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Abstract

Background: Recently, vitamin D was discovered to have an important role in female reproduction and IVF.
However, there were no studies specifically addressed its role in polycystic ovarian syndrome (PCOS) patients
undergoing ICSI cycles. Therefore, this cross-sectional study in a university hospital was conducted to evaluate the
effect of serum level of vitamin D (VD) on the number of retrieved and fertilized oocytes, and chemical and clinical
pregnancy rate in PCOS females undergoing ICSI cycles. The study included 80 PCOS cases undergoing ICSI cycles
in the age from 20 to 39 years using antagonist protocol. Cases with severe male or tubal factors were excluded.
Serum 25 (OH) D vitamin level was assessed by the ELIZA method on the day of oocyte retrieval. Correlation and
regression analyses were used in the analysis.

Results: VD was positively correlated to both numbers of retrieved and fertilized oocytes (r = 0.35, 95% CI 0.15,
0.53, P = 0.001; r = 0.33; 95% CI 0.03, 0.57, P = 0.03, respectively). It was still significantly correlated to the number of
oocytes (coefficient 0.47; 95% CI 0.1, 0.9; P = 0.018) and to the number of fertilized eggs (coefficient 0.3; 95% CI
0.02, 0.58; P = 0.03) after adjusting for age, BMI, and type of ovulation-triggering agent. This means with each 2 ng/
mL increase in serum VD level, around one more egg will be retrieved. In addition, there will be one more fertilized
oocyte with each 3 ng/mL increase in the vitamin level. However, no significant correlation was found between the
vitamin level and the occurrence of chemical or clinical pregnancy.

Conclusions: Serum vitamin D level is positively correlated with the number of retrieved and fertilized oocytes in
PCOS patients undergoing ICSI cycles.
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Background
Polycystic ovary syndrome (PCOS) is the commonest endo-
crine abnormality in women of reproductive age [1]. More-
over, it leads to many health problems throughout the
woman’s life [1]. Worldwide, the prevalence of PCOS is 6–
13% [2]. In Egypt, it is estimated that the prevalence of PCOS
is 13% in fertile and 37.5% in secondary infertile patients [3].

IVF/ICSI is considered an important line of manage-
ment for anovulatory infertility in PCOS if lifestyle mod-
ifications and usual ovulation induction had failed to
achieve pregnancy or the patient has other factors of in-
fertility requiring IVF, such as severe male factor of in-
fertility or tubal occlusion [4, 5].
In the past decade, vitamin D was discovered to have an

important role in many parts of the body in addition to
the classical sites of the bone, kidney, and intestine [6]. In
particular, vitamin D was found to be involved in the
regulation of several hormones in the body including the
anti-Müllerian hormone (AMH) [7], follicle-stimulating
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hormone, estradiol, and progesterone [8]. In addition, a
correlation was suggested between vitamin D deficiency
and PCOS. This relation may be due to the effects of vita-
min D receptors on LH and sex hormone-binding globu-
lin levels, the incidence of insulin resistance, testosterone
levels, and aromatase gene expression [9–14].
There has been an increasing interest recently in the

investigation of the role of vitamin D in IVF due to the
effects of vitamin D receptors on LH and sex hormone-
binding globulin levels, the incidence of insulin resist-
ance, testosterone levels, and aromatase gene expression
[9–14]. However, the results of such research studies
were inconsistent [6]. Moreover, no studies evaluated
the effect of VD status on IVF/ICSI outcomes in PCOS
females who represent an important category of cases
undergoing assisted reproduction.
Therefore, we investigated the relation between serum

25 (OH) D vitamin level and the outcome of ICSI cycles
in PCOS cases.

Methods
This cross-sectional study was conducted in the IVF
Unit of Cairo University from November 2016 to Janu-
ary 2018. It was approved by our institution’s research
ethics committee. The ethical standards of the Declar-
ation of Helsinki were followed, and informed consents
were taken from the study participants. Collection and
reporting of data followed the guidelines of the STROBE
checklist for observational studies [15].
The study population were 80 females who had PCOS

and were scheduled to do ICSI cycles. They were in the
age between 20 and 39 years and had a body mass index
(BMI) between 20 and 29 kg/m2. Females who had med-
ical disorders, concomitant tubal factor, endometriosis,
or severe uterine factor of infertility (intrauterine adhe-
sions) were excluded. In addition, women who were tak-
ing vitamin D supplements or whose husbands had
severe male factor (severe oligo-atheno-teratospermia or
azoospermia) were excluded. PCOS was diagnosed in
our patients following the Rotterdam criteria [16]. The
indication for ICSI was the failure of previous ovulation
induction cycles to achieve pregnancy [4].
History and general and local examinations were done

