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Abstract

Original Article

Background and Objectives: Polycystic ovarian syndrome (PCOS) is one of the most common endocrinopathies in women frequently 
presenting with anovulatory infertility. Low successful pregnancy and live birth rates even after successful ovulation induction (OI) and in vitro 
fertilization (IVF) in these patients indicate that endometrial dysfunction may be another important factor contributing to infertility. Vitamin 
D acting through nuclear receptors induces the expression of various genes required for cell growth and differentiation and plays a crucial 
role in reproduction.  Homeobox 10 (HOXA10) may be one of the potential targets for vitamin D action. HOXA10 gene product promotes 
the differentiation of endometrial cells, making the endometrium receptive for implantation. The present study was undertaken to determine 
the effect of circulating vitamin D levels on HOXA10 gene expression in endometrial tissues and its possible influence on the reproductive 
outcome of PCOS patients undergoing OI procedure. Materials and Methods: A prospective cohort study was conducted on 110 infertile 
PCOS patients. The patients were divided into two groups: Group 1: Vitamin D ≥20 ng/ml, Group 2: Vitamin D <20 ng/ml. Endometrial 
samples were obtained from 22 patients using pipelle biopsy, used to determine HOXA10 mRNA (messenger ribonucleic acid) expression by 
quantitative RT‑PCR (reverse transcription‑polymerase chain reaction) and protein expression by Western blotting. OI was performed using 
Clomiphene citrate or Letrozole from the 3rd day of the cycle, and patients were followed up for a maximum of five cycles. Attainment of 
successful pregnancy was considered a positive outcome.Results: Both the groups were similar in mean age and other endocrine parameters. 
Serum vitamin D levels were significantly low (P < 0.001), and BMI (body mass index) was significantly high (P = 0.032) in group 2 compared 
to group 1. Endometrial HOXA10 mRNA (by quantitative rtPCR) and protein expression (by western blotting) were significantly low in 
group 2 compared to group 1. The clinical pregnancy rate was low in group 2 (28.6%) compared to group 1 (42.3%), but this difference was 
not significant (P = 0.22). On regression analysis adjusted for age and BMI, vitamin D was an independent predictor of successful pregnancy 
after OI (P = 0.09). Conclusion: Circulating vitamin D levels influence the endometrial HOXA10 gene expression, and this may be reflected

on the reproductive outcome of infertile PCOS patients undergoing OI.
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IntRoductIon

Polycystic ovarian syndrome (PCOS) is a heterogeneous 
disorder with varying degrees of reproductive and metabolic 
disturbances. Being one of the most common endocrinopathies 
in women, PCOS affects 6.5–8% of women in the reproductive 
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age group.[1] Patients may present with ovulatory dysfunction 
manifesting as oligo/amenorrhea, features of hyperandrogenism 
such as hirsutism/acne/alopecia, and signs of metabolic 
disturbances like impaired glucose tolerance, insulin 
resistance, and compensatory hyperinsulinemia.[2] Anovulatory 
infertility is the most common presenting feature, and ovulation 
induction (OI) with clomiphene citrate or gonadotropins is the 
first line of treatment.[3] Successful implantation after OI is a 
crucial step to achieve pregnancy, which requires synchrony 
between a healthy embryo and a functionally competent or 
receptive endometrium.[4] Infertility in PCOS appears to be due 
to more than anovulation and is likely to involve abnormalities 
in the endometrium.[5] Nowadays, even though high‑quality 
oocytes and fertilised eggs are produced and transferred 
during assisted reproduction techniques (ART), successful 
implantation, pregnancy, and live birth rates remain low in 
these patients.[6,7] Microarray analysis has revealed differential 
expression of various genes related to the cell membrane, 
extracellular matrix, cell adhesion, invasion, and cytoskeleton 
in the endometrium of PCOS patients, which are essential for 
the establishment of endometrial receptivity.[6] This may be 
due to the endocrine and metabolic derangements observed in 
PCOS, such as elevated oestrogen (without the opposing effects 
of progesterone in the absence of ovulation), free  Insulin like 
growth factor‑1 (IGF‑I), androgens, and hyperinsulinemia. 
These may have complex effects on the endometrium, resulting 
in endometrial dysfunction.[5,8]

