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ABSTRACT
Although vitamin D deficiency is known to be a risk factor for some
psychological disorders, there have been few studies on the effects of
vitamin D supplementation on their symptoms. Depression and aggres-
sion are common mental disorders and are associated with disability
and disease burden. We aimed to evaluate the effectiveness of high-
dose vitamin D supplementation on depression and aggression scores
in adolescent girls. Nine hundred forty adolescent girls received vitamin
D3 at a dose of 50,000 IU/week for 9 weeks. Anthropometric parame-
ters and blood pressure were measured using standard protocols at the
baseline and at the end of the study. Depression score was evaluated
using the Beck Depression Inventory–II and aggression was evaluated
using the Buss-Perry Aggression Questionnaire at baseline and at the
end of the study. Comparison among the four categories of depression
score (normal, mild, moderate, and severe) revealed no significant differ-
ences in demographic and anthropometric parameters at baseline. After
9 weeks of vitamin D supplementation, there was a significant reduc-
tion on mild, moderate, and severe depression score. However, vita-
min D supplementation had no significant effect on aggression score.
Our results suggest that supplementation with vitamin D may improve
depressive symptoms among adolescent girls, as assessed by question-
naire, but not aggression score. Formal, larger, randomized controlled
studies are required to confirm this effect on cases with different degrees
of depression.
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Introduction

Depression and aggression are both common and important psychological disorders in the
general population worldwide (Lopez, 2005). The prevalence of depression is comparatively
low in childhood, but biological and social alterations through the course of adolescence may
lead to a rise in its prevalence (Hankin et al., 1998; Lewinsohn et al., 1999). The high preva-
lence of violence and aggression among Iranian youth and adolescents is considered a warn-
ing sign to the social system. These disorders are also known to increase further during the
pubertal transition and during pregnancy among adolescent girls (Ryan, Milis, & Misri, 2005).
These problems among adolescents are a major cause of educational disruption and social
problems such as substance misuse and suicide (Fletcher, 2010; Keenan-Miller, Hammen, &
Brennan, 2007). The etiology of these mood disorders is multifactorial and involves com-
plex interactions among genetic, biological, and environmental factors (Krishnan & Nestler,
2010). One potentially important environmental factor contributing to susceptibility is nutri-
tional status. Various studies have demonstrated that nutritional insufficiency and deficiency
of the vitamin B group (e.g., niacin and folate), minerals (e.g., zinc, selenium and iron), essen-
tial fatty acids, antioxidants, and vitamin D are associated with mental and mood disorders
(Jacka et al., 2012; Skarupski et al., 2010). Recently, there has been increased interest in the
role of vitamin D supplementation in behavioral disorders (Lopez, 2005).

Vitamin D is a steroid hormone that is made through dermal synthesis from sunlight or
dietary intake. Recently, it has been found that vitamin D receptors and 1-α-hydroxylase
enzyme are widely expressed in the central nervous system, including the limbic system,
which has a key role in the control of behavior, emotions, and memory (Eyles et al., 2003;
Lewis-Fernandez et al., 2005; McCann & Ames, 2008). In a large community-based study,
Karakis et al. (2016) found that serum vitamin D was related to hippocampal size and neu-
ropsychological function. Moreover, vitamin D may have an indirect effect on brain function,
as vitamin D is crucial for muscle function (Bischoff-Ferrari, Orav, & Dawson-Hughes, 2006)
and vitamin D supplementation could increase well-being and physical activity. Epidemiolog-
ical data have shown an inverse association between serum vitamin D level and risk for mental
disorders such as depression in adults (Ganji et al., 2010; Hoang et al., 2011; Stewart & Hirani,
2010). In a large prospective study, higher concentrations of 25-hydroxy vitamin D3 were asso-
ciated with lower levels of depression among children and early adolescents (Tolppanen et al.,
2012). In adults, the efficacy of vitamin D supplementation in depression has been reported
in several randomized controlled trials, but these results are inconsistent (Spedding, 2014). In
contrast to the reports on the relation between the levels of vitamin D and depression, we did
not find any reports that examine the association between aggressive behaviors and serum
vitamin D (Bischoff-Ferrari, Orav, & Dawson-Hughes, 2006). There have been some incon-
sistent reports about anxiety and vitamin D status. Some of these studies failed to present any
association between vitamin D deficiency and stress or anxiety (Black et al., 2014). There-
fore, the purpose of the current trial was to evaluate the effectiveness of high-dose vitamin D
supplementation on depression and aggression scores among adolescent girls.