for all patients. Vaginal or cervical infections (if present)
were treated first before the ICSI cycle. Basal (day 2 or 3
of menstruation or withdrawal bleeding in case of oligo-
menorrhea) hormonal profile (as a part of the diagnosis
for PCOS if the criteria were not fulfilled by clinical pic-
ture alone) was assessed for all women. Screening for
hepatitis B, hepatitis C, and HIV was performed before
the start of the ICSI cycle.
Antagonist protocol was chosen for ovarian stimula-

tion [4]. The details of the antagonist protocol followed
our IVF unit protocol. Ovarian stimulation started on

the second or third day of menstruation (or progestogen
withdrawal) by 150 IU subcutaneous human menopausal
gonadotropin (HMG) (Merional, IBSA, Lugano,
Switzerland). The first folliculometry was done 5 days
after the start of stimulation, then it was done every 2 to
3 days. Gonadotropin-releasing hormone antagonist
(GnRH antagonist) (Cetrotide, Merck Serono, Darm-
stadt, Germany) was started in a fixed manner (0.25 mg
daily) from the 6th day of ovarian stimulation. Ovulation
trigger was done by intra-muscular 5000 IU of urinary
human chorionic gonadotropin (HCG) (Choriomon,
IBSA, Lugano, Switzerland) when 3 follicles reached 17
mm. According to our IVF unit’s policy, GnRH agonist
triggering for ovulation (instead of HCG) and adminis-
tration of dopamine agonist were done if serum estradiol
was higher than 5000 pg/mL at the day of ovulation trig-
ger. The GnRH agonist was in the form of subcutaneous
0.2 mg of GnRH analog (Decapeptyl, Ferring, Saint-Prex,
Switzerland). In addition, dopamine agonist (Dostinex,
Pfizer, New York, NY, USA) 0.5 mg/day orally for 8 days
was given starting from the day of ovulation trigger. Oo-
cyte retrieval was done 35–36 h after HCG (or GnRH
agonist) injection.
Ultrasound-guided transfer of embryos was done on day

2 or 3 after oocyte retrieval (according to our IVF labora-
tory policy). Freezing of all embryos was done if 25 or
more oocytes were retrieved [17]. Luteal phase support
was started on the day of egg collection by twice daily 400
mg progesterone vaginal suppository intake (Cyclogest,
Actavis, Barnstaple, UK). Daily 4mg of estradiol valerate
(the white tablets of Cyclo-Progenova, Bayer HealthCare
Pharmaceuticals LLC, Berlin, Germany) was added to
daily progesterone in case of GnRH agonist triggering for
ovulation (according to our unit protocol). Luteal phase
support continued for 15 days until serum quantitative
pregnancy test (bHCG) and for further 8 weeks in case of
positive pregnancy.
Pregnancy was considered positive (biochemical preg-

nancy) if serum bHCG was more than 50 mIU/mL. Clin-
ical pregnancy was reported if a gestational sac (or
more) with fetal cardiac activity was seen by ultrasound
2 weeks after a positive pregnancy test.

Vitamin D measurement
Blood samples were collected at the day of oocyte collec-
tion. Two milliliters of blood was obtained and allowed
to clot at room temperature. The blood tube was then
centrifuged for 15 min at and was stored below 20 °C
until assayed. ELISA test (25 OH vitamin D3/D2,
ORGENTEC Diagnostika GmbH, Mainz, Germany) was
used to measure serum 25 (OH) D vitamin level. Meas-
urement of serum vitamin D followed the manufac-
turer’s instructions in the kit’s leaflet. One hundred
microliters of patient samples, calibrators, and controls
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was pipetted into wells and incubated for 30 min at
room temperature (20–30 °C). Then, the contents of the
micro-wells were discarded and washed 3 times with
300 μl of wash solution. Thereafter, 100 μl of the en-
zyme conjugate was dispensed into each well and incu-
bated for 15 min at room temperature. After another
washing, 100 μl of enzyme-substrate solution was dis-
pensed into each well and incubated for 15 min at room
temperature. Afterwards, 100 μl of a stop solution was
added to each well of the molecules and incubated for 5
min. The optical density at 450 nm was read, and the
serum 25 (OH) vitamin D level was interpreted accord-
ingly in nanograms/milliliter.
The primary outcomes of the study were correlations

of the serum vitamin D level to the number of retrieved
oocytes and number of fertilized embryos resulting from
ICSI cycle, while the secondary outcomes were correl-
ation of serum vitamin D at the day of oocyte retrieval
to the occurrence of chemical and clinical pregnancy in
our study cohort.

