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SUMMARY

Background: The role of nutrition in treating clinical depression has been widely discussed. Unhealthy lifestyle patterns, like
lack of physical activity, junk food consumption, and irregular sleep patterns are common in depressed patients. Considering the
mental and physical side-effects, the daily nutrition of these patients seems to be a plausible option for reducing depressive symptoms
and enhancing treatment results.

Methods: A PubMed search was done for meta-analyses published from January 2018 to June 2023 with the query: (diet) AND
(psychiatric disorder) AND (depression). We selected meta-analyses that met specific criteria like including the entire diet or specific
diet patterns and having depression or depressive symptoms as a primary or secondary outcome.

Results: Out of 28 papers found, the 9 meta-analyses, selected for review, revealed different types of correlation between dietary
patterns and the symptoms of depression and anxiety.

Healthy diets were associated with higher intake of fruits, vegetables, nuts, and lower intake of pro-inflammatory food items like
processed meats and trans fats. Adherence to such diets showed a negative association with incident depression in cross-sectional
and longitudinal studies. A diet mostly including ultra-processed foods was associated with higher odds of depressive and anxiety
symptoms. Women were found to be more susceptible than men both in developing the depressive symptoms with unhealthy diet and
in reducing the symptoms of depression and anxiety with improvement of diet quality. Statistically significant improvement in
symptoms of depression and anxiety in both sexes was observed in study groups assigned for individual consultations of a dietician
and a psychotherapist when compared with group sessions or general recommendations.

Conclusions: Research on the correlation of healthy dietary patterns and symptoms of depression and anxiety has mainly
focused on non-clinical populations. The evidence supports an inverse association between healthy eating habits and symptoms of
depression. Further research should be encouraged on the eating habits of clinically depressed individuals and the underlying

physiological mechanisms of uncontrolled food intake.
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Abbreviations: MDD - major depressive disorder; RCTs - randomized controlled trials
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INTRODUCTION

The role of nutrition in the treatment of clinically
depressed individuals has been widely discussed for the
recent decade. The unhealthy life patterns such as the
lack of physical activity, the “junk food” choice, alcohol
and tobacco consumption, irregular sleep habits are
prevalent in depressed patients (Bourke et al. 2022,
Orlando et al. 2021, Mills et al. 2020). The hypothesis
of the inter-related nature of the patient’s life-style and
depression pushed the research on the daily-life habits
as the modifiable risk factors for depression. At the
same time, the side-effects of the pharmacotherapy for
depression are reported to provoke weight-gain and
development of metabolic syndrome that aggravate the
patients’ daily living and adherence to treatment (El
Asmar et al. 2018). For better patient’s management, the
guided daily nutrition seems to be one of the plausible
options to reduce the symptoms of depression and
anxiety and enhance the treatment results.

In our review we analyze the existing data on the
dietary patterns in correlation with the symptoms of
depression and anxiety. We addressed the recent meta-
analyses as the reliable source of evidence comprising
the data from controlled and observational studies of the
last two decades.

METHODS

The PubMed database was searched for the meta-
analyses published in the period of January, 2018 —
June, 2023, with the following query: (diet) AND
(psychiatric disorder) AND (depression). The inclusion
criteria were: 1) the meta-analysis included the whole-
of-diet or specified diet pattern, assessed with validated
scales; 2) depression or depressive symptoms were the
primary or secondary outcome, assessed with validated
scales; 3) the meta-analysis or sub-group analysis presen-
ted comprehensive data on relation between nutrition and
depression/depressive symptoms; 4) the presence/absence
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of clinically diagnosed depression in the studied popula-
tion was described. The meta-analyses were not included
for the review, if: 1) a single nutritional component was
analyzed or a diet was not adequately assessed; 2) depres-
sion or depressive symptoms were not the outcome, or
their assessment was questionable in terms of our review;
3) the comprehensive data on the relation between nutri-
tion and depression/depressive symptoms was not provi-
ded in the meta-analysis/sub-group analysis results;
4) the presence or absence of clinically diagnosed de-
pression in the population was not mentioned.

