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ABSTRACT

INTRODUCTION

‘Vitamin D is a steroid hormone produced by the skin on
exposure to sunlight and is also derived from dietary

Context: Evidence suggests that serum Vitamin D level influences female
reproduction. However, clinical studies have reported conflicting evidence on
the effect of serum Vitamin D levels on serum Anti-Miillerian hormone (AMH),
with little evidence in African women. Aim: The study aimed to compare the
relationship between serum Vitamin D and serum AMH among infertile and
fertile women. Settings and Design: This comparative cross-sectional study
analyzed data from 170 premenopausal women; 81 infertile, and 89 fertile
women attending a Nigerian tertiary hospital between March and June 2019.
Materials and Methods: Serum AMH and 25-hydroxyvitamin D (25(OH)
Vitamin D) concentrations were analysed using enzyme-linked immunosorbent
assay. Statistical Analysis: Statistical analysis was done using SPSS version 25 for
windows. Categorical variables were summarized in frequencies and proportions
while continuous variables were summarized in means + standard deviation
and median (interquartile range). The association was explored using linear
regression. The level of significance was set at 0.05. Results: The prevalence
of Vitamin D deficiency (<20 ng/ml) in infertile women and fertile women was
16% and 18%, respectively. There was no difference in serum Vitamin D levels
between infertile and fertile women in this study after controlling for age and body
mass index (BMI) (P = 0.186). There was no association between serum 25(OH)
Vitamin D and serum AMH in infertile (B = 0.002; P = 0.474) and fertile women
(B =-0.002; P = 0.522) after adjusting for age and BMI. Conclusion: Infertile and
fertile women had similar serum Vitamin D levels and there was no relationship
between serum Vitamin D and serum AMH in both infertile and fertile women.

KEyworps: 25-hydroxyvitamin D, anti-Miillerian hormone, infertility, ovarian
reserve, premenopausal women, Vitamin D

reproductive technology.”® These suggest that variation
in exposure to sunlight and by extension serum Vitamin
D levels in regions with significant seasonal variation
in sunlight may influence fertility.*® The influence of

sources.! Research suggests that Vitamin D deficiency
is linked to reproductive failure.”! Natural fertility and
conception have been shown to have a seasonal variation
and studies have reported a lower rate of oocyte maturation
in winter and a seasonal variation in the success of assisted
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Vitamin D on fertility has been linked to its role in the
regulation of anti-Miillerian hormone (AMH); a measure
of ovarian reserve and function secreted by the granulosa
cell of the ovaries.”!'® However, the influence of Vitamin
D on ovarian reserve and reproductive potential in women
remains controversial.'’-2?!

Few studies on this subject have been done in Africa,
despite the high prevalence of Vitamin D deficiency
among African women.® Therefore, this study
compared serum Vitamin D status and the relationship
between serum  25-hydroxyvitamin D  (25(OH)
Vitamin D) and serum AMH in infertile and fertile
Nigerian women.

MATERIALS AND METHODS

Selection and description of participants

This comparative cross-sectional study was conducted
using data and blood samples from infertile and fertile
women recruited from the gynecology and immunization
clinics of a Nigerian Teaching Hospital between March and
July of 2019. The study aimed to compare serum Vitamin
D status and determine the relationship between serum
25(0OH) Vitamin D and serum AMH in these women. Data
from infertile and fertile women within the previous study
population that met the eligibility criteria were purposively
selected and were analysed for this study. Infertile
participants were women 18—45 years of age, who had an
average cycle length ranging from 21 to 35 days and who
had difficulty conceiving despite adequate, unprotected
sexual intercourse for at least a year.

Fertile women 18-45 years old, with menstrual cycle
length within 21-35 days and who had at least one term
pregnancy in the preceding 2 years, with each pregnancy
occurring spontaneously within a year of unprotected
intercourse.

The study exempted all women with a history of
hormonal contraceptives or medications use 3 months
before presentation, thyroid disorders, diabetes
mellitus, chemotherapy and or radiotherapy use, pelvic
surgery (uterine or ovarian), and those who did not have
a signed and documented informed consent.

Data collection

Data from a total of 170 women; 81 infertile and 89
fertile women were retrieved from the previous study
and analyzed for the study.

Sample analysis

Serum samples frozen at —20°C were thawed and analysed
for both serum AMH and 25(OH) Vitamin D at the chemical
pathology research laboratory by the same chemical
pathologist. The concentration of AMH was analyzed using

Human AMH enzyme-linked immunosorbent assay (ELISA)
kits following the manufacturer manual (Calbiotech, CA.
USA). The absorbance was read using a microplate ELISA
reader at 450 nm. The sensitivity of the Human AMH
ELISA kits was 0.039 ng/ml.

