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Dose vitamin D supplementation affect reproductive
outcomes in patients with polycystic ovary syndrome?
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Objective: To evaluate the effect of vitamin D supplementation on ovulation and pregnancy rates in
patients with polycystic ovary syndrome (PCOS). Material and Methods: This multicenter randomized
controlled clinical trial was performed in the infertility clinics of Tanta University Hospital and Benha
University Hospital. One hundred and sixty patients were recruited and allocated into two groups; group 1
served as a control group and group 2 (study group) where patient received vitamin D supplementation.
Induction of ovulation with clomiphene citrate. Results: No significant differences were seen in in
demographic data: basal hormonal levels, mature follicle size, serum progesterone levels, or
pregnancy rate between both groups. Insulin resistance was greater in the control group and
resumption of the cycle was higher in the study group. Conclusion: Vitamin D supplementation as an
adjuvant to induction of ovulation induction in women with PCOS resulted in enhancement of ovulation
and pregnancy rates.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a prevalent female
endocrine condition that affects between 6% and 12% of
women of reproductive age worldwide.[1] It manifests
itself through monthly irregularity, hyperandrogenism,
anovulatory infertility, obesity, and also metabolic
abnormalities such as type 2 diabetes, insulin resistance,
and dyslipidemia.[2] These complaints can have a major
influence on patients’ health and their life quality.
Nevertheless, owing to the disease’s intricacy, the
pathophysiology is unknown, and an appropriate
therapeutic regimen has not been found.[3] It is typical
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for people with PCOS to have vitamin D deficiency
(VDD), which may be linked to endocrine and
metabolic disorders.[4-7]

Bone mineralization and calcium phosphate control are
two of the functions of vitamin D.[8] Over 30 tissues,
involving the liver, immune cells, pancreas, brain, and
ovaries, have vitamin D receptors that operate as
transcription factors for 229 genes.[9] The body obtains
vitamin D from vulnerability to the sunshine. Vitamin D
is necessary for many functions in the body including
immune system, muscle functions, cardiovascular
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functions, brain development, fertility, and has an
anticancer effect.[10]

VitaminDaffects fertilitybymanymechanisms. Its receptors
were detected in the placenta, ovary, and endometrium
suggesting that vitamin D has an important role in fertility
and conception. Some studies found that deficiency of
vitamin D leads to poor response to ovarian stimulation
as well as little success with in vito fertilization (IVF). Some
studies found that the higher the concentrations of vitamin
D, the higher pregnancy success rates. When it comes to
PCOS, several studies have established a correlation
between lowered vitamin D3 levels and an elevated insulin
resistance risk.[5] Vitamin D is accumulated in adipose
tissues in obese individuals, rendering it inaccessible for
use by the body. Therefore, obese individuals are
predicted to have reduced serum vitamin D levels.[11]

PATIENTS AND METHODS

Study design and settings: This multicenter
randomized controlled clinical trial was conducted in
the infertility clinics of Tanta University Hospital and
Benha University Hospital during the period between
April 2019 and March 2021.

Patients: One hundred and sixty patients were recruited
according to inclusion and exclusion criteria.

The inclusion criteria were: (a) PCOS was diagnosed by
modified Rotterdam criteria,[2] which required at least two
of these three criteria to make the diagnosis; oligo/
anovulation, clinical, or biochemical hyperandrogenism
and polycystic ovarian morphology; (b) infertile patients;
(c) age between 20 and 35 years; (d) BMI ≤ 30 kg/m2; and
(e) vitamin D deficient participants. Exclusion criteria
were: (a) pregnant or nursing, (b) kidney stones, (c)
current vitamin D use, (d) insulin sensitizing drug use
within 3 months, (e) non-PCOS patients, (f) obese
patients BMI > 30 kg/m2, and (g) previous ovarian
surgery or oophorectomy to one ovary.

Sample size calculation

An independent case-control study with one control for
each case was planned. A previous study found that 40%
of women in control groups ovulated. Eighty
experimental subjects and 80 control subjects were
required to reject the null hypothesis that the error
rates for both groups are equivalent with a probability
(power) of 0.8, if the true ovulation rate for vitamin D
sufferers is 0.62. This assay of the null hypothesis has a
0.05 chance of producing a type I error.
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Randomization, allocation, and concealment

To produce a random allocation sequence, a computer-
generated list was utilized in conjunction with Medcalc
software Version 13.2, Ostend Belgium, to allocate each
participant’s number to one of the study groups.

