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Abstract
In recent years the interest in vitamin D is steadily growing. Numerous scientific
publications and health guidebooks for the public have been published. Besides
the well-known effects on calcium and bone metabolism, a positive impact of the
sunshine vitamin on human wellbeing and health has been proposed. A high
prevalence of vitamin D deficiency according to established optimal values has
been described, although no increase of the classical diseases associated with
vitamin D deficiency, e.g., rachitis and osteomalacia, has been observed. Besides
infants and the elderly, populations at risk include women of childbearing age.
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The discovery that human tissues with a role in reproductive function, e.g.,
ovaries, endometrium, and placenta, express the vitamin D receptor and enzymes
involved in vitamin D metabolism, has provoked studies on the role of vitamin D
in reproductive health. While observational studies suggest an association
between low vitamin D status and impaired reproductive outcomes, there are
only few high quality randomized clinical trials available that could prove
causality. This chapter summarizes the current knowledge on vitamin D metab-
olism, epidemiology, and treatment of vitamin D deficiency with focus on
women’s reproductive health.
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Introduction

Since the early 2000s, a wealth of scientific articles about vitamin D and its role for
human biology have been published. The “sunshine” vitamin is involved in various
functions in the body. Increasingly, scientific investigations are revealing the importance
of vitamin D and its role in health and disease prevention. For the time being, it is known
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that vitamin D is involved in immunomodulation processes, cell growth, differentiation,
and hormonal balance. The secosteroid and prohormone is getting converted to its active
metabolite, 1,25-alpha(OH)2D through multiple converting steps in the body. By
binding to its high-affinity receptor, activation of transcription occurs, which causes
certain target genes to be activated or inhibited. The relationship between vitamin D and
the reproductive system was established after detecting 1-alpha-hydroxylase and the
vitamin D receptor (VDR) to be expressed in many female organs like placenta, ovary,
endometrium, and decidua. Since vitamin D deficiency has been detected increasingly
over the past decades among all racial groups and globally, a large proportion of the
female population in their reproductive age is affected. Therefore, this chapter is
focusing on the novel findings on vitamin D in the area of human reproduction, fertility,
and disease prevention.

Metabolism and Synthesis of Vitamin D

Vitamin D is a group of fat-soluble vitamins, with vitamin D2 and vitamin D3 being the
most common forms. Vitamin D is absorbed from food (vitamin D3 [cholecalciferol],
from animal sources, or from plant and fungi sources (vitamin D2 [ergocalciferol]), in
the form of food supplements (either vitamin D2 or D3) or through the self-synthesis in
the skin (vitamin D3) (Unholzer et al. 2017). Cholecalciferol, a prohormone and the
physiologically most important representative, is formed from 7-dehydrocholesterol (7-
DHC) by the action of UV-B rays in the keratinocytes of the skin (Unholzer et al. 2017)
(Fig. 1). For its role in various processes in the body, cholecalciferol bound to its
transport protein (vitamin D-binding protein (DBP)) is shuttled via the blood into the
kidney, where it is metabolized into calcidiol (25(OH)D) (Unholzer et al. 2017) (a table
of terms used in reference to vitamin D is given in Table 1 (modified after Unholzer et al.
2017)).The main steps of vitamin D metabolism include a multi-step hydroxylation
process performed by cytochrome P450 mixed-function oxidases (CYPs). The enzymes
responsible are located in the endoplasmic reticulum (e.g., CYP2R1) or in the mito-
chondria (e.g., CYP27A1, CYP27B1) and metabolize vitamin D2 or D3 into 25(OH)D2

or D3 (Bikle 2014).
25(OH)D (calcidiol) is the major circulating and storage form of vitamin D in

