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Dietary riboflavin intake in relation 
to psychological disorders 
in Iranian adults: an observational 
study
Parisa Rouhani 1,2,11, Mohammad Amoushahi 3,4,11, Ammar Hassanzadeh Keshteli 5,6, 
Parvane Saneei 2*, Hamid Afshar 7, Ahmad Esmaillzadeh 8,9,10 & Peyman Adibi 6

Findings of earlier investigations on association between dietary riboflavin intake and psychological 
disorders are contradictory. Therefore, the relation between dietary riboflavin intake and depression, 
anxiety, and psychological distress was assessed in Iranian adults. In this cross-sectional study, 
dietary intakes of 3362 middle-aged adults were collected using a validated dish-based food 
frequency questionnaire. Daily intake of riboflavin for each participant was calculated by summing 
up the amount of riboflavin contents of all foods and dishes. Hospital Anxiety and Depression Scale 
(HADS) and General Health Questionnaire (GHQ), as validated questionnaires among Iranians, have 
been applied to assess depression, anxiety, and psychological distress. After considering potential 
confounders, adults in the top energy-adjusted quartile of riboflavin intake, compared to the bottom 
quartile, had decreased odds of depression (OR = 0.66; 95%CI 0.49, 0.88), anxiety (OR = 0.64; 95%CI 
0.44, 0.94) and high psychological distress (OR = 0.65; 95%CI 0.48, 0.89). Stratified analysis by sex 
revealed that men in the forth quartile of riboflavin intake, compared with those in the first quartile, 
had respectively 51 and 55% lower odds of depression (OR = 0.49; 95%CI 0.29, 0.83) and anxiety 
(OR = 0.45; 95%CI 0.21, 0.95). In women, riboflavin intake was significantly associated with lower odds 
of psychological distress (OR = 0.67; 95%CI 0.46, 0.98). An inverse relation was observed between 
dietary riboflavin intake and chance of psychological disorders in Iranian adults. High intake of 
riboflavin decreased the chance of depression and anxiety in men and high psychological distress in 
women. More prospective studies are needed to confirm these findings.
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SD	� Standard deviation
95% CI	� 95% Confidence interval
ANCOVA	� Analysis of covariance
SE	� Standard error
EAR	� Estimated average requirement

The prevalence of mental diseases such as depression, anxiety, and psychological distress has been growing 
worldwide1. These disorders are associated with decreased quality of life and fatality2,3. Depression and anxiety 
have respectively a global prevalence of 4.7% and 7.3%4,5. A national survey in Iran showed that 20.0% and 20.8% 
of adults suffered from anxiety and depression, respectively6,7. Depression manifests itself physically and emo-
tionally in a variety of ways, including: feelings of worthlessness, overwhelm, misery, loss of confidence, muscle 
discomfort, and headaches. All of these symptoms contribute to decreased efficiency and functional capacities 
of the affected individuals8. Anxiety, as another common mental disorder, causes excessive worry, fear and has 
negative effects on health status, and family relationships9,10. Mental disorders exacerbate the consequences of a 
wide variety of medical conditions, contribute to disability, and increase mortality11. Based on previous reports, 
mental disorders had a high social and economic costs on societies and healthcare systems every year12,13. Depres-
sion and anxiety contribute between 30 and 50% of the worldwide costs of mental health14.

Several non-modifiable and modifiable factors including genetics, environmental factors (such as life events, 
low social support, financial problems), and lifestyle behaviors, including diet, might play critical roles in inci-
dence of depression and anxiety15. Notably, the role of food intakes and dietary patterns in development of mental 
diseases has been recognized16–18. Earlier studies demonstrated inverse associations between consumption of 
dairy products, vegetables, fruits, olive oil and phytochemicals and depression risk19,20. Moreover, inadequate 
intake of micronutrients including magnesium, potassium, zinc, and B vitamins was positively associated with 
depression21. The association of these micronutrients with mental health might be explained by their contri-
bution to neural function and synthesis of several neurotransmitters22,23. Riboflavin, known as vitamin B2, is 
a member of B-group vitamins. This nutrient, as a water-soluble and heat-stable vitamin and an antioxidant, 
can be involved in metabolizing macronutrients into glucose24. Riboflavin could possibly affect mental state of 
individuals through its two important coenzymes, flavin adenine dinucleotide (FAD) and flavin mononucleotide 
(FMN)25–27.

Several previous studies have examined the relation between vitamin B6, B12, and folate with depression 
or anxiety in Iranian adults28,29. In case of riboflavin, the association between this vitamin and depression has 
been investigated in East Asia populations30–32; however, to the best of our knowledge, no previous study has 
investigated the relation between riboflavin consumption and common psychological disorders, especially anxi-
ety and psychological distress, in Iranian adults. Therefore, the present study aimed to examine the association 
between riboflavin consumption and prevalence of depression, anxiety and psychological distress in a large 
group of Iranian adults.

Materials and methods
Study design and participants.  The current cross-sectional study was conducted in a retrospective man-
ner on the Study on the Epidemiology of Psychological-Alimentary Health and Nutrition (SEPAHAN) data33. 
This two-phase study was conducted on a group of general Iranian adults working in 50 health care centers affili-
ated with Isfahan University of Medical Sciences (IUMS). As shown in Supplementary Fig. 1, in the first phase 
of SEPAHAN, a comprehensive self-administered questionnaire on socio-demographic characteristics, dietary 
behaviors, and dietary intakes was delivered to 10,087 individuals aged 18–71  years; 8691 of them returned 
the completed questionnaires (response rate: 86.16%). In the second phase, another set of questionnaires was 
distributed among the same participants to obtain data on psychological distress and mental health (response 
rate: 61.85%). After merging data from these two phases, the completed data of 4669 participants were available. 
There was no significant difference in demographic data between those who returned completed questionnaires 
and those who did not.

Exclusion criteria.  Some university teaching hospitals and research centers were not included in order to 
reduce the conflict of interest in research. In addition, adults with a total energy intake outside of the range of 
800 and 4200 kcal/day (as under-reporters and over-reporters), those with missing dietary or psychological data, 
and those who participated in only one phase of the study, participants who suffer from aggressive disease such 
as cardiovascular, respiratory, neurologic diseases were excluded. However, individuals with mild metabolic 
disorders such as abdominal obesity, hyperlipidemia, or hypertension were included in the current study. These 
exclusions resulted in data of 3362 adults for the current analysis.

