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Abstract

Objective: Vitamin D deficiency has been shown to be associated with pregnancy complications due to the effect on
implantation. However, the effect of vitamin D on the clinical outcomes of IVF in women with recurrent implantation
failure is unclear. Present study aimed to investigate the effect of vitamin D status in recurrent implantation failure (RIF)
patients undergoing in vitro fertilization (IVF) cycles.

Methods: A cross-sectional study was carried out on 52 women with RIF undergoing IVF treatments from 2018 to 2019.
Blood samples were collected from participant after 2 weeks of embryo transfer and then serum 25-0H vitamin D levels
were measured using enzyme-linked immunosorbent assay (ELISA) method. Clinical pregnancy and patients’
characteristics were evaluated.

Results: The incidence of vitamin D deficiency, insufficiency and sufficiency among the studied population were 7.7%,
73.1% and 19.2%, respectively. Vitamin D levels were significantly associated with clinical pregnancy in patients with
230 years old, being overweight, duration of marriage and infertility duration =5 years and having history of abortion.
By adjusting confounding factors in the multivariate analysis, we found a significant association between vitamin D
levels and clinical pregnancy in RIF patients (p=0.007).

Conclusion: There is a significant correlation between vitamin D levels and clinical pregnancy rate in RIF woman
undergoing IVF. However, more randomized, controlled trials are suggested.
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1. Introduction

Vitamin D indicates a vital function in the human physiology and its deficiency is associated with the increased risk of
several cancers, cardiovascular, auto-immune and metabolic diseases, infections and obstetric complications [1].
Vitamin D3 (cholecalciferol), the most common form of vitamin D in the body is produced in the skin under the effect of
sunlight [2]. Vitamin D levels are usually evaluated by measurement of serum concentration of active form 25-hydroxy
vitamin D (25(0OH)D) [2]. Recent investigations revealed that vitamin D effects the female reproduction health both in
animals and humans [1]. Vitamin D involves in the induction of ovarian steroidogenesis and 1,25(0H) 2 D promotes
production of progesterone, estradiol and estrone production [3]. This fat-soluble vitamin also functions in the
endometrial development and initial implantation of embryo since expression of vitamin D receptors and metabolizing
enzymes have been observed in the reproductive tissues [2, 4]. Vitamin D receptors have been found in the placenta,
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endometrium, ovaries, fallopian tubes, epithelial cells, decidua, hypothalamus and pituitary glands; hence vitamin D
plays an important role in the oocyte development, anti-Mullerian (AMH) production and endometrial receptivity [5].
Some studies have shown that trophoblasts early in pregnancy respond to vitamin D. Vitamin D affects the inflammatory
response locally, regulates genes involved in the implantation and induces decaudation for a successful pregnancy [6].
Pregnant women with vitamin D deficiency have pregnancy complications including preeclampsia, bacterial vaginosis,
preterm labor and poor placentation [2, 5]. According to the statistics, almost 1 billion people have vitamin D deficiency
and insulfficiency globally, and 36 % of women in reproductive age have low vitamin D levels [3]. It has been shown that
about 15 % of couples have infertility, and infertile women have vitamin D deficiency [3]. In vitro fertilization (IVF) is a
common treatment for infertility [3].

Recurrent implantation failure (RIF) is characterized by failure in achieving clinical pregnancy following transferring at
least six high quality embryos in =3 embryo transfer cycles [7]. The incidence of RIF in women undergoing IVF
treatments is about 10%. Several factors may involve in the pathogenesis of RIF such as advanced maternal age,
chromosomal factors, hormonal disorders, uterine abnormalities, infections, and maternal immunological factors [8].

Vitamin D, owing to its potential effect on the implantation, may have a significant function in the determination of
assisted reproductive technology (ART) outcomes, particularly considering the high prevalence of vitamin D deficiency
among women in reproductive age and those undergoing ART treatments [2, 4]. There are conflicting results regarding
the association between vitamin D status and IVF outcomes [4]. Paffoni et al. showed that the adjusted odds ratio of 2.15
for clinical pregnancy rate in women with vitamin D > 20 ng/ml [1]. Furthermore, women with adequate vitamin D
levels demonstrate higher rates of successful in vitro fertilization (IVF) [1]. Moreover, a previous study indicated that
vitamin D regulates expression of genes involved in the endometrial receptivity [1]. Another study indicated that
vitamin D status had no effect on the ongoing pregnancy rates [4]. Therefore, considering the effects of serum vitamin
D levels on the fertility and contradictory results in this field and due to the genetic differences between the population
of Iran and other populations, we aimed to investigate the association between serum vitamin D levels and clinical
pregnancy rate in the women with RIF undergoing IVF.

