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Considering contradictory findings of previous investigations and growing prevalence of psychological
disorders, we investigated association between dietary total fat and omega-3 fatty acids intake
with serum brain-derived neurotrophic factor (BDNF) levels, depression, anxiety and psychological
distress in Iranian adults. Using a multistage cluster random sampling method, 533 middle-aged
adults were included in this cross-sectional study. A validated semi-quantitative 168-item food
frequency questionnaire was used to examine dietary intakes. A 12-h fasting blood sample was
drawn to measure serum BDNF. Serum BDNF values in the first decile were considered low level.
Hospital Anxiety and Depression Scale (HADS) and General Health Questionnaire (GHQ) were used
to assess depression, anxiety and psychological distress. A U-shaped relationship between fat
intake and prevalence of anxiety and distress was found. The third quartile of fat intake compared

to the first quartile was significantly related to 80% decreased odds of depression (OR=0.20, 95%

C1 0.05-0.80), in fully-adjusted model. Participants in the third quartile of fat intake compared to
those in the first quartile had significantly 45% lower odds for distress, in the crude model (OR=0.55,
95% Cl 0.33-0.92); however, this association disappeared after considering confounders. There was
no significant association between omega-3 fatty acids intake and odds of depression, anxiety or
distress. Prevalence of low-BDNF values was higher in participants with depression, as compared

to non-depressed subjects (14.9 vs. 9%; P=0.06). This cross-sectional study illustrated a U-shaped
relationship between fat intake and prevalence of anxiety and distress. Moderate intake of fat was
related to lower odds of depression. Prevalence of low-BDNF values was slightly higher in subjects
with depression compared to non-depressed individuals.
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SE Standard error

NCD Non-communicable diseases

BDNF Brain-derived neurotrophic factor
CNS Central nervous system

NGF Nerve growth factor

RCT Randomized clinical trial

GHQ General health questionnaire

HADS Hospital anxiety and depression scale
DHA Docosahexaenoic acid

EPA Eicosapentaenoic acid

ALA Alpha-linolenic acid

DPA Docosapentaenoic acid

E-EPA Ethyl-eicosapentaenoic acid

CAD Coronary artery disease

LDL-c Low-density lipoprotein cholesterol
IL-1b Interleukin-1 beta

TNF-a Tumor necrosis factor-alpha

SES Socioeconomic status

IPAQ International physical activity questionnaire
NHANES National health and nutrition examination survey
K-NHANES  South Korea NHANES

hs-CRP High-sensitivity C-reactive protein
CVD Cardiovascular disease

MI Myocardial infarction

Depression, anxiety, and psychological distress are the most prevalent mental disorders that many people suffer
from worldwide'. Depression and anxiety have respectively influenced approximately 4.7 and 7.3% of the popula-
tion around the world"%* women are more prone to psychological disorders than men?®. Prevalence of depression
in Iran was approximately 30%*. These psychiatric disorders have adverse effects on quality of life and are related
to obesity, inflammation, cardiovascular disease (CVD), myocardial infarction (MI), and suicidal behaviors®*.
Thus, these disorders can eventually lead to an increased mortality rate’.

Susceptibility to depression is influenced by sex, genetic, environmental and endocrine factors'®!!. Diet is one
of the modifiable environmental parameters that can play a role in treatment and management of psychologi-
cal disorders symptoms'*'. Since central nervous system (CNS) has the highest concentration of fatty acids
after adipose tissue, mood status is drastically influenced by cell membrane fat content'>'¢. Previous studies
have shown that dietary intake of omega-3 fatty acids was associated with mental disorders such as anxiety and
depression'’""°. Brain-derived neurotrophic factor (BDNF), one of the key regulators of growth and function
of nervous system, is a member of the family of secretory proteins including nerve growth factor (NGF), neu-
rotrophin 3 and 4. BDNF plays a role in differentiation, growth of neurons, synapse formation and cognitive
functions®. Some pieces of evidence suggested that serum BDNF levels are reduced in patients with depression
and anxiety?"?2. Some antidepressant drugs can improve mood by increasing BDNF gene expression®.

Some prior investigations have suggested that omega-3 fatty acids intake may have a beneficial effect on
depression and anxiety disorders****, but others did not confirm this impact or reported different findings in men
and women®®?’. On the other hand, the relationship between usual dietary fat and omega-3 fatty acids intake with
serum BDNF levels has been understudied yet; most previous investigations in this regard have examined the
effect of omega-3 fatty acids supplementation on BDNF levels, using a randomized clinical trial (RCT) design®*?.
Considering contradictory findings of previous investigations and growing prevalence of psychological disorders,
we decided to investigate association between dietary total fat and omega-3 fatty acids intake with serum BDNF
levels, depression, anxiety and psychological distress in Iranian adults.