Dietary intake assessment.  Long-term dietary intakes were evaluated by a validated Willet-format 106-
item dish-based semi-quantitative food frequency questionnaire (DS-FFQ) that was specifically designed for 
Iranian adults34. Detailed information about the design, foods included, and validity of this tool has been pub-
lished elsewhere34. The questionnaire included five different dishes and foods categories: (1) dairy products 
(dairies, butter and cream, 9 items); (2) mixed dishes (canned or cooked, 29 items); (3) grain products and 
grains (different types of potato, biscuits, bread, and cakes, 10 items); (4) fruits and vegetables and (22 items); 
and (5) miscellaneous food items and beverages (including fast foods, nuts, beverages, desserts, and sweets, 36 
items). The questionnaire was completed by a self-administered method. A one-page written instruction was 
provided for participants to complete the questionnaire. Participants were asked to report their dietary intakes 
of mixed dishes and foods in the previous year according to multiple frequency choices differing from ‘never or 
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less than once a month’ to ‘12 or more times per day’. Considering the portion size of each food or dish in the 
questionnaire and the reported frequency of that item, all foods and dishes were converted to grams per day, 
using household measures35. Then, all gram/day values were input into the Nutritionist IV software to calculate 
daily energy and nutrient intakes. Dietary riboflavin intake for each individual was calculated by summing up 
the amount of vitamin B2 in all foods and dishes. The validation study of this DS-FFQ showed that reasonably 
valid and reliable dietary intakes could be provided by this tool34. Additionally, our prior investigations revealed 
that this DS-FFQ has an acceptable level of validity and reliability for assessing foods and dietary intakes in rela-
tion to various diseases36–38.

Assessment of psychological disorders.  Anxiety and depression were defined by the validated Iranian 
version of Hospital Anxiety and Depression Scale (HADS)39. HADS is a 14-item scale which includes two sub-
scales: depression and anxiety. Each item comprises a four-point scale; greater scores suggest higher level of 
depression and anxiety. Score ranges for depression and anxiety are between 0 and 21. In the current study, 
values of 8 or higher for each subscale were considered as having depression or anxiety, whereas scores of 0–7 
were considered as normal status39. A validation study on 167 Iranian adults revealed reasonable validity of the 
translated version of HADS for measurement of mental health39.

Furthermore, psychological distress was screened by the validated Iranian version of General Health Ques-
tionnaire (GHQ)40. This questionnaire contains 12 items with a 4-point rating scale (less than usual, no more than 
usual, rather more than usual, or much more than usual). Total score for each individual was calculated through 
a bimodal method (0-0-1-1) and ranged from 0 to 12; higher scores were related to higher degree of psychologi-
cal distress. In the current study, having a score of 4 or more was defined as high psychological distress40. The 
validity of this questionnaire was reasonable based on a validation study on 748 Iranian adults41.

Assessment of other variables.  Data on confounders including age, sex, marital status, education levels, 
smoking, number of family members, house possession, disease history, current use of anti-psychotic medica-
tions (including sertraline, nortriptyline, fluoxetine, amitriptyline or imipramine, citalopram, and fluvoxam-
ine) and dietary supplements (including intake of iron, calcium, and other dietary supplements) was collected 
through a self-administered questionnaire.

Data on weight (kg) and height (cm) were measured using a self-reported questionnaire. Body mass index 
(BMI) was calculated as weight in kilograms divided by the square of height in meters. The validity of the self-
reported anthropometric measures was investigated in pilot study on 200 individuals. Correlation coefficients 
between self-reported height, weight, BMI, and waist circumference (WC) and measured values were respectively 
0.83, 0.95, 0.70, and 0.60 (P < 0.001 for all)42; these robust correlations indicated that the self-reported values of 
anthropometric indices could provide valid measures in this population. To determine physical activity level 
of participants, the validated General Practice Physical Activity Questionnaire (GPPAQ) was applied43. Then, 
participants were categorized into two groups: physically active (≥ 1 h/week) and physically inactive (< 1 h/week).

Statistical analysis.  First, energy-adjusted dietary intake of riboflavin was obtained through the resid-
ual method44. To examine the association of exposure and outcome of the interest, participants were classified 
into energy-adjusted quartiles of riboflavin intake. Then, data on socio-demographic variables were reported 
as mean ± SD or percentage. The differences across quartiles of riboflavin were assessed using analysis of vari-
ance (ANOVA) or chi-square test. Analysis of covariance (ANCOVA) was applied to examine dietary intakes of 
participants across quartiles of riboflavin. Crude and multivariable-adjusted models were used to evaluate the 
association between riboflavin and psychological health status. Confounding variables were determined based 
on previously published investigations33,38. Age (continuous), sex (male/ female), and energy intake (continu-
ous) were adjusted in the first model. More adjustments were done for physical activity (< 1 h/week/ ≥ 1 h/week), 
house possession (yes/ no), number of family members (≥ 4/ < 4), history of diabetes (yes/no), smoking (current 
smoker/former smoker/ non-smoker), marital status (single/widow or divorced/married), education (under 
diploma/ diploma/ above diploma/ bachelors and above), and anti-psychotic medications intake (yes/ no) and 
dietary supplements (yes/ no) in the second model. In the third model, intakes of iron (continuous), thiamin 
(continuous), fat (continuous), and n-3 fatty acids (continuous) were additionally adjusted. In the last model, 
further adjustment for BMI (continuous) was done. All odds ratios were calculated based on the first quartile of 
riboflavin intake as the reference category. Quartiles of riboflavin intake were considered as an ordinal variable 
in the logistic regression models to estimate the trend of odds ratios across these categories. Stratified analyses 
were done to obtain odds ratios for psychological disorders in different categories of sex (men/women) and BMI 
(< 25/ ≥ 25 kg/m2). All statistical analyses were conducted by the use of SPSS software (version 20; SPSS Inc, 
Chicago IL). P < 0.05 was considered as significant level.

Ethical approval and consent to participate.  All methods were performed in accordance with the 
STROBE guidelines and regulations. All methods were carried out in accordance with relevant guidelines and 
regulations. Each participant signed an informed written consent. The Bioethics Committee of Isfahan Univer-
sity of Medical Sciences has ethically approved the SEPAHAN project (no. 189069).

Results
The study participants consisted of 3362 middle-aged adults (1959 women and 1403 men) with a mean weight 
of 68.7 kg. General characteristics of the study population across energy-adjusted quartiles of dietary riboflavin 
intake are provided in Table 1. Individuals in the fourth quartile of riboflavin intake in comparison to the first 
quartile were more likely to have type 2 diabetes and obesity, higher age, weight, and BMI.
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Dietary intakes of selected nutrients and food groups of study participants across energy-adjusted quartiles 
of dietary riboflavin intake are presented in Table 2. Individuals in the top quartile of riboflavin intake had 
significantly higher intake of protein, carbohydrate, dietary fiber, thiamin, pyridoxine, iron, vitamin C, whole 
grain, fruit, vegetable, and dairy (low fat and high fat) in comparison to those in the bottom quartile. Whereas, 
subjects in the last quartile of riboflavin in comparison to those in the reference quartile had lower consumption 
of energy, fat, vitamin E, red meat, refined grain, omega-3 fatty acids, nuts, soy and legumes.

As depicted in Fig. 1, participants in the top category of riboflavin intake compared to the bottom category 
had a significant lower prevalence of depression (24.5% vs. 32.6%; P = 0.01), anxiety (11.6% vs. 16.3%; P = 0.04), 
and distress (19.2% vs. 25.5%; P = 0.01).

