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Abstract

Background: Amongst the contributing factors of depression, vitamin D deficiency has increasingly drawn attention
in recent years. This paper seeks to examine the association between serum vitamin D level and depression in patients
with obesity.

Methods: In this comparative observational study, serum 25-hydroxyvitamin D [25(OH)D] levels were compared
between obese individuals with depression (n = 174) and those without depression considering the effect of potential
confounders. Participants were selected from males and females aged 18 to 60 years old visiting the outpatient obesity
clinic of Rasoul-e Akram hospital, Tehran, Iran. The diagnosis of depressive disorder was made based on the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) criteria. Additional clinical and laboratory data were collected from
hospital electronic records. Mann–Whitney U test (nonparametric), Student’s t-test (parametric), and Chi-squared test
were used to analyze the differences between the two groups. To examine age and gender differences in the
relationship between vitamin D deficiency and depression, stratified analyses were conducted by age and gender
groups.

Results: The mean 25(OH) D levels were significantly different between depressed and non-depressed groups (20 ± 15
vs. 27 ± 13, P < 0.001). Vitamin D insufficiency/deficiency was detected in 78 and 67% of the depressed and non-
depressed groups, respectively, which was significantly different (P = 0.03). The associations between depression and
the serum 25(OH) D levels were observed regardless of gender and age. The overall average vitamin D levels were not
significantly different between total males and females (22 ± 13 vs. 23 ± 14, P = 0.49). The average level of vitamin D
was higher in the older age group (40–60 years) compared to younger participants (18–39 years) (26 ± 15 vs. 21 ± 13,
P = 0.004).

Conclusion: The present study provides additional evidence for the hypothesis that low vitamin D serum
concentration is associated with depression in obese adults, and highlights the need for further research to
determine whether this association is causal.
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Introduction
Obesity is increasingly recognized as a serious public
health concern. More than 650 million people throughout
the world suffer from overweight and obesity [1]. There is
strong evidence to suggest that obesity is conjoint with
several mental and physical problems [2]. Depression is
one of the most prevalent psychiatric disorders reported
in the obese population contributing to significant disabil-
ity, mortality, and healthcare costs [3]. The exact mecha-
nisms linking depression and obesity have not been
established. Studies have shown multiplex interactions be-
tween biological, psychological, and environmental factors
giving rise to the association between obesity and depres-
sion [4]. Amongst the contributing factors of depression,
vitamin D deficiency has increasingly drawn attention in
recent years [5].
Vitamin D, also known as cholecalciferol, is a unique

neuro-steroid hormone that is vital for numerous brain func-
tions. This hormone binds to receptors in numerous brain
regions including the hippocampus and cingulate cortex,
which are involved in the pathogenesis of depression and
other mental illnesses [6]. Many clinical studies have found
depression, anxiety and cognitive impairment to be associ-
ated with low serum levels of 25-hydroxyvitamin D
[25(OH)D], which is the major circulating form of vitamin
D, in average weight people [5–7]. Recent research has also
provided evidence for antidepressant properties of vitamin D
supplementation [8, 9].
Strong evidence of aberrations in the vitamin D-

endocrine system as well as low serum 25(OH) D levels
have been seen in obese individuals [10, 11]. It has been
demonstrated that vitamin D deficiency is 35% more
likely in obese people compared to healthy-weight sub-
jects [12]. Volumetric dilution of Vitamin D is the most
plausible mechanism of low 25(OH) D in individuals
with obesity [11]. Alternative mechanisms for lower
25(OH) D concentrations in patients with obesity in-
clude lower dietary consumption, decreased dermal syn-
thesis, reduced intestinal absorption, altered metabolism,
as well as less sunlight exposure due to lower physical
activity [13].
Despite a biologically potential role of vitamin D in

the development of depression, very few studies have
investigated this association in overweight and obese
subjects, with conflicting findings. While two studies
indicated the benefits of vitamin D supplementation
on depressive symptoms in obese adults [14, 15], a
recent randomized trial presented contradictory re-
sults [16].
The discrepancy among these results has given rise to

the need for further research. In this regard, this study
seeks to examine the association between serum vitamin
D level and depression in obese patients.

Methods
Study design
This comparative observational study was conducted at
Rasoul-e Akram hospital, an Iran University of Medical
Sciences affiliate located in Tehran, Iran.