2. Material and methods

2.1. Study design

This study was approved by the Ethics Committee of Mashhad Islamic Azad University (IRIAU.MSHD.REC.1398, 024)
and conducted according to Declaration of Helsinki 2002 principles. Information about each patient was recorded
confidentially and suspiciously on the checklist with special code. After sinning informed consent participants enrolled
to the study. In this cross-sectional study 52 women with RIF undergoing IVF treatments who referred to Armaghan
Infertility between 2018 to 2019 were included. Demographic information including age, body mass index (BMI) were
collected. Participants were women under 40 years old who referred to Armaghan Infertility due to male infertility.
Excluding criteria were cervical or uterine abnormalities, chromosomal abnormalities, infectious diseases, congenital
thrombophilia, history of polycystic ovary syndrome, autoimmune disease in men or women, endometriosis and women
with a history of fetal biopsy. Participants underwent standard IVF protocol. Gonadotropin releasing hormone (GnRH)
agonist or antagonist was used for pituitary suppression. Ovarian stimulation was performed using recombinant FSH
(rFSH) alone or rFSH combined with recombinant luteinizing hormone (LH). When 2-3 follicles reached a diameter of
17-18 mm, oocyte maturation was induced with subcutaneous injection of human chorionic gonadotropin (hCG) (5000
or 10000) on day 2-3 of menstrual cycle. Oocytes were retrieved transvaginally 36 hours after trigger injection. Embryo
transfer was performed on day 3 following oocyte retrieval. Two weeks after embryo transfer, BhCG test was carried
out and then, 5 cc of heparinized blood was taken from participants. Serum levels of vitamin D was measured by ELISA
method using 25 OH Vit D IDEAL TASHKHIS KIT (VIDAS@VITD, France, Marcy). Clinical pregnancy was defined as
observation of atleast one gestational sac on ultrasound at around 7 week’s gestation with detectable heartbeat activity.

2.2. Statistical analysis

The results are shown as mean * SD. Normality of the data was assessed using Shapiro-Wilk test and then Student's t
test was used to analyze continuous variables. Logistic regression was used to examine the relationship between all
variables. SPSS v 26 was used for data analysis and the significance level of the tests was considered <0.05.

3. Results

Patients’ characteristics are demonstrated in Table 1. As shown in Table 1, the mean age of participants was 31.94+4.62
years old and almost had normal BMI (25.54+2.12 kg/m?2).
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Table 1 Patients characteristics undergoing IVF treatment

Variable N % MD=+SD Mix Min
Age (years) 31.94+4.62 | 40 21
BMI (kg/m?2) 25.54+2.12 | 29.38 | 19.57
Duration of marriage (years) 6.44+3.25 16 1
Duration of infertility (years) 3.75+2.05 11 1

Number of abortions
0 35 | 67.3
1 17 | 32.7

Number of previous IVF treatments

0 27 | 519
1 20 | 385
2 3 5.8
3 2 3.8

Number of successful IVF
0 47 | 90.4
1 5 9.6

Number of unsuccessful IVF

0 29 | 558

1 20 | 385

2 2 3.8

3 1 1.9

Vitamin D levels (ng/mL) 20.3748.12 | 40 6

IVF result (clinical pregnancy)
- 28 | 538
+ 24 | 46.2

Values are mean # standard deviation or number of patients (%), BMI: body mass index, IVF: in vitro fertilization.

Furthermore, among participants, 24 individuals had successful IVF (46.2%). The mean serum concentration of vitamin
D 15 days after IVF was 20.37+8.12 ng/ml which means 7.7% had vitamin D deficiency, 73.1% had insufficient levels
and 19.2% had normal levels (Fig. 1).