RESULTS

Our search resulted in 28 papers, with 13 remaining
after the title and abstract survey. After the full-text
analysis, 9 articles were selected for the review as
complying for inclusion criteria. The Table 1 contains
the summary of the recent meta-analyses focused on the
correlation of dietary patterns with symptoms of
depression and anxiety.

Three meta-analyses were using the data from ran-
domized controlled trials (RCTs) in adolescents and
adults (Bourke et al. 2022, Firth et al. 2019, Varace et al.
2023). Six meta-analyses included the data from obser-
vational studies, mainly having cross-sectional design,
in children, adolescents, and adults (Iguacel et al. 2021,
Lane et al. 2022, Lassale et al. 2018, Li et al. 2022,
Orlando et al. 2021, Shafiei et al. 2019, 2023). Clini-
cally depressed population (n=100) was reported in
two studies (Firth et al. 2019, Bourke et al. 2022) along
with the populations without mental disorders.

The diet patterns and dietary interventions included
in the scope of the recent meta-analyses revealed diffe-
rent strength of association with the symptoms of de-
pression and anxiety. Despite the significant statistical
and methodological heterogeneity between the studies
reported by the authors, the review of the selected meta-
analyses helped identifying several trends summarized
below. Table 2 provides brief information on the scope
of dietary patterns and their association with the
symptoms of depression and anxiety. Table 3 highlights
the findings on the effect of the dietary patterns on the
symptoms of depression and anxiety.

Healthy diets and dietary patterns

The healthy dietary patterns share common ele-
ments: higher fruits, vegetables, and nut intake, lower
intakes of pro-inflammatory food items such as proces-
sed meats and trans fats, and moderate alcohol intake.
Free-living adolescent and adult individuals reporting
high scores in adherence to Mediterranean diet, Dietary
approaches to stop hypertension (DASH) and pro-
vegetarian diet, high Healthy Eating Index (HEI) and
other national diet indices, and low Dietary Inflamma-
tory Index (DII) had demonstrated a negative associa-
tion between higher healthy diet score and incident
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depression in longitudinal studies (Lassale et al. 2018).
A meta-analysis focused on children and adolescents
(Orlando et al. 2021) revealed a small, statistically sig-
nificant negative association between healthy dietary
patterns and depressive symptoms along with small,
significant positive association between unhealthy
dietary patterns and depressive symptoms.

Firth et al. (2019) had outlined several associations
between a diet and depressive symptoms in the meta-
analysis of RCTs, including all types of diet and diet as
a part of multicomponent life-style interventions aimed
at improving nutrient intake, or decreasing fat intake, or
reducing bodyweight in adults (Firth et al. 2019). A
meta-analysis of 16 RCTs found dietary interventions
significantly reducing depressive symptoms in compa-
rison to controls, with a small pooled effect (g [95% CI]
= 0.275 [0.10; 0.45], p=0.002), both in clinically and
non-clinically depressed samples. No overall effect of
dietary interventions on anxiety was detected, probably
due to the absence of clinical anxiety disorder samples.
A significant positive effect of the dietary interventions
on the symptoms of depression and anxiety was obser-
ved in the studies that involved a nutritional professio-
nal or in the studies with female samples >75%. At the
same time, significant negative effect of dietary inter-
ventions on depressive symptoms and nonsignificant
negative effect on anxiety symptoms were found in the
studies with male samples >75%.

