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Abstract
Background: Vitamin D de�ciency is one of the most prevalent disorders worldwide. Considering the
magnitude of growth in adolescence, the aim of this study was to ascertain the prevalence of vitamin D
de�ciency and discover the association between anthropometric indices and vitamin D levels and the
effect of vitamin D treatment on anthropometric indices in adolescent girls. 

Method: we performed this randomized clinical trial study (approved by Iranian Registry of Clinical Trials
with code of IRCT20200615047785N2) conducting 313 high school girl students in a random cluster
sampling from Jahrom city schools. Blood samples were collected from participants to determine the
serum level (OH) D25. We divided vitamin D de�cient patients into two groups: control who received
placebo (n=150) and intervention group (n=150) who were prescribed one tablet of 50,000 units of
vitamin D per week for eight weeks. Anthropometric indices of participants were measured before and
after the intervention. Datas were analyzed by SPSS software version 19.

Results: The prevalence of vitamin D de�ciency was 95%. Body mass index had no signi�cant difference
before the intervention in both groups (P = 0.76). After intervention in the case group, body mass index
increased signi�cantly (P = 0.01), but there was no signi�cant difference in the control group after
treatment (P = 0.42). There was no signi�cant difference in waist circumference, height and weight before
and after the intervention in both groups (P > 0.05). There was also a weak but signi�cant correlation
between height, weight, and baseline 25OHD levels of participants.

Conclusion: The results of this study showed that there is a reverse and signi�cant relationship between
height and weight index with 25OHD. Further monitoring and prolonged studies with extended follow ups
might improve the anthropometric parameters after treatment.

Background
Vitamin D is a prohormone that is mainly produced by Sunlight exposure to the skin, although it can be
achieved from food and supplements that stand for less than 10% of body vitamin D level. (1). Vitamin D
is an essential component for healthy bone metabolism, growth, and development. various metabolic
processes require vitamin D (2), as it increases the absorption of phosphorus and calcium from the
intestines and reduces their excretion from the kidney and diminishes the osteoporosis process.
Therefore, vitamin D de�ciency is one of the critical factors in the development of bone metabolism
disorders (3). Vitamin D de�ciency is one of the most critical factors in bone metabolism disorders. Also,
vitamin D receptors have been observed in many other organs, which indicates that vitamin D de�ciency
causes several complications in various organs. The prevalence of vitamin D de�ciency in Iran is 75.1%
for women and 72.1% for men, approximately (4). There are several types of vitamin D supplements to
treat this disorder, including ergocalciferol (vitamin D2 ) and colo-calciferol(vitamin D3) (5).
Anthropometry word is derived from the two Greek words, "Anthropos" means human, and "Metri" means
measurement. It is a science that measures body dimensions, including some factors like the height,
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weight, the �eld of motion and the strength of the muscles of the body(6). Anthropometrics examines
items such as BMI, Waist circum�ex. Most studies have described the signi�cant associations of vitamin
D levels and anthropometric indices (7–9). However, it has been revealed that vitamin D treatment is not
able to improve some anthropometric indices like height (10). Respecting the different results found in
previous studies, we aimed to determine the effect of vitamin D treatment on anthropometric indices in
vitamin D de�cient female adolescents.

Method
Study population

The present study was a randomized clinical trial by approved by Iranian Registry of Clinical Trials with
code of IRCT20200615047785N2 at 2020-06-25. We included a total of 412 patients at the baseline. After
excluding 16 participants who had a history of Diabetes, growth hormone consumption, recipients of
vitamin D, celiac disease and participants who had a metabolic bone disease, 396 girls from different
schools in Jahrom were studied. Eventually, we diagnosed 313 people with vitamin D de�ciency. 13
participants were also excluded because of lost follow ups. One hundred �fty patients were treated in the
case group. One hundred �fty patients were included in the control group which received placebo during
the study period; but �nally they completed vitamin D treatment at the end of the study, considering the
ethical issue.

 Serum 25OHD levels of all participants were measured during the October after su�cient sun exposure
during the summer. Blood samples were taken from 8 am to 9 am. Serum level 25OHD levels were
assayed with ELC technique. In this study, vitamin D su�cient participants de�ned with serum 25OHD
levels above 32ng/ml; vitamin D insu�cient subjects characterized with serum 25OH D levels between 15
and 32ng/ml; vitamin D de�ciency de�ned as drum 25OHD levels lower than 15ng/ml.

Participants were randomly assigned to two groups; the �rst group was treated with vitamin D (case
group) and the control group (non-treatment). The case group was treated with a total dose of 50000IU
per week for 8 weeks (Zahravi ® Company). Because of increased growth velocity in adolescents, the
importance of vitamin D supplementation in this population is the most. After the completion of the
course, students were again evaluated for anthropometric indices.

To reduce the measurement error, two experts measured the height, weight, and waist circumference with
standard wall mounts, standard scales and tape measurements in two steps before and after treatment.
The waist circumference was determined as the distance between the Pubis Symphysis and sternum in
the umbilical line and above the iliac crest. All participants wear light clothes and didn’t wear shoes or
hair clips at the measurement time. To eliminate the confounding factors, both participants and operators
were not comprehended of vitamin D levels or treatment groups. 

