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Introduction

It has been known for centuries that the human body needs many 
vitamins. Vitamin D is known as a steroid hormone produced mainly 
by ultraviolet B. Only about 10-20% of this vitamin can be taken by 
diet. Some genetic and environmental factors can cause this vitamin 
deficiency. These include high latitude living, traditional outdoor 
clothing, dark skin color, old age, inadequate vitamin D intake by diet, 
parenchymal diseases of kidney and liver, genetic defects preventing 
vitamin D synthesis and function, drugs and sunscreen use (1,2).

Epidemiology

Vitamin D deficiency first appeared in the 17th century by the German 
pathologist G. Pommer. The first scientific publication on vitamin D 

İnfertilite çağımızın önemli sağlık sorunlarından biridir. Aslında infertiliteye birçok 
faktör neden olmaktadır. Bu faktörler arasında D vitamini düzeyinin infertiliteye 
olan etkisi gözden kaçmaktadır. Vitamin D eksikliğinin görülme sıklığı değişik 
ülkelerde %20 ile %66,8 arasında değişmektedir. Aslında D vitamini eksikliği hem 
erkeklerde, hem de kadınlarda infertiliteye neden olabilmektedir. Çalışmalarda 
kadınlarda D vitamini eksikliğinin polikistik over sendromu, uterin miyom yanı 
sıra over rezervinin azalması ile ilişkisi ortaya konmuştur. Erkeklerde ise sperm 
sayısını ve morfolojisini etkilediği öne sürülmüştür. Bununla birlikte vitamin D 
düzeyi implantasyonu kolaylaştırıcı rol oynayabilmektedir. Hatta çalışmalarda in 
vitro fertilizasyon başarı oranlarının D vitamini desteği ile arttığı gösterilmiştir. Bu 
yazıda, D vitamini eksikliği ve infertilite konusu güncel makaleler eşliğinde gözden 
geçirilmiştir.
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Abstract
Infertility is one of the major health problems of our time. In fact, infertility is 
caused by many factors. Among these factors the effect of vitamin D levels of 
infertility are overlooked. The prevalence of vitamin D deficiency varies between 
20% and 66.8% in different countries. In fact, vitamin D deficiency can lead to 
infertility both women and man. Lack of vitamin D in women with polycystic ovary 
syndrome in the study, uterine fibroids, as well as has been demonstrated over a 
relationship with a decrease in reserves. In males it has been suggested to affect 
sperm count and morphology. At the same time vitamin D levels may play a role in 
facilitating implantation. Even in studies in vitro fertilization has been shown to 
increase the success rate with the support of vitamin D. In this article, vitamin D 
deficiency and infertility issues were revised in light of the current articles.
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deficiency was published in 1966 by Ramser et al. (3), 
who identified in six patient rib biopsies consistent 
with vitamin D deficiency. Studies conducted after 
these years have revealed the real effect of vitamin 
D on bone mineralization (2). Vitamin D deficiency 
of incidence ranges between 20% to 66.8% in 
different countries (4-6) has been reported, in a study 
conducted in Turkey 74.9% (7). Studies showing lack 
of vitamin D in different countries reported in the 
literature are shown in Table 1.

Vitamin D and Systemic Diseases

Recent epidemiological studies suggest that low 
levels of vitamin D are associated with several diseases 
such as certain cancers, hypertension, autoimmune 
and infectious diseases (8,9). It also has been 
reported that vitamin D protects DNA from oxidative 
stress through nuclear mechanisms and prevents 
telomeric shortening (9). A meta-analysis reported a 
7% reduction in the risk of five-year mortality with an 
average intake of 528 IU/day vitamin D (10).