Methods and materials

Study design and participants. This population-based cross-sectional study was conducted in 2021 and
included a representative sample of Iranian adults living in a large central city of Iran (Isfahan). By taking a confi-
dence interval of 95%, precision (d) of 4% and 30% prevalence of depression among Iranian adults* into account,
a least sample size of 505 was acceptable for this investigation. Since covid-19 pandemic was very prevalent dur-
ing our data collection, we invited a total of 600 individuals to participate in the study. Using a multistage cluster
random sampling method, 20 schools in different educational districts of Isfahan city were selected. In order to
have a representative sample of general adults with different socioeconomic statuses, all individuals who were
working in these selected schools (including school managers, employees, assistants, teachers and crews) were
invited to participate in the study. Nevertheless, we did not include persons who, (1) were following a special
diet; (2) were pregnant or in a lactating period; and (3) had a prior history of type 1 diabetes, stroke, cardiovas-
cular disease, and cancer. Among 600 invited individuals, 543 agreed to participate. Ten other participants were
excluded because (1) more than 70 items of their FFQ were blank (n=4); (2) they reported total energy intake
of more than 4200 or less than 800 kcal/d (n=3); (3) they did not complete questionnaires of psychological dis-
orders (n=3). Therefore, the current analysis was conducted on 533 individuals. Since patients with aggressive
psychological disorders are usually unable or not allowed to work, only 5.2% of the study participants (n=28)
were taking anti-psychotic medications. Therefore, these few patients with controlled status were included in the
analyses and then taking anti-psychotic drugs was considered as a confounder in the analyses. All participants
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signed written informed consent. The protocol of the study was ethically approved by the local Ethics Committee
of Isfahan University of Medical Sciences (no. IRMULRESEARCH.REC.1399.612). The study procedure was
performed according to the declaration of Helsinki and STROBE checKklist.

Assessment of dietary intakes. Dietary intakes were assessed using a semi-quantitative 168-item food
frequency questionnaire (FFQ), which was designed and validated specifically for Iranian adults®. A previous
validation study of this FFQ examined dietary intakes of 132 middle-aged adults using this FFQ in comparison
with multiple 24-h dietary recalls. The correlation coefficients between dietary intakes obtained from twelve
24-h dietary recalls and this FFQ were 0.59 for fat, 0.55 for total energy intake, 0.65 for proteins, 0.65 for mag-
nesium and 0.67 for fiber. The reliability of this FFQ was also assessed by comparing nutrient intakes obtained
from the FFQ on two occasions 1-year apart. Overall, the mentioned validation study revealed that this FFQ
could be a reasonably valid and reliable tool for assessment of usual dietary intakes among Iranian adults®. Par-
ticipants were instructed to complete this FFQ by an expert dietitian. They were asked to report the frequency
and amount of their food intake in the preceding year. Then, we converted portion sizes of consumed foods to
gram per day by the use of household measures. Finally, we obtained daily intake of energy and all nutrients by
entering all food items into Nutritionist IV software. Omega-3 fatty acids intake was estimated by summing the
intakes of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and alpha-linolenic acid (ALA).

Assessment of psychological disorders and serum BDNF values. A validated Persian version of
Hospital Anxiety and Depression Scale (HADS) was used to assess anxiety and depression®'. This brief and use-
ful questionnaire includes 7 items for anxiety subscale and 7 items for depression subscale. Each item consists
of a four-point option with a score of 0-1-2-3. Therefore, a score in the range of 0-21 is obtained for anxiety
and depression. Higher scores indicate higher levels of anxiety and depression. A score of 7 or less was defined
as normal status, while a score of 8 or more was considered as having anxiety or depression. A 12-item validated
Persian version of General Health Questionnaire (GHQ) questionnaire was used to assess psychological distress
levels®>. This simple short-form questionnaire requests individuals to report their recent experience of psycho-
logical distress. Each item has 4 options (less than usual, normal, more than usual and much more than usual).
There are two methods for scoring this questionnaire, the bimodal (0-0-1-1) and the Likert method (0-1-2-3),
which provide a total score of 12 or 36, respectively. In the present study, the bimodal scoring method was
applied. A higher score was defined as a greater degree of psychological distress. In the current study, the score
in the range of 0 to 3 was considered low psychological distress, while a score of 4 or more was considered high
psychological distress.

The blood samples were derived after a 12-h overnight fasting status. A separated serum was provided by
centrifuging the clot sample. Serum BDNF values were measured using commercial ELISA kits (Zellbio, Velt-
linerweg, Germany). The assay range for BDNF was from 0.312 to 20 ng/mL with a sensitivity of 0.078 ng/
mL. Intra-assay and inter-assay CV were respectively < 8% and < 10%. Based on a previous study*?, we ranked
participants based on deciles of serum BDNF concentrations and considered those in the first decile of BDNF
values (serum BDNF level < 0.47 ng/mL) as individuals with low serum BDNF values.

Assessment of other variables. Weight was measured with light clothing, without shoes by the use of a
body composition analyzer (Tanita MC-780MA, Tokyo, Japan), with an accuracy of 0.1 kg. Height was measured
without shoes using a tape measure mounted on the wall. Body mass index (BMI) was calculated by dividing
weight in kilogram by height squared in meter (kg/m?). Using a digital sphygmomanometer (OMRON, M3,
HEM-7154-E, Japan) with an accuracy of 0.5 mmHg, blood pressure was measured twice for each participant
after a 5-min of resting time in a sitting position; the mean of these measurements was recorded.