Statistical Analysis
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Descriptive statistics indexes of mean and standard deviation, percentage, median and inter-quartile
range were used to describe participants’ information, and analytical statistics (Mann-Whitney, Wilcoxon
and Spearman correlation) were used at a signi�cant level of 0.05, for comparison by SPSS version 21
software.

Results
According to Table 1, the results showed that there were no signi�cant difference between the two groups
in terms of quantity of variables such as age, weight, height, waist circumference, and BMI before the
intervention (P > 0.05), so it can be interpreted that the alignment between the two groups is well done.
Waist, height, and weight indices were not signi�cantly different between the two groups after
intervention (P > 0.05), which indicates that the intervention was not effective on waist circumference,
height, and weight. There were signi�cant differences in Waist circum�ex, height and weight indices
between the before and after the intervention in both study groups (P < 0.05). However, these observed
differences may not be attributed to vitamin D purely because this variation happened in both groups.

Table 1
Study variables pre and post treatment with Vitamin D

variable Case group Control group p-value

Mann–Whitney U

Age 11.62 ± 0.49 11.56 ± 0.49 0.8

Vitamin D, ng/ml 4.2 4.8 0.1

BMI, kg/m2 Pre-treatment 19.20 19.54 0.76

Post-treatment 19.46* 19.61 0.69

Waist, cm Pre-treatment 77 76 0.5

Post-treatment 75.50* 78.0* 0.61

Height, cm Pre-treatment 150 148.75 0.51

Post-treatment 151* 151.5* 0.56

Weight, kg Pre-treatment 43.70 43.90 0.74

Post-treatment 41.10* 45 0.61

* There was a signi�cant difference between PRE and POST-treatment results in the Wilcoxon test (P 
< 0.05).

Besides, there was no signi�cant difference in BMI of both case and control groups after intervention (p = 
0.69); but the signi�cant difference between before and after intervention was observed in the cases (p < 
0.05); according to not signi�cant difference in controls; the role of vitamin D was highlighted in this
difference.
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A reverse signi�cant relationship between height and 25OHD levels before and after treatment was
observed (p = 0.001, r=-0.353). Also the reverse signi�cant relationship was observed between
pretreatment serum 25OHD levels and weight (p = 0.001, r=-0.205). No signi�cant correlation was
observed for other parameters.

Discussion
Prolonged Vitamin D de�ciency leads to metabolic bone diseases like osteoporosis and osteomalacia, its
role in autoimmune diseases such as type 1diabetes mellitus(11), SLE (12), multiple sclerosis (13) and
malignancy has been con�rmed (14). Vitamin D enrich diet is necessary whenever sun exposure is not
adequate (15). So vitamin D forti�ed foods have been used in different countries yearly (16, 17). Because
of higher rate of growth velocity in youth, their micronutrients requirement such as vitamin D is higher
too. A routine balanced diet may provide all necessitated nutrients except vitamin D.

Iranian diet has no signi�cant source of vitamin D and food products didn’t forti�ed with vitamin D (18).
Hence, the role of vitamin D in growth of Iranian teens hasn’t been explored ,this study was conducted to
investigate the e�cacy of vitamin D supplements on anthropometric indices in sixth grade school girls of
Jahrom ; a city located at south west of Fars province.

The results showed that the prevalence of vitamin D de�ciency among participants was 95%, which is
higher than previous studies. Saki et al. (19), Alizadeh et al.(20) and Faraji et al. (21) also reported the
prevalence of vitamin de�ciency in their study as 81.3%, 70% and 68% respectively indicating a high
prevalence of vitamin D de�ciency in this age range. Even though Jahrom is located in the south west of
Iran where the weather is almost always warm and sunny ,blood sampling for this study was performed
in September and October to reduce the bias of low sun exposure in winter,nevertheless the prevalence of
vitamin D de�ciency was still high. Khashayar et al. (22) also observed that there is a weak linear
relationship between the increase in body mass index and vitamin D levels. Another study, based on data
from 21 cohort studies with 42024 adult participants by Vimaleswaran et al., revealed that an increase in
BMI is associated with an increased incidence of vitamin D de�ciency, but a low level of vitamin D has
little effect on an increase in body mass index (23).

However, contrary to the results of this study, Motlaghzadeh et al.(24) observed that serum vitamin D
level had a signi�cant correlation with body mass index before and after treatment. Sakki et al. also
observed that serum levels of (OH) D 25 have a signi�cant reverse correlation with body mass index and
puberty, and exposure to sunlight has a signi�cant direct relationship (18). Najarzadeh et al. (25) also did
not explain signi�cant differences in the anthropometric indices after 3 months of supplementation with
vitamin D (mean BMI, BMI, waist to hip ratio). Bonakdaranet al. also perceived that vitamin D de�cient
patients had a clear difference in body mass index (p = 0.003) compared to patients with normal levels of
vitamin D. in other words, There is a reverse and signi�cant relationship between serum vitamin D levels
and body mass index(26). In the study of McGill et al., There was a signi�cant and inverse relationship
between the weight, body mass index and abdominal circumference (27).
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However, in the study of Geng S et al.(28), there was no signi�cant relationship between the levels of (OH)
D 25 and the anthropometric indexes (body mass index). Khor et al. observed that there was a signi�cant
correlation between serum vitamin D level and body mass index (p = .16) among boys (p = .16) (9).

