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Abstract: Although research has generally shown a negative association between depression and
adherence to the Mediterranean diet (MeDi), the literature related to older adults is controversial,
perhaps partially due to the fact that cognitive status has not been considered. The aim of the current
work was to investigate the association between MeDi and incident depression in a representative
cohort of people, taking into account their cognitive status in multiple ways. The sample was
drawn from the HELIAD study, a longitudinal study including a follow-up of 3 years after the
baseline assessment. In total, 879 participants without depression at baseline were included (55.4%
women, mean age ± Standard Deviation: 73.3 ± 5.0 years). Depression was determined as a score
in the Geriatric depression scale ≥6 and/or antidepressant medication and/or clinical diagnosis of
depression. Cox proportional hazard models adjusted for age, sex and education were employed.
In the basic model, adherence to the MeDi was negatively associated with depression. In the most
conservative model, excluding participants with dementia and Mild Cognitive Impairment, and
after controlling for the baseline Cognitive Status, each unit (range 0–55) increase in MeDi was
associated with a 6.2% decrease in the risk for depression (p < 0.001). These findings indicate that
MeDi is negatively associated with depression longitudinally in older adults, above and beyond
cognitive status.

Keywords: mediterranean dietary pattern; cognition; dementia; mild cognitive impairment; healthy
dietary pattern; elderly

1. Introduction

Depression is a major psychiatric disorder affecting over 300 million people globally,
with the estimated number projected to rise [1]. In contrast to its effects on younger
adults, depression in older adults is associated with greater adverse effects on physical
performance and may affect a person’s ability to live independently [2]; thus, there is
special interest in studying depression in adults of older age.
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Modifiable lifestyle factors, such as diet, sleep and physical activity, may constitute
promising alternatives to pharmacotherapy to prevent the burden and reduce the incidence
and progression of the disease [3]. Among other lifestyle factors, diet has been extensively
investigated in relation to depression [4]. Among the most thoroughly investigated dietary
patterns is the Mediterranean diet (MeDi); although, studies conducted in older adults
have yielded conflicting results. In specific, large-scale, longitudinal investigations have
indicated that adherence to the MeDi is negatively associated with depression among older
adults [5–7]. On the other hand, a systematic review of longitudinal studies, including also
younger adults aged 45 years or older, has concluded that there is no relationship between
MeDi adherence and depression [8].

These controversial results may at least partially reflect the fact that previous studies
of older adults did not account for their cognitive status. Older people suffering from
depression usually also have some level of cognitive impairment [9,10] and, vice versa,
patients with dementia or Mild Cognitive Impairment (MCI) usually suffer from mood
disorders [11,12]. Additionally, as MeDi is also connected with cognitive health [13,14], it
becomes clear that cognitive status is a significant factor that may affect the results on the
association between MeDi and depression, particularly among older adults.

Other factors related either to the assessment of depression or the dietary assessment
may also contribute to the controversial results. The scoring systems used for the evaluation
of adherence to the MeDi in some studies were population-specific or were based on
non-validated questionnaires [5,15]. Additionally, most of the studies have relied on
questionnaires assessing depressive symptoms and have not taken into account the use
of anti-depressive medication and/or the clinical diagnosis of depression, which may
significantly affect the results. Indeed, it has been found that adherence to the MeDi was
protective for depressive symptomatology, only when depressive symptoms were taken
into account and not the anti-depressive medications [15].

Thus, our aim in undertaking the current study was to account for cognitive health
in various and multiple ways in the investigation of the association between MeDi and
depression. Thus, we examined the relationship between adherence to the MeDi and
specific food groups, characteristic or not of this healthy dietary pattern, with depression
incidence in a representative cohort of older individuals, while considering the participants’
cognitive status.

2. Materials and Methods
2.1. Samples and Procedures

Participants were community-dwelling older adults aged ≥65 years old, randomly
selected from municipality registries for the HELIAD (Hellenic Longitudinal Investigation
of Aging and Diet) study, a population-based, multidisciplinary, collaborative study, con-
ducted in an urban area in central Greece (Larissa) and its rural surroundings, as well as in
a suburb of Athens. More details about the study procedures and data collection have been
reported previously [13,16–18].

Personal information was gathered from each participant by certified neurologists,
neuropsychologists and registered dieticians, involving medical and family history, lifestyle
factors and demographic characteristics. Appointments included a thorough neurological
examination and neuropsychological assessment, utilizing structured questionnaires, psy-
chometric tests and clinical evaluations. These assessments took place in day centers for
older people, the participants’ homes, or municipal public health clinics, after obtaining
written informed consent. The study protocol was approved by the Ethics Committees
of the University of Thessaly (Approval Code: 138, Approval Date: 8 July 2009) and the
National and Kapodistrian University of Athens (Approval Code: 256, Approval Date:
10 May 2021).

In the current analysis, 879 participants were included who had a follow-up evaluation,
had full data on the assessment regarding depression and did not have depression at
baseline. Figure 1 presents the flowchart for this study (Figure 1).
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Figure 1. A flowchart of the participants’ sampling.

2.2. Dietary Assessment

Habitual dietary intake was assessed at baseline using a semi-quantitative Food
Frequency Questionnaire, validated for the Greek population [19] and previously used
by our group to construct the MeDi score [13,16]. Each participant responded to the
questionnaire aided by an investigator and the caregiver, if necessary. Participants indicated
the absolute frequency (based on a 6-point scale: “never/rarely”, “1–3 times/month”,
“1–2 times/week”, “3–6 times/week”, “1 time/day”, “≥2 times/day”) of consuming
particular amounts of food, expressed in units relevant to the type of food (i.e., grams,
milliliters, slice, tablespoon, cup). Responses were converted to daily intakes of specific
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food items as portions/day, i.e., non-refined cereals, cereals, fruits, vegetables, legumes,
dairy products, fish, red meat, poultry, alcoholic drinks and sweets.