Multivariable-adjusted odds ratios for depression, anxiety, and distress across quartiles of riboflavin intake 
are provided in Table 3. Compared to the lowest quartile, adults in the highest quartile of riboflavin intake had 
a 34% decreased odds of depression (OR = 0.66; 95%CI 0.54, 0.83). This association remained significant, even 
after adjusting for all potential confounders (OR = 0.66; 95%CI 0.49, 0.88). Greater intake of riboflavin was also 
associated with 33% lower odds of anxiety (OR = 0.67; 95%CI 0.48, 0.95). This relation strengthened after control-
ling for all cofounders (OR = 0.64; 95%CI 0.44, 0.94). Compared to the lowest quartile, individuals in the highest 
quartile of riboflavin intake had a decreased odds of distress either in crude (OR = 0.69, 95%CI 0.55, 0.87) or in 
fully-adjusted model (OR = 0.65, 95%CI 0.48, 0.89); such that, the top quartile of riboflavin intake in comparison 
to the bottom quartile was associated with 35% decreased odds of distress. A significant trend was additionally 
observed across quartiles of riboflavin intake and chance of all psychological disorders (P < 0.05 for all models).

Multivariable-adjusted odds ratios for psychological disorders across different categories of riboflavin intake, 
stratified by sex, are presented in Table 4. After controlling all confounding variables, the highest level of ribo-
flavin intake, compared to the lowest level, was respectively linked to 51% and 55% significant reduced odds 
of depression (OR = 0.49, 95%CI 0.29, 0.83) and anxiety (OR = 0.45, 95%CI 0.21, 0.95) in men. However, no 
relation was observed between intake of riboflavin and distress among men. Women in the highest quartile 
of riboflavin intake, compared to those in the lowest quartile, had a 33% significant decreased odds of distress 

Table 1.   General characteristics of study participants across energy-adjusted quartiles of riboflavin intake 
(n = 3362). All values are means ± standard deviation (SD), unless indicated. a Obtained from ANOVA for 
continuous variables and chi-square test for categorical variables. b Anti-depressants medications include 
nortriptyline, amitriptyline or imipramine, fluoxetine, citalopram, fluvoxamine and sertraline. c Dietary 
supplements include iron, calcium, vitamins and other dietary supplements. d BMI ≥ 25(kg/m2).

Quartiles of riboflavin intake

Pa

Q1 
(n = 840)
(< 1.6 mg/d)

Q2 
(n = 841)
(1.6–1.82 mg/d)

Q3 
(n = 841)
(1.83–2.09 mg/d)

Q4 
(n = 840)
(> 2.09 mg/d)

Age (years) 35.55 ± 7.82 35.92 ± 7.74 36.15 ± 7.80 37.52 ± 7.97  < 0.001

Weight (kg) 68.07 ± 12.79 68.03 ± 14.31 67.99 ± 12.23 70.52 ± 13.16  < 0.001

BMI (kg/m2) 24.65 ± 3.72 24.58 ± 3.92 24.87 ± 3.82 25.51 ± 3.74  < 0.001

Female (%) 57.4 57.2 60.8 57.7 0.40

Marital status (%) 0.48

 Married 80.3 82.3 80.8 83.3

 Single 18.0 16.2 17.7 14.6

 Divorced/widow 1.7 1.5 1.4 2.1

Education (%) 0.94

 Under diploma 12.4 11.1 12.5 12.2

 Diploma 27.6 27.8 25.4 26.9

 Above diploma and under master’s 52.7 53.0 55.2 52.9

 Master’s and above 7.3 8.1 6.9 7.9

Family members (%) 0.18

 ≤ 4 85.8 86.8 89.3 87.3

 > 4 14.2 13.2 10.7 12.7

House possession (yes) (%) 52.4 60.9 55.9 63.9  < 0.001

Diabetes (%) 2.3 1.3 1.1 2.5 0.07

Anti-depressants medications useb (%) 5.2 6.7 5.2 5.1 0.46

Dietary supplement usec (%) 29.8 29.0 30.9 30.4 0.85

Smokers (%) 13.3 15.2 12.4 14.3 0.36

Physically activity (%) 0.18

 < 1 h/week 85.7 87.5 88.6 85.5

 ≥ 1 h/week 14.3 12.5 11.4 14.5

Obesed (%) 42.6 42.7 42.7 51.2  < 0.001
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Table 2.   Dietary intakes of selected nutrients and food groups across energy-adjusted quartiles of riboflavin 
intake (n = 3362). All values are means ± standard error (SE); energy intake is adjusted for age and sex; all other 
values are adjusted for age, sex and energy intake. a Obtained from ANCOVA.

Quartiles of riboflavin intake

Pa

Q1 
(n = 840)
(< 1.6 mg/d)

Q2 
(n = 841)
(1.6–1.82 mg/d)

Q3 
(n = 841)
(1.83–2.09 mg/d)

Q4 
(n = 840)
(> 2.09 mg/d)

Energy (kcal/d) 2559.29 ± 29.88 2249.15 ± 29.37 2229.52 ± 29.12 2499.72 ± 29.33  < 0.001

Nutrients

 Proteins (% of energy) 13.79 ± 0.08 14.62 ± 0.08 15.08 ± .08 15.77 ± 0.08  < 0.001

 Fats (% of energy) 39.71 ± 0.23 38.19 ± 0.22 36.92 ± 0.22 35.25 ± 0.22  < 0.001

 Carbohydrates (% of energy) 47.77 ± 0.28 48.60 ± 0.28 49.54 ± 0.28 50.60 ± 0.28  < 0.001

 Dietary fiber (g/d) 20.70 ± 0.20 22.53 ± 0.20 23.40 ± 0.20 23.73 ± 0.20  < 0.001

 Omega-3 fatty acids (g/d) 1.76 ± 0.02 1.77 ± 0.02 1.76 ± 0.02 1.67 ± 0.02  < 0.001

 Vitamin B1 (mg/d) 1.55 ± 0.02 1.79 ± 0.02 1.94 ± 0.02 2.09 ± 0.02  < 0.001

 Vitamin B6 (mg/d) 1.95 ± 0.01 2.00 ± 0.01 1.99 ± 0.01 1.98 ± 0.01  < 0.001

 Iron (mg/d) 16.74 ± 0.12 17.64 ± 0.11 18.15 ± 0.11 17.89 ± 0.11  < 0.001

 Vitamin C (mg/d) 88.78 ± 1.89 101.12 ± 1.86 104.48 ± 1.84 111.98 ± 1.85  < 0.001

 Vitamin E (mg/d) 24.93 ± 0.19 22.60 ± 0.19 20.73 ± 0.19 17.66 ± 0.19  < 0.001

Food groups (g/d)

 Red meat 94.05 ± 1.42 85.37 ± 1.40 75.31 ± 1.39 60.22 ± 1.39  < 0.001

 Whole grains 21.79 ± 2.75 36.42 ± 2.70 46.48 ± 2.68 64.68 ± 2.69  < 0.001

 Refined grains 436.05 ± 6.02 398.75 ± 5.90 385.41 ± 5.86 353.12 ± 5.89  < 0.001

 Fruit 280.85 ± 8.43 318.43 ± 8.27 328.74 ± 8.20 341.61 ± 8.25  < 0.001

 Vegetables 210.56 ± 4.31 232.67 ± 4.22 248.40 ± 4.19 264.22 ± 4.21  < 0.001

 Nuts, soy and legumes 63.98 ± 1.33 58.85 ± 1.30 57.69 ± 1.29 48.71 ± 1.30  < 0.001

 Low fat dairy 152.94 ± 7.39 243.53 ± 7.25 334.64 ± 7.20 597.30 ± 7.24  < 0.001

 High fat dairy 13.82 ± 0.64 15.23 ± 0.63 15.28 ± 0.62 14.45 ± 0.62  < 0.001
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Figure 1.   Prevalence of depression, anxiety and high psychological distress across energy-adjusted quartiles of 
dietary riboflavin intake.
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(OR = 0.67, 95%CI 0.46, 0.98). However, no relation was observed between riboflavin intake and depression or 
anxiety disorders among female participants.

