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Background: Previous observational studies suggested a relationship between dietary

fiber consumption and mental health, but the findings were conflicting. We evaluated the

link between dietary fiber intake and prevalence of depression, anxiety, and psychological

distress among a large population of Iranian adults.

Methods: A cross-sectional study among 3,362 Iranian adults working in 50

health centers was done. Data of dietary intakes were collected through a validated

semiquantitative dish-based 106-item food frequency questionnaire (FFQ). Anxiety,

depression, and psychological distress were defined based on the Iranian validated

version of Hospital Anxiety and Depression Scale (HADS) and General Health

Questionnaire (GHQ).

Results: After adjustment for potential confounders, participants in the top quartile of

total dietary fiber intake had a 33% and 29% lower risk of anxiety and high psychological

distress [odds ratio (OR): 0.67; 95% CI: 0.48, 0.95 and OR: 0.71; 95% CI: 0.53, 0.94,

respectively] compared to the bottom quartile of intake. The highest total dietary fiber

intake was also inversely related to a lower risk of depression in women (OR: 0.63; 95%

CI: 0.45, 0.88) but not in men. Among overweight or obese participants, higher intake

of dietary fiber was related to a decreased risk of high psychological distress (OR: 0.52;

95% CI: 0.34, 0.79). A high level of dietary fiber intake was related to a lower risk of

anxiety in normal-weight individuals (OR: 0.50; 95% CI: 0.31, 0.80).

Conclusion: Significant inverse associations between total dietary fiber intake with

anxiety and high psychological distress were found in Iranian adults. More consumption

of dietary fiber was also related to reduced odds of depression in women. More

investigations with prospective nature are needed to affirm these findings.
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INTRODUCTION

The prevalence of psychological disorders, including depressive
symptoms and anxiety, is increasing worldwide. Depression as a
highly prevalentmental disorder is amajor public health problem
in the general population (1). The World Health Organization
(WHO) has reported that 4.4% of the world’s population suffers
from depression (1). Also, the total number of people with
depression was estimated to exceed 300 million in 2015 (1).
Based on the Global Burden of Disease Study, the total estimated
number of people living with depression increased by 18.4%
between 2005 and 2015 (2). Depression is a leading cause of
disability worldwide, and it could additionally increase the risk
of coronary disease (2). Anxiety, another mental disorder, has
recently attracted a lot of attention due to its high prevalence and
relationship with chronic diseases (3). In the United States, the
prevalence of depression is 19.2%, and 1.7 times more likely to
occur among women than men (4). The prevalence of anxiety
and depression was respectively 21.0 and 20.8% in Iranian adults
(5). Mental disorders reduced productivity, lowered quality of
life, and increased the rate of disabilities, morbidity, and fatality,
along with a significant increase in cost to both individuals
and society (6, 7). Finding related risk factors to these mental
disorders is a high priority in public health (8).

Several studies have focused on diet as a modifiable risk
factor that might affect the development of mental disorders.
Prior researches investigated the relationship between intake
of specific nutrients or foods and psychological disorders (9).
Dietary patterns, such as Mediterranean diet, are also related to
depression (10). The results of two systematic reviews (11, 12)
and one meta-analysis (13) suggested that a healthy dietary
pattern, consisting of high consumption of fruit, vegetables, and
whole grains, was associated with decreased odds of depression
(13). Other meta-analyses showed a reverse association between
fruit and vegetable consumption with anxiety and depressive
symptoms (14, 15). Fruits and vegetables are rich sources of
bioactive compounds such as vitamins, antioxidants, and dietary
fiber that have been shown to be related to a reduced depression
risk (16).

Although the association of dietary fiber and mental disorders
was previously studied (6), the results were inconsistent (17).
In Hong Kong, a cross-sectional study has shown a reverse
association between fiber intake and depression in elders (18).
Another investigation showed that more consumption of dietary
fiber from fruits and vegetables decreased the risk of depressive
symptoms, although no significant relation was found in case
of total, soluble, insoluble fiber, or fiber from cereals (6).
Oishi et al. (9) have also reported a non-significant association
between fiber intake and depression in old adults. To the
best of our knowledge, no previous study has investigated the
linkage between dietary fiber intake and mental disorders among

Abbreviations: FFQ, food frequency questionnaire; SEPAHAN, Study on the

Epidemiology of Psychological-Alimentary Health and Nutrition; GHQ, General

Health Questionnaire; HADS, Hospital Anxiety and Depression Scale; IUMS,

Isfahan University of Medical Sciences; OR, odds ratio; 95% CI, 95% confidence

interval; SES, socioeconomic status; GPPAQ, General Practice Physical Activity

Questionnaire; ANOVA, analysis of variance; ANCOVA, analysis of covariance.

Middle Eastern populations and there was no investigation
with regard to the relation to anxiety in the world. Different
dietary intakes and lifestyle in the Middle East in comparison
with Western countries might affect the development of mental
disorders. Therefore, we evaluated the relationship between
dietary fiber and mental disorders (depression, anxiety, and
psychological distress) in Iranian adults. We hypothesized that
more consumption of total dietary fiber would be related to
decreased odds of psychological disorders.

MATERIALS AND METHODS

Participants
This study was done within the SEPAHAN (Study on
the Epidemiology of Psychological-Alimentary Health and
Nutrition) project (19), a cross-sectional investigation that
studied Iranian general adults working in several healthcare
centers (n = 50) affiliated to Isfahan University of Medical
Sciences (IUMS). The information was obtained in two steps.
First, data of sociodemographic variables and dietary intakes
of 10,087 individuals with the age of 18–55 years were
collected through a detailed self-administered questionnaire;
8,691 participants replied to the questionnaire (response rate:
86.2%). Then, data of psychological disorders were gathered 1
month later through standardized questionnaires (response rate:
61.8%). No significant difference was found in demographic
characteristics of participants who completed and returned
the questionnaires with non-respondents. Acquired information
from these two steps was integrated. In the present study,
four groups of respondents were discarded: (1) those who did
not return the questionnaires in one of the steps; (2) those
who did not report their identification number in step 1 or
2; (3) those with incomplete information with regard to the
exposure, outcome, or covariate variables; (4) those receiving
energy intakes of <800 kcal/day or more than 4,200 kcal/day
(20). Since energy intakes outside the range of 800–4,200 kcal/day
were unlikely to be true for even relatively inactive women
and active men, we considered these subjects as underreporters
and overreporters of energy intake and excluded them from
the analysis. Finally, the information of dietary intakes and
psychological disorders was gathered for 3,362 individuals. An
informed written consent was signed by each participant, and
the Medical Research Ethics Committee of Tehran University of
Medical Sciences (TUMS), Tehran, Iran, has ethically approved
this study (no. IR.TUMS.VCR.REC.1395.289).

Assessment of Total Dietary Fiber Intake
Dietary intakes were determined by the use of a validated 106-
item dish-based semiquantitative food frequency questionnaire
(FFQ). This Willett-format FFQ was previously designed for the
Iranian adult population (21). More information with regard to
the design, various included foods, and validity of the applied
FFQ was previously published (19). Briefly, information on
the frequency of raw foods or cooked foods as mixed dishes
consumption over the past year with common portion sizes
among Iranians was included in this FFQ. Because dietary
intakes tend to be reasonably correlated from year to year,
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TABLE 1 | General characteristics of study participants across quartiles of energy-adjusted dietary fiber intake (n = 3,362)a.