Methods and materials

Study design and population

The current intervention was undertaken within the framework of the study on effects of
vitamin D supplementation on different aspects of physical and mental health in adolescent
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girls. Participants were selected using a cluster randomized sampling method from various
regions within the cities of Mashhad and Sabzevar, Iran. The study protocol was approved by
the Ethical Committee of Mashhad University of Medical Sciences, Iran. In the initial study,
the consent forms were taken from all participants. This study was registered in the Iranian
Registry of Clinical Trials website (IRCT no. 201509047117N7). In the screening phase, par-
ticipants were screened according to the inclusion criteria. The inclusion criteria in this study
were absence of any autoimmune diseases; cardiovascular diseases; metabolic bone disor-
ders; thyroid, parathyroid, or adrenal diseases; hepatic failure; kidney diseases; malabsorption;
or cancer. Participants taking anti-inflammatory, antidepressant, antidiabetic, or antiobesity
drugs; vitamin D or calcium supplement; or hormone therapy within the past 6 months were
excluded.

In the intervention phase, eligible individuals received a 50,000 IU soft-gel capsule vitamin
D once a week for 9 weeks, in accordance with the guidelines by Holick et al. (2011). We
requested that all participants not alter their physical activity levels, continue with their usual
food intake, and not take any additional dietary supplements. Participants were requested to
report any change in drug use and disease status during the trial. The adherence to the vitamin
D supplementation was evaluated each week by a phone call or face-to-face interview.

Anthropometric and cardiac assessments

Anthropometric parameters were assessed using standard protocols in participants with light
clothes and without shoes by trained paramedics at inclusion and at the end of the trial in
health centers. Waist circumference (WC) was measured using a nonstretched tape measure
(Seca, Hamburg, Germany) at the minimum circumference between the last rib and iliac
crest. An electronic scale (Seca, Hamburg, Germany) was used to measure body weight to
the nearest 0.1 kg after overnight fasting. For height assessment, a nonelastic tape measure
(Seca, Hamburg, Germany) was used to measure to the nearest 0.1 cm. To calculate body
mass index (BMI), we divided weight in kilograms by height in meters squared. For blood
pressure measurement, the patients sat in a resting position for at least 5 minutes and then
their systolic and diastolic blood pressures were measured two times in 5-min intervals using
a digital sphygmomanometer (Omron M3, Kyoto, Japan).

Psychological assessment

The Persian version of the Beck Depression Inventory (BDI Persian) was used to assess depres-
sive symptoms at inclusion and at the end of the study (Beck, Steer, & Brown, 1996). The BDI
Persian was validated with high internal consistency (Cronbach’s alpha = 0.87) and test-retest
reliability (r = 0.74) among Iranian students (Mohammadi, 2006; Ju, Lee, & Jeong, 2013). The
BDI is a self-report questionnaire with 21 items; each item has four statements. The partic-
ipants choose the one out of four statements that the best describes their feelings and status
within the past 2 weeks. In this scale, each item has a score between 0 (absence of any spe-
cific symptoms) and 3 (the highest degree of the presence of symptoms). The total BDI score
range is 0–63; this is computed by summing all the values. From the total BDI score, depres-
sion status is stratified into four categories in this scale as follows: normal (score of 0–13);
mild depression (score of 14–19); moderate depression (score of 20–28); severe depression
(score of 29–63).

The Persian version of the Buss-Perry Aggression Questionnaire (BPAQ; 1992) was used
to assess aggression at inclusion and at the end of the study (Motevalian et al., 2011; Kelishadi
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et al., 2016). The BPAQ is a self-report questionnaire with 29 items comprising four subscales
of aggressive disorder: physical aggression (9 items), verbal aggression (5 items), anger (7
items), and hostility (8 items). Validity of these questionnaires has been established among
the Iranian population (Mohammadi, 2006).

Statistical analysis

A Kolmogrov-Smirnow test was used to compare normally distributed variables. We applied
independent sample t test to compare demographic and anthropometric measurements in
individuals with and without high aggression scores. One-way analysis of variance (one-way
ANOVA) was also used to compare the demographic and anthropometric parameters of the
study population in the depression categories. Scores for the BDI and BPAQ before and after
vitamin D intervention were compared using Wilcoxon signed-rank tests. A p value < .05
was considered statistically significant. All statistical analyses were performed using Statistical
Package for Social Sciences version 17 (SPSS Inc., Chicago, Illinois, USA).

Results

Among the cohort of 1,026 girls initially considered for inclusion, 988 fulfilled the
inclusion criteria and participated in the intervention phase; 940 participants completed
the intervention. Analyses were performed in all these participants (Figure 1). Baseline

Figure . Flow diagram of study.
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Table . Demographic and anthropometric characteristics of study participants.