Multivariable-adjusted odds ratios for psychological disorders across quartiles of riboflavin intake, stratified 
by BMI categories, are reported in Table 5. In normal-weight participant (BMI < 25 kg/m2), the top quartile of 
riboflavin intake compared to the bottom quartile was associated with a significant 38% decrease in depression 
odds (OR = 0.62, 95%CI 0.41, 0.94), in fully-adjusted model. Also, participants in the top quartile of riboflavin 
intake were marginally less likely to have distress, in comparison to those in the bottom quartile (OR = 0.66, 
95%CI 0.41, 1.02). Among overweight/obese individuals (BMI ≥ 25 kg/m2), no association was observed between 
riboflavin consumption and anxiety in fully-adjusted model. The highest level of riboflavin intake, as compared 
to the lowest level, was associated with a marginally significant decrease in odds of depression, in fully adjusted 
model (OR = 0.66; 95% CI 0.44, 1.00). Higher riboflavin intake was also associated with a 42% decreased odds 
of distress (OR = 0.58; 95% CI 0.38, 0.90), after adjustment for confounders.

Discussion
This population-based study revealed that dietary riboflavin intake was inversely linked to psychological disor-
ders in Iranian adults. This association was independent from several potential confounders. Moreover, stratified 
analysis revealed that greater riboflavin intake from diet was linked to lower chance of depression and anxiety in 
men. In addition, an inverse association was seen between dietary intake of riboflavin and psychological distress 
in women. In addition, the associations between riboflavin intake and depression and psychological distress were 
independent from BMI categories in adults. To our knowledge, this is one of the first studies which investigated 
the association between dietary intake of riboflavin and psychological disorders in Iranian adults.

The prevalence of depression, anxiety, and other psychological disorders has dramatically risen across the 
world1,3. Along with other chronic conditions such as obesity45, cardiovascular disease46, diabetes47, and cancers48, 
these mental disorders have become global health issues and imposed substantial economic burden on healthcare 
systems49. As a result, prevention strategies for these disorders are crucial50. The findings of current study sug-
gested that high intake of riboflavin from foods might be helpful for general adult population to prevent these 
conditions. People should be advised to consume more dietary sources of riboflavin such as dairy products, leafy 
vegetables, legumes, liver, kidneys, yeast, and mushrooms51.

Some prior studies have reported an inverse association between vitamin B252,53 and other B-vitamins with 
psychological disorders in various nations28,29. The current study showed that higher intake of riboflavin was 
protectively related to lower chance of depression. Similarly, a cross-sectional study in adult population revealed 
a reduced odds of depression in relation to the highest intake of riboflavin53, although stratified analysis based on 
sex was not conducted in the mentioned study. Another cross-sectional investigation on psychiatric in-patients 

Table 3.   Multivariable-adjusted odds ratios and 95% confidence intervals for depression, anxiety and 
psychological distress across energy-adjusted quartiles of riboflavin intake in whole population (n = 3362). 
Model 1: Adjusted for age, sex and energy intake; Model 2: Further adjustment for physical activity, smoking, 
marital status, education, household size, house possession, diabetes, use of anti-depressant medications and 
dietary supplements; Model 3: Additional controlling for dietary intakes of fat, n-3 fatty acids, iron, thiamin; 
Model 4: Further adjusted for BMI.

Quartiles of riboflavin intake

Ptrend

Q1 
(n = 840)
(< 1.6 mg/d)

Q2 
(n = 841)
(1.6–1.82 mg/d)

Q3 
(n = 841)
(1.83–2.09 mg/d)

Q4 
(n = 840)
(> 2.09 mg/d)

Depression

 Crude 1 (Ref.) 0.87 (0.71–1.08) 0.78 (0.63–0.96) 0.66 (0.54–0.83)  < 0.001

 Model 1 1 (Ref.) 0.85 (0.68–1.07) 0.73 (0.57–0.91) 0.66 (0.52–0.83)  < 0.001

 Model 2 1 (Ref.) 0.83 (0.65–1.05) 0.73 (0.58–0.93) 0.65 (0.51–0.83)  < 0.001

 Model 3 1 (Ref.) 0.82 (0.64–1.05) 0.73 (0.56–0.94) 0.65 (0.49–0.86) 0.01

 Model 4 1 (Ref.) 0.82 (0.63–1.05) 0.71 (0.55–0.92) 0.66 (0.49–0.88) 0.01

Anxiety

 Crude 1 (Ref.) 0.78 (0.59–1.03) 0.77 (0.59–1.02) 0.67 (0.51–0.89) 0.01

 Model 1 1 (Ref.) 0.70 (0.52–0.95) 0.69 (0.51–0.93) 0.68 (0.51–0.92) 0.01

 Model 2 1 (Ref.) 0.67 (0.49–0.92) 0.73 (0.53–0.99) 0.67 (0.49–0.93) 0.03

 Model 3 1 (Ref.) 0.65 (0.47–0.91) 0.70 (0.50–0.97) 0.65 (0.45–0.94) 0.04

 Model 4 1 (Ref.) 0.66 (0.47–0.92) 0.68 (0.48–0.95) 0.64 (0.44–0.94) 0.03

Psychological distress

 Crude 1 (Ref.) 0.94 (0.76–1.18) 0.79 (0.63–0.99) 0.69 (0.55–0.87) 0.01

 Model 1 1 (Ref.) 0.95 (0.75–1.21) 0.78 (0.61–0.99) 0.75 (0.58–0.96) 0.01

 Model 2 1 (Ref.) 0.92 (0.71–1.18) 0.78 (0.61–1.01) 0.73 (0.56–0.94) 0.01

 Model 3 1 (Ref.) 0.87 (0.67–1.13) 0.73 (0.55–0.95) 0.66 (0.49–0.89) 0.01

 Model 4 1 (Ref.) 0.87 (0.67–1.13) 0.71 (0.54–0.94) 0.65 (0.48–0.89) 0.01
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showed a significant inverse relationship between riboflavin intake and endogenous depression52. In addition, 
a cross-sectional study on 6517 adolescents demonstrated that riboflavin intake was inversely associated with 
depressive symptoms in girls, but not in boys30. In line with our findings, a meta-analysis on six epidemiologic 
investigations revealed a significant inverse linkage between riboflavin intake and depression; however, five of 
these investigations were conducted in East Asian countries54. A cross-sectional study on 314 HIV-infected adults 
revealed that about 26% of participants suffered from depression55. More than 67% of individuals consumed 
B-vitamins less than estimated average requirements (EAR) and low consumption of riboflavin was connected to 
depression risk in women, but not in men. Although the exact mechanism remains unclear, it was proposed that 
female gonadal hormones might change the serotoninergic activity in the brain, alter regulation of monoamines 
levels such as serotonin, and result in higher levels of depressive symptoms56. However, stratified analysis in the 