Moreover, there was a significant association between clinical pregnancy and vitamin D levels (p=0.003), so that the
mean vitamin D levels in patients with positive IVF result (23.88+7.86) was remarkably higher than those with negative
result (17.34£7.18). Table 2 shows association between vitamin D levels and clinical pregnancy in different age and BMI
groups. As depicted in Table 2, there were significant association between clinical pregnancy and vitamin D levels in
patients 230 years old and those with overweight (p<0.0001 and p=0.03, respectively).
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Figure 1 Vitamin D status among women with RIF undergoing IVF

Table 2 Association between vitamin D levels and IVF results (clinical pregnancy) in different groups of age and BMI

Variable | MeanzSD Max | Min | Pvalue
Age <30(years)
IVF - 19.20+9.07 | 38 6 05
IVF+ 16.83+7.44 | 27 | 9 '
Age 230(years)
IVF - 16.31+5.93 | 30 8

p<0.0001
IVF+ 26.22+6.64 | 40 19
Normal BMI (kg/m?)
IVF - 18.54+8.04 | 38 6

0.05
IVF+ 25.82+8.73 | 40 11
Overweight (kg/m?2)
IVF - 16.44+6.58 | 30 8

0.03
IVF+ 22.23+6.98 | 31 9

Values are mean * standard deviation, BMI: body mass index, IVF: in vitro fertilization

Moreover, association between vitamin D levels and IVF results in different groups of sociodemographic and clinical
characteristics of the patients are summarized in Table 3. We found significant associations between vitamin D levels
and clinical pregnancy in patients with duration of marriage =5 years, infertility duration =5 years, having history of
abortion and IVF.
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Table 3 Association between vitamin D levels and IVF results (clinical pregnancy) considering different
sociodemographic and clinical characteristics of the participants

Variable | Mean+SD | Max | Min | P value
Duration of marriage <5 (years)
IVF - 19.21+5.71 | 30 12

0.1
IVF+ 24+7.75 12 11
Duration of marriage 25 (years)
IVF - 16.71+7.62 | 38 6

0.01
IVF+ 23.80+8.20 | 40 9
Infertility duration <5 (years)
IVF - 18.36+7.53 | 38 8 01
IVF+ 22374755 [ 39 |9 '
Infertility duration =5 (years)
IVF - 14.29+5.35 | 23 6

0.004
IVF+ 29.60+6.88 | 40 21
No history of abortion
IVF - 19.31+8.05 | 38 6 01
IVF+ 23354891 [ 40 |9 '
History of abortion
IVF - 13.80+3.26 | 19 10

P<0.0001
IVF+ 25.14+4.78 | 30 19
No history of IVF
IVF - 16.93+5.81 | 29 9

0.05
IVF+ 21.75+6.55 | 30 11
History of IVF
IVF - 17.81+8.72 | 38 6

0.02
IVF+ 26+8.75 40 9
Embryo transfer time
3 days
IVF - 17.14+6.95 | 38 6

0.004
IVF+ 23.78+8.03 | 40 9

Values are mean * standard deviation, IVF: in vitro fertilization.
Logistic regression was used to investigate the effect of different variables on the IVF results. The results of logistic

regression model show that by controlling the intervening variables, there is still a statistically significant relationship
between serum vitamin D levels and clinical pregnancy (p=0.007, Table 4).

53



Magna Scientia Advanced Research and Reviews, 2023, 07(01), 049-056

Table 4 Factor associated with clinical pregnancy in logistic regression analysis

Variable B SE Wald,? | Pvalue
Age (years) -0.039 0.076 | 0.265 0.6
BMI (kg/m?) -0.079 0.170 | 0.177 0.6

Duration of marriage (years) | -0.217 0.161 | 1.805 0.1

Duration of infertility (years) | 0.121 0.243 | 0.246 0.6

History of abortion -0.0616 | 0.879 | 0.492 0.4
History of previous IVF -0.0161 | 0.689 | 0.054 0.8
Vitamin D levels 0.133 0.050 | 7.224 0.007
Constant -1.914 5.250 | 0.133 0.7

B, regression coefficient; SE, standard errors of regression coefficient; IVF, in vitro fertilization; BMI, body mass index

4. Discussion

Based on this cross-sectional study, the incidence of vitamin D deficiency among RIF women undergoing IVF treatments
was 7.7% and vitamin D insufficiency is highly prevalent among these patients. Moreover, vitamin D levels was
significantly associated with clinical pregnancy in the RIF patients.