Quartiles of energy-adjusted dietary fiber intake

(n = 840) (<19

g/day)

(n = 841)

(19–22.1 g/day)

(n = 841)

(22.2–25.6 g/day)

(n = 841)

(>25.6 g/day)

pb

Age (years) 35.50 ± 7.66 35.95 ± 8.09 36.25 ± 7.55 37.43 ± 8.05 <0.001

Weight (kg) 69.22 ± 13.63 69.14 ± 13.68 67.61 ± 12.57 68.64 ± 12.78 0.05

BMI (kg/m2 ) 24.70 ± 3.81 24.86 ± 3.89 24.80 ± 3.78 25.25 ± 3.79 0.24

Female (%) 51.7 55.3 61.1 65.0 <0.001

Marital status (%) 0.69

Married 81.5 82.3 80.4 82.6

Single 16.8 16.2 17.3 16.2

Divorced/widow 1.7 1.5 2.3 1.2

Education (%) 0.84

Under diploma 10.6 11.7 13.0 12.9

Diploma 27.5 27.8 26.5 26.0

Above diploma and under master’s 53.4 53.5 53.5 53.5

Master’s and above 8.5 7.1 6.9 7.6

Household size (%) 0.02

<3 42.7 40.4 36.3 36.3

3–4 46.2 47.4 49.1 50.8

>4 11.1 12.2 14.6 12.9

House possession (%) 56.4 58.7 57.9 60.0 0.06

Diabetes (%) 1.8 1.5 1.8 2.0 0.90

Antidepressant medicationsc (%) 4.5 5.7 5.7 6.3 0.44

Dietary supplement used (%) 28.9 28.1 31.2 31.9 0.27

Smokers (%) 15.5 14.1 12.1 13.5 0.25

Physically activity (%) 0.004

Never 42.3 42.0 39.0 34.4

<1 h/week 24.9 27.8 28.8 26.4

1–3 h/week 22.5 19.4 20.9 24.0

>3 h/week 10.2 10.8 11.3 15.2

Obesee (%) 41.8 43.9 44.7 48.8 0.03

aAll values are means ± standard deviation (SD), unless indicated.
bObtained from ANOVA for continuous variables and chi-square test for categorical variables.
cAntidepressant medications include nortriptyline, amitriptyline or imipramine, fluoxetine, citalopram, fluvoxamine, and sertraline.
dDietary supplements include iron, calcium, vitamins, and other dietary supplements.
eBody mass index (BMI) ≥25 kg/m2.

we have asked the participants to describe their frequency of
using foods in reference to the preceding year, although some
sort of recall bias might occur (20). Nutrient intakes, including
total dietary fiber, were calculated by summing up the nutrient
contents of all included foods or dishes. For each participant,
nutrient intakes were obtained by the use of a modified version
of Nutritionist IV software based on Iranian foods. Based on
our previous investigations, the applied FFQ had reasonable
validity and reliability and could reasonably categorize usual
intake of special foods (22), food groups (23), or nutrients (24)
in Iranian adults.

Assessment of Psychological Disorders
To define depression and anxiety, the validated Iranian version
of Hospital Anxiety and Depression Scale (HADS) was applied
(25). It is a brief and practical questionnaire that screens the

symptoms of depression and anxiety. It has two subscales of
anxiety and depression with 14 questions. Each item or question
had a 4-point scale, “scored 0–3.” So, each subject could obtain a
maximum score of 21 for anxiety or depression; higher scores,
higher level of anxiety or depression. In the current study,
obtaining a score of 0–7 was defined as being normal or having
mental health, while scores of 8 ormore on the subscale of anxiety
or depression were considered being anxious or depressed.
Based on a validation study of HADS among Iranian adults,
Cronbach’s alpha coefficients were 0.78 for anxiety subscale and
0.86 for depression subscale (25). A validated Iranian version
of 12-item General Health Questionnaire (GHQ) was used to
assess psychological distress (Cronbach’s alpha coefficient =

0.87) (26). It is a brief and useful tool to screen distress levels.
The respondents are asked if they have recently experienced a
particular psychological distress symptom or not. Each question
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TABLE 2 | Dietary intakes of selected nutrients and food groups across quartiles of energy-adjusted dietary fiber intake (n = 3,362)a.

Quartiles of energy-adjusted dietary fiber intake

(n = 840) (<19

g/day)

(n = 841)

(19–22.1 g/day)

(n = 841)

(22.2–25.6 g/day)

(n = 840)

(>25.6 g/day)

pb

Energy (kcal/day) 2,530.60 ± 29.70 2,221.13 ± 29.74 2,261.33 ± 29.35 2,513.06 ± 29.27 <0.001

Nutrients

Proteins (% of energy) 14.67 ± 0.08 15.00 ± 0.08 14.88 ± 0.08 14.76 ± 0.08 0.03

Fats (% of energy) 40.39 ± 0.23 38.30 ± 0.23 36.87 ± 0.23 34.55 ± 0.22 <0.001

Carbohydrates (% of energy) 45.72 ± 0.27 47.84 ± 0.27 49.85 ± 0.26 53.04 ± 0.26 <0.001

Dietary fiber (g/day) 15.90 ± 0.10 20.69 ± 0.10 23.86 ± 0.10 29.75 ± 0.10 <0.001

Omega-3 fatty acids (g/day) 1.78 ± 0.03 1.78 ± 0.03 1.78 ± 0.03 1.64 ± 0.03 <0.001

Vitamin B1 (mg/day) 1.62 ± 0.02 1.78 ± 0.02 1.94 ± 0.02 1.96 ± 0.02 <0.001

Vitamin B6 (mg/day) 1.82 ± 0.01 1.94 ± 0.01 2.00 ± 0.01 2.17 ± 0.01 <0.001

Iron (mg/d) 16.08 ± 0.11 17.71 ± 0.11 18.19 ± 0.11 18.46 ± 0.11 <0.001

Vitamin C (mg/day) 74.03 ± 1.70 89.48 ± 1.71 105.27 ± 1.68 136.82 ± 1.68 <0.001

Vitamin E (mg/day) 22.22 ± 0.22 21.64 ± 0.22 21.04 ± 0.21 20.91 ± 0.21 <0.001

Food groups (g/day)

Red meat 78.31 ± 1.49 80.62 ± 1.49 78.60 ± 1.47 76.81 ± 1.46 <0.001

Whole grains 14.02 ± 2.63 32.61 ± 2.64 39.80 ± 2.60 82.50 ± 2.60 <0.001

Refined grains 438.46 ± 5.88 411.92 ± 5.90 394.29 ± 5.81 329.09 ± 5.79 <0.001

Fruit 193.24 ± 7.44 257.75 ± 7.45 337.33 ± 7.34 476.80 ± 7.32 <0.001

Vegetables 198.11 ± 4.15 224.14 ± 4.16 242.84 ± 4.01 290.19 ± 4.09 <0.001

Nuts, soy and legumes 40.78 ± 1.25 52.01 ± 1.26 60.97 ± 1.24 74.55 ± 1.23 <0.001

Dairy 397.58 ± 9.56 352.21 ± 9.58 336.36 ± 9.43 310.51 ± 9.41 <0.001

aAll values are means ± standard error (SE); energy intake is adjusted for age and gender; all other values are adjusted for age, gender, and energy intake.
bObtained from analysis of covariance (ANCOVA).

FIGURE 1 | The prevalence of depression, anxiety, and high psychological distress in study participants across different quartiles of energy-adjusted dietary fiber

intake (n = 3,362).

contains a 4-point scale, “scored 0–3.” Two common methods
of bimodal (0-0-1-1) or Likert (0-1-2-3) could be used for
scoring. Since the bimodal fashion of scoring appeared to be
useful and efficient in Iranian adults (26), the bimodal style was
used for scoring in this study. This method provided a score
from 0 to 12 for each participant; higher scores, higher level
of psychological distress. A score of 4 or more was considered
having a high level of psychological distress in the current
study (26).