Table 4.   Multivariable-adjusted odds ratios and 95% confidence intervals for depression, anxiety and 
psychological distress across energy-adjusted quartiles of riboflavin consumption, stratified by sex. All values 
are odds ratios and 95% confidence intervals. Model 1: Adjusted for age and energy intake; Model 2: Further 
adjustment for physical activity, smoking, marital status, education, household size, house possession, diabetes, 
use of anti-depressant medications and dietary supplements; Model 3: Additional controlling for dietary 
intakes of fat, n-3 fatty acids, iron, thiamin; Model 4: Further adjusted for BMI.

Quartiles of riboflavin intake

PtrendQ1 (< 1.6 mg/d) Q2 (1.6–1.82 mg/d) Q3 (1.83–2.09 mg/d) Q4 (> 2.09 mg/d)

Male participants (n = 1403)

 Depression

  Crude 1 (Ref.) 0.67 (0.47–0.95) 0.66 (0.46–0.95) 0.50 (0.34–0.72)  < 0.001

  Model 1 1 (Ref.) 0.67 (0.45–1.00) 0.66 (0.44–1.00) 0.48 (0.32–0.73) 0.01

  Model 2 1 (Ref.) 0.66 (0.43–1.00) 0.66 (0.43–1.01) 0.49 (0.32–0.76) 0.01

  Model 3 1 (Ref.) 0.66 (0.43–1.01) 0.65 (0.42–1.02) 0.53 (0.32–0.87) 0.01

  Model 4 1 (Ref.) 0.65 (0.42–1.01) 0.59 (0.37–0.94) 0.49 (0.29–0.83) 0.01

 Anxiety

  Crude 1 (Ref.) 0.48(0.29–0.82) 0.57(0.34–0.95) 0.47(0.28–0.80) 0.01

  Model 1 1 (Ref.) 0.44(0.24–0.81) 0.53(0.30–0.97) 0.46(0.25–0.83) 0.02

  Model 2 1 (Ref.) 0.40(0.21–0.76) 0.50(0.27–0.93) 0.50(0.27–0.92) 0.03

  Model 3 1 (Ref.) 0.39 (0.20–0.76) 0.51 (0.26–0.98) 0.48 (0.23–0.98) 0.05

  Model 4 1 (Ref.) 0.42 (0.21–0.82) 0.47 (0.23–0.93) 0.45 (0.21–0.95) 0.03

 Psychological distress

  Crude 1 (Ref.) 0.80 (0.55–1.16) 0.68 (0.46–1.01) 0.58 (0.39–0.87) 0.01

  Model 1 1 (Ref.) 0.85 (0.56–1.31) 0.75 (0.48–1.16) 0.70 (0.45–1.08) 0.09

  Model 2 1 (Ref.) 0.83 (0.53–1.30) 0.70 (0.44–1.12) 0.70 (0.43–1.10) 0.09

  Model 3 1 (Ref.) 0.81 (0.51–1.27) 0.67 (0.41–1.09) 0.68 (0.40–1.15) 0.11

  Model 4 1 (Ref.) 0.84 (0.52–1.34) 0.61 (0.37–1.02) 0.58 (0.33–1.01) 0.03

Female participants (n = 1959)

 Depression

  Crude 1 (Ref.) 1.02 (0.79–1.33) 0.82 (0.63–1.07) 0.78 (0.60–1.02) 0.03

  Model 1 1 (Ref.) 0.95 (0.72–1.26) 0.76 (0.57–1.00) 0.76 (0.57–1.00) 0.02

  Model 2 1 (Ref.) 0.93 (0.69–1.24) 0.76 (0.56–1.01) 0.72 (0.53–0.97) 0.01

  Model 3 1 (Ref.) 0.921 (0.67–1.24) 0.74 (0.54–1.02) 0.70 (0.50–1.00) 0.02

  Model 4 1 (Ref.) 0.90 (0.66–1.23) 0.75 (0.54–1.03) 0.74 (0.52–1.06) 0.06

 Anxiety

  Crude 1 (Ref.) 0.96 (0.69–1.33) 0.86 (0.62–1.20) 0.79 (0.56–1.10) 0.14

  Model 1 1 (Ref.) 0.83(0.59–1.17) 0.76 (0.54–1.07) 0.79(0.55–1.11) 0.14

  Model 2 1 (Ref.) 0.80 (0.55–1.16) 0.80 (0.55–1.16) 0.76 (0.52–1.10) 0.17

  Model 3 1 (Ref.) 0.76 (0.51–1.11) 0.77 (0.52–1.13) 0.74 (0.47–1.14) 0.20

  Model 4 1 (Ref.) 0.75 (0.50–1.11) 0.75 (0.50–1.12) 0.74 (0.47–1.15) 0.21

 Psychological distress

  Crude 1 (Ref.) 1.04 (0.79–1.37) 0.82 (0.62–1.09) 0.75 (0.56–1.00) 0.02

  Model 1 1 (Ref.) 1.00 (0.75–1.34) 0.78 (0.58–1.05) 0.77 (0.57–1.04) 0.03

  Model 2 1 (Ref.) 0.96 (0.70–1.30) 0.80 (0.59–1.08) 0.74 (0.54–1.01) 0.03

  Model 3 1 (Ref.) 0.89 (0.65–1.22) 0.71 (0.52–1.00) 0.63 (0.44–0.91) 0.01

  Model 4 1 (Ref.) 0.87 (0.63–1.21) 0.71 (0.51–1.00) 0.67 (0.46–0.98) 0.02
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current study revealed a significant inverse relation between dietary riboflavin intake and depression in men, 
but not in women.

Subgroup analysis by sex has additionally documented the inverse association only in women. A prospec-
tive birth-cohort study conducted on 636 British women has documented a non-significant inverse relationship 
between riboflavin intake and psychological distress. In the mentioned cohort GHQ-28, multiple 24-h recalls 
and a 5-day food record were applied to measure psychological distress and dietary vitamin B2 assessment57. 
More prospective investigations in this regard are needed.

A possible concern in interpreting findings of epidemiologic studies is reverse causation, particularly when 
the study design is cross-sectional. The reverse causation refers to the fact that symptoms of depression might 
lead to changes in dietary intakes of individuals58. Such that, a longitudinal investigation demonstrated the 
existence of bidirectional relationships between food intakes and depression59, especially in case of meat, dairy 
products, and vegetable intake59.

The analysis of the current study revealed significant differences in some nutrients and vitamins between 
categories of riboflavin intake. In other words, those who had more riboflavin intake also had more other nutri-
ents and vitamins intake or had a healthier dietary pattern. Therefore, this healthier dietary intake might result 
in reduction of psychological disorders odds.

