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Abstract

:

Several studies have reported that vitamin D may modify human reproductive functions; however, the results are conflicting. We aimed to comprehensively evaluate serum vitamin D levels and examine the relationship between serum vitamin D levels and ovarian reserve markers, and immune markers of implantation, in reproductive-aged Japanese women with infertility.in reproductive-aged women with infertility. This cross-sectional, single-center study included reproductive-aged women who underwent preconception screening for fertility. Serum vitamin D levels and reproductive and immune markers were measured. Standard and advanced statistical techniques were used. We observed a statistically significant difference in the seasonal and monthly 25(OH) vitamin D levels; the 25(OH) vitamin D level during winter was the lowest among all seasons. However, there was no linear correlation between 25(OH) vitamin D levels and ovarian reserve markers, such as follicle-stimulating hormone and anti-Müllerian hormone, or the Th1/Th2 cell ratio, which is used as an implantation-related immunological marker. In this large-scale study, we evaluated the serum 25(OH) vitamin D concentration in reproductive-aged women with infertility in Japan; however, there was no association between reproductive function and vitamin D levels.
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1. Introduction


Vitamin D is essential for regulating bone and calcium metabolism, as well as maintaining muscle strength and immune function [1,2]. Vitamin D also positively affects female fertility by improving ovarian and endometrial physiology [3]. Serum vitamin D concentration is positively associated with ovarian reserve markers, such as follicle-stimulating hormone (FSH) [4] and anti-Müllerian hormone (AMH) [5]. Endometrial receptivity for embryonic implantation may be lower in women with hypovitaminosis D [6]. Moreover, low pre-conception vitamin D levels are associated with poor clinical outcomes in women undergoing in vitro fertilization (IVF) [7,8], recurrent pregnancy loss (RPL) [7,9,10], and recurrent implantation failure (RIF) [11].



Vitamin D plays a pivotal role in the regulation of immune responses by promoting T-helper (Th) and suppressing Th1 responses [12,13,14,15,16,17]. Key players in the maternal immune response to the embryo and fetus are cytokines produced by Th cells. Successful pregnancy requires a balance between the pro- and anti-inflammatory cytokines secreted by Th1 and Th2 cells [18,19,20]. Indeed, the levels of Th1 and Th2 cells were significantly higher and lower, respectively, in women with a history of RIF and RPL compared to those in fertile women, resulting in a significantly higher Th1/Th2 cell ratio [21,22]. Taken together, the vitamin D status may be strongly associated with conception rates in reproductive-aged women [9,10,23].



Vitamin D status is been focused on since vitamin D insufficiency is a common problem all over the world [24]. Most clinicians are concerned about the clinical significance of vitamin D because of the high rates of vitamin D deficiency and insufficiency. One considerable issue is the lack of consensus on the definition of Vitamin D sufficiency because Vitamin D insufficiency is defined as serum 25(OH) vitamin D (25(OH)D) concentration < 75 nmol/L (<30 ng/mL) and vitamin D deficiency as serum 25(OH)D concentration < 50 nmol/L (<20 ng/mL); 25(OH)D is considered to be a reliable indicator of vitamin D status in the body [1,25]. According to this definition, which is applied in most countries, there is a high prevalence (50–95%) of vitamin D insufficiency in the normal North American population [26,27], and similar observations have been described in East Asians [28,29], including the Japanese population [30,31]. Although vitamin D has been reported to play a key factor in oocyte development, embryo quality, endometrial receptivity, and human reproduction at physiological levels, it is currently debatable whether vitamin D is a valuable marker for women with infertility [32]. Despite this controversy, few large-scale studies have examined the prevalence of low blood vitamin D levels in women with infertility and the direct association of vitamin D with reproductive function.



We aimed to comprehensively investigate the evaluation of serum vitamin D levels in Japanese women with infertility and analyze the association between serum vitamin D levels and ovarian reserve markers, and immune markers of implantation, in reproductive-aged women with infertility.