Homeobox (HOXA) genes are expressed in the embryonic 
life necessary for body axis patterning. HOXA genes are 
also expressed in some adult tissues, such as the female 
reproductive tract and haematopoietic system, which 
enable these tissues to undergo continuous proliferation and 
differentiation necessary for their functional capability.[9] 
HOXA10 gene demonstrates a dynamic temporal pattern of 
expression in adult female endometrium with the highest 
expression in the mid and late secretory phase, which coincides 
with peak oestrogen and progesterone levels. The HOXA gene 
product acting as a nuclear transcriptional factor promotes the 
differentiation of endometrial cells to specialised decidual 
cells, making the endometrium receptive for implantation.[10] 
Several studies have shown altered expression of endometrial 
HOXA10 in patients with PCOS, recurrent implantation 
failure, and recurrent miscarriage, which could account 
for defective implantation observed in these patients.[11,12] 
Aberrant HOXA10 gene expression may also result in the 
misplaced endometrial cells during embryonic life resulting 
in endometriosis.[13,14] Along with HOXA10, many other 
factors such as HOXA11, leukaemia inhibitory factor (LIF), 
pinopodes, and αvβ3‑integrins also play a role in determining 
endometrial receptivity during the window of implantation.[6,11] 
In animal models, targeted disruption of the HOXA10 gene 
exhibited uterine factor infertility.[15] Oestrogen, progesterone, 
and testosterone act through their nuclear receptors and regulate 
HOXA10 gene expression in the endometrium.[9] Vitamin D, 
also being a member of a nuclear receptor superfamily, plays 

a crucial role in cell growth, differentiation and reproduction. 
In animal models, vitamin D deficiency resulted in a reduced 
fertility rate, and intraluminal injection of 1,25 Dihydroxy 
vitamin D significantly increased the uterine weight and 
decidual reaction.[16,17] According to the studies done in patients 
undergoing ART, sufficient vitamin D levels were associated 
with better pregnancy outcomes which were attributed to its 
effects on the endometrium.[18‑21] It is postulated that vitamin 
D is required for successful implantation, as activating 
enzymes and receptors of vitamin D have been found in the 
endometrium.[22,23] Most of the studies on PCOS patients 
have considered body mass index (BMI), age, Free androgen 
index (FAI), proinsulin levels, smoking, and hirsutism score 
as significant predictors of successful pregnancy after OI,[24] 
but very few studies have focused on endometrial factors 
and vitamin D levels. The present study was undertaken 
to determine the effect of circulating vitamin D levels on 
HOXA10 gene expression in primary human endometrial 
tissues and its possible influence on the reproductive outcome 
of PCOS patients undergoing OI procedures.

MAteRIAls And Methods

A prospective cohort study was conducted in a tertiary care 
hospital for a period of two years. After receiving ethical 
clearance from the institutional ethical committee, PCOS 
patients in the age group of 18–39 years, presenting with primary 
infertility, were recruited for the study. As per the endocrine 
society guidelines, the diagnosis of PCOS was made according 
to the Rotterdam criteria. The presence of two of the following 
three findings—hyperandrogenism, ovulatory dysfunction, 
and polycystic ovaries was considered diagnostic.[25] A total 
of 110 patients meeting the above‑mentioned criteria were 
included. Patients on treatment with vitamin D, bilateral 
tubal block, endometriosis, and a male factor contributing 
to infertility were excluded from the study. The weight 
and height were measured, and BMI was calculated as 
weight (kg)/height (m) 2

