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Abstract N\
The purpose of this study was to evaluate the effects of vitamin D supplementation on ovarian reserve markers, including serum anti- \
Mullerian hormone (AMH) level, follicle-stimulating hormone (FSH) level, and antral follicle count (AFC), in infertile women with
diminished ovarian reserve and vitamin D deficiency.

A prospective, nonrandomized, cross-sectional study was conducted. Women aged 18 to 41 years who were unable to become
pregnant after 12 months of sexual intercourse and had normal tubal patency, partners with normal semen analysis, diminished
ovarian reserve, and 25-hydroxyvitamin D [25(0OH)D] deficiency were included. Eligible patients’ AFC and serum levels of AMH, FSH,
25(0OH)D, 1,25-dihydroxyvitamin D [1,25(OH)D], calcium, phosphate, alkaline phosphatase, and parathormone were assessed
before and after administration of 300,000 IU of vitamin D ampules. Changes in the parameter values after vitamin D supplementation
were compared with the initial levels.

The study was conducted in 62 of the 142 participants. The AFC and AMH, 25(0H)D, 1,25(0H)D, phosphate (P < .01), and calcium
levels (P < .05) were statistically significantly increased after vitamin D supplementation. Statistically significant decreases in FSH
(P<.01) and alkaline phosphatase levels (P<.05) were observed after vitamin D supplementation. No statistically significant
correlations were found between 25(0OH)D level and AFC, 1,25(OH)D level, AMH level, and FSH level before and after
supplementation (P >.05).

As improvements in the ovarian reserve markers were obtained with vitamin D supplementation, vitamin D might be considered as
a fertility treatment for patients with diminished ovarian reserve and vitamin D deficiency.

Abbreviations: [1,25(0H)D] = 1,25-dihydroxyvitamin D, [25(0OH)D] = 25-hydroxyvitamin D, AFC = antral follicle count, ALP =
alkaline phosphatase, AMH = anti-Mullerian hormone, BMI = body mass index, COS = controlled ovarian stimulation, DOR =

diminished ovarian reserve, FSH = follicle-stimulating hormone, IVF = in vitro fertilization, PCOS = polycystic ovary syndrome.
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1. Introduction

Vitamin D facilitates the absorption of calcium and promotes
bone growth. It is produced in the skin from 7-dehydrocholes-
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terol by ultraviolet-B radiation and yields 25-hydroxyvitamin D
[25(OH)D] and 1,25-dihydroxyvitamin D [1,25(OH)D] after 2
hydroxylation processes. 25(OH)D level is an easily measured
molecule and considered the best indicator of vitamin D status in
humans.™

Vitamin D plays significant roles in different parts of the body,
which are suggested to be due to the vitamin D receptor
expression on different organs, including reproductive tissues.'*!
An important role of vitamin D in human reproduction has been
suggested. Although little is known about the mechanism by
which vitamin D may affect reproductive physiology,”®! several
studies have addressed the association of vitamin D with different
markers of infertility.[*>! Vitamin D level has been suggested to
be associated with the outcome of controlled ovarian stimulation
in women undergoing in vitro fertilization (IVF) treatments,'®”!
the features of polycystic ovarian syndrome (PCOS), and
endometriosis.!®! Furthermore, vitamin D has been shown to
alter anti-Mullerian hormone (AMH) signaling by downregulat-
ing the AMH receptor-II gene expression, follicle-stimulating
hormone (FSH) sensitivity, and progesterone production.
Moreover, it plays important roles in follicular development,
differentiation, and luteinization.””*°! Vitamin D at physiological
levels plays an important role in oocyte development, embryo
quality and endometrial receptivity."" Also a positive correla-
tion has been demonstrated between follicular fluid vitamin D
level and percentage of embryo fragmentation!'?!
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Diminished ovarian reserve (DOR) is one of the most
bothersome causes of IVF failures.['3! Ovarian reserve, which
indicates the reproductive potential of females, is associated with
both oocyte quality and quantity. DOR is demonstrated by
changes in markers such as decreased antral follicle count (AFC),
increased day 3 FSH level, and decreased AMH level.['*

At present, an inconsistency in the field has been observed
regarding whether vitamin D has the capacity to influence
ovarian reserve. Studies in the literature demonstrated conflicting
results, with several studies finding a positive correlation between
vitamin D level and ovarian reserve markers!'%!>1¢ while other
studies reported largely negative findings.['”2°! The previously
mentioned studies that emphasized the association between
vitamin D level and ovarian reserve markers have inspired to
obtain an improvement in ovarian reserve with appropriate
vitamin D supplementation in vitamin D-deficient cases.

