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estimated using multivariable logistic regression models. 
Several sensitivity analyses were performed.
Results In the present study, 172 incident cases of 
depressive symptoms were identified during the follow-up 
(mean = 12.6 years). After adjustment for a wide range of 
potential confounders, adherence to the rMED score (con-
tinuous variable) was significantly associated with incident 
depressive symptoms in men (OR 0.91; 95% CI 0.83–0.99; 
p = 0.03), but not in women. Use of the Literature-Based 
Adherence Score to the Mediterranean Diet (LAMD) and 
the classic MD score (MDS) provide similar findings.
Conclusions In the current study, higher adherence to the 
Mediterranean Diet at midlife was associated with a lower 
risk of incident depressive symptoms, particularly in men, 
increasing scientific evidence for a beneficial role of Medi-
terranean Diet on health. Further investigations in particu-
lar among women are needed.

Keywords Mental health · Depressive symptoms · 
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Introduction

Depression is one of the most prevalent mental health dis-
orders and a leading cause of disability worldwide. Accord-
ing to the World Health Organization (WHO), the depres-
sion-related disease burden represents approximately 11% 
of years lived with disability globally [1]. Thus, depression 
is an important public health issue for which there is an 
urgent need to identify modifiable factors, including diet.

Several studies have investigated the relationship of a 
posteriori-derived dietary pattern with risk of depression 
or depressive symptoms [2–7]. Overall, meta-analyses 
suggest a beneficial role of a healthy dietary pattern and 

Abstract 
Purpose This study examines whether adherence to the 
Mediterranean Diet (MD) measured by several dietary 
indexes was associated with incident depressive symptoms 
in a large French cohort.
Methods The study sample consisted of 3523 partici-
pants from the Supplémentation en Vitamines et Minéraux 
Antioxydants (SU.VI.MAX) cohort who had at least three 
dietary records at baseline during the first 2  years of fol-
low-up (1994–1996), free of depression at the beginning 
of the study (1996–1997) and available Center for Epide-
miologic Studies Depression Scale (CES-D) data at the end 
of follow-up (2007–2009). The rMED was computed. Inci-
dent depressive symptoms were defined by a CES-D score 
≥17 for men and ≥23 for women in 2007–2009. Odds 
ratios (OR) and 95% confidence intervals (95% CI) were 
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a detrimental role of Western dietary patterns concerning 
depression risk [2, 3]. However, the studies included in 
these meta-analyses were mostly cross-sectional. Among 
the few prospective studies carried out more recently, some 
have reported an association with a healthy diet in general 
[6, 7], others with an unhealthy diet [5], and still others 
have found non-significant associations between dietary 
patterns and depression or depressive symptoms [4].

Besides, few studies have employed a priori methods 
aiming to measure adherence to specific dietary patterns, 
in particular the Mediterranean diet (MD). The MD, char-
acterized by high consumption of olive oil, whole grains 
and plant foods, low intake of saturated fat and sugar, and 
moderate consumption of fish, dairy products and red wine 
[8], is considered one of the best models for healthy eat-
ing owing to its beneficial role concerning cardiovascular 
disease [9], several cancers [10], diabetes [11], metabolic 
syndrome [12], inflammation and oxidative stress [13], and 
overall mortality [14]. In particular, recent evidence sug-
gests that inflammation and oxidative stress may constitute 
possible underlying pathways of the potential link between 
diet and depression [15, 16]. This is supported by sev-
eral studies which have reported a significant association 
between the inflammatory potential of diet and depression 
or depressive symptoms [17–20].

A meta-analysis including seven cross-sectional and 
only one cohort study concluded that high and moderate 
adherence to the MD was associated with a reduced risk for 
depression [21]. Following this review, one cross-sectional 
study [22] and three prospective studies have investigated 
the relationship between adherence to the MD and risk 
of depression [23–25]. Among these more recent studies, 
some were restricted to women [24] or older people [23]. 
In addition, one randomized trial comparing intervention 
groups (MD supplemented with nuts or extra virgin olive 
oil) to a control group (low-fat diet) with a median follow-
up of 5.4 years showed non-significant effect of interven-
tion on the incidence of depression [26]. However, when 
the analysis was restricted to participants with diabetes mel-
litus type 2, the intervention group following an MD sup-
plemented with nuts had lower risk of depression compared 
with the control group. Besides, a prospective study using 
factor analysis to identify dietary patterns also reported an 
inverse association between the ‘Mediterranean-style’ diet 
(correlated with high consumption of vegetables, grains 
and red wine) and the incidence of depressive symptoms 
[27]. Thus, further prospective studies are needed to clarify 
and strengthen the evidence regarding the association of 
the MD with depression or depressive symptoms.

The aim of this study was to assess the long-term asso-
ciation of adherence to a Mediterranean diet using several 
dietary scores with the risk of depressive symptoms in a 
large sample of French adults, using detailed dietary data.

Subjects and methods

Study population

The Supplémentation en Vitamines et Minéraux Antioxy-
dants (SU.VI.MAX) study (1994–2002) was initially a ran-
domized, double-blinded placebo-controlled trial which 
included a total of 13,017 participants. It aimed to evaluate 
the effect of a daily supplementation with antioxidant vita-
mins (vitamin C, vitamin E and beta-carotene) and miner-
als (selenium and zinc) at nutritional doses on the incidence 
of cancer, ischemic heart disease and overall mortality [28, 
29]. At the end of the trial (2002), a total of 6850 subjects 
who had agreed to participate in a post-supplementation 
observational follow-up were included in the SU.VI.MAX 
2 study (2007–2009).