Variable Baseline value

Age, years . ± .
Menstruation, n (%)  (.%)
Exposed to smoking, n (%)  (.%)
Weight, kg . ± .
Height, cm . ± .
BMI, kg/m . ± .
WC, cm . ± .
PA, MET/h/day . ± .
SBP, mmHg . ± .
DBP, mmHg . ± .

BMI = body mass index; WC = waist circumference; PA = physical activity; SBP = systolic blood
pressure; DBP = diastolic blood pressure. Data are expressed as mean ± standard deviation (SD).

characteristics of participants are described in Table 1. With respect to percentiles for the
body mass index for age in Iranian children and adolescents (Kelishadi et al., 2016), 6.2% of
the whole study population were underweight, while 13.6% of the whole study population had
excess weight, of whom 3.7% were considered obese. The medians of physical, verbal, anger,
and hostility aggression scores were 27, 16, 23, and 29, respectively.

The baseline characteristics of participants are shown separately for categories of depres-
sion status in Table 2. The comparison between these groups showed no significant differences
in mentioned demographic characteristics at baseline. In addition, the linear regression anal-
ysis showed no significant association between total aggression score and these variables. The
baseline demographic characteristics of participants are separately shown for aggressive and
nonaggressive groups in Table 3. As presented in Table 3, the mean diastolic blood pressure in
the nonaggressive group was significantly greater than that in the aggressive group. However,
according to the linear regression analysis, there was no significant association between total
aggression score and the aforementioned variable at baseline. However, we found a positive
significant association between total depression score and total aggression score (r = .39, p >

.001) at baseline study.
The effects of vitamin D supplementation on psychological assessment are shown in

Table 4. There was a significant increase in the median serum 25 (OH) vitamin D concen-
trations (6.7 ng/mL at baseline vs. 35.5 ng/mL after intervention; p > .001). Elevated serum
25 (OH) vitamin D concentrations implied a good adherence of the whole study population to
vitamin D supplementation. Although supplementation with vitamin D was associated with

Table . Demographics characteristic at baseline for categories of depression status.

Depression severity

Variable Normal Mild Moderate Severe p value

Participants, n (%)  (.)  (.)  (.)  (.)
Age, years . ± . . ± . . ± . . ± . .
Weight, kg . ± . . ± . . ± . . ± . .
Height, cm . ± . . ± . . ± . . ± . .
BMI, kg/m . ± . . ± . . ± . . ± . .
WC, cm . ± . . ± . . ± . . ± . .
PA, MET/h/day . ± . . ± . . ± . . ± . .
SBP, mmHg . ± . . ± . . ± . . ± . .
DBP, mmHg . ± . . ± . . ± . . ± . .

BMI = body mass index; WC = waist circumference; PA = physical activity; SBP = systolic blood pressure; DBP = diastolic blood
pressure; p values were derived from one-way analysis of variance (ANOVA). Data are expressed as mean ± standard deviation
(SD).
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Table . Demographics characteristic at baseline between participants with low and high aggression scores.

Aggressiona

Variable No Yes p value

Participants, n (%)  (%)  (%)
Age, years . ± . . ± . .
Weight, kg . ± . . ± . .
Height, cm . ± . . ± . .
BMI, kg/m . ± . . ± . .
WC, cm . ± . . ± . .
PA, MET/h/day . ± . . ± . .
SBP, mmHg . ± . . ± . .
DBP, mmHg . ± . . ± . .

BMI = body mass index; WC = waist circumference; PA = physical activity; SBP = systolic blood pressure; DBP = diastolic blood
pressure; p values were derived from independent t test. Data are expressed as mean ± standard deviation (SD)

aMedian used as cutoff.

a significant reduction in total depression score (8 [4–16] vs. 7 [2–14]; p = .001), the change
in total aggression score was not significant.

Discussion

We have found that vitamin D supplementation may improve depression scores in adolescent
girls. There is good evidence of an inverse relationship between serum vitamin D levels and
the risk of depression (Ju, Lee, & Jeong, 2013). To our knowledge, this study was the first large
clinical trial evaluating the effects of vitamin D supplementation on aggression and depression
scores in adolescent girls.