Serum Vitamin D levels were quantified using human
25(0OH) Vitamin D ELISA kits (Calbiotech, CA, USA).
The absorbance was determined using a microplate
ELISA reader at 450 nm. The sensitivity of the 25(OH)
Vitamin D ELISA kits was 0.67 ng/ml.

Ethical consideration

The study was conducted with ethical approval from
the institutional ethics review committee (ERC/
PAN/2019/01/1869) and the state Ministry of Health
following the Helsinki Declaration of 1975 and later
revisions. Informed consent was signed by each
participant before participation.

Statistical analysis

Data were analysed using SPSS version 25 for
Windows (IBM Corp. Armonk, NY, USA). The
dependent variable in the study was serum AMH level
while the independent variable was serum Vitamin D.
Descriptive statistics of frequencies and proportions
were used to summarise categorical variables; whereas,
continuous variables were summarised using means and
standard deviation or median and interquartile range
depending on the normality distribution of the data.
Test of difference Mann—Whitney U and Kruskal-Wallis
were used to test the difference between nonnormally
distributed continuous variables. The difference in
proportion was explored using Chi-square.

Values of serum AMH  concentrations  were
log-transformed to meet the criteria for linear regression
analysis. The relationship between Vitamin D and serum
AMH (controlling for factors that were significantly
different between the two groups) was explored using
multiple regression. The level of significance was set
as 0.05. Serum 25(OH) Vitamin D status was classified
as deficient (<20 ng/ml), insufficient (20-<30 ng/ml),
and normal status (=30 ng/ml) based on the Endocrine
Society Clinical Practice Guideline.¥

The minimum sample size was calculated using a
formula for comparing means given by formula;
n=(Z,+7Z) 226%/d>.»1 A population variance (6%) of
48.44 for Vitamin D was used from a previous study™
and a mean difference of 5 ng/ml was assumed. The
minimum sample size at, 80% power, 5% level of
significance, and an assuming a 10% nonresponse rate
was determined to be 34 participants per study group.
Therefore, a minimum sample size of 68 women was
needed for the study.
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REsuLTS

Table 1 summarises the baseline study variables among
the study participants. The age range of women in this
study was 2140 years. There were significant differences
in age, body mass index (BMI) and serum Vitamin D
levels between infertile and fertile women, with infertile
women having higher age, BMI and Vitamin D levels
than fertile women in the study. However, controlling
for age and BMI in multivariate regression analysis,
there was no significant difference in serum Vitamin D
levels between the two groups (B = 0.327; P = 0.186).

All women in this study were nonsmokers; with
11 (12.4%) fertile women and six (7.4%), infertile
women exposed to second-hand smoking. The majority
of infertile women in the study have secondary infertility
and the underlying cause of infertility was unexplained
infertility at the end of the study. The majority of
infertile women in the study had infertility duration
between one to 3 years (40.5%) [Table 2].

There is no difference in the prevalence of Vitamin D
deficiency or insufficiency between infertile and fertile
women [Table 3].

There was no significant difference in serum AMH
levels among infertile or fertile women with Vitamin
D deficiency/insufficiency and normal levels [Table 4].
Correlation analysis found no significant relationship
between serum AMH and Vitamin D in both
infertile (» = 0.042; P = 0.711) and fertile (» = —0.055;
P = 0.611) women [Figures 1 and 2]. Multivariable
regression analysis adjusting for age and BMI — which
were significantly different between the two groups
and predetermined to be independent predictors of
serum AMH — also showed no significant relationship
between Vitamin D level and serum AMH in
infertile (B = 0.002; P = 0.474) and fertile women
(B=-0.002; P = 0.522) [Table 5].

Discussion

The findings showed that the prevalence of Vitamin D
deficiency in infertile women and fertile women was
16% and 18%, respectively. This is comparable to
findings by Makwe and Aliyu among premenopausal

women in southwest Nigeria in which authors found
a prevalence of Vitamin D deficiency of 18.5%.1!
Similarly, Durazo-Arvizu et al., in their study reported
a lower prevalence of Vitamin D deficiency in Nigerian
women (0% deficiency and 24% insufficiency) residing in
Nigeria compared to African-American women (58.9%)
residing in the United States of America.?®

In India, 94.28% of infertile women were reported
to have serum Vitamin D levels of 20 ng/ml or
less.’ In Germany, a two-centered study found a
prevalence of 98.2% and 81.3% of combined Vitamin D
insufficiency and deficiency among infertile women. The
contradiction may be attributable to the significant seasonal
variation in the amount of sunlight in certain geographical
locations and an increased tendency for Vitamin D
deficiency in this region due to reduced sunlight exposure.