2. Materials and Methods


2.1. Study Site


This retrospective study was undertaken at the Kameda IVF Clinic Makuhari (Chiba, Japan), located in Japan at a latitude of 35.607° N. This location received an average of 1945.5 h of daylight per year during the research period (https://www.data.jma.go.jp accessed on 1 April 2023).




2.2. Study Design and Participants


We reviewed 2029 women with infertility, which is defined as 1 year of unwanted non-conception with unprotected intercourse in the fertile phase of the menstrual cycle as a couple [33], who provided blood samples at their pre-conception checkup with the first blood test, including 25(OH)D, and completed a behavioral interview between September 2016 and December 2021. Information regarding the factors that potentially influence vitamin D status was obtained as follows: age, body mass index (BMI), gravity, parity, duration of infertility, causal factors of infertility, basal serum FSH, luteinizing hormone (LH), estrogen concentration on day 3 of the menstrual cycle, serum AMH, serum thyroid-stimulating hormone (TSH), serum free thyroxine (FT4), the use of vitamin D supplements, smoking status, and occupation status were retrieved from medical records. The first blood test sample was used to analyze the association between vitamin D status and these factors. According to definitions set by the Japan Metrological Agency, the season at the time of measurement was categorized for 3 months and recorded as “spring” (March–April–May), “summer” (June–July–August), “autumn” (September–October–November), and “winter” (December–January–February); the participants were divided into four groups using this categorization. In addition, AMH and FSH levels were analyzed as continuous and categorical variables divided into four quartiles at the first quartile (<25th percentile), second quartile (25th to ≤50th percentile), third quartile (50th to ≤75th percentile), and fourth quartile (>75th percentile).



2.2.1. Measurement of 25(OH) Vitamin D


Serum 25(OH)D levels were measured via liquid chromatography–tandem mass spectrometry. The measurements were performed at LSI Medience Corporation (Tokyo, Japan). To calibrate and validate the measurements, the company used the 6PLUS1 25 OH-Vitamin D3 and D2 serum control, two-stage (I + II), according to the company’s application notes. These materials were verified to National Institute of Standards and Technology standards and were supplied by Chromsystems (Gräfelfing, Germany). The lower limit of quantitation was set at <1.0 ng/mL for 25(OH)D. The intra-assay variation was ≤6% for 25(OH)D over the concentration range, and the inter-assay variation was ≤11%. Serum 25(OH)D levels were classified as deficient, insufficient, or sufficient based on values < 20.0 ng/mL, 20–30 ng/mL, and ≥30.0 ng/mL, respectively [25,34].




2.2.2. Th1/Th2 Ratio Analysis


Immunoassays were performed on IFN-γ producing Th cells (Th1 cells; CD4+ T lymphocytes with IFN-γ without IL-4) and IL-4 producing Th cells (Th2 cells; CD4+ T lymphocytes with IL-4 without IFN-γ) at SRL Inc, Japan, as previously mentioned [35]. For Th cell levels, blood samples were analyzed via laser flow cytometry (Fascinator II; BD Biosciences) on the day of collection with the use of brefeldin-A, ionomycin, phorbol 12-myristate 13-acetateycin (Sigma-Aldrich Corp. St Louis, MO, USA), FACS Permeabilizing Solution 2 (BD Biosciences, Tokyo, Japan), CD4 phycoerythrin-cyanine (PC)-5 (Immunotec, Marseille, France), FastImmune IFN-, fluorescein isothiocyanate (FITC)/IL-4 PE (BD Biosciences), and Fluorescence Activated Cell Sorting (FACS) Lysing Solution (BD Biosciences). Erythrocytes were lysed, and specific intracellular staining was performed using FastImmune IFN-FITC/IL-4-PE (Becton Dickinson Biosciences, San Jose, CA, USA), according to the manufacturer’s instructions, after the surface staining of activated whole blood samples with an anti-CD4-PC5 monoclonal antibody. The ratio of IFN-γ-positive to IL-4-positive Th cell levels was utilized to calculate the Th1/Th2 cell ratio and indicate a more pro- or anti-inflammatory composition of the T cell compartment [36].





