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Center Network on Physiopathology of Obesity and Nutrition (CIBEROBN), Institute of Health Carlos III, Madrid, Spain

ABSTRACT
Background: The effect of an intervention based on Mediterranean diet on reducing recurrence
risk or subsyndromal depressive symptoms in recovered depressed patients has not been
explored.
Methods: The PREDIDEP study was a two-year randomized trial designed to assess the effect of the
Mediterranean Diet enriched with extra virgin olive oil on depression recurrence. At baseline and at
four, eight, 16, 20, and 24 months of follow-up, depressive symptoms were evaluated through the
Beck Depression inventory. Cox regression analysis was fitted to assess the role of dietary
intervention on the risk of depression recurrence. Mixed effects linear models were used to
assess changes in depressive subsyndromal symptoms according to the intervention.
Results:: After two years of intervention, the dietary intervention group (n = 103) compared to the
control group (n = 93) showed no differences regarding depression recurrence risk as main
outcome. As secondary outcomes, an improvement of depressive symptoms was yielded at four
(−2.15; 95% CI =−4.00 to −0.29) and eight months (−2.42; 95% CI =−4.17 to −0.67) in the
intervention group, with no changes in control group. Moreover, at 20 months, significant
differences were found between groups (−3.35; 95% CI =−6.08 to −0.61).
Conclusions:: An intervention with Mediterranean diet in patients with previous depressive
episodes might contribute to the reduction of depressive subsyndromal symptoms.

KEYWORDS
Mediterranean diet;
depression; olive oil; clinical
trial

Introduction

Unipolar depression is a growing global Public Health
challenge. It is a common worldwide mental disorder
which could appear at short ages (even in three-year-
old children) [1]. Depression prevalence is estimated
at five percent, this value is even higher when evaluating
subcases. Lifetime prevalence is around 17% [2], with
some differences between countries in Europe (ranging
from 8.8 to 23.6%). Depression is one of the leading glo-
bal causes of quality of life impairment measured in dis-
ability-adjusted life years (DALYs) and Years Lived with
Disability (YLD) [3].

Mediterranean diet is currently considered one of the
healthiest dietary models worldwide [4]. This dietary
pattern is a modifiable lifestyle factor which might

influence the onset, development, and prognosis of
depression. In fact, several observational studies have
described a relationship between high adherence to
Mediterranean diet and a lower depression risk [5–
11]. Moreover, short-term field trials have also showed
similar results for depression treatment [12–15].

Preventing depression recurrence is one of the main
objectives in the management of patients with unipolar
depression. Moreover, as the number of relapses is
higher, the recurrence rate increases, ranging from a
percentage of 40–60% in patients who have suffered a
single episode to values up to 90% for those with three
previous episodes. In addition to the number of pre-
vious episodes, depressive residual or subsyndromal
symptoms that persist after remission are another
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important predictor of relapse. In this context, to our
knowledge, the role of a dietary intervention based on
Mediterranean diet in the risk of depression recurrence
or in changes in subsyndromal symptoms in patients
recovered from depression has not been evaluated yet.
Only a prospective cohort study, not a randomized
clinical trial, has reported that long-term adherence to
a healthy diet defined by Alternative Healthy Eating
Index-2010, but not Mediterranean diet, could confer
protection against recurrent depressive symptoms [16].

The principal objective of this study was to assess the
effect of two-year intervention with Mediterranean diet
enriched with extravirgin olive oil (EVOO), in addition
to usual care, on reducing the risk of recurrence and
improving depressive subsyndromal symptoms in
recovered depressed patients.

Material and methods

Study population

The PREDIDEP study was a multicentre, randomized,
controlled, single-blind trial. The study design and
methodology have been described previously in detail
elsewhere [17]. Briefly, the aim of the PREDIDEP
study was to analyse the effect of a Mediterranean diet
intervention enriched with EVOO in addition to usual
care, compared to usual care without nutritional inter-
vention (control group) in the prevention of recurrence
of depression. Study participants were randomly
assigned to one of two groups (Mediterranean diet or
control) once their data were included in a centralized
data management system by the specialists. Various
stratification factors were considered for the randomiz-
ation, sex, age group (<65 years or ≥65 years), and
recruitment centre. At baseline, psychiatrists and clini-
cal psychologists were blinded to the allocation of the
participants, following the CONSORT guidelines for
randomized trials to prevent selection biases. Originally,
the trial included another arm with a Mediterranean
intervention supplemented with tree nuts that finally
was not considered because of a budget adjustment.