Therefore, a prospective, cross-sectional study was conducted
to evaluate the effects of vitamin D supplementation on ovarian
reserve markers, including serum AMH level, FSH level, and
AFC, in infertile women with DOR and vitamin D deficiency.

2. Methods

This study was conducted at the In vitro Fertilization Department
of the Istanbul Training and Research Hospital, Istanbul, Turkey,
between June 2019 and September 2019. It was approved by the
ethics committee of the Istanbul Training and Research Hospital
(2011-KAEK-50-09/08/2019).

The study was designed as a prospective, nonrandomized,
cross-sectional study. All the participating women gave their
written informed consent prior to their inclusion in the study.
Patients who met the following inclusion criteria were enrolled:
Infertile women aged 18 to 41years who had diminished ovarian
reserve and 25(OH) D deficiency, were unable to become
pregnant after 12 months of sexual intercourse, had normal tubal
patency, had partners with normal semen analysis results and did
not use any vitamin supplements were included. Women with any
underlying endocrine or metabolic disease, with a history of
pelvic surgery, and who had chemotherapy or pelvic radiothera-
py, vitamin D supplementation, ovarian masses, endometriosis,
hypogonadotropic hypogonadism, hyperprolactinemia, preg-
nancy, congenital adrenal hyperplasia, androgen-secreting
tumors, and Cushing’s syndrome were excluded. The exclusion
criteria also included women with systemic disorders such as
thyroid and renal dysfunctions, and hypertension. Patients with
endocrine and metabolic diseases were excluded according to
anamnesis, physical examination, biochemical tests analyzing
blood glucose, thyroid hormone levels, renal and liver function.
In addition, any patient who refused to continue the study or did
not complete the study was excluded.

All the participants underwent a physical examination. Body
mass index (BMI) was calculated by dividing weight (in
kilograms) by height (in meters) squared. AFC was evaluated
on ultrasonography (Logiq C3 Class 1, GE Medical Systems,
China) using a 5- to 9-MHz transvaginal two-dimensional probe
by the same clinician for interobserver or interobserver reliability
on days 2 to 5 of the cycle. Both ovaries were visualized. The
recorded AFC represented the sum of the antral follicles between
2 and 10mm from the right and left ovaries.

Moreover, all the women underwent blood sampling for the
assessment of their serum hormone profiles and vitamin D levels
on days 2 to 5 of their menstrual cycle. Once the blood sample for
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AMH level measurement had been taken, centrifugation was
performed within 1hour, and serum was separated and
immediately stored at —80°C until analysis. All the samples
were measured with the Gen II Beckman Coulter AMH enzyme-
linked immunosorbent assay (ELISA) kit. Once the blood sample
for vitamin D concentration measurement was taken, the sample
was centrifuged and frozen at —20°C. With all the blood samples
obtained for vitamin D concentration measurement, ELISA was
used at one time to avoid inter-assay variability by using an
electrochemiluminescence binding assay (Roche Diagnostics,
Mannheim, Germany) and a Cobas 6000 immunoanalyzer.

Vitamin D deficiency was defined as serum 25(OH)D levels
<20ng/mL in accordance with the Institute of Medicine and
Endocrine Society clinical practice guidelines.*"*?! All the
included women had vitamin D concentrations <20ng/mL,
which is the accepted cutoff value for vitamin D deficiency.

DOR was defined as the presence of 2 of the following 3
features:

1. maternal age >40years or any other risk factor of poor
response,

2. previous poorly responsive cycles (<3 oocytes retrieved), and

3. an abnormal ovarian reserve test result (AMH level <0.5-1.1
ng/mL or antral follicle count <5-7 follicles).**!

Istanbul is a city in Turkey that is located in the northern
hemisphere, at the intersection of the 41st parallel and 29th
meridian. The study was performed between June and Septem-
ber, a period that covers the summer season in Istanbul.

The recorded variables included age, weight, and height (for
calculation of BMI). AFC and 25(OH)D, 1,25(OH)D, AMH,
FSH, calcium, phosphate, alkaline phosphatase (ALP), and
parathormone (PTH) levels were recorded before the treatment.
Vitamin D ampules containing 300,000 IU vitamin D3 were
administered monthly for 2 months to all eligible infertile women.
At the end of 2months, on days 2 to 5 of their menstrual cycle,
AFC and serum levels of 25(OH)D, 1,25(OH)D, AMH, FSH,
calcium, phosphate, ALP, and PTH were measured again, and the
measurements were compared with the initial laboratory results.