The SU.VI.MAX and SU.VI.MAX 2 studies were con-
ducted in accordance with the Declaration of Helsinki, and 
were approved by the ethics committee for studies with 
human subjects of the Paris-Cochin Hospital (Comités de 
Consultation pour la Protection des Personnes se Prêtant 
à la Recherche Biomédicale (CCPPRB) no. 706 and no. 
2364, respectively) and the “Commission National de 
l’Information et des Libertés” (CNIL no. 334641 and no. 
907094, respectively). All participants provided written 
informed consent. The SU.VI.MAX trial was registered at 
http://www.clinicaltrials.gov/ct2/show/NCT00272428.

For this analysis, we selected participants who had 
available data from the Center for Epidemiologic Studies-
Depression Scale (CES-D) at two time points (1996–1997 
and 2007–2009) (n = 5464), and who had completed at 
least 3 dietary records during the first 2  years of follow-
up (n = 4267). We excluded, participants with prevalent 
depressive symptoms at the 1st assessment (defined by 
CES-D ≥17 for men and ≥23 for women, n = 697) [30] 
and participants who reported treatment for depression at 
baseline (n = 47). In total 3523 participants were included 
in this prospective study (Fig. 1).

Depressive symptoms

Depressive symptoms were measured using the French ver-
sion of CES-D scale [30, 31]. The CES-D scale consists 
of 20 descriptive statements referring to the frequency of 
depressive symptoms during the previous week with four 
modalities (0 = ‘less than 1 day’; 1 = ‘1–2 days’; 2 = ‘3–4 
days’; and 3 = ‘5–7 days’). Total scores range from 0 to 60, 
with higher scores denoting more depressive symptoms. 
The French version of CES-D scale provides a sensitivity 
of 0.76 and a specificity of 0.71. To achieve this specificity 
and sensitivity level, the cut-off value of 17 for men and 23 
for women was suggested by Führer and Rouillon [30]. To 
define the presence of depressive symptoms, we used in our 
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main analyses, these sex-specific cut-off validated for the 
French population. Incident cases of depressive symptoms 
were defined as participants who were free of depressive 
symptoms at the beginning of the study, who did not use 
antidepressants at baseline and who had depressive symp-
toms at the end of the follow-up.

Dietary data and Mediterranean diet score

Baseline dietary intake information was obtained using 
repeated 24-h dietary records over a 2  year period 
(1994–1996). Information was collected every 2 months 
(6 records per year) so that each day of week and all 
seasons were covered, thus accounting for intra-individ-
ual variation in intake. Participants were assisted by an 
instruction manual that included validated photographs 
of foods represented in 3 main portion sizes, 2 intermedi-
ate and 2 extreme portion sizes [32]. We used a validated 
French food-composition table to estimate nutrient intake 
[33]. Daily food intake refers to the average consumption 
from all 24-h dietary records completed during the first 

2 years of follow-up. The mean (SD) number of dietary 
records was 10.2 (3.0).

We estimated adherence to the MD using the relative 
Mediterranean diet score (rMED) described by Buckland 
et  al. [34], and based on 9 “desirable” or “undesirable” 
dietary components was used. Health-wise, the “desir-
able” components include grains, vegetables (excluding 
potatoes), legumes, fruits and nuts, fresh fish, olive oil, 
and moderate alcohol consumption. In turn, the undesir-
able components include meat and dairy products. Each 
component (except for alcohol) was presented as grams 
per day per 1000 kcal, and divided into sex-specific ter-
tiles. A value between 0 and 2 was assigned to each tertile 
for the “desirable” components. The scoring was reversed 
for the “undesirable” components. For alcohol consump-
tion, 2 points were assigned if ethanol consumption was 
in the range 5–25 g/day for women and 10–50 g/day for 
men; otherwise, 0 point was attributed. The rMED was 
the sum of all 9 components, and the total score ranged 
from 0 point (no adherence) to 18 points (complete 
adherence).

Fig. 1  Flow chart of partici-
pant selection. CES-D Center 
for Epidemiologic Studies-
Depression Scale; SU.VI.MAX 
Supplémentation en Vitamines 
et Minéraux Antioxydants

Participants of the SU.VI.MAX study

N=13,017

Participants with at least 3 dietary records during the 
first two years of follow-up (eligible subjects)

N=5,146

Participants without depressive symptoms and not taking 
antidepressants at baseline

N=6,703

Final sample

N=3,523

Participants with CES-D data at baseline (1996-1997)

N=8,474

Participants without CES-D 
data at baseline 

N= 4,543 

Participants with depressive 
symptoms or treated with 
antidepressants at baseline

N=1,771

Participants without dietary data 
(at least 3 dietary records)

N=1,557

Participants without CES-D 
data at the end (2007-2009)

