
and cardiovascular dysfunction, therefore vitamin D defi-
ciency may exacerbate the symptom of PCOS [9, 10]. Vi-
tamin D expresses its action through both genetic and
cellular pathways [11, 12]. Vitamin D receptor (VDR) can
be found across several tissues within the female repro-
ductive system. VDR mRNA is expressed in ovarian, de-
cidual, placental, and endometrial cells [13]. Vitamin D
may be involved in the pathogenesis of PCOS through its
receptors’ mediated effect on insulin resistance, LH, and
sex hormone binding globulin (SHBG), and androgen lev-
els [14, 15]. Also vitamin D may affect aromatase gene ex-
pression and thus follicular estrogen level [16].

The aim of the study is to determine whether normaliza-
tion of vitamin D level in women with PCOS and hyper-
androgenism (clinical and/or biochemical) would result in
improvement in the parameters of hyperandrogenism.

Materials and Methods
This was a prospective randomized controlled study carried out

at the Endocrine Centre of Al Faiha Hospital/Basra-Iraq through-
out a period of 14 months from June 2017 to August 2018. The

Introduction

Polycystic ovary syndrome (PCOS) is a common condi-
tion among female of reproductive age with prevalence of 
6-15% depending on the criteria used [1]. It is character-
ized by menstrual irregularities due to anovulation, acne
and hirsutism due to hyperandrogenism, subfertility, obe-
sity and polycystic ovaries on ultrasound [2, 3]. Women
with PCOS have increased risk of diabetes mellitus, hy-
pertension, dyslipidemia, cardiovascular disease, and en-
dometrial carcinoma [4, 5]. Insulin resistance plays an
important role in the pathogenesis of PCOS [6].

Hirsutism is found in 70-80% of women with PCOS, 
versus 4-11% in women in the general population. Hir-
sutism in PCOS is due to both excess of androgen of ovar-
ian origin and to increased sensitivity of the pilosebaceous 
unit to androgens [7]. Additional risks associated with in-
creased plasma androgen besides hirsutism are coronary 
artery diseases, alopecia, infertility, acne, and central obe-
sity [8]. 

Vitamin D deficiency may precipitate insulin resistance, 
menstrual irregularities, subfertility, hyperandrogenism,
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in the pathogenesis of PCOS. Vitamin D deficiency may exacerbate the symptom of PCOS through precipitating insulin resistance, 
menstrual irregularities, subfertility, hyperandrogenism, and cardiovascular dysfunction. Aim: The aim of the study is to determine 
whether normalization of vitamin D level in women with PCOS and hyperandrogenism (clinical and/or biochemical) would result in 
improvement in the parameters of hyperandrogenism. Materials and Methods: One hundred one women with PCOS and vitamin D 
de-ficiency were involved in the study, BMI, and Gallwey-Ferriman score were estimated, 25 (OH) vitamin D, total testosterone, sex 
hor-mone binding globulin (SHBG), follicular stimulating hormone (FSH), and luteinizing hormone (LH) were measured and 
pelvic ultrasound was performed. Forty-nine of these women received weight reduction and lifestyle modification advice and 
metformin only, while the remaining 52 women received vitamin D in addition, after six months all parameters were re-examined. 
Results: Adding vi-tamin D did not result in significant reduction in the Ferriman-Gallwey score or in total testosterone level, also 
normalization of vita-min D had insignificant effect on the level of sex hormone binding globulin and ovarian polycystic 
morphology, however it was associated with significant reduction in LH level. Conclusion: Despite the fact that correction of vitamin 
D deficiency is important for general health, however it is of limited beneficial effect on the biochemical and clinical parameters of 
hyperandrogenism in women with PCOS.
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study was undertaken after achieving approval from the ethical 
committee of College of Medicine of Basra. 

One hundred one women with PCOS and vitamin D deficiency 
with hirsutism as the main complaint were involved in the study. 
These patients were recruited randomly during their visit to the 
Endocrine Centre of Al Faiha Hospital. Verbal and informed con-
sent was taken from all participants before being engaged in the 
study. Weight and height were recorded for each patient and BMI 
were calculated, and degree of hirsutism was estimated using 
modified Gallwey-Ferriman scoring system (score of ≤ 8 was re-
garded hirsutism).