Participantswereallocatedrandomly toeithergroup1(control
group) or group 2 (vitamin D supplementation group)
utilizing a computer-generated random number generator.

The assignmentwas accomplishedby theuseof sequentially
numbered, otherwise identical, sealed envelopes (SNOSE),
each of which contained a 2-inch by 2-inch piece of paper
with a printed code denoting the assigned group. These
documents were placed inside an envelope along with a
folded sheet of aluminum foil. Every effort was made to
ensure that the intervention and control envelopes were
identical in size and weight. Envelopes were selected to be
opaque and lined with carbon paper on the inside and were
unsealed sequentially only after the subject’s tracking
information was written on the envelope, so that the
carbon paper functioned as an audit trail.

Interventions

Vitamin D supplementation: oral cholecalciferol
(VEDI-PEX 2000 IU tables; PEX Pharma, Egypt).
According to the Endocrine Society guidelines, 6000
IU of vitamin D3 were given daily to patients with
VDD for 8 weeks to achieve a serum level of 25(OH)
D above 30 ng/mL, followed by a maintenance dose of
2000 IU daily for 6 months.

Induction of ovulation with clomiphene citrate:
clomiphene citrate’s 50mg tablets (Tecnovula 50mg;
Techno, Egypt). Regimen: 50mg daily starting dose of
clomiphene citrate was given for 5 days initiating on day
2of spontaneousor progestin-triggeredmenstrual bleeding
for maximum six cycles with 50mg dose-increments in
subsequent cycles in individuals who unsuccessful to
ovulate, up to a daily dosage cap of 150mg (The
Thessaloniki ESHRE/ASRM-Sponsored PCOS
Consensus Workshop Group, 2007).[12] Folliculometric
follow-up was done every other day starting at
the 10th day of the induction cycle. When at minimum
one follicle reaches 18mm, ovulation is stimulated by
human chorionic gonadotropin’s 10,000 IU
(Choriomon; IBSA, Lugano, Switzerland) intramuscularly
with timed intercourse 24 to 36 hours thereafter.

Patients allocated to control group received starch tablets
as a placebo in similar manner, dosage, and duration to
patients in study group.
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Study outcomes: The primary outcome was ovulation
detected by transvaginal ultrasound and mid-luteal serum
progesterone level (>10 ng/mL).

Secondary outcomes were reversal of insulin resistance
as measured by fasting glucose/insulin ratio (ratio
becomes <4.5), resumption of regular cycles, and
occurrence of pregnancy.

Ethical issues and trial registration

This study was approved by the ethical committee of
Tanta University and was given the unique approval code:
35162. The study was also registered on clincaltrials.gov
and had the unique ID: NCT03898934 and is accessible
on the following link:

https://register.clinicaltrials.gov/prs/app/template/Edit
Protocol.vm?listmode=Edit&uid=U000404W&ts=3&sid=
S0008T1H&cx=5ce89z.
Figure 1: CONSORT flow chart of cases throughout the study.
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Statistical methods

For normally distributed data, mean and standard
deviation were used while irregular data were presented
as median (25th–75th percentiles). To compare
continuous data, either t-test and Mann–Whitney test
were used in our study. In order to contrast categorical
data presented as frequencies and percentages, the chi-
square or Fisher exact test was applied. All analyses were
conducted using Stata 16.1 (Stata Corp, College Station,
TX, USA), and a P-value < 0.05 was being statistically
substantial.

RESULTS

Initial enrollment included 185 patients. Fifteen cases
were excluded either due to nonfulfillment of inclusion
criteria (n= 9) or declined to participate (n= 6). The flow
of cases throughout the study was presented in Figures 1
and 2.
57



Figure 2: Box plot of the progesterone level in the control and study group.