Vitamin D has been shown to prevent hypertension 
by suppressing the renin gene. Observational studies 
have shown that low vitamin D levels correlate with 
blood pressure, coronary artery calcification, and the 
presence of cardiovascular disease. Research suggests 
that suboptimal vitamin D levels are associated with 
an increased risk of cardiovascular disease (9). The 
recent studies on animal models and humans have 
shown that vitamin D regulates glucose metabolism, 
and may play an important role in the development of 
type 1 and type 2 diabetes mellitus (DM). In particular, 
it is known that there is a link between infantile vitamin 
D deficiency and type 1 DM development (11). Breast, 
colon, prostate cancer cells and leukemic cells also 
have vitamin D reseptors (VDR). Calcitriol is known 
to be an inhibitory effect on these cells. Although 
its mechanism is not fully understood, vitamin D is 
thought to be involved in cellular regulation, induction 
of differentiation, impaired growth stimulation, 

inhibition of angiogenesis and increased apoptosis of 
malignant cells (12). It is known that the phagocytic 
activity of macrophages is increased in the presence 
of vitamin D (13). In addition, VDR activation increases 
gene expression of cathelicidin, a bacteriocidal 
protein known to be lethal for tuberculosis and other 
infective agents (14).

Several studies have shown that vitamin D affects 
the growth and differentiation of immune system-
regulating cells such as macrophages, dendritic 
cells, T and B lymphocytes. Vitamin D may be used 
in the treatment of autoimmune diseases such as 
rheumatoid arthritis, systemic lupus erythematosus, 
type 1 DM, inflammatory bowel diseases and multiple 
sclerosis (MS) (15). Studies support that lower levels 
of vitamin D are associated with greater severity 
in patients with MS (16). Vitamin D deficiency is 
associated with depression and decreased cognitive 
function (17). In short, vitamin D affects many systems 
and deficiencies cause disorders in these systems. 
Table 2 shows the effects of D vitamins.

Vitamin D and Infertility

Vitamin D deficiency can actually cause many 
gynecological problems. These are mentioned below.

Vitamin D Deficiency and Polycystic Over 
Syndrome

Although many gynecological diseases are 
associated with vitamin D deficiency, polycystic ovarian 
syndrome (PCOS) is the most commonly studied 
and described. This syndrome is known as the most 
common endocrine disorder in the reproductive ages. 
The prevalence of the syndrome has been reported to 
be approximately 6-8%. Infertility can be seen in this 
syndrome, which is diagnosed by oligo-anovulation, 
clinical and/or biochemical hyperandrogenism 
findings and ultrasonographic polycystic ovaries. 

It has been suggested that sex hormone-binding 
globulin decreases with vitamin D deficiency. Thus, 
androgen levels are increasing and providing the basis 
for PCOS (18).

Özgür Deniz Turan. Vitamin D and Infertility

Table 1. Studies on the D vitamin deficiency in different countries

Country Time Season Number Vitamin D deficiency rate

Maghbooli et al. (4) Iran 2002 Winter 552 66.8%

Weiler et al. (5) Canada 2002-2004 All year 183/146 32%/30.4%

Nanri et al. (6) Japan 2010-2011 Summer-winter 529 9.3%-46.7%

Hekimsoy et al. (7) Turkey 2007 Winter 209 74.9%
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In a prospective cohort study of 91 patients with 
PCOS, less follicular development was observed after 
50 mg of clomiphene citrate treatment in the group 
with vitamin D deficiency (19). In another study, it was 
reported that 60 PCOS-diagnosed infertile patients 
were divided into 3 groups, metformin in the first 
group, vitamin D in the second group, and vitamin D 
and metformin in the last group, resulting in higher 
number of dominant follicles in the combination 
therapy group (20).

In a recent study, vitamin D levels were associated 
with decreased insulin resistance. Patients with 
PCOS have been reported to have improved insulin 
resistance, androgen levels, folliculogenesis, and 
menstrual irregularities with the addition of vitamin 
D to treatments (21). In Reyman et al.'s (22) study, 
it was noted that supplementation of vitamin D, a 
disease with PCOS deficiency of vitamin D, improves 
menses and follicular developmental abnormalities, 
thus increasing pregnancy rates.