Assessment of Confounding Variables
Pretested self-administered questionnaires were used to gather
information on age, sex, diabetes, education, marital status,
household size, home ownership, smoking status, use of
antidepressant medication (including fluoxetine, fluvoxamine,
nortriptyline, citalopram, amitriptyline or imipramine, and
sertraline), and dietary supplement use (including vitamins, iron,
calcium, and other dietary supplements) of the participants.
In addition, we used a validated self-reported questionnaire
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TABLE 3 | Multivariable-adjusted odds ratios and 95% confidence intervals for depression, anxiety, and psychological distress across quartiles of energy-adjusted dietary

fiber intake in the whole population (n = 3,362)a.

Quartiles of energy-adjusted dietary fiber intake

(n = 840) (<19

g/day)

(n = 841)

(19–22.1 g/day)

(n = 841)

(22.2–25.6 g/day)

(n = 840)

(>25.6 g/day)

ptrend

Depression

Crude 1.00 0.77 (0.63–0.95) 0.78 (0.63–0.96) 0.71 (0.58–0.88) 0.003

Model 1 1.00 0.75 (0.60–0.95) 0.75 (0.60–0.94) 0.64 (0.51–0.81) <0.001

Model 2 1.00 0.75 (0.59–0.94) 0.74 (0.59–0.93) 0.63 (0.50–0.80) <0.001

Model 3 1.00 0.79 (0.63–1.00) 0.84 (0.66–1.07) 0.79 (0.61–1.03) 0.14

Model 4 1.00 0.81 (0.64–1.03) 0.86 (0.67–1.10) 0.81 (0.62–1.07) 0.20

Anxiety

Crude 1.00 0.72 (0.55–0.93) 0.83 (0.64–1.07) 0.71 (0.55–0.93) 0.03

Model 1 1.00 0.64 (0.48–0.86) 0.77 (0.58–1.00) 0.63 (0.47–0.83) 0.007

Model 2 1.00 0.64 (0.47–0.85) 0.77 (0.58–1.02) 0.61 (0.46–0.82) 0.005

Model 3 1.00 0.64 (0.47–0.86) 0.79 (0.58–1.06) 0.65 (0.46–0.90) 0.04

Model 4 1.00 0.67 (0.49–0.91) 0.87 (0.64–1.18) 0.67 (0.48–0.95) 0.11

Psychological distress

Crude 1.00 0.76 (0.61–0.94) 0.75 (0.61–0.94) 0.71 (0.57–0.89) 0.004

Model 1 1.00 0.77 (0.61–0.98) 0.76 (0.60–0.96) 0.65 (0.51–0.83) 0.001

Model 2 1.00 0.76 (0.60–0.97) 0.75 (0.59–0.95) 0.64 (0.50–0.81) <0.001

Model 3 1.00 0.77 (0.60–0.98) 0.77 (0.60–1.00) 0.70 (0.53–0.92) 0.02

Model 4 1.00 0.81 (0.63–1.04) 0.85 (0.65–1.10) 0.71 (0.53–0.94) 0.03

aModel 1: Adjusted for age, gender, and energy intake.

Model 2: Further adjustment for physical activity, smoking, marital status, socioeconomic status, diabetes, and use of antidepressant medications and dietary supplements.

Model 3: Additional controlling for dietary intakes of fat, n-3 fatty acids, vitamin B group, and total antioxidants.

Model 4: Further adjusted for body mass index (BMI).

to obtain information of height (cm) and weight (kg) (27).
Body mass index (BMI) was calculated as body weight (kg)
divided by the square of height (m2). Subjects were classified
based on their BMI into normal-weight group (<25 kg/m2) and
overweight or obese group (≥25 kg/m2). Using a General Practice
Physical Activity Questionnaire (GPPAQ), physical activity of
study participants was also assessed. This questionnaire is a
simple validated screening tool that ranks individuals based on
their physical activity into four groups by focusing on their
current general activities.

Statistical Methods
First, energy-adjusted total dietary fiber intake of the study
subjects was obtained based on residual method by the use
of the regression model with total caloric intake as the
independent variable and absolute fiber intake as the dependent
variable (20). Then, participants were classified into quartiles
of energy-adjusted dietary fiber intakes. The model assumption
was checked before the analysis. All assumptions such as
normal distribution of independent variables and homogeneity
of variances were met due to the large study sample size.
Continuous variables across different categories of dietary fiber
intakes were compared by the use of one-way ANOVA. The
post-hoc test of Bonferroni was also administered to correct
multiple testing. Categorical variables across different categories
of dietary fiber intakes were compared through chi-square test.

Analysis of covariance (ANCOVA) was used to compare the
intakes of several nutrients and food groups, while age, gender,
and energy intake were adjusted. Logistic regression in different
models was used to assess the relationships between dietary
fiber intakes with depression, anxiety, and psychological distress.
The covariates were selected based on previous investigations
(6, 7, 28). First, the relationships were examined in a crude
model. Then, adjustments were done for age (years), sex
(male vs. female), and energy intake (kcal/day). We further
controlled for smoking (current smokers vs. ex-smokers or non-
smokers), physical activity (≥1 vs. <1 h/week), marital status
(single/divorced/widow vs. married), self-reported diabetes (yes
vs. no), socioeconomic status (SES) [including educational level
(>diploma vs. ≤diploma), household size (>4 vs. ≤4 members),
house possession (yes vs. no)], antidepressant medication use
(yes vs. no), and dietary supplement use (yes vs. no) in the second
model. In order to find independent associations from dietary
intakes, in the third model, dietary intakes that might be related
to psychological disorders (6, 7, 28) [including fat intake, n-3 fatty
acids, vitamin B group (B1, B2, B6, folate, pantothenic acid), and
total antioxidants (vitamins C, E, selenium, beta carotene)] were
also considered. In the last model, more adjustment for BMI was
done. To obtain the trend of odds ratios (ORs) across categories
of dietary fiber intakes, quartiles of intake were considered as
an ordinal variable. In all models, subjects in the first category
of energy-adjusted total dietary fiber intake were considered the
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TABLE 4 | Multivariable-adjusted odds ratios and 95% confidence intervals for depression, anxiety, and psychological distress across quartiles of energy-adjusted dietary

fiber intake in men (n = 1,403)a.

Quartiles of energy-adjusted dietary fiber intake

(n = 406) (<19

g/day)

(n = 376)

(19–22.1 g/day)

(n = 327)

(22.2–25.6 g/day)

(n = 294)

(>25.6 g/day)

ptrend

Depression

Crude 1.00 0.93 (0.67–1.28) 0.76 (0.53–1.08) 0.77 (0.54–1.04) 0.08

Model 1 1.00 1.04 (0.72–1.50) 0.78 (0.53–1.16) 0.81 (0.54–1.20) 0.16

Model 2 1.00 1.05 (0.72–1.54) 0.77 (0.52–1.16) 0.85 (0.56–1.27) 0.22

Model 3 1.00 1.23 (0.83–1.81) 0.98 (0.64–1.51) 1.23 (0.77–1.95) 0.61

Model 4 1.00 1.38 (0.92–2.06) 1.08 (0.69–1.69) 1.35 (0.83–2.20) 0.39

Anxiety

Crude 1.00 0.84 (0.54–1.29) 0.70 (0.44–1.11) 0.65 (0.39–1.06) 0.05

Model 1 1.00 0.74 (0.45–1.22) 0.66 (0.39–1.11) 0.67 (0.39–1.14) 0.10

Model 2 1.00 0.75 (0.45–1.26) 0.70 (0.40–1.21) 0.98 (0.96–1.01) 0.14

Model 3 1.00 0.88 (0.56–1.50) 0.84 (0.47–1.52) 0.98 (0.52–1.83) 0.85

Model 4 1.00 1.00 (0.58–1.74) 0.98 (0.54–1.79) 1.09 (0.56–2.11) 0.85

Psychological distress

Crude 1.00 0.93 (0.66–1.31) 0.75 (0.57–1.09) 0.76 (0.52–1.12) 0.09

Model 1 1.00 1.04 (0.71–1.52) 0.74 (0.49–1.11) 0.67 (0.43–1.02) 0.03

Model 2 1.00 1.04 (0.70–1.54) 0.72 (0.47–1.10) 0.69 (0.45–1.07) 0.04

Model 3 1.00 1.12 (0.75–1.68) 0.80 (0.51–1.27) 0.83 (0.50–1.36) 0.27

Model 4 1.00 1.26 (0.80–1.84) 0.92 (0.58–1.47) 0.78 (0.46–1.33) 0.29

aModel 1: Adjusted for age and energy intake.

