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Abstract:

Background: Vitamin D has been linked to fertility since its receptors were found in reproductive
organs. Nevertheless, its exact role in fertility is yet to be cleared.

Objectives: To analyze follicular fluid (FF) vitamin D in females doing Intracytoplasmic Sperm
Injection (ICSI), to compare its level between Polycystic Ovary Syndrome (PCOS) and non-PCOS
females, and to explore whether vitamin D correlates with oocytes number, percentage of oocyte
maturity, fertilization rate and percentage of high quality embryos.

Patients and methods: This comparative observational study was done, from January to October 2018,
at Al Amal IVF Center, Jenin hospital, Baghdad. The study was conducted on 40 women; 18 had
PCOS, 15 had blocked fallopian tubes and 7 had idiopathic infertility. FF vitamin D was analyzed by
Ichroma kit, Boditech. Deficient, insufficient, and sufficient vitamin D levels were as: <10, 10-29, and
30-100 ng/ml, respectively.

Results: Most participants were deficient (12 women) or insufficient (18 women) of vitamin D, only 10
women had adequate vitamin D levels. FF vitamin D was higher in non-PCOS than PCOS women (P=
0.011). The correlation between vitamin D and oocytes number was not significant. However, it was
significant with percentage of oocyte maturity (rho= 0.459, P= 0.003), fertilization rate (rho=0.471, P=
0.002) and percentage of high quality embryos (rho=0.316, P= 0.047).

Conclusions: PCOS patients, when compared to non-PCOS, have lower vitamin D levels. FF vitamin D
might correlate with percentage of oocyte maturity, fertilization rate and percentage of high quality
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embryos in patients undergoing ICSI.
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Introduction:

Vitamin D, a steroid hormone, is primarily formed
by the skin when exposed to the sun. It is derived
from daily intake of food such as dairy products,
eggs, meat and fish (1). Vitamin D is important in
keeping the physiological balance between calcium
and phosphorus and in assisting bone mineralization
(2). It also aids in decreasing risk of diabetes,
cardiac and vascular abnormalities, malignancies
and autoimmune disorders (3). Researches
confirmed that the reproductive system in both
genders contains vitamin D receptors, suggesting its
role in reproductive physiology and fertility (4-7).
Vitamin D deficiency is a universal issue (8).
Reference values of vitamin D differ between
researches (9-12). Some considered vitamin D level
of less than 20 ng/ml as deficiency and level of 20-
30 ng/ml as insufficiency whereas a level of more
than 30 ng/ml being sufficient (9, 10), others suggest
having vitamin D level of less than 10 ng/ml being
deficient (11, 12). Categorization of follicular fluid
vitamin D values may depend on serum criteria (12).
Low vitamin D is common in reproductive age
females (7). Vitamin D inadequacy was associated
with infertility in animal and human studies (6, 13).

Kinuta and team found that vitamin D receptor null
mutant female mice developed impaired gonadal
function, uterine hypoplasia, and abnormal
folliculogenesis (6). In humans, research shows that
vitamin D deficient women have a lower chance of
being pregnant even with In vitro fertilization (IVF)
(13). Evidence showed that 1 ng/ml increment in
vitamin D level, raised the possibility of having
pregnancy by 6% (9). Vitamin D regulates hormones
involved in female reproduction. Those are: anti-
Millerian hormone (AMH), follicle stimulating
hormone (FSH), estradiol, and progesterone (6, 7).
Calcitriol (active form of vitamin D), regulates
genes involved in endometrial receptivity, mainly
HOXA10 gene (5). It also regulates CYP19 gene
that encodes aromatase enzyme (important in
estradiol formation) (6). Studies showed alteration of
vitamin D levels in disorders of reproductive organs
(14-17). Some patients with uterine fibroids had
been documented to have vitamin D insufficiency
(14). Vitamin D association with endometriosis is
still a controversial issue (15, 16). Chenet al,
noticed that vitamin D deficiency accompanied by
Interleukin 6 elevation might increase risk of tubal
factor infertility (17). In Polycystic Ovary Syndrome
(PCOS), the endocrine disorder with the highest
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menstrual abnormalities, anovulatory infertility,
potentiation of hyperandrogenism and increasing
insulin resistance (19) hence vitamin D insufficiency
may increase severity of metabolic abnormalities in
PCOS (20). Vitamin D possibly affects PCOS
development through gene transcription (21).
Studies examining vitamin D influence on embryo
quality have been controversial (12, 22-24). Some
observed that women having higher vitamin D,
developed better quality embryos and achieved
higher gestation rates than women having
insufficient vitamin D (22, 23). Anifandis and team
showed that vitamin D correlated negatively with
embryo quality (24), whereas another research could
not observe a relationship between vitamin D and
chances of gestation (12). The aim of this study was
to analyze follicular fluid (FF) vitamin D in females
doing Intracytoplasmic Sperm Injection (ICSI), to
compare its level between PCOS and non-PCOS
patients and to investigate whether FF vitamin D
correlates with oocytes number, percentage of
oocyte maturity, fertilization rate and percentage of
high quality embryos.