Sample size calculation
Calculation was based on the correlation between the
serum level of vitamin D and the number of good-
quality embryos (or the number of fertilized oocytes) as
the study primary outcome. Setting the power of study
at 80% and alpha at 0.05 (2 tailed), we needed 80 cases
to detect a minimally clinically significant correlation co-
efficient of 0.3. Sample size calculation was done using
the IBM SPSS SamplePower software, release 3.0.1 (IBM
Corp., Armonk, NY, USA).

Statistical analysis
The normal distribution of continuous data was assessed
by the Anderson-Darling test (in addition to Q-Q plot).
In turn, the description of data was as mean (SD) or me-
dian (range). Qualitative data were described in the form
of count (percentage). Correlation between vitamin D
level and the number of retrieved number of fertilized
eggs, number of grade one embryos, and number of im-
planted embryos was done using Pearson correlation.
Afterwards, multivariable regression analysis was done
to calculate the coefficient of the relation between serum
25 (OH) D vitamin level and the number of retrieved
oocytes adjusting for possible confounders, namely, age,
BMI, and type of ovulation-triggering agent (HCG vs
GnRH agonist). Another multivariable regression ana-
lysis was done to assess the relation between vitamin
level and the number of fertilized oocytes adjusting for
the same previous confounding factors. In addition, lo-
gistic regression was performed to measure the odds ra-
tio of occurrence of chemical and clinical pregnancy in
relation to the vitamin level. 95% confidence intervals
(CI) were described for all applicable statistics. P value <

0.05 was considered significant. Statistical analysis was
done using the SPSS software, version 23 (IBM Corp.,
Armonk, NY, USA).

Results
A flow chart of the study population is presented in (Fig. 1).
A total of 113 PCOS patients in the age of 20–39 were
assessed for eligibility. Eighty women were eligible and ac-
cepted to participate. For all cases, the primary outcomes
(number of retrieved and fertilized oocytes) were recorded.
The median (range) of age and BMI were 32 (20, 32)

years and 27 (24, 29), respectively. Most of our study
cases had primary infertility (n = 74; 92.5%) and irregular
menstruation (n = 48, 60%) (Table 1).
As regards the ICSI cycle characteristics, most of the

patients took HCG for triggering ovulation (n = 71,
78.8%), while the remaining proportion had GnRH agon-
ist (n = 9, 11.3%). The medians (range) of the number of
retrieved and fertilized oocytes were 12 (4, 35) and 7 (1,
20), respectively, with a fertilization rate of 80% (13%,
100%). No transfer with freezing of all embryos occurred
in 6 cases (8%) while the remaining women had their
embryo transfer at day 3, n = 69 (93.4%), and day 2, n =
5 (6.8%). Sixty-five percent of the cases had a transfer of
3 grade 1 embryos, while others had less number of grade
1 embryos. Biochemical pregnancy occurred in 31 out of
74 cases who did an embryo transfer (41.9%). However,
gestational sac with a fetal pulsation was detected in 27
patients (36.5%). Most women had one gestational sac,
and 3 cases (11.1%) had two sacs. Only one case developed
moderate OHSS which resolved on follow-up without a
need for hospital admission (Table 2).
Serum 25 (OH) D vitamin level was mostly in the defi-

cient category, n = 72 (90%), while the remaining pa-
tients, n = 8 (10%), had insufficient levels of the vitamin.
None of our PCOS cases had replete vitamin D status
(Table 3).
Regarding the study primary outcomes; vitamin D was

found to be correlated to both the number of retrieved
and fertilized oocytes (r = 0.35, 95% CI 0.15, 0.53, P =
0.001; r = 0.33, 95% CI 0.03, 0.57, P = 0.03, respectively).
After adjusting for age, BMI, and type of ovulation-
triggering agent in regression analysis, serum vitamin D
level was still significantly correlated to the number of
oocytes (coefficient 0.47; 95% CI 0.1, 0.9; P = 0.018) and
to the number of fertilized eggs (coefficient 0.3; 95% CI
0.02, 0.58; P = 0.03). This means with each 2 ng/mL in-
crease in serum 25 (OH) D vitamin level, around one
more egg will be retrieved. In addition, there will be one
more additional fertilized oocyte with each 3 ng/mL in
the vitamin level (Table 4, Figs. 2 and 3). However, there
was no significant correlation between the vitamin level
and the occurrence of chemical or clinical pregnancy
(Table 4).