Model 2: Further adjustment for physical activity, smoking, marital status, socioeconomic status, diabetes, and use of antidepressant medications and dietary supplements.

Model 3: Additional controlling for dietary intakes of fat, n-3 fatty acids, vitamin B group, and total antioxidants.

Model 4: Further adjusted for body mass index (BMI).

reference category. Significant interactions between sex and BMI
groups with prevalence of psychological disorders emerged (p <

0.05). So, stratified analyses by sex and BMI groups were applied.
Statistical Package for the Social Sciences (SPSS Inc., version 18.0,
Chicago, IL) software was used for the analyses. p-values < 0.05
were considered statistically significant.

RESULTS

The study subjects consisted of 3,362 individuals with a mean age
of 36.3 years and mean weight of 68.7 kg; 58.3% of participants
were females. Depression, anxiety, and high psychological
distress were respectively prevalent among 30.0, 15.2, and 25.0%
of participants [among males: 22.9, 10.8, 19.7%; among females:
35.1, 18.3, 28.7%, respectively]. General characteristics of study
subjects across quartiles of energy-adjusted dietary fiber intake
are provided in Table 1. In comparison to those in the bottom
quartile, individuals in the top quartile of dietary fiber intake
were more likely to be female, older, physically active, and
overweight or obese. Other sociodemographic characteristics of
participants across different quartiles of fiber intake were not
significantly different.

Dietary intakes of different nutrients and food groups
across quartiles of energy-adjusted fiber intake are provided in
Table 2. Participants in the highest category of fiber intake had

significantly higher intakes of proteins, carbohydrates, vitamin
B1, vitamin B6, iron, vitamin C, whole grains, fruit, vegetables,
nuts, soy, and legumes in comparison to those in the lowest
category, while subjects in the bottom quartile of fiber intakes,
in comparison to those in the top quartile, had more intakes of
energy, fats and redmeat, refined grains, dairy products, omega-3
fatty acids, and vitamin E.

As shown in Figure 1, participants in the fourth quartile of
total dietary fiber intake had lower prevalence of depression (27.4
vs. 34.5 %, p = 0.01) and anxiety (13.6 vs. 18.1%, p = 0.03)
and high psychological distress (22.9 vs. 29.3%, p = 0.01) in
comparison to those in the first quartile.

Multivariable-adjusted ORs and 95% confidence intervals
(CIs) for psychological disorders across different categories of
dietary fiber intakes are provided in Table 3. Highest intake
of fiber, in comparison to the lowest intake, was significantly
associated with lower odds of depression in the crude model
(OR: 0.71; 95% CI: 0.58, 0.88). This relationship was significant
after adjustment for age, gender, energy intake, antidepressant
medications, and dietary supplements, but the association
disappeared after adjustments for dietary intakes and BMI (OR:
0.81; 95% CI: 0.62, 1.07).

Compared with individuals in the reference category, those in
the top category of dietary fiber consumption had significantly
lower odds of anxiety both in the crude (OR: 0.71; 95% CI:
0.55, 0.93) and adjusted models, such that after adjustment for

Frontiers in Psychiatry | www.frontiersin.org 6 June 2021 | Volume 12 | Article 587468

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Saghafian et al. Fiber, Anxiety, and Depression

TABLE 5 | Multivariable-adjusted odds ratios and 95% confidence intervals for depression, anxiety, and high psychological distress across quartiles of energy-adjusted

dietary fiber intake in women (n = 1,959)a.

Quartiles of energy-adjusted dietary fiber intake

(n = 434) (<19

g/day)

(n = 465)

(19–22.1 g/day)

(n = 514)

(22.2–25.6 g/day)

(n = 546)

(>25.6 g/day)

ptrend

Depression

Crude 1.00 0.65 (0.49–0.85) 0.70 (0.54–0.91) 0.59 (0.45–0.77) 0.001

Model 1 1.00 0.63 (0.47–0.83) 0.71 (0.54–0.93) 0.57 (0.43–0.75) <0.001

Model 2 1.00 0.62 (0.46–0.82) 0.70 (0.53–0.93) 0.54 (0.41–0.72) <0.001

Model 3 1.00 0.63 (0.47–0.85) 0.76 (0.56–1.02) 0.63 (0.46–0.88) 0.03

Model 4 1.00 0.61 (0.45–0.83) 0.74 (0.55–1.00) 0.63 (0.45–0.88) 0.03

Anxiety

Crude 1.00 0.63 (0.45–0.88) 0.81 (0.59–1.10) 0.65 (0.47–0.89) 0.04

Model 1 1.00 0.61 (0.43–0.86) 0.80 (0.58–1.11) 0.61 (0.44–0.86) 0.03

Model 2 1.00 0.60 (0.42–0.86) 0.80 (0.57–1.12) 0.59 (0.42–0.83) 0.02

Model 3 1.00 0.57 (0.40–0.82) 0.77 (0.54–1.09) 0.56 (0.37–0.83) 0.03

Model 4 1.00 0.58 (0.40–0.84) 0.82 (0.57–1.19) 0.56 (0.37–0.85) 0.05

Psychological distress

Crude 1.00 0.63 (0.48–0.84) 0.68 (0.52–0.89) 0.60 (0.57–0.89) 0.002

Model 1 1.00 0.64 (0.48–0.87) 0.75 (0.56–1.00) 0.63 (0.47–0.84) 0.009

Model 2 1.00 0.63 (0.47–0.86) 0.74 (0.55–1.00) 0.61 (0.46–0.82) 0.006

Model 3 1.00 0.63 (0.46–0.85) 0.75 (0.55–1.02) 0.64 (0.46–0.90) 0.04

Model 4 1.00 0.65 (0.47–0.89) 0.80(0.58–1.11) 0.70 (0.47–0.95) 0.09

aModel 1: Adjusted for age and energy intake.

Model 2: Further adjustment for physical activity, smoking, marital status, socioeconomic status, diabetes, and use of antidepressant medications and dietary supplements.

Model 3: Additional controlling for dietary intakes of fat, n-3 fatty acids, vitamin B group, and total antioxidants.

Model 4: Further adjusted for body mass index (BMI).

all potential confounding variables including BMI, the highest
category of dietary fiber intake was associated with a 33% lower
odds of anxiety (OR: 0.67; 95% CI: 0.48, 0.95) compared with the
lowest intake.

Consumption of dietary fiber was related to lower odds of high
psychological distress (OR: 0.71; 95% CI: 0.57, 0.89). Participants
in the fourth quartile of dietary fiber intake had 29% lower odds
of high psychological distress in comparison to subjects in the
first quartile (OR: 0.71; 95% CI: 0.53, 0.94) in the fully adjusted
model for potential confounders.