Physical activity was assessed using the validated International Physical Activity Questionnaire (IPAQ)*. A
self-administered questionnaire was used to examine the socio-economic status (SES) including job, number of
family members, head of household, job of the household head, home ownership, type of house, number of family
cars, type of cars, number of laptops, number of travels in the year (within the country or abroad), approximate
income of the participant and approximate income of the household. Scores of these items were summed to
determine a total score of SES. Then, individuals were ranked into three levels low, medium and high SES status.
Information of other variables such as age, sex, smoking, medical history, marital status and education were
collected using a self-administered questionnaire. Data of anti-depressant drugs intake (including nortriptyline,
amitriptyline, imipramine, fluoxetine, citalopram and fluvoxamine) and dietary supplements intake (including
vitamin D, omega-3, B complex, vitamin B1, B2, B3, B6, multivitamin, neurobion, calcium and iron) that were
related to mental disorders were also gathered.

Statistical methods. Normality distribution of variables was examined using Kolmogorov-Smirnov test.
Data were reported as mean + SD/SE for continuous variables and percentage for categorical variables. First, sub-
jects were ranked into quartiles of fat intake (as percentage of total energy intake) and energy-adjusted omega-3
fatty acids intake. Chi-square test and one-way analysis of variance (ANOVA) were used to compare the categor-
ical and continuous variables across quartiles of fat and omega-3 fatty acids intake. Using analysis of covariance
(ANCOVA), we reported the sex, age, and energy-adjusted dietary intakes of subjects across quartiles of fat and
omega-3 fatty acids intake. Binary logistic regression was used to report odds ratio (OR) and 95% confidence
interval (95% CI) for psychological disorders across quartiles of exposures, in crude and multivariable-adjusted
models. In the first model, adjustments were done for energy intake, age and sex. The effects of marital status,
education, physical activity, smoking, hypertension, diabetes, anti-depressant drugs intake, dietary supplements
intake and SES were additionally controlled in the second model. Further adjustment for BMI was done in the
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last model. The first quartile of fat or omega-3 fatty acids intake was considered the reference category in all
models. Quartiles of fat or omega-3 fatty acids intake were treated as continuous variables to determine the
trends in logistic regression models. Moreover, we reported crude and adjusted (for age, sex and physical activ-
ity) mean values of serum BDNF concentrations (+ SE) in quartiles of fat and omega-3 fatty acids intake, by the
use of ANOVA and ANCOVA. Chi-square fisher’s exact test was used to report prevalence of low-BDNF values
(decile 1 of BDNF or values < 0.47 ng/mL) in participants with and without psychological disorders. All statisti-
cal analyses were performed using the SPSS software version 21 (SPSS Inc., version 21.0, Chicago, IL). P values
less than 0.05 were considered statistically significant.

Ethical approval and consent to participate. The study procedure was performed according to dec-
laration of Helsinki and STROBE checklist. All participants provided an informed written consent. The study
protocol was approved by the local Ethics Committee of Isfahan University of Medical Sciences (no. IRMUL
RESEARCH.REC.1399.612).

Results

A total of 533 Iranian adults were included in the current population-based cross-sectional study; 53.8% of them
were men. The mean age, weight and BMI of participants were respectively 42.5 (£11.15) yr, 75.7 (£ 14.5) kg
and 26.9 (+4.41) kg/m*. Among them, 18.9, 5.1 and 33.4% have respectively suffered from depression, anxiety
and high psychological distress. The average serum BDNF concentration in study participants was 1.25 ng/mL.
The mean fat and omega-3 fatty acids intake were respectively 26.91 (+0.30) (percentage of energy intake) and
0.14 (+0.004) (g/d).

General characteristics and dietary intakes of study participants across quartiles of fat and omega-3 fatty acids
intake are provided in Tables 1 and 2. Those in the top category of fat and omega-3 fatty acids intake were more
likely to be women, younger, and had higher socioeconomic status and dietary supplement intake, compared to
the bottom category. Subjects in the last quartile of fat intake had higher intakes of energy, protein, cholesterol,
saturated fatty acid (SFA), monounsaturated fatty acid (MUFA), polyunsaturated fatty acid (PUFA), dairy, red and
processed meat, and vitamin B6, and lower intakes of carbohydrates, total fiber, thiamin, iron, whole and refined
and fruits, compared to those in the first quartile of fat intake. In case of omega-3 fatty acids intake, individuals
in the top quartile of intake had higher intakes of cholesterol, SFA, MUFA, PUFA, vitamin B6, whole grains and
vegetables, and lower intakes of carbohydrates, thiamin, iron and refined grains, as compared to the first category.