Study participants
The study population consisted of males and females
aged 18 to 60 years old visiting out-patient obesity clinic
from April 2019 to October 2020. The participants were
selected using convenience sampling. Based on the pres-
ence or absence of depressive symptoms, participants
were categorized into two separate groups. The diagno-
sis of depressive disorder was made by expert psychia-
trists using the Structured Clinical Interview for the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) (SCID-5) [17]. All participants had docu-
mented serum 25-hydroxyvitamin D, thyroid-stimulating
hormone (TSH), fasting blood sugar (FBS), and parathy-
roid hormone (PTH) levels from their screening labora-
tory tests performed in the obesity clinic within 2 weeks
before study enrollment. Additional clinical, anthropo-
metric, and demographic data were collected from hos-
pital electronic records. Eligibility criteria required
patients to have a body mass index (BMI), calculated as
weight/height2 (kg/m2), greater than or equal to 30 kg/
m2, normal TSH, normal FBS, normal PTH level, no his-
tory of sleep apnea, neither past nor present substance
use, no history of calcium supplement or vitamin D use
for at least 1 month before study enrollment. Additional
criteria for the non-depressed group included: not meet-
ing criteria for another mental disorder and no history
of psychiatric medication use. Patients with recent ill-
nesses or incomplete medical records were excluded
from the study.

Measurements
All laboratory evaluations were performed in the morn-
ing after an overnight fast using reliable assays. The
serum 25(OH) D measurements were classified accord-
ing to definitions established by the Endocrine Society:
30–100 ng/ml was considered normal, with insufficient
25(OH) D levels or hypovitaminosis D sub-grouped into
two: vitamin D insufficiency (20–29 ng/ml) and vitamin
D deficiency (< 20 ng/ml) [18]. Considered laboratory
reference ranges for other biochemical parameters were:
TSH (0.35–5.50 mIU/L), FBS (< 100mg/dl), and PTH
(0–55 pg/mL).

Statistical analysis
Categorical data were expressed as counts and percent-
ages. Continuous variables were presented as mean and
standard deviation (SD). The Statistical Package for Social
Sciences, version 22 was used for all statistical analyses
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(SPSS Inc., Chicago, IL, USA). The normal distribution of
the variables was examined using Kolmogorov- Smirnov
test. Mann–Whitney U test (nonparametric), Student’s t-
test (parametric), and Chi-squared test were used to
analyze the differences between two groups. To examine
age and gender differences in the relationship between
vitamin D deficiency and depression, stratified analyses
were conducted by age and gender groups. A p-value of <
0.05 was considered statistically significant.

Results
A total of 174 depressed patients and 173 non-depressed
individuals were studied. The baseline characteristics of
the participants are summarized in Table 1. Statistically
significant differences were observed among the two
groups in terms of the ratio of females to males
(P < 0.001) and age (P < 0 .001), i.e., the depressed group
had a significantly higher proportion of females (92% vs.
75%) and a higher mean age than the non-depressed
group (42 ± 10 vs. 37 ± 10). Moreover, vitamin D insuffi-
ciency/deficiency was detected in 77 and 67% of the de-
pressed and non-depressed groups, respectively, which
was significantly different (P = 0.03). The mean BMI was
not significantly different between the groups (P = 0.05).
The mean vitamin D levels were not significantly different
between males and females (22 ± 13 vs 23 ± 14, P = 0.49).
As can be seen from Table 2, the average vitamin D

levels were significantly different between the depressed
and non-depressed groups (20 ± 15 vs. 27 ± 13,
P < 0.001). Moreover, the results obtained from separate
analyses on variable levels of gender, showed that the
mean vitamin D level for the depressed men was signifi-
cantly lower than non-depressed men (17 ± 14 vs. 24 ±
12, P = 0.01). Similarly, depressed women had a notably
lower mean vitamin D level compared to non-depressed
women (21 ± 16 vs. 27 ± 13, P < 0.001). Therefore, the
association between depression and the serum 25(OH)
D levels was observed regardless of gender.
As shown in Table 2, the mean serum vitamin D levels

appear to be generally lower in men participating in this

study compared to women. Nonetheless, these differ-
ences were not statistically significant. In other words,
the mean vitamin D level in depressed men did not dif-
fer significantly from depressed women (17 ± 14 vs. 21 ±
16, P = 0.28). Likewise, the mean vitamin D level in non-
depressed men did not differ significantly from non-
depressed women (24 ± 12 vs. 27 ± 13, P = 0.10). The
overall average vitamin D levels were also not signifi-
cantly different between total males and females (22 ± 13
vs 23 ± 14, P = 0.49).
Regarding age groups, our finding revealed that the