Table 1: Baseline data of enrolled patients in both groups

Control group (n = 80) Treatment group (n = 80) P-value
Age (years)* 28.59 ± 5.45 28.6 ± 5.51 0.96
BMI (kg/m2)* 26.58 ± 2.77 26.70 ± 2.83 0.62
Parity† 0.97
No 33 (41.25%) 35 (43.75%)
1 22 (27.50%) 20 (25%)
2 18 (22.5%) 17 (21.25%)
3 7 (8.75%) 8 (10%)

Type of infertility† 0.53
Primary 33 (41.25%) 35 (43.75%)
Secondary 47 (58.75%) 45 (56.25%)

Basal hormonal profile*
FSH (IU/dL) 4.68 ± 1.14 4.73 ± 1.15 0.75
AMH (IU/dL) 4.68 ± 1.14 4.73 ± 1.15 0.78
PRL (IU/dL) 21.18 ± 6.53 21.20 ± 6.43 <0.99
TSH (IU/dL) 3.2 ± 1.07 3.23 ± 1.08 0.88
Testosterone (IU/dL) 72.13 ± 13.59 71.8 ± 14.4 <0.99
Vitamin D3 (ng/mL) 17.12 ± 3.11 16.89 ± 2.26 0.82

AMH, anti-Mullerian hormone; BMI, body mass index; FSH, follicle stimulating hormone; PRL, prolactin; TSH, thyroid stimulating hormone.**Correspondence to Continuous data were
presented as mean and SD and analyzed by t test. †Categorical data as numbers and percentages and analyzed by chi-square test.
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Baseline data

There were no significant differences in demographic
data, and hormonal levels between both groups [Table 1].

Clomiphene citrate dose and number of cycles were lower
in the study group; however, the number of mature
follicles was greater. No significant differences were
seen in mature follicle size or serum progesterone
levels between the two groups, but the study group’s
levels were much greater [Figure 1]. There were no
variations in the pregnancy rate between groups.
Insulin resistance was greater in the control group and
resumption of the cycle was higher in the study group
(P < 0.001, for both) [Table 2].
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Ovulation was significantly increased in treatment group
than control group (p=0.001). On the same side serum
progesterone was significantly increased in treatment than
in control group as shown in Figure 2.

Factors affecting progesterone level

Vitamin D3 supplementations and Prolactin were
associated with higher serum progesterone [Table 3].

Factors affecting the size of the mature follicles

The higher size of the mature follicle is significant with
increased age and lower BMI. Treatment increased the
size of the follicle, but it did not reach a significant level
[Table 4].
Fertility Science and Research | Vol 9 | Issue 1 | January-June 2022



Table 2: Contrasting of the findings between study and control groups

Control group (n = 80) Treatment group (n = 80) P-value
CC dose* 158.69 ± 27.33 148.06 ± 24.45 0.01
Number of cycles* 3.56 ± 1.15 3 ± 1.47 0.01
Number of mature follicles* 1.83 ± 0.95 2.39 ± 1.1 <0.001
Size of mature follicle (mm)* 19.54 ± 1.17 19.88 ± 1.35 0.09
Number of rupture follicles* 1.33 ± 0.81 2.23 ± 1.11 <0.001
Ovulation rate* 69.94 ± 37.66 84.25 ± 32.88 0.001
Serum progesterone (IU/dl)* 15.16 ± 3.01 17.2 ± 4.16 0.002
Occurrence of pregnancy† 25 (31.25%) 27 (33.75%) 0.74
Resumption of normal menstruation† 0 20 (25%) <0.001
Insulin resistance† 80 (100%) 60 (75%) <0.001
*Continuous data were presented as mean and SD and analyzed by t test. †Categorical data as numbers and percentages and analyzed by chi-square
test.

Table 3: Factors affecting progesterone levels in a multivariable
regression model

Coefficient (95% CI) P-value
Vitamin D supplementation 2.04 (0.92–3.15) <0.001
Prolactin 0.11 (0.03–0.20) 0.01

Table 4: Factors affecting mature follicle size in a multivariable
regression model

Coefficient (95% CI) P-value
Vitamin D supplementation 0.35 (−0.04–0.73) 0.08
Age 0.05 (0.01–0.08) 0.01
BMI −0.08 (−0.15–−0.01) 0.03
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DISCUSSION