The prevalence of psychological disorders in study participants across quartiles of fat intake is shown in Fig. 1.
A U-shaped relationship between fat intake and prevalence of anxiety was observed (P=0.03); such that when
fat intake was increased from the first quartile (18.12% of energy intake) to the third quartile (28.90% of energy
intake), prevalence of anxiety was declined. However, prevalence of anxiety increased in the last quartile of fat
intake (36.12% of energy intake). Similarly, a U-shaped relationship was found between fat intake and preva-
lence of distress (P=0.04); such that when fat intake increased from the first category of fat intake to the third
category, a decreasing trend in prevalence of distress was found; whereas, prevalence of distress increased in the
last category of fat intake. Prevalence of psychological disorders among study participants across quartiles of
energy-adjusted omega-3 fatty acids intake is provided in Fig. 2. No significant difference was found in prevalence
of depression (P=0.55), anxiety (P=0.71) or distress (P=0.58) across quartiles of omega-3 fatty acids intake.

Multivariate adjusted odds ratio (OR) and 95% confidence interval (CI) for psychological disorders among
study participants across quartiles of fat and energy-adjusted omega-3 fatty acids intake are provided in Table 3.
After adjustment for potential confounders, those in the third quartile of fat intake compared to the first one had
80% lower odds of depression (OR=0.20, 95% CI 0.05-0.80). Furthermore, participants in the third quartile of
fat intake in comparison to those in the first quartile had significantly 45% lower odds of distress, in the crude
model (OR=0.55, 95% CI 0.33-0.92). However, this association disappeared after adjustments for all potential
confounders (OR=0.61, 95% CI 0.25-1.48). Fat intake was not significantly related to anxiety, in crude or fully-
adjusted models. In case of omega-3 fatty acids intake, there was no significant association between omega-3
fatty acids intake and odds of depression, anxiety and distress, in crude model. After adjustments for potential
confounders, inverse associations between omega-3 fatty acids intake and psychological disorders were observed
(for depression: OR g4y g1 =0.78, 95% CI 0.27-2.20; for anxiety: OR g4 g1 = 0.45, 95% CI 0.04-4.3; for distress:
OR 451 =0.63,95% CI 0.27-1.47); but these associations were not statistically significant.

Crude and adjusted serum BDNF values of study participants across quartiles of fat and omega-3 fatty acids
intakes are provided in Fig. 3. Although individuals with moderate intake of fat (those in quartiles 2 and 3) had
higher serum BDNF concentrations than subjects with the highest or the lowest fat intake (those in quartiles 4
and 1), there was no significant difference in crude values of serum BDNF across quartiles of fat intake (P=0.64)
and omega-3 fatty acids intake (P=0.14). After adjustments for potential confounders, no significant difference in
values of serum BDNF across quartiles of fat intake (P=0.59) or omega-3 fatty acids intakes (P=0.10) was found.

Prevalence of low-BDNF values in study participants with and without psychological disorders is presented in
Fig. 4. Prevalence of low-BDNF values was higher in participants with depression, as compared to non-depressed
subjects (14.9% vs. 9%; P=0.06). Prevalence of low-BDNF values in participants with anxiety (P=0.52) and
psychological distress (P=0.32) was not significantly different from healthy subjects.

Discussion

In the current population-based cross-sectional study, there was a U-shaped relationship between fat intake
and prevalence of anxiety and distress. Although increasing fat intake from low levels (Q1: 18.12 percentage of
energy intake) to moderate intake (Q3: 28.90 percentage of energy intake) was related to a steeper reduction in
prevalence of anxiety and distress, higher fat intake (Q4: 36.12% of percentage of energy intake) was associated
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Quartiles of fat intake (% of energy) Energy-adjusted quartiles of omega-3 fatty acids intake (g/d)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

(n=132) (n=134) (n=133) (n=134) (n=134) (n=134) (n=132) (n=133)