In other studies, it has been shown that fat patients 
with PCOS is treated with vitamin D deficiency, 
resulting in increased weight loss and improved 
menstrual cycle rhythms. Similarly, adolescent obese 
persons were observed to be thinner when vitamin D 
deficiency was eliminated (23,24).

In another study of 127 patients with PCOS but not 
treated and 117 normal subjects, 25-hydroxy-D [25(OH)
D] vitamin levels below 50 nM/mL were defined as 
vitamin D deficiency and those above 75 nm/mL were 
normal. In this study, there was no significant difference 
between the vitamin D levels of the two groups when 
there was a negative correlation between metabolic 
syndrome and vitamin D level (25). In a 24-week study 
of 57 policystic over patients with vitamin D deficiency, 
the patient was given 20.000 IU of vitamin D per week 
and reported a 50% improvement in oligomenorrhea 
and anovulation, as well as a marked decrease in fasting 
blood glucose (26). 

Vitamin D Level and Over Reserve

Reduced over-reserves is one of the important 
causes of infertility. Anti-Müllerian hormone (AMH) is 
accepted as the laboratory test that shows the best 
over reserve. As is known, AMH reduces oocyte loss 
rate. There was a positive correlation between serum 
vitamin D level and serum AMH level. When vitamin 
D deficiency was eliminated, estradiol (9%), estrone 
(21%) and progesterone (9%) production from over, 
in addition the amount of insulin-like growth factor 
binding protein was increased. It has been shown that 
there is a positive correlation between levels of serum 
AMH and vitamin D in women in the premenopausal 
period (27). Serum AMH levels are 18% lower in the 
winter months than those in the summer months, but 
there is no such seasonal fluctuation seen in AMH 
when vitamin D deficiency is eliminated (28).

All this information with low AMH levels should 
be considered vitamin D deficiency. However, there 
are few studies in the literature regarding low AMH 
and vitamin D deficiency. For this reason, randomized 
controlled trials are needed for vitamin D replacement 
therapy. 

Vitamin D Level and Uterine Myom

Vitamin D has a regulatory role in the development 
of uterine fibroids. Patients with myomas with low 
levels of vitamin D were observed to have a higher 
risk of myoma formation and more myomas, they 
were larger than the control group (29). Another 
study reported a decrease in the rate of myomas in 
patients with D-vitamin supplementation. Vitamin D3 
has been shown to reduce myoma cell proliferation in 
vitro, and in vivo animal models to decrease tumoral 
myoma growth. These results support that vitamin 
D3 is effective and safe in the medical treatment of 
myoma (29,30). 

Vitamin D Level and In Vitro Fertilization

In vitro fertilization (IVF) rates are influenced 
by many factors in our time, and as days go by, we 
become aware of the majority of these factors. Some 
of them look like vitamin D. Patients with serum 
vitamin D level <30 ng/mL were found to have a low 
pregnancy rates (31). In a study conducted, the serum 
and follicular fluid also had a positive correlation with 
the measurement of 25(OH)D levels and IVF ratios. 

Table 2. Effects of vitamin D

Cell differentiation

Calcium and phosphorus balance in skeletal system

Antiproliferative effect

Anti-inflammatory effect
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However, follicular fluid 25(OH)D levels were recorded 
inversely proportional to body mass index. As a result, 
follicular fluid 25(OH)D vitamin levels were predicted 
to be an independent predictor of IVF success. In 
study conducted by Ozkan et al. (32), it was observed 
that with 1 ng/mL vitamin D increase in follicular fluid, 
6% increase in live pregnancy was observed.

Contrary to these views, the follicular fluid with 
high levels of vitamin D is found in studies showing 
that the number of enucleated oocytes and embryo 
quality are reduced. One of them has found that 
the high D vitamin levels have been impaired the 
developmental properties of the embryo and the IVF 
success has been adversely affected (33).