Multivariable-adjusted ORs and 95% CIs for psychological
disorders across quartiles of energy-adjusted dietary fiber
consumption stratified by gender are provided in Tables 4, 5.
Either before or after adjusting for all potential confounding
variables, we did not observe any significant association between
higher dietary fiber intake and psychological disorder in men. In
women, the highest dietary fiber consumption was respectively
associated with 41, 35, and 40% lower odds of depression, anxiety,
and psychological distress in the crude model. After taking all
potential confounding variables into account, this relationship
remained significant [for depression (OR: 0.63; 95% CI: 0.45,
0.88), for anxiety (OR: 0.56; 95% CI: 0.37, 0.85), and high
psychological distress (OR: 0.70; 95% CI: 0.47, 0.95)].

Multivariable-adjusted ORs and 95% CIs for psychological
disorders across different categories of dietary fiber consumption
stratified by weight status (BMI≥25 vs.<25 kg/m2) are provided

in Tables 6, 7. Both in the crude model and adjusted model,
no significant association between higher intake of dietary
fiber and depression and anxiety was found in overweight or
obese participants, while higher consumption of dietary fiber
was related to reduced likelihood of having high psychological
distress both in the crude model (OR: 0.68; 95% CI: 0.49, 0.94)
and fully adjusted model (OR: 0.52; 95% CI: 0.34, 0.79).

Normal-weight individuals in the highest quartile of dietary
fiber intake, compared with those in the lowest intake, had 36%
lower risk to be depressed (OR: 0.64; 95% CI: 0.48, 0.85) and
45% lower risk to be anxious (OR: 0.55; 95% CI: 0.38, 0.81)
in the crude model. After taking dietary intake into account,
this relationship disappeared for depression. No relationship was
found between dietary fiber consumption and high psychological
distress in normal-weight participants.

DISCUSSION

We found inverse associations between dietary fiber intake
and anxiety and high psychological disorder among Iranian
adults. Higher consumption of dietary fiber was also associated
with reduced odds of depression in women. These associations
were independent of potential confounders, including lifestyle-
related factors, dietary intakes, and anthropometric status of
individuals. This research is one of the first epidemiological
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TABLE 6 | Multivariable-adjusted odds ratios and 95% confidence intervals for depression, anxiety, and high psychological distress across quartiles of energy-adjusted

dietary fiber intake in overweight or obese participants [body mass index (BMI) ≥25 kg/m2 ] (n = 1,506)a.

Quartiles of energy-adjusted dietary fiber intake

(n = 351) (<19

g/day)

(n = 369)

(19–22.1 g/day)

(n = 376)

(22.2–25.6 g/day)

(n = 410)

(>25.6 g/day)

ptrend

Depression

Crude 1.00 0.87 (0.64–1.19) 0.83 (0.60–1.13) 0.81 (0.59–1.10) 0.17

Model 1 1.00 0.87 (0.62–1.22) 0.81 (0.58–1.14) 0.71 (0.51–1.00) 0.05

Model 2 1.00 0.84 (0.59–1.20) 0.79 (0.56–1.12) 0.68 (0.48–0.96) 0.03

Model 3 1.00 0.93 (0.65–1.34) 0.93 (0.65–1.35) 0.87 (0.59–1.29) 0.52

Anxiety

Crude 1.00 0.96 (0.65–1.42) 0.90 (0.61–1.34) 0.91 (0.62–1.34) 0.60

Model 1 1.00 0.80 (0.52–1.24) 0.84 (0.55–1.28) 0.82 (0.54–1.25) 0.44

Model 2 1.00 0.76 (0.49–1.19) 0.81 (0.53–1.26) 0.77 (0.50–1.18) 0.33

Model 3 1.00 0.78 (0.49–1.23) 0.88 (0.55–1.40) 0.84 (0.52–1.38) 0.67

Psychological distress

Crude 1.00 0.71 (0.51–0.99) 0.68 (0.49–0.94) 0.68 (0.49–0.94) 0.02

Model 1 1.00 0.70 (0.49–1.00) 0.65 (0.46–0.93) 0.56 (0.39–0.79) 0.001

Model 2 1.00 0.68 (0.47–0.98) 0.61 (0.42–0.87) 0.51 (0.36–0.73) <0.001

Model 3 1.00 0.67 (0.46–0.98) 0.61 (0.42–0.90) 0.52 (0.34–0.79) 0.002

aModel 1: Adjusted for age, gender, and energy intake.

Model 2: Further adjustment for physical activity, smoking, marital status, socioeconomic status, diabetes, and use of antidepressant medications and dietary supplements.

Model 3: Additional controlling for dietary intakes of fat, n-3 fatty acids, vitamin B group, and total antioxidants.

investigations that assessed the relationship between total
dietary fiber consumption and mental disorders in a Middle
Eastern population.

Psychological disorders are prevalent public health problems
that affect quality of life and familial and social wellbeing and
have an economic burden for individuals and societies (6, 7, 29).
Our results showed that total dietary fiber intake might have a
role in preventing anxiety, depression, and distress. Considering
the pandemic prevalence of mental disorders, even a minimal
advantage to reduce the prevalence of depression or anxiety
would be substantial to the entire population.

We observed that more dietary fiber intake might link
with reduced odds of anxiety and high psychological disorder.
Moreover, total dietary fiber intake was associated with a lower
risk of depression in Iranian women. Xu et al. (30) have
conducted a cross-sectional study and reported that total fiber
intake was associated with a reduced risk of depression in a
non-linear manner, such that the risk of depression reached
the lowest level among the population when total fiber was
consumed ∼21 g/day. The average intake of dietary fiber among
most Americans is about 15 g/day, which is less than adequate
intake (25 g/day for females and 38 g/day for males) (31). Thus,
more intakes of the foods with high amounts of dietary fiber
might help prevent psychological disorders (30). Other previous
investigations have also confirmed these findings (18, 28, 32).
More consumption of dietary fiber was linked to a lower risk
of depression in postmenopausal women in Women’s Health
Initiative Observational Study (28). Consumption of dietary fiber
has also reduced the risk of depressive symptoms in adolescent
Korean girls (32). The same result was also obtained among

3,999 Chinese elders (18). In addition, Mihrshahi et al. (8) have
shown that lower intake of fruit was associated with depression
in middle-aged women. In this regard, a cross-sectional analysis
among adults showed that the linkage between mental health
and the GI microbiota could be affected by both participant’s
sex and dietary fiber intake (33). Randomized controlled trials
have also supported that consumption of prebiotic fibers could
improve mood and behaviors (34–36). Supplementation with
5.0 g/day fructo-oligosaccharides and 7.0 g/day trans-galacto-
oligosaccharides could alter the gastrointestinal microbiota and
improve mood (34, 36).

In contrast, some other investigations reported non-
significant inverse associations between fiber intake and
depressive symptoms. In older Australian adults, no significant
association was found between intakes of fiber from fruit,
vegetable, breads, or cereals with depression (37). Similar results
were obtained in elderly Japanese males and females (9). It is
worth noting that both of these mentioned investigations were
carried out among participants with the age of 65 years or more
who were at risk of mental disorder and had different lifestyles
and poor nutrition. Also, the effects of potential confounders
including dietary intakes, sleep, and exercise were not taken into
account in these researches (9). Furukawa Nutrition and Health
Study suggested that intake of fiber from vegetables and fruits
was inversely related to depression in Japanese adults, while no
association was found between total, soluble, or insoluble dietary
fiber or cereal fiber and depression. The inconsistent findings of
previous investigations might be partly related to the differences
in age, gender, ethnicity, or race and different dietary fiber intake
levels of the study participants (6).
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TABLE 7 | Multivariable-adjusted odds ratios and 95% confidence intervals for depression, anxiety, and high psychological distress across quartiles of energy-adjusted

dietary fiber intake in normal-weight participants [body mass index (BMI) <25 kg/m2] (n = 1,856)a.