Several probable mechanisms might elucidate the observed associations between vitamin B2 and mental 
health. FMN and FAD are two crucial rate-limiting flavoprotein coenzymes which derive from riboflavin60. 
Flavoproteins are co-factors in the metabolism of essential fatty acids in brain lipids51. The action of riboflavin 

Table 5.   Multivariable-adjusted odds ratios and 95% confidence intervals for depression, anxiety and high 
psychological distress across energy-adjusted quartiles of riboflavin intake, stratified by BMI. All values are 
odds ratios and 95% confidence intervals. Model 1: Adjusted for age, sex and energy intake; Model 2: Further 
adjustment for physical activity, smoking, marital status, education, household size, house possession, diabetes, 
use of anti-depressant medications and dietary supplements; Model 3: Additional controlling for dietary 
intakes of fat, n-3 fatty acids, iron, thiamin.

Quartiles of riboflavin intake

PtrendQ1 (< 1.6 mg/d) Q2 (1.6–1.82 mg/d) Q3 (1.83–2.09 mg/d) Q4 (> 2.09 mg/d)

Normal weight participants (BMI < 25 kg/m2) (n = 1856)

 Depression

  Crude 1 (Ref.) 0.99 (0.74–1.31) 0.74 (0.55–1.00) 0.63 (0.46–0.86) 0.01

  Model 1 1 (Ref.) 1.00 (0.74–1.36) 0.72 (0.52–0.98) 0.67 (0.48–0.94) 0.01

  Model 2 1 (Ref.) 0.96 (0.70–1.33) 0.74 (0.53–1.03) 0.64 (0.45–0.92) 0.01

  Model 3 1 (Ref.) 0.94 (0.67–1.32) 0.71 (0.50–1.01) 0.62 (0.41–0.94) 0.01

 Anxiety

  Crude 1 (Ref.) 0.97 (0.66–1.43) 0.97 (0.66–1.43) 0.63 (0.40–0.98) 0.07

  Model 1 1 (Ref.) 0.98 (0.65–1.47) 0.88 (0.58–1.33) 0.66 (0.41–1.04) 0.08

  Model 2 1 (Ref.) 0.94 (0.60–1.46) 1.01 (0.66–1.57) 0.64 (0.39–1.06) 0.17

  Model 3 1 (Ref.) 0.91 (0.58–1.44) 0.98 (0.61–1.55) 0.63 (0.35–1.11) 0.21

 Psychological distress

  Crude 1 (Ref.) 1.13 (0.84–1.52) 0.77 (0.56–1.05) 0.64 (0.46–0.90) 0.01

  Model 1 1 (Ref.) 1.19 (0.86–1.64) 0.76 (0.54–1.07) 0.71 (0.50–1.01) 0.01

  Model 2 1 (Ref.) 1.14 (0.81–1.61) 0.79 (0.56–1.13) 0.73 (0.50–1.06) 0.03

  Model 3 1 (Ref.) 1.09 (0.76–1.55) 0.73 (0.50–1.07) 0.66 (0.43–1.02) 0.02

Overweight/obese participants (BMI ≥ 25 kg/m2) (n = 1506)

 Depression

  Crude 1 (Ref.) 0.79 (0.57–1.09) 0.84 (0.61–1.16) 0.73 (0.54–1.00) 0.09

  Model 1 1 (Ref.) 0.73 (0.51–1.04) 0.73 (0.51–1.04) 0.66 (0.47–0.92) 0.03

  Model 2 1 (Ref.) 0.72 (0.50–1.04) 0.72 (0.50–1.04) 0.65 (0.45–0.92) 0.03

  Model 3 1 (Ref.) 0.73 (0.50–1.06) 0.73 (0.50–1.08) 0.66 (0.44–1.00) 0.07

 Anxiety

  Crude 1 (Ref.) 0.66 (0.43–0.99) 0.64 (0.42–0.97) 0.68 (0.46–1.00) 0.06

  Model 1 1 (Ref.) 0.51 (0.32–0.82) 0.54 (0.34–0.85) 0.66 (0.43–1.00) 0.09

  Model 2 1 (Ref.) 0.50 (0.31–0.82) 0.52 (0.32–0.85) 0.66 (0.42–1.03) 0.11

  Model 3 1 (Ref.) 0.49 (0.30–0.81) 0.50 (0.30–0.83) 0.61 (0.36–1.01) 0.07

 Psychological distress

  Crude 1 (Ref.) 0.77 (0.54–1.09) 0.81 (0.57–1.15) 0.75 (0.54–1.05) 0.15

  Model 1 1 (Ref.) 0.73 (0.50–1.06) 0.78 (0.54–1.14) 0.77 (0.54–1.10) 0.25

  Model 2 1 (Ref.) 0.67 (0.45–1.00) 0.74 (0.50–1.09) 0.68 (0.46–0.99) 0.09

  Model 3 1 (Ref.) 0.64 (0.42–0.96) 0.68 (0.45–1.02) 0.58 (0.38–0.90) 0.03
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coenzymes in the re-methylation and trans-sulphuration of homocysteine may also explain the benefits of ribofla-
vin on mental health61,62, as an inverse relation among homocysteine and circulating concentrations of riboflavin 
was previously reported in National Health and Nutrition Examination Survey (NHANES) and Framingham 
Offspring cohort63,64. Thus, high level of homocysteine may mediate the connection between riboflavin deficiency 
and high risk of depression.

The current study has several strengths. A considerable population of adults was investigated by the use of 
validated questionnaires for assessment of dietary intakes, physical activity, and psychological disorders. Sev-
eral potential confounders were also considered in the current analyses. However, some limitations should be 
acknowledged when interpreting the findings. This study cannot infer a causal relationship between riboflavin 
intake and psychological disorders due to the cross-sectional design of the study. Further studies with prospec-
tive design are needed to establish causality. The study was conducted on non-academic personnel of a medical 
university with different socioeconomic levels; although the sample was somehow representative of general adult 
population, extrapolating our findings to other populations should be done with caution. Finally, although a 
validated self-administered FFQ was applied, misclassification of subjects was inevitable.

In conclusion, the current study found that dietary riboflavin intake was inversely associated with chance 
of psychological disorders in Iranian adults. High intake of riboflavin decreased the chance of depression and 
anxiety in men and high psychological distress in women. More prospective studies are needed to confirm these 
findings.

Data availability
The data that support the findings of this study are available from the corresponding author [PS], upon reason-
able request.