the body and serves as a marker of vitamin D status, while most of all circulating
25(OH)D is 25(OH)D3 (Unholzer et al. 2017). 25(OH)D is transported via its
binding protein to the kidneys where it gets further hydroxylated by CYP27B1
(1-α hydroxylase), resulting in the biological active metabolite 1,25(OH)2D
(Christakos et al. 2010) also known as calcitriol. Calcitriol is released into
the blood and exerts its effects through a change in gene expression. While
calcitriol is produced according to its specific needs in the body, its own
degradation occurs to the inactive metabolite calcitroic acid via CYP24A1
(Christakos et al. 2016; Unholzer et al. 2017). The impact of the active vitamin
D on cell functions is influenced by the bioavailability at the target sites and
highly dependent upon DBP concentrations and its polymorphisms, which can
vary among ethnicities.
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Fig. 1 Metabolism and synthesis of vitamin D. The formation of active 1,25(OH)2D is a multi-step
hydroxylation process. First, cholecalciferol (vitamin D3) is formed in the skin after sufficient
sunlight exposure from 7-DHC. After hydroxylation in the liver to calcidiol (25(OH)D), it gets
metabolized in the kidney to the biological active form 1,25(OH)2D (calcitriol). 1,25(OH)2D is
inactivated and degraded through further hydroxylation to calcitrioic acid

Table 1 Vitamin D metabolites, enzymes, and function. Terms of metabolites, function and food
supplements used in reference to vitamin D (Modified after Unholzer et al. 2017, with permission of
Springer Nature)

Terms Affiliation and Function

Vitamin D (Calciferol) Group of secosteroids; regulation of calcium balance

Cholecalciferol (vitamin D3) Prohormone; activated 7-DHC and precursor of
calcitriol

Ergocalciferol (vitamin D2) From plant and fungi sources

Calcidiol (25(OH)D) Storage form; reference molecule for vitamin D status
in serum

Calcitriol (1,25(OH)2D3) Biologically active form of vitamin D3

Ercalcitriol (1,25(OH)2D2) Biologically active form of vitamin D2

Calcitroic acid Inactive form; major terminal deactivation product of
calcitriol

Vitamin D oral supplement (either
vitamin D2 or D3)

Treatment of vitamin D deficiency or prevention
(preferred vitamin D3)
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Determination of Vitamin D Status

Vitamin D deficiency is still a large and global problem of the human population.
Depending on the geographic location, populations in the northern latitudes, older
people, children, as well as women in their reproductive period are potentially at
high risk for vitamin D deficiency.

Reference intake values for an adequate vitamin D status are incongruent and
despite years of research it is still not clearly defined how high an optimal vitamin D
level should be to have an overall preventive effect. The determination of a serum
concentration of 25(OH)D is the accepted approach to identify individual vitamin D
status (Holick 2009). To date, according to different investigators, a 25(OH)D serum
level in the range between 30 and 50 ng/ml can be regarded as adequately and
physiologically sufficient. Values below 20 ng/ml are considered as deficient,
21–29 ng/ml as insufficient (Grant and Holick 2005; Holick 2009) (Table 2).
Measurement of serum 25(OH)D concentrations is not subject to a uniform standard
procedure. At present, enzyme-linked immunosorbent assays, high-performance
liquid chromatography, liquid chromatography–mass spectrometry, and radioimmu-
noassays are generally used, which, due to different detection limits and variabilities,
make a direct comparison of the values challenging (Thierfelder et al. 2008;
Unholzer et al. 2017). Therefore, development of a uniform reference test for
determination of serum 25(OH)D concentration is urgently necessary.

Supplementation of Vitamin D and Prevention of Deficiency

Vitamin D deficiency may occur from inadequate intake or insufficient exposure to
sun light. Synthesis of vitamin D mainly takes part in the skin after sufficient sunlight
exposure (Böhles et al. 2011) and therefore is dependent on the season, daytime, and
geographic factors. Other factors are the uncovered skin area, length of time staying
outside, as well as the skin pigmentation which gets additionally influenced by
decreasing age (Loomis 1967; Need et al. 1993; Holick 2002; Böhles et al. 2011;
German Nutrition Society (DGE) 2012).

