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Abstract
Objective: B-vitamins affect brain function through multiple pathways. Given lim-
ited evidence on the relationship between dietary intake of these vitamins and
psychological disorders, we examined dietary intake of vitamin B6-9-12 in relation
to psychological disorders among Iranian women.
Design: Cross-sectional study. Dietary intake was assessed using a valid and reli-
able FFQ. To assess psychological disorders, we used a version of the Depression
Anxiety Stress Scale-21 validated in Iran.
Setting: Ten public health centres in southern Tehran, Iran.
Participants: A total of 447 female participants aged 20–50 years.
Results: The median values of vitamin B6 (pyridoxine), B9 (folate) and B12 (cobala-
min) were 1·30 mg/d, 313·89 μg/d and 3·99 μg/d, respectively. After adjustment for
potential confounders, dietary vitamin B6 intake was associated with lower odds
of depression (OR: 0·54; 95 % CI: 0·31, 0·95; Ptrend: 0·03). However, there was a
positive association between dietary vitamin B12 intake with the odds of depres-
sion (OR: 2·05; 95 %CI: 1·17, 3·60; Ptrend: 0·01) and psychological distress (OR: 2·00;
95 % CI: 1·17, 3·41; Ptrend: 0·01). No association was found between vitamin B9 with
any psychological disorders.
Conclusions: Women with higher dietary intakes of vitamin B6 had lower likeli-
hood of depression. However, women with higher dietary intake of vitamin B12

had higher odds of depression and psychological distress. Future prospective stud-
ies in different populations are needed to clarify whether B-vitamin deficiency is a
cause or consequence of psychological disorders.
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Psychological disorders are considered pressing health
issues, with growing numbers of people experiencing neg-
ative consequences on health and longevity(1–3). In 2015,
the global prevalence of depressive and anxiety disorders
was 4·4 % (5·1 % for females, 3·6 % for males) and 3·6 %
(4·6 % for females, 2·6 % for males), respectively(3).
According to national statistics, depression and anxiety
affect about 21 % and 20 % of the adult population in
Iran(4). Therefore, low-cost strategies to address these men-
tal health disorders would be valuable.

Many factors including genetic and lifestyle determi-
nants (smoking, alcohol consumption and diet) affect the
aetiology of psychological disorders(5). Notably, the impor-
tance of food groups and dietary patterns has been recog-
nised in the development of mental disorders(6–11). For
instance, dietary intake of whole grains, seeds, nuts, fruits
and vegetable-rich sources of B-vitamins are associated
with lower risk of psychological disorders(12–15). A biologi-
cal mechanism that could mediate the association between
B-vitamin intake and psychological disorders is their
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involvement in single-carbon transfer reactions, which is
needed for the production of monoamine neurotransmit-
ters(16,17). In studies among psychiatric patients, vitamin B
deficiencies have been associated with severe depressive
symptoms (18–20). Folate serum level can also affect patients’
responses to antidepressants(21). It is important to note that
such studies have been small and were conducted on
highly selected patients, for whom folate deficiency might
not be the cause but rather a consequence of depression
(due to loss of appetite and poor dietary intake). Moreover,
although several clinical trials have investigated the effects
of vitamin B supplementation on psychological disor-
ders(22–24), findings of such studies may not be generalis-
able to the whole population as they either used high
dosage of B-vitamins or had short duration. To date, the
few population-based studies that have focused on the
association between dietary B-vitamin intake and depres-
sion have provided conflicting results. Although two stud-
ies (with Korean and Finnish participants) reported a
positive link between vitamin B deficiencies(25,26) and
depression, it is not clear that such results are generalisable
to other settings due to geographical variation in nutrient
intake. Moreover, to the best of our knowledge, no pre-
vious study has considered the association between dietary
B-vitamin intake with anxiety and psychological stress,
especially in women. We are only aware of one study in
Iran, which assessed only vitamin B6 in relation to depres-
sion and anxiety(27). Investigating potential associations
between dietary B-vitamin intake and psychological disor-
ders might provide an avenue for prevention, especially in
Middle East region where there is a high prevalence of
psychological disorders(4,28) and consumption of whole
grains, meat, fruits and vegetables as dietary sources of
B-vitamins is low(29,30). Therefore, in the present study,
we examined the cross-sectional association between
dietary vitamin B6–9–12 intake with depression, anxiety
and psychological distress among Iranian women.