The PREDIDEP study included 52 men and 144
women between 18 and 86 years old who had suffered
at least one depression episode within the last five
years and who were in a stage of total or partial clinical
remission in the last six months, based on DSM-5 cri-
teria. We excluded participants with the presence of
comorbid psychiatric disorders or severe medical con-
ditions as well as participants with a history of food
allergies. Moreover, institutionalized patients or without
autonomy were excluded from the trial. Four centres
across Spain participated in recruiting participants:

Hospital Dr Negrín (Las Palmas de Gran Canaria), Clín-
ica Universidad de Navarra (Pamplona), Hospital Uni-
versitario (Vitoria), and Clinica Dr Chiclana (Madrid).

The flowchart (Figure 1) shows participants who
completed two-year follow-up. Between March 2017
and December 2020, 222 patients were invited to par-
ticipate in the study. Of them, although 208 patients
were recruited and randomized, 196 started the inter-
vention. The number of dropouts was 17. Thus, the
retention rate was 91.3% after 2 years of follow-up
(179/196), similar for both groups.

The main analysis of this trial included 196 partici-
pants who started the intervention to analyse the effect
of the Mediterranean Diet enriched with extra virgin
olive oil on depression recurrence. In a secondary analy-
sis, we included all participants who had already been
followed up for at least two years and had successfully
fulfilled the overall information about depressive symp-
toms collected in Beck depression inventories at four,
eight, 16, 20, and 24 months (n = 91) (Figure 1).

All procedures contributing to this work complied
with the ethical standards of the relevant national and
institutional committees on human experimentation
and with the Helsinki Declaration of 1975, as revised
in 2008. The Research Ethics Committees at each
recruitment centre approved the protocol (date 06/21/
2016). All participants provided written informed con-
sent after they received the information sheet and an
additional verbal explanation of the study
characteristics.

Exposure assessment

The aim of the nutritional intervention of the PREDI-
DEP study was to analyse the effect of a Mediterranean
diet intervention enriched with EVOO in addition to
usual care, compared to usual care without nutritional
intervention (control group) in the prevention of recur-
rence of depression. In the PREDIDEP study, we used a
remote nutritional intervention rather than an in-per-
son approach. This remote intervention was conducted
by a team of registered dietitians by phone and on the
internet, and participants had access to web-based
information on a website and printed materials. Beyond
usual clinical care and dietary intervention, each partici-
pant in the intervention group also received EVOO for
free (1 litre per week). Participants in the control group
received usual clinical care. The nutritional intervention
has been described previously in detail elsewhere [17].

Adherence to the traditional Mediterranean diet was
also appraised by a validated 14-item MEDAS question-
naire at baseline and every three months in the interven-
tion group and yearly in the control group. The MEDAS
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questionnaire is a Spanish-validated questionnaire that
consists of 14 items that include 12 questions about
the frequency of food intake (olive oil, vegetables,
fruit, red meat, animal fats, carbonated beverages, red
wine, fish/seafood, nuts, commercial food, and sofrito)
(a traditional condiment with tomato sauce, garlic,
onion, etc.) and two questions about the preferred cook-
ing fat used and meat consumed. Each item is scored as
zero or one, and the final score is the sum of each (0–
14). The MEDAS scores were categorized as low adher-
ence (<9) and high adherence to the Mediterranean
dietary pattern (≥9) [18,19].

Finally, changes in Mediterranean diet adherence
through the first year of follow-up were measured as
low-maintained adherence, increased adherence (from
low to high by MEDAS), decreased adherence (from
high to low) and high-maintained adherence after one
year of follow-up.

Outcome assessment

Depression recurrence was assessed by psychiatrists and
clinical psychologists through clinical evaluations
(semi-structured clinical interviews: Spanish SCID-I).