Sample collection and laboratory investigations
After obtaining informed consent, 6 ml of venous blood 
was collected under aseptic precautions from a peripheral 
vein and used for the estimation of follicle‑stimulating 
hormone (FSH), luteinising hormone (LH), testosterone, 
sex hormone binding globulin (SHBG), and total (25OH) 
vitamin D (in duplicates, sensitivity 4.2 ng/ml, intra‑assay 
and inter‑assay  Coefficient of variation (CV) <20%) by 
fully‑automated Siemens Advia Centaur XP instrument 
using chemiluminescence immunoassay technology. All 
reagents, calibrators, and controls were purchased from 
Siemens healthcare India Pvt Ltd. FAI was calculated as total 
testosterone (in nmol/l)/SHBG (in nmol/l) x 100. Ultrasound 
examination was carried out to confirm the presence of 
bilateral ovarian cysts. As per the guidelines of the endocrine 
society, 25OH vitamin D ≥30 ng/ml was considered sufficient, 
20–29.9 ng/ml was insufficient, and <20 ng/ml was deficient. 
After screening 110 patients with PCOS, we identified only 
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three patients with 25OH vitamin D >30 ng/ml. Hence, we 
divided the patients into only two groups for further analysis.

Group 1: Vitamin D ≥20 ng/ml

Group 2: Vitamin D <20 ng/ml

After explaining the procedure, endometrial samples were 
obtained from 22 patients (12 from group 1 and 10 from 
group 2) during the secretory phase using non‑invasive 
endometrial pipelle biopsy. In patients with amenorrhoea, 
samples were collected randomly. The tissue was separated into 
two parts (one in TRIzol® for RNA extraction and the other in  
Phosphate buffered saline (PBS) for protein extraction) and 
stored in a deep freezer at ‑80° until the analysis was done.

RNA extraction and quantitative RT‑PCR in primary human 
endometrial tissues
Total ribonucleic acid (RNA) was extracted using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific Inc.). 
RNA quantity and purity were measured by Epoch UV 
spectrophotometer after dissolving it in 40 uL RNAase free 
water. MOPS gel electrophoresis was carried out to identify 18 
S and 28 S RNA bands. In order to obtain the complementary 
deoxyribonucleic acid (cDNA). 1 µg total RNA was 
reverse‑transcribed using Primescript RT reagent kit (cat no 
RR037A) from TAKARA BIO INC as per the manufacturer’s 
recommendations.

Quantitative real‑time RT‑PCR was conducted for 40 
cycles (initial denaturation 95° for 30 sec, followed 
by 95° for 5 sec, 65° for 30 sec, and 72° for 30 sec) 
using 2 ul cDNA product (in 25 ul reaction mixture containing 
0.4 umol each of forward and reverse primers of HOXA10 
or glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH)
sequence of primers given in Table 1) in triplicates using 
TB green premix (RR820 A) from TAKARA BIO INC. The 
expression of the HOXA10 gene was normalised to that of 
GAPDH, which served as control. Relative quantification of 
HOXA10 messenger RNA (mRNA) expression in target tissues 
was done using the 2‑ΔΔct method. HOXA10 mRNA expression 
in endometrial tissues of group 1 patients (vitamin D ≥20 ng/
ml) was compared with group 2 patients (vitamin D <20 ng/ml).

Protein extraction and Western blotting in primary human 
endometrial tissues
Endometrial samples were homogenised in tissue lysis 
buffer (50 mM TrisHCl pH 7.4, 0.5% NP40, 250 mM 
Nacl, 5 mM EDTA, 50 mM NaF, and 0.1 mM PMSF) 
followed by sonication to extract the proteins. Samples 
were then centrifuged at 10,000 rpm for 15 min at 4°C, 
and the supernatant was used for protein estimation by 
the Bicinchoninic acid (BCA) method. Equal amounts of 
proteins (50 ug from each sample) were electrophoresed in 
10% polyacrylamide gel at 90 V for 90 min. Separated proteins 
were then transferred on nitrocellulose membranes (from 
HiMedia Laboratories Pvt. Ltd) at 65 V for 90 min in a transfer 
buffer. Blocking was done using 1%  Bovine serum albumin 