Materials and methods

Study population
In this population-based cross-sectional study, we used
clustered random sampling to recruit 455 women who
were referred to ten health centres located in southern
Tehran, Iran (September 2017–September 2018). To deter-
mine the number of women sampled from each health
centre, the total population covered by each centre was
represented proportionally in the initial estimated sample
size (n 435). Female participants were selected if they
met the following inclusion criteria: (a) were age 20–50 years
old; (b) had no previous diagnosis of chronic diseases, or
psychological disorders by a physician; (c) were not taking
any specific medications (including those that would affect
weight, lipid and/or glucose metabolism, blood pressure
and mental status); (d) were not following a specific dietary

pattern such as a vegetarian diet; (e) were not pregnant
or lactating; (f) were not women who had immigrated
to Iran and (g) did not experience emotional suffering in
the preceding year (e.g. reported severe financial problems,
death of close friends/relatives). Participants were not
included in the analysis if they showed implausibly low or
high scores for total energy intake (<3347·2 kJ/d or
>17572·8 kJ/d)(31,32). The prevalence of mental disorders
among Iranianwomenwas chosen, as amaindependent var-
iable, to estimate sample size(4), using the following formula
N= [(Z1− α/2)2P(1− P)]/d2. Assuming statistical values of
P= 26;α= 0·05;d= 4·12, the calculated sample sizewas esti-
mated to be 435. However, because of possible missing data,
we interviewed 455 female participants. After removing eight
participants because of unexplained energy intake, only 447
females remained in the statistical analysis. All the partici-
pants provided informed consent prior to inclusion in
the study.

Dietary intake assessment
Data on individuals’ dietary intakes were collected by
completing a 168-item semi-quantitative FFQ through
face-to-face interviews with a trained nutritionist. The val-
idity and reliability of the FFQ have been shown to be
adequate(33). Participants were asked to report on average
portion sizes and frequency of consumption of foods on a
daily, weekly or monthly basis. Next, the daily intake of
each food was converted from household measures into
grams. An adapted version of NUTRITIONIST IV modified
for Iranian foods (version 7.0; N-Squared Computing) was
used to compute mean energy and nutrient intakes, espe-
cially B-vitamins(34).

Psychological profile assessment
To evaluate psychological disorders, the Iranian validated
version of the Depression Anxiety Stress Scale-21 was
applied(35). This questionnaire is a 21-item self-reported
structured scale that comprises three subscales: depression,
anxiety and psychological distress. Each subscale contains
seven items. Questions 3, 5, 10, 13, 16, 17 and 21 corre-
spond to depression, 2, 4, 7, 9, 15, 19 and 20 correspond
to anxiety and questions 1, 6, 8, 11, 12, 14 and 18 corre-
spond to psychological distress. Answers to each item are
based on a four-point Likert scale including 0 (never), 1 (lit-
tle), 2 (sometimes) and 3 (always). Participantswere asked to
rate the extent to which they had experienced each of the
states during the preceding week. To estimate the total score
for each psychological disorder subscale, a bimodal scoring
method (0–0 to 1–1) was used. In total, each subscale can
receive a score of 0 to 21. Depression Anxiety Stress Scale-
21 was developed to represent all subscales including
depression, anxiety and stress; thus, it can be made equiva-
lent to theDASS-42 bymultiplying the final score of each sub-
scale by 2. Higher scores for each subscale correspond to
higher levels of depression, anxiety or psychological distress.
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In this study, the scores of ≥10 for depression, ≥8 for anxi-
ety and ≥15 for psychological distress were considered
indicators of psychological disorders. The validity and
reliability of the Iranian version of the Depression
Anxiety Stress Scale-21 have been previously evaluated
by Samani and Jokar(35). The test–retest validity
(depression= 0·80, anxiety = 0·76, stress = 0·77) and
Cronbach’s alpha coefficient (depression = 0·81, anxiety
= 0·74, stress = 0·78) for each subscale of Depression
Anxiety Stress Scale-21 were reported to be adequate(35).

Anthropometric assessment
Anthropometric measurements (body weight and height)
were collected using the WHO standard protocol and
registered by a trained assistant. Participant body weight
was measured using a portable digital scale (Seca725
GmbH & Co.) after participants removed their heavy outer
garments. Weight was recorded with 100 g precision.
Moreover, height was measured using a stadiometer or
meter while participants stood barefoot against a wall with
their shoulders in a comfortable position. Height was
reported within a precision of 0·5 cm. BMI was calculated
as body weight in kg divided by the square of height in
metres (m2).

Assessment of other covariates
Socioeconomic status was assessed using a valid and reli-
able questionnaire developed for health research in
Iran(36). This questionnaire included several questions
regarding level of education, participants’ employment,
property (car and house ownership), number of rooms
in the household, electronic appliances, number of family
members and number of trips abroad or within the country
during the preceding year(36). To gather data on other
important covariates, a demographic questionnaire con-
tained questions on age, body shape satisfaction and the
number of hours spent sleeping and spent outside the
home. A trained assistant recorded the average amount
of time that each participant dedicated to different physical
activities during the day. Then, the time for each activity
was multiplied by the corresponding metabolic equivalent
task (MET-h/week) to estimate an individual’s physical
activity(37).