(<21.8%) (21.8-26.7%) | (26.7-31.4%) | (>31.4%) PP (<0.08 g) (0.08-0.13g) | (0.13-0.19g) | (>0.19g) P
Mean fat or
omega-3 fatty | 18.12+2.9 24.39+14 2890+1.2 36.12+4.0 0.06+0.01 0.10+0.01 0.15+0.01 0.27+0.10
acids intake
(SO‘Z; (Male) 1745 55.2 474 38.8 <0.001 | 69.4 515 53.0 414 <0.001
Age (year) 45.90+12.09 42.23+10.51 42.17+£11.91 40.11£9.20 <0.001 | 45.02+10.95 43.67£10.54 40.78 £11.64 40.84+10.97 0.01
Weight (kg) 75.96+15.31 77.87 £15.04 75.10+£13.14 73.88+14.28 0.14 | 75.10+£13.03 76.37+16.53 76.33+13.66 75.01 +£14.64 0.78
BMI¢ (kg/mz) 26.65+4.79 27.50+4.46 26.93+4.37 26.52+3.94 0.27 |26.40+£3.88 27.38+5.19 27.14+3.84 26.67+4.55 0.25
Physical activ-
ity (MET.min/ | 1105.84+186.16 | 1247.05+231.12 | 896.21+106.27 | 868.17 +102.26 0.31 | 875.88+113.27 | 1259.11+269.92 | 1046.70+117.27 | 935.28+99.00 0.37
wk)
Education
(University 84.1 90.3 91.0 87.3 0.28 |85.8 85.8 89.4 91.7 0.35
graduated) (%)
Marital status
(Married) (%) 80.8 80.3 83.3 85.1 0.15 | 83.5 80.5 80.9 84.7 0.86
Smoking status
(Smokers) (%) 4.2 1.7 33 35 0.28 |4.1 1.7 33 34 0.52
High EES 23.0 33.7 39.8 46.1 0.04 |25.7 29.2 49.5 37.2 0.01
status? (%)
Anti-depres-
sants medica- | 6.9 5.4 39 53 0.75 | 3.8 8.5 4.7 4.6 0.32
tions use® (%)
Dietary sup-
plements usef | 66.1 71.6 86.0 74.8 0.01 |71.2 73.8 73.2 80.3 0.35
(%)
Diabetes (%) 6.9 6.7 3.8 3.0 0.35 | 6.0 3.0 5.3 6.0 0.64
g/z')lﬁ’e“e“s“’“ 28.8 24.1 26.4 19.1 030 |29.3 22.9 215 24.4 0.48
Overweight/ | ¢5 73.1 68.4 64.9 044 | 672 67.9 71.2 65.4 0.78
obese (%)

Table 1. General characteristics of study participants across quartiles of fat (as percentage of energy intake)
and energy-adjusted omega-3 fatty acids intake® *Continuous variables are reported as mean + SD, except
for physical activity that is reported as mean + SE. Categorical variables are reported as percentage. ®P-values
obtained from ANOVA and 2 test for continuous and categorical variables, respectively. ‘BMI: Body Mass
Index. 4Socioeconomic status (SES) status was evaluated based on job, number of family members (more
than 4 vs. 4 or less), head of household, the job of the household head, home ownership status, type of house,
number of family cars, type of car, number of laptops, number of travels (within the country or abroad), the
approximate income of the person and the approximate income of the household per month. *Including
nortriptyline, amitriptyline, imipramine, fluoxetine, citalopram and fluvoxamine. ‘Including vitamin D,
omega-3, B complex, vitamin B1, B2, B3, B6, multivitamin, neurobion, calcium and iron.

with an increased prevalence of anxiety and distress. Furthermore, moderate fat intake in comparison to low
intake (Q3 vs. Q1) was related to lower odds of depression. Additionally, participants who suffered from depres-
sion had slightly higher odds for low BDNF values, compared to non-depressed subjects. However, there was no
significant relationship between omega-3 fatty acids intake and psychological disorders. No significant association
was found between fat or omega-3 fatty acids intake and BDNF values.

The current investigation showed that a considerable percentage of Iranian adults suffered from depression
(18.9%), anxiety (5.1%), and distress (33.4%). These mental disorders have adverse effects on quality of life and
can increase risk of non-communicable diseases (NCDs)*>. We found a U-shaped association between fat intake
and prevalence of mental disorders. Therefore, it could be clinically recommended to Iranian people to keep their
fat intake in the range of 26-31% of their energy intake to decrease risk of psychological disorders.

The relationship between macronutrient intake and risk of depression was investigated in several prior studies.
In a recently published cross-sectional study, databases of National Health and Nutrition Examination Survey
(NHANES) and South Korea NHANES (K-NHANES) were used for this assessment. Protein intake was inversely
associated with odds of depression. Additionally, carbohydrate intake was related to increased odds of depres-
sion, only in the United States population. Nevertheless, there was no association between fat intake and odds
of depression®. A similar cohort analysis also investigated the association between fatty acid intake and risk
of depression in Spanish university graduates (SUN Project). This investigation illustrated a direct relationship
between fat intake and risk of depression. However, an inverse weak association was found between MUFA,
PUFA and olive oil and risk of depression”. As far as we know, our study was the first investigation that found a
U-shaped relationship between fat intake and prevalence of anxiety and distress. In addition, moderate fat intake
was associated with decreased odds of depression. Another analysis examined the relation of omega-3 fatty acids
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Quartiles of fat intake (% of energy) Energy-adjusted quartiles of omega-3 fatty acids intake (g/d)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

(n=132) (n=134) (n=133) (n=134) (n=134) (n=134) (n=132) (n=133)