A healthy diet as a part of multicomponent
life-style intervention

The meta-analysis by Bourke et al. (2022) included
the data from 15 RCTs with adolescent participants,
predominantly overweight. Among them, 33 individuals
had a diagnosis of current major depressive episode or
dysthymia. The life-style interventions were targeting
physical activity/sedentary behaviors, nutrition/diet in
all the RCTs. Additionally, several trials were aimed at
sleep behaviors and substance use. The overall effect
size after intervention for symptoms of depression and
anxiety was nonsignificant, in favor of the intervention
group. In line with Firth et al. (2019), personalized inter-
ventions had a significant effect for depression symptoms
(k=9,n=1278, g =-0.28 [-0.52; -0.05]), when compa-
red to universal interventions (Firth et al. 2019).

Vegetarian or vegan diets

For vegetarian or vegan (animal products completely
excluded) diets, no statistically significant differences
between vegetarian/vegan diets and omnivores in the
incidence of depression (MD = -0.532 [-2.047; 0.984])
were revealed in population aged 18-70 years, predomi-
nantly female, without chronic diseases. Remarkably, the
vegetarian/vegan diets were associated with lower levels
of anxiety (MD = -0.847 [-1.677; -0.018]). The sub-
group analysis for depression showed that vegans/
vegetarians were at increased risk for depression (odds
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Table 2. The association of dietary patterns with the symptoms of depression and anxiety

Type of diet

Association with depressive

Association with anxiety

symptoms symptoms

Healthy diets and dietary patterns
A healthy diet as a part of multicomponent
life-style intervention

Vegetarian or vegan diets None
None (in cohort studies)

The Mediterranean diet

Negative
No information

None
No information

Negative
No information

Negative* (in cross-sectional studies)

A low carbohydrate diet and ketogenic diet None
Positive*

Dietary patterns with high inflammatory potential

None
Positive*

Note: Statistically significant associations are marked by *

Table 3. The effect of dietary patterns on the symptoms of depression and anxiety

Type of diet

Effect on depressive symptoms

Effect on anxiety symptoms

Healthy diets and dietary patterns

Reducing* in females
Increasing™ in males

Reducing* in females
Increasing in males

Reducing* with personalized mode  Reducing* with personalized mode

A healthy diet as a part of
multicomponent life-style intervention
Vegetarian or vegan diets

Reducing

The Mediterranean diet
A low carbohydrate diet and ketogenic diet None

Dietary patterns with high inflammatory potential No information

Reducing

Reducing* with personalized mode
Increasing™ in females
Increasing™ under 26 years-old

No information

Reducing in females
Increasing under 26 years-old
No information
Increasing with <26% carbohydrate intake
No information

Note: Statistically significant effects are marked by *

ratio (OR) = 2.142 [1.105; 4.148]), with statistically sig-
nificant higher depression level in vegetarians/vegans
under 26 years old (MD = 1.737 [0.757; 2.717]) and in
female vegetarians/ vegans (MD= 2.910 [0.876; 4.944]).
The subgroup analysis for anxiety found lower anxiety
level in studies including predominantly women (MD = -
0.744 [-1.461; -0.026]) and higher levels of anxiety in
vegetarian/vegans younger than 26 years (MD = 0.901
[0.143; 1.658]) (Iguacel et al. 2021). Nevertheless, this
meta-analysis has flawed methodology of calculating
mean differences instead of standardized mean differen-
ces for different outcomes, and hence its results should be
considered with caution.

The Mediterranean diet

A healthy diet in which consumption of vegetables
and fruits, nuts and seeds, whole grains, dairy products,
olive oil, fish, and fresh seafood is encouraged, while
consumption of red and processed meats is restricted.
Analyzed by Shafiei et al. in free-living adult popu-
lation, the adherence to Mediterranean diet had signifi-
cant inverse association with the risk of depression
(overall hazard ratio (HR) = 0.81 [0.70; 0.94]) in cohort
studies. Simultaneously, an inverse significant associa-
tion between adherence to the Mediterranean diet and
risk of depression (OR =0.81 [0.71; 0.92]) was revealed
in cross-sectional studies (Shafiei et al. 2019, 2023).
These findings were in line with the earlier meta-
analysis (Lassale et al. 2018).
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A low carbohydrate diet and ketogenic diet