However, according to cross sectional studies’ limitations, con�rmation of cause and effect is not clear.
Due to obesity, vitamin D is absorbed and seized in excess adipose tissue which causes decreasing the
availability of vitamin D, leading to reduction in serum vitamin D levels. On the other hand, obesity and
vitamin D de�ciency can both happen due to low exposure to sunlight due to the lack of physical activity
outside of the home. Another hypothesis is that vitamin D de�ciency increases the risk of becoming
overweight.

It was also observed that there was no signi�cant difference in waist circumference between the two
groups after intervention (P = 0.6). Signi�cant differences in waist circumferences of cases and controls
were observed before and after intervention (P = 0.001). However, since observed differences remained
signi�cant in both groups, it cannot be attributed to the effect of vitamin D.

Najarzadeh et al. also observed that the mean waist circumference in the treatment group was
signi�cantly decreased throughout the study period (p = 0.05) (24). In another study, Faraji et al. also
found that there are a reverse and signi�cant relationship between serum vitamin D levels with waist
circumference (p < 0.02), height (p < 0.001) and Waist-hip ratio(p < 0.007), but has not signi�cantly
changed with hip circumference and BMI variables(20). The results of Al-Mulhim et al. study, showed that
waist circumference in the intervention group signi�cantly decreased compared to the pre-treatment
group However, no signi�cant differences were observed in other anthropometric indices after
intervention. Vitamin D supplementation decreased women’s waist circumference signi�cantly while not
affecting other anthropometric indices (29).

N. Phetkrajaysang et al. also observed that increased waist circumference could increase the risk of
vitamin D de�ciency (7). In another study, GILBERT-DIAMOND et al. showed that serum vitamin D levels
have a signi�cant and reverse relationship with the waist circumference and body mass index. Thus, it
can be concluded that the serum level of vitamin D has a signi�cant and reverse relationship with obesity
in children at school age (10). In another study, Gonca Tamer et al. showed that body mass indexes, waist
circumference, and hip circumference, the rate of obesity and abdominal obesity were signi�cantly lower
in vitamin D su�cient subjects. It was also observed that the Serum (OH) D 25 level had signi�cant
reverse relationship with body mass index (r = -0.481, p < 0.0001), waist circumference (r = -0.480, p < 
0.0001), and Waist-hip ratio (8).

Other results of the present study showed that there is a signi�cant and reverse relationship between
height and serum vitamin D levels (r = -0.266), and also the height index after intervention in the two
groups did not signi�cantly change (P = 0.55), which indicates that the intervention was not effective
during this time interval on the height index. Also, intra-group comparisons showed a signi�cant
difference between measured height before and after the treatment in both groups (p = 0.001) which as
we mentioned, it cannot be attributed to vitamin D.
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Khalaji et al. observed that serum levels of D3 (OH) 25 had a signi�cant and direct relation with exposure
to sunlight, but had a signi�cant and reverse relation with weight, height, and body mass index. Therefore,
the high prevalence of vitamin D de�ciency in Primary school children (especially girls) requires urgent
intervention and appropriate nutritional support (30). Other results of this study also showed that the
prevalence of vitamin D de�ciency among tall children is about 61%. Considering the short stature growth
disorder in the case group compared to the control group, it seems that the eight weeks follow up is not
su�cient for evaluation of vitamin D effects; so we suggest further studies with prolonged follow ups for
better observation.

Other results of the present study showed that there is a reverse, and signi�cant relationship between
weight and serum vitamin D levels (r = -0.205 and p = 0.001), and also the weight index after intervention
in both groups was signi�cantly different (P = 0.61), which indicates that the intervention is not affected
the weight. There is a signi�cant difference in measured weight between before and after the treatment
results in the control group (P = 0.001). Also in the case group, the difference in weight was signi�cant
before and after treatment (P = 0.001). So the observed difference cannot be as a result of vitamin D
treatment. To consider the ethical issue, after the study time, the control group received the vitamin d
supplement as it was helpful.

E Rodríguez-Rodríguez et al. also showed that only weight and body mass index could be dependent on
the level of vitamin D, and it was also observed that children with higher BMI, weight, and waist
circumference have a higher risk of vitamin D de�ciency. Therefore, it can be concluded that BMI and
abdominal obesity have a signi�cant effect on vitamin D de�ciency in children (31).

Conclusion
The results of this study showed that height and weight indices have reverse and signi�cant relationship
with vitamin D. Prolonged monitoring and evaluation is recommended to better observe vitamin D effects
on teenagers anthropometric indices.
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