N=1,623
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Covariates

Information about age (years), sex, educational level (pri-
mary, secondary or university level), marital status (living 
alone, married/living with a partner or separated/divorced/
widowed), socio-professional status (unemployed, manual 
worker, employee/support staff or white-collar worker), 
and smoking status (never, former or current smoker) was 
self-reported by participants in the baseline questionnaire. 
Physical activity was assessed in 1998 using a French self-
administered version of the Modifiable Activity Question-
naire (MAQ) [35]. Type, frequency, and duration of all 
activities performed at least 10 times for 10 min per session 
during leisure time over the past 12 months were reported. 
Thus, we assigned Metabolic Equivalent of Tasks (METs) 
to each leisure-time activity reported, using published com-
pendiums, and calculated average MET hours per week 
[36, 37]. Anthropometric measurements were collected 
at the first clinical examination (1995–1996) and body 
mass index (BMI) was calculated as the ratio of weight to 
squared height (kg/m2). BMI was split into four categories: 
underweight (≤18.5); normal weight (between 18.5 and 
25); overweight (between 25 and 30) and obesity (≥30). 
During the follow-up, the incidence of cancer and cardio-
vascular diseases was recorded and validated by an external 
committee [29]. Some covariates (educational level, socio-
professional status, marital status, BMI, physical activity, 
tobacco use and delay between both CES-D assessments) 
have missing values, however, the proportion of miss-
ing values was <5% for all variables. Thus, we performed 
imputations, using multivariable regression methods.

Statistical analysis

Participants with dietary data during the first 2  years of 
follow-up, with CES-D data at baseline, without depres-
sive symptoms and not taking antidepressants at baseline 
(n = 5146) were eligible for the present study. Participants 
included in the study were compared with excluded partici-
pants (i.e. without CES-D assessment at follow-up) using 
Chi square tests or t tests. Baseline and nutritional charac-
teristics were expressed as means ± standard deviation (SD) 
or numbers (percentages), and compared across tertiles 
of rMED using linear contrast or Cochran–Mantel–Haen-
szel tests. For descriptive purposes, nutrient intakes were 
energy-adjusted using the residual method [38].

Logistic regression models were used to evaluate the 
association between adherence to the MD (rMED score 
modeled as tertiles and as a continuous variable) and 
incidence of depressive symptoms. Linear trend across 
tertiles was estimated by modelling tertiles of rMED as 
an ordinal variable. All analyses were conducted in the 
full sample and by sex because that men and women 

respond in a different manner to depressive symptom 
and have different dietary behaviors [39]. Model 1 was 
unadjusted. Model 2 was adjusted for sex, age, supple-
mentation group, educational level, marital status, socio-
professional status, energy intake without alcohol (Kcal/
day), number of 24  h-dietary records, interval between 
the two CES-D measurements, tobacco use status and 
physical activity. Further adjustments were tested. Model 
3 was additionally adjusted for BMI and model 4 for first 
CES-D measurement. A supplementary model was per-
formed to additionally account for incident cancer or 
major cardiovascular events during follow-up.

To test the robustness of our findings, the following 
sensitivity analyses were performed: (1) use of inverse 
probability weighting (IPW) to account for a possible 
selection bias [40, 41]; (2) use of the “classic” MD Score 
(MDS) defined by Trichopoulou et al. [42], and the Liter-
ature-Based Adherence Score to the Mediterranean Diet 
(LAMD) which is not dependent of the sample as fixed 
cut-offs are used [14]; (3) use of a cut-off value of 16 to 
define presence of depressive symptoms in both men and 
women [31]. Specifically, to apply IPW, the probability 
of inclusion in the present study was calculated for each 
individual from the eligible population, using multivaria-
ble logistic regression. The inverse of that probability was 
multiplied by the sampling proportion (ninclude/n eligible)  
and was used as a weight in the logistic regression mod-
els. Concerning our analyses replacing the rMED by the 
MDS or LAMD, it should be noted that these three scores 
are similar in terms of included food groups, except that 
the MDS and the LAMD fish component also includes 
canned fish and that the MDS uses the ratio of monoun-
saturated to saturated fatty acids in place of the olive oil 
component. For the scoring, the MDS attributes 1 point if 
consumption of “desirable” components was at or above 
the sex-specific median value or consumption of “unde-
sirable” components was below the sex-specific median 
value. For alcohol consumption, 1 point was assigned 
if ethanol consumption was in the range 5–25  g/day for 
women and 10–50  g/day for men; otherwise, 0 point 
was attributed. The MDS ranged between 0 and 9 points 
[42]. The LAMD scoring was presented in Supplemental 
table S1. Briefly, a value between 0 and 2 was assigned 
to food group by using fixed cut-off points (Portion sizes 
multiplied by the number of portions per day) determined 
from an extensive, published review of the literature [14]. 
As for the MDS, a maximum of points is attributed for 
high consumption of “desirable” components. Thus, the 
maximum value of the LAMD was 18 points [14]. All 
statistical tests were 2-sided, with a type I error set at 
<0.05. All analyses were performed using SAS software 
(Release 9.4, SAS institute Inc., Cary, NC, USA).



1229Eur J Nutr (2018) 57:1225–1235 

1 3

Results

Sample characteristics

A total of 3,523 participants (2031 women and 1492 men) 
were included in this analysis. Compared with excluded par-
ticipants (n = 1623), included participants were older, more 
often men, never-smokers, and allocated to the active sup-
plementation group during the trial phase (Supplemental 
table S2). The mean (SD) age of participants was 49.5 years 
(6.2) at baseline. We identified 172 (4.9%) incident cases of 
depressive symptoms through the end of the follow-up.