Table 2 Classification of serum 25(OH)D levels. The optimal vitamin D serum level lies between
50 and 100 ng/ml. Values below 20 ng/ml are considered deficient, values above 100 ng/ml can be
toxic. To convert to nanomoles per liter multiply by 2.496 (Modified after Grant and Holick 2005,
with permission from the Publisher)

Serum 25(OH)D concentration Classification

<20 ng/ml <50 nmol/l Deficient

20–32ng/ml 50–80 nmol/l Insufficient

50–70 ng/ml 125–175 nmol/l Optimal

32–100 ng/ml 80–250 nmol/l Sufficient

>150 ng/ml >325 nmol/l Intoxication
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The exogenous intake of vitamin D, which accounts for about 10%, is influenced
by the consumption of certain foods or dietary supplements (Böhles et al. 2011).
Vitamin D is found only in few foods naturally, which includes oily fish, liver, and
margarine (enriched) (D-A-CH 2008; Böhles et al. 2011) (Table 3) (USDA Food
Composition Databases 1889).

In some countries, e.g., the US and Canada, certain foods such as milk, some
breakfast cereals, and breads are enriched with vitamin D (Institute of Medicine
1999), while food supplementation is mostly prohibited in Europe (Böhles et al.
2011). The daily intake recommendations for vitamin D, available in many countries
of Europe and the USA (e.g., World Health Organization/Food and Agriculture
Organization, Institute of Medicine, German Nutrition Society) are not uniform
(Lanham-New et al. 2011; Ross 2011). The Food and Nutrition Board at the IOM
established a recommended dietary allowance (RDA) for vitamin D which is defined
as “average daily level of intake sufficient to meet the nutrient requirements of nearly
all (97–98%) healthy people” (Institute of Medicine 2010). The Recommendation of
the Associations for Nutrition of German-speaking Countries for daily intake is
much higher (Table 4) (Institute of Medicine 2010; German Nutrition Society (DGE)
2012). These recommendations are mainly based on dietary intake and because
of the many variable factors, which influence the synthesis of vitamin D, a standard
for recommended adequate intake for all ages, sexes, and races is hard to define
(Institute of Medicine 1999). Therefore, intake reference values from different
countries could be eventually too low to maintain healthiness.

Table 3 Food sources of vitamin D3. Vitamin D is found in a limited number of foods. Therefore,
food supplementation or the intake of vitamin D supplements helps increase serum concentrations
(USDA Food Composition Databases 1889)

Food sources of vitamin D Measure
Vitamin D (IU)
per measure

Cod liver oil 1 tablespoon 1360

Herring (Atlantic, pickled) 1 cup 158

Mackerel (jack, canned, drained solids) 1 oz 83

Salmon (pink, canned, drained solids) 3 oz 493

Swordfish (cooked, dry heat) 3 oz 566

Milk (lowfat, fluid, 1% milk fat, protein fortified, with
added vitamin A and vitamin D)

1 cup 98

Yoghurt (plain, whole milk, 8 g protein per 8 ounce) 6 oz 3

Cheese, cheddar 1 oz 32

Cheese, camembert 1 oz 5

Cheese, feta 1 cup,
crumbled

24

Egg (whole, cooked, fried) 1 Large 40

Orange juice (fortified with vitamin D), (varies among
labels)

1 cup 137

Margarine (fortified) 1 tablespoon 60
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Vitamin D and the Female Reproductive System