Although high skin melanin content which prevents
adequate absorption of ultraviolet light reduces the
synthesis of Vitamin D by the skin and predisposes
black women to Vitamin D deficiency, residing in the
tropics and increased exposure to sunlight mitigates
the development of Vitamin D deficiency. To further
buttress this, a meta-analysis reported that Immigrants
of sub-Saharan African descent residing in temperate
regions have a high prevalence (56%) of Vitamin D
deficiency.?”!

There were no differences in serum 25(OH) Vitamin
D levels between infertile and fertile women after
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Figure 1: The correlation between serum 25-hydroxyvitamin D and serum
anti-Miillerian hormone in infertile women

Table 1: Baseline study variables

Variables Median (IQR) 4
Total Infertile Fertile

Age (years) 30(7) 32 (7) 30 (6) 0.011%*

BMI (kg/m?) 24.74 (6.57) 25.40 (5.87) 23.56 (6.01) 0.002*

Anti-Miillerian hormone (ng/ml) 5.29 (8.57) 5.50(9.94) 5.00 (6.70) 0.125

25(0OH) Vitamin D (ng/ml) 28.4 (12.43) 31.4 (14.65) 26.70 (11.50) 0.006*

*Significant at 0.05 level of significance. BMI=Body mass index, IQR=Interquartile range, 25(OH) Vitamin D=25-hydroxyvitamin D
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Figure 2: The correlation between serum 25-hydroxyvitamin D and serum
anti-Miillerian hormone in fertile women

Table 2: Baseline reproductive characteristics of infertile

women
Frequency (n=81), n (%)

Type of infertility

Primary infertility 30 (37.0)

Secondary infertility 51 (63.0)
Duration of fertility” (years) 3.93+£2.36

1-3 40 (49.4)

4-6 28 (34.6)

7+ 13 (16.0)
Cause of infertility

Female 34 (42.0)

Male 5(6.2)

Both 9 (11.1)

Unexplained 33 (40.7)
Clinical diagnosis

Unexplained 33 (40.7)

Anovulation including PCOS 13 (16.0)

Tubal factor 13 (16.0)

Male factor 5(6.2)

Uterine factor 7 (8.6)

More than one diagnosis 10 (12.5)

aPData summarized in mean+SD. SD=Standard deviation,
PCOS=Polycystic ovarian syndrome

adjusting for age and BMI. This is similar to findings
from a study by Franasiak er al. where researchers
found no difference in serum 25(OH) Vitamin D levels
between infertile and fertile women; although they
found that infertile women had significantly higher
bioavailable Vitamin D and free 25(OH) Vitamin D
and significantly lower Vitamin D binding protein than
regularly cycling fertile women.B% Similarly, Al-Jaroudi
et al. reported a significantly higher serum Vitamin D
level in infertile women compared to pregnant women
in Saudi Arabia.’'! Contrary to this study, researchers
in Iraq found infertile women had a higher proportion
of Vitamin D deficiency and insufficiency than fertile
women.’?! The contradiction with the results of this
study may be due to the inclusion of lactating women
among the fertile group. This may affect serum Vitamin
D levels in these women and subsequently obscure the
difference.

There was no difference in serum AMH between
women with Vitamin D deficiency and insufficiency
and those with normal Vitamin D status in both groups.
This is similar to the report by Makwe and Aliyu
among premenopausal women in southwest Nigeria.>!!
Furthermore, adjusting for age and BMI in this study
population, there was no significant relationship between
serum Vitamin D level and serum AMH. This is similar
to findings from cross-sectional studies done among
infertile women and premenopausal women outside of
sub-Saharan Africa.l'”-1%2%]

Contrary to these, a cross-sectional study involving 388
women found no correlation in women ages 35-40 years
but found a weak negative correlation among women
of ages <35 years and a weak positive correlation in
those >40.%21 Also, a randomized control trial done on
women 18-25 years of age with Vitamin D deficiency
found that Vitamin D supplementation was associated
with a significant increase in serum AMH levels in the

Table 3: Distribution of study participants by categories of serum 25-hydroxyvitamin D status
Vitamin D status Total, n (%) Infertile, n (%) Fertile, n (%)