A low carbohydrate diet is a dietary approach that
restricts the intake of carbohydrates, typically to less
than 130 grams per day or less than 10% of total daily
energy intake (Tinsley & Willoughby 2016). This diet
focuses on reducing the consumption of foods high in
carbohydrates such as grains, starchy vegetables, and
sugary foods. The main goal of a low carbohydrate diet
is to control blood sugar levels and promote weight loss.
On the other hand, a ketogenic diet is a high-fat, low-
carbohydrate diet that induces ketosis by restricting
carbohydrate intake to less than 50 grams per day or less
than 5% of total daily energy intake (Zhang et al. 2018).
The main goal of a ketogenic diet is to shift the body's
primary energy source from carbohydrates to fat, lea-
ding to the production of ketone bodies. This metabolic
state has been shown to have various health benefits,
including weight loss, improved glycemic control, and
metabolic parameters in type 2 diabetes (T2DM) (Zhang
et al. 2018).

The meta-analysis by Varaee et al. (2023) included
RCTs with adult participants without mood disorders
seeking treatment for overweigh, obesity, and T2DM. A
low carbohydrate diet (<26% carbohydrates) or ketogenic
diet were mainly compared to low-fat/high carbohydrate
diets, energy-restricted diet, regular diet pattern. No sig-
nificant associations were found between low carbohy-
drate/ketogenic diets and depression (standardized mean
difference (SMD) = 0.06 [-0.11; 0.24]; p=0.49) or anxiety
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(SMD = 0.19 [-0.10; 0.47], p=0.20]). An additional ana-
lysis revealed the association of carbohydrate intake
<26% with increased anxiety (SMD = 0.31 [0.10; 0.52];
p<0.001; I> = 0.00) (Varace et al. 2023).

Dietary patterns with high
inflammatory potential

The diet inflammatory index (DII) was developed by
Shivappa et al. (2014). The authors had identified and
analyzed studies that investigated the effects of various
foods and nutrients on inflammation markers, such as
C-reactive protein (CRP), tumor necrosis factor-alpha
(TNF-a), and interleukins. Using this information, they
developed a scoring system that assigns positive scores
to foods and nutrients with pro-inflammatory effects and
negative scores to those with anti-inflammatory effects.
By summing the scores of all the foods and nutrients
consumed, the DII provides an overall measure of the
inflammatory potential of an individual's diet (Shivappa
etal. 2014).

Among the 45 food parameters of the DII classifi-
cation, the pro-inflammatory potential was assigned to
the intake of carbohydrate, cholesterol, ferrum, protein,
saturated fat, trans fat, overall energy (kcal) and total fat
consumption (Shivappa et al. 2014). Li et al. (2022)
analyzed 17 observational studies in adult populations for
the dietary inflammatory potential and its correlation with
the symptoms of depression and anxiety. The group with
the highest DII was significantly associated with the inci-
dence of depression and anxiety: OR = 1.45 [1.30; 1.62]
for depression, OR = 1.66 [1.41; 1.96] for anxiety, when
compared with the lowest DII group. A subgroup analysis
revealed that pro-inflammatory diet is significantly
associated with both depression and anxiety in women
(OR = 1.49 [1.28; 1.74] and OR = 1.80 [1.30; 2.49],
respectively) but not in men (OR = 1.27 [1.06; 1.52] and
OR = 1.53 [0.81; 2.89], respectively).