In northern countries, a peak in conception rates in the summer has been observed.
Therefore, it seems likely that an association between vitamin D and fertility exists
(Rojansky et al. 1992). The detection of the VDR in granulosa and cumulus oophorus
cells of the human ovary (Perez-Fernandez et al. 1997) and enzymes involved in
vitamin D metabolism in several female reproductive tissues (Thill et al. 2009; Parikh
et al. 2010), e.g., the endometrium and fallopian epithelial cells (Agic et al. 2007), the
decidua and placenta (Agic et al. 2007), and the pituitary gland, supports this
assumption. Further, enzymes involved in vitamin D metabolism, e.g., 1-alpha
hydroxylase, are expressed in female reproductive tissues indicating that locally the
active 1,25(OH)2D can be synthesized (Vigano et al. 2006; Fischer et al. 2009;
Tamblyn et al. 2017). It has been proposed that the ovary is a target organ for 1,25
(OH)2D (Dokoh et al. 1983). In conjunction with estradiol, it labilizes lysosomes to
weaken the tunica albuginea and to enhance ovum release during ovulation. Steroid
hormone production (progesterone, estradiol, and estrone) of the ovary and placenta
as well as the synthesis of chorionic gonadotropin and placental lactogen expression
in human syncytiotrophoblasts is regulated by the vitamin (Barrera et al. 2008). In
addition, 1,25(OH)2D alters the expression and activity of the estrogen biosynthesis
catalyzing enzyme P450 (Sun et al. 1998) and affects anti-mullerian hormone (AMH)
signaling and steroidogenesis in human cumulus granulosa cells, both pathways with
importance for folliculogenesis (Merhi et al. 2014).

Vitamin D and Assisted Reproduction

Utilization of assisted reproductive technologies (ART), especially in vitro fertiliza-
tion (IVF), is growing (Kamphuis et al. 2014). IVF is now being used not only by
infertile couples but also by couples carrying single gene mutations who use IVF

Table 4 Recommended daily allowance values of vitamin D3. The RDAvalues of the IOM and the
DGE depend on age or health status (e.g., pregnancy) (Institute of Medicine 2010; German
Nutrition Society (DGE) 2012).

Institute of Medicine (IOM),
US

German Nutrition Society
(DGE), D

Recommended intake [μg/d] Recommended intake [μg/d]a

Infants 0–12 months 10 10

Children 1–13 years 15 20

Adolescents 14–18 years 15 20

Adults 18–65/70 years 15 (adults under 70) 20 (adults under 65)

Adults above 65/70 years 20 20

Pregnant women 14–50
years

15 20

aEstimated value while endogenous synthesis is lacking
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with pre-implantation embryo biopsy and transfer of unaffected embryos to the
uterus (Berger and Baker 2014). ART allows the separate evaluation of the impact
of vitamin D deficiency on various steps of reproduction from folliculogenesis to
embryo implantation.

In several observational studies, serum 25(OH)D levels were highly deficient in
women seeking medical help for couple’s infertility (Pagliardini et al. 2015). In a
cohort of 1,072 women in Northern Italy, 11% of women reached a sufficient level in
this prospective cross-sectional study (Pagliardini et al. 2015). At a higher latitude
(50�N) in Germany, vitamin D insufficiency affected 81–93% of women presenting
for infertility treatment (N = 312) (Dressler et al. 2016). As with the previous study
BMI and limited exposure to sun were associated with an increased risk of vitamin D
deficiency.

The relationship between vitamin D serum levels and IVF outcomes has been
investigated with controversial results. One of the first studies that investigated IVF
success and vitamin D status in 10 women found an association of raised estradiol
levels during gonadotrophin-induced ovarian stimulation and a significant increase
of serum 1,25(OH)2D (r = 0.787, p < 0.001) (Potashnik et al. 1992; Wehr et al.
2010). Several studies focused on 25(OH)D levels in follicular fluid as an indepen-
dent predictor to success of an IVF-cycle. While Ozkan et al. showed higher
pregnancy and implantation rates across tertiles of 25(OH)D in 84 infertile women
undergoing IVF (Ozkan et al. 2010), two prospective studies with 101 and 82
women could not confirm these findings (Anifandis et al. 2010; Aleyasin et al.
2011). No significant differences in pregnancy rates and embryo quality were found
between patients with low (<20 ng/ml) and moderate (20–30 ng/ml) 25(OH)D
follicular fluid levels. Women with high vitamin D follicular fluid levels (>30 ng/
ml) had even lower pregnancy rates and embryo quality (Anifandis et al. 2010;
Aleyasin et al. 2011).