2.3. Ethical Statement


This study received the approval of the ethics review committee of Kameda IVF Clinic Makuhari (22-042). After a detailed description of the purpose of this study, written informed consent was obtained from all participants. All experimental procedures were conducted according to the tenets of the Declaration of Helsinki.




2.4. Statistical Analyses


Continuous variables are reported and analyzed using descriptive tests such as means, SDs (standard deviations), or medians (interquartile range (IQR)). Kolmogorov–Smirnov tests were performed to assess the normality of the variables before further statistical analyses. The Mann–Whitney U test or Kruskal–Wallis test and/or Jonckheere–Terpstra test was performed. Categorical data are presented as counts and percentages and compared using a one-way analysis of variance or McNemar’s chi-square test. Pearson’s correlation was used to illustrate the linearity between 25(OH)D levels and AMH, FSH, and the Th1/Th2 cell ratio. The data were analyzed using EZR version 1.51 statistical software [37], and significance was set at p < 0.05.





3. Results


3.1. Population Characteristics


The clinical characteristics of the 2029 infertile women included in this study are presented in Table 1. The mean age of the participants was 34.5 ± 4.5 (range: 22–47) years. Gravity and parity were 0.5 ± 0.9 (range: 0–8) and 0.2 ± 0.5 (range: 0–4), respectively. The BMI ranged from 14.8 to 40.9 kg/m2 (mean, 21.6 ± 3.5 kg/m2). The duration of infertility was 22.7 ± 18.5 (range: 0–120) months. The percentage of causal factors of infertility were reduced ovarian reserve, 20.7% (n = 421), ovulation disorder, 24.1% (n = 488), uterine factor, 40.8% (n = 827), tubal factor, 18.2% (n = 369), endometriosis, 11.7% (n = 238), male factor, 42.2% (n = 857), and unexplained, 14.6% (n = 297). Baseline serum FSH, LH, and estrogen on day 3 of the menstrual cycle were 8.2 ± 5.2 (range: 0.1–85.9) IU/mL, 7.4 ± 5.7 (range: 0.1–61.4) IU/mL, and 50.8 ± 59.8 (range: 5.0–354) pg/mL, respectively. Mean AMH was 3.6 ± 3.1 ng/mL (range:0.2–48.2). Thyroid-stimulating hormone and free thyroxine were 1.7 ± 1.1 (range: 0.1–13.5) μIU/mL and 1.3 ± 0.2 (range: 0.5–3.8) ng/dL, respectively. Among the participants, 10.8% used Vitamin D supplements, and 15.2% were current smokers.




3.2. Serum 25(OH)D Levels in Reproductive-Aged Women with Infertility


Figure 1 illustrates the frequency distribution of serum 25(OH)D concentrations in the 2029 women with infertility, and serum 25(OH)D concentrations were normally distributed (D = 0.067696, p < 0.01). They were divided into three categories based on Endocrine Society, Japan Society for Endocrinology, and the Institute of Medicine guidelines, with vitamin D levels categorized as sufficient (25(OH)D  ≥  30 ng/mL), insufficient (25(OH)D  =  20–29 ng/mL), or deficient (25(OH)D  <  20 ng/mL) [34,38,39]. The mean serum 25(OH)D level was 18.2 ± 7.0 ng/mL (in the range of 4.1–46.6 ng/mL) mL, and 65.5% of the participants were deficient (<20 ng/mL), 28.0% were insufficient (20–29 ng/mL), and only 6.5% of the subjects were sufficient (≥30 ng/mL) (Figure 2).



3.2.1. Serum 25(OH)D Levels and Reproductive Parameters


The correlation between the 25(OH)D concentration and clinical characteristics was statistically analyzed (Table 2). No significant correlation was observed between 25(OH)D concentration and age, BMI, AMH, FSH, or TSH levels. The season of blood collection significantly correlated with 25(OH)D concentration (Table 2).