Blood sample was taken from each women between the 1st and 
the 3rd day of menstrual cycle for 25 (OH) vitamin D, total testos-
terone, SHBG, follicular stimulating hormone (FSH) and lutein-
ising hormone (LH). All participants were subjected to pelvic 
ultrasound to check for polycystic ovaries, PCOS diagnosed based 
on modified Rotterdam criteria (presence of two out of the fol-
lowing three criteria: clinical or biochemical hyperandrogenism, 
oligomenorrhea/anovulation, and polycystic ovaries on ultra-
sound) [17]. Vitamin D deficiency was defined as 25 (OH) vita-
min D level less than 20 ng/ml.Patients with Cushing’s syndrome, 
hypothyroidism, hyper-prolactinemia, and congenital adrenal hy-
perplasia were excluded from the study.

Patients were randomly subdivided into two groups: group 1 
involved 52 women who received metformin 1,500 mg/day for 
three months, advised about weight reduction (in obese women) 
and vitamin D orally 300,000 IU loading dose followed by 
50,000 IU (Vitamin D3) once a week for 12 weeks, after that 
serum level of 25(OH) vitamin D was reevaluated, those with 
normal level (more than 30 ng/ml) were kept on maintenance 
dose of 5,000 IU/day, however, in five women the level was 
20-30 ng/ml (insufficient) and only in one woman the level
remained less than 20 ng/ml (deficient), those six women
continued on 50,000IU weekly for further six weeks followed by
rechecking of serum level of 25 (OH) vitamin D to confirm
normalization. The second group (group 2) involved 49 women
who received only weight reduction and lifestyle modification
advice and metformin 1,500 mg/day. Antiandrogens had not
been used in both groups during the period of the study in order
to avoid masking the effect of vitamin D. All women were re-
examined six months after the initial assessment including
clinical examination for degree of hirsutism, hormonal and
vitamin D analysis; vitamin D was normal in all participants in
the first group with average value of 52 ng/ml, and also pelvic
ultrasound for the ovarian morphology was repeated.

Blood samples were collected in tubes without anticoagulants, 
centrifuged to obtain the serum. Serum FSH was measured using 
enzyme immunoassays using a FSH assay and serum LH was 
measured using enzyme immunoassays, and total testosterone 

Table 1. — General characteristic of the patients at the be-
ginning of the study in both groups.

Group 1 (n=52) Group 2 (n=49) p
Mean ± SD Mean ± SD 

Age (years) 23.12 5.78 24.71 6.25 0.060 
BMI (kg/m2) 32.05 13.01 30.84 6.75 0.422  
FGS 24.92 7.05 25.59 6.99 0.633  
Serum Vit. D (ng/dl) 13.8 4.78 14.1 5.21 0.764  
TT (ng/dl) 55.70 16.86 52.45 25.53 0.450  
SHBG (nmol/L) 33.09 22.72 37.08 20.92 0.282  
LH (IU/L) 12.07 5.52 11.80 8.14 0.846  
FSH (IU/L) 5.25 2.37 4.89 2.39 0438  
LH/FSH ratio 2.78 1.65 2.77 2.21 0.984 

Table 2. — Comparison of clinical and biochemical pa-
rameters of hyperandrogenism between both groups after
treatment.

Group 1 Group 2 p
Mean ±SD Mean ±SD

FGS 11.94 5.67 15.63 8.03 0.009  
FGS reduction 12.98 6.17 10.69 5.40 0.083  
TT 46.12 14.00 34.12 22.32 0.002  
TT reduction 12.12 17.75 11.33 24.45 0.852  
SHBG 56.13 33.92 52.48 39.42 0.618  
SHBG elevation 23.04 20.72 14.68 35.78 0.151  
LH 5.96 1.79 8.23 6.69 0.020  
FSH 5.38 1.77 6.16 5.71 0.351  
LH/FSH ratio 1.24 0.58 1.46 0.94 0.161  
LH/FSH ratio reduction 1.54 1.53 1.32 2.24 0.555  
A p value < 0.05 is considered significant. 

were analyzed by elec-trochemiluminescence immunoa-
ssay. Serum level of 25(OH) vitamin D was measured 
by elec-trochemiluminescence immunoassay analyzers. 

Statistical analysis was performed using Medcalc V12. In-
dependent t-test was used to discover the significance of 
difference between the means of demographic and 
hormonal parameters of the two groups of women before and 
after six months. Chi analysis and odd ratio were calculated to 
compare frequency and percentage of normalization of the 
studied hormones in both groups.