Rudick et al. observed a relationship between serum 25(OH)D levels and implan-
tation, clinical pregnancy, and live birth rates in 188 women (Rudick et al. 2012).
These findings were significant in non-hispanic whites but did not apply to the Asian
ethnicity (Rudick et al. 2012). The same group demonstrated a positive association
between vitamin D status and clinical pregnancy rate among recipients of oocyte
donation (Rudick et al. 2014). This observation is supportive of an effect of 25(OH)
D levels on ART outcomes possibly due to a mediation of endometrial receptivity.
Women with 25(OH)D > 20 ng/ml (n = 181) had a higher chance of obtaining top
quality embryos, higher implantation (1.91 [95% confidence interval (CI):
1.20–3.05, P = 0.006]) and clinical pregnancy rates (adjusted odds ratio (aOR)
2.15 [95%]) compared to those with levels < 20 ng/ml (n = 154) (Paffoni et al.
2014). In a retrospective cohort of 368 women, vitamin D deficiency measured seven
days’ prior blastocyst transfer, appeared as an independent predictor of lower clinical
pregnancy rates (Polyzos et al. 2014). When the analysis was restricted to women
undergoing elective single embryo transfer (274 patients), vitamin D deficiency was
still independently associated with pregnancy rates [OR (95% CI) 0.56 (0.33–0.93),
P= 0.024]. In a larger sample of 517 analyzed cycles, this finding was not confirmed
(Franasiak et al. 2015). Vitamin D levels from serum samples obtained on the day of
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ovulation trigger in the fresh IVF cycle were analyzed. In this cohort with extended
embryo culture, blastocyst biopsy for comprehensive chromosome screening and
subsequent euploid embryo transfer vitamin D levels were unrelated to ongoing
pregnancy rate (Franasiak et al. 2015). However, in a recent systematic review and
meta-analysis of five studies, a deficient vitamin D level was related to lower live
birth rate (relative risk (RR) 0.76, 95% CI 0.61–0.93) but not to a lower clinical
pregnancy rate (RR 0.88, 95% CI 0.69–1.11) (Lv et al. 2016). Although a biolog-
ically plausible effect of vitamin D on reproductive tissues is very likely, it is still
controversial whether vitamin D levels are reliable predictors of ART outcomes.
Current evidence relies on heterogeneous results of small cohort studies while
findings from RCTs are not yet available.

Vitamin D and Ovarian Reserve

AMH is an ovarian reserve marker and produced in the granulosa cells of the ovaries.
While the AMH gene promoter contains a vitamin D response element, it is
suggested that vitamin D might be involved in the regulation of the gonadal status.
When granulosa cells were directly incubated with the active 1,25(OH)2D, changes
in AMH receptor expression and downstream signaling were noted. In this experi-
mental set-up direct effects on AMH levels were studied eliminating issues of
vitamin DBP that affects the bioavailability of the active hormone in the circulation
(Merhi et al. 2014). In a cross-sectional study including 388 premenopausal women
with regular menstrual cycles, the authors observed a positive independent associ-
ation of 25(OH)D levels with AMH in women aged 40 years and older (N = 141)
(Merhi et al. 2012). In a prospective cross-sectional study of 283 infertile women
starting their first cycle of infertility treatment serum AMH and vitamin D were
determined and antral follicle count (AFC) measured on the second or third day. In
contrast to the previous study, no significant association was observed between
AMH levels or AFC and vitamin D concentrations, even after controlling for
relevant co-variants (Drakopoulos et al. 2017). Thus, it is unclear from the available
data if vitamin D deficiency is associated with lower ovarian reserve in reproductive
aged women.