Adherence to the a priori defined Mediterranean dietary pattern was assessed and
yielded the MedDietScore, a composite score based on weekly consumption of 11 food
groups, calculated for each participant [20]. These food groups include non-refined cereals,
fruits, vegetables, legumes, potatoes, fish, meat and meat products, poultry, full-fat dairy,
olive oil use and alcohol. For the food groups whose consumption was characterized as a
healthful component of the MeDi, i.e., those with a recommended intake of 3 servings per
week or more, such as non-refined cereals, fruits, vegetables, legumes, fish, potatoes and
olive oil use, a score of 0 was given when no consumption was reported and scores of 1–5
were given when rare to daily consumptions were reported. In order to accurately reflect
the weight of unhealthy food components of the MeDi, a reverse scoring system was used,
i.e., assigning a score of 5 for reports of no consumption and extending to 0 for reports of
daily consumption. Scoring for alcohol consumption was based on the premise that small
amounts of intake were characteristic of the MeDi, but high or no consumption diverged
from this dietary pattern. Therefore, a score of 5 was used to indicate intake of less than
300 mL of wine/day but more than 0 mL of wine/day, a score of 0 indicated either no intake
or more than 700 mL/day and scores of 1 to 4 reflected intake of 600–700, 500–600, 400–500
and 300–400 mL/day, respectively. All alcoholic beverages were converted into ml of wine,
assuming that 12 g of ethanol corresponds to 100 mL of wine. Higher MedDietScores
(range: 0–55) indicate a greater adherence to the MeDi.

2.3. Assessment of Variables Related to Depression

Depressive symptoms were assessed with the Geriatric Depression Scale, a 15-item
self-report questionnaire regarding depressive symptoms over the past week [21,22]. Addi-
tionally, neurologists used information from the clinical examination to determine whether
participants met DSM-IV criteria for depression [23] and recorded current medication
regimens. The depression variable was a dichotomous one with participants scoring ≥6 in
the Geriatric Depression Scale [22], and/or those who had been diagnosed with depression
and/or were on antidepressant treatment were considered to suffer from depression.

2.4. Neuropsychological Evaluation and Clinical Diagnosis of Dementia and Mild
Cognitive Impairment

At both visits, a neuropsychological evaluation was conducted by trained neuropsy-
chologists with a comprehensive battery of neuropsychological tests, lasting approximately
one hour, assessing global cognitive functioning. Specifically, the tests used included the
Mini Mental State Examination [24], the Greek Verbal Learning Test (immediate and de-
layed recall) [25], the Medical College of Georgia Complex Figure Test (copy condition,
immediate recall, delayed recall and recognition) [26], a semantic and phonological verbal
fluency test [27], subtests of the Greek version of the Boston Diagnostic Aphasia Examina-
tion short form, namely the Boston Naming Test short form, and selected items from the
Complex Ideational Material Subtest [28], the Trail Making Test Part [29], an abbreviated
form of Benton’s Judgment of Line Orientation [30], the Clock Drawing Test [31], anomalous
sentence repetition [28], a graphical sequence task and motor programming [26].

Subsequently, we calculated z-scores for the raw data gleaned from each neuropsy-
chological test variable, based only on those participants without a dementia or a mild
cognitive impairment (MCI) diagnosis. We then summed up these z-scores to calculate
a composite score reflecting overall abilities (Global Cognition score). Diagnoses of de-
mentia and MCI (in accordance with international criteria [23,32,33]) were determined in
consensus meetings of all study investigators, based on the data gleaned from both the
neuropsychological assessment and the structured neurological examination.
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2.5. Other Variables

Participants at baseline were asked if they smoke (0; no, 1; yes) and how many people
they live with; a dichotomous variable was created indicating whether the participant
lived alone or with others (0: alone, 1: with others). Additionally, neurologists recorded
all the chronic conditions the participants had, and we computed a variable indicating the
sum of these conditions at baseline. Height and weight were measured at baseline on a
leveled platform scale and a wall-mounted stadiometer, to the nearest 0.5 cm and 0.5 kg,
respectively. Body Mass Index (BMI, kg/m2) was calculated by dividing the weight in
kilograms by the height in meters squared.

Additionally, at baseline, we evaluated physical activity using the validated Athens
Physical Activity Questionnaire (APAQ) [34]. Participants were asked about their par-
ticipation in various activities in the last week, as well as time spent on occupational,
household and recreational activities, sedentary activities and sleep time. Based on the
specific metabolic equivalent (MET), which corresponds to each of these activities, energy
expenditure was calculated based on the participant’s body weight in kilograms divided
by 60. The physical activity variable was expressed as total MET-min/day, excluding sleep.

2.6. Statistical Analyses

Statistical analyses were performed using SPSS 26 (SPSS, Chicago, IL, USA). Participants
with depression at baseline were excluded (N = 265) from all analyses. The significance
level (alpha) was set at p ≤ 0.05. The characteristics of the participants were expressed as
mean ± standard deviation or as percentages; comparisons were conducted using analysis
of variance for continuous variables and Pearson’s x2 for categorical variables.

We calculated Cox proportional hazards models with depression incidence as the
dichotomous outcome, and adherence to the MeDi as the independent variable. The time-
to-event variable was the number of years from the baseline evaluation to the visit where
depression was determined; participants who did not develop depression were censored
at the time of their last follow-up visit. Except for the basic model, which was adjusted
for age, sex and years of education, we constructed more models, in order to thoroughly
account for cognitive status: (i) model 1: basic model but further excluding participants
with dementia at baseline (N = 28), (ii) model 2: model 1 but further excluding participants
with MCI at baseline (N = 118), (iii) model 3: model 2 but further adjusting for baseline
Global Cognition Score and, subsequently, a survival plot for depression incidence was
made. In all models, MedDietScore was entered into the models both as a continuous and
a categorical variable, as tertiles (comparing the first versus other tertiles). We treated age,
years of education, baseline Global Cognition Score and the follow-up interval duration
as continuous variables, whereas sex (female vs. male as the reference) was treated as a
categorical variable.