PCOS affects 6% to 12% of reproductive age women over
the world. Resistance, loss, and ovarian hyperstimulation
syndrome (OHSS) are among the many issues that can
arise during the tough induction process. Therefore, we
need adjuvant therapy to avoid these complications and
improve pregnancy rate. One of the adjuvant therapies is
vitamin D.[9,10]

Jamilian et al.[13] conducted a study to assess the effect of
vitamin D supplementation on the metabolic profile in
women with PCOS. They randomly allocated 90
participants into three groups. Each group included 30
patients where the first group received vitamin D 4000
IU/day and the second group received 1000 IU/day for
12 weeks, while the third group received placebo. They
found that high dose of vitamin D (4000 IU) led to a great
reduction of total testosterone, inflammatory biomarkers
(high sensitivity C-Reactive Protein (hs-CRP) levels), and
antioxidant levels in insulin-resistant women with PCOS if
compared to those who received 1000 IU/day of vitamin
D or placebo.[13]

In a study with Trummer et al.[14], 180 women with
PCOS and 25-hydroxyvitamin D concentrations < 75
nmol/L were randomized into 2:1 ratio to receive either
vitamin D or placebo by a computer-generated
randomization. They aimed to study the effects of
vitamin D supplementation on metabolic and
endocrine parameters in PCOS. They found no
significant effect on metabolic and endocrine
parameters in PCOS with the exception of a reduced
Fertility Science and Research | Vol 9 | Issue 1 | January-June 2022
plasma glucose.[14] Similar results were obtained by
Łagowska et al.[15] in their systematic review.

Another study demonstrated that vitamin D
supplementation (4000 IU/day) for 12 weeks to PCOS
women resulted in significant decreases in serum insulin,
homeostatic model assessment for insulin resistance
(HOMA-IR), serum total testosterone levels, free
androgen index (FAI), and hirsutism, and a significant
increase in sex hormone binding globulin (SHBG).[16]

Akl et al.[17] conducted a randomized controlled study to
evaluate the effect of vitamin D supplementation on
ovulation and metabolic profiles in patients with PCOS
in Shams University Maternity Hospital. They included
300 women in their study after assessing their levels of
vitamin D. They allocated patients into vitamin D
deficient group and vitamin D normal group and
control group. They found that vitamin D
supplementation improved ovulation rates and
metabolic profiles with restoration of menstrual
patterns in the group of VDD.[17]

In the present study, we attempted to replenish vitamin
D3 level in patients with PCOS through oral vitamin D3
administration. We evaluated ovulation rate, pregnancy
rate, serum progesterone, resumption of normal
menstruation, and insulin resistance in these patients to
those who did not obtain vitamin D3. This was in
accordance with the study of Al-Bayyari et al.[18] who
recommended supplementation of vitamin D3 to obese
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patients with PCOS to maintain low levels of vitamin D3
in that category of patients.

In our study, clomiphene citrate (CC) dose and number
of cycles were lower in the study group; however, the
number of mature follicles was higher. No significant
differences were seen in mature follicle size or serum
progesterone levels between the two groups, but the
study group’s levels were much greater [Figure 1]. There
were no variations in the pregnancy rate between
groups. Insulin resistance was greater in the control
group and resumption of the cycle was higher in the
study group.

Numerous publications have proposed a link between
VDD and metabolic malfunctions in women with PCOS,
notably insulin resistance. Nevertheless, the outcomes of
randomized controlled trials evaluating the role of vitamin
D supplementation on glucose homeostasis in PCOS
patients remain inconclusive.[18] Vitamin D
supplementation showed no effect on PCOS patients’
fasting glucose, serum HOMA-IR, fast insulin, or
quantitative insulin sensitivity check index (QUICKI),
according to a recent meta-analysis that involved only
the findings of controlled randomized trials.[19]

Additionally, insulin receptor gene upregulation,
modulation of insulin production from pancreatic
β-cells, and promotion of β-cell proliferation and
adiponectin production have all been demonstrated to
enhance metabolic state by supplementation with vitamin
D, vitamin K, and calcium.[20]

CONCLUSION

Vitamin D addition to induction of ovulation in women
with PCOS resulted in enhancement of ovulation and
pregnancy rates. Larger studies are still required to add to
the evidence to reach to a solid conclusion regarding this
issue.
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