Omran et al. Middle East Fertility Society Journal           (2020) 25:22 Page 3 of 8



Discussion
The present study demonstrated that 72 (90%) of our
PCOS patients undergoing ICSI trials had deficient sta-
tus of serum 25 (OH) D vitamin. This percentage was
slightly higher than another study done by Thomson
et al. who observed that up to 85% of ladies with PCOS
have serum level of vitamin D that is below 20 ng/mL
[18]. However, not all studies have shown a correlation

between derangement in vitamin D level and the inci-
dence of PCOS [19]. That correlation between vitamin D
deficiency and PCOS may be due to the effects of vitamin
D receptors on LH and sex hormone-binding globulin
levels, the incidence of insulin resistance, testosterone
levels, and aromatase gene expression [9–14]. Moreover,
the vitamin D status in Egypt was recently investigated in
the general female population [20], and it was found that
the prevalence of VD deficiency is 72% in childbearing
age. This may be due to different lifestyle factors (sunlight
exposure, sunscreen application, and deficient diet) mak-
ing VD deficiency endemic in our country.
As regards the study primary outcomes, the number of

retrieved oocytes and fertilized ones was positively corre-
lated with serum VD level. That relation was still signifi-
cant after adjusting for possible confounders signifying
the independence of VD in the affection of the number
of collected and fertilized oocytes. The plausible explan-
ation may be that VD acts as a transcription factor to
regulate the expression of the CYP19 gene, which en-
codes aromatase, an essential enzyme in the production
of estrogen [21]. In addition, vitamin D is involved in
the regulation of anti-Müllerian hormone (AMH) [7]
and follicle-stimulating hormone [8]. Moreover, the as-
sociation between VD deficiency and various metabolic
disturbances in PCOS including insulin resistance may
explain (at least partly) the impaired follicular growth
[9–14, 22–27]. In accordance with our results, vitamin D
deficiency (25 nmol/L or, 10 ng/mL) was found to be as-
sociated with lower rates of follicle development and

Fig. 1 Flow chart of the study population

Table 1 General and clinical characteristics of the study
population

Characteristic Study population, n = 80

Age (years) 32 (20, 39)

Type of infertility

Primary 74 (92.5%)

Secondary 6 (7.5%)

Duration of infertility (years) 4 (2, 10)

Previous IVF/ICSI failure

No previous failure 68 (85%)

1 failure 8 (10%)

2 failures 2 (2.5%)

3 failures 2 (2.5%)

BMI (kg/m2) 27 (24, 29)

Regularity of menstruation

Irregular 48 (60%)

Regular 32 (40%)

Values are in the form of median (range) or count (percent)
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Table 2 ICSI cycle characteristics for the study population

Characteristic Descriptive measure

Serum estradiol at the day of triggering of ovulation (pg/mL) 3211 (1654, 6211)

Ovulation triggering agent

HCG 71 (88.7%)

GnRH agonist (triptorelin) 0.2 mg 9 (11.3%)

Number of retrieved oocytes 12 (4, 35)

Number of fertilized oocytes 7 (1, 20)

Fertilization ratea 80% (13%, 100%)

Embryo transfer

Fresh embryo transfer 74 (82%)

No embryo transfer (freezing of all embryos) 6 (8%)

Day of embryo transfer (number = 74 cases)

Day 3 69 (93.2%)

Day 2 5 (6.8%)

Number of transferred embryos (number = 74 cases)b

1 embryo 3 (4%)

2 embryos 6 (8%)

3 embryos 65 (88%)

Number of transferred grade 1 embryos (number = 74 cases)b

No grade 1 embryos 5 (6.8%)

1 embryo 5 (6.8%)

2 embryos 9 (12.2%)

3 embryos 55 (74.2%)

Number of transferred grade 2 embryosc (number = 74 cases)b

No grade 2 embryos 64 (86.5%)

1 embryo 3 (4%)

2 embryos 2 (2.7%)

3 embryos 5 (6.8%)

Chemical pregnancy rate (number = 74 cases) 31 (41.9%)

Clinical pregnancy rate (number = 74 cases) 27 (36.5%)

Number of implanted embryos (number = 27 clinical pregnancies)

One sac 24 (88.9%)

Two sacs 3 (11.1%)

Moderate OHSS 1 (1.25%)

Values are in the form of median (range) or count (percent)
HCG human chorionic gonadotropin, GnRH gonadotropin-releasing hormone
aCalculated as the number of fertilized embryos divided by the number injected oocytes for each patient
bNumber of patients who did an embryo transfer
cNone of the study population had a transfer of grade 3 or 4 embryos