In the subsequent analyses, we used model 3 to investigate the association of the
individual food groups (independent variables) in a continuous form in portions/day
entered in the models individually, with depression incidence as the outcome. Additionally,
in a supplementary analysis, we employed Cox proportional models, again using model 3,
with the individual components of depression variables and adherence to the MeDi, as the
independent variable, in a continuous form.

Finally, in a supplementary analysis, we used the basic model with depression in-
cidence as the outcome and adherence to the MeDi as the independent variable, but we
additionally adjusted it for BMI, if the participant lived alone, smoking status, sum of
co-morbidities and physical activity. BMI, physical activity and the sum of co-morbidities
were used as continuous variables, whereas the smoking status and if the participant lived
alone variables were used as categorical variables.

3. Results

In the current analysis, 879 participants were included, with a mean follow-up interval
of 3.0 ± 0.8 years. Of those, 170 individuals developed depression at follow-up (19.3%
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of the participants). A greater proportion of the participants who developed depression
also developed MCI and dementia at follow-up, and were women, compared with those
who did not develop depression. Additionally, they had lower values of MedDietScore,
indicating lower adherence to the MeDi, and they consumed fewer portions of fruits,
vegetables and alcoholic drinks per day. Demographic characteristics for all participants,
as well as for participant groups based on depression, are presented in Table 1. Of the
participants having depression at follow up, 23.2% received anti-depressants, 64.1% had a
score in the Geriatric Depression Score ≥ 6, and 57.0% had a clinical diagnosis of depression
at follow-up; a total of 58.5% had one of the three components of the depression, 37.3 had
two components and 3.5 had all of them (results not shown).

Table 1. Baseline demographic, dietary characteristics and adherence to the Mediterranean diet of all
participants and based on the diagnosis of follow-up.

All Participants
N = 879

Participants without
Depression at Follow Up

N = 709

Participants with
Depression at Follow Up

N = 170
p-Value *

Age (years) 73.3 ± 5.0 73.1 ± 4.9 74.0 ± 5.2 0.057
Sex (% women) 55.4 54.5 68.3 0.003

Education (years) 8.3 ± 5.0 8.5 ± 4.9 7.2 ± 4.9 0.002
Duration of follow-up (years) 3.0 ± 0.8 3.0 ± 0.8 3.1 ± 0.8 0.211
Diagnosis of MCI at follow-up

(%yes) 17.3 14.3 21.4 0.033

Diagnosis of dementia at
follow-up (%yes) 4.9 3.9 9.0 <0.001

Global Cognition Score −0.1 ± 0.8 −0.1 ± 0.7 −0.3 ± 0.8 0.006
Living alone (%yes) 16.2 16.3 19.5 0.321

Smoking status (%yes) 10.9 10.9 11.2 0.123
Body Mass Index (kg/m2) 28.8 ± 4.3 28.8 ± 4.2 28.7 ± 4.5 0.777
Number of co-morbidities 2.0 ± 1.4 2.0 ± 1.4 2.2 ± 1.4 0.221

Physical Activity (/200
MET-min/day) 65.6 ± 9.1 65.5 ± 9.1 66.0 ± 9.1 0.521

MedDietScore (0–55) 33.7 ± 4.5 34.1 ± 5.0 32.3 ± 5.0 <0.001
Non refined cereals (portions/day) 1.0 ± 1.4 1.0 ± 1.5 0.9 ± 1.5 0.605

Cereals (portions/day) 4.7 ± 2.0 4.6 ± 2.0 4.9 ± 1.8 0.149
Fruits (portions/day) 2.1 ± 1.3 2.1 ± 1.3 1.8 ± 1.2 0.003

Vegetables (portions/day) 2.0 ± 0.9 2.0 ± 0.9 1.8 ± 0.8 0.002
Legumes (portions/day) 0.5 ± 0.3 0.5 ± 0.3 0.4 ± 0.3 0.456

Dairy products (portions/day) 1.7 ± 0.9 1.7 ± 0.9 1.6 ± 0.8 0.081
Fish (portions/day) 0.6 ± 0.4 0.6 ± 0.4 0.6 ± 0.4 0.522

Red meat (portions/day) 0.8 ± 0.5 0.8 ± 0.5 0.8 ± 0.5 0.642
Alcoholic drinks (portions/day) 0.4 ± 0.7 0.5 ± 0.8 0.2 ± 0.5 <0.001

Sweets (portions/day) 0.4 ± 0.5 0.4 ± 0.5 0.2 ± 0.4 0.651

* refers to the comparison between participants with depression and those without depression. Continuous
variables are presented as mean values ± standard deviation and categorical variables as relative (%) frequencies.
MCI: Mild Cognitive Impairment, MedDietScore: Score indicating adherence to the Mediterranean diet. Bold
letters indicate statistical significance (p < 0.05).

Results from Cox models in the Basic model (participants without depression at
baseline and adjusting for age, sex and years of education) between adherence to the MeDi
and depression incidence demonstrated a negative association between adherence to the
MeDi and depression. After excluding participants with dementia and MCI and further
adjusting for baseline Global Cognition Score the results did not change. In specific, each
unit increase in the MedDietScore, indicating greater MeDi adherence, was associated
with an 6.2% decrease in the risk for depression (p = 0.001). When MeDi adherence was
entered into the models as tertiles, those in the highest tertile, that is, those having the
greatest MeDi adherence, had 46% lower risk for depression for every unit increase in the
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MedDietScore, compared with those having the lowest MeDi adherence (p = 0.006), with a
significant trend for dose–response (Table 2, Figure 2).

Table 2. Results from Cox models calculating the association between adherence to the Mediterranean
Diet both as continuous variable and as tertiles (independent variables), with depression incidence
(dependent variable) in participants without depression at baseline.