Figure 1. Flowchart of participant screening, recruitment, and randomization.
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The subsyndromal depressive symptoms are described
as presence of moderate affective symptoms but without
meeting diagnostic criteria for major depression.
Although the Montgomery-Asberg Depression Rating
Scale (MADRS) was originally proposed to assess
changes in subsyndromal symptoms, finally MADRS
was not used because this scale is affected by inter-evalua-
tor differences. As this study is a multicentre clinical trial
based on participants from different regions in Spain and
in order to avoid a differential misclassification bias in
outcome assessment carried out by the psychiatrists, we
decided to use BDI and not MADRS to assess depressive
symptoms. Thus, subsyndromal depressive symptoms
were evaluated at baseline and every four months by
phone with the validated Spanish version of The Beck
Depression Inventory (BDI) [20].

The BDI is a 21-item, multiple-choice self-report
inventory. Respondents are asked to rate each item
based on four response choices according to the severity
of the symptoms, ranging from the absence of a symp-
tom to an intense level during the past week. The 21
symptoms and attitudes contained in the BDI reflect
the intensity of depression; items receive a rating of
zero to three to reflect their intensity and are summed
linearly to create a score which ranges from zero to
63. The BDI is interpreted using cut-off points: scores
from zero through 9 indicate none or minimal
depression; scores from 10 through 18 indicate mild
to moderate depression; scores from 19 through 29 indi-
cate moderate to severe depression; and scores from 30
through 63 indicate severe depression.

Baseline and yearly depressive symptoms were evalu-
ated by psychiatrists and psychologists through the BDI
and a clinical interview. At baseline, eight individuals
showed BDI scores >18, but they were included in the
trial after the specialists ruled out any current depressive
episode. It is important to mention that many of the
participants were not evaluated by specialists after 12
months of intervention because this period temporally
coincided with COVID-19 lockdown in Spain. For
that reason, in this paper, we solely analysed changes
in depressive symptoms after four, eight, 16, 20, and
24 months of follow-up.

If any suspicion of depression was detected through
the BDI (score BDI > 18), or the subject him/herself
communicated it, the participant was examined by
care providers to confirm or rule out the diagnosis of
recurrence.

Other covariate assessment

At baseline, the dietitians also collected information
about sociodemographic characteristics, such as

educational level (secondary or less/University or
more), civil status (single/married/others), and working
status (working/retired/others); smoking habits (smo-
ker/non-smoker); and anthropometric measurements
(self-reported weight and height). During this phone
call, information about physical activity was also col-
lected with a physical activity questionnaire validated
for the Spanish population [21]. Health-related quality
of life was also ascertained through the validated Span-
ish version of the SF-36 Health Survey [22].

Sample size and statistical analysis

To detect a mean two-year difference of 3 points in the
Beck Inventory with a standard deviation equal to 6 in
each group considering a five percent significance
level and 80% power, a sample size of 126 participants
was necessary. Considering an attrition of 15%, the
final number of required participants was 150.

Quantitative variables were expressed as means and
standard deviations (SDs), whereas categorical variables
were described as numbers and percentages (n [%]).
Student t-test for continuous variables and chi-square
test for categorical variables were applied to test differ-
ences in baseline characteristics according to the inter-
vention groups.

For each participant, we computed person-months of
follow-up from the date of inclusion in the study to the
date of depression recurrence, the date of dropping out
from the study, or the date of returning the last BDI
completed by the participant, whichever came first.

Cox proportional hazards regression models were
fitted to assess the relationship between the dietary
intervention with Mediterranean diet and the risk of
depression recurrence. Hazard Ratio (HR) and its 95%
CI were calculated considering the control group as
the reference category.

For the analysis of changes in depressive symptoms,
we included all randomized participants with baseline
data, regardless of whether they had incomplete infor-
mation at follow-up visits, with multiple imputation
procedures for missing data (intention-to-treat analy-
sis). Multiple imputation method used an iterative Mar-
kov chain Monte Carlo method (STATA ‘mi’
command) was applied. We generated 20 imputations
for each missing measurement. Imputed missing values
were used for follow-up data but not for baseline data.
The imputation models included sex, age, smoking sta-
tus, body mass index, civil status, educational level, total
energy intake, physical activity, intervention group, and
the baseline value of the variable that was imputed as a
predictor.
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Furthermore, we analysed only participants with
complete/available information for the overall follow-
up visits (completers only). Secondly, different analyses
were carried out to assess the role of the intervention in
depressive symptom changes at different time periods.