Receiving a high-dose 50,000 IU-vitamin D for 8 weeks is suggested for vitamin D defi-
ciency (Holick et al., 2012). In the current study, by providing vitamin D capsules (50,000
IU/week cholecalciferol for 9 weeks) serum levels of 25 (OH) D were increased significantly
(p = .001) by the end of intervention compared to at the baseline 6.69 ng/mL (91 nmol/L). In
addition, it is has been proposed that the health benefits of vitamin D are seen at a concentra-
tion of 75–100 nmol/L for serum 25 (OH) D (Bischoff-Ferrari, 2008).

The results of our intervention showed that vitamin D supplementation appeared to have
a beneficial effect in reducing the total depression score obtained using the BDI-II question-
naire. Recently, randomized controlled trials (RCTs) have been published with inconsistent
results. In a meta-analysis including nine RCTs in adults, vitamin D supplementation had no
significant effect on depression (standardized mean difference = 0.28; p = .19). With sub-
group analysis, the authors showed that vitamin D supplementation with longer duration
(>8 weeks) compared to shorter duration (<8 weeks) had significant and favorable effects
on depressive symptoms (Gowda et al., 2015). Another meta-analysis including seven RCTs

Table . Effects of vitamin D supplementation on depression and aggression scores.

Variable Before After p value

Depression score
Normal  (–)  (–) .
Mild  (–)  (–) .
Moderate  (–)  (–) .
Severe  (.–.)  (–) .
Aggression score . (.–.) . (.–.) .
 (OH) vitamin D, (ng/mL) . (.–.) . (.–.) .

Data are expressed as median and interquartile range; p values were derived from Wilcoxon signed-rank test.
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in adults showed vitamin D supplementation had promising effects on depressive symptoms
for individuals with moderate and severe depression (standardized mean difference −0.60; p
= .046), although the supplementation had no effect on depression score for individuals with-
out depression (standardized mean difference −0.04; p = .61) (Shaffer et al., 2014). Because of
these previous reports, we used subgroup analysis for severity of depression based on BDI-II
categories. This subgroup analysis supports the beneficial effect of vitamin D supplementa-
tion in adolescent girls with mild, moderate, and severe depression. However, these results
showed no beneficial effects for vitamin D in nondepressed adolescent girls. It is worth men-
tioning that we should consider the difference in dose of vitamin D, duration of intervention,
study population (i.e., age and culture), and type of instruments used to assess depression,
when comparing our results (Li et al., 2013). Therefore, there is good evidence that vitamin D
deficiency has a role at least in cases with relevant depressive symptoms. Potential neuroen-
docrine and neurobiological mechanisms have been suggested for this link, including a key
role of vitamin D in areas processing depressive mood of brain, in dopaminergic and sero-
toninergic function (Patrick & Ames, 2014), and in systemic inflammation being related to
depression (Berk et al., 2013). There is some biological evidence for a causal contribution of
vitamin D deficiency in depression; the findings of the present study suggest that vitamin D
supplementation to decrease depressive symptoms for individuals without clinically signifi-
cant depression may be effective.

We also found that the baseline diastolic blood pressure was different between participants
with and without aggression. Nevertheless, according to the results obtained, there was no
significant association between total aggression score and the aforementioned variable. In
addition, we found that supplementation with vitamin D had no significant beneficial effect in
reducing the total aggression score obtained from the Buss-Perry Aggression Questionnaire.
To our best knowledge, there is no similar study in this context and age group to compare
our results. However, in a recent study performed by Bičíková and coworkers (2015), levels of
25(OH)D3 were significantly lower in patients with anxiety disorders compared to the normal
control group.

Studies show many aspects of metabolite function of vitamin D in the brain such as
neuroprotection, immunomodulation, biosynthesis of neurotransmitters, and brain develop-
ment (Garcion et al., 2002; Kalueff & Tuohimaa, 2007). Vitamin D is involved in endocrine,
paracrine, and autocrine systems through vitamin D receptors (Morris & Anderson, 2010).
The specific receptors of vitamin D and the key enzyme in the activation of vitamin D were
detected in many areas of the human central nervous system, such as the limbic system, which
has a key role in controlling behavior, emotions, and memory (Eyles et al. 2003; Eyles et al.,
2005). Therefore, there is a biological plausibility supporting a causal role for vitamin D in
controlling mood and behavior.

The main limitation of the present study was the absence of a placebo group for comparing
with the intervention group. We could not have a placebo group because of ethical considera-
tions. We also should mention several points as strengths of our study, such as a large sample
size, a population-based study, subgroup analysis, and focus on a specific population.

Conclusion

In summary, our results indicate that vitamin D supplements at a dose of 50,000 IU once
a week for 9 weeks can improve depression scores in adolescent girls. Further studies with
a follow-up phase are necessary to identify the long-term effects of this vitamin on mood
disorders.
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