Adherence to the Mediterranean
Diet as a Continuous Variable Adherence to the Mediterranean Diet as Tertiles

HR
(95% CI) p HR

(95% CI) p p for Trend

Basic Model
(N = 879)

0.947
(0.915–0.981)

0.002

1st (reference)

0.0022nd 0.577
(0.393–0.878) 0.009

3rd 0.535
(0.350–0.816) 0.004

Model 1
(N = 854)

0.948
(0.915–0.98)

0.003

1st (reference)

0.0022nd 0.588
(0.393–0.878) 0.009

3rd 0.537
(0.350–0.819) 0.004

Model 2
(N = 736)

0.937
(0.903–0.973)

0.001

1st (reference)

0.0032nd 0.590
(0.395–0.885) 0.009

3rd 0.539
(0.359–0.816) 0.004

Model 3
(N = 736)

0.938
(0.903–0.974)

0.001

1st (reference)

0.0042nd 0.586
(0.391–0.879) 0.010

3rd 0.549(0.359–
0.840) 0.006

Basic model: adjusted for age, sex and years of education. Model 1: Basic model excluding participants with
dementia at baseline. Model 2: Basic model excluding participants with dementia and Mild Cognitive Impairment
at baseline. Model 3: Model 2 further controlling for Baseline Global Cognition Score. Bold letters indicate
statistical significance (p < 0.05). HR: Hazard Ratio, CI: Confidence Interval.

In Supplementary Table S1, we repeated the analysis for the Basic Model, but we
additionally accounted for smoking status, if the participant lived alone, body mass in-
dex, physical activity and number of co-morbidities, and the results remained the same
(Supplementary Table S1).

Regarding the consumption of individual food groups in the models adjusted for age,
sex, years of education and baseline Global Cognition Score, the consumption of fruits and
alcoholic drinks was negatively associated with depression incidence; for every portion
increase in fruits and alcoholic drinks, the risk for depression decreased by 15.2% and
31.3%, respectively (p < 0.05 for both) (Table 3).

In Supplementary Table S2, the results from Cox proportional models between the indi-
vidual components of depression and adherence to the MeDi are presented in participants
without dementia and MCI at baseline. The results showed that adherence to the MeDi is
negatively associated with all the components, i.e., use of anti-depressive medication, score
≥6 in the Geriatric Depression Scale and clinical diagnosis of depression, after adjusting for
age, sex, years of education and baseline Global Cognition Score (Supplementary Table S2).



Nutrients 2023, 15, 359 8 of 12

Nutrients 2023, 15, x FOR PEER REVIEW 8 of 13 
 

 

 

 
Figure 2. Cumulative Survival Curves from Cox analysis for depression incidence according to the 
tertiles of adherence to the Mediterranean diet. The models are adjusted for age, sex, years of 
education and baseline Global Cognition Score. 

In Supplementary Table S1, we repeated the analysis for the Basic Model, but we 
additionally accounted for smoking status, if the participant lived alone, body mass index, 
physical activity and number of co-morbidities, and the results remained the same 
(Supplementary Table S1). 

Regarding the consumption of individual food groups in the models adjusted for age, 
sex, years of education and baseline Global Cognition Score, the consumption of fruits 
and alcoholic drinks was negatively associated with depression incidence; for every 
portion increase in fruits and alcoholic drinks, the risk for depression decreased by 15.2% 
and 31.3%, respectively (p < 0.05 for both) (Table 3). 

p for trend=0.04 

p for trend=0.04 
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Table 3. Results from Cox models evaluating the association between consumption of food groups
(independent variables) and depression incidence (dependent variable) in participants without
depression, and with normal cognitive function at baseline.

Consumption of Specific Food Groups HR (95% CI) p

Non refined cereals 0.907 (0.799–1.029) 0.133

Fruits 0.848 (0.741–0.972) 0.018

Vegetables 0.847 (0.697–1.029) 0.094

Legumes 0.972 (0.480–1.966) 0.937

Fish 0.774 (0.492–1.217) 0.267

Red meat 0.795 (0.548–1.152) 0.225

Alcoholic drinks 0.687 (0.472–0.991) 0.047
The models are adjusted for age, sex, years of education and baseline Global Cognition Score. Bold letters indicate
statistical significance (p < 0.05). HR: Hazard Ratio, CI: Confidence Interval.

4. Discussion

The aim of the study was to examine the association between MeDi adherence and
depression incidence, after extensively controlling for cognitive status using multiple meth-
ods. We found that, after applying a very conservative approach of excluding participants
having dementia and MCI and adding to the models the baseline Global Cognition Score,
adherence to the MeDi was negatively associated with depression incidence; thus, older
adults having greater adherence to the MeDi also have a lower risk for depression, above
and beyond cognitive status. Regarding the individual food groups characterizing, or not,
the MeDi, negative associations were found for fruits and alcoholic beverages.

The prevalence of depression is greater in older people compared with younger in-
dividuals [35]. A recent meta-analysis found that the prevalence of depression in older
adults is around 28% [36]. In any case, it is well known that individuals with depres-
sion have compromised cognitive health [37,38] and that the prevalence of depression in
older people having cognitive impairment is higher compared with those having normal
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cognitive functions [11,12]; however, it is not known whether depression is a risk factor
for compromised cognitive health or whether depression constitutes a part of the long
preclinical phase of the disease. Additionally, keeping in mind that adherence to the MeDi
is positively connected with cognitive health [13,14], it is of great importance cognitive
function to be accounted for when exploring the connection of diet with depression. We
adopted a thorough methodology to account for this significant parameter; thus we are
pretty confident that the association found was for depression per se, and not confounded
by the cognitive status of the participants.