(BSA) (from HiMedia Laboratories Pvt. Ltd) for one hour, 
followed by overnight incubation of blots in primary antibody 
diluted 1:1000 in blocking agent (HOXA10 sc‑271954, mouse 
monoclonal Ab and GAPDH sc‑47724, mouse monoclonal 
anti‑GAPDH Ab from Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA) at 4°C. After washing, the blots were incubated for 
one hour in Horse radish peroxidase (HRP)‑labelled secondary 
antibody (goat‑anti‑mouse polyclonal Ab, cat no. 170‑6516 
from Bio‑Rad laboratories, Inc) diluted 1:3000, in blocking 
agent. After the second series of washing, the membranes 
were developed using ECL Plus (Bio Rad Laboratories, 
Inc.), and images were obtained using a G: BOX ChemiXX9 
system from Syngene Europe (Cambridge, UK). GAPDH was 
used as the internal control. HOXA10 protein expression in 
endometrial tissues of group 1 patients (vitamin D ≥20 ng/ml) 
was compared with group 2 patients (vitamin D <20 ng/ml).

Ovulation induction was done in the in vitro fertilisation (IVF) 
centre using 50/100 mg of clomiphene citrate or 2.5/5 mg 
of Letrozole from the 3rd day of the cycle. The follicular 
growth was monitored by serial transvaginal ultrasonography. 
The dosages were modified based on the serial ultrasound 
findings. Most of the stimulation protocols were added with 
gonadotrophins: human menopausal gonadotrophin (HMG) 
or recombinant FSH. Ovulation trigger was done when at 
least one follicle size reached between 18 to 20 mm. Patients 
were followed up for a maximum of five treatment cycles. 
Attainment of a successful pregnancy (evidence of intrauterine 
gestation sac on ultrasound) was considered a positive 
outcome.

Statistical analysis
Continuous data are expressed as the mean ± standard 
deviation (SD), and categorical data as a percentage (%). 
The Student’s t‑test was used to analyse continuous data 
and the Chi‑square test to analyse categorical data. Pearson 
correlation analysis was performed to check the correlation of 
vitamin D levels with age and BMI. Regression analysis was 
performed to evaluate the relationship between serum vitamin 
D levels and successful pregnancy after adjusting for factors 
known to affect the pregnancy outcome (age) and vitamin D 
levels (BMI). Vitamin D is known to be affected by patients’ 
BMI and ethnicity. Since our study population included 
patients from the same ethnic group, we performed only age 
and BMI‑adjusted analysis. Statistical analysis was performed 
using the Statistical Package for the Social Sciences (SPSS) 
software version 17. Quantitative PCR (qPCR) analysis was 
done using the 2‑ΔΔct method, and the results were presented 
as mean values, with error bars representing standard error. 
ImageJ 1.52h (National Institutes of Health, Bethesda, MD, 
USA) was used to analyse and quantify the western blot data 
after densitometric scanning. The results were presented as 
mean with error bars representing the standard error. The 
results were compared using the Student’s t‑test with P < 0.05 
as the level of significance. GraphPad Prism 6 (GraphPad 
Software, Inc., La Jolla, CA, USA) was used to compare the 
data sets.
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Results

Baseline characteristics of study participants are given in 
Table 2. The prevalence of vitamin D deficiency, insufficiency, 
and sufficiency was 76%, 21%, and 3%, respectively.

Characteristics of PCOS patients undergoing OI by vitamin 
D status are shown in Table 3. Both the groups were similar 
in mean age and other endocrine parameters. Only BMI 
and vitamin D levels were significantly different between 

the groups. Serum vitamin D levels were significantly 
low (P < 0.001), and BMI was significantly high (P = 0.032) 
in group 2 compared to group 1. On Pearson correlation 
analysis [Table 4], vitamin D levels showed a significant 
negative correlation with BMI (P = 0.02), but there was 
no significant correlation between age and vitamin D 
levels (P = 0.42).