A diet mostly including ultra-processed foods was
specifically analyzed by Lane et al. (2022) for the asso-
ciation with the symptoms of depression and anxiety.
The NOVA food classification distinguishes the ultra-
processed foods as industrial formulations that undergo
extensive processing and contain five or more ingre-
dients, which typically include artificial food additives
rarely or never used in home kitchens such as preser-
vatives, colors, texturizing agents, and olfactory and
taste enhancers (Lane et al. 2022). The nutrient profile of
ultra-processed foods, characterized by high levels of
added sugars, unhealthy fats, and low nutritional value,
has been linked to inflammation and altered gut micro-
biota (Mariath et al. 2022). These foods may also con-
tribute to oxidative stress and the expression of inflam-
matory biomarkers (Mariath et al. 2022). The meta-ana-
lysis of 17 observational studies in children, adolescents,
and adults revealed that greater ultra-processed food con-
sumption was associated with consistently higher odds of
depressive and anxiety symptoms (OR = 1.53 [1.43; 1.63],

I> = 8.9%). The cause-effect relationships between the
ultra-processed foods consumption and incidents of
depression and anxiety could not be irrevocably iden-
tified since most studies (88%) used a cross-sectional
design (Lane et al. 2022). Nevertheless, healthy dictary
patterns and low dietary inflammatory index had demon-
strated a negative association between higher healthy
diet score and incident depression in longitudinal stu-
dies (Lassale et al. 2018).

DISCUSSION

The potential of daily nutrition in prevention and
treatment of depression is still disputable. The meta-
analyses of healthy dietary patterns rich in natural foods
revealed the negative association with the symptoms of
depression and anxiety both in cross-sectional and
longitudinal studies. The healthy diets with higher fruits,
vegetables, and nut intake, lower intake of pro-inflam-
matory food items such as processed meats and trans
fats were reported to reduce the symptoms of depression
and anxiety in free-living populations of all age groups.
Our analysis has revealed the lack of studies in clini-
cally depressed individuals. The majority of the studies,
included in the recent meta-analyses, focused on the self-
reported symptoms of depression and anxiety in general
population or people seeking treatment for obesity. Ne-
vertheless, the outlined general trends in eating behaviors
and diet quality contribute to the existing hypotheses of
problematic eating habits in persons with major depres-
sive disorder (MDD).

Specifically, the recent meta-analyses found the diet
susceptibility to be sex-related. The statistically signifi-
cant effect of diet quality and change of diet on the
symptoms of depression was different in strength (Li et
al. 2022) and opposite in its direction (Firth et al. 2019)
in male and female participants. In general adult popu-
lation, women were reported having approximately twice
higher risk for developing the symptoms of depression
and anxiety than men when following a highly pro-
inflammatory diet (Li et al. 2022). At the same time, the
use of a healthy diet as an intervention had statistically
significant positive effect in reducing the symptoms of
depression and anxiety in women, and significantly
aggravated the symptoms of depression and anxiety in
men in the studies on the populations with clinical,
comorbid or subclinical symptoms of depression and
anxiety (Firth et al. 2019).

In case of diagnosed mood disorder, the risk for
developing an unhealthy dietary pattern is quite high.
The atypical MDD with increased appetite provoking
the weight-gain has become more prevalent than
melancholic depression characterized by low appetite
and weight-loss (Mills et al. 2020). The mood state can
contribute for the highly palatable food choice forming
an uncontrolled eating behavior similar to substance
addiction (Mills et al. 2020, Orlando et al. 2021,
Burrows et al. 2018). Food addiction is currently
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measured using the Yale Food Addiction Scale, with
the prevalence of food addiction ranging from 5-10%
in general population, 15-25% in people with obesity,
and 25-28% in patients with MDD (Mills et al. 2020).
Food addiction as eating behavior in individuals
seeking for weight-loss treatment is correlating with
the symptoms of depression and anxiety (Burrows et
al. 2018). The food addiction symptoms, such as tole-
rance and cravings, are directly linked with the depres-
sive symptom severity and are more common in
females than in males (Mills et al. 2020).