The underlying mechanisms connecting MeDi and depression are not fully established.
A possible explanation is related to the modulation of the inflammatory level [39], bearing
in mind that the MeDi reduces body inflammation [40]. Other hypotheses include pathways
involved in the reduction of oxidative stress and the modulation of microbiota–gut–brain
axis pathways [39]. Additionally, specific micro-nutrients abundant in the MeDi, such as
vitamins C and E, as well as poly-unsaturated fatty acids, may be involved in the mecha-
nisms [41]. In any case, it should be noted that the action that the adherence to the MeDi
exerts is most likely not restricted to only one pathway, but it is multifaceted. This assump-
tion is enhanced by the fact that adherence to the MeDi was negatively connected with
all the components used for the computation of the depression variable in our study, i.e.,
depressive symptoms, anti-depressive medication and the clinical diagnosis of depression
set by neurologists after the clinical examination. Thus, this may further suggest that the
MeDi exerts its actions by different pathways affecting different aspects of mental health.

Regarding the individual food groups, negative associations were found for fruits and
alcoholic drinks with depression incidence. Although most studies on alcohol intake have
explored disorders involving alcohol use, rather than lower intake levels, studies in younger
adults have indicated that the association between alcohol consumption and depression
is U-shaped [42]; whereas, results from other studies have shown that moderate alcohol
consumption was more prevalent among non-depressed older people and was associated
with reduced depression development [38,43]. It should be noted that in our study, the
mean portion of alcoholic drinks was low, and the maximum consumption was within
the acceptable range, so is safe to assume that there was no alcohol overconsumption that
could negatively affect mood and result in mood disorders. The mechanisms implicated
may be the reduction of inflammation and the neuroprotection that some non-alcoholic
components of alcoholic drinks may exert [44].

When it comes to fruits, other studies have found similar results; increased fruit
consumption is associated with reduced depression incidence [8,45]. The exact mechanisms
that account for these relationships are not well investigated, but there is evidence that
anti-oxidants that are abundant in fruits, such as vitamins C, E and folate may explain,
in part, the observed relationships [46]. Additionally, other nutrients included in fruits
act as co-factors for neurotransmitters, significant in mood regulation [47]. It has been
also suggested that in older adults inflammation markers are connected with low fruit
consumption [48]; thus, the association of fruits with depression may be explained through
neuroinflammation.

When interpreting the findings of the present study, one should bear in mind both
its strengths and its limitations. Starting with the limitations, the follow-up interval was
relatively short, making it difficult to extract conclusions on cause and causality. What is
more, the assessment of diet and depression was based on self-reporting; thus, factors such
as social desirability or memory lapses related to aging may have influenced responding,
leading to an increased risk for report. However, we tried to elucidate this parameter by
excluding from the sample participants with dementia and/or MCI and further control-
ling for their cognitive status. Additionally, for assessing depression, we used different
components, and the diagnosis was not set by psychiatrists. However, the diagnosis was de-
termined based on international criteria (DSM-IV) and we explored whether this influences
the results by running different models with each of these components.
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At the same time, the study has important strengths. Unlike previous investigations,
clinical assessment by dementia experts in the present study enabled a fine-tuned classi-
fication of the participants’ cognitive status. Additionally, we excluded from the sample
participants with depression at baseline, which strengthens the confidence in our results.
Finally, dietary data were collected using instruments validated in the population under
investigation, and the score used for calculating adherence to the MeDi, the MedDietScore,
is based on an a priori threshold, regardless of the consumption of the population under
investigation [20].

5. Conclusions

In summary, the results of the present study indicate that MeDi adherence is negatively
associated with depression incidence in older individuals, independent of their cognitive
status. More studies are needed to clarify the mechanisms behind this relationship and
should take into account other characteristics of the investigated populations, such as
genetic predisposition to depression. However, this finding may be useful for designing
and implementing population-based prevention programs. Additionally, the findings may
be used in clinical practice towards improving the symptoms and, even preventing, mood
disorders in older adults.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/nu15020359/s1, Table S1: Results from Cox models that evaluated
the association between adherence to the Mediterranean Diet both as continuous variable and
as tertiles (independent variables) with depression incidence (dependent variable) in participants
without depression at baseline; Table S2: Results from Cox models that evaluated the association
between adherence to the Mediterranean diet (independent variables) with the individual components
of depression variable (dependent variables) in participants without depression, and with normal
cognitive function at baseline.

Author Contributions: M.H.K., E.D., G.M.H., P.S., N.S. and M.Y.: Study concept and design. E.M.,
E.N.: Data analysis and interpretation. E.M.: Drafting of manuscript. E.N., A.H., M.B., M.H.K., E.D.,
G.M.H., P.S., N.S. and M.Y.: Critical revision of manuscript for important intellectual content, and
final approval of version to be published. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported by the grants: IIRG-09-133014 from the Alzheimer’s Asso-
ciation, 189 10276/8/9/2011 from the ESPA-EU program Excellence Grant (ARISTEIA) and the
∆Υ2β/oικ.51657/14.4.2009 of the Ministry for Health and Social Solidarity (Greece). The funders
had no role in the design, execution, analysis and interpretation of data, or writing of the study.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and was approved by the Institutional Review Board of the University of Thessaly and
the National and Kapodistrian University of Athens.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries

and territories, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018, 392, 1789–1858.
[CrossRef]

2. Blazer, D.G. Depression in late life: Review and commentary. J. Gerontol. A Biol. Sci. Med. Sci. 2003, 58, 249–265. [CrossRef]
[PubMed]

3. Sarris, J.; Thomson, R.; Hargraves, F.; Eaton, M.; de Manincor, M.; Veronese, N.; Solmi, M.; Stubbs, B.; Yung, A.R.; Firth, J. Multiple
lifestyle factors and depressed mood: A cross-sectional and longitudinal analysis of the UK Biobank (N = 84,860). BMC Med.
2020, 18, 354. [CrossRef]

https://www.mdpi.com/article/10.3390/nu15020359/s1
https://www.mdpi.com/article/10.3390/nu15020359/s1
http://doi.org/10.1016/S0140-6736(18)32279-7
http://doi.org/10.1093/gerona/58.3.M249
http://www.ncbi.nlm.nih.gov/pubmed/12634292
http://doi.org/10.1186/s12916-020-01813-5