Finally, the association between adherence to the
Mediterranean diet (and yearly adherence change) and
changes in depressive symptoms at several time periods
was analysed according to an observational design.

Mixed effects linear models were used to assess the
effect of the nutritional intervention on changes in
depressive symptoms from baseline to four, eight, 16,
20, and 24-month follow-up visits in all randomized
participants and in completers only. A two-level
mixed linear model with random intercepts at the
recruitment centre and participants was fitted.

Finally, mixed effects linear models were also used to
assess the relationship between baseline adherence to
the Mediterranean diet and joint exposure to both base-
line adherence to the Mediterranean diet and adherence

change after one-year follow-up and changes in BDI
scores at different periods of time.

The analyses were performed using STATA (v 12.0,
StataCorp LP). The significance level (two-tailed) was
set at p-values lower than 0.05.

Results

Baseline characteristics

Among the 196 patients who started the intervention,
73.5% were women with a mean age of 51.1 years (SD
14.2). Participants’ age range was between 18 and 86
years old. Table 1 shows the demographic, anthropo-
metric, and lifestyle baseline characteristics of partici-
pants according to the randomized groups. No
significant differences between groups were found.

Primary outcomes

Risk of depression recurrence by intervention
group

During a total of 4256 person-months of follow-up, we
found 22 cases of depression recurrence. We did not
find any significant association between the dietary
intervention and the risk of depression recurrence
with HR = 0.91 and 95% CI = 0.39–2.13.

Depressive symptoms changes by intervention
groups

The effects of dietary intervention on depressive symp-
tom changes in all randomized and completer-only par-
ticipants are shown in Table 2.

After two years of intervention, the Mediterranean
Diet intervention group compared to the control
group showed no differences regarding the primary out-
come (recurrence of depression). Intervention group
showed a depressive symptom reduction after four
months [−2.15 (−4.00 to −0.29)] and eight months
[−2.42 (−4.17 to −0.67)], with no changes in the control
group when analysing all randomized participants. In
addition, significant differences between groups were
observed at 4 months (between-group difference:
−3.10; 95% CI −5.72 to −0.47, p = 0.021).

After 20 months of intervention, depressive symp-
toms increased in the control group and descended in
the intervention group, with significant differences
between groups (between-group difference: −3.35;
95% CI −6.08 to −0.61, p = 0.017).

Results obtained from the completers-only analysis
did not differ from the main analysis.

Table 1. Baseline characteristics of PREDIDEP participants.

Characteristics Control (n = 93)
Intervention (n =

103)
p-

value*

Age, years, mean (SD) 51.48 (14.7) 51.16 (13.79) 0.8647
Sex, n (%) 0.588
Men 23 (24.73) 29 (28.16)
Women 70 (75.27) 74 (71.84)

Depressive episodes, n
(%)
1 42 (45.16) 35 (33.98) 0.274
2 21 (22.58) 27 (26.21)
3 or more 30 (32.26) 41 (39.81)

Antidepressants use, n
(%)

70 (75.27) 81 (78.64) 0.575

Civil status, n (%) 0.558
Single 33 (35.87) 34 (33.01)
Married 37 (40.22) 49 (47.57)
Others 22 (23.91) 20 (19.41)

Education, n (%) 0.613
Secondary or less 48 (52.17) 50 (48.54)
University 44 (47.82) 53 (51.45)

Working status, n (%)
Working 39 (42.39) 47 (45.63) 0.826
Retired 16 (17.39) 19 (18.45)
Others 37 (40.22) 37 (35.92)

BMI (kg/m2) 26.04 (5.29) 26.09 (4.78) 0.945
Smoking status, n (%) 24.00 (26.09) 24.00 (23.30) 0.457
Illegal drugs, n (%) 8.00 (8.6) 9.00 (8.74) 0.973
Depressive symptoms
(BDI)

5.78 (5.24) 6.41 (5.84) 0.428

Physical activity (MET-
hours/week)

16.30 (19.19) 18.13 (24.99) 0.5694

MEDAS score (14 items) 7.01 (2.1) 7.04 (1.97) 0.8959
HRQoL scores (SF-36)

MSC 37.07 (7.13) 37.85 (7.00) 0.4462
PSC 47.81 (7.35) 48.36 (7.21) 0.6002

Energy intake (kcal/day) 2531.00 (809) 2683.00 (874) 0.2094

*p-value obtained by the Student’s t test (quantitative variables) or the Chi-
square (qualitative variables).