15 df (P)

Deficiency (<20 ng/ml) 29 (17.1) 13 (16) 16 (18) 4.21,2(0.122)
Insufficiency (20-<30 ng/ml) 60 (35.3) 23 (28.4) 37 (41.6)
Normal (>30 ng/ml) 81 (47.6) 45 (55.6) 36 (40.4)

Table 4: Test of difference in serum anti-Miillerian hormone levels between women with normal and insufficient/
deficient serum Vitamin D levels

Serum AMH Median (IQR) Mann-Whitney
levels (ng/ml) Normal (>30ng/ml) Deficiency or insufficiency (<30ng/ml) U (P)
Total 530 (9.25) 5.8 (7.75) 0.249
Infertile 5.30 (10.02) 5.56 (9.72) 0.377
Fertile 5.34 (6.81) 4.51 (6.85) 0.732

IQR=Interquartile range, AMH=Anti-Miillerian hormone
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Table 5: Multiple linear regression analysis for the relationship between serum 25-hydroxyvitamin D and serum
anti-Miillerian hormone

Independent variables

Model: Dependent variable: Logl0 AMH

Infertile Fertile
B SE P B SE P
Constant 1.641 0.312 0.000 1.551 0.321 0.000
25(0OH) Vitamin D (ng/ml) 0.002 0.003 0.474 —-0.002 0.003 0.522
Age (years) —0.042 0.008 0.000%* -0.023 0.008 0.007*
BMI (kg/m?) 0.019 0.007 0.009* —0.001 0.008 0.859

*Indicates significance at 0.05 level of significance. 25(OH) Vitamin D=25-hydroxyvitamin D, BMI=Body mass index,

AMH=Anti-Miillerian hormone, SE=Standard error

treatment group when compared to placebo.!'*! Similarly,
a study involving 33 women of reproductive age found
a seasonal variation in serum Vitamin D and AMH
levels, with Vitamin D supplementation preventing
the seasonal reduction in both Vitamin D and serum
AMH.B3 Naderi ef al. reported a significant increase in
serum AMH following administration of 50,000 IU of
supplemental 25(OH) Vitamin D weekly for 3 months
in a nonrandomized clinical trial of 30 infertile women
with low serum level of both 25(OH) Vitamin D and
AMH.B

The complex relationship between Vitamin D and serum
AMH was further elucidated in a systematic review
and meta-analysis by Moridi et al. in which researchers
found contradicting relationships between Vitamin D and
AMH in 18 observational studies included. However, the
meta-analysis of 6 interventional studies on the influence
of vitamin D supplementation on serum AMH suggested
a cause-effect relationship with the direction of effect
depending on the ovulatory status of the women studied.
The researchers reported an increase in serum AMH in
ovulatory; non-polycystic ovarian syndrome (PCOS)
women while serum AMH decreased in women with
PCOS with Vitamin D supplementation.?!

The contradictions between these studies and ours
could be attributed to the study design, since most
studies that depicted a relationship with serum AMH
were prospective, interventional studies that are better
at demonstrating causality. The relationship between
serum AMH and Vitamin D may be obscured in the
cross-sectional studies. Also, given the relatively small
sample sizes of these interventional studies, their results
may not be a good depiction of the general population.
Perhaps, the influence of adequate sunlight exposure on
Vitamin D status and a relatively low level of Vitamin
D deficiency in our study obscured the relationship
between serum AMH and Vitamin D.

Strengths and limitation

The study design allowed for the comparison of the
influence of Vitamin D on serum AMH in a sample of black

African women with clinically diagnosed infertility and
those with demonstrable fertility. This aimed to adjust for
the influence of infertility since some underlying etiologies
of infertility can predispose to low serum AMH levels and
can obscure the influence of Vitamin D on serum AMH.

However, this study is limited by its hospital-based
nature and small sample size which prevents the
generalization of study results to the population.
However, the sample size had enough statistical power
for all the analyses that were done within this study.
Also, a prospective and interventional study design
will be better at depicting the influence of Vitamin D,
if any, on serum AMH. In addition, the lack of random
selection of participants and the secondary analysis of
data in the study could have introduced some relative
selection bias of the women.

CONCLUSION

There is no difference in Vitamin D levels between
infertile and fertile women after controlling for age and
BMI in this study population. In addition, the results
suggest that there is no relationship between Vitamin
D and serum AMH levels in both infertile and fertile
women, implying that Vitamin D status does not depict
fertility status and does not influence ovarian reserve.
However, future research should involve a larger sample
size with a prospective, interventional, and follow-up
study design to better study the true influence of Vitamin
D on serum AMH levels in women.