Nutrients 2023, 15, 359 11 of 12

4. Rao, T.S.; Asha, M.R.; Ramesh, B.N.; Rao, K.S. Understanding nutrition, depression and mental illnesses. Indian J. Psychiatry 2008,
50, 77–82. [CrossRef]

5. Vicinanza, R.; Bersani, F.S.; D’Ottavio, E.; Murphy, M.; Bernardini, S.; Crisciotti, F.; Frizza, A.; Mazza, V.; Biondi, M.; Troisi, G.;
et al. Adherence to Mediterranean diet moderates the association between multimorbidity and depressive symptoms in older
adults. Arch. Gerontol. Geriatr. 2020, 88, 104022. [CrossRef] [PubMed]

6. Yin, W.; Löf, M.; Chen, R.; Hultman, C.M.; Fang, F.; Sandin, S. Mediterranean diet and depression: A population-based cohort
study. Int. J. Behav. Nutr. Phys. Act. 2021, 18, 153. [CrossRef]

7. Skarupski, K.A.; Tangney, C.C.; Li, H.; Evans, D.A.; Morris, M.C. Mediterranean diet and depressive symptoms among older
adults over time. J. Nutr. Health Aging 2013, 17, 441–445. [CrossRef] [PubMed]

8. Matison, A.P.; Mather, K.A.; Flood, V.M.; Reppermund, S. Associations between nutrition and the incidence of depression in
middle-aged and older adults: A systematic review and meta-analysis of prospective observational population-based studies.
Ageing Res. Rev. 2021, 70, 101403. [CrossRef]

9. Rock, P.L.; Roiser, J.P.; Riedel, W.J.; Blackwell, A.D. Cognitive impairment in depression: A systematic review and meta-analysis.
Psychol. Med. 2014, 44, 2029–2040. [CrossRef]

10. Bhalla, R.K.; Butters, M.A.; Mulsant, B.H.; Begley, A.E.; Zmuda, M.D.; Schoderbek, B.; Pollock, B.G.; Reynolds, C.F., 3rd; Becker,
J.T. Persistence of neuropsychologic deficits in the remitted state of late-life depression. Am. J. Geriatr. Psychiatry Off. J. Am. Assoc.
Geriatr. Psychiatry 2006, 14, 419–427. [CrossRef]

11. Ma, L. Depression, Anxiety, and Apathy in Mild Cognitive Impairment: Current Perspectives. Front. Aging Neurosci. 2020, 12, 9.
[CrossRef] [PubMed]

12. Basta, M.; Simos, P.; Vgontzas, A.; Koutentaki, E.; Tziraki, S.; Zaganas, I.; Panagiotakis, S.; Kapetanaki, S.; Fountoulakis, N.; Lionis,
C. Associations between sleep duration and cognitive impairment in mild cognitive impairment. J. Sleep Res. 2019, 28, e12864.
[CrossRef] [PubMed]

13. Charisis, S.; Ntanasi, E.; Yannakoulia, M.; Anastasiou, C.A.; Kosmidis, M.H.; Dardiotis, E.; Hadjigeorgiou, G.; Sakka, P.; Scarmeas,
N. Mediterranean diet and risk for dementia and cognitive decline in a Mediterranean population. J. Am. Geriatr. Soc. 2021, 69,
1548–1559. [CrossRef] [PubMed]

14. Scarmeas, N.; Anastasiou, C.A.; Yannakoulia, M. Nutrition and prevention of cognitive impairment. Lancet Neurol. 2018, 17,
1006–1015. [CrossRef]

15. Bardinet, J.; Chuy, V.; Carriere, I.; Galera, C.; Pouchieu, C.; Samieri, C.; Helmer, C.; Cougnard-Gregoire, A.; Feart, C. Mediterranean
Diet Adherence and Risk of Depressive Symptomatology in a French Population-Based Cohort of Older Adults. Nutrients 2022,
14, 4121. [CrossRef]

16. Anastasiou, C.A.; Yannakoulia, M.; Kosmidis, M.H.; Dardiotis, E.; Hadjigeorgiou, G.M.; Sakka, P.; Arampatzi, X.; Bougea, A.;
Labropoulos, I.; Scarmeas, N. Mediterranean diet and cognitive health: Initial results from the Hellenic Longitudinal Investigation
of Ageing and Diet. PLoS ONE 2017, 12, e0182048. [CrossRef]

17. Mamalaki, E.; Anastasiou, C.A.; Ntanasi, E.; Tsapanou, A.; Kosmidis, M.H.; Dardiotis, E.; Hadjigeorgiou, G.M.; Sakka, P.;
Scarmeas, N.; Yannakoulia, M. Associations between the mediterranean diet and sleep in older adults: Results from the hellenic
longitudinal investigation of aging and diet study. Geriatr. Gerontol. Int. 2018, 18, 1543–1548. [CrossRef]

18. Ntanasi, E.; Yannakoulia, M.; Kosmidis, M.H.; Anastasiou, C.A.; Dardiotis, E.; Hadjigeorgiou, G.; Sakka, P.; Scarmeas, N.
Adherence to Mediterranean Diet and Frailty. J. Am. Med. Dir. Assoc. 2018, 19, 315–322 e312. [CrossRef]

19. Bountziouka, V.; Bathrellou, E.; Giotopoulou, A.; Katsagoni, C.; Bonou, M.; Vallianou, N.; Barbetseas, J.; Avgerinos, P.C.;
Panagiotakos, D.B. Development, repeatability and validity regarding energy and macronutrient intake of a semi-quantitative
food frequency questionnaire: Methodological considerations. Nutr. Metab. Cardiovasc. Dis. NMCD 2012, 22, 659–667. [CrossRef]

20. Panagiotakos, D.B.; Pitsavos, C.; Stefanadis, C. Dietary patterns: A Mediterranean diet score and its relation to clinical and
biological markers of cardiovascular disease risk. Nutr. Metab. Cardiovasc. Dis. 2006, 16, 559–568. [CrossRef]