mean vitamin D level for the depressed participants aged
18–39 years was significantly lower than that of non-
depressed aged 18–39 years (16 ± 13 vs. 25 ± 12, P <
0.001). In the same way, depressed participants aged 40–
60 years had a notably lower mean vitamin D level com-
pared to non-depressed aged 40–60 (23 ± 16 vs. 29 ± 14,
P = 0.03). Therefore, the association between depression
and the serum 25(OH) D levels was observed regardless
of age. The overall average vitamin D levels were also
significantly different between age groups 18–39 and
40–60 (21 ± 13 vs 26 ± 15, P = 0.004).

Discussion
The findings of the present study revealed that there is
an association between low serum 25(OH) D levels and
incident depression in obese patients. The relation be-
tween low levels of vitamin D and depression was
already established in normal-weight individuals by past
research [5–7]. However, relatively few studies have eval-
uated this relationship in obese adults, and results have
been mixed. Consistent with our findings Jorde et al.
[15] and Milaneschi et al. [4] found that a low serum
level of vitamin D is a risk factor for depression and sug-
gested that BMI plays an important mediating role in
the association between vitamin D and depression. In
the same vein, Irandoust et al. [14] demonstrated that
both vitamin D supplementation and physical activity
have a beneficial impact on depressive symptoms in
obese females. Penckofer et al. [19] yielded comparable
results in their study on women with type 2 diabetes.
They demonstrated that vitamin D supplementation sig-
nificantly ameliorated depression in the patients.
Multiple mechanisms are involved in the interaction be-

tween vitamin D deficiency, obesity, and depression. It has
been proposed that an inverse relationship exists between
vitamin D serum levels and BMI [20]. As was pointed out
in the introduction to this paper, low serum 25(OH) D in
obese patients can occur for many reasons including in-
sufficient vitamin D consumption, increased fat or muscle
mass, genotype variation in vitamin D binding proteins or
enzymes responsible for vitamin D metabolism [11, 13].
On the other hand, vitamin D deficiency can increase the
risk of developing depression, through several biological

Table 1 Baseline characteristics of the participants

Characteristic Depressed
N = 174

Non-depressed
N = 173

P value

Age (years) 42 ± 10 37 ± 10 < 0.001

18–39 years, n (%) 72 (40%) 111 (60%)

40–60 years, n (%) 102 (62%) 62 (38%)

Female, n (%) 160 (92%) 130 (75%) < 0.001

BMI (Kg/m2) 42 ± 7 43 ± 7 0.05

Vitamin D status, n (%)

Normal 39 (22%) 56 (32%) 0.03

Insufficient/Deficient 135 (77%) 117 (67%)
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pathways including effects on immunomodulation, regula-
tion of intracellular calcium stores, cellular signaling,
modulation of the hypothalamic-pituitary-adrenal axis,
intracellular calcium homeostasis, and production of neu-
rotransmitters [6, 21]. Moreover, both obesity and vitamin
D deficiency lead to chronic low-grade inflammation,
which has been suggested to contribute to the develop-
ment of depression [11, 22]. At last, it is also possible that
PTH levels contribute to the relation between vitamin D,
BMI, and depression. Recent evidence suggests that both
obesity and low vitamin D levels are accompanied by sig-
nificantly higher PTH levels, and high PTH levels are re-
lated to depression [4].
Indeed, the possibility of reverse causality should also

be noted. In other words, certain features associated
with depression and obesity might have limited the vita-
min D sources and increased the risk of vitamin D defi-
ciency in the depressed participants of this study, as
compared with the non-depressed group. For example,
depressed individuals with obesity may avoid outdoor
activity and sunlight exposure for long periods due to
body image concerns, social withdrawal, anhedonia, par-
ticular personality traits, and pathological fatigue [6, 23].
Furthermore, poor quality diet and metabolic derange-
ments associated with obesity and depression can in-
crease the demand for vitamin D (for restoring calcium
homeostasis) and heighten the risk of vitamin D defi-
ciency [24].
However, more recently, literature has emerged that