Acknowledgments

The author appreciates Dr. J. O. Yususff of the
Department of Chemical Pathology, University of Ilorin
Teaching Hospital for his input towards the laboratory
analysis in the study.

Financial support and sponsorship

Funding was from the African Union through the Pan
African University scholarship.

Conflicts of interest

There are no conflicts of interest.

Journal of Human Reproductive Sciences | Volume 14 | Issue 3 | July-September 2021



Lawal: Vitamin D status, anti-Miillerian hormone and fertility

Data availability statement

Data on findings are available with corresponding author
on reasonable request.

REFERENCES

1.

11.

12.

13.

14.

15.

16.

18.

Battault S, Whiting SJ, Peltier SL, Sadrin S, Gerber G,
Maixent JM. Vitamin D metabolism, functions and needs: from
science to health claims. Eur J Nutr 2013;52:429-41.

Voulgaris N, Papanastasiou L, Piaditis G, Angelousi A,
Kaltsas G, Mastorakos G, ef al. Vitamin D and aspects of female
fertility. Hormones 2017;16:5-21.

Cummings DR. Human birth seasonality and sunshine. Am J
Hum Biol 2010;22:316-24.

Lam DA, Miron JA. Seasonality of births in human populations.
Soc Biol 1991;38:51-78.

Smith DM, Conaway CH, Kerber WT. Influences of season and
age on maturation in vitro of rhesus monkey oocytes. J Reprod
Fertil 1978;54:91-5.

Rojansky N, Benshushan A, Meirsdorf S, Lewin A, Laufer N,
Safran A. Seasonal variability in fertilization and embryo quality
rates in women undergoing IVF. Fertil Steril 2000;74:476-81.
Polyzos NP, Anckaert E, Guzman L, Schiettecatte I,
Van Landuyt L, Camus M, et al. Vitamin D deficiency and
pregnancy rates in women undergoing single embryo, blastocyst
stage, transfer (SET) for IVF/ICSI. Hum Reprod 2014;29:2032-40.
Stolwijk AM, Reuvers MJ, Hamilton CJ, Jongbloet PH,
Hollanders JM, Zielhuis GA. Seasonality in the results of in vitro
fertilization. Hum Reprod 1994;9:2300-5.

Malloy PJ, Peng L, Wang J, Feldman D. Interaction of the
vitamin D receptor with a vitamin D response element in the
Mullerian-inhibiting substance (MIS) promoter: Regulation
of MIS expression by calcitriol in prostate cancer cells.
Endocrinology 2009;150:1580-7.

Luk J, Torrealday S, Neal Perry G, Pal L. Relevance of vitamin
D in reproduction. Hum Reprod 2012;27:3015-27.

Anagnostis P, Karras S, Goulis DG. Vitamin D in human
reproduction: A narrative review. Int J Clin Pract 2013;67:225-35.
Bednarska-Czerwinska A, Olszak-Wasik K, Olejek A,
Czerwinski M, Tukiendorf AA. Vitamin D and anti-mullerian
hormone levels in infertility treatment: The change-point
problem. Nutrients 2019;11:1053.

Parikh G, Varadinova M, Suwandhi P, Araki T, Rosenwaks Z,
Poretsky L, et al. Vitamin D regulates steroidogenesis and
insulin-like growth factor binding protein-1 (IGFBP-1) production
in human ovarian cells. Horm Metab Res 2010;42:754-7.

Merhi Z, Doswell A, Krebs K, Cipolla M. Vitamin D alters
genes involved in follicular development and steroidogenesis
in human cumulus granulosa cells. J Clin Endocrinol Metab
2014;99:E1137-45.

Jamil Z, Fatima SS, Ahmed K, Malik R. Anti-Mullerian Hormone:
Above and Beyond Conventional Ovarian Reserve Markers. Dis
Markers. 2016;2016:5246217. doi:10.1155/2016/5246217.

Seifer DB, David T, MacLaughlin PB, Feng B, Shelden RM,
Johnson RW. Early follicular serum Miillerian substance levels
are associated with ovarian response during assisted reproductive
technology cycles. Fertil Steril 2002;77:7-10.