BDI: Beck Depression Inventory; BMI: body mass index; HRQoL: Health
Related Quality of Life; MET: Metabolic equivalent; MEDAS: Mediterranean
Diet Adherence Screener; MSC: Mental Summary Component; PSC: Phys-
ical Summary Component.
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Table 2. Effect of an intervention based on Mediterranean diet enriched with EVOO on changes in depressive symptoms in PREDIDEP study.

Control group, mean change (CI 95%) Intervention group, mean change (CI 95%)

Control vs. Intervención

Between-group difference

Depressive symptoms Intention-to-treata (n = 93) Completers-onlyb (n = 39) Intention-to-treata (n = 103) Completers-onlyb (n = 52) Intention-to-treata (MI) p-valuec Completers-onlyb P-valuec

4-months change 0.94 (−0.97–2.86) 1.11 (−0.86–3.08) −2.15 (−4.00 to −0.29) −2.17 (−3.72 to −0.62) −3.10 (−5.72 to −0.47) 0.021 −3.28 (−5.79 to −0.77) 0.010
8-months change −0.30 (−2.13–1.53) −0.21 (−1.68–1.27) −2.42 (−4.17 to −0.67) −2.50 (−3.96 to −1.04) −2.12 (−4.67–0.42) 0.102 −2.29 (−4.37 to −0.22) 0.030
16-months change 0.31 (−1.71–2.34) 0.55 (−1.13–2.23) −0.21 (−2.12–1.70) −0.07 (−2.19–2.06) −0.52 (−3.44–2.39) 0.723 −0.61 (−3.33–2.10) 0.657
20-months change 1.83 (−0.13–3.80) 1.74 (−0.19–3.68) −1.51 (−3.37–0.35) −1.18 (−2.81–0.46) −3.35 (−6.08 to −0.61) 0.017 −2.92 (−5.45 to −0.39) 0.024
24-months change −0.66 (−2.59–1.26) −0.17 (−1.71–1.38) −1.78 (−3.63–0.70) −1.17 (−2.95–0.61) −1.12 (−3.73–1.50) 0.403 −1.00 (−3.36–1.36) 0.405

Note: CI: Confidence Interval. BDI: Beck Depression Inventory.
aCalculated using mixed-effect models with multiple imputation method with 20 imputations for each missing measurement.
bCalculated using mixed-effect models.
cp-value between group intervention difference.
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A sensitivity analysis was made excluding partici-
pants with baseline BDI values >18 (n = 8). The results
did not change from the main estimation (data not
shown).

Secondary outcomes
Depressive symptoms changes at every
independent temporal period by intervention
groups

The effects of dietary intervention on depressive symp-
tom changes at every independent temporal evaluation
in completers-only participants are shown in Table 3.

Consistent with the results observed in the previous
analysis, participants in the intervention group showed
a reduction in depressive symptoms at 4 months [−2.14
(−3.71 to −0.58)] (between-group difference: −3.05;
95% CI −5.59 to −0.51, p = 0.018); and after 8 months
[−2.62 (−4.11 to −1.13)] (between-group difference:
−2.24; 95% CI −4.33 to −0.14, p = 0.036), with no
changes in control group.

In addition, depressive symptoms reduction in inter-
vention group at 20 months [−1.91 (−3.52 to −0.30)]
(between-group difference: −3.57; 95% CI −6.12 to
−1.01, p = 0.006) was confirmed. Although participants
in the intervention group showed a significant reduction
in depressive symptoms after 24 months in the study
[−1.86 (−3.65 to −0.09)], the difference between the
groups was not statistically significant.

Changes in depressive symptoms at short-
medium term according to baseline adherence to
Mediterranean Diet

Mean changes in depressive symptoms after four and
eight months of follow-up according to baseline Medi-
terranean Diet adherence are presented in Table 4.