In addition to studies showing increased vitamin 
D and IVF ratios, there are studies suggesting that 
there is no relationship. Among them, 517 patients 
were studied by Franasiak et al. (34), and vitamin D 
was reported to be unrelated to pregnancy outcomes 
after embryo transfer. As a result, it was emphasized 
that serum 25OH vitamin level failed to predict the 
implanted blastocyst.

Vitamin D levels may play a role in facilitating 
implantation. Calcitriol reduces T cell function. 
Calcitriol reduces cytokines released from endometrial 
cells. During the calcitriol treatment, in natural killer 
cells the secretion rates of cytokines such as colony-
stimulating factor 2, interleukin (IL)-1, IL-6 and tumor 
necrosis factor decreased. For this reason, vitamin D 
deficiency may play a role in the habitual abortus (31).

Vitamin D Level and Male Infertility

Low levels of vitamin D may cause infertility in 
males as well as infertility in females. There was a 
positive correlation between the number of motile 
sperm and progressive motile sperm and the serum 
level of 25(OH)D vitamin. In vitro studies have shown 
that vitamin D increases sperm motility and induces 
acrosome reaction (35). Contrary to this view, it 
has been found to correlate with high vitamin D 
content and sperm count and normal morphological 
deterioration (36).

Two recent large-scale studies have shown a 
positive correlation between serum D-vitamin levels 
and serum testosterone levels (37,38).  The enzyme 
that metabolizes vitamin D is CYP24A1. This enzyme 
has been found in the human testis, the ejaculatory 
duct, the mature spermatozoa and the Leydig cells 

(39). In a study of 77 infertile men and 50 healthy 
men, CYP24A1 expression was measured and there 
was a significant decrease in CYP24A1 expression 
in infertile men (40). As a result, it has been shown 
that changes in vitamin D levels affect infertility 
through several mechanisms. For this reason, it is also 
necessary to consider examining the level of vitamin 
D when following a routine infertility patient.

Ethics
Peer-review: Externally and internally peer-

reviewed.
Financial Disclosure: The authors declared that 

this study received no financial support.

References

1.	 Holick MF. MrOs is D-ficient. J Clin Endocrinol Metab 2009; 94: 
1092-3.

2.	 Bhan A, Rao AD, Rao DS. Osteomalacia as a result of vitamin D 
deficiency. Rheum Dis Clin North Am 2012; 38: 81-91.

3.	 Ramser JR, Frost HM, Frame B, Arnstein AR, Smith R. Tetracycline-
based studies of bone dynamics in rib of 6 cases of osteomalacia. 
Clin Orthop Relat Res 1966; 46: 219-36.

4.	 Maghbooli Z, Hossein-Nezhad A, Shafaei AR, Karimi F, Madani 
FS, Larijani B. Vitamin D status in mothers and their newborns in 
Iran. BMC Pregnancy Childbirth 2007; 7: 1.

5.	 Weiler HA, Leslie WD, Krahn J, Steiman PW, Metge CJ. Canadian 
Aboriginal women have a higher prevalence of vitamin D 
deficiency than non-Aboriginal women despite similar dietary 
vitamin D intakes. J Nutr 2007; 137: 461-5.

6.	 Nanri A, Foo LH, Nakamura K, Hori A, Poudel-Tandukar K, 
Matsushita Y, et al. Serum 25-hydroxyvitamin d concentrations 
and season-specific correlates in Japanese adults. J Epidemiol 
2011; 21: 346-53.

7.	 Hekimsoy Z, Dinç G, Kafesçiler S, Onur E, Güvenç Y, Pala T, et al. 
Vitamin D status among adults in the Aegean region of Turkey. 
BMC Public Health 2010; 10: 782.

8.	 Staud R. Vitamin D: more than just affecting calcium and bone. 
Curr Rheumatol Rep 2005; 7: 356-64. 

9.	 Boucher BJ. The problems of vitamin d insufficiency in older 
people. Aging Dis 2012; 3: 313-29. 

10.	 Autier P, Gandini S. Vitamin D supplementation and total 
mortality: a meta-analysis of randomized controlled trials. Arch 
Intern Med 2007; 167: 1730-7.