Statistical analysis
The distribution of variables was investigated using histo-
gram curves and the Kolmogorov–Smirnov test. Energy-
adjusted dietary intake of B-vitamins was obtained using
the residual method(38). Participants were categorised
based on tertiles of energy-adjusted dietary B-vitamin
intake: vitamin B6 (<1·21; 1·21–1·47; >1·47 mg/d), folate
(>286·71; 286·71–354·80; >354·80 μg/d) and vitamin B12

(>3·66; 3·66–4·90; >4·90 μg/d). To examine continuous
variables (e.g. some demographic variables and lifestyle
factors) across tertiles of B-vitamin intake, one-way

ANOVA was applied. The distribution of categorical varia-
bles across tertiles of B-vitamin intake was calculated using
χ2 tests. To compare participants’ dietary intakes (nutrients
and food groups) within tertiles of dietary B-vitamins,
ANCOVA with Bonferroni correction was used to adjust
for energy intake. Before conducting binary logistic regres-
sion for each psychological disorder subscale, participants
were categorised based on the reported cut-offs as follows:
depression ≥10, depression, anxiety ≥8 and psychological
distress ≥15. Associations between dietary intake of B-
vitamins and psychiatric disorders were calculated using
binary logistic regression in crude models and separate
multivariable models for each disorder. We adjusted for
energy intake (continuous), age (continuous), socioeco-
nomic status (weak/moderate/strong), supplement use
(yes/no), satisfaction with body shape (yes/no) and BMI
(continuous) as covariates. Additionally, dietary intake of
fibre (continuous), n-3 fatty acids (continuous) and Mg
(continuous) were adjusted for in the final model. All the
analyses were performed using SPSS software (version
19.0; SPSS Inc.), and lowest tertiles were regarded as the
reference category. P values were considered statistically
significant at< 0·05.

Results

The mean age of participants (n 447) was 31·68 years.
General participant characteristics across tertiles of dietary
B-vitamin intake are displayed in Table 1. The prevalence
of depression, anxiety and psychological stress was 31, 32
and 35 %, respectively. Participants in the high tertile of
dietary vitamin B6 intake were more likely to be married.
However, with regard to other general characteristics, we
did not observe significant differences between partici-
pants in the high tertile compared with participants in
low tertile.

Participants’ dietary B-vitamin intakes by tertitle are pro-
vided in Table 2.

Vitamin B6: Participants in the high vitamin B6 tertile
had higher consumption of total protein (Pvalue= 0·02),
fibre (Pvalue= 0·0001), Mg (Pvalue= 0·0001), fruits
(Pvalue= 0·0001) and vegetables (Pvalue= 0·0001) com-
pared with those in the low tertile. However, they
showed lower intake of energy (Pvalue= 0·001) and
grains (Pvalue= 0·0001).

Vitamin B9: Participants included in the high tertile
for vitamin B9 had higher intakes of proteins
(Pvalue= 0·001), carbohydrates (Pvalue= 0·05), fibre
(Pvalue= 0·0001), Mg (Pvalue= 0·0001), fruits (Pvalue=
0·005) and vegetables (Pvalue= 0·0001). However, they
showed lower intakes of energy (Pvalue= 0·0001), fat
(Pvalue= 0·003) and grains (Pvalue= 0·001).

Vitamin B12: Participants included in the high tertile
of vitamin B12 had higher intakes of proteins

Dietary vitamin B6-9-12 and psychological disorders 1789



Table 1 General characteristics of Iranian women across tertiles of energy-adjusted dietary B-vitamin intake

Vitamin B6 (mg/d) Vitamin B9 (μg/d) Vitamin B12 (μg/d)

<1·21
1·21–
1·47 >1·47 <286·71

286·71–
354·80 >354·80 <3·66 3·66–4·90 >4·90

n 447 n 149 n 149 n 149 n 149 n 149 n 149 n 149 n 149 n 149

Variables n % n % n % n % P value* n % n % n % P value* n % n % n % P value*

Age (year) 0·18 0·51 0·41
Mean 31·68 31·78 30·81 32·43 31·59 31·22 31·68 32·30 31·60 31·68
SD 7·64 7·90 7·73 7·23 7·61 7·97 7·64 7·65 8·14 7·64