Baseline characteristics of the participants across 
sex-specific tertiles of the rMED scores are presented 

in Table  1. In both sexes, participants with higher rMED 
scores (3rd tertile) compared to participants with lower 
MD adherence (1st tertile) were more often older, better 
educated and non-smokers. In addition, those women were 
more often allocated to the active supplementation group 
during the trial phase and those men were more likely to 
have a BMI value in the normal weight range. A higher 
rMED score was also associated in both sexes with higher 
energy intake from carbohydrates, higher intake of food 
groups contributing to “desirable” components as expected, 
total polyunsaturated fatty acids, fiber, most vitamins and 
minerals, but lower energy intake from lipids and protein, 
and lower intake of added sugars and saturated fatty acids 
(Table 2).

Table 1  Baseline characteristics of the study sample across sex-specific tertiles of relative Mediterranean diet score

Values are means ± standard deviation or numbers (percentages), n = 3523
Bold Ptrend values are those that are statistically significant
a Ptrend values are based on linear contrast or Cochran–Mantel–Haenszel tests

Characteristics Women (n = 2031) Men (n = 1492)

Tertile 1 Tertile 2 Tertile 3 Ptrend
a Tertile 1 Tertile 2 Tertile 3 Ptrend

a

rMED range 0–7 8–9 10–16 1–7 8–10 11–17
N 652 573 806 422 589 481
Age (years) 46.4 ± 6.3 47.8 ± 6.5 48.3 ± 6.4 <0.0001 51.9 ± 4.6 51.9 ± 4.8 52.6 ± 4.7 0.03
Intervention group, n (%) 316 (48.5) 317 (55.3) 446 (55.3) 0.01 215 (50.9) 317 (46.2) 258 (46.4) 0.43
Marital status, n (%) 0.99 0.75
 Living alone 53 (8.1) 47 (8.2) 63 (7.8) 10 (2.4) 17 (2.9) 9 (1.9)
 Married or living with a partner 538 (82.5) 474 (82.7) 670 (83.1) 387 (91.7) 544 (92.4) 449 (93.3)
 Separated, divorced or widowed 61 (9.4) 52 (9.1) 73 (9.1) 25 (5.9) 28 (4.7) 23 (4.8)

Educational level, n (%) 0.01 0.01
 Primary 124 (19.0) 108 (18.9) 109 (13.5) 99 (23.5) 130 (22.1) 89 (18.5)
 Secondary 265 (40.6) 234 (40.8) 337 (41.8) 170 (40.3) 206 (35.0) 174 (36.2)
 University level 263 (40.3) 231 (40.3) 360 (44.7) 153 (36.3) 253 (42.9) 218 (45.3)

Socio-professional status, n (%) 0.38 0.27
 Unemployed 93 (14.3) 80 (14.0) 108 (13.4) 1 (0.2) 3 (0.5) 3 (0.6)
 Manual worker 19 (2.9) 15 (2.6) 20 (2.5) 37 (8.8) 37 (6.3) 25 (5.2)
 Employee/support staff 437 (67.0) 364 (63.5) 535 (66.4) 208 (49.3) 285 (48.4) 243 (50.5)
 White-collar worker 103 (15.8) 114 (19.9) 143 (17.7) 176 (41.7) 264 (44.8) 210 (43.7)

Smoking status, n (%) 0.03 0.005
 Never-smoker 388 (59.5) 359 (62.6) 503 (62.4) 138 (32.7) 208 (35.3) 187 (38.9)
 Former smoker 173 (26.5) 148 (25.8) 231 (28.7) 220 (52.1) 314 (53.3) 250 (52.0)
 Current smoker 91 (14.0) 66 (11.5) 72 (8.9) 64 (15.2) 67 (11.4) 44 (9.1)

Physical activity (MET-hours/week) 16.3 ± 18.9 17.0 ± 19.2 17.5 ± 18.2 0.23 23.1 ± 26.8 22.6 ± 22.4 24.9 ± 22.1 0.27
Body mass index (kg/m²) 23.0 ± 3.6 23.1 ± 3.3 22.8 ± 3.3 0.31 25.6 ± 2.7 25.1 ± 3.0 24.7 ± 3.0 <0.0001
Body mass index, n (%) 0.51 <0.0001
 Underweight 30 (4.6) 16 (2.8) 19 (2.4) 0 3 (0.5) 5 (1.0)
 Normal weight 486 (74.5) 436 (76.1) 646 (80.1) 182 (43.1) 299 (50.8) 271 (56.3)
 Overweight 105 (16.1) 96 (16.7) 108 (13.4) 207 (49.0) 259 (44.0) 173 (36.0)
 Obesity 31 (4.8) 25 (4.4) 33 (4.1) 33 (7.8) 28 (4.7) 32 (6.6)

Cancer, n (%) 52 (8.0) 41 (7.2) 50 (6.2) 0.19 32 (7.6) 35 (5.9) 40 (8.3) 0.63
Cardiovascular diseases, n (%) 11 (1.7) 6 (1.0) 7 (0.9) 0.16 35 (8.3) 30 (5.1) 36 (7.5) 0.68
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Table 2  Nutritional factors data across sex-specific tertiles of relative Mediterranean diet score