After 8 months of follow-up, participants with high
baseline adherence to the Mediterranean diet (MEDAS
score > 9) showed a significant reduction in depressive
symptoms [−2.06 (−4.05 to −0.08)], with no changes
in those participants with baseline low adherence to
this pattern. However, the difference between categories
did not reach statistical significance.

Change in depressive symptoms at long term
according to changes in adherence to
Mediterranean Diet after one year of
intervention

Mean changes in depressive symptoms after 16, 20, and
24 months of follow-up according to the annual change

in Mediterranean Diet adherence are presented in
Table 5.

Participants who maintained high adherence to
the Mediterranean diet after one year of follow-up
showed a considerable reduction of depressive symp-
toms [−4.67 (−7.18 to −2.17)]. However, the differ-
ences between groups were not statistically
significant.

Discussion

This trial is, to our knowledge, the first multiprofes-
sional intervention study which has evaluated the
effect of a remote dietary intervention based on the
Mediterranean diet enriched with EVOO on reducing
the risk of depression recurrence and on decreasing sub-
syndromal depressive symptoms in recovered depressed
patients. Although we did not find any significant effect
of the dietary intervention on the reduction of recur-
rence risk, our results showed, in general, an important
reduction of depressive symptoms at short-medium
term (four and eight months of follow-up) among par-
ticipants in the intervention group. Besides, participants
who maintained a high adherence to the Mediterranean
diet after one year of intervention, showed a significant
reduction in depressive symptoms after 24 months of
follow-up.

There are several observational studies with a large
sample size that have supported the relationship
between high adherence to Mediterranean diet and
low risk of depression. Sánchez-Villegas et al. [5, 9],
Hodge et al. [6], Rienks et al. [7], Skarupski et al. [8],
and Adjibade et al. [10] found a significant inverse
association linking high adherence to the Mediterra-
nean diet with decreased depressive symptoms. These
results have been collected in several systematic reviews
and meta-analyses reporting conflicting results. For
example, a systematic review published in 2019 was
unable to conclude a significant association between
adherence to the Mediterranean Diet and depression
when analysing cohort studies, although the authors
found significant associations in cross-sectional studies
[23]. However, Lassale et al. confirmed a beneficial
effect of Mediterranean diet in prospective observa-
tional studies [24]. The most recent evidence was pub-
lished as an umbrella review of meta-analyses of
observational studies and intervention trials and found
that, although the strength of the evidence was generally
weak, convincing or suggestive evidence was found for
an inverse relationship between Mediterranean diet
and depression [25].

On the other hand, there are only four small ran-
domized controlled trials which have evaluated the
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effects of dietary interventions based on a Mediterra-
nean dietary pattern on depression [12–15]. Firstly,
the SMILES study, a 12-week randomized controlled
trial with a total of 67 participants, found a positive
relationship between improvements in diet and
depression [12]. Secondly, the HELFIMED study, a
6-month randomized controlled trial with a total of
85 participants, showed a positive relationship
between a specific Mediterranean diet intervention
supplemented with fish oil and depression [13].
Finally, a three-week controlled trial in young adults
with a total of 76 participants, found similar results
than previous studies [14]. SMILES and HELFIMED
studies were face-to-face interventions that focused
on adherence to the Mediterranean diet pattern
while the last trial was an internet video guided inter-
vention based on Australian Guide to Healthy Eating
with additional recommendations to increase concor-
dance with Mediterranean-style diets. Recently, a 12-
wk, randomized controlled trial based on young
males with moderate/severe depression (n = 72)
found significant decreases in BDI-II scores after a
dietary intervention with Mediterranean diet [15].

As these previous trials, the present study showed a
positive effect of a Mediterranean diet intervention on
depression at short-medium term. It is important to
highlight the studies duration. While the maximum fol-
low-up period in these previous clinical trials was six
months, the present study maintained the intervention
and follow-up for two years.