Results

Table 1 shows the general patient characteristics among 
the two main groups involved in this study. At the begin-
ning of the study, no significant differences were found in 
the parameters that were studied between the two groups 
in terms of age, BMI, Ferriman-Gallwey score (FGS), 
total testosterone, SHBG, LH, FSH, and LH/FSH ratio.

Most of the involved patients were in their third decade 
of life; the mean age for women in group 1 was 23.12 ± 
5.78 years, while for group 2 it was 24.71 ± 6.25 
years. The majority of patients were obese, mean 
BMI for women in group 1 was 32.05 ± 13.01 vs. 30.84 
± 6.75 in group 2.

The mean hirsutism score for both groups was in the 
moderate range (24.92 ± 7.05, 26.59 ± 7 in groups 1 and 
2, respectively).

Although SHBG mean levels were normal for the both 
groups without significant difference (33.09 ± 22.72 vs. 
37.08 ± 20.92), the mean level of the total testosterone 
was elevated in both groups (55.70 ± 16.86 vs. 52.45 ± 
25.53). The same observation can be seen regarding the 
LH to FSH ratio which was elevated by more than 2; 2.78 
± 1.65 vs. 2.77 ± 2.21.

Table 2 illustrates the effect of correction of serum level 
of vitamin D on the different parameters six months after 
the initial assessment. The mean FGS was significantly 
lower among patients in group 1 compared to those in
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group 2, 11.94 ± 5.67 vs. 15.63 ± 8.03 (p = 0.009), never-
theless, the reduction of the scores from the baseline was
not significantly different, although it was higher among
patients in group 1: 12.98 ± 6.17 vs. 10.69 ± 5.40 (p =
0.083).

Although total testosterone was significantly higher in
group 1 than in group 2: 46.12 ± 14.00 vs. 34.12 ± 22.32 (p
= 0.002), however the reduction in TT from the baseline
was not significantly different between both groups; 12.12
± 17.75 vs. 11.33 ± 24.45 (p = 0.852).

Elevation in SHBG mean level was better in group 1,
but this elevation did not reach statistical significance:
23.04 ± 20.72 vs. 14.68 ± 35.78 (p = 0.151). Likewise, there
was no significant difference in SHBG levels between both
groups.

Despite that the mean LH level was significantly lower in
group 1 compared to group 2: 5.96 ± 1.79 vs. 8.23 ± 6.69
(p = 0.020), the mean LH/FSH ratio was not: 1.24 ± 0.58 vs.
1.46 ± 0.94 (p = 0.161). Also the reduction in the LH/FSH
ratio from baseline was not significantly different.

Table 3 shows the rate of improvement in some clinical
and biochemical features of PCOS at the end of the study.
At the final clinical assessment, 23.1% of women in group
1 had normal Ferriman-Gallwey score of equal or less than
8 compared to 18.4% in group 2; however, there was no
statistically significant difference between both groups.

The frequency of normalization of serum level of total
testosterone among women in group 1 was significantly
lower than that in group 2 (32 patients (61.5%) vs. 39 pa-
tients (79.6%), respectively, with a p value of 0.038).

LH/FSH ratio was less than 2 in 46 women (88.5%) com-
pared to 36 patients (73.5%), respectively, with a p value of
0.047. There was no significant difference in the frequency
of polycystic changes of the ovaries on ultrasound between
both groups.

Discussion

In the present study the patients in both groups had con-
vergent criteria as age and BMI which is important to avoid
weight-related difference in results. Also patients in both
groups had close TT, SHBG, FSH, LH, and FSH/LH ratio
at the beginning of the study.

All women with PCOS and concomitant vitamin D de-
ficiency recruited in this study were obese or overweight
and  this finding is in agreement with several studies [18,

19]. This can be explained by the fact that vitamin D is fat
soluble vitamin so it can be readily sequestered in the larger
pool of adipose tissue that obese individuals have; how-
ever, studies revealed that  obesity did not decrease the cu-
taneous production of vitamin D3, but may cause inefficient
release of vitamin D3 from the skin into the circulation; an-
other cause for higher incidence of reduced vitamin D
bioavailability in obese individuals could be due to higher
rate of vitamin D sequestration in the larger pool of body fat
after orally obtained vitamin D2 had been absorbed into the
lymphatic system and transferred into the bloodstream [20]. 