11.	 Mathieu C, van Etten E, Decallonne B, Guilietti A, Gysemans C, 
Bouillon R, et al. Vitamin D and 1,25-dihydroxyvitamin D3 as 
modulators in the immune system. J Steroid Biochem Mol Biol 
2004; 89-90: 449-52.

12.	 Holick MF. The role of vitamin D for bone health and fracture 
prevention. Curr Osteoporos Rep 2006; 4: 96-102.

13.	 Laaksi I. Vitamin D and respiratory infection in adults. Proc Nutr 
Soc 2012; 71: 90-7.



110 Özgür Deniz Turan. Vitamin D and Infertility

14.	 Holick MF, Chen TC. Vitamin D deficiency: a worldwide problem 
with health consequences. Am J Clin Nutr 2008; 87: 1080-6.

15.	 Borges MC, Martini LA, Rogero MM. Current perspectives on 
vitamin D, immune system, and chronic diseases. Nutrition 
2011; 27: 399-404.

16.	 Kulie T, Groff A, Redmer J, Hounshell J, Schrager S. Vitamin D: 
an evidence-based review.  J Am Board Fam Med 2009; 22: 698-
706.

17.	 Bordelon P, Ghetu MV, Langan RC. Recognition and management 
of vitamin D deficiency. Am Fam Physician 2009; 80: 841-6.

18.	 Azziz R, Woods KS, Reyna R, Key TJ, Knochenhauer ES, Yildiz BO. 
The prevalence and features of the polycystic ovary syndrome 
in an unselected population. J Clin Endocrinol Metab 2004; 89: 
2745-9.

19.	 Ott J, Wattar L, Kurz C, Seemann R, Huber JC, Mayerhofer K, et 
al. Parameters for calcium metabolism in women with polycystic 
ovary syndrome who undergo clomiphene citrate stimulation: a 
prospective cohort study. Eur J Endocrinol 2012; 166: 897-902.

20.	 Rashidi B, Haghollahi F, Shariat M, Zayerii F. The effects of 
calcium-vitamin D and metformin on polycystic ovary syndrome: 
a pilot study. Taiwan J Obstet Gynecol 2009; 48: 142-7. 

21.	 Irani M, Merhi Z. Role of vitamin D in ovarian physiology and 
its implication in reproduction: a systematic review. Fertil Steril 
2014; 102: 460-8.

22.	 Reyman M, Verrijn Stuart AA, van Summeren M, Rakhshandehroo 
M, Nuboer R, de Boer FK, et al. Vitamin D deficiency in childhood 
obesity is associated with high levels of circulating inflammatory 
mediators, and low insulin sensitivity. Int J Obes (Lond) 2014; 38: 
46-52. 

23.	 Thomson RL, Spedding S, Brinkworth GD, Noakes M, Buckley 
JD. Seasonal effects on vitamin D status influence outcomes 
of lifestyle intervention in overweight and obese women with 
polycystic ovary syndrome. Fertil Steril 2013; 99: 1779-85.

24.	 Belenchia AM, Tosh AK, Hillman LS, Peterson CA. Correcting 
vitamin D insufficiency improves insulin sensitivity in obese 
adolescents: a randomized controlled trial. Am J Clin Nutr 2013; 
97: 774-81.

25.	 Moini A, Shirzad N, Ahmadzadeh M, Hosseini R, Hosseini L, 
Sadatmahalleh SJ. Comparison of 25-hydroxyvitamin D and 
Calcium Levels between Polycystic Ovarian Syndrome and 
Normal Women. Int J Fertil Steril 2015; 9: 1-8.

26.	 Grundmann M, von Versen-Höynck F. Vitamin D - roles in 
women's reproductive health? Reprod Biol Endocrinol 2011; 9: 
146.

