education, income, widowhood, total
caloric intake, and BMI. We tested separate models adjusting for multiple covariates, time
lag (i.e., follow-up years since baseline), and interaction terms for each covariate and time
lag. effect modification (where p < 0.05) was also examined by including 3-way interaction
terms between each of the covariates, MedDietScore, and time lag in the basic model.
Widowhood and medical conditions were modeled as time-varying covariates, all other
covariates were based on baseline measurements. All longitudinal analyses were performed
using the GENMOD® procedure of SAS® version 9.2 (38).

The analytic sample had a mean MedDietScore of 28.2 (SD = 4.7), age of 73.5, 12.3 years of
education, and a mean annual income between $20,000-$24,999. The sample was 41% male,
59% Black, and 39% widowed. The mean daily calorie consumption was 1,750 (SD =
610.5), the mean smoking pack years was 18 (SD = 27.4), the mean weekly alcohol intake
was 4.3 mL (SD = 10.6), and the mean number of medical conditions reported was 1.2 (SD
= 1.0). The mean baseline CES-D score was 0.8. During follow-up, the occurrence of 4 or
more depressive symptoms was reported by 13.7% (471 participants) at the first follow-up
(cycle 2), by 10.7% (256 participants) at cycle 3, and by 13.4% (260 participants) at cycle 4.

Participants who were in the lowest tertile of MedDietScores -indicating lower
Mediterranean diet consumption- were more likely to be older, Blacks, and to have lower
educational level and income than participants in the higher tertiles. They also had lower
caloric intake and alcohol consumption. persons in the highest tertile of MedDietScores had
higher educational and income levels and higher alcohol use (Table 1). Figure 1 shows the
mean weekly consumption of Mediterranean food groups in our sample at baseline relative
to the ideal number of food group servings (i.e., a perfect score of 5 per food group) (17,
22). Consumptions of fruit and legumes were closest to the target ranges (69% and 49%
respectively), but consumption of red meat was in excess (by 360%) of target.

MedDietScore was inversely associated with risk of developing depressive symptoms in the
adjusted models (Table 2). Whereas the depressive symptom rate generally increased by
7.4% (lag estimate = 0.0716) annually, for every 5-point increase in MedDietScore, the
annual depressive symptom rate increased by only 6.4%. The estimate of effect for
MedDietScore remained virtually unchanged with additional adjustment for smoking and
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alcohol use (model 2), chronic medical conditions (model 3), and cognitive function (model
4). Further adjustment for physical disability also did not change the effect estimates. We
also examined potential modifications and found that the dietary association was stronger
among Whites than Blacks (data not shown).

In an attempt to more clearly depict the nature of association between adherence to the
Mediterranean diet and depressive symptoms, we re-analyzed the basic adjusted model with
MedDietScore modeled in tertiles (Figure 2). persons in Tertile 1 — the lowest adherence
group — had the highest rate of developing depressive symptoms over time (p = 0.03, SE =
0.01, p-value = 0.05). The slope for persons in Tertile 2 was not as steep as for Tertile 1
(slope difference: p = -0.01, SE = 0.01, p-value = 0.25). The slope for persons in Tertile 3 —
the highest adherence — was almost flat (slope difference: p =-0.03, SE = 0.01, p-value <
0.001), indicating a very low occurrence (close to zero) of depressive symptoms. In fact, the
annual rate of developing depressive symptoms was 98.6% lower among persons in Tertile 3
compared with persons in Tertile 1.

Discussion

In this large, biracial community study of older adults, greater consumption of a dietary
pattern that was higher in whole grains, vegetables, fruits, olive oil, fish, legumes, and lower
in meats and high-fat dairy was associated with decreased likelihood of developing
depressive symptoms over an average 7.2 years, independent of demographic factors,
medical conditions, and cognitive and functional decline. The association appeared to be
stronger in Whites than in Blacks, but this may have been due to lower adherence to the diet
or lower variation in the diet among Blacks and thus less variability in the MedDietScore to
show association as opposed to a differential effect of the diet by race.

Our findings are in agreement with a study of more than 10,000 young (average age 37)
Spanish adults that reported a reduced risk of clinical depression and antidepressant
medication use among those who had greatest adherence to the Mediterranean diet (29) and
with previous studies that related the Mediterranean diet to higher quality of life (39) and
slower rates of cognitive decline (12-17).

The Mediterranean diet may be linked to mental health outcomes via the high number of
dietary constituents such as B-vitamins, antioxidant nutrients, and fat composition. For
example, B-vitamins play important roles in the synthesis of neurotransmitters that affect
mood (11) including serotonin, norepinephrine, and dopamine (40, 41) and in a previous
study, we found that vitamins B6 and B12 were associated with decreased likelihood of
developing depressive symptoms (42). Two other prospective studies also found
associations between B-vitamin deficiencies and depression (43-45). Antioxidant nutrients
(e.g., vitamin E, carotenoids) are also rich in the Mediterranean diet and may protect
neuronal cells against oxidative damage and impaired functioning (46). Moreover, several
Mediterranean components - nuts, seeds, legumes, and fish - are important contributors to
unsaturated fatty acids that have vasodilatory and anti-inflammatory properties which may
be involved in the neurodegenerative process (47-49). Mediterranean diets may also
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improve overall mental health in part through an improvement of endothelial function (50,
51).