Quartiles of energy-adjusted dietary fiber intake

(n = 489) (<19

g/day)

(n = 472)

(19–22.1 g/day)

(n = 465)

(22.2–25.6 g/day)

(n = 430)

(>25.6 g/day)

ptrend

Depression

Crude 1.00 0.70 (0.53–0.92) 0.75 (0.57–0.98) 0.64 (0.48–0.85) 0.004

Model 1 1.00 0.68 (0.50–0.91) 0.70 (0.52–0.95) 0.58 (0.43–0.80) 0.001

Model 2 1.00 0.68 (0.50–0.92) 0.71 (0.52–0.96) 0.59 (0.43–0.81) 0.002

Model 3 1.00 0.70 (0.51–0.95) 0.78 (0.56–1.07) 0.74 (0.51–1.06) 0.14

Anxiety

Crude 1.00 0.56 (0.39–0.80) 0.78 (0.80–1.09) 0.55 (0.38–0.81) 0.01

Model 1 1.00 0.54 (0.36–0.79) 0.73 (0.51–1.05) 0.48 (0.32–0.71) 0.002

Model 2 1.00 0.55 (0.37–0.82) 0.76 (0.52–1.10) 0.50 (0.33–0.75) 0.005

Model 3 1.00 0.55 (0.37–0.82) 0.75 (0.51–1.12) 0.50 (0.31–0.80) 0.02

Psychological distress

Crude 1.00 0.79 (0.59–1.06) 0.82 (0.61–1.09) 0.74 (0.55–1.00) 0.07

Model 1 1.00 0.82 (0.60–1.13) 0.85 (0.62–1.16) 0.73 (0.53–1.00) 0.07

Model 2 1.00 0.82 (0.60–1.14) 0.86 (0.63–1.19) 0.74 (0.53–1.04) 0.11

Model 3 1.00 0.83 (0.60–1.16) 0.91 (0.65–1.29) 0.86 (0.59–1.26) 0.54

aModel 1: Adjusted for age, gender, and energy intake.

Model 2: Further adjustment for physical activity, smoking, marital status, socioeconomic status, diabetes, and use of antidepressant medications and dietary supplements.

Model 3: Additional controlling for dietary intakes of fat, n-3 fatty acids, vitamin B group, and total antioxidants.

Overall, fiber represents a very broad class of structurally
complex compounds. In the current study, we examined the
relationship between total dietary fiber intake and psychological
disorders; unfortunately, we could not differentiate the type of
consumed dietary fiber due to the lack of sufficient information
for some food components in the Iranian nutrient database.
Our applied method to assess dietary fiber intake might be
common in the field but from a nutritional point of view could
face some limitations. Fiber provides direct physical benefits,
including increased fecal bulking and laxation. Insoluble dietary
fiber or fiber sources such as inulin that are used as prebiotics
have also general health-promoting effects. However, another
feature of dietary fiber—a nutrient category that includes a
broad array of non-starch polysaccharides (such as arabinoxylans
and β-glucans) and other fiber sources that are not digestible
by human enzymes—has also drawn it into the spotlight: it
provides an important substrate to the community of microbes
(microbiota) that inhabits the distal gut (38). So, it could increase
the viscosity of digesta and promote the growth of pathogens
or even dysbiosis, which in turn might enhance the production
of detrimental microbial metabolites such as lipopolysaccharides
or biogenic amines. This aspect could also explain previous
contradictory findings. Stratified analysis of fiber sources in
future prospective investigations has been suggested to shed a
light on these associations.

In the current study, a significant relationship was found
between dietary fiber intake and depressive symptoms in females,
but not in males. One reason could be healthier dietary intakes
and more fiber intake in women than men (22.96 vs. 21.86
g/day, p < 0.001). The higher prevalence of depression (35.1 vs.

22.9%, p < 0.001) among women could be another reason for
this finding. Also, women are more comfortable than men in
expressing their problems and illnesses and less likely to hide
their psychological disorders.

The evidence that explains mechanisms of the relation of
dietary fiber and mental health is not completely understood,
but several possibilities have been suggested. Gut microbiota
may play a positive role in neurotransmitter metabolism
such as serotonin synthesis (39). Dietary fiber consumption
could improve intestinal flora composition (40). These flora
could communicate with the central nervous system (41). So,
dietary fiber could have a beneficial effect on mood through
gastrointestinal microbiota, but epidemiologic investigations in
the field of dietary fiber intake and mood relation in free-living
populations are scarce. A bidirectional link between the gut
microbiota and the brain, known as gut–brain axis, is a pathway
that is mediated by immune, humoral, and neural systems
(39). Furthermore, fermentation of dietary fiber produced short-
chain fatty acids that improve inflammatory responses (41) as
a basic pathway in depressive symptoms (42). Intake of dietary
fiber might also control postprandial hyperglycemia, decrease
oxidative stress, and inhibit the inflammatory processes in this
way (43–45).

The strengths of the current study were its large sample size
with a relatively high response rate and the wide range of age
groups. The effects of total energy intake and other confounders
were also considered in the analysis. We used validated tools
to assess the exposure and outcomes of interest. However, the
current study had several limitations. It has a cross-sectional
design that would not allow us to reach a causal relationship,
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although the appropriate analysis of cross-sectional data could be
an initial step to better understand the diet–disease relationship.
Furthermore, the possibility impact of unmeasured confounders
or residual confounding cannot be excluded, although we made
adjustments for several potential confounders. HADS was a
subjective screening instrument for depressive symptoms, not an
objective tool to define clinical depression; thus, misclassification
bias might occur. So, no objective measures of psychological
symptoms as well as dietary intakes were used. Some sort of recall
bias was also inevitable due to assessment of dietary intakes in
the preceding year through an FFQ. In addition, we included the
lean participants in the category of normal-weight subjects due
to the low number of these individuals in our sample (n = 114).
Depression and anxiety were more prevalent among lean subjects
than normal-weight individuals (41.2 vs. 30% for depression
and 16.7 vs. 15.0% for anxiety). So, some sort of bias might
occur because of this inclusion; however, it would be negligible
and such error would move the estimates toward the null. Our
study population involvedmedical university non-academic staff,
including crews, employees, andmanagers. To reduce the conflict
of interest in the research, someUniversity teaching hospitals and
research centers were not included. So, <8% of participants had
a master’s and above educational level. The wide range of SES
of the study population was also representative of the general
Iranian population; however, generalizability of the findings to
other populations should be made with caution. Finally, this
investigation did not take the source of dietary fiber into account,
which is proposed to be considered in future researches.

In conclusion, significant inverse associations between dietary
fiber intake with anxiety and high psychological distress were
found in Iranian adults in this cross-sectional study. More
consumption of dietary fiber was also related to reduced odds

of depression in women. More investigations with a prospective
nature are needed to affirm these findings.

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the
following licenses/restrictions: Dataset can be available on
request from supervisor of the project (AE). Requests to access
these datasets should be directed to a.esmaillzadeh@gmail.com.

ETHICS STATEMENT

The study was ethically approved by the Research Council of
Tehran University of Medical Sciences, Tehran, Iran (TUMS).
The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

FS, NS, PS, AK, MH-A, HA, AE, and PA designed the research,
conducted the study, analyzed the data, wrote the manuscript,
and had the responsibility for the final content. All authors read
and approved the final manuscript.

FUNDING

The financial support for conception, design, data analysis,
and manuscript drafting comes from the School of Nutritional
Sciences and Dietetics, Tehran University of Medical Sciences,
Tehran, Iran, in cooperation with Isfahan University of Medical
Sciences, Isfahan, Iran (project number: 963472).

REFERENCES

1. WorldHealth Organization.Depression and Other CommonMental Disorders:

Global Health Estimates. Geneva: World Health Organization (2017).