21. Yesavage, J.A. Geriatric Depression Scale. Psychopharmacol. Bull. 1988, 24, 709–711.
22. Fountoulakis, K.N.; Tsolaki, M.; Iacovides, A.; Yesavage, J.; O’Hara, R.; Kazis, A.; Ierodiakonou, C. The validation of the short

form of the Geriatric Depression Scale (GDS) in Greece. Aging 1999, 11, 367–372. [CrossRef] [PubMed]
23. Guze, S.B. Diagnostic and Statistical Manual of Mental Disorders, 4th ed. (DSM-IV). Am. J. Psychiatry 1995, 152, 1228. [CrossRef]
24. Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”. A practical method for grading the cognitive state of patients for

the clinician. J. Psychiatr. Res. 1975, 12, 189–198. [CrossRef] [PubMed]
25. Vlahou, C.H.; Kosmidis, M.H.; Dardagani, A.; Tsotsi, S.; Giannakou, M.; Giazkoulidou, A.; Zervoudakis, E.; Pontikakis, N.

Development of the Greek Verbal Learning Test: Reliability, construct validity, and normative standards. Arch. Clin. Neuropsychol.
2013, 28, 52–64. [CrossRef]

26. Lezak, M.D. Neuropsychological Assessment; Oxford University Press: New York, NY, USA, 2004.
27. Kosmidis, M.H.; Vlahou, C.H.; Panagiotaki, P.; Kiosseoglou, G. The verbal fluency task in the Greek population: Normative data,

and clustering and switching strategies. J. Int. Neuropsychol. Soc. 2004, 10, 164–172. [CrossRef]
28. Tsapkini, K.; Vlahou, C.H.; Potagas, C. Adaptation and validation of standardized aphasia tests in different languages: Lessons

from the Boston Diagnostic Aphasia Examination—Short Form in Greek. Behav. Neurol. 2010, 22, 111–119. [CrossRef]
29. Vlahou, C.H.; Kosmidis, M.H. The Greek Trail Making Test: Preliminary norms for clinical and research use. Psychol. J. Hell.

Psychol. Soc. 2002, 9, 336–352.

http://doi.org/10.4103/0019-5545.42391
http://doi.org/10.1016/j.archger.2020.104022
http://www.ncbi.nlm.nih.gov/pubmed/32109694
http://doi.org/10.1186/s12966-021-01227-3
http://doi.org/10.1007/s12603-012-0437-x
http://www.ncbi.nlm.nih.gov/pubmed/23636545
http://doi.org/10.1016/j.arr.2021.101403
http://doi.org/10.1017/S0033291713002535
http://doi.org/10.1097/01.JGP.0000203130.45421.69
http://doi.org/10.3389/fnagi.2020.00009
http://www.ncbi.nlm.nih.gov/pubmed/32082139
http://doi.org/10.1111/jsr.12864
http://www.ncbi.nlm.nih.gov/pubmed/31006940
http://doi.org/10.1111/jgs.17072
http://www.ncbi.nlm.nih.gov/pubmed/33724444
http://doi.org/10.1016/S1474-4422(18)30338-7
http://doi.org/10.3390/nu14194121
http://doi.org/10.1371/journal.pone.0182048
http://doi.org/10.1111/ggi.13521
http://doi.org/10.1016/j.jamda.2017.11.005
http://doi.org/10.1016/j.numecd.2010.10.015
http://doi.org/10.1016/j.numecd.2005.08.006
http://doi.org/10.1007/BF03339814
http://www.ncbi.nlm.nih.gov/pubmed/10738851
http://doi.org/10.1176/ajp.152.8.1228
http://doi.org/10.1016/0022-3956(75)90026-6
http://www.ncbi.nlm.nih.gov/pubmed/1202204
http://doi.org/10.1093/arclin/acs099
http://doi.org/10.1017/S1355617704102014
http://doi.org/10.1155/2010/423841


Nutrients 2023, 15, 359 12 of 12

30. Kosmidis, M.H.; Tsotsi, S.; Karambela, O.; Takou, E.; Vlahou, C.H. Cultural factors influencing performance on visuoperceptual
neuropsychological tasks. Behav. Neurol. 2010, 23, 245–247. [CrossRef]

31. Bozikas, V.P.; Giazkoulidou, A.; Hatzigeorgiadou, M.; Karavatos, A.; Kosmidis, M.H. Do age and education contribute to
performance on the clock drawing test? Normative data for the Greek population. J. Clin. Exp. Neuropsychol. 2008, 30, 199–203.
[CrossRef]

32. McKhann, G.; Drachman, D.; Folstein, M.; Katzman, R.; Price, D.; Stadlan, E.M. Clinical diagnosis of Alzheimer’s disease:
Report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human Services Task Force on
Alzheimer’s Disease. Neurology 1984, 34, 939–944. [CrossRef] [PubMed]

33. Petersen, R.C.; Doody, R.; Kurz, A.; Mohs, R.C.; Morris, J.C.; Rabins, P.V.; Ritchie, K.; Rossor, M.; Thal, L.; Winblad, B. Current
concepts in mild cognitive impairment. Arch. Neurol. 2001, 58, 1985–1992. [CrossRef]

34. Kavouras, S.A.; Maraki, M.I.; Kollia, M.; Gioxari, A.; Jansen, L.T.; Sidossis, L.S. Development, reliability and validity of a physical
activity questionnaire for estimating energy expenditure in Greek adults. Sci. Sport. 2016, 31, e47–e53. [CrossRef]

35. Kessler, R.C.; Birnbaum, H.; Bromet, E.; Hwang, I.; Sampson, N.; Shahly, V. Age differences in major depression: Results from the
National Comorbidity Survey Replication (NCS-R). Psychol. Med. 2010, 40, 225–237. [CrossRef] [PubMed]