The clinical pregnancy rate was low in group 2 patients (28.6%), 
having lower vitamin D levels and high BMI compared to 
group 1 (42.3%), but this difference was not statistically 
significant (P = 0.22) [Table 3].

Regression analysis to evaluate the relationship between serum 
vitamin D levels and successful pregnancy is shown in Table 5. 
On regression analysis adjusted for age and BMI, vitamin D 
level was an independent predictor of successful pregnancy 
after OI (P = 0.09).

Effect of serum 25OH vitamin D levels on HOXA10 gene/
protein expression in primary human endometrial tissues
Results of quantitative RT‑PCR in primary human endometrial 
tissues are shown in Figure 1. Mean HOXA10 mRNA 
expression was low in group 2 (vitamin D <20 ng/ml) patients 
compared to group 1 (vitamin D ≥20 ng/ml), but the difference 
was not statistically significant.

On western blotting, mean HOXA10 protein expression was 
low in group 2 (vitamin D <20 ng/ml) patients compared 
to group 1 (vitamin D ≥20 ng/ml), and the difference was 
statistically significant [Figures 2 and 3].

dIscussIon

According to our findings, endometrial HOXA10 mRNA 
and protein expression are influenced by circulating vitamin 
D levels in PCOS patients. After the follow‑up of PCOS 
patients for a maximum of five OI cycles, patients with 
high vitamin D levels had a higher rate of achieving clinical 
pregnancy compared to the patients with low vitamin D levels. 

Table 3: Characteristics of PCOS patients by vitamin D 
status

Characteristic Vitamin D status P 

Group 1 (Vitamin 
D ≥20 ng/ml)

Group 2 (Vitamin 
D <20 ng/ml)

Number 26 84
Serum vitamin 
D levels

25.57±3.64 14.66±3.26 <0.001*

Age 26.58±3.57 26.95±2.96 0.59
BMI 24.57±5.14 26.85±4.56 0.032*
FSH 5.72±2.13 6.33±1.58 0.12
LH 8.23±5.47 8.12±5.61 0.93
Testosterone 1.57±0.81 1.49±0.71 0.62
SHBG 63.14±79.6 47.63±52.8 0.25
FAI 4.14±3.05 4.62±3.12 0.49
No. of patients 
with clinical 
pregnancy

11 (42.3%) 24 (28.6%) 0.22

*significance with P<0.05

Table 2: Baseline characteristics of the study participants
Number 110
Age in years 26.9±3.1
BMI in Kg/m2 26.3±4.8
FSH in mIU/ml 6.18±1.73
LH in mIU/ml 8.14±5.6
Total 25 hydroxy vitamin D in ng/ml 17.26±5.74
SHBG in nmol/l 51.33±60.26
Testosterone in nmol/l 1.52±0.73
FAI 4.5±3.1
Vitamin D status in numbers and %

Deficient (< 20 ng/ml)
Insufficient (20–29.9 ng/ml)
Sufficient (≥ 30 ng/ml)

84 (76%)
23 (21%)
3 (3%)

Continuous data are presented as mean±SD and categorical data as 
percentage (%)