2. GBD 2015 Disease and Injury Incidence and Prevalence Collaborators.

Global, regional, and national incidence, prevalence, and years lived with

disability for 310 diseases and injuries, 1990-2015: a systematic analysis

for the Global Burden of Disease Study 2015. Lancet. (2016) 388:1545–

602. doi: 10.1016/S0140-6736(16)31678-6

3. Yannakoulia M, Panagiotakos DB, Pitsavos C, Tsetsekou E, Fappa E,

Papageorgiou C, et al. Eating habits in relations to anxiety symptoms among

apparently healthy adults. A pattern analysis from the ATTICA Study.

Appetite. (2008) 51:519–25. doi: 10.1016/j.appet.2008.04.002

4. Chocano-Bedoya PO, O’Reilly EJ, Lucas M, Mirzaei F, Okereke OI, Fung

TT, et al. Prospective study on long-term dietary patterns and incident

depression in middle-aged and older women. Am J Clin Nutr. (2013) 98:813–

20. doi: 10.3945/ajcn.112.052761

5. Noorbala AA, Yazdi SB, Yasamy M, Mohammad K. Mental health

survey of the adult population in Iran. Br J Psychiatry. (2004) 184:70–

3. doi: 10.1192/bjp.184.1.70

6. Miki T, Eguchi M, Kurotani K, Kochi T, Kuwahara K, Ito R, et al.

Dietary fiber intake and depressive symptoms in Japanese employees:

the Furukawa Nutrition and Health Study. Nutrition. (2016) 32:584–

9. doi: 10.1016/j.nut.2015.11.014

7. Shahar S, Hassan J, Sundar VV, Kong AYW, Chin SP, Ahmad

SA, et al. Determinants of depression and insomnia among

institutionalized elderly people in Malaysia. Asian J. Psychiatry. (2011)

4:188–95. doi: 10.1016/j.ajp.2011.06.001

8. Mihrshahi S, Dobson A, Mishra G. Fruit and vegetable consumption and

prevalence and incidence of depressive symptoms in mid-age women: results

from the Australian longitudinal study on women’s health. Eur J Clin Nutr.

(2015) 69:585–91. doi: 10.1038/ejcn.2014.222

9. Oishi J, Doi, H, Kawakami N. Nutrition and depressive symptoms in

community-dwelling elderly persons in Japan. Acta Med Okayama. (2009)

63:9–17. doi: 10.18926/AMO/31854

10. Sánchez-Villegas A, Henríquez P, Bes-Rastrollo M, Doreste J.

Mediterranean diet and depression. Public Health Nutr. (2006)

9:1104–9. doi: 10.1017/S1368980007668578

11. Quirk SE, Williams LJ, O’Neil A, Pasco JA, Jacka FN, Housden

S, et al. The association between diet quality, dietary patterns and

depression in adults: a systematic review. BMC Psychiatry. (2013)

13:175. doi: 10.1186/1471-244X-13-175

12. Rahe C, Unrath M, Berger K. Dietary patterns and the risk of depression

in adults: a systematic review of observational studies. Eur J Nutr. (2014)

53:997–1013. doi: 10.1007/s00394-014-0652-9

13. Lai JS, Hiles S, Bisquera A, Hure AJ, McEvoy M, Attia J. A systematic

review and meta-analysis of dietary patterns and depression in community-

dwelling adults. Am J Clin Nutr. (2014) 99:181–97. doi: 10.3945/ajcn.113.

069880

14. Liu X, Yan Y, Li F, Zhang D. Fruit and vegetable consumption

and the risk of depression: a meta-analysis. Nutrition. (2016) 32:296–

302. doi: 10.1016/j.nut.2015.09.009

Frontiers in Psychiatry | www.frontiersin.org 10 June 2021 | Volume 12 | Article 587468

mailto:a.esmaillzadeh@gmail.com
https://doi.org/10.1016/S0140-6736(16)31678-6
https://doi.org/10.1016/j.appet.2008.04.002
https://doi.org/10.3945/ajcn.112.052761
https://doi.org/10.1192/bjp.184.1.70
https://doi.org/10.1016/j.nut.2015.11.014
https://doi.org/10.1016/j.ajp.2011.06.001
https://doi.org/10.1038/ejcn.2014.222
https://doi.org/10.18926/AMO/31854
https://doi.org/10.1017/S1368980007668578
https://doi.org/10.1186/1471-244X-13-175
https://doi.org/10.1007/s00394-014-0652-9
https://doi.org/10.3945/ajcn.113.069880
https://doi.org/10.1016/j.nut.2015.09.009
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Saghafian et al. Fiber, Anxiety, and Depression

15. Saghafian F, Malmir H, Saneei P, Milajerdi A, Larijani B, Esmaillzadeh A. Fruit

and vegetable consumption and risk of depression: accumulative evidence

from an updated systematic review and meta-analysis of epidemiological

studies. Br J Nutr. (2018) 119:1087–101. doi: 10.1017/S000711451800

0697

16. Bes-Rastrollo M, Martínez-González MA, Sánchez-Villegas A, de la Fuente

Arrillaga C, Martínez JA. Association of fiber intake and fruit/vegetable

consumption with weight gain in a Mediterranean population. Nutrition.

(2006) 22:504–11. doi: 10.1016/j.nut.2005.12.006

17. Chi SH, Wang JY, Tsai AC. Combined association of leisure-time physical

activity and fruit and vegetable consumption with depressive symptoms in

older Taiwanese: Results of a national cohort study. Geriatr Gerontol Int.

(2016) 16:244–51. doi: 10.1111/ggi.12459

18. Woo J, Lynn H, Lau W, Leung J, Lau E, Wong S, et al. Nutrient intake and

psychological health in an elderly Chinese population. Int J Geriatr Psychiatry.

(2006) 21:1036–43. doi: 10.1002/gps.1603

19. Adibi P, Keshteli AH, Esmaillzadeh A, Afshar H, Roohafza H, Bagherian-

Sararoudi R, et al. The study on the epidemiology of psychological, alimentary

health and nutrition (SEPAHAN): overview of methodology. J Res Med Sci.

(2012) 17:S292–8.

20. Willett, WC. Nutritional Epidemiology. 3th ed. New York, NY: Oxford

University Press (2012). Issues in Analysis and Presentation of Dietary Data,

1–41 & Food Frequency Methods 1–32 & Implications of Total Energy Intake

for Epidemiologic Analyses 1–10.

21. Keshteli A, Esmaillzadeh A, Rajaie S, Askari G, Feinle-Bisset C, Adibi P. A

dish-based semi-quantitative food frequency questionnaire for assessment of

dietary intakes in epidemiologic studies in Iran: design and development. Int

J Prev Med. (2014) 5:29–36.

22. Barak F, Falahi E, Keshteli AH, Yazdannik A, Saneei P, Esmaillzadeh

A. Red meat intake, insulin resistance, and markers of endothelial

function among Iranian women. Mol Nutr Food Res. (2015) 59:315–

22. doi: 10.1002/mnfr.201400333

23. Saneei P, Fallahi E, Barak F, Ghasemifard N, Keshteli AH, Yazdannik

AR, et al. Adherence to the DASH diet and prevalence of the

metabolic syndrome among Iranian women. Eur J Nutr. (2015)

54:421–8. doi: 10.1007/s00394-014-0723-y

24. Salehi-Abargouei A, Esmaillzadeh A, Azadbakht L, Keshteli AH, Feizi A,

Feinle-Bisset C, et al. Nutrient patterns and their relation to general and

abdominal obesity in Iranian adults: findings from the SEPAHAN study. Eur J

Nutr. (2016) 55:505–18. doi: 10.1007/s00394-015-0867-4

25. Montazeri A, Vahdaninia M, Ebrahimi M, Jarvandi S. The Hospital Anxiety

and Depression Scale (HADS): translation and validation study of the Iranian

version.Health Qual Life Outcomes. (2003) 1:14. doi: 10.1186/1477-7525-1-14

26. Montazeri A, Harirchi AM, Shariati M, Garmaroudi G, Ebadi M, Fateh

A. The 12-item General Health Questionnaire (GHQ-12): translation and

validation study of the Iranian version. Health Qual Life Outcomes. (2003)

1:66. doi: 10.1186/1477-7525-1-66

27. Aminianfar S, Saneei P, Nouri M, Shafiei R, Hassanzadeh-Keshteli A,

Esmaillzadeh A, et al. Validation study of self-reported anthropometric indices

among the staff of the Isfahan University of Medical Sciences, Isfahan, Iran. J

Isfahan Med School. (2015) 33:1318–27.