3.2.2. Seasonal and Monthly Serum 25(OH)D Levels


Seasonal 25(OH)D levels were statistically analyzed and revealed significantly higher 25(OH)D levels in seasons other than winter (spring vs. winter: p < 0.05, summer vs. winter: p < 0.001, autumn vs. winter: p < 0.001) (Figure 3). Figure 4 depicts the monthly serum 25(OH)D concentrations. The highest 25(OH)D concentration was observed in August and the lowest in February. Serum 25(OH)D concentrations in May, June, July, August, September, and October were significantly higher than those in February.




3.2.3. Seasonal Status of Serum 25(OH)D Levels and Reproductive Markers Categorized as Ovarian Reserve


A statistical analysis of seasonal 25(OH)D levels and ovarian reserves revealed no significant correlation between seasonal 25(OH)D concentrations and AMH (spring: Pearson r = 0.00514, p = 0.915; summer: Pearson r = 0.038, p = 0.444; autumn: Pearson r = −0.0292, p = 0.517; winter: Pearson r = −0.0284, p = 0.565) (Figure 5a–d). Moreover, FSH levels did not correlate with 25(OH) D concentrations during any season (spring: Pearson r = 0.00328, p = 0.842; summer: Pearson r = −0.0105, p = 0.82; autumn: Pearson r = 0.0064, p = 0.884; winter: Pearson r = 0.0902, p = 0.059) (Figure 5e–h).




3.2.4. Serum 25(OH)D Levels or the Degree of Deviation of Serum 25(OH)D Levels and the Status of Helper T-Cell Immunity as an Implantation Marker


Serum 25(OH)2D levels and the Th1/Th2 cell ratio were not correlated in the 464 reproductive-aged women with infertility (Pearson r = −0.0182, p = 0.695) (Figure 6a). There were no significant differences in the serum 25(OH)D level or Th1/Th2 cell ratio among deficient (Pearson r = 0.0033, p = 0.955) (Figure 6b), insufficient (Pearson r = −0.0124, p = 0.889) (Figure 6c), and sufficient (Pearson r = −0.192, p = 0.244) (Figure 6d) groups.



Furthermore, the Th1/Th2 cell ratio was not correlated with serum 25(OH)D levels in spring (Pearson r = −0.0381, p = 0.659), summer (Pearson r = −0.121, p = 0.202), or autumn (Pearson r = 0.105, p = 0.288) (Figure 7a–c). Interestingly, 25(OH)D in winter, which was the lowest among all seasons, was not statically different but exhibited a subtle negative correlation with the Th1/Th2 cell ratio (Pearson r = −0.14, p = 0.14 (Figure 7d).






4. Discussion


Our study revealed that the vitamin D level is lower than sufficient (<30 ng/mL) in most reproductive-aged women with infertility (94%) visiting Kameda IVF Makuhari in Chiba (35.607_N), which is 45 km from Tokyo, Japan, and 57% were vitamin D-deficient (<20 ng/mL). A high prevalence of vitamin D insufficiency or deficiency has been reported in almost all age groups among males and females in Japan [30,40,41]. Furthermore, several studies have reported that the prevalence of vitamin D deficiency in Japanese women is high; however, these studies focused only on pregnant women [42,43,44,45,46,47,48,49,50]. To our knowledge, this is the first large cohort study to investigate vitamin D levels in reproductive-aged women with infertility in Japan, specifically investigating the association between 25(OH)D levels and ovarian function or implantation-related immunological markers.