Numerous studies have been performed to evaluate the correlation between vitamin D status and IVF outcomes,
however the results are strongly contradictory [9-12]. Since 2018 till now, 5 meta-analysis studies have assessed the
effect of vitamin D levels on the IVF outcomes [5, 9-12]. Chu et al. by reviewing 11 cohort studies indicated that women
with sufficient vitamin D levels have greater live birth rate and chances of ART success compared to those with deficient
or insufficient groups suggesting the impact of vitamin D in implantation [12]. However, they did not find a significant
difference between sufficient and deficient groups for clinical pregnancy and chance of miscarriage which is against our
result [12]. Furthermore, Zhao et al., Shen et al. and Cozzolino studies identified no association between vitamin D levels
and IVF outcomes [5, 10, 11]. Lliuta et al. examined 3 meta-analysis studies including Zhao et al. and Chu et al. studies
which was concocting of 15 cohort studies on 3711 women undergoing IVF treatments [9]. Women were divided into 3
groups of sufficient, deficient and insufficient based on the vitamin D levels. Then comparison was performed between
the groups. The results showed that considering autologous and donor oocyte cycles, women in sufficient groups had
higher ongoing pregnancy, biochemical pregnancy, live birth rates compared to the deficient group. Therefore, they
concluded that better IVF outcomes is associated with the sufficient vitamin D levels [9]. In 2019, Chu et al. performed
a cohort study on 500 women undergoing ART treatments. They find that live birth rate and clinical pregnancy and
biochemical pregnancy rates are significantly associated with serum vitamin D levels. However, by adjusting
confounding factors in multivariate analysis, results lost their statistical significance [2]. Indeed, most of the studies
emphasize that high circulating vitamin D concentration is considerably associated with a better reproductive outcome
[5,9, 13-15]. However, when confounding factors were modified in multivariate analysis, no significant relationship can
be observed between vitamin D deficiency and IVF outcomes [2, 3, 5, 9, 10]. In line with our finding Polyzos, Rudick,
Paffoni and indicated a remarkable correlation between pregnancy rates and vitamin D deficiency [14, 16]. These
discrepancies might be related to the differences in type of study, definitions of clinical pregnancy, analysis methods,
number of embryos transferred, seasonal variations of vitamin D levels, age, ethnicity (due to vitamin D receptor gene
polymorphisms), race and BMI of the studied patients, [3-5,9, 11, 17]. In contrast to the previous study, present study
was conducted on RIF women undergoing IVF. To best of our knowledge this is the first study evaluating effect of
vitamin D levels on the clinical pregnancy in RIF patients undergoing IVF treatments. It has been shown that maternal
vitamin D status may contributes to the development of RIF. Vitamin D modulates maternal immune responses to the
embryo implantation in the RIF patients [18]. Vitamin D insufficiency or deficiency in the RIF women enhances natural
killer (NK) cell cytotoxicity, number of interferon gamma (IFN-y) or tumor necrosis factor (TNF) producing Th cells,
and number of CD68 + macrophages on the endometrial cells which are risk factor for the development of RIF.
Therefore, RIF women with vitamin D deficiency display impaired immunological tolerance [18]. One limitation of our
study should be considered is that due to the time limitation, number of patients participated in this study was limited.
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Abbreviations

AMH: anti-Mullerian; ART: assisted reproductive technology; BMI: body mass index; ELISA: enzyme-linked
immunosorbent assay; GnRH: gonadotropin releasing hormone; hCG: human chorionic gonadotropin; LH: luteinizing
hormone; IFN-y : interferon gamma; IVF: in vitro fertilization; NK: natural killer; rFSH: recombinant FSH; RIF: recurrent
implantation failure; TNF: tumor necrosis factor.

5. Conclusion

In summary, present study highlights vitamin D deficiency or insufficiency is associated with the lower clinical
pregnancy outcomes in RIF’s women undergoing IVF. However, high-quality, randomized,” controlled trial studies with
large sample size are needed to confirm suggested relationship.
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