Table 1: Sequence and length of Primers

Primer sequence Length (bp)
HOXA10

Forward GCCCCTTCCGAGAGCAGCAAAG 22
Reverse AGGTGGACGCTGCGGCTAATCTCTA 25

GAPDH
Forward GAGCGAGATCCCTCCAAA 18
Reverse ACTGTGGTCATGAGTCCTTC 20

Figure 1: Quantitative RT‑PCR showing HOXA10 mRNA expression relative 
to GAPDH in primary human endometrial tissues
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Although the difference in clinical pregnancy rate was not 
statistically significant between the groups, vitamin D level 
was an independent predictor of a successful pregnancy. 
Previously, various studies have reported the beneficial effect 
of vitamin D on female reproductive outcomes. In a large 
multicentric Randomised controlled trial (RCT) involving 
626 reproductive age women diagnosed with PCOS, serum 
25OH vitamin D was an independent predictor of reproductive 
success following OI, and the threshold of serum 25OH 
vitamin D for achieving a successful pregnancy and having 
live birth was higher in these patients than recommended for 
the non‑pregnant population.[19] However, the mechanism by 
which vitamin D affects the reproductive outcome was not 
clear. According to Garbedian and colleagues, women with 
sufficient vitamin D levels had significantly higher rates of 
clinical pregnancy following IVF compared to women with 
insufficient or deficient levels. This difference was attributed to 
higher embryo quality among women with sufficient 25(OH) 
D levels.[26] In contrast, in a retrospective study including 188 
infertile patients of different races undergoing IVF, vitamin 
D levels were neither associated with ovarian stimulation 
parameters nor with markers of embryo quality.[22] Since the 
oocyte donor‑recipient IVF model was able to distinguish the 
impact of vitamin D on oocyte vs. endometrium, in a study 
conducted by the same group of researchers, replete vitamin 
D level in recipients of donor eggs was associated with higher 
clinical pregnancy rates after adjusting for parameters of 
embryo quality. This confirmed that the effects of vitamin D 
are mainly mediated through endometrium.[27] However, in the 
same study, it was observed that beneficial effects of vitamin D 
on pregnancy outcomes were seen only in non‑Hispanic whites 
but not in Asians. Pregnancy and live birth rates increased 
with worsening vitamin D status in Asians.[22] According to 
the authors, this was due to a relatively smaller number of 
Asians in the study or may be due to the other factors which 
may contribute to the lower pregnancy rate observed in Asian 

patients. In our study where patients were recruited from India, 
vitamin D level was the only significant predictor of clinical 
pregnancy after adjusting for confounders in PCOS patients 
undergoing OI, and the serum levels of vitamin D significantly 
influenced endometrial HOXA10 gene and protein expression. 
However, the difference in clinical pregnancy rates between 
the groups did not reach statistical significance. This may be 
due to the low sample size, or the cut‑off values of vitamin 
D levels we have used to divide the patients into two groups 
may not be appropriate. This can be addressed by future 
studies, including a higher sample size and considering a 
higher threshold of vitamin D levels required by this set of 
population.

Apart from oestrogen, progesterone, and testosterone, vitamin 
D is the only ligand known to affect HOXA‑10 gene expression 
in the human endometrium. Being fat‑soluble, vitamin D easily 
crosses the nuclear membrane and exerts its effect through 
the Vitamin D receptor (VDR) after binding to the vitamin D 
response element (VDRE) and modulating the expression of 
various genes. One such novel VDRE was identified upstream 
of the HOXA10 promoter region.[10] Since the endometrial 
tissues we have collected are from clinically/biochemically 
diagnosed PCOS patients, and both the groups were similar 
with respect to age and other endocrine parameters except 
for vitamin D levels, we assume that the difference noticed in 
HOXA‑10 gene expression is attributed to the difference in 
vitamin D levels only.

It is postulated that endometrial HOXA10 expression 
parallels that of the vitamin D signalling pathway; both 
increase midcycle shortly before the expected implantation, 
at the time of maximal endometrial differentiation. VDR 
and 1‑alpha hydroxylase expression in the endometrium 
continue to increase in the first and second trimesters.[27] 
VDRE is located in the region ‑385 to ‑343 bp upstream of 
the HOXA10 transcription start site and directly binds the 
vitamin D‑VDR complex. Such binding results in target gene 
activation and enhanced expression of the HOXA gene product. 
The HOXA gene product acting as a nuclear transcriptional 
factor promotes the differentiation of endometrial cells to 
specialised decidual cells, making the endometrium receptive 
for blastocyst implantation.[10] HOXA genes interact with 
other key developmental signalling molecules. In turn, these 
interactive pathways recruit genes that may be necessary for 
implantation, such as Msx‑1.[9] From these observations, it is 
evident that endometrial receptivity is the potential target for 
a beneficial effect of vitamin D. Along with HOXA10, vitamin 