28. Gangwisch JE, Hale L, Garcia L, Malaspina D, Opler MG, Payne ME,

et al. High glycemic index diet as a risk factor for depression: analyses

from the Women’s Health Initiative. Am J Clin Nutr. (2015) 102:454–

63. doi: 10.3945/ajcn.114.103846

29. PayneME, Steck SE, George RR, Steffens DC. Fruit, vegetable, and antioxidant

intakes are lower in older adults with depression. J Acad Nutr Diet. (2012)

112:2022–7. doi: 10.1016/j.jand.2012.08.026

30. Xu H, Li S, Song X, Li Z, Zhang D. Exploration of the association between

dietary fiber intake and depressive symptoms in adults. Nutrition. (2018)

54:48–53. doi: 10.1016/j.nut.2018.03.009

31. McGuire S. US Department of Agriculture and US Department of

Health and Human Services, Dietary Guidelines for Americans, 2010.

Washington, DC: Oxford University Press (2011). doi: 10.3945/an.111.

000430

32. Kim T-H, Choi J-y, Lee H-H, Park Y. Associations between dietary pattern

and depression in Korean adolescent girls. J Pediatr Adolesc Gynecol. (2015)

28:533–7. doi: 10.1016/j.jpag.2015.04.005

33. Taylor AM, Thompson SV, Edwards CG, Musaad SM, Khan NA,

Holscher HD. Associations among diet, the gastrointestinal microbiota,

and negative emotional states in adults. Nutr Neurosci. (2020) 23:983–

92. doi: 10.1080/1028415X.2019.1582578

34. Silk D, Davis A, Vulevic J, Tzortzis G, Gibson G. Clinical trial: the effects of

a trans-galactooligosaccharide prebiotic on faecal microbiota and symptoms

in irritable bowel syndrome. Aliment Pharmacol Ther. (2009) 29:508–

18. doi: 10.1111/j.1365-2036.2008.03911.x

35. Schmidt K, Cowen PJ, Harmer CJ, Tzortzis G, Errington S, Burnet

PW. Prebiotic intake reduces the waking cortisol response and alters

emotional bias in healthy volunteers. Psychopharmacology. (2015) 232:1793–

801. doi: 10.1007/s00213-014-3810-0

36. Azpiroz F, Dubray C, Bernalier-Donadille A, Cardot JM, Accarino A,

Serra J, et al. Effects of sc FOS on the composition of fecal microbiota

and anxiety in patients with irritable bowel syndrome: a randomized,

double blind, placebo controlled study. Neurogastroenterol. Motil. (2017)

29:e12911. doi: 10.1111/nmo.12911

37. Gopinath B, Flood VM, Burlutksy G, Louie JC, Mitchell P. Association

between carbohydrate nutrition and prevalence of depressive symptoms in

older adults. Br J Nutr. (2016) 116:2109–14. doi: 10.1017/S0007114516004311

38. Sonnenburg ED, Sonnenburg JL. Starving our microbial self: the deleterious

consequences of a diet deficient in microbiota-accessible carbohydrates. Cell

Metab. (2014) 20:779–86. doi: 10.1016/j.cmet.2014.07.003

39. O’Mahony SM, Clarke G, Borre Y, Dinan T, Cryan J. Serotonin, tryptophan

metabolism and the brain-gut-microbiome axis. Behav Brain Res. (2015)

277:32–48. doi: 10.1016/j.bbr.2014.07.027

40. Selhub EM, Logan AC, Bested AC. Fermented foods, microbiota, and mental

health: ancient practice meets nutritional psychiatry. J Physiol Anthropol.

(2014) 33:2. doi: 10.1186/1880-6805-33-2

41. Maslowski KM, Vieira AT, Ng A, Kranich J, Sierro F, Yu D, et al. Regulation

of inflammatory responses by gut microbiota and chemoattractant receptor

GPR43. Nature. (2009) 461:1282–6. doi: 10.1038/nature08530

42. Berk M, Williams LJ, Jacka FN, O’Neil A, Pasco JA, Moylan S, et al. So

depression is an inflammatory disease, but where does the inflammation come

from? BMCMed. (2013) 11:200. doi: 10.1186/1741-7015-11-200

43. Qi L, Hu FB. Dietary glycemic load, whole grains, and systemic inflammation

in diabetes: the epidemiological evidence. Curr Opin Lipidol. (2007) 18:3–

8. doi: 10.1097/MOL.0b013e328011c6e0

44. Dickinson S, Hancock DP, Petocz P, Ceriello A, Brand-Miller J. High–glycemic

index carbohydrate increases nuclear factor-κB activation in mononuclear

cells of young, lean healthy subjects. Am J Clin Nutr. (2008) 87:1188–93.

doi: 10.1093/ajcn/87.5.1188

45. Chandalia M, Garg A, Lutjohann D, Von Bergmann K, Grundy SM,

Brinkley LJ. Beneficial effects of high dietary fiber intake in patients

with type 2 diabetes mellitus. New Eng J Med. (2000) 342:1392–

8. doi: 10.1056/NEJM200005113421903

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Saghafian, Sharif, Saneei, Keshteli, Hosseinzadeh-Attar, Afshar,

Esmaillzadeh and Adibi. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 11 June 2021 | Volume 12 | Article 587468

https://doi.org/10.1017/S0007114518000697
https://doi.org/10.1016/j.nut.2005.12.006
https://doi.org/10.1111/ggi.12459
https://doi.org/10.1002/gps.1603
https://doi.org/10.1002/mnfr.201400333
https://doi.org/10.1007/s00394-014-0723-y
https://doi.org/10.1007/s00394-015-0867-4
https://doi.org/10.1186/1477-7525-1-14
https://doi.org/10.1186/1477-7525-1-66
https://doi.org/10.3945/ajcn.114.103846
https://doi.org/10.1016/j.jand.2012.08.026
https://doi.org/10.1016/j.nut.2018.03.009
https://doi.org/10.3945/an.111.000430
https://doi.org/10.1016/j.jpag.2015.04.005
https://doi.org/10.1080/1028415X.2019.1582578
https://doi.org/10.1111/j.1365-2036.2008.03911.x
https://doi.org/10.1007/s00213-014-3810-0
https://doi.org/10.1111/nmo.12911
https://doi.org/10.1017/S0007114516004311
https://doi.org/10.1016/j.cmet.2014.07.003
https://doi.org/10.1016/j.bbr.2014.07.027
https://doi.org/10.1186/1880-6805-33-2
https://doi.org/10.1038/nature08530
https://doi.org/10.1186/1741-7015-11-200
https://doi.org/10.1097/MOL.0b013e328011c6e0
https://doi.org/10.1093/ajcn/87.5.1188
https://doi.org/10.1056/NEJM200005113421903
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Consumption of Dietary Fiber in Relation to Psychological Disorders in Adults
	Introduction
	Materials and Methods
	Participants
	Assessment of Total Dietary Fiber Intake
	Assessment of Psychological Disorders
	Assessment of Confounding Variables
	Statistical Methods

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