This study has a number of strengths that lend confidence to the finding. The observed
associations are based on data from a large, prospective, community-based study with high
rates of participation, up to four assessments of depressive symptoms over 12 years, and
comprehensive dietary assessment using a validated questionnaire. The primary limitation is
that CHAP is an observational study and therefore confounding is always an alternative
explanation for observed associations; however, we tested for a large number of potential
confounders. The CHAP population comes from a large, biracial, midwestern U.S. city, and
as such, the results of our study may not be generalizable to smaller, rural, or other racial/
ethnic populations.

Conclusion

We found that greater consumption of food groups characteristic of a Mediterranean-based
diet was associated with lower likelihood of depressive symptoms in older adults over time.
Although the exact mechanism for this association is unclear, our study provides further
evidence that adopting a healthy diet in older age confers many benefits, including
protection against depressive symptoms. Future research should examine the practical
aspects of application, such as the ease or difficulty in adhering to this dietary pattern in
countries outside the Mediterranean basin as well as overall cost-effectiveness.
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Figure 1.

Mean number of servings per week of the Mediterranean diet food categories reported by
study participants at baseline, compared to the ideal number of servings (maximum score of

5)

* ‘non-refined cereals’ actually includes such items on our FFQ as hot breakfast cereals like
oatmeal and grits, dark breads, and other grains such as kasha, couscous, bulgar, etc. A
perfect score of 5 is given if the participant reports consuming at least 32 servings of non-

refined cereals per week. See text “Study variables” for additional information.
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Figure 2.

The estimated? association of Mediterranean diet and depressive symptomatology over time,
showing that adherence to a Mediterranean diet is inversely related to developing depressive
symptoms over time. persons in the top tertile of MedDietScore (range: 30-44) have a lower
risk of depressive symptoms represented by the flatter slope of CESDSUM score than those

in the middle tertile (range: 26-29) and lowest tertile (range: 15-25)
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Characteristics of the study sample, by Mediterranean diet score tertiles at baseline

(1993-1996), the Chicago Health and Aging Project, N=3,502
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Total Sample MedDietScore, tertiles
MedDietScore, X (SD) 28.2 (4.7) (15-25) (26-29) (30-44)
Age, X (SD) 73.5 (6.1) 74.0 (6.5) 73.6 (6.2) 73.1(5.8)
Male sex, % 41.0 40.1 39.3 43.3
Black race, % 59.3 69.0 62.0 49.2
Education, x (SD) 12.3 (3.6) 11.3 (3.4) 12.1 (3.6) 13.3 (3.6)
IncomeX, x (SD) 4.9 (2.5) 42(2.3) 438(2.3) 5.6 (2.5)
Widowed, % 38.6 40.3 41.8 34.4
Calories, x (SD) 1,750.3 (610.5)  1,500.2 (572.8) 1,753.9 (598.0) 1,945.0 (578.0)
Smoke (pack years), x (SD) 18.0 (27.4) 18.8 (28.1) 17.1 (26.6) 18.3 (27.6)
Alcohol use (mL/day), x (SD) 4.3 (10.6) 2.2 (11.1) 4.1(10.7) 6.0 (9.8)
Medical conditions, x (SD) 1.2 (1.0) 1.2 (1.0) 1.2 (1.0 1.2 (1.0)
Cognition function, x (SD) 0.2(0.7) 0.1(0.7) 0.2(0.7) 0.4 (0.6)
Physical disability, x (SD) 0.1(0.6) 0.2 (0.8) 0.1(0.5) 0.1(0.5)
BMI, x (SD) 27.2 (5.4) 27.3(5.7) 27.4 (5.5) 26.8 (5.1)
CES-D score, x (SD)[range:0-10] 0.8 (1.0) 0.9 (1.0) 0.8 (1.0) 0.8 (1.0)

lRange: 1 (< $5,000) to 10 (> $75,000). A score of 4 represents an annual income of $15,000 - $19,999 and a score of 5 represents an annual

income of $20,000 - $24,999.
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Table 2

Poisson regression models for the longitudinal associations between adherence to

Mediterranean diet and depressive symptoms, N=3,502
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MedDietScore x time Iagl

Estimate (SE)  P-value
Model 1: adjusted for age, sex, race, education, income, widowhood, calories, BMI, MedDietScore, time lag, and  -0.002 (0.001)  0.01
interactions of each variable with time lag (lag).
Model 2: model 1 + smoking, alcohol use, and both variables' interactions with lag -0.002 (0.001) 0.02
Model 3: model 2 + medical conditions and its interaction with lag -0.002 (0.001) 0.04
Model 4: model 1 + global cognitive function and its interaction with lag -0.002 (0.001) 0.02

1Time lag (lag) = (follow-up years since baseline)
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