offers contradictory findings on these associations. In
contrast to the mentioned studies, in a randomized con-
trolled study, Mousa et al. [16] showed that depressive
symptoms in obese individuals were not associated with
25(OH) D concentrations, nor did improve by Vit D
supplementation. Similarly, a recent clinical interven-
tional cohort study revealed that vitamin D supplemen-
tation for 6 months had no significant impact on
depressive symptoms, but could improve anxiety symp-
toms in depressed patients with vitamin D deficiency.
The authors suggested that BMI is an important

mediating factor between low serum 25(OH) D and anx-
iety symptoms [25].
Different findings may be attributed to the differences

in the study population (different races, gender, and age
groups), diverse methodology (different vitamin D sup-
plementation doses and duration), and different baseline
levels of serum 25(OH) D concentrations. Moreover, the
mentioned studies applied self-reported psychiatric rat-
ing scales for evaluation of depression rather than a
clinician-rated assessment and therefore were prone to
multiple potential biases. In addition, some of the previ-
ous studies did not adjust for potential confounders,
such as thyroid dysfunction, comorbid diabetes mellitus,
sleep apnea, low physical activity, and substance use that
may play a role in developing depression in the obese
population [26].
As mentioned before, in this study depressed patients

had significantly lower mean vitamin D levels than the
non-depressed group; however, the distribution of gender
groups in our study was quite imbalanced (overrepresen-
tation of women). Considering biological and psychosocial
differences between males and females, we also examined
the relationship between vitamin D status and depression
in men and women separately. In both genders, the mean
vitamin D levels were significantly lower in the depressed
group compared to nondepressed individuals. The finding
is in the lines of earlier literature that found no significant
interaction effect of gender on the association between
vitamin D status and depression [6, 27]. Furthermore, in
this study, the average vitamin D levels were not signifi-
cantly different between male and female participants;
however, it ought to be remarked that among the mor-
bidly obese females, the risk of developing depression re-
lated to vitamin D deficiency could be higher than males
owing to some psychosocial variables such as
stigmatization, discrimination, poor self-esteem, social ex-
pectations, and gender-role attitudes resulting in further
reduction of natural sources of vitamin D [28–30]. The re-
sults further demonstrated that vitamin D deficiency was
associated with depression in both age groups. This

Table 2 Relationship between depression and the serum 25-hydroxyvitamin D levels totally and by Gender and Age

Non-Depressed Depressed P-value

Vitamin D Vitamin D

Mean Standard Deviation Mean Standard Deviation

Total 27 13 20 15 < 0.001

Gender

Male 24 12 17 14 0.01

Female 27 13 21 16 < 0.001

Age

18–39 25 12 16 13 < 0.001

40–60 29 14 23 16 0.03
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association appeared to be even more robust in younger
participants. A similar pattern of results has been obtained
in other studies investigating the associations between
vitamin D levels and depression across different age
groups [6, 31, 32]. One unanticipated finding was that the
average level of vitamin D was higher in the older age
group compared to younger participants. Previous re-
search has suggested that aging may contribute to vitamin
D deficiency through several mechanisms including re-
duced renal production of 1,25(OH)2D, decreased skin
production of vitamin D, and substrate deficiency of vita-
min D [33]. It seems possible that our results are due to
dietary supplement use which is common in older adults
in Iran [32].
Several limitations to this study need to be acknowl-

edged. First, the sample size was relatively small. There-
fore, larger studies will be needed to confirm our
observations. Second, the depressed and non-depressed
groups were not matched based on age, gender, and sea-
son of collecting vitamin D. Recent evidence suggests
that the circulating levels of 25(OH) D can be affected
by acute illness, diurnal rhythm, and season of blood
draw [34, 35]. However, it is noteworthy that partici-
pants were selected from the same hospital catchment
area, and therefore had similar socioeconomic status.
The key strength of this study is the exclusion of several
potential confounders such as thyroid dysfunction, co-
morbid diabetes, hyperparathyroidism, and substance
use which were not addressed by previous studies.
Moreover, in the present study, the diagnosis of depres-
sion was based on standardized semi-structured inter-
views by expert psychiatrists rather than self-report
rating scales.

Conclusions
In summary, the present study provides additional evi-
dence for the hypothesis that low vitamin D serum con-
centration is associated with depression in obese adults,
and highlights the need for further research to find out
whether this association is causal.
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