Patients and Methods:

A total of forty women, aged 25-40 years, were
involved in this comparative observational study.
They were divided, according to the cause of
infertility, into PCOS patients (18 women) and non-
PCOS patients (22 women). Fifteen of the non-
PCOS women had tubal blockage and 7 had
idiopathic infertility. The study was done at Al Amal
IVF Center, Jenin hospital, Baghdad. It was done
during the period between January 2018 and October
2018. The institutional ethical committee agreed on
the research strategy and it was in agreement with
the Helsinki Declaration of 1975, as revised in 2000.
Informed consents were taken from the participants.
Women with uterine anomalies, uterine fibroid, and
endometriosis were excluded from this study.
Demographic data and hormonal values of serum
FSH, luteinizing hormone (LH), and prolactin were
taken from patients’ medical records. The
participants received FSH injections (Gonal F,
Merck Serono, or Fostimon, IBSA), in a short
Gonadotropin-releasing hormone (GnRH) antagonist
protocol, FSH was initiated on day 2 of the menses,
and the beginning dosage (75 IU or 150 IU) was
determined according to the age of the participants,
and levels of FSH day 2 or 3 of the menses. Step-
down or step-up protocols were used based on
patient’s ovarian response which was checked by
sequential ultrasonic assessments and serum
Estradiol (E2) analysis. When two follicles reached
17 mm or more in diameter, 5000 IU of Human
chorionic gonadotropin (hCG) (Choriomon, IBSA or
Pregnyl, Merck & Co., Inc.) was given. After hCG
by 36-37 hours, oocytes retrieval was performed
using double lumen ovum aspiration needle (Cook,
Australia). The procedure was guided by
transvaginal ultrasound and the patients were given
mild intravenous sedation. After collecting FF,

oocytes were isolated, they were denuded,
enzymatic denudation was done using Hyluronidase
(Origio, Denmark) and mechanic denudation was
performed by repeated pipetting. Assessment of
oocytes maturity was done and they were classified
as (germinal vesicle, Ml and MII oocytes). Each Ml
oocyte was injected by a sperm. After ICSI
procedure by 16-19 hours, oocytes were checked for
pronuclei (PN) score. Only oocytes in which 2PN
seen were considered to have normal fertilization.
Fertilization rate was calculated as ratio of oocytes
having 2PN to all injected oocytes. After cleavage
of the fertilized oocytes, embryos were graded as
gradel, 2, and 3 depending mainly on the size of the
cells whether even or not and on fragmentation rate.
Embryos were considered excellent (Grade 1) when
day 2 embryos having 2-4 equal size blastomeres
and day 3 embryos having 6-8 equal size
blastomeres, both with fragmentation rate of <10%.
Embryos were considered good (Grade 2) when day
2 embryos having 2-4 equal or unequal size
blastomeres and day 3 embryos having 6-8 equal or
unequal size blastomeres, both with fragmentation
rate of 10%-20%. Whereas embryos of poor quality
(Grade 3) are those which had unequal and few
blastomeres with >20% fragmentation (25). In the
current study, embryos of high quality included
grade 1 and grade 2 embryos. Sydney IVF embryo
transfer set (Cook medical, USA) was used to
transfer embryos at day 2 or 3 of oocytes pickup.
Woman’s age and the availability of high quality
embryos determined the number of transferred
embryos. All participants received luteal phase
support with vaginally administered progesterone
(Crinone 8%, Merck Serono). FF was collected from
the follicles, and centrifuged at 3000 rpm for 15
minutes using Hettich EBA 20 Benchtop Centrifuge.
After that, all FF samples were clear. Each FF
sample was frozen at -20 C° then analyzed using
(Ichroma kit, Boditech). Ichroma vitamin D along
with Ichroma reader is a fluorescence immunoassay
for the quantifiable identification of 25 (OH) vitamin
D with detection range of 8-70 ng/ml. After putting
the test cartridge into i- chamber, 50 pul of releasing
buffer was transferred into sample mixing tube.
After that, 50 ul of FF sample was transferred into
sample mixing tube then mixing by pipetting for 10
times was done. Sample loaded tube was inserted
into i- chamber at 35 C° for 5 minutes. 100 ul of
detection buffer was then added. Mixing was done
again for 10 minutes and the tube was kept in i-
chamber at 35 C° for 15 minutes. Tube lock was
fully inserted to trigger i- chamber timer. 75 pl of
whole mixture was dispensed on the sample well
and then test cartridge was inserted into i- chamber
and kept at 35 C° for 8 minutes. Sample loaded test
cartridge was inserted into test cartridge holder, the
select bottom in Ichroma reader was pressed and
then vitamin D result appeared on the screen. FF
vitamin D levels in this study were categorized
depending on serum level criteria: deficient (less
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than 10 ng/ml), insufficient (10-29 ng/ml) and
sufficient (30-100 ng/ml) (12).