Vitamin D deficiency or insufficiency is a major global health concern [51,52]. In Japan, the ROAD study, a large cohort study of 1088 women, reported that up to 81.3% of the cohort had serum 25(OH)D concentrations ≤ 30 ng/mL. Similarly, Tamaki et al. reported that only 10% of participants in 1211 women aged ≥50 years had blood 25OHD levels ≥ 30 ng/mL [53]. In contrast, only two reports are available on serum 25(OH)D concentrations in younger women who were not pregnant. One was a small study involving 77 Japanese female junior college students aged 19–24 years, which reported a mean serum 25(OH)D concentration of 13.6 ng/mL [54]. Another study reported that young Japanese women (n = 296, mean age: 21.2 ± 2.3 years) had a mean serum 25(OH)D concentration of 18.4 ± 4.9 ng/mL [55]. Chu et al. recently reported that a relatively large cohort of healthy reproductive-aged women (n = 351, median age: 28.0 years) in the Berlin Birth Cohort study had a mean serum 25(OH)D concentration of 18.37 ng/mL, and 57.3% of participants (n = 201) had 25(OH)D levels < 20 ng/mL [56]. In the present study, 2029 reproductive-aged women with infertility were reviewed; the participants had a mean serum 25(OH)D concentration of 18.2 ± 7.0 ng/mL, and rates of vitamin D deficiency/insufficiency were 57% and 28%, respectively. Although the findings of this study are consistent with those of previous reports in Japan and other countries [54,55,56,57], this study was the largest examining the association between vitamin D and reproductive-aged women with infertility, the number of whom has been increasing worldwide [58] and in Japan [59].



Serum 25(OH)D concentrations reflect not only vitamin D intake but also its production in skin, which is facilitated by ultraviolet (UV) irradiation [60]. As Japan has marked seasonal variations in climate and regional differences in latitude, a study covering multiple seasons and residential latitudes is needed. Previous studies from Japan have reported serum 25(OH)D concentrations in summer and winter with conflicting results, such as a significant correlation of serum 25(OH)D with UV exposure time and UV energy only in summer [61,62]. In this study, serum 25(OH)D levels in summer were the highest, and serum 25(OH)D levels in winter were the lowest. The seasonal pattern was similar to that of studies conducted in Kyoto, Japan, which is located at 35.011°N [50,63]. However, the results of some studies were not consistent with this study. In Tokushima, Japan, which is located at 35.040°N, serum 25(OH)D in autumn was the highest, and serum 25(OH)D in winter was the lowest [47]. Additionally, serum 25(OH)D in summer was the highest and serum 25(OH)D in spring was the lowest in Sapporo, Japan, which is located at 43.066°N [64]. The seasonal serum 25(OH)D level in Japan is at its lowest in winter. The median concentrations of the monthly measurements in Figure 4 show that the maximum values were reached in August. The minimum monthly values were recorded in February. Serum 25(OH)D levels were correlated with daylight, as previously reported [65]. However, there is a controversial association between serum 25(OH)D levels and daylight in December. There are regional food habits in Japan; indeed, there was a well-designed cohort study in Niigata Prefecture in which 25(OH)D levels were affected by a regional food habit of consuming salmon, which enriched the participants’ vitamin D intake from November to January [30]. In this study, we could not explain why seasonal 25(OH)D levels varied except daylight because there were no regional characteristics regarding dietary habits in Chiba which could influence serum 25(OH)D levels.



In recent years, several biological mechanisms have been postulated for the potential influence of vitamin D on pregnancy rates and live births [66,67]. Several studies on spontaneous pregnancy and serum vitamin D levels have recently provided conflicting results. Two studies reported that higher vitamin D levels were associated with modulating fertility and resulting in an increasing pregnancy rate [68,69], whereas two others suggested no marked association between serum vitamin D levels and t fertility and pregnancy outcomes [70,71]. Therefore, it may be hypothesized that vitamin D status is more closely associated with reproductive outcomes such as spontaneous pregnancy among reproductive-aged women with infertility, although further studies are required to confirm these findings. While early studies have demonstrated that vitamin D may be associated with ovarian function markers, such as AMH and basal FSH [72], the evidence has been conflicting. The most recent meta-analysis conducted by Moridi et al. in 2020 [73] showed that serum vitamin D levels were not associated with AMH levels, which may be due to the heterogeneity of the study population and the apparently complex relationship that may exist between vitamin D and AMH. In this study, we performed a large-scale analysis of the association between serum vitamin D and ovarian reserve markers, such as AMH and basal FSH, and found no associations. Vitamin D may influence endometrial receptivity by regulating focal immune reactions and play a pivotal role in embryo implantation [74]. In the focal endometrium, vitamin D may promote implantation via the inhibition of Th1 cell proliferation and by functionally and numerically promoting Th2 cells to regulate T-helper cell populations, resulting in a predominance of Th2 polarization [23,75]. In this study, we analyzed the associations between the Th1/Th2 ratio and seasonal serum 25(OH)D levels or the classification of serum 25(OH)D levels and found no associations. Taken together, vitamin D status in reproductive-aged women with infertility was not influenced by reproductive markers of ovarian function or implantation-related immunological markers.