Strengths and limitations

There are several strengths and limitations of this study
that should be considered when interpreting the results.
The main strength of this study is that, as far as we
know, this is the first multiprofessional intervention
study which has assessed the effect of a Mediterranean
diet intervention enriched with EVOO combined with
usual treatment on the reduction of subsyndromal
symptoms of depression in patients recovered from
this disease using personalized nutritional information
through different remote access routes, in coordination
with the face-to-face intervention conducted by psy-
chiatrists and psychologists. To our knowledge, this is
the first trial including such a high number of partici-
pants and that has evaluated the effect of a dietary inter-
vention for a large period of time, up to two years. That
long duration has allowed us to accurately evaluate the
medium-long-term effects of adherence to the Mediter-
ranean diet on subsyndromal depressive symptoms.
Moreover, depressive symptoms and adherence to Med-
iterranean diet were evaluated by BDI and MEDAS
questionnaire, respectively, which were assessed at base-
line and during the intervention. Thereby, the precision
of the analyses and temporal consistency of the results
are guaranteed.

Likewise, to evaluate low/high adherence to the Med-
iterranean diet according to MEDAS, we have used a
widely used reference point for Spanish population
[19] which allows us to obtain comparable results with
other populations. Finally, some analyses have been

Table 3. The effects of dietary intervention on depressive symptoms changes at every independent temporal evaluation in
completers-only participants in PREDIDEP study.
Depressive
symptoms n

Control group, mean change (CI
95%)

Intervention group, mean change (CI
95%)

Between-group difference (CI
95%)

p-
valuea

4-months change 161 0.91 (−1.09–2.90) −2.14 (−3.71 to −0.58) −3.05 (−5.59 to −0.51) 0.018
8-months change 169 −0.38 (−1.85–1.09) −2.62 (−4.11 to −1.13) −2.24 (−4.33 to −0.14) 0.036
16-months change 147 0.25 (−1.47–1.97) −0.55 (−2.69–1.60) −0.80 (−3.55–1.95) 0.570
20-months change 132 1.66 (−0.32–3.64) −1.91 (−3.52 to −0.30) −3.57 (−6.12 to −1.01) 0.006
24-months change 132 −0.39 (−1.89–1.12) −1.86 (−3.65 to −0.09) −1.48 (−3.81–0.86) 0.215

Note: CI: Confidence Interval. BDI: Beck Depression Inventory.
Calculated using mixed-effect models.
ap-value between group intervention difference.

Table 4. Mean changes in depressive symptoms after 4 and 8 months of follow-up according to baseline Mediterranean Diet
adherence in the PREDIDEP study (n = 151).
Depressive
symptoms

Low adherence to MD (MEDAS≤9), mean
change (CI 95%) (n = 118)

High adherence to MD (MEDAS>9), mean
change (CI 95%) (n = 33)

Between-group difference
(CI 95%)

p-
valuea

4-months
change

−0.81 (−2.25–0.62) −0.86 (−3.42–1.70) −0.04 (−2.98–2.89) 0.976

8-months
change

−1.25 (−2.49–0.001) −2.06 (−4.05 to −0.08) −0.82 (−3.16–1.52) 0.493

Note: CI: Confidence Interval. BDI: Beck Depression Inventory. MD: Mediterranean Diet; MEDAS: Mediterranean Diet Adherence Screener.
Calculated using mixed-effect models.
p-value between group intervention difference.
Adjusted for intervention group, age, sex, working status, smoking habit, BMI and civil status.

8 B. M. CABRERA-SUÁREZ ET AL.



adjusted for a wide range of baseline characteristics that
could have interfered with the results.

The free provision of EVOO, which could be a
strength of our study, could also represent a barrier
for a generalized recommendation because of the high
cost of this product.

The lack of effect of the dietary intervention for pre-
venting the risk of depression recurrence could be prob-
ably explained by the small number of recurrences
observed (only 22 cases) after a median follow-up of
24.3 months. The primary objective of the trial was to
assess the role of the intervention with Mediterranean
diet on depression recurrence. The sample size required
to respond to this aim was of 500 participants, 250 par-
ticipants in each group. Medical characteristics of the
participants (most of them with residual depressive
symptoms) and the irruption of COVID pandemic
caused that we were not able to include and follow the
overall sample. Finally, only 196 participants could be
analysed so we could not obtain significant results for
the main objective due to lack of statistical power. How-
ever, the inclusion of this number of participants was
sufficient to assess the secondary objective of the trial,
which was to compare changes in depressive symptoms
during the follow-up according to the nutritional
intervention.