Statistical analysis:

For variables with normal distribution, this study
applied Independent- Samples T test. While for
variables with non-normal distribution, the study
used Mann- Whitney U test. For measuring the
correlations between parameters, Spearman’s rank
correlation coefficient test was applied. A P value <
0.05 was considered significant. All statistics were
done using SPSS version 20 (IBM-USA).

Results:

This study was conducted on 40 women, undergoing
ICSI, between 25 and 40 years of age. Eighteen
women had PCOS as the cause of infertility and 22
women were non-PCOS patients. Of the non-PCOS
women, 15 had blocked tubes and 7 had idiopathic
infertility. Twenty women (50%) had primary
infertility and the other 50% had secondary
infertility. According to FF vitamin D levels, most
participants were either deficient (12 women had
vitamin D levels of less than 10 ng/ml) or
insufficient (18 women had vitamin D levels of 10-
29 ng/ml). Only 10 women had sufficient FF vitamin
D levels of 30-100 ng/ml. Age, Body mass index
(BMI) and the duration of infertility were not
significantly different between PCOS and non-
PCOS women (P= 0.565, P= 0.746 and P= 0.240
respectively), Table 1. The table also shows the non-
significant differences of FSH, LH and prolactin
levels when both groups were compared (P= 0.490,
P=0.104, and P=0.348 respectively).

Table 1: Comparison of selected variables
between the two groups

Variables PCOS group non-PCOS P
(n=18) group(n= 22)

Age (years) 31.9+4.65 32.7+4.46 0.565
BMI (kg/m?) 28.3+4.29 28.8 +4.81 0.746
Duration of 48+143 52+1.08 0.240
infertility (years)

FSH (m1U/ml) 6.2 +2.54 6.7 +2.40 0.490
LH (mIU/ml) 5.8+ 1.25 5.1+1.29 0.104
Prolactin (ng/ml) 20.2+£8.10 17.4 +9.86 0.348

*Results are expressed as mean+ standard deviation. n= number,
PCOS= Polycystic Ovary Syndrome, BMI= Body mass index,
FSH= Follicle-stimulating hormone, LH= Luteinizing hormone.

FF vitamin D in the non-PCOS women showed
higher levels than the PCOS patients (U= 104.500,
P=0.011) as illustrated in Table 2.

Table 2: FF vitamin D of PCOS and non-PCOS
groups (Ranks and Test statistics)

Group N Mean rank Sum of ranks
FF PCOS 18 15.31 275.50
vitamin D non-PCOS 22 24.75 544.50
(ng/ml) Total 0

Test statistics FF Vitamin D (ng/ml)

Mann- Whitney U 104.500
Wilcoxon W 275.500
z -2.542
P 0.011

FF= follicular fluid, PCOS= Polycystic Ovary Syndrome, N=
number.

Taking into consideration all participants in this
study, correlations between FF vitamin D levels and
several parameters were tested. No correlation was
shown between vitamin D and FSH levels
(Spearman’s rho= -0.057, P= 0.725). However,
significant negative correlations were noticed
between FF vitamin D and LH levels (rho= -0.492,
P=0.001) and between FF vitamin D and prolactin
levels (rho=-0.371, P= 0.018), Table 3.

Table 3: Correlations between FF vitamin D and
FSH, LH, and prolactin

FF Vitamin D (ng/ml)
P

Hormones Rho

FSH (mIU/ml) -0.057 0.725
LH (mlU/ml) -0.492 0.001
Prolactin (ng/ml) -0.371 0.018

FSH= Follicle-stimulating hormone, LH= Luteinizing hormone,
FF= follicular fluid

Regarding ICSI outcomes, no significant correlation
was shown between FF vitamin D and the number of
retrieved oocytes (rho= 0.005, P= 0.977). However,
significant positive correlations were found between
FF vitamin D levels and percentage of oocyte
maturity (rho= 0.459, P= 0.003), and between FF
vitamin D levels and fertilization rate (rho= 0.471,
P=0.002). Correlation between FF vitamin D and
percentage of high quality embryo was significantly
positive (rho= 0.316, P= 0.047), but with a lower
level of significance compared to correlations of FF
vitamin D levels with percentage of oocyte maturity
and fertilization rate, Table 4.