Despite data calling into question the accuracy of vitamin D measurement and, consequently, the ability to determine vitamin D deficiency and potentially the susceptibility to poor ART outcomes, vitamin D measurement and supplementation is considered a relevant RIF intervention by published guidelines and is widely applied in clinical practice [76]. On the other hand, very recent guidelines and practice recommendations from the ESHRE [77] were published and commented following: (1) there are insufficient data to recommend the routine measurement of vitamin D levels or the treatment of vitamin D deficiency. (2) vitamin D measurement was baselessly considered a marker for RIF, although vitamin D supplementation used to be thoughtlessly used to intervene in RIF because the pressure on clinicians to intervene in cases involving RIF is considerable. However, we should reconsider whether the intervention with vitamin D is necessary or not. Additionally, an ESHRE-evidence-based guideline on unexplained infertility mentioned that no role of vitamin D has been found, and the evidence of measurement and treatment with vitamin D is of relatively low quality but generally against specific testing outside of other medical or environmental indication [78]. In addition, they commented that vitamin D measurement and treatment is relatively inexpensive and widely available with simple dietary remediation [78]. However, this comment is an obscure and ambiguous because that comments is not completely denied the issue of vitamin D, and may cause clinicians and patients to misunderstand whether vitamin D measurement and supplementation are recommended or not. Hence, we agree with those guidelines and recommendations but still believe that clinical vitamin D measurement and supplementation should be continued in order to avoid patient confusion. However, we need to take the opportunity to re-evaluate whether this is really necessary in the future.



This study had some limitations. First, we did not investigate vitamin D intake using detailed questionnaires, such as the “Food Frequency Questionnaire (FFQ)” [79]. Second, the non-randomized cross-sectional nature of this study limits the generalizability of the results. The lack of standardized lifestyle conditions, such as clothing style, regular use of sunscreen, sunlight exposure, and socioeconomic status, were considered potential confounders. Third, reproductive-aged women without infertility as controls should essentially be set up and analyzed to compare. However, this study was a cross-sectional study of only reproductive-aged women with infertility, and the absence of a control group is a limitation. Fourth, this study demonstrated the absence of seasonal variability by analyzing AMH and FSH as indicators of ovarian function and Th1/Th2 as immunological implantation markers. However, a wide variety of ovarian functional markers [80] and immunological implantation markers [81] have been reported, and the limitation is that all markers were not analyzed. The strengths of this study are its large sample size and the stringent inclusion criteria used to eliminate confounders, such as BMI and smoking, that might have affected serum 25(OH)D concentration. Furthermore, we evaluated not only serum AMH levels in relation to 25(OH)D but also other important markers such as basal FSH levels and the Th1/Th2 ratio.