Unfortunately, we do not present results for one-year
visit to the psychiatrist although it was included in the
study protocol. This visit coincided in most cases with
the beginning of the COVID-19 outbreak and lockdown
in Spain, and specialists could not carry out it due to
health requirements derived from the epidemic situ-
ation. Furthermore, COVID-19 pandemic caused a sig-
nificant impact on population mental health with an
increase in depression rates, which could have also
interfered with the 16-month follow-up results [26,27].

Another possible limitation of this study is that,
although validated instruments, MEDAS and BDI ques-
tionnaires are self-reported measures, which are suscep-
tible to information bias. It is possible that participants

exert a tendency to report exposure and outcomes as
more favourable than they are (social desirability
bias). Likewise, if there had been an information bias,
this would have been a nondifferential one biasing the
results towards null (lack of effectiveness). Therefore,
it would expect that the difference obtained would be
even greater than that observed. Given that the blinding
of patients was not possible in this nutritional interven-
tion, the influence of a placebo effect on the self-report
of depressive symptoms in the intervention group can-
not be ruled out. Moreover, we need to underline that
participants in the intervention group could have felt
more supported and this fact could partly explain the
protective effect observed in this group.

Finally, it should be highlighted that part of the inter-
vention was made during COVID-19 pandemic
(especially, between 12 and 16 months of follow-up),
including the lockdown period in Spain. Evidence
suggests a significant increase in the risk of depressive
episodes has been observed during this period [26,27].
Moreover, adoption of healthier dietary habits and
higher adherence to the Mediterranean diet was also
observed during COVID-19 outbreak beginning and
lockdown in Spain [28]. All these factors could have
interfered with our results. However, study retention
rates were sustained over time. Moreover, adherence
to the Mediterranean diet pattern was significantly
greater for intervention group than for control group
during the development of the trial, as we have already
found [29]. Finally, our results are consistent, showing
similar figures between intention-to-treat and per pro-
tocol analysis.

Conclusions

Our results indicate that a Mediterranean diet–based
nutritional intervention enriched with EVOO in
addition to usual treatment, compared with usual care
without nutritional intervention did not show efficacy
regarding relapse prevention but might to a greater

Table 5. Mean change and 95% confidence interval in depressive symptoms after 16, 20, and 24 months of follow-up according to
annual change in the adherence to the Mediterranean Diet in the PREDIDEP study (n = 95).
Depressive
symptoms (BDI)

Low maintained adherence
(95% CI) (n = 41)

Increased adherence (95%
CI) (n = 33)

Decreased adherence (95%
CI) (n = 5)

High maintained adherence (95%
CI) (n = 16)

p-
valuea

16-months
change

1.11 (−1.04–3.27) −1.10 (−3.98–1.77) −2.23 (−4.06 to −0.40) 0.44 (−3.17–4.04) 0.267

20-months
change

0.62 (−1.20–2.74) 0.11 (−2.26–2.47) −1.26 (−3.38–0.85) −1.02 (−4.07–2.03) 0.764

24-months
change

−0.22 (−1.81–1.36) −0.21 (−2.81–2.39) −0.66 (−2.81–1.49) −4.67 (−7.18 to −2.17) 0.697

Note: CI: Confidence Interval. BDI: Beck Depression Inventory; MEDAS: Mediterranean Diet Adherence Screener.
Calculated using mixed-effect models.
ap-value between group intervention difference.
Adjusted for intervention age, sex, and smoking habit.
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extent, significantly reduce subsyndromal depressive
symptoms in patients with remitted major depression.

As far as we know, no previous studies have assessed
the effect of a Mediterranean diet personalized interven-
tion added to usual care on reducing subsyndromal
symptoms of patients recovered from depression. More-
over, worldwide it is the first time that a long-term
evaluation of a dietary intervention (follow-up and
intervention period of two years) has been carried out
in this type of patients. In this sense, we observed that
the efficacy of the Mediterranean diet intervention on
subsyndromal symptoms of depression was maintained
over time.

For that reason, Mediterranean Diet nutritional
interventions, which are safe and inexpensive interven-
tions, seem to be a great tool for secondary depression
prevention if its preventive properties are confirmed
in future clinical trials in major depressive disorder.
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