Vitamin D and Polycystic Ovary Syndrome

Polycystic ovary syndrome (PCOS) is among the most common endocrine disorders
affecting women of reproductive age and contributes to sub- and infertility. Clinical
characteristics include hyperandrogenism, menstrual disturbances, and polycystic
ovaries on ultrasound. The associated ovarian dysfunction is noticeable by oligo-/
anovulation. While many, but not all, women with PCOS are overweight or obese,
insulin resistance (IR) and dyslipidemia are core pathophysiologic features of this
syndrome. However, a substantial number of lean women affected by PCOS have IR
as well, independent of obesity (Dunaif et al. 1989). There is increasing evidence
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that vitamin D affects insulin and glucose metabolism (Scragg et al. 2004; Liu et al.
2009). Vitamin D deficiency therefore has been proposed as the possible missing
link between IR and PCOS. This assumption is supported by the finding that the
active VDR regulates genes that are important for glucose and lipid metabolism as
well as blood pressure regulation (Bouillon et al. 2008).

Several studies suggest associations between VDR polymorphisms and the
development of PCOS and IR. Most of them had only modest sample sizes (Chiu
et al. 2001; Mahmoudi 2009; Ranjzad et al. 2010; 2011; Wehr et al. 2011). Possible
explanations of the role of VDR variants in the pathogenesis of PCOS include effects
on luteinizing hormone, sex hormone binding globulin levels, and testosterone
(Ranjzad et al. 2010; Wehr et al. 2011).

In a systematic review to gain insights into the association between vitamin D,
BMI, and IR, 29 eligible trials with only one randomized controlled trial have been
analyzed. Although univariate regression analyses revealed vitamin D to be a
significant and independent predictor of IR in both PCOS and control women, the
significance disappeared after adjustment for BMI in women with PCOS (Krul-Poel
et al. 2013). Due to the heterogeneity of the available studies and the lack of
randomized trials, it is currently hard to draw a definite conclusion about a causal
relationship between vitamin D status and metabolic disturbances in PCOS.

Vitamin D and Menstrual Cycle

Animal data from knock-out mice models for 1-alpha hydroxylase, the enzyme
converting vitamin D to its active form, show delayed puberty, anovulation, and
irregular menstrual cycles (Panda et al. 2001; Dicken et al. 2012). Human data about
vitamin D levels in the menstrual cycle and an association with irregularities are
sparse and partially contradictory.

A study of 33 women included 202 serum samples collected at different time
points in the follicular phase of the menstrual cycle found no differences in mean
levels of 25(OH)D, free 25(OH)D, and bioavailable 25(OH)D (Franasiak et al.
2016). Several observational studies described a mid-cycle rise in the serum level
of human 1,25(OH)2D with a near doubling of its concentration compared to early
follicular levels (Pitkin et al. 1978; Gray et al. 1982; Buchanan et al. 1986). This
finding, however, was not confirmed by other studies (Baran et al. 1980; Muse et al.
1986). The mid-cyclic peak was not associated with changes of serum calcium levels
or other markers of bone health and not found in women on oral contraceptives
(Gray et al. 1982; Tjellesen et al. 1983). Therefore, it was suggested that the mid-
cycle endogenous estrogen increase induces the rise of 25(OH)D (Buchanan et al.
1986). As the vitamin D converting enzymes are found in human endometrium, the
stage of menstrual cycle must be considered when serum concentrations of 1,25
(OH)2D are analyzed. While 25(OH)D appears to be stable in the follicular phase,
the measurement could be reliably performed during that time window of the
menstrual cycle.
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In a recent population-based study, lower levels of 25(OH)D were associated with
irregular menstrual cycles of late reproductive-aged women (Jukic et al. 2015).
However, the same group performed a community-based, cross-sectional study of
1,102 African American women. In this population a doubling of 25(OH)D serum
levels was associated with half the odds of having long menstrual cycles (aOR 0.54,
95% CI 0.32–0.89) but not with the occurrence of short (aOR 1.03, 95% CI
0.82–1.29) or irregular (aOR 1.46, 95% CI 0.88–2.41) menstrual cycles (Jukic et
al. 2016).