Table 3 Serum vitamin D levels

Characteristic Descriptive measure 95% CI

25 (OH) vitamin D level (ng/mL) 12.5 ± 5 (11.2, 13.8)a

Vitamin D replete (> 30 ng/mL) 0 (0%) 0

Vitamin D sufficient (20–30 ng/mL) 8 (10%) (4.4%, 18.8%)b

Vitamin D deficient (< 20 ng/mL) 72 (90%) (81%, 95.5%)b

Values are in the form of mean ± SD or count (percentage)
aConfidence interval for the mean vitamin D level
bConfidence interval for the percentage
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pregnancy after ovarian stimulation with 50 mg clomi-
phene citrate [28].
It has been suggested that VD plays a role in the decidual

function and embryo implantation [29]. Therefore, in the
last few years, due to emerging evidence of the role of VD
in female human reproduction including implantation,
there was an increasing interest in investigating the correl-
ation between vitamin D deficiency and in vitro fertilization
outcome [30–32]. Some investigators have found better
IVF outcomes in cases of sufficient VD status [33–35],
whereas other studies failed to show any correlation

between serum or follicular fluid VD level and pregnancy
outcome after IVF/ICSI [29, 36–39]. However, no similar
study assessed the effect of derangement of serum VD level
on ICSI outcome in the particular category of PCOS
females.
However, our study has its limitations. Despite the

power of the study was enough for the study’s primary
aims, namely correlation of serum 25 (OH) D vitamin
level with a number of retrieved and fertilized oocytes, it
was not enough to detect a statistically significant differ-
ence in pregnancy rates (as secondary outcomes).

Table 4 Correlations between serum 25 (OH) vitamin D and the number of retrieved and fertilized oocytes, and other ICSI cycle
outcomes

Variables Correlation coefficient (95% CI) P value

Vitamin D vs number of retrieved oocytes r = 0.35 (0.15, 0.53)a 0.001*

0.47 (0.1, 0.9)b 0.018*

Vitamin D vs number of fertilized oocytes r = 0.33 (0.03, 0.57)a 0.03*

0.3 (0.02, 0.58)b 0.03*

Vitamin D vs number of implanted embryos − 0.032 (− 0.26 to 0.12)a 0.7

0.01 (− 0.017, 0.03)b 0.57

Vitamin D vs number of grade 1 embryos 0.01 (− 0.22 to 0.24)a 0.9

0.01 (− 0.015, 0.03)b 0.5

Variables Odds ratio (95% CI) P value

Vitamin D vs chemical pregnancy 1.01 (0.9, 1.09)c 0.3

Vitamin D vs clinical pregnancy 1.04 (0.95, 1.14)c 0.4
aPearson correlation coefficient
bCoefficient in multivariable regression analysis adjusting for possible confounders, namely, age, BMI, and type of ovulation-triggering agent (HCG vs
GnRH agonist)
cLogistic regression for clinical and chemical pregnancy as response variables vs serum 25 (OH) D vitamin level as the independent variables with inclusions of the
following confounders in the model: age, BMI, type and duration of infertility, previous IVF failure, and the type of triggering agent
*Statistical significance

Fig. 2 Correlation of serum 25 (OH) D vitamin level to the number of retrieved oocytes
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Although the absence of such correlations was in agree-
ment with other studies [29, 36–39], we could not ex-
clude the probable effect of VD on implantation and
pregnancy as these outcomes were secondary outcomes.
Moreover, those studies that failed to prove this correl-
ation assessed VD level in the general IVF population
(not specifically PCOS patients) and compared the preg-
nancy in different categories of VD status. It may be that
the absolute level of VD affects the pregnancy outcome.
In turn, statistically, dealing with VD as a continuous
predictor variable of IVF outcome (as we did in the
present study) may elucidate the actual effect of vitamin
D on different cycle parameters. Therefore, further stud-
ies with adequate power to detect an effect on pregnancy
rate are needed. In addition, studies are needed to evalu-
ate the effect of vitamin D supplementation on IVF/ICSI
pregnancy outcomes in those who are deficient or
insufficient.

Conclusion
In conclusion, based on the study results, VD was posi-
tively correlated with the number of retrieved and the
number of fertilized oocytes in PCOS patients undergo-
ing ICSI cycles. According to the regression analysis
adjusting for possible confounders, with each increase of
serum 25 (OH) of 2 ng/mL, there was one more re-
trieved oocyte. In addition, there was an addition of one
fertilized oocyte with each 3 ng/mL increase in serum
VD level.
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