Mills et al. (2020) have investigated the role of
peripheral dopamine in abnormal eating behavior
(overeating or food addiction) in patients with MDD.
Their findings suggest that peripheral dopamine may
be specifically related to eating patterns in MDD,
rather than all depressive symptoms. Depressed males
with food addiction had significantly lower plasma
dopamine levels compared to depressed males without
food addiction and control males. At the same time,
plasma dopamine levels did not differ between females
with MDD by presence or absence of food addiction
and controls. The relationships observed between plas-
ma dopamine levels and problematic eating behaviors
differed between sexes. In females, plasma dopamine
levels were positively correlated with emotional
eating, restrained eating, a failure to quit food intake
and withdrawal symptoms. In males however, dopa-
mine levels correlated negatively with restrained eating
only (Mills et al. 2020).

Some types of foods and their additives, generally
referred as “highly palatable foods”, were recently
considered as provoking uncontrolled eating and food
addiction. These highly palatable foods were reported
to activate elevated dopamine release in the Nucleus
accumbens, trigger the behavioral indicators of addic-
tion such as loss of control and cravings for its con-
sumption (Hebebrand & Gearhardt 2021). The food is
highly palatable when having an ability to deliver
reinforcing ingredients (refined carbohydrates, fat) into
the organism through the removal of ingredients that
slow absorption (fiber) (Hebebrand and Gearhardt
2021). From this point of view, the ultra-processed
food containing more sugar, fat and additives than
natural food may be both pro-inflammatory and highly
palatable. The greater ultra-processed food consump-
tion was positively associated with the symptoms of
depression and anxiety (Lane et al. 2022).

Relying on these findings, the introduction of a
healthy dietary pattern in the treatment plan for MDD,
suggesting the control of food intake and restriction of
highly palatable and ultra-processed foods, may re-
quire special attention of a psychotherapist. The con-
trol of plasma dopamine level as related to eating
patterns in patients with atypical MDD presents scien-
tific interest. Given that women with higher plasma
dopamine level are more susceptible to emotional
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eating and fail to control their food intake, the ba-
lancing of physiological, emotional and nutritional fac-
tors may positively contribute to treatment outcome.
The restrain of habitual unhealthy dietary patterns in
males with food addiction and its correlation with low
plasma dopamine level requires further investigation.
In such patients, we hypothesize that a withdrawal
from highly palatable foods while following a healthy
diet may aggravate the symptoms of depression and
anxiety due to the plasma dopamine deficit.

It is worth noting that a personalized mode of inter-
vention for healthy life-style seems to have a high
potential. Statistically significant improvement in
symptoms of depression and anxiety in both sexes was
observed in study groups assigned for individual con-
sultations of a dietician and a psychotherapist when
compared with group sessions or general recommen-
dations (Firth et al. 2019, Bourke et al. 2022). A
patient’s individual motivation for physical activity
along with healthy diet may also contribute to favor-
able prognosis of depression treatment outcome (Bourke
et al. 2022). In this case, a collaboration of a psycho-
therapist, a nutritionist and a fitness coach may be
required for targeting the unhealthy life patterns as
modifiable risk factors for depression. For achieving
the synergistic effect in treatment of depression, the
participating dieticians and fitness coaches need some
education on the specific traits of depressed persons
such as being less likely to engage in healthy eating
behaviors and having low motivation for daily-life
activities in comparison with healthy individuals.

CONCLUSION

In the last decade, the research on the correlation of
healthy dietary patterns and symptoms of depression
and anxiety focused mainly on the non-clinical po-
pulations. The nine meta-analyses under review have
provided the evidence for inverse association between
healthy eating habits and symptoms of depression. The
highly pro-inflammatory diets and ultra-processed
foods consumption were reported to increase the risk
for depression. Women were found to be more sus-
ceptible than men both in developing the depressive
symptoms with unhealthy diet and in reducing the
symptoms of depression and anxiety with improve-
ment of diet quality. Interventions targeting low physi-
cal activity may enhance the positive effect of healthy
diet. Further research should be encouraged on the
eating habits of clinically depressed individuals and
the underlying physiological mechanisms of uncon-
trolled food intake.
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