(<21.8%) (21.8-26.7%) | (26.7-31.4%) | (>31.4%) PP (<0.08 ) (0.08-0.13g) | (0.13-0.19g) | (>0.19g) PP
Mean fat or
omega-3 fatty 18.12+2.9 2439414 28.90+1.2 36.12£4.0 0.06:+0.01 0.10£0.01 0.15£0.01 0.27£0.10
acids intake
Nutrient
Energy, kcal | 2142.47+60.27 |2292.33+58.07 | 2244.68+58.41 | 2416.40+59.05 |  0.01 |2178.90+59.39 |2276.58+58.50 | 2350.02+59.04 | 2293.84+59.22 |  0.23
E;gtregl; % of 12.84+0.24 13.9240.23 15.36+0.23 14.81£023 | <0001 | 14.12+0.24 13.82+0.24 14.48+0.24 14.52+0.24 0.15
;’a;?z:l’fg;‘te‘ 70.87+0.37 63.71+0.36 57.73+0.36 51.01+0.36 | <0.001 | 63.88+0.69 61.46+0.68 59.99+0.69 57.83+0.69 | <0.001
Cholesterol, mg| 200.20+9.59 | 256.15+9.20 | 31577+9.25 | 331.94+9.40 | <0.001 | 245.85+10.17 | 264.74+9.99 | 292.92+10.10 | 301.83+10.11 | <0.001
SFA, gr 14.82+0.49 19.85+0.47 23.59:+0.47 31014048 | <0.001 | 20.51+0.68 21.57+0.67 23.22+0.67 24.11£0.67 0.01
MUFA, gr 14.66+0.37 19.24+0.35 23.25+0.36 30.01+0.36 | <0.001 | 18.55+0.56 21.47+0.55 2231+0.56 24954056 | <0.001
PUFA, gr 11.01£0.56 14.19+0.53 17.20%0.54 22114055 | <0.001| 14.29+0.63 16.63+0.62 15.73+0.63 17.9340.63 0.01
Total fiber, gr 2331£0.55 22.00£0.53 21.54+0.53 17.81£0.54 | <0001 | 21.46+0.56 21.09:£0.55 21.36+0.56 20.73£0.56 0.80
Thiamin, mg 2.29+0.03 2.10£0.03 1.94+0.03 1784003 | <0001 | 2.12+0.36 2.08+0.35 1.96+0.35 1.96+0.36 0.01
Vitamin B6, mg|  1.71+0.04 1.79+0.04 1.92:+0.04 1.77+0.04 0.01 1.67+0.04 1.73+0.04 1.88+0.04 1.91+0.04 | <0.001
Tron, mg 20.38+0.33 18.330.31 17.06+0.32 1557032 | <0001 | 18.62+0.35 18.39+0.34 17.57+0.34 1671+034 | <0.001
Food groups
;\/’g"]e Brains, | 136755958 | 105.63+7.23 77.28+5.24 60.97+3.87 | <0.001 | 12611%+8.19 | 104.58+7.92 87.91+6.49 61.18+4.58 | <0.001
};/e(f“ed Brains, | 331 6142046 | 289.83+14.82 | 225.64+10.14 | 244.14+1230 | <0.001 | 306.64+19.93 | 280.37+14.06 | 251.74+12.40 | 251.47+13.11 0.02
Fruits, g/d 598.22+40.27 | 588.71+32.73 | 558.11+30.57 | 471.18+26.66 | 0.02 | 589.06+3599 | 538.79+33.44 | 576.84+28.93 | 510.86+33.38 | 0.32
Vegetables, g/d | 313.89+21.21 | 335.73+21.07 | 358.32+24.50 | 336.74+20.28 | 056 | 262.10+17.95 | 335.50+18.06 | 373.57+24.02 | 3745242508 | <0.001
Red and pro-
cessed meat, 43394257 61.76+3.15 80.63+4.75 85294495 | <0.001 | 67.04+528 60.49+3.96 75.48£3.95 68.45+3.44 0.09
g/d
Dairy, g/d 215.95+13.15 | 313.72+22.60 | 3524142831 | 377.12£2820 | <0.001 | 291.93+29.19 | 292.97+21.32 | 349.21424.02 | 326.89+2234 | 027
ﬁ‘g‘f{ggj od 456343311 | 51254370 53.95+3.51 52.73+3.47 035 | 51.25+3.78 54.98+4.11 49.08+3.05 48.25+2.92 0.53

Table 2. Dietary intakes of study participants across quartiles of fat (as percentage of energy intake) and
energy-adjusted omega-3 fatty acids intake®. *Values are mean + SE. Intakes of energy and macronutrients were
adjusted for age and sex, all other values are adjusted for age, sex and energy intake. ®P-values obtained from
ANCOVA. SFA, Saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids.

intake with anxiety disorder, by using Brazilian Longitudinal Study of Adult Health (ELSA-Brasil) database. The
mentioned cross-sectional study illustrated an inverse association between EPA, DHA, docosapentaenoic acid
(DPA) and anxiety disorders. Additionally, the n—6/n-3 ratio was straightly associated with anxiety disorder;
however, these relationships disappeared after adjustments for multiple comparisons®. Similarly, we could not
find any significant relationship between omega-3 fatty acids intake and psychological disorders in crude and
adjusted models.