Received: 15 September 2022; Accepted: 25 March 2023

References
	 1.	 Steel, Z. et al. The global prevalence of common mental disorders: A systematic review and meta-analysis 1980–2013. Int. J. Epi-

demiol. 43(2), 476–493 (2014).
	 2.	 Batty, G. D., McIntosh, A. M., Russ, T. C., Deary, I. J. & Gale, C. R. Psychological distress, neuroticism, and cause-specific mortality: 

Early prospective evidence from UK Biobank. J. Epidemiol. Community Health. 70(11), 1136–1139 (2016).
	 3.	 Investigators, E. M. et al. Prevalence of mental disorders in Europe: Results from the European Study of the Epidemiology of 

Mental Disorders (ESEMeD) project. Acta Psychiatr. Scand. 109, 21–27 (2004).
	 4.	 Baxter, A. J., Scott, K. M., Vos, T. & Whiteford, H. A. Global prevalence of anxiety disorders: A systematic review and meta-

regression. Psychol. Med. 43(5), 897–910 (2013).
	 5.	 Ferrari, A. et al. Global variation in the prevalence and incidence of major depressive disorder: A systematic review of the epide-

miological literature. Psychol. Med. 43(3), 471–481 (2013).
	 6.	 Tahan, M. et al. A systematic review of prevalence of depression in Iranian patients. Neuropsychopharmacol. Hung. 22(1), 16–22 

(2020).
	 7.	 Hajebi, A. et al. Major anxiety disorders in Iran: Prevalence, sociodemographic correlates and service utilization. BMC Psychiatry 

18(1), 261 (2018).
	 8.	 Burns, J. & Birrell, E. Enhancing early engagement with mental health services by young people. Psychol. Res. Behav. Manag. 7, 

303 (2014).
	 9.	 Munir, S. & Takov, V. Generalized Anxiety Disorder. StatPearls (StatPearls Publishing, 2021).
	10.	 Rose, G. M. & Tadi, P. Social Anxiety Disorder. StatPearls (StatPearls Publishing, StatPearls Publishing LLC., 2021).
	11.	 Alexopoulos, G. S. Depression in the elderly. Lancet 365(9475), 1961–1970 (2005).
	12.	 Alshawwa, I. A., Elkahlout, M., El-Mashharawi, H. Q. & Abu-Naser, S. S. An Expert System for Depression Diagnosis (2019).
	13.	 Brody, D. J., Pratt, L. A. & Hughes, J. P. Prevalence of depression among adults aged 20 and over: United States, 2013–2016 (2018).
	14.	 Mathers, C. D. History of global burden of disease assessment at the World Health Organization. Arch. Public Health. 78(1), 1–13 

(2020).
	15.	 Saveanu, R. V. & Nemeroff, C. B. Etiology of depression: Genetic and environmental factors. Psychiatr. Clin. 35(1), 51–71 (2012).
	16.	 Murakami, K. & Sasaki, S. Dietary intake and depressive symptoms: A systematic review of observational studies. Mol. Nutr. Food 

Res. 54(4), 471–488 (2010).
	17.	 Liu, Z.-M. et al. Associations between dietary patterns and psychological factors: A cross-sectional study among Chinese post-

menopausal women. Menopause 23(12), 1294–1302 (2016).
	18.	 Abshirini, M. et al. Dietary total antioxidant capacity is inversely associated with depression, anxiety and some oxidative stress 

biomarkers in postmenopausal women: A cross-sectional study. Ann. Gen. Psychiatry 18(1), 1–9 (2019).
	19.	 Sánchez-Villegas, A. et al. Association between folate, vitamin B6 and vitamin B12 intake and depression in the SUN cohort study. 

J. Hum. Nutr. Diet. 22(2), 122–133 (2009).
	20.	 Sánchez-Villegas, A. et al. Association of the Mediterranean dietary pattern with the incidence of depression: The Seguimiento 

Universidad de Navarra/University of Navarra follow-up (SUN) cohort. Arch. Gen. Psychiatry 66(10), 1090–1098 (2009).
	21.	 Sánchez-Villegas, A. et al. Micronutrient intake adequacy and depression risk in the SUN cohort study. Eur. J. Nutr. 57, 2409–2419 

(2018).
	22.	 Mikkelsen, K., Stojanovska, L. & Apostolopoulos, V. The effects of vitamin B in depression. Curr. Med. Chem. 23(38), 4317–4337 

(2016).
	23.	 Xu, Y., Wang, C., Klabnik, J. & M O’Donnell, J. Novel therapeutic targets in depression and anxiety: Antioxidants as a candidate 

treatment. Curr. Neuropharmacol. 12(2), 108–119 (2014).
	24.	 Rivlin, R. S. & Pinto, J. T. Riboflavin (vitamin B2). 255–73 (2001).
	25.	 Mahabadi, N., Bhusal, A. & Banks, S. W. Riboflavin Deficiency. StatPearls (StatPearls Publishing LLC., 2020).
	26.	 Peechakara, B. V. & Gupta, M. Vitamin B2 (Riboflavin). StatPearls (StatPearls Publishing LLC., 2020).
	27.	 Wolak, N., Zawrotniak, M., Gogol, M., Kozik, A. & Rapala-Kozik, M. Vitamins B1, B2, B3 and B9—occurrence, biosynthesis 

pathways and functions in human nutrition. Mini. Rev. Med. Chem. 17(12), 1075–1111 (2017).
	28.	 Kafeshani, M. et al. Higher vitamin B6 intake is associated with lower depression and anxiety risk in women but not in men: A 

large cross-sectional study. Int. J. Vitamin Nutr. Res. 90(5–6), 484–492 (2019).
	29.	 Mozaffari, H., Mofrad, M. D., Surkan, P. J., Askari, M. & Azadbakht, L. Associations between dietary intake of B-vitamins and 

psychological disorders among Iranian women: A cross-sectional study. Public Health Nutr. 24(7), 1787–1797 (2021).



10

Vol:.(1234567890)

Scientific Reports |         (2023) 13:5152  | https://doi.org/10.1038/s41598-023-32309-w

www.nature.com/scientificreports/

	30.	 Murakami, K., Miyake, Y., Sasaki, S., Tanaka, K. & Arakawa, M. Dietary folate, riboflavin, vitamin B-6, and vitamin B-12 and 
depressive symptoms in early adolescence: The Ryukyus Child Health Study. Psychosom. Med. 72(8), 763–768 (2010).

	31.	 Murakami, K. et al. Dietary intake of folate, other B vitamins, and ω-3 polyunsaturated fatty acids in relation to depressive symp-
toms in Japanese adults. Nutrition 24(2), 140–147 (2008).

	32.	 Woo, J. et al. Nutrient intake and psychological health in an elderly Chinese population. Int. J. Geriatr. Psychiatry 21(11), 1036–1043 
(2006).

	33.	 Adibi, P. et al. The study on the epidemiology of psychological, alimentary health and nutrition (SEPAHAN): Overview of meth-
odology. J. Res. Med. Sci. 17, S292–S298 (2012).

	34.	 Keshteli, A. H. et al. 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. 5(1), 29 (2014).

	35.	 Ghaffarpour, M., Houshiar-Rad, A. & Kianfar, H. The manual for household measures, cooking yields factors and edible portion 
of foods. Tehran: Nashre Olume Keshavarzy. 7(213), 42–58 (1999).

	36.	 Saneei, P. et al. Adherence to Alternative Healthy Eating Index in relation to depression and anxiety in Iranian adults. Br. J. Nutr. 
116(2), 335–342 (2016).