27.	 Merhi ZO, Seifer DB, Weedon J, Adeyemi O, Holman S, Anastos K, 
et al.  Circulating vitamin D correlates with serum antimüllerian 
hormone levels in late-reproductive-aged women: Women's 
Interagency HIV Study. Fertil Steril 2012; 98: 228-34.

28.	 Thibeault D, Caron N, Djiana R, Kremer R, Blank D. Development 
and optimization of simplified LC-MS/MS quantification of 
25-hydroxyvitamin D using protein precipitation combined with 
on-line solid phase extraction (SPE). J Chromatogr B Analyt 
Technol Biomed Life Sci 2012; 883-884: 120-7.

29.	 Paffoni A, Somigliana E, Vigano' P, Benaglia L, Cardellicchio 
L, Pagliardini L, et al. Vitamin D status in women with uterine 
leiomyomas. J Clin Endocrinol Metab 2013; 98: E1374-8. 

30.	 Halder SK, Osteen KG, Al-Hendy A. Vitamin D3 inhibits expression 
and activities of matrix metalloproteinase-2 and -9 in human 
uterine fibroid cells. Hum Reprod 2013; 28: 2407-16. 

31.	 Rudick BJ, Ingles SA, Chung K, Stanczyk FZ, Paulson RJ, Bendikson 
KA. Influence of vitamin D levels on in vitro fertilization outcomes 
in donor-recipient cycles. Fertil Steril 2014; 101: 447-52. 

32.	 Ozkan S, Jindal S, Greenseid K, Shu J, Zeitlian G, Hickmon C, et al. 
Replete vitamin D stores predict reproductive success following 
in vitro fertilization. Fertil Steril 2010; 94: 1314-9.

33.	 Anifandis GM, Dafopoulos K, Messini CI, Chalvatzas N, Liakos 
N, Pournaras S, et al. Prognostic value of follicular fluid 25-OH 
vitamin D and glucose levels in the IVF outcome. Reprod Biol 
Endocrinol 2010; 8: 91. 

34.	 Franasiak JM, Molinaro TA, Dubell EK, Scott KL, Ruiz AR, Forman 
EJ, et al.  Vitamin D levels do not affect IVF outcomes following 
the transfer of euploid blastocysts. Am J Obstet Gynecol 2015; 
212: 315.e1-6.

35.	 Blomberg Jensen M, Bjerrum PJ, Jessen TE, Nielsen JE, Joensen 
UN, Olesen IA, et al. Vitamin D is positively associated with 
sperm motility and increases intracellular calcium in human 
spermatozoa. Hum Reprod 2011; 26: 1307-17.

36.	 Ramlau-Hansen CH, Moeller UK, Bonde JP, Olsen J, Thulstrup 
AM. Are serum levels of vitamin D associated with semen 
quality? Results from a cross-sectional study in young healthy 
men. Fertil Steril 2011; 95: 1000-4.

37.	 Lee DM, Tajar A, Pye SR, Boonen S, Vanderschueren D, Bouillon 
R, et al. Association of hypogonadism with vitamin D status: the 
European Male Ageing Study. Eur J Endocrinol 2012; 166: 77-85. 

38.	 Nimptsch K, Platz EA, Willett WC, Giovannucci E. Association 
between plasma 25-OH vitamin D and testosterone levels in 
men. Clin Endocrinol (Oxf) 2012; 77: 106-12. 

39.	 Foresta C, Selice R, Di Mambro A, Strapazzon G. Testiculopathy 
and vitamin D insufficiency. Lancet 2010; 376: 1301.

40.	 Blomberg Jensen M, Jørgensen A, Nielsen JE, Bjerrum PJ, Skalkam 
M, Petersen JH, et al. Expression of the vitamin D metabolizing 
enzyme CYP24A1 at the annulus of human spermatozoa may 
serve as a novel marker of semen quality. Int J Androl 2012; 35: 
499-510.

Meandros Med Dent J 2018;19:106-10