Weight (kg) 0·82 0·15 0·6
Mean 64·22 64·09 63·88 64·70 64·18 62·94 65·55 64·87 63·53 64·27
SD 11·61 11·45 11·60 11·84 12·05 11·23 11·47 12·17 11·31 11·38

BMI (kg/m2) 0·78 0·12 24·17 4·11 24·21 4·27 0·73
Mean 24·30 24·50 24·17 24·24 24·27 23·81 24·83 24·53 63·53 64·27
SD 4·29 4·42 4·24 4·22 4·63 3·90 4·27 4·49 11·31 11·38

Physical activity 0·19 0·07 0·49
Mean 39·73 39·11 39·63 40·44 38·99 39·54 40·65 40·12 30·24 39·81
SD 6·46 5·08 7·66 6·34 6·26 5·89 7·08 6·69 6·37 6·32

Hours spent outside home 0·44 0·93 0·11
Mean 6·10 6·37 6·11 5·82 6·05 6·19 6·06 5·95 5·74 6·61
SD 3·73 3·89 3·54 3·75 3·57 3·83 3·80 3·73 3·60 3·82

Sleep (hours) 0·41 0·04 0·83
Mean 7·77 7·89 7·66 7·74 7·63 8·02 7·65 7·80 7·79 7·71
SD 1·49 1·56 1·28 1·61 1·36 1·51 1·57 1·46 1·59 1·42

Overweight and obesity
Yes 164 37 58 39 51 34 55 37 0·7 56 38 50 34 58 39 0·6 57 38 56 38 51 34 0·74
No 283 63 91 61 98 66 94 63 93 62 99 66 91 61 92 62 93 62 98 66

Supplement use†
Yes 164 37 49 33 54 36 61 41 0·35 62 42 56 38 46 31 0·15 49 33 57 38 58 39 0·49
No 283 63 100 67 95 64 88 59 87 58 93 62 103 69 100 67 92 62 91 61

Drug use‡
Yes 37 8 16 11 11 7 10 7 16 11 6 4 15 10 12 8 15 10 10 7
No 410 92 133 89 138 93 139 93 0·4 133 89 143 96 134 90 0·06 137 92 134 90 139 93 0·57

Marital status
Married 273 61 91 61 93 62 89 60 0·45 93 62 83 56 97 65 0·05 92 62 90 60 91 61 0·71
Single/Divorced 174 39 88 12 56 38 60 40 87 38 66 44 52 35 87 38 89 40 88 39

Body image
Yes 306 68 93 62 109 73 104 70 0·12 92 62 107 72 107 72 0·09 98 66 98 66 110 74 0·22
No 141 32 56 38 40 27 45 30 57 38 42 28 42 28 51 34 51 34 39 26

Family history of chronic diseases
Yes 230 51 70 47 77 52 83 56 0·32 75 50 79 53 76 51 0·89 76 51 76 51 78 52 0·96
No 217 49 79 53 72 48 66 44 74 50 70 47 73 49 73 49 73 49 71 48

Socio-economic status
Weak 174 39 63 42 59 40 52 35 0·74 65 44 54 36 55 37 0·56 59 40 54 36 61 41 0·26
Moderate 117 26 38 26 39 26 40 27 39 26 41 28 37 25 46 31 40 27 31 21
Strong 156 35 48 32 51 34 57 38 45 30 54 36 57 38 44 30 55 37 57 38
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Table 1 Continued

Vitamin B6 (mg/d) Vitamin B9 (μg/d) Vitamin B12 (μg/d)

<1·21
1·21–
1·47 >1·47 <286·71

286·71–
354·80 >354·80 <3·66 3·66–4·90 >4·90

n 447 n 149 n 149 n 149 n 149 n 149 n 149 n 149 n 149 n 149

Variables n % n % n % n % P value* n % n % n % P value* n % n % n % P value*

Depression
Yes 137 31 60 40 42 28 35 23 0·005 54 36 49 33 34 23 0·03 37 25 50 34 50 34 0·16
No 310 69 89 60 107 72 114 77 95 64 100 67 115 77 112 75 99 66 99 66

Anxiety
Yes 145 32 64 43 42 28 39 26 0·003 62 42 48 32 35 23 0·004 47 32 45 30 53 36 0·58
No 302 68 85 57 107 72 110 74 87 58 101 68 114 77 102 68 104 70 96 64

Psychological distress
Yes 157 35 63 42 49 33 45 30 0·07 65 44 50 34 42 28 0·01 46 31 51 34 60 40 0·22
No 290 65 86 58 100 57 104 70 84 56 99 66 107 72 103 69 98 66 89 60

*ANOVA was calculated for continuous variables and the χ2 test for categorical variables.
†Multivitamin and mineral supplements, n-3, vitamin D, and vitamin B supplements.
‡Gastrointestinal medications.