Table 4: Pearson correlation analysis showing correlation 
of Vitamin D levels with age and BMI

Age BMI
Vitamin D

Pearson Correlation ‑0.078 ‑0.232
P 0.42 0.02*
Significance NS S
n 110 110

*Correlation is significant at P<0.05 (2‑tailed)

Table 5: Regression analysis to predict the occurrence of a successful pregnancy

B S.E. Wald Df P Significance Exp (B)
Age 0.066 0.073 0.835 1 0.361 NS 1.069
BMI 0.046 0.049 0.901 1 0.343 NS 1.048
Vitamin D 0.105 0.040 6.847 1 0.009* S 1.110
Constant −5.630 2.453 5.267 1 0.022  0.004
*significance with P<0.05
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D is also known to upregulate the expression of other genes 
like osteopontin and calbindin, which are critical for embryo 
implantation.[27]

It has been observed that Decidua and placenta continue to 
secrete a large amount of active vitamin D throughout the 
pregnancy, with the highest concentration in the 1st trimester, 
which is known to regulate immune response at the 
maternal‑fetal interface. The presence of blastocyst upregulates 
the secretion of active vitamin D in the endometrium 
through IL1β, and vitamin D, in turn, supports the embryo 
by attenuating the decidual T cell function and cytokine 
production from Natural killer (NK) cells.[22,28] By this, it can be 
concluded that vitamin D is not only required for implantation 
but also necessary for the continuation of the pregnancy. 
However, further studies are required to confirm the findings.

Our findings also revealed higher BMI in patients with 
lower vitamin D levels. An inverse correlation is observed 
between BMI and serum vitamin D concentrations. A possible 
explanation for this may be that in obese individuals, a higher 
proportion of vitamin D, which is fat‑soluble, is sequestered in 
adipose tissues, lowering the bioavailability of the vitamin.[26] 
Lagunova and colleagues have reported the highest prevalence 
of vitamin D deficiency in patients with BMI >40 kg/m2.[29]

Major strength of our study is that it is conducted in the Indian 
population. Data available in the literature is mainly from the 
white/Caucasian population, and to date, very few studies have 
been carried out on Asians, and the results are still contradictory. 
Most of the previous studies addressing the association of serum 
vitamin D levels with clinical pregnancy rates were done in 
infertile women seeking IVF treatment, and these patients were 
on vitamin D supplements. Hence, the observed prevalence of 
vitamin D deficiency was very low in those studies[26] compared 
to our study, where we recruited infertile patients who were 
not on vitamin D therapy. In India, deficient and insufficient 
vitamin D levels were reported in 76% and 16.5% of women 
of reproductive age group, respectively.[30] The findings of our 
study hold therapeutic implications due to the high prevalence 
of vitamin D deficiency in the Indian population.

Major limitation of our study is the small sample size. 
Especially, we had only three patients with vitamin D >30 ng/ml 
and only 22 patients with vitamin D >20 ng/ml after screening 
110 PCOS patients. Another limitation of the study is its 
observational nature. We could demonstrate the association 

between serum vitamin D levels and successful pregnancy 
after OI, but we were unable to conclude that by supplementing 
vitamin D to patients having low levels, we could improve the 
outcome. Only an interventional study can address this.

conclusIon

Circulating vitamin D levels influence the endometrial 
HOXA10 gene expression, and this might be reflected on the 
reproductive outcome of infertile PCOS patients undergoing 
OI. However, the lack of statistically significant difference in 
clinical pregnancy rates between the groups may be attributed 
to the cut‑off values of vitamin D we have used to divide 
the patients into two groups not being appropriate. Future 
studies are required to systematically derive the appropriate 
threshold of vitamin D to achieve successful pregnancy 
in the reproductive‑age women. Further, characterisation 
of downstream effects of the HOXA10 gene may assist in 
elucidating the complex molecular mechanism governing the 
implantation process.
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