A role for vitamin D has been suggested in primary dysmenorrhea, as vitamin D
inhibits synthesis of prostaglandins and VDR is located in the human uterus
(Lerchbaum and Obermayer-Pietsch 2012). The first RCT investigating the effect
of a single loading dose of vitamin D (300,000 IU) versus placebo on primary
dysmenorrhea observed an inverse correlation of 25(OH)D levels with pain score as
well as a significant reduction of pain in the vitamin D group with the greatest
reduction in women with severe pain at baseline (Lasco et al. 2012). Although in
another RCT the mean pain intensity in women with primary dysmenorrhea was
lower in both the calcium-alone (1,000 mg calcium) and calcium-vitamin D
(1,000 mg calcium þ 5,000 IU vitamin D3) groups compared to placebo, the
difference was statistically significant only in the calcium alone group (Zarei et al.
2016).

Vitamin D and Endometriosis

Endometriosis is a chronic and painful disease affecting up to 10% of women in their
reproductive age (Eskenazi and Warner 1997). It leads to benign growths of endo-
metrial cells outside the uterine cavity, such as in the pelvis, fallopian tubes, and
ovaries. Endometriosis is strongly associated with female infertility (Eskenazi and
Warner 1997).

Various studies suggest that there is a link between vitamin D and endometriosis.
The endometrium represents a target tissue of vitamin D since it expresses the VDR
as well as special vitamin D metabolizing enzymes. A dysregulation of vitamin D,
vitamin D metabolites, and specific enzymes was observed in different studies of
patients with endometriosis. The expression of 1α-hydoxylase and the VDR are
increased in endometric tissue compared to normal endometrium (Agic et al. 2007).
As part of a prospective cohort study with 1,385 endometric patients, a decrease of
serum 25(OH)D in patients with the disease was observed (Harris et al. 2013). In
contrast, serum levels of 25(OH)D have also been reported to be higher (Somigliana
et al. 2007) or showed no difference (Agic et al. 2007) in patients suffering from
endometriosis compared to healthy controls. Faserl et al. have found higher serum
DBP levels in women with endometriosis in a cross-sectional study including 56
cases and 20 controls (Faserl et al. 2011). In the past years, in vivo and in vitro
studies have been published suggesting a role of inflammation in endometriosis
leading to the shift of anti-inflammatory treatments of the disease. Nevertheless,
some results were found to be ambiguous (Ahn et al. 2015). Since these findings
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remain conflictive, further epidemiologic studies and clinical trials are needed to
investigate this complex relationship and underlying mechanism of endometriosis
and vitamin D.

Summary and Conclusions

In recent years, several studies suggest that vitamin D modulates female reproduc-
tive biology due to the expression of VDR and 1α-hydroxylase in reproductive
tissues. This is supported by a regulation of steroidogenesis of sex hormones by the
vitamin. A growing body of literature proposes that an individual’s vitamin D status
may adversely impact reproductive functions (Fig. 2). Observational studies suggest
a regulatory role of vitamin D in pathophysiological aspects of PCOS and endome-
triosis. Vitamin D might play a favorable role in IVF success and further beneficial
effects include an improvement of primary dysmenorrhea following vitamin D
supplementation and a possible association of high vitamin D levels with better
ovarian reserve in women of late reproductive age. However, convincing evidence
demonstrating a causal link between vitamin D and the pathophysiology of the
diseases is still lacking. Most available studies are observational with an uneven
distribution of populations, small numbers of participants, and different protocols for
supplementation studies. Findings of observational studies must be confirmed by
high quality randomized and interventional trials to obtain a better understanding of
the underlying mechanisms and causality. Vitamin D supplementation is advised in
the general population and in women planning on starting a family.