Table 2 Energy-adjusted dietary intake across tertiles of energy-adjusted dietary B-vitamins among Iranian women*,†,‡

Vitamin B6 (mg/d) Vitamin B9 (μg/d) Vitamin B12 (μg/d)

<1·21 1·21–1·47 >1·47 <286·71 286·71–354·80 >354·80 <3·66 3·66–4·90 >4·90

n 149 n 149 n 149 n 149 n 149 n 149 n 149 n 149 n 149

Variables Mean SD or SE Mean SD or SE Mean SD or SE P value§ Mean SD or SE Mean SD or SE Mean SD or SE P value§ Mean SD or SE Mean SD or SE Mean SD or SE P value§

Nutrients
Energy (kcal/d) 2219·05 602·72 1980·06 524·06 2178·07 605·98 0·001 2215·32 619·42 1971·57 531·48 2190·29 579·36 0·0001 2319·68 615·11 1924·23 503·83 2133·28 571·85 0·0001
Proteins (g/d) 74·53 1·26 77·88 1·27 79·32 1·26 0·02 73·59 1·25 77·89 1·26 80·25 1·25 0·001 68·81 1·18 78·42 1·18 84·50 1·15 0·0001
Carbohydrates (g/d) 294·01 2·75 295·91 2·77 300·86 2·74 0·19 292·65 2·74 296·16 2·76 301·97 2·74 0·05 304·19 2·75 298·29 2·75 288·30 2·69 0·0001
Fat (g/d) 78·43 1·13 77·78 1·14 76·74 1·13 0·56 79·55 1·12 78·88 1·12 74·50 1·11 0·003 78·59 1·15 76·36 1·15 77·99 1·12 0·38
Fibre (g/d) 16·14 0·35 17·86 0·35 19·35 0·35 0·0001 15·93 0·32 16·68 0·33 20·74 0·32 0·0001 17·97 0·37 17·99 0·37 17·38 0·37 0·41
n-3 Fatty acids (g/d) 0·19 0·008 0·20 0·008 0·18 0·008 0·06 0·19 0·008 0·19 0·008 0·19 0·008 0·85 0·17 0·008 0·19 0·008 0·21 0·008 0·02
Mg (g/d) 251·17 3·84 277·51 3·86 301·56 3·82 0·0001 239·02 3·29 275·23 3·32 315·97 3·29 0·0001 261·21 4·14 278·86 4·15 290·15 4·06 0·0001

Food groups
Grains (g/d) 396·44 9·03 364·47 9·09 334·06 9·06 0·0001 387·84 9·12 367·77 9·20 339·36 9·11 0·001 372·09 9·38 370·91 9·40 351·97 9·20 0·22
Fruits (g/d) 282·33 12·06 346·47 12·13 375·73 12·02 0·0001 311·57 12·33 326·54 12·42 366·42 12·30 0·005 355·53 12·53 344·62 12·55 304·38 12·29 0·009
Vegetables (g/d) 291·44 10·17 346·79 10·23 407·75 10·13 0·0001 285·99 9·61 326·89 9·69 433·10 9·60 0·0001 336·81 11·04 351·38 11·05 357·79 10·83 0·38
Meat (g/d) 72·75 3·80 80·38 3·83 76·03 3·79 0·37 79·48 3·81 74·16 3·84 75·51 3·80 0·59 59·98 3·73 78·75 3·73 90·42 3·66 0·0001
Dairy products (g/d) 513·98 18·27 492·00 18·38 487·74 18·22 0·55 482·22 18·26 498·06 18·40 513·44 18·22 0·47 388·83 17·23 512·58 17·25 592·32 16·90 0·0001

*Mean ± SD (only energy intake).
†Mean ± SE (other variables).
‡All the variables, except energy, were adjusted for energy intake.
§Calculated using ANOVA for energy intake and multivariate ANCOVA with Bonferroni correction for other dietary variables.
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(Pvalue= 0·0001), n-3 (Pvalue= 0·02), Mg (Pvalue= 0·0001),
meats (Pvalue= 0·0001) and dairy products (Pvalue=
0·0001). However, they had lower intakes of energy
(Pvalue= 0·0001), carbohydrates (Pvalue= 0·0001) and
fruits (Pvalue= 0·009).

OR and 95 % CI for depression, anxiety and psychological
distress by tertile of dietary B-vitamin intake are pro-
vided in Table 3.