36. Hu, T.; Zhao, X.; Wu, M.; Li, Z.; Luo, L.; Yang, C.; Yang, F. Prevalence of depression in older adults: A systematic review and
meta-analysis. Psychiatry Res. 2022, 311, 114511. [CrossRef]

37. Mukku, S.S.R.; Dahale, A.B.; Muniswamy, N.R.; Muliyala, K.P.; Sivakumar, P.T.; Varghese, M. Geriatric Depression and Cognitive
Impairment—An Update. Indian J. Psychol. Med. 2021, 43, 286–293. [CrossRef]

38. Basta, M.; Micheli, K.; Simos, P.; Zaganas, I.; Panagiotakis, S.; Koutra, K.; Krasanaki, C.; Lionis, C.; Vgontzas, A. Frequency and
risk factors associated with depression in elderly visiting Primary Health Care (PHC) settings: Findings from the Cretan Aging
Cohort. J. Affect. Disord. Rep. 2021, 4, 100109. [CrossRef]

39. Marx, W.; Lane, M.; Hockey, M.; Aslam, H.; Berk, M.; Walder, K.; Borsini, A.; Firth, J.; Pariante, C.M.; Berding, K.; et al. Diet and
depression: Exploring the biological mechanisms of action. Mol. Psychiatry 2021, 26, 134–150. [CrossRef]

40. Tsigalou, C.; Konstantinidis, T.; Paraschaki, A.; Stavropoulou, E.; Voidarou, C.; Bezirtzoglou, E. Mediterranean Diet as a Tool to
Combat Inflammation and Chronic Diseases. An Overview. Biomedicines 2020, 8, 201. [CrossRef]

41. Taylor, A.M.; Holscher, H.D. A review of dietary and microbial connections to depression, anxiety, and stress. Nutr. Neurosci.
2020, 23, 237–250. [CrossRef]

42. Gea, A.; Martinez-Gonzalez, M.A.; Toledo, E.; Sanchez-Villegas, A.; Bes-Rastrollo, M.; Nuñez-Cordoba, J.M.; Sayon-Orea, C.;
Beunza, J.J. A longitudinal assessment of alcohol intake and incident depression: The SUN project. BMC Public Health 2012, 12,
954. [CrossRef] [PubMed]

43. Gea, A.; Beunza, J.J.; Estruch, R.; Sanchez-Villegas, A.; Salas-Salvado, J.; Buil-Cosiales, P.; Gomez-Gracia, E.; Covas, M.I.; Corella,
D.; Fiol, M.; et al. Alcohol intake, wine consumption and the development of depression: The PREDIMED study. BMC Med. 2013,
11, 192. [CrossRef] [PubMed]

44. Lundgaard, I.; Wang, W.; Eberhardt, A.; Vinitsky, H.S.; Reeves, B.C.; Peng, S.; Lou, N.; Hussain, R.; Nedergaard, M. Beneficial
effects of low alcohol exposure, but adverse effects of high alcohol intake on glymphatic function. Sci. Rep. 2018, 8, 2246.
[CrossRef] [PubMed]

45. Sadeghi, O.; Keshteli, A.H.; Afshar, H.; Esmaillzadeh, A.; Adibi, P. Adherence to Mediterranean dietary pattern is inversely
associated with depression, anxiety and psychological distress. Nutr. Neurosci. 2021, 24, 248–259. [CrossRef] [PubMed]

46. Jiménez-Fernández, S.; Gurpegui, M.; Díaz-Atienza, F.; Pérez-Costillas, L.; Gerstenberg, M.; Correll, C.U. Oxidative stress and
antioxidant parameters in patients with major depressive disorder compared to healthy controls before and after antidepressant
treatment: Results from a meta-analysis. J. Clin. Psychiatry 2015, 76, 1658–1667. [CrossRef] [PubMed]

47. Miller, A.L. The methylation, neurotransmitter, and antioxidant connections between folate and depression. Altern. Med. Rev. A J.
Clin. Ther. 2008, 13, 216–226.

48. Basta, M.; Belogianni, C.; Yannakoulia, M.; Zaganas, I.; Panagiotakis, S.; Simos, P.; Vgontzas, A.N. Poor Diet, Long Sleep, and
Lack of Physical Activity Are Associated with Inflammation among Non-Demented Community-Dwelling Elderly. Healthcare
2022, 10, 143. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1155/2010/956709
http://doi.org/10.1080/13803390701346113
http://doi.org/10.1212/WNL.34.7.939
http://www.ncbi.nlm.nih.gov/pubmed/6610841
http://doi.org/10.1001/archneur.58.12.1985
http://doi.org/10.1016/j.scispo.2016.01.007
http://doi.org/10.1017/S0033291709990213
http://www.ncbi.nlm.nih.gov/pubmed/19531277
http://doi.org/10.1016/j.psychres.2022.114511
http://doi.org/10.1177/0253717620981556
http://doi.org/10.1016/j.jadr.2021.100109
http://doi.org/10.1038/s41380-020-00925-x
http://doi.org/10.3390/biomedicines8070201
http://doi.org/10.1080/1028415X.2018.1493808
http://doi.org/10.1186/1471-2458-12-954
http://www.ncbi.nlm.nih.gov/pubmed/23134690
http://doi.org/10.1186/1741-7015-11-192
http://www.ncbi.nlm.nih.gov/pubmed/23988010
http://doi.org/10.1038/s41598-018-20424-y
http://www.ncbi.nlm.nih.gov/pubmed/29396480
http://doi.org/10.1080/1028415X.2019.1620425
http://www.ncbi.nlm.nih.gov/pubmed/31185883
http://doi.org/10.4088/JCP.14r09179
http://www.ncbi.nlm.nih.gov/pubmed/26579881
http://doi.org/10.3390/healthcare10010143

	Introduction 
	Materials and Methods 
	Samples and Procedures 
	Dietary Assessment 
	Assessment of Variables Related to Depression 
	Neuropsychological Evaluation and Clinical Diagnosis of Dementia and Mild Cognitive Impairment 
	Other Variables 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