Values are means ± standard deviation, n = 3523
a Ptrend values are based on linear contrast or Cochran–Mantel–Haenszel tests
b Values are percentages of total daily energy intake (without alcohol)
c Values were adjusted for energy intake using the residual method

Characteristics Women (n = 2031) Men (n = 1492)

Tertile 1 Tertile 2 Tertile 3 Ptrend
a Tertile 1 Tertile 2 Tertile 3 Ptrend

a

rMED range 0–7 8–9 10–16 1–7 8–10 11–17
N 652 573 806 422 589 481
Energy intake 

(Kcal/d)
1845.2 ± 474.5 1883.4 ± 456.9 1857.4 ± 428.0 0.61 2600.3 ± 540.6 2478.0 ± 547.5 2486.9 ± 554.3 0.002

Alcohol intake 
(g/d)

11.6 ± 16.7 11.7 ± 13.6 10.2 ± 9.0 0.05 38.3 ± 30.6 26.4 ± 20.8 23.9 ± 15.1 <0.0001

Energy intake 
without alco-
hol (Kcal/d)

1764.2 ± 454.6 1801.3 ± 441.8 1786.1 ± 415.9 0.34 2331.8 ± 482.0 2293.1 ± 514.2 2319.7 ± 532.6 0.72

Fruits and veg-
etables (g/d)

318.5 ± 133.3 392.7 ± 159.1 458.0 ± 159.3 <0.0001 347.1 ± 149.3 430.0 ± 166.9 544.7 ± 186.5 <0.0001

Legumes (g/d) 5.3 ± 12.4 8.7 ± 14.0 11.7 ± 15.4 <0.0001 8.7 ± 18.0 13.0 ± 18.9 17.3 ± 21.4 <0.0001
Olive oil (g/d) 3.9 ± 2.5 5.5 ± 3.8 6.6 ± 3.7 <0.0001 4.9 ± 3.3 6.4 ± 3.9 8.5 ± 4.2 <0.0001
Fish (g/d) 26.4 ± 22.9 39.6 ± 32.1 49.2 ± 30.8 <0.0001 33.3 ± 28.8 50.2 ± 36.7 62.5 ± 37.4 <0.0001
Added sugars 

(g/d)
40.0 ± 21.2 38.1 ± 20.7 35.0 ± 17.6 <0.0001 49.8 ± 24.9 46.1 ± 23.0 42.7 ± 21.1 <0.0001

Refined carbo-
hydrate (g/d)

156.5 ± 70.0 165.3 ± 73.0 167.1 ± 70.4 0.005 229.4 ± 85.6 230.8 ± 99.6 241.9 ± 99.6 0.05

Fast food (g/d) 8.6 ± 17.4 8.4 ± 16.7 6.9 ± 15.0 0.04 9.34 ± 18.9 6.61 ± 17.1 6.48 ± 14.2 0.01
Carbohydrates 

(%)b
40.9 ± 6.1 41.6 ± 6.2 42.8 ± 5.4 <0.0001 41.1 ± 6.0 41.8 ± 5.9 43.7 ± 6.1 <0.0001

Protein (%)b 18.0 ± 2.9 17.8 ± 2.9 17.4 ± 2.5 <0.0001 18.1 ± 2.6 18.1 ± 2.5 17.2 ± 2.3 <0.0001
Lipids (%)b 41.1 ± 5.1 40.6 ± 5.3 39.8 ± 5.0 <0.0001 40.8 ± 5.1 40.0 ± 4.9 39.1 ± 5.1 <0.0001
Saturated fatty 

acids (g/d)c
35.1 ± 4.9 33.5 ± 4.9 31.8 ± 5.1 <0.0001 44.4 ± 7.0 42.4 ± 6.2 39.5 ± 6.9 <0.0001

Monounsatu-
rated fatty 
acids (g/d)c

30.2 ± 4.3 30.2 ± 4.9 30.0 ± 4.4 0.24 39.6 ± 5.9 38.8 ± 6.2 38.4 ± 6.0 0.005

Polyunsaturated 
fatty acids 
(g/d)c

11.5 ± 2.7 12.1 ± 3.0 12.5 ± 2.9 <0.0001 14.8 ± 3.6 15.2 ± 3.7 16.1 ± 3.9 <0.0001

N-3 fatty acids 
(g/d)c

0.7 ± 0.2 0.8 ± 0.2 0.8 ± 0.2 0.0002 0.9 ± 0.2 1.0 ± 0.2 1.0 ± 0.3 <0.0001

Beta-carotene 
(µg/d)c

3309.9 ± 1865.6 3941.2 ± 
2401.0

4319.9 ± 2338.8 <0.0001 3487.5 ± 2078.8 4187.5 ± 2227.7 5169.9 ± 2454.4 <0.0001

Vitamin C 
(mg/d)c

83.7 ± 38.8 91.9 ± 37.8 104.0 ± 39.0 <0.0001 87.8 ± 40.3 99.3 ± 41.3 113.3 ± 43.3 <0.0001