Vitamin B6: A significant inverse association was
observed between vitamin B6 intake and depression
(OR: 0·54; 95 %CI: 0·31, 0·95; Ptrend: 0·03), but not for
anxiety (OR: 0·67; 95 %CI: 0·38, 1·16; Ptrend: 0·14) or
psychological distress (OR: 0·76; 95 %CI: 0·44, 1·31;
Ptrend: 0·32).

Vitamin B9: No association was found between dietary
intake of folate with depression (OR: 0·80; 95 %CI:
0·40, 1·60; Ptrend: 0·56), anxiety (OR: 0·76; 95 %CI:
0·38, 1·50; Ptrend: 0·42) or psychological distress (OR:
0·84; 95 %CI: 0·44, 1·63; Ptrend: 0·57).

Vitamin B12: A positive association was found between
dietary vitamin B12 intake with odds of depression
(OR: 2·05; 95 % CI: 1·17, 3·60; Ptrend: 0·01) and psycho-
logical distress (OR: 2·00; 95 % CI: 1·17, 3·41; Ptrend:
0·01), but not for anxiety (OR: 1·62; 95 %CI: 0·94, 2·79;
Ptrend: 0·07).

Discussion

Dietary pyridoxine intake was inversely associated with
depression, but not anxiety and psychological distress.
However, higher cobalamin intake was associated with
greater odds of depression and psychological distress.
No relationship was found between dietary vitamin B9 with
any of the psychological disorders studied. To the best of
our knowledge, this is the first study to investigate the asso-
ciation between dietary B-vitamin intake and anxiety and
psychological distress specifically in women.

Given that B-vitamins are essential for every aspect of
normal brain function and that there are less than optimal
levels of B-vitamins in many populations worldwide(39),
we decided to focus on them in this study. There are also
several reasons why we chose the subset of B6, B9 and
B12 vitamins. The main driver of this decision was based
on the ‘homocysteine hypothesis’. Biochemically, vita-
mins B6, B9 and B12 are involved in the metabolism of
adenosyl methionine and methionine which are essential
compounds for the production of neurotransmitters in the
brain(16). Lower intake of these vitamins can result in homo-
cysteine accumulation that can adversely affect vascular sys-
tems and subsequently increase the risk of depression(40,41).
Second, vitamin B12 deficiency is among the most prevalent
nutrient deficiencies(42). Third, vitamins B6, B9 and B12 have
limited dietary sources and are more likely to be deficient
compared with other B-vitamins(39). T
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We found a significant inverse association between
vitamin B6 intake and depression. In line with this finding,
in the Quebec Longitudinal Study, dietary intake of vitamin
B6 (>1·71 v.<1·33mg/d)was negatively associatedwith risk
of depression among Canadian elderly women (n 691)(43).
Moreover, a prospective study showed an inverse relation-
ship between vitamin B6 intake (from both diet þ supple-
ments: 2·4–207 v. 0·6–1·6 mg/d) and depression among
US elderly (n 3503)(44). In that study, for every additional
10mg/d of vitamin B6 intake, the risk of depression reduced
by about 2 %(44). In contrast, no association was found
between dietary vitamin B6 intake (men: 0·78 v. 0·47mg/
1000 kcal; women: 0·92 v. 0·66mg/1000 kcal) and depres-
sion among Japanese adults (men: 309, women: 208;
21–67 years old)(45). Moreover, there was no association
between vitamin B6 intake (>1·70 v. <1·46mg/d) and
depression among elderly Dutch men (n 332)(46). In
addition, a Finnish prospective study did not show any
association between dietary vitamin B6 intake (2·1–4·4 v.
0·3–1·7 mg/d) and psychological disorders among adult
men (n 2682)(25). A systematic review indicated no treatment
effect of vitamin B6 for depression, except for hormone-
related depression in premenopausal women(47).

Various explanations may explain inconsistent findings
across studies. First, some studies neglected to account
for some confounding variables that are related to psycho-
logical disorders, such as satisfaction with body image,
the average amount of time dedicated to sleeping and
activities outside home, important dietary elements (fibre
and n-3)(43–46,48), smoking(43,46) and physical activity(48).
Second, variability exists in fruit and vegetable consump-
tion (as a rich source of B-vitamins) in different age groups
across the globe(49). Low fruit and vegetable consumption
is more prevalent among the elderly(50). Third, studies used
different methods to estimate dietary intake and tomeasure
psychological status. Fourth, gender differences could be
another explanation since gonadal steroids can influence
mood state (51,52) and the accuracy of dietary assessment
differs by gender. Men and women also differ in terms of
actual food choices(53,54), precision of reported dietary
intakes(55) and even self-reported preferences for foods(56).
Fifth, genetic variation may play a role, as people with a
specific genetic make-up might be particularly sensitive
to low levels of B-vitamins(57,58).