2.1. Statistical analyses

The sample size based on the AMH level with A:0.53 A SD:0.36
was 15 participants. This assumes an overall two-sided
significance level of 5:0.20, a:0.05 and 80% power to detect
the stated difference between the treatment arms.!**

A statistical analysis was performed using the IBM SPSS
Statistics 22.0 program. Continuous data were described as
mean, standard deviation, and range (i.e., from the minimum to
the maximum). Differences between the baseline levels and post-
supplementation values were assessed with a paired-sample # test
for continuous data, a Wilcoxon signed-rank test for discrete
data, and McNemar’s test for categorical data. Bivariate
correlations were analyzed with Pearson correlation for
parametric data. Significance was evaluated at the level of
P<.0S.

3. Results

Of the 142 participants, 33 did not meet the inclusion criteria and
11 declined to further participate in the study. Twenty one
patients were lost to follow-up, and 15 did not continue the
vitamin D supplementation (Fig. 1). Finally, the study was
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Assessed for eligibility (n:142)

Excluded (n:44)

E— e Not meeting inclusion criteria
(n: 33)
e Declined to participate (n:11)

e Lost to follow-up (n:21)
e Discontinued to receive vitamin D supplementation (n:15)

Analysed (n: 62)

Figure 1. Flow-chart of study design.

conducted with 62 patients aged between 22 and 41 years (mean,
32.45 +4.69years). The BMI measurements ranged from 19 to
33kg/m? (mean, 23.69 +3.33kg/m?).

The AFC and AMH, 25(OH)D, 1,25(OH)D, phosphate
(P<.01), and Ca levels (P<.05) statistically significantly
increased after vitamin D supplementation. No statistically
significant change in PTH level was observed (P>.05; Table 1).
Statistically significant decreases in FSH (P <.01) and ALP levels
(P <.05) were found after vitamin D supplementation (Table 1).
No statistically significant correlation was found between the

Laboratory and ultrasonographic results before and after vitamin D
replacement.

Before replacement After replacement

Mean +SD Mean +SD P
AFC 2.85+154 3.53+1.22 2001™"
PTH 43.85+18.18 46.52+16.46 1315
25(0H)D 13.71+5.94 64.34 +37.65 1001™
1,25(0H)D 50.90+18.29 81.32+32.54 T001™
Ca 0.35+0.06 0.52+0.08 037"
p 3.11+0.38 3.38+0.47 1003
AMH 0.82+0.87 1.05+1.01 2001
FSH 16.44+17.47 14.16+13.87 2002""
ALP 72.11+21.92 68.17+21.09 033"

"paired sample ttest.

2\Wilcoxon signed-ranks test.

1,25(0H)D = 1,25 dihydroxyvitamin D, 25(0H)D = 25- hydroxyvitamin D, AFC = antral follicle count,
ALP = alkalen phosphatase, AMH = anti-Mullerian hormone, Ca = calcium, FSH = follicle stimulating
hormone, P = phosphate, PTH = parathormone.

“p< .05,

ok

P<.01.

www.md-journal.com

Relation between 25(0OH)D level and AFC, 1,25(0H) D, AMH, and
FSH.

250H D Vit (Z score)
Before replacement After replacement

r P R P
AFC (Z score) —0.087 .503 0.033 .800
1,25(0H) D (Z score) 0.164 202 0.508 .001
AMH (Z score) —0.059 .649 0.037 N
FSH (Z score) 0.184 1583 0.022 .863

r. Pearson’s correlation coefficient.

1,25(0H)D = 1,25 dihydroxyvitamin D, 25(0H)D = 25-hydroxyvitamin D, AFC = antral follicle count,
AMH = anti-Mullerian hormone, FSH = follicle stimulating hormone.

T p<ot.

initial 25(OH)D level and the initial AFC and 1,25(OH)D, AMH,
and FSH levels (P>.05; Table 2). 25(OH)D level showed no
statistically significant correlation with the AFC and levels of
AMH and FSH after supplementation (P>.05; Table 2). A
moderate statistically significant correlation was found between
the 25(OH)D and 1,25(OH)D levels after supplementation (r=
0.508; P<.01; Table 2).

4. Discussion

In the present study, we found some possible beneficial effects of
vitamin D supplementation on ovarian reserve markers. We
found statistically significant increases in AFC and AMH level,
and decrease in FSH level. Although the ovarian reserve markers
showed improvements, no statistically significant association was
found between the 25(OH)D levels and ovarian reserve markers
before and after supplementation.

Vitamin D deficiency is a worldwide problem.**! As much as
20% to 52% of women of reproductive age have been shown to
be vitamin D deficient.*®! The main reason is inadequate
exposure to sunshine, which is the main source of vitamin
D.[25.26]

Vitamin D is thought to act via vitamin D receptors. The
expressions of vitamin D receptors in granulosa cells,'*”) having a
vitamin D response element on the promoter region for the AMH
gene,”8! seasonal variations in ovulation, conception rate, and
birth rate have increased the interest regarding vitamin D and
characterized vitamin D as a “fertility vitamin.”*"!