Chang EM, Kim YS, Won HJ, Yoon TK, Lee WS. Association
between sex steroids, ovarian reserve, and Vitamin D levels in
healthy nonobese women. J Clin Endocrinol Metab 2014;99:2526-32.
NA, Houghton LA, Pankhurst MW, Harper MJ,
IS. Acute Supplementation with High Dose

Dennis
McLennan

Journal of Human Reproductive Sciences | Volume 14 | Issue 3 | July-September 2021

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Vitamin D3 Increases Serum Anti-Miillerian Hormone in Young
Women. Nutrients. 2017;9:719. doi: 10.3390/nu9070719. PMID:
28698476; PMCID: PMC5537834.

Drakopoulos P, Van De Vijver A, Schutyser V, Milatovic S,
Anckaert E, Schiettecatte J, et al. The effect of serum Vitamin D
levels on ovarian reserve markers : A prospective cross-sectional
study. Hum Reprod 2016;32:208-14.

Kim S, Kim JJ, Kim MJ, Han KH, Lee JR, Suh CS, et al.
Relationship between serum anti-Mullerian hormone with
Vitamin D and metabolic syndrome risk factors in late
reproductive-age women. Gynecol Endocrinol 2018;34:327-31.
Makwe C, Aliyu Z. Relationship between 25-hydroxyvitamin D
and ovarian reserve in premenopausal Nigerian women. Trop J
Obstet Gynaecol 2019;36:243-8.

Merhi ZO, Seifer DB, Weedon J, Adeyemi O, Holman S,
Anastos K, et al. Circulating vitamin D correlates with serum
antimullerian hormone levels in late-reproductive-aged women:
Women’s Interagency HIV Study. Fertil Steril 2012;98:228-34.
Mogire RM, Mutua A, Kimita W, Kamau A, Bejon P, Pettifor JM,
et al. Prevalence of vitamin D deficiency in Africa : A systematic
review and meta-analysis. Lancet Glob Health 2019;8:e134-42.
Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM,
Hanley DA, Heaney RP, et al. Evaluation, treatment, and
prevention of vitamin D deficiency: An Endocrine Society clinical
practice guideline. J Clin Endocrinol Metab 2011;96:1911-30.
Rosner B. Fundamentals of Biostatistics. The Estimation of
Sample Size and Power for Comparing Two Means Section.
8" ed. USA: Cengage Learning; 2015.

Durazo-Arvizu RA, Aloia JF, Dugas LR, Tayo BO, Shoham DA,
Bertino AM, et al. 25-hydroxyvitamin D levels in African
American and Nigerian women. Am J Hum Biol 2013;25:560-2.
Lata I, Tiwari S, Gupta A, Yadav S, Yadav S. To study the
Vitamin D levels in infertile females and correlation of Vitamin
D deficiency with AMH levels in comparison to fertile females.
J Hum Reprod Sci 2017;10:86-90.

Dressler N, Chandra A, Aguirre Davila L, Spineli LM,
Schippert C, von Versen-Hoynck F. BMI and season are associated
with vitamin D deficiency in women with impaired fertility:
A two-centre analysis. Arch Gynecol Obstet 2016;293:907-14.
Martin CA, Gowda U, Renzaho AM. The prevalence of vitamin
D deficiency among dark-skinned populations according to their
stage of migration and region of birth: A meta-analysis. Nutrition
2016;32:21-32.

Franasiak J, Shapses S, Sun W, Scott R, Wang X. Vitamin D
binding protein is lower in infertile patients compared to fertile
controls: A case-control study. Fertil Res Pract 2017;3:3-6.
Al-Jaroudi D, Al-Banyan N, Aljohani NJ, Kaddour O,
Al-Tannir M. Vitamin D deficiency among subfertile women:
case-control study. Gynecol Endocrinol 2016;32:272-5.
Al-Assadi AF, Al-Haroon DS, Al-Rubaye AH, Subhi DA. Serum
Vitamin D level among infertile women at Basra City. ] Womens
Health Care 2018;7:452.

Dennis NA, Houghton LA, Jones GT, van Rij AM, Morgan K,
McLennan IS. The level of serum anti-mullerian hormone
correlates with Vitamin D status in men and women but not in
boys. J Clin Endocrinol Metab 2012;97:2450-5.

Naderi Z, Kashanian M, Chenari L, Sheikhansari N. Evaluating
the effects of administration of 25-hydroxyvitamin D supplement
on serum anti-mullerian hormone (AMH) levels in infertile
women. Gynecol Endocrinol 2018;34:409-12.

Moridi I, Chen A, Tal O, Tal R. The association between
Vitamin D and anti-Miillerian hormone: A systematic review and
meta-analysis. Nutrients 2020;12:1567.

Cais |