A randomized clinical trial demonstrated that 1 g/d ethyl-eicosapentaenoic acid (E-EPA) could not sig-
nificantly improve serum BDNF levels in patients with diabetes and major depression®. However, an 8-week
omega-3 fatty acids supplementation in male patients with coronary artery disease (CAD) had a favorable effect
on BDNF values, serum high-sensitivity C-reactive protein (hs-CRP) and low-density lipoprotein cholesterol
(LDL-c)¥®. Furthermore, omega-3 fatty acids supplementation elevated BDNF levels in diabetic patients, while
no significant effect on anthropometric indices was found®. Although several RCTs have examined the effect of
omega-3 fatty acids supplementation on circulating BDNF concentrations, the relation of usual dietary fat intake
or omega-3 fatty acids intake with serum BDNF values has been understudied so far. The current epidemiologic
study has investigated the relation of usual long-standing dietary fat and omega-3 fatty acid intakes with serum
BDNF values and we found that moderate intake of fat might be associated with higher serum BDNF levels.
Further studies with prospective design are needed to shed a light on this association.

Several mechanisms have been proposed to clarify the favorable or unfavorable effects of fat intake on psy-
chological disorders. Fatty acids are important components of CNS in the human body. The fat content of cell
membrane can influence mood status'>!®. Moreover, oleic acid content of diet is a biologically active fatty acid
that can be related to a lower risk of depression*’. Furthermore, omega-3 PUFAs are involved in signal transmis-
sion, receptor function, neurotransmitter reuptake and could increase serotonin transportation by increasing the
membrane fluidity *'. Inflammatory factors play an important role in the synthesis, processing, and transmission
of neurotransmitters (such as serotonin, glutamate, and dopamine)*?. Prior evidences illustrated that mental
disorders such as depression are associated with an inflammatory response of the immune system and increased
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Figure 1. Prevalence of psychological disorders across quartiles of fat intake (as percentage of energy intake).

inflammatory cytokines*. However, some fatty acids, especially omega-3 fatty acids could inhibit expression of
cytokines such as tumor necrosis factor-alpha (TNF-a) and interleukin-1beta (IL-1f) .

On the other hand, the current analysis documented that high fat intake as compared to moderate intake was
related to an increased risk of psychological disorders. It is worth noting that lipid peroxidation and inflammatory
response -due to high intake of fat- are drastically involved in incidence of mental disorders*. Additionally, an
unhealthy diet with high-fat content is a poor source of vitamins, minerals, polyphenols and fibers, which are
involved in neurogenesis and neuroprotection'?. High-fat foods such as processed foods are rich in saturated
fatty acids which can increase symptoms of mental disorders through the gut microbiota and inflammatory
pathways'?. Additionally, it should be considered that inflammation and mental disorders due to a high-fat diet
might have adverse effect on serum BDNF concentrations, as a mediator molecule®.

The current study has some strengths and weaknesses. This investigation was conducted on a representative
sample of adults with various socioeconomic statuses; therefore, the findings could be extrapolated to the whole
adult population. Psychological disorders and dietary intakes were examined by the use of validated question-
naires. Moreover, the effects of several potential confounders were controlled in the analyses. Nevertheless, there
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Figure 2. Prevalence of psychological disorders across energy-adjusted quartiles of omega-3 intake.

were some limitations that should be considered while interpreting the findings. Due to cross-sectional design of
the study, we could not deduce a causal relationship between fat or omega-3 fatty acids intake and psychological
disorders. More prospective studies should be performed to affirm causality. Although a validated FFQ was used
to assess dietary intake, recall bias might influence the findings. Applying a self-reporting FFQ might also lead
to misclassification of individuals among categories of fat or omega-3 fatty acids intake. In addition, the current
study was conducted in a central province of Iran (Isfahan), where consumption of omega-3-rich sources such
as sea foods was very low. Thus, the range of omega-3 fatty acids intake among quartiles was too narrow (first
vs. last quartile: 0.06 vs. 0.27 g/d); this point might result in null observed associations between omega-3 intake
and outcomes of interest. Although this study was conducted on a general population, selecting participants
from an organization could affect the generalizability of the findings. Finally, the effect of residual confounders
should also be taken into account.

In conclusion, this cross-sectional study illustrated a U-shaped relationship between fat intake and prevalence
of anxiety and distress. Additionally, moderate intake of fat was related to lower odds of depression. Furthermore,
prevalence of low-BDNF values was slightly higher in subjects with depression compared to non-depressed
individuals. Further studies with prospective design are required to confirm these findings.
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Quartiles of fat intake (% of energy) Energy-adjusted quartiles of omega-3 fatty acids intake (g/d)

Q1 Q Q3 Q4 Q1 Q2 Q3 Q4

(n=132) | (n=134) (n=133) (n=134) (n=134) | (n=134) (n=132) (n=133)