Fig. 2 Vitamin D in
reproductive biology. Vitamin
D status is associated with
reproductive tissue and
outcomes. A positive effect of
vitamin D on reproductive
health, fertility and on the
metabolism of women
suffering from PCOS and
dysmenorrhea has been
reported in observational
studies
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Policies and Protocols

• Researchers and clinicians should agree on a uniform method to measure serum
25(OH)D concentrations. For this purpose, not only a uniform method (e.g.,
enzyme-linked immunosorbent assay or high performance liquid chromatogra-
phy) but also a uniform procedure for the collection and processing of the samples
should be carried out. The serum should be worked up within a specific time
frame and stored under uniform conditions until testing. It is recommended to
store the samples in a biobank which meets the uniform technical and practical
requirements and which underlies quality controls. This will help with the
interpretation and comparison of study results in the future.

• In addition to the uniform determination of the vitamin D status, a uniform procedure
to control the effects of vitamin D therapy to increase vitamin D levels to a normal
range should also be established. For this, patients should take vitamin D supple-
ments long-term under observation because medication is very different and vitamin
D deficiency has to be treated over a very long period of time.

• The measurement of serum 25(OH)D has hitherto been the only method for
determining vitamin D deficiency or sufficiency in the blood of patients. A further
method or parameter for determination should be developed which can also be
used as standard by the patient himself for the daily determination of vitamin D
status, for example, via measurement in the urine or via skin.

• Awareness should be raised in the society about the relevance of a sufficient
vitamin D status by physicians and clinical staff. Especially in groups at high risk,
like pregnant women or the elderly, regular supplement intake can prevent
vitamin D deficiency.

• Large scale randomized controlled trials (RCTs) need to be performed to prove a
causal effect of vitamin D on reproductive health outcomes.

Dictionary of Terms

• Active vitamin D – There is an active form of vitamin D, called calcitriol (1,25-
dihydroxyvitamin D), in the body that is converted from the inactive form (25-
hydroxyvitamin D (25-(OH)D)). The active form is needed to fulfill vitamin D
function in human cells.

• Inactive vitamin D – The inactive form of vitamin D is a precursor of the active
form. It is used to determine a human’s vitamin D status as it is measured in the
blood.

• Bioavailability – If the active form of vitamin D can exert its actions in the body
depends on the available free active vitamin D. A major proportion of the active
vitamin D is bound to proteins in the blood (e.g., vitamin D-binding protein
(DBP) and albumin) and therefore not readily available.

• Vitamin D status – The individual vitamin D status is determined by the
measurement of 25(OH)D in the blood serum by various methods.
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• Vitamin D deficiency – Serum levels of 25(OH)D below 20 ng/ml are considered
as deficient.

• Vitamin D insufficiency – Serum levels of 25(OH)D of 21–29 ng/ml are in the
insufficient range.

• Vitamin D sufficiency – A 25(OH)D serum level in the range of 30–50 ng/ml is
considered physiologically sufficient.

Summary Points

• A uniform standard method to measure 25(OH)D concentrations to determine a
person’s vitamin D status does not exist, what makes a direct comparison of
vitamin D levels between studies challenging.

• Vitamin D insufficiency and deficiency have a high incidence in reproductive age
women around the world.

• Although the optimal level of vitamin D serum concentrations is still discussed
among researchers, the currently widely accepted range for sufficient levels lies
between 30 and 50 ng/ml.

• Fortified foods or vitamin D supplements are a cost-efficient and safe way to
increase serum vitamin D levels.

• Vitamin D receptor and metabolizing enzymes are present in reproductive tissues
and cells suggesting paracrine/autocrine functions of the vitamin.

• An effect on steroid hormone synthesis (progesterone, estradiol, and estrone) and
hormones related to pregnancy (placental lactogen, chorionic gonadotropin) has
been reported in in vitro studies.

• Vitamin D status is suggested to be associated with reproductive outcomes.
• A positive effect of vitamin D on the metabolism of women suffering from PCOS,

the outcome of in vitro fertilization, and dysmenorrhea has been reported in
observational studies.

• Available data are not consistent and limited due to methodological, ethnic, and
racial differences and small sample sizes.

• In order to determine causality and prove benefits of vitamin D in the prevention
of diseases and therapeutic measures, further large-scale randomized controlled
trials (RCTs) must be performed and uniform clinical guidelines are needed.
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