5. Conclusions


We determined the serum 25(OH)D concentration in reproductive-aged women with infertility in Japan and investigated the association between serum 25(OH)D concentration and ovarian function and implantation-related immunological markers. Vitamin D insufficiency was common in our cohort and showed a strong seasonal effect, with the lowest values observed in winter, especially in February. In addition, adequate vitamin D levels are achieved in only 6% of reproductive-aged women with infertility in Japan. These seasonal variations should be considered when measuring serum vitamin D levels and may also have implications for current medical and dietary recommendations. Vitamin D supplementation may be necessary for pre-conception care throughout the year, especially in winter. As the results of future research on vitamin D and reproduction accumulate with well-designed interventional studies, a re-examination of the current periconceptual screening and treatment guidelines may be warranted.
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Figure 1. Frequency distribution of 25(OH) vitamin D. 
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Figure 2. Percentage of infertile women with 25(OH) vitamin D status. 






Figure 2. Percentage of infertile women with 25(OH) vitamin D status.



[image: Nutrients 15 05059 g002]







[image: Nutrients 15 05059 g003] 





Figure 3. Seasonal status of 25(OH) vitamin D. 
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Figure 4. 25(OH)Vitamin D concentrations based on month of serum collection. * p < 0.05, and ** p < 0.001 compared with February (one-way ANOVA test). 






Figure 4. 25(OH)Vitamin D concentrations based on month of serum collection. * p < 0.05, and ** p < 0.001 compared with February (one-way ANOVA test).



[image: Nutrients 15 05059 g004]







[image: Nutrients 15 05059 g005] 





Figure 5. The correlation of seasonal 25(OH)Vitamin D versus reproductive markers of ovarian reserves with AMH and FSH. Upper: The correlation between AMH and 25(OH) vitamin D in four seasons; spring (a), summer (b), autumn (c), and winter (d) visualized by a scatter plot in a linear scale. Lower: The correlation between FSH and 25(OH) vitamin D in four seasons; spring (e), summer (f), autumn (g), and winter (h) visualized by a scatter plot in a linear scale. 
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Figure 6. The correlation of degree of deviation of 25(OH)vitamin D level versus implantation marker with Th1/Th2 cell ratio. The correlation between AMH and populations of 25(OH) vitamin D; total (a), vitamin D deficiency (b), vitamin D insufficiency (c), and vitamin D sufficiency (d) visualized by a scatter plot in a linear scale. 
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Figure 7. The correlation of seasonal 25(OH)Vitamin D versus implantation marker with Th1/Th2 cell ratio. The correlation between 25(OH) vitamin D and Th1/Th2 cell ratio in four seasons; spring (a), summer (b), autumn (c), and winter (d) visualized by a scatter plot in a linear scale. 






Figure 7. The correlation of seasonal 25(OH)Vitamin D versus implantation marker with Th1/Th2 cell ratio. The correlation between 25(OH) vitamin D and Th1/Th2 cell ratio in four seasons; spring (a), summer (b), autumn (c), and winter (d) visualized by a scatter plot in a linear scale.
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Table 1. Characteristics of women with infertility (n = 2029).
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	Means ± SDs or Percentage
	Range





	Age (years)
	34.5 ± 4.5
	22–47



	Gravity
	0.5 ± 0.9
	0–8



	Parity
	0.2 ± 0.5
	0–4



	BMI (kg/m2)
	21.6 ± 3.5
	14.8–40.9



	Duration of infertility (months)
	22.7 ± 18.5
	0–120



	Causal factors of infertility, % (n)
	
	



	Reduced ovarian reserve
	20.7 (421)
	



	Ovulation disorder
	24.1 (488)
	



	Uterine factor
	40.8 (827)
	



	Tubal factor
	18.2 (369)
	



	Endometriosis
	11.7 (238)
	



	Male factor
	42.2 (857)
	



	Unexplained
	14.6 (297)
	



	Day 3 serum FSH (IU/mL)
	8.2 ± 5.2
	0.1–85.9



	Day 3 serum LH
	7.4 ± 5.7
	0.1–61.4



	Day 3 serum estrogen (E2)
	50.8 ± 59.8
	5.0–354



	AMH (ng/mL)
	3.6 ± 3.1
	0.2–48.2



	Thyroid-stimulating hormone (TSH) (μIU/mL)
	1.7 ± 1.1
	0.1–13.5



	Free Thyroxine (FT4) (ng/dL)
	1.3 ± 0.2
	0.5–3.8



	Vitamin D serum levels (ng/mL)
	18.2 ± 7.0
	4.1–46.6



	Vitamin D supplement user, % (n)
	10.8 (220)
	