In the current study, we observed a positive association
between dietary vitamin B12 intake with depression and
psychological distress, but not anxiety. By contrast, a
cross-sectional study by Sanchez-Villegas et al. observed
an inverse association between dietary vitamin B12 intake
(15·7 v. 5·2 μg/d) and the prevalence of depression among
Spanish women (n 5459)(16). A prospective study of British
women indicated an inverse association between dietary
vitamin B12 (5·48 μg/d) and psychological distress(59).
The study by Skarupski et al. found that every additional
10 μg of vitamin B12 (from diet þ supplement) was associ-
ated with 2 % reduced risk of depression among US elderly

annually(44). A prospective study (with 3 years of follow-
up) among Canadian elderly showed thatmen in the lowest
tertile of dietary B12 intake (<3·16 μg/d v. >4·79) had
greater risk of depression(43). Moreover, a few studies have
reported null associations. For instance, no association
was found between dietary cobalamin intake (men: 7 v.
2·6; women: 7·2 v. 3·8 μg/1000 kcal) and depression among
Japanese adults (men: 309, women: 208; 21–67 years
old)(45). A cross-sectional study by Tolmunen et al. also
showed no association between dietary cobalamin intake
(8·7–136 v. 2·2–5·9 μg/d) and depression among Finnish
men (n 2682; 42–60 years old)(48).

Incompatible results across studies could be due to vari-
ous reasons. First, dietary patterns are not uniform across
different cultures. To be more exact, the null finding in
Tolmunen et al.’s study might be due to the fact that animal
products such as meat and dairy (a rich source of cobala-
min) play a prominent role in traditional Finnish dishes(48).
In a cohort study, about 99 % of Finnish participants
received the Recommended Dietary Allowance (RDA) of
cobalamin(48). Second, another factor affecting this associ-
ation could be poor absorption of cobalamin, particularly in
older people(60), since most of the studies that reported a
negative association between cobalamin and psychologi-
cal disorders have been conducted in the elderly(43,44). A
third reason relates to the use of different methods to define
and assess psychological disorders (16,43–45,48). Dietary
intake of vitamin B12 was above the RDA among partici-
pants in our study (mean: 4·58 μg/d). Therefore, consump-
tion of foods that are rich in B12 such as meats and dairy
products aswell as better absorption in younger age groups
might explain why we observed positive associations
between this vitamin and psychological disorders in our
population.

We found no relationship between dietary folate intake
and psychological disorders. In line with our findings,
the Chicago Health and Aging Project showed no associa-
tions between total folate intake (diet þ supplement:
397–1731 v. 63–263 μg/d) and depression among 3503
US elderly (aged >65 years old)(44). Moreover, a prospec-
tive study of elderly Dutch men revealed no relationship
between dietary folate intake (>194 v. <15 μg/d) and
depressive symptoms(46). Null findings in these studies
could be explained in several ways. First, the prevalence
of folate deficiency has fallen in the US population (16 to
1 % since 1998) due to folic acid fortification(61).
Second, the association between dietary folate intake
and psychological disorders might weaken as people
advance in age. In support of the later idea, two studies
showed a positive link between low plasma folate level
and depression in middle-aged samples(62,63), while two
other studies did not find such association in the
elderly(64,65). Although one study reported an inverse
association between folate status and depression in the
elderly, this finding appeared to be mainly due to CVD
and comorbidities(66).
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By contrast, a cross-sectional study by Tolmunen et al.,
conducted with Finish adults (n 2682 men; 42–60 years
old), revealed that participants in the lowest tertile of folate
intake (45·4–226 μg/d) had about 65 % greater risk of hav-
ing depression than those in the highest tertile (269·3–
587·5 μg/d)(48). Two studies conducted on Spanish(16)

and Japanese(45) adults showed associations only in men
(but not women). The cross-sectional study by Sanchez-
Villegas et al. found an inverse association between dietary
folate intake (569·4 v. 231·9 μg/d) and the prevalence of
depression among Spanish men (n 4211), but not
women(16). Moreover, Murakami et al. showed that folate
intake (235 v. 119 μg/1000 kcal) was associated with lower
depression among Japanese men (n 309), but not
women(45). In these two studies, higher intake of folate
in Spanish (618·50 v. 332·20 μg/d) and Japanese women
(292 v. 155 μg/1000 kcal) might explain null findings in
females compared to males(16,45).