Vitamin D 
(µg/d)c

2.2 ± 1.5 2.6 ± 1.6 2.7 ± 1.7 <0.0001 2.7 ± 1.5 3.2 ± 2.1 3.5 ± 2.2 <0.0001

Vitamin E 
(mg/d)c

10.8 ± 3.1 11.6 ± 3.2 12.5 ± 3.4 <0.0001 12.8 ± 3.7 13.9 ± 4.0 15.4 ± 4.3 <0.0001

Vitamin B9 
(µg/d)c

269.2 ± 64.6 292.4 ± 68.8 314.3 ± 73.9 <0.0001 322.6 ± 61.1 348.5 ± 69.3 380.6 ± 74.4 <0.0001

Vitamin B12 
(µg/d)c

6.4 ± 4.3 6.3 ± 3.7 6.4 ± 3.4 0.85 8.5 ± 4.8 8.6 ± 4.4 8.3 ± 4.5 0.45

Magnesium 
(mg/d)c

258.0 ± 45.2 265.5 ± 45.1 272.7 ± 46.4 <0.0001 341.7 ± 57.3 344.36 ± 54.3 351.8 ± 54.1 0.01

Fiber (g/d)c 15.6 ± 3.6 17.6 ± 4.0 19.7 ± 4.4 <0.0001 18.7 ± 3.8 21.9 ± 4.7 25.2 ± 5.3 <0.0001
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Association between adherence to the Mediterranean 
diet and depressive symptoms

An inverse association, that however was non-significant 
was found between the rMED score (continuous variable) 
and incidence of depressive symptoms in the full sample 
(Table  3). In sex-specific models, an inverse relationship 
was observed between the rMED score and depressive 
symptoms among men. In model 2, a 1-point increase in 
the rMED score was associated with a 9% reduction of the 
risk of depressive symptoms (OR 0.91, 95% confidence 
interval 0.83–0.99). The associations were non-significant 
among women. Additional adjustment for BMI did not sub-
stantially modify the associations (model 3). An inverse 
relationship was also observed across rMED tertiles, but 
the associations were non-significant.

Sensitivity analyses

The use of IPW to account for potential selection bias 
did not substantially modify the observed associations 
(Table  4). Next, use of the MDS provided similar results 
in terms of trends but the linearity of the association across 
MDS tertiles was less clear (Supplemental table S3). In the 
models using the LAMD score, a significantly lower risk of 
depressive symptoms was observed in the full sample (OR 
0.91, 95% confidence interval 0.84–0.98) and in men (OR 
0.86, 95% confidence interval 0.76–0.98) (Supplemental 
table S4). Applying a cut-off value of 16 to define depres-
sive symptoms leads to non-significant findings, but the 
associations were also similar in terms of trends (Supple-
mental table S5).

Table 3  Prospective 
association between adherence 
to the Mediterranean diet 
(rMED score in tertiles and 
as a continuous variable) and 
incident depressive symptoms, 
SU.VI.MAX study

CES-D Center for Epidemiologic Studies-Depression Scale; rMED relative Mediterranean diet; SU.
VI.MAX Supplémentation en Vitamines et Minéraux Antioxydants
Values are odds ratios (95% confidence intervals)
a Not adjusted
b Adjusted for age, sex, supplementation group during the trial phase, educational level, marital status, 
socio-professional status, energy intake without alcohol, number of 24h-dietary records, interval between 
the two CES-D measurements, tobacco use status, and physical activity
c Adjusted for all variables in model 2 and Body mass index
d Adjusted for all variables in model 3 and first CES-D measurement
e P for linear relation (rMED score as a continuous variable)

Model Tertile 1 Tertile 2 Tertile 3 Ptrend Continuous Pe

All participants (n = 3523)
 rMED range 0–7 8–10 11–17
 n 1074 1444 1005
 Model  1a 1(ref) 1.05 (0.74–1.48) 0.64 (0.42–0.99) 0.06 0.94 (0.89–0.99) 0.03
 Model  2b 1(ref) 1.09 (0.76–1.55) 0.70 (0.45–1.08) 0.14 0.95 (0.90–1.01) 0.08
 Model  3c 1(ref) 1.10 (0.77–1.56) 0.71 (0.46–1.10) 0.16 0.95 (0.90–1.01) 0.10
 Model  4d 1(ref) 1.16 (0.81–1.66) 0.78 (0.50–1.21) 0.34 0.96 (0.91–1.02) 0.23

Women (n = 2031)
 rMED range 0–7 8–9 10–16
 n 652 573 806
 Model  1a 1(ref) 1.42 (0.87–2.32) 0.88 (0.54–1.45) 0.56 0.98 (0.91–1.05) 0.52
 Model  2b 1(ref) 1.49 (0.91–2.45) 0.95 (0.57–1.59) 0.80 0.99 (0.91–1.06) 0.70
 Model  3c 1(ref) 1.49 (0.91–2.45) 0.95 (0.57–1.59) 0.80 0.99 (0.91–1.06) 0.70
 Model  4d 1(ref) 1.65 (1.00–2.72) 1.05 (0.62–1.75) 0.91 1.00 (0.93–1.08) 0.96