	Current smoker, % (n)
	15.2 (320)
	



	Occupation, % (n)
	
	



	Employee
	66.3 (1346)
	



	Part-time
	11.5 (234)
	



	Housewife
	14.5 (295)
	



	Out of work
	2.9 (58)
	










 





Table 2. Factors associated with 25(OH) vitamin D level.
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n

	
Means ± SD (ng/mL)

	
Median (IQR) (ng/mL)

	
p-Value




	
Kruskal–Wallis Test

	
Jonckheere–Terpstra Test






	
Age, years

	
<25

	
11

	
15.5 ± 5.2

	
15.2 (11.2–18.5)

	
0.235

	




	

	
25–29

	
229

	
18.4 ± 7.6

	
16.2 (13.1–20.1)

	

	




	

	
30–34

	
651

	
17.9 ± 6.8

	
16.9 (12.9–21.9)

	

	




	

	
35–39

	
576

	
18.3 ± 6.9

	
17.5 (13.3–22.2)

	

	




	

	
≥40

	
280

	
18.1 ± 7.3

	
16.5 (12.4–22.5)

	

	




	
BMI (kg/m2)

	
<18.35

	
285

	
18.4 ± 7.6

	
17.0 (13.2–22.3)

	
0.88

	
0.675




	

	
≥18.5–<25

	
1376

	
18.2 ± 7.0

	
17.1 (13.1–22.4)

	

	




	

	
≥25

	
279

	
17.8 ± 6.2

	
16.8 (13.1–21.5)

	

	




	
AMH (ng/mL)

	
Q1 (<1.57)

	
435

	
18.4 ± 7.0

	
17.5 (13.2–22.5)

	
0.336

	
0.195




	

	
Q2 (1.57–2.985)

	
438

	
17.7 ± 6.8

	
16.6 (12.9–21.7)

	

	




	

	
Q3 (2.986–4.9374)

	
436

	
18.1 ± 7.1

	
16.8 (13.1–21.5)

	

	




	

	
Q4 (≥4.9375)

	
437

	
17.5 ± 6.5

	
16.8 (12.9–21.2)

	

	




	
FSH (IU/mL)

	
Q1 (<6.3)

	
480

	
18.0 ± 6.9

	
1.7 (12.8–21.6)

	
0.241

	
0.0902




	

	
Q2 (6.3–7.3)

	
477

	
17.8 ± 6.9

	
16.6 (12.7–21.9)

	

	




	

	
Q3 (7.4–8.7)

	
476

	
18.5 ± 7.0

	
17.4 (13.5–22.2)

	

	




	

	
Q4 (≥8.8)

	
490

	
18.5 ± 7.1

	
17.4 (13.1–23.0)

	

	




	
TSH (μIU/mL)

	
<2.5

	
1382

	
18.1 ± 6.9

	
17.1 (0.94–1.72)

	
0.981

	
0.8697




	

	
2.5–4.9

	
278

	
18.0 ± 6.8

	
16.8 (2.74–4.88)

	

	




	

	
≥5.0

	
33

	
18.6 ± 9.0

	
16.4 (5.34–7.19)

	

	




	
Season of blood collection

	
Spring

	
504

	
18.2 ± 7.7

	
16.5 (12.6–22.4)

	
0.00000000439

	




	

	
Summer

	
490

	
19.0 ± 6.4

	
18.2 (14.1–22.7)

	

	




	

	
Autumn

	
561

	
18.7 ± 6.6

	
18.1 (13.9–22.6)

	

	




	

	
Winter

	
474

	
16.9 ± 7.2

	
15.3 (11.5–20.6)

	

	








IQR: interquartile range.
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