These findings may suggest that even very low amounts
of folate can aggravate psychological disorders. In support
of this hypothesis, in the aforementioned Finnish study by
Tolmunen et al., the inverse association between dietary
folate intake and depression might be due to the fact that
only 24 % of the participants received the recommended
daily amount of folate in Finland (300 mg/d)(48). A higher
prevalence of psychological disorders has been observed
in countries where folate fortification was not compulsory,
at least during the study, for instance, Japan(67), France(68),
Finland(25), Norway(69), Greece(70), Singapore(71) and
Australia before 2009(40). However, once a satisfactory level
is achieved, further increases in the amount of folate might
not result in greater reductions in the risk of mental disor-
ders. In support of this idea, the study by Sanchez-Villegas
et al. found that the estimated odds of depression in the
fifth quintile (OR: 1·01; median of folate: 569·4) of folate
intake was not the lowest, but was higher than that of
the third (OR: 0·77; median of folate: 361·7) and fourth
quintiles (OR: 0·72; median of folate: 429·7)(16).

The inverse association between dietary B-vitamin
intake and psychological disorders can be understood
through different mechanisms. Pyridoxine and cobalamin
act as cofactors in the conversion of homocysteine to cys-
teine and methionine, respectively(16). Additionally, methyl
folate is needed for the conversion of homocysteine
to methionine as well(16). Methionine is a precursor of
S-adenosylmethionine which is responsible for methyla-
tion reactions in the production of neurotransmitters, mem-
brane phospholipids and nucleic acids(72). Therefore,
inadequate dietary intake of B-vitamins might lead to a
reduction in the production of monoamines in the brain
and accumulation of homocysteine in the body, which
are both likely to contribute to the development of
mental disorders(41,73). The accumulation of metabolites
of homocysteine (such as cysteine sulphinic acid
and homocysteinic acid) might have a large impact on

psychological disorders through different pathways. First,
they might inhibit one-carbon methylation reactions by
S-adenosylmethionine(74). Second, they can negatively
affect N-methyl-D-aspartate glutamate receptors in the
central nervous system(74). Third, they might have negative
vascular effects(75).

There were several reasons why we prioritised studying
women. First, the WHO has indicated women’s health to
be an urgent priority and has noted that research on
women is still limited and often unreliable. Second, accord-
ing to international(3) and national(4) statistics, the preva-
lence of depression is much higher among women than
men. Third, the overall mental health of women of repro-
ductive age is also important because it may affect their
fertility(76).

To the best of our knowledge, this is the first study that
investigates the relationship between dietary B-vitamin
intake and psychological disorders – anxiety and psycho-
logical distress – among women. Previous epidemiological
studies differ in the extent to which confounding variables
were controlled. The present study went beyond that of
most other studies that have been conducted on the asso-
ciation between B-vitamins and psychological disorders by
controlling for important dietary factors (fibre and n-3),
body image, number of hours spent sleeping and spent out-
side the home.

Several limitations should be considered when inter-
preting the current findings. First, we were unable to assess
causality due to the cross-sectional nature of this study.
Therefore, we recommend future prospective studies
be carried out to understand the casual link between
B-vitamins intake and psychological disorders. Second,
psychological disorders can affect food consumption in
favour of high-energy and energy-dense diets rather than
nutrient-dense diets(77). Therefore, lower dietary intake of
B-vitamins, which is a feature of energy-dense diet, might
be a consequence rather than a cause of depression.
Although such plausible sources of bias are difficult to rule
out when using a cross-sectional design, participants with a
previous psychiatric disorders and depressive symptoms
were excluded from our study at baseline. Apart from this,
energy intake was adjusted; therefore, reverse causality is
unlikely. Third, due to high within-person variation and
rates of turnover regarding dietary B-vitamin intake, a valid
and reliable FFQ corresponding to the last 12 months was
used to measure dietary intake. However, the closed-end
nature of the questionnaire could increase the possibility
of under- and over-reporting, leading to misclassification.
Fourth, due to the aforementioned within-person variation,
it would have been better to assess blood levels of B-
vitamins to support our findings. Still, dietary intake of
folate and cobalamin has been shown to be positively
correlatedwith serum levels since they can be storedwithin
body(78,79). Fifth, although homocysteine serum level was
mentioned as a possible mechanism through which low
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levels of B-vitaminsmight increase the risk of psychological
disorders; however, we did not evaluate if homocysteine
performed as a mediator in our study Sixth, the study pop-
ulation was restricted to women; however, such findings
may be different among men.

Conclusion

Dietary pyridoxine intake was inversely associated with
depression, but not anxiety or psychological distress.
However, dietary cobalamin intake was associated with
higher odds of depression and psychological distress.
No relationship was found between dietary vitamin B9

intake with any of the psychological disorders studied.
We recommend that future prospective studies in different
populations are conducted to clarify whether B-vitamin
deficiency is a cause or consequence of psychological
disorders.
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