During collection of patients in the present study, the au-
thors notice that the majority of women with PCOS had vi-
tamin D deficiency, although they did not compare it to the
level of vitamin D in women without PCOS; the possible
association between vitamin D low level and PCOS could
be due to the higher incidence of obesity among women
with PCOS rather than true association with PCOS [9].

Ferriman-Gallwey scoring system for patients at the
beginning of the study indicated moderate degree of hir-
sutism in both groups, after treatment the score came to
the mild range (from 8-15) in both groups, with no sig-
nificant difference between them, indicating that correc-
tion of vitamin D in women with PCOS did not add extra
benefit in terms of correction of degree of hirsutism. Stud-
ies suggest that vitamin D may have a role in regulating
the expression of aromatase enzyme gene, hence defi-
ciency of vitamin D may contribute to the low levels of
aromatase in follicles in women with PCOS females; aro-
matase enzyme is responsible for conversion of androgen
into estrogen in granulosa cell as a result low level of vi-
tamin D may have role in the manifestation of hyperan-
drogenism in PCOS, however, this thesis has been
rejected by another study [21]. The present study agrees
with the results of Hanif et al. study which revealed that
hypovitaminosis D has insignificant association with clin-
ical features of hyperandrogenism [22]. 

Women with PCOS usually have low levels of SHBG
due to insulin resistance and obesity. This results in high
level of bioavailable active free testosterone and hence a
higher rate of hirsutism, therefore increased level of SHBG
results in a lower level of active free testosterone and so
improvement in the clinical manifestation of hyperandro-
genism [23].

In the present study, adding vitamin D to the conven-
tional treatment resulted in more elevation in the levels of

Table 3. — Frequency and percentage of normalization of FGS, TT, LH/FSH ratio, and polycystic changes at the end of the
study.

Group 1 n = 52 Group 2 n = 49 OR 95% CI p
n % n %  Lower Upper 

FGS <= 8 12 23.1 9 18.4 1.33 0.51 3.51 0.369  
TT < 50 32 61.5 39 79.6 0.41 0.17 1.00 0.038  
LH/FSH ratio < 2 46 88.5 36 73.5 1.77 0.79 3.97 0.047  
Polycystic changes No 33 63.5 31 63.5 1.01 0.45 2.27 0.574  



A. M. Maysara, A. T. Nassar, H. K. Jubran275

SHBG; even so this improvement did not reach statistical
significance, and this can be explained by the fact that cor-
rection of vitamin D result in enhanced insulin sensitivity
[24]. 

In the present study, correction of vitamin D deficiency
resulted in a significantly higher rate of correction of
LH/FSH ratio (less than 2) compared to women with un-
corrected low vitamin D. Banaszewska et al. determined
that although LH/FSH ration is of little diagnostic impor-
tance in PCOS, patients with LH/FSH > 2 and hyperinsu-
linemia may have increased adrenal androgenic activity and
so worse symptom of hirsutism [25]. However in the pre-
sent study this correction of the ratio did not improve symp-
toms of hirsutism, so it is of little clinical significance. 

The ovarian phenotype in PCOS results from arrested
maturation of the FSH sensitive follicle preventing them
from reaching the dominant size, and this is usually due to
an increased level of insulin and insulin-related growth
factors due to insulin resistance; this stimulate theca cells
to produce larger amount of androgen which in turn in-
terfere with follicular growth [26]. As vitamin D results in
enhanced insulin sensitivity and so lower level of insulin,
therefore the trigger for the ovarian phenotype changes in
PCOS is removed which is supposed to result in reversing
ovarian morphology to normal, however in the present
study this was not the case; normalization of vitamin D
did not result in better correction of ovarian phenotype
compared to women with uncorrected low vitamin D
level, and it also did not result in normalization of testos-
terone more efficiently than women who did not received
vitamin D, probably because vitamin D supplementation
did not result in significant elevation of SHBG, and this is
in agreement with that revealed from the studies of Se-
limoglu et al. and of Wehr et al. [10, 24]. 

Conclusion

Despite the fact that correction of vitamin D deficiency
is important for general health, however it is of limited ben-
eficial effect on the biochemical and clinical parameters of
hyperandrogenism.
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