The most commonly used markers of ovarian reserve are AFC
and levels of AMH and FSH. AMH is produced by the granulosa
cells of the preantral and antral follicles and reflects the
primordial follicle pool. AMH was suggested to be relatively
stable throughout the menstrual cycle.*”! AFC can be measured
in the context of a primary ultrasonographic evaluation. A quick
result can be obtained with good inter-cycle and interobserver
reliabilities.’°! Several studies have shown that AFC and AMH
level are both good predictors of ovarian response in the context
of hormonal stimulation for IVE.3% FSH is a marker with poor
sensitivity toward the detection of DOR. It has several major
limitations, including significant inter-cycle and intra-cycle
variabilities.!*"!

Several studies reported that serum 25(OH)D concentration is
positively associated with ovarian reserve markers.!”!6-3%:33]
Vitamin D was shown to have a direct effect on AMH
production, and women with higher vitamin D concentrations
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maintained their ovarian reserve for longer.!**! In another study,
lower serum 25(OH)D levels have been accompanied by higher
serum FSH levels.''®! On the other hand, other studies reported
that vitamin D levels were unrelated to ovarian reserve.!'>3%3¢1 A
recent cross-sectional study showed no significant association
between serum vitamin D and AMH levels or AFC in women
with infertility.3”!

Currently, whether vitamin D has the capacity to influence
ovarian reserve has been a controversial issue in the field of
fertility. Numerous observational studies and few interventional
studies were aimed at evaluating the relationship between serum
vitamin D level and ovarian reserve markers. Several studies have
shown a positive correlation between vitamin D levels and
ovarian reserve markers, %111 while other studies reported
negative findings.!"” 2" A recent systematic review and meta-
analysis of interventional studies revealed that vitamin D
supplementation affects serum AMH levels but have opposite
effects depending on the ovulatory statuses of women.!®!
Vitamin D supplementation appeared to decrease the AMH
levels of anovulatory women with PCOS, while vitamin D
supplementation appeared to increase the AMH levels in
ovulatory non-PCOS women.*®!

A study similar to our work evaluated the effects of 25(OH)D
administration on the serum AMH levels of women with
infertility and revealed that the serum levels of both 25(OH)D
and AMH increased significantly after treatment.!**! A significant
correlation was found, and higher 25(OH)D levels were
accompanied by higher AMH levels. The study was nonrandom-
ized and performed in 30 infertile women who had low serum
levels of both 25(OH)D and the AMH. Vitamin D was prescribed
50,000 IU weekly for up to 3months.**! The results of the study
by Naderi et al were primitive because of the small sample size
and evaluation of only the AMH serum levels.”**! In our study,
the effects of 25(OH)D supplementation on the ovarian reserve
markers of the infertile women with DOR were evaluated. We
prospectively recruited a larger number of infertile women with
DOR. Women with 25(OH)D deficiency were included. After 2
months of vitamin D supplementation, our results showed
statistically significant increases in AFC and AMH levels and a
statistically significant decrease in FSH level after supplementa-
tion. Although improvements in the ovarian reserve markers
were observed, 25(OH)D level showed no statistically significant
association with AFC and the levels of AMH and FSH before and
after supplementation.

Significant seasonal variations in serum vitamin D levels were
observed between summer and winter, with higher levels in
summer and autumn and lower levels in winter and spring;
however, serum AMH levels remained unaffected by season.*"!
Thus, our study was completed in the summer.

Our study has several limitations. The nonrandomized cross-
sectional nature and small sample size of the study limited the
generalizability of the results. The lack of standardized lifestyle
conditions in terms of dietary habits and clothing styles of the
participants and absence of a control group could also be
considered limitations of this study. The strengths of our study
are its prospective design and the stringent inclusion criteria used
to eliminate confounders that might have affected the increase in
ovarian reserve. Furthermore, we not only evaluated AMH
serum levels in association with 25-OH vitamin D but also
assessed other important markers, AFC and FSH level. In
addition, blood samples for the assessments of hormone profile,
25-OHD level, and AMH level were sampled on the same day.
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5. Conclusion

In the present study, we found some possible beneficial effects of
vitamin D supplementation on ovarian reserve markers.
Although it is premature to draw final conclusions, vitamin D
supplementation might be considered in the fertility treatment of
patients with DOR, as it causes an increase in AFC and AMH
level and a decrease in FSH level. Further studies that include
fertilization, clinical pregnancy, and live birth rates are needed.
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