Table 4: Correlations between FF vitamin D and
ICSI outcomes

FF Vitamin D (ng/ml)

ICSI outcomes Rho P

Number of oocytes 0.005 0.977
Oocyte maturity % 0.459 0.003
Fertilization rate % 0.471 0.002
High quality embryos % 0.316 0.047

FF= follicular fluid, ICSI= Intracytoplasmic sperm injection

Discussion:

This study compared FF vitamin D of PCOS versus
non-PCOS females and investigated correlations
between vitamin D and ICSI outcomes. The study
noticed that despite the availability of sunshine in
Irag, most of the participants had low FF vitamin D
levels. This may have resulted from seasonal
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variations in vitamin D concentrations (26) as the
majority of the samples were collected in the winter
or spring months. Furthermore, poor exposure to
sunlight, and insufficient dietary consumption of
vitamin D may have also contributed to these results.
The study has shown that PCOS women have lower
vitamin D levels than non-PCOS women, which is in
agreement with the studies of Hamdi et al, and
Mogili et al (27, 28). Vitamin D related
polymorphisms could be the cause of its deficiency
in PCOS (21). Deficiency of vitamin D in PCOS
women, increases PTH thus potentiates the severity
of PCOS (19). However, other studies could not
show such variations in vitamin D between PCOS
and non-PCOS women (29, 30). Studies are still
inconsistent, and thus further research is needed.

It was proposed that low vitamin D levels in PCOS
are caused by obesity that is largely associated with
this syndrome (31), since vitamin D in obese women
is trapped in adipose tissue causing low vitamin D
levels in body fluids. However in this study, a non-
significant difference was found between PCOS and
non-PCOS regarding BMI, but still vitamin D level
was significantly different between the groups being
higher in the non-PCOS group. Vitamin D was
inversely and significantly correlated with LH level.
Deficiency of vitamin D might decrease aromatase
activity in the ovary thus reduce progesterone and
estradiol production by the follicles, which increases
LH levels leading to alteration of folliculogenesis
and ovulation. This agrees with the study of Solanki
et al (32). Vitamin D and FSH levels showed non-
significant correlation, the same finding was noticed
by Shapiro et al (33). Prolactin was negatively and
significantly correlated with vitamin D levels in this
study, whereas another study found no correlation
between prolactin and vitamin D (34). A non-
significant correlation was shown between vitamin
D levels and retrieved oocytes number, in agreement
with other studies (10, 24). However, vitamin D
levels correlated positively and significantly with
percentage of oocyte maturity, fertilization rate and
percentage of high quality embryos in this study.
Vitamin D possibly alters AMH signaling and
steroidogenesis in human cumulus granulosa cells
(GCs) and thus improves follicle development (35).
It was found that culturing immature human oocytes
with GCs potentiates oocytes maturity and embryo
development and that explains a possible link
between GCs and oocyte maturity (35, 36).
Moreover, studies done on mice with PCOS, found
that vitamin D can modulate steroidogenesis in GCs,
through activating AMP activated protein kinase
(AMPK) signaling pathway, and thus improves
follicle maturation in PCOS (37, 38). Vitamin D
might regulate cellular oxidative stress in GCs, and
thus may have an essential role in follicle
development (39). These findings might give an
explanation of the role of vitamin D in oocyte
maturation. Mature oocytes have a better chance to
be fertilized and form good quality embryos, and it
was suggested that high pregnancy rate might have

resulted from higher embryo quality in women
having sufficient vitamin D levels (22). However,
other studies have contradicting results concerning
vitamin D levels and embryo quality as Anifandis et
al, noticed a negative correlation between vitamin D
levels and quality of the embryos (24) and another
recent study noticed that FF vitamin D correlates
negatively with oocytes quality and that the oocytes
with higher FF vitamin D are less able to be
fertilized and they produce lower embryo quality
than oocytes with low FF vitamin D levels (40). The
discrepancy in the results of different studies could
be explained by the fact that embryo quality depends
on many factors including sperm quality and
quantity, and not merely on oocyte condition.
Limitations:

The limitations include the relatively small
participant’s number and the use of pooled FF
samples rather than following each individual
follicle. It is recommended to do research including
all ethnic and racial groups, and to involve more
participants.

Conclusions:

Low vitamin D level is common even in sunny
countries as most participants were having either
vitamin D deficiency or insufficiency. PCOS
patients have lower vitamin D levels in comparison
to non-PCOS women. Vitamin D might correlate
with embryo quality in patients undergoing ICSI.
Evaluating vitamin D in infertility patients is
essential, especially in PCOS women.
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