(<21.8%) | (21.8-26.7%) | (26.7-31.4%) | (>31.4%) Ptrend |(<0.08g) |(0.08-0.13g) |(0.13-0.19g) | (>0.19g) P trend
Mean fat or
omega-3 fatty 18.12+2.9 |24.39+14 28.90+1.2 36.12+4.0 0.06+0.01 |0.10+0.01 0.15+0.01 0.27+0.10
acids intake
Depression
Cases 23 28 19 31 0.26 30 21 26 24 0.55
Crude 1.00 (Ref) | 1.25(0.67,2.31) | 0.79 (0.40, 1.53) | 1.42 (0.78, 2.60) | 0.49 1.00 (Ref) | 0.64 (0.34, 1.19) | 0.85 (0.47, 1.53) | 0.76 (0.41, 1.39) | 0.55
Model 1 1.00 (Ref) 1.10 (0.58,2.09) |0.62(0.31,1.25) | 1.15(0.60,2.19) |0.97 1.00 (Ref) | 0.57 (0.30,1.09) |0.72(0.38,1.34) |0.59 (0.31,1.12) |0.19
Model 2 1.00 (Ref) 1.42(0.51, 3.89) |0.20(0.05,0.78) | 0.95(0.32,2.80) |0.43 1.00 (Ref) | 0.84 (0.30,2.30) | 0.69 (0.25,1.89) | 0.72 (0.26,2.00) | 0.49
Model 3 1.00 (Ref) | 1.37 (0.49, 3.79) | 0.20 (0.05,0.80) | 1.01 (0.33,3.01) |0.52 1.00 (Ref) | 0.81(0.29,2.24) | 0.69 (0.25,1.92) | 0.78 (0.27,2.20) | 0.61
Anxiety
Cases 6 5 3 13 0.03 7 5 6 9 0.71
Crude 1.00 (Ref) 0.81(0.24,2.73) | 0.48 (0.11,1.98) |2.25(0.83,6.12) |0.10 1.00 (Ref) 0.70(0.21,2.27) | 0.86 (0.28,2.64) | 1.31(0.47,3.64) | 0.52
Model 1 1.00 (Ref) | 0.73 (0.21,2.51) | 0.42(0.10,1.77) |1.89 (0.65,5.51) |0.19 1.00 (Ref) | 0.64(0.19,2.11) | 0.75 (0.24, 2.34) | 1.10 (0.38, 3.16) | 0.75
Model 2 1.00 (Ref) | 0.25(0.02,3.18) | -2 1.75(0.25,12.08) | 0.45 1.00 (Ref) | -? 0.61 (0.09, 3.97) | 0.42 (0.04, 4.00) | 0.82
Model 3 1.00 (Ref) |0.25(0.02,3.19) | -2 1.88 (0.26,13.44) | 0.42 1.00 (Ref) | -* 0.58 (0.09, 3.81) | 0.45 (0.04, 4.38) | 0.83
Distress
Cases 53 38 36 51 0.04 50 46 39 43 0.58
Crude 1.00 (Ref) | 0.59 (0.35.0.98) | 0.55(0.33,0.92) | 0.91(0.56,1.49) |0.69 1.00 (Ref) | 0.87(0.53,1.44) | 0.70 (0.42,1.17) | 0.80(0.48,1.32) |0.28
Model 1 1.00 (Ref) | 0.56 (0.33,0.95) | 0.50(0.29,0.86) | 0.85(0.50, 1.45) | 0.55 1.00 (Ref) | 0.84 (0.51,1.41) | 0.68 (0.40, 1.16) | 0.74 (0.44, 1.25) | 0.20
Model 2 1.00 (Ref) | 0.77 (0.34, 1.75) | 0.60 (0.25,1.48) | 0.93 (0.40,2.17) |0.83 1.00 (Ref) | 0.76 (0.33, 1.73) | 0.59 (0.25, 1.35) | 0.64 (0.27, 1.47) | 0.25
Model 3 1.00 (Ref) | 0.78 (0.34,1.76) | 0.61(0.25,1.48) |0.93(0.40,2.17) |0.83 1.00 (Ref) |0.76 (0.34,1.74) | 0.59 (0.25,1.35) | 0.63 (0.27, 1.47) | 0.24

Table 3.

quartile.

Multivariate adjusted odds ratio (OR) and 95% confidence interval (CI) for mental disorders in
quartiles of fat (as percentage of energy intake) and energy-adjusted omega-3 fatty acids intake® *All values
are odds ratios and 95% confidence intervals. P-trend was obtained by the use of fat or omega-3 quartiles as a
continuous rather than categorical variable. Model 1: Adjusted for age, sex, and energy. Model 2: Additionally,
adjusted for marital status, education, physical activity, smoking, hypertension, diabetes, taking anti-depressive
drugs, taking dietary supplements (including vitamin D, omega-3, B complex, vitamin B1, B2, B3, B6,
multivitamin, neurobion, calcium and iron) and socioeconomic status (SES). Model 3: Additionally, adjusted
for body mass index (BMI). *OR (95% CI) could not be calculated, due to not having enough cases in this
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Figure 3. Crude and adjusted serum BDNF values (mean + SE) across quartiles of fat (as percentage of energy
intake) and energy-adjusted omega-3 intake.
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Figure 4. Prevalence of low-BDNF values in participants with psychological disorders compared to healthy
subjects.
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