Men (n = 1492)
 rMED range 1–7 8–10 11–17
 n 422 589 481
 Model  1a 1(ref) 0.76 (0.44–1.32) 0.49 (0.26–0.94) 0.03 0.89 (0.82–0.97) 0.01
 Model  2b 1(ref) 0.80 (0.46–1.40) 0.57 (0.29–1.10) 0.09 0.91 (0.83–0.99) 0.03
 Model  3c 1(ref) 0.84 (0.48–1.48) 0.58 (0.29–1.13) 0.11 0.91 (0.83–0.99) 0.04
 Model  4d 1(ref) 0.86 (0.48–1.53) 0.63 (0.32–1.25) 0.19 0.91 (0.83–1.00) 0.05
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Discussion

In this large prospective study, we investigated the associa-
tion between adherence to the MD and incident depressive 
symptoms over a 13  years follow-up period. The use of 
rMED to measure adherence to the MD shows an inverse 
association, which however was non-significant in the over-
all study sample. However, in sex-specific analyses, we 
observed a 9% reduction in the risk of depressive symp-
toms for each 1-point rMED increase among men, while 
non-significant association was observed among women. 
Sensitivity analyses using the MDS, a cut-off value of 16 to 
define depressive symptoms, and IPW to correct for poten-
tial selection bias lead to similar findings, also the associa-
tions were non-significant by applying the cut-off value of 
16 to define depressive symptoms. Finally, an inverse asso-
ciation between LAMD score and depressive symptoms 
was observed in the full sample and among men.

Comparison with other studies

The prospective studies that examined relationship between 
the MD and depression or depressive symptoms reported a 
beneficial role of a high level of adherence to the MD on the 
risk of depressive symptoms [23–25, 43], consistently with 
our findings observed in men. Of note, the above-mentioned 
studies exhibit differences as regards design and method-
ology including characteristics of the samples, assessment 
methods and follow-up. For instance, one of these studies 
was conducted among women and used CES-D score as 
a continuous variable [24], while another was conducted 
among people aged 65 years and over [23]. Interestingly, in 
the study conducted by Sánchez-Villegas et al., accounting 
for variation of the diet over time leads to attenuated find-
ings [25]. In addition, using time-varying covariates in the 
Australian Longitudinal Study on Women’s Health leads 
to the loss of the significant association found between diet 
quality and depression [24]. However, our results cannot be 

Table 4  Prospective 
association between adherence 
to the Mediterranean diet 
(rMED score) and incident 
depressive symptoms, estimated 
using inverse probability 
weighting, SU.VI.MAX study

CES-D Center for Epidemiologic Studies-Depression Scale; rMED relative Mediterranean diet; SU.
VI.MAX Supplémentation en Vitamines et Minéraux Antioxydants
Values are odds ratios (95% confidence intervals)
a Not adjusted
b Adjusted for age, sex, supplementation group during the trial phase, educational level, marital status, 
socio-professional status, energy intake without alcohol, number of 24-hdietary records, interval between 
the two CES-D measurements, tobacco use status, and physical activity
c Adjusted for all variables in model 2 and Body mass index
d Adjusted for all variables in model 3 and first CES-D measurement
e P for linear relation (rMED score as a continuous variable)

Model Tertile 1 Tertile 2 Tertile 3 Ptrend Continuous Pe

All participants (n = 3523)
 rMED range 0–7 8–10 11–17
 n 1074 1444 1005
 Model  1a 1 (ref) 1.05 (0.75–1.48) 0.65 (0.42–0.99) 0.06 0.94 (0.89–0.99) 0.03
 Model  2b 1 (ref) 1.11 (0.78–1.56) 0.71 (0.46–1.10) 0.17 0.95 (0.90–1.01) 0.10
 Model  3c 1 (ref) 1.11 (0.79–1.57) 0.72 (0.47–1.11) 0.19 0.96 (0.90–1.01) 0.12
 Model  4d 1 (ref) 1.16 (0.82–1.65) 0.79 (0.51–1.22) 0.38 0.97 (0.91–1.02) 0.27

Women (n = 2031)
rMED range 0–7 8–9 10–16
 n 652 573 806
 Model  1a 1 (ref) 1.43 (0.90–2.30) 0.88 (0.54–1.43) 0.58 0.98 (0.92–1.05) 0.62
 Model  2b 1 (ref) 1.53 (0.95–2.47) 0.99 (0.60–1.63) 0.96 1.00 (0.93–1.07) 0.93
 Model  3c 1 (ref) 1.53 (0.95–2.48) 0.99 (0.60–1.64) 0.96 1.00 (0.93–1.07) 0.93
 Model  4d 1 (ref) 1.67 (1.03–2.71) 1.08 (0.65–1.78) 0.77 1.01 (0.94–1.09) 0.75

Men (n = 1492)
 rMED range 1–7 8–10 11–17
 n 422 589 481
 Model  1a 1 (ref) 0.75 (0.44–1.29) 0.48 (0.25–0.91) 0.02 0.89 (0.81–0.97) 0.01
 Model  2b 1 (ref) 0.80 (0.46–1.39) 0.55 (0.28–1.08) 0.08 0.90 (0.82–0.98) 0.02
 Model  3c 1 (ref) 0.84 (0.48–1.47) 0.57 (0.29–1.11) 0.10 0.91 (0.83–0.99) 0.03
 Model  4d 1 (ref) 0.86 (0.48–1.52) 0.61 (0.31–1.22) 0.17 0.91 (0.82–0.99) 0.04
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directly compared to the results in the study conducted by 
Rienks et  al., because the ‘Mediterranean-style’ diet was 
identified by factor analysis and included only vegetables, 
grains and red wine consumption [27].