	37.	 Haghighatdoost, F. et al. Glycemic index, glycemic load, and common psychological disorders. Am. J. Clin. Nutr. 103(1), 201–209 
(2016).

	38.	 Anjom-Shoae, J. et al. Legume and nut consumption in relation to depression, anxiety and psychological distress in Iranian adults. 
Eur. J. Nutr. 59(8), 3635–3645 (2020).

	39.	 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 1(1), 14 (2003).

	40.	 Schmitz, N., Kruse, J., Heckrath, C., Alberti, L. & Tress, W. Diagnosing mental disorders in primary care: The General Health 
Questionnaire (GHQ) and the Symptom Check List (SCL-90-R) as screening instruments. Soc. Psychiatry Psychiatr. Epidemiol. 
34(7), 360–366 (1999).

	41.	 Montazeri, A. et al. The 12-item General Health Questionnaire (GHQ-12): Translation and validation study of the Iranian version. 
Health Qual. Life Outcomes 1(1), 1–4 (2003).

	42.	 Aminianfar, S. et al. Validation study of self-reported anthropometric indices among the staff of the Isfahan University of Medical 
Sciences, Isfahan, Iran. J. Isfahan Med. Sch. 33(346), 1318–1327 (2015).

	43.	 Promoting, N. Creating Built or Natural Environments that Encourage and Support Physical Activity: Scope (National Institute for 
Health and Clinical Excellence, 2006).

	44.	 Brown, C. C. et al. Energy adjustment methods for nutritional epidemiology: The effect of categorization. Am. J. Epidemiol. 139(3), 
323–338 (1994).

	45.	 Markowitz, S., Friedman, M. A. & Arent, S. M. Understanding the relation between obesity and depression: Causal mechanisms 
and implications for treatment. Clin. Psychol. Sci. Pract. 15(1), 1 (2008).

	46.	 Van der Kooy, K. et al. Depression and the risk for cardiovascular diseases: Systematic review and meta analysis. Int. J. Geriatr. 
Psychiatry 22(7), 613–626 (2007).

	47.	 Mezuk, B., Eaton, W. W., Albrecht, S. & Golden, S. H. Depression and type 2 diabetes over the lifespan: A meta-analysis. Diabetes 
Care 31(12), 2383–2390 (2008).

	48.	 Ma, X. & Yu, H. Cancer issue: Global burden of cancer. Yale J. Biol. Med. 79(3–4), 85 (2006).
	49.	 WHO. Methods and Data Sources for Global Burden of Disease Estimates 2000–2019 (World Health Organization, 2020).
	50.	 Saxena, S., Jané-Llopis, E. & Hosman, C. Prevention of mental and behavioural disorders: Implications for policy and practice. 

World Psychiatry 5(1), 5 (2006).
	51.	 Kennedy, D. O. B vitamins and the brain: Mechanisms, dose and efficacy—a review. Nutrients 8(2), 68 (2016).
	52.	 Carney, M., Ravindran, A., Rinsler, M. & Williams, D. Thiamine, riboflavin and pyridoxine deficiency in psychiatric in-patients. 

Br. J. Psychiatry 141(3), 271–272 (1982).
	53.	 Park, S.-J., Choi, J. H., Lee, J. Y., Lee, C. & Lee, H.-J. Association between nutrient intakes and prevalence of depressive disorder 

in Korean adults: 2014 Korean National Health and Nutrition Examination Survey. J. Nutr. Health. 51(5), 414–422 (2018).
	54.	 Wu, Y., Zhang, L., Li, S. & Zhang, D. Associations of dietary vitamin B1, vitamin B2, vitamin B6, and vitamin B12 with the risk of 

depression: A systematic review and meta-analysis. Nutr. Rev. 80(3), 351–366 (2022).
	55.	 Poudel-Tandukar, K. Dietary B vitamins and depression in persons with human immunodeficiency virus infection: The positive 

living with HIV (POLH) study. J. Nutr. Sci. Vitaminol. 62(6), 388–396 (2016).
	56.	 Yary, T. The association between dietary intake of folate and physical activity with psychological dimensions of depressive symptoms 

among students from Iran. BioMed Res. Int. 2013, 582693 (2013).
	57.	 Mishra, G. D., McNaughton, S. A., O’Connell, M. A., Prynne, C. J. & Kuh, D. Intake of B vitamins in childhood and adult life in 

relation to psychological distress among women in a British birth cohort. Public Health Nutr. 12(2), 166–174 (2009).
	58.	 Flegal, K. M., Graubard, B. I., Williamson, D. F. & Cooper, R. S. Reverse causation and illness-related weight loss in observational 

studies of body weight and mortality. Am. J. Epidemiol. 173(1), 1–9 (2011).
	59.	 Elstgeest, L. E. et al. Bidirectional associations between food groups and depressive symptoms: Longitudinal findings from the 

Invecchiare in Chianti (InCHIANTI) study. Br. J. Nutr. 121(4), 439–450 (2019).
	60.	 Rucker, R. B., Zempleni, J., Suttie, J. W. & McCormick, D. B. Handbook of Vitamins (CRC Press, 2007).
	61.	 Gerhard, G. T. et al. Higher total homocysteine concentrations and lower folate concentrations in premenopausal black women 

than in premenopausal white women. Am. J. Clin. Nutr. 70(2), 252–260 (1999).
	62.	 McCormick, D. B. Two interconnected B vitamins: Riboflavin and pyridoxine. Physiol. Rev. 69(4), 1170–1198 (1989).
	63.	 Ganji, V. & Kafai, M. R. Demographic, health, lifestyle, and blood vitamin determinants of serum total homocysteine concentra-

tions in the third National Health and Nutrition Examination Survey, 1988–1994. Am. J. Clin. Nutr. 77(4), 826–833 (2003).
	64.	 Jacques, P. F. et al. Determinants of plasma total homocysteine concentration in the Framingham offspring cohort. Am. J. Clin. 

Nutr. 73(3), 613–621 (2001).

Author contributions
P.R., M.A., A.H.K., P.S., H.A., A.E. and P.A. contributed to the conception, statistical analyses, design, manuscript 
drafting, and data interpretation. The final manuscript was submitted with the approval of all authors.

Funding
Financial support was provided by the Nutrition and Food Security Research Center, Isfahan University of Medi-
cal Sciences. Iran, Isfahan. Isfahan University of Medical Sciences had no role in the study design or conducting, 
data collection, interpretation, analysis of data, and approval or review of the manuscript.

Competing interests 
The authors declare no competing interests.



11

Vol.:(0123456789)

Scientific Reports |         (2023) 13:5152  | https://doi.org/10.1038/s41598-023-32309-w

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​32309-w.

Correspondence and requests for materials should be addressed to P.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-32309-w
https://doi.org/10.1038/s41598-023-32309-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Dietary riboflavin intake in relation to psychological disorders in Iranian adults: an observational study
	Materials and methods
	Study design and participants. 
	Exclusion criteria. 
	Dietary intake assessment. 
	Assessment of psychological disorders. 
	Assessment of other variables. 
	Statistical analysis. 
	Ethical approval and consent to participate. 

	Results
	Discussion
	References