Our findings may also be interpreted in light of results 
observed with the healthy dietary pattern extracted using a 
posteriori methods. Indeed, the available studies argue for 
a protective effect of a healthy pattern on the risk of depres-
sion [2, 3]. In the meta-analysis of Lai et al., including 13 
observational studies (of which 4 prospective studies), the 
authors reported a 16% reduction in risk of depression asso-
ciated with high adherence to a healthy dietary pattern char-
acterized by high consumption of fruit, vegetables, fish, and 
whole grains, which are the core components of the MD [3].

In our study, we did not detect any significant relation-
ships among women. In line with this result, the Nurses’ 
Health Study reported non-significant association between 
Western and Prudent pattern scores (Prudent pattern char-
acterized by high intake of fruits, vegetables, fish, whole-
grain products and low-fat dairy) and depression risk [44]. 
Possible explanations of our finding could include limited 
statistical power (0.68 in our study), or classification bias 
related to depressive symptoms among women. Indeed, 
women generally report more depressive symptoms than 
do men [45]. Although we used a higher CES-D cut-off for 
women, we cannot rule out the possibility of false positive 
cases in the women sub-group. This may also explain the 
non-significant associations found applying a cut-off value 
of 16 to define depressive symptoms.

Mechanisms

A number of plausible pathways have been suggested 
to explain the association between diet and depression, 
including inflammation, oxidative stress as well as a mod-
ulation of the synthesis of neurotransmitters [15, 16, 46]. 
Indeed, epidemiological studies have reported an inverse 
association between adherence to a MD and the levels of 
inflammatory [47–49] and oxidative stress markers [50]. 
Specifically, inflammation occurs as a result of an imbal-
ance between pro-inflammatory and anti-inflammatory 
mediators. In the brain, pro-inflammatory cytokines such as 
IL-6 and TNF-α, influence nearly all pathways involved in 
the pathophysiology of depression such as alterations in the 
expression of neurotransmitters, neuroendocrine function 
and synaptic plasticity [51].

Long-chain omega-3 fatty acids (derived from fish), and 
mainly docosahexaenoic acid, which is most abundant in 
the brain, inhibit the release of pro-inflammatory cytokines 
and increase the levels of brain-derived neurotrophic fac-
tors, leading to an improvement in neurotransmission and 
synaptic plasticity [52, 53]. In turn, antioxidants (derived 
from olive oil, legumes, fruit and nuts) reduce oxidative 

stress resulting from an excess of Reactive Oxygen Spe-
cies (ROS). When present in excess, ROS inflict damages, 
affecting cellular constituents with the formation of pro-
inflammatory molecules [54]. As for B vitamins (supplied 
by whole grain, vegetables, legumes, fruit and nuts), they 
play an important role in the synthesis of neurotransmitters 
that affect mood [55]. Recently, microbiota-based mecha-
nisms have been proposed based on the links between 
gut inflammation and the brain through the vagus nerve. 
Indeed, short-chain fatty acids, which are produced during 
fermentation of dietary fiber by intestinal microbiota, could 
have a positive impact on immune functioning [56, 57].

Overall, the beneficial effect of healthy diet, particularly 
of the MD on depression may thus partly be attributed to 
its core components, which ensure an adequate intake of 
omega-3 fatty acids, monounsaturated fatty acids, antioxi-
dant nutrients and B vitamins [58].

Strengths and limitations

Some limitations of the present study should be noted. 
First, caution is needed when generalizing our findings as 
the participants are motivated volunteers in a long-term 
nutrition-focused study. Despite the prospective design of 
our study, reverse causality could not be entirely excluded 
due to the observational design. Finally, despite the wide 
range of confounders accounted for in the models, others 
unmeasured factors such as family history of depressive 
disorders, stressful life events, sleep disorders, the number 
of subjects living at home and personality traits might have 
led to potential residual confounding. In addition, no infor-
mation was available during follow-up on antidepressants 
and the diagnosis of depression.  However, adjustment for 
cancer and cardiovascular disease during follow-up did not 
substantially modify our findings (data not shown). Finally, 
as aforementioned, our study may be underpowered leading 
to non-significant association.

The present study also exhibits a number of important 
strengths including its prospective design, the large sample, 
and the quality of the dietary data based on repeated 24h 
dietary records to improve the assessment of intra-individ-
ual variation in consumption. Another strength is the avail-
ability of CES-D at baseline, hence the ability to screen and 
exclude individuals with depressive symptoms at baseline. 
In addition, we performed several sensitivity analyses to 
estimate the robustness of our findings.

In conclusion, this large prospective study provides 
evidence that adherence to the MD, may help in reducing 
depressive symptom incidence, in particular among men. It 
suggests the promotion of a healthy diet, characterized by a 
high consumption of fruit and vegetables, fish, whole grain 
products and olive oil, may be an effective strategy for 
the primary prevention of depressive symptoms. Further 
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prospective studies are needed to better identify and subse-
quently target high-risk subgroups.
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