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Background: Vitamin D plays an important role in reproduction. Evidence
shown that free 25-hydroxyvitamin D (25(OH)VitD) was more accurate than
total 25(OH)VitD in reflecting the status of 25(OH)VitD during pregnancy.
However, the relationship between free 25(OH)VitD and female fertility
parameters has not been reported yet. Therefore, this study aims to compare
the correlation of free and total 25(OH)VitD with fertility parameters in infertility
females undergoing in vitro fertilization and embryo transfer (IVF-ET) or
intracytoplasmic sperm injection (ICSI).

Methods: According to the inclusion and exclusion criteria, 2569 infertility
patients who received IVF-ET or ICSI treatment for the first time participated in
this study. Five milliliter peripheral blood samples of the patients were collected
on the day before embryo transfer (ET). Enzyme linked immunosorbent assay
(ELISA) kits was used to detect free 25(0OH)VitD and total 25(OH)VitD, and
clinical information was collected. Spearman’s rho was used to evaluate the
association between the variables.

Results: The median (IQR) of free 25(OH)VitD was 4.71 (4.11-5.31) pg/mL and
total 25(OH)VitD was 19.54 (16.52-22.83) ng/m. The correlation between them,
however, was week (rho=0.311). Compared to total 25(OH)VitD, free 25(0OH)
VitD was slightly better correlated with basal follicle-stimulating hormone (FSH)
(rho=0.041, P=0.036), basal estradiol (E,) (rho=0.089, P<0.001), anti-Mdllerian
hormone (AMH) (rho=-0.057, P=0.004), antral follicle count (AFC) (rho=-
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0.053, P=0.007), E5 (rho=-0.080, P<0.001), number of oocytes retrieval (rho=-
0.079, P<0.001) and progesterone (P)/E; on hCG trigger day (rho=0.081,

Conclusions: Overall, there was only a rather weak correlation of free as well as
total 25(OH)VitD with human endocrine and functional fertility parameters in
women undergoing IVF/ICSI. Neither free nor total 25(OH)VitD seems to play a
major role in human embryo implantation.

free 25-hydroxyvitamin D, total 25-hydroxyvitamin D, in vitro fertilization and embryo
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P<0.001).
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Introduction

Infertility affects more than 123 million women worldwide (1),
and about 15% women of childbearing age in China suffer from
infertility (2). More and more infertility patients have their own
oftspring through assisted reproductive technology (ART) (3). In
vitro fertilization-embryo transfer (IVF-ET) is one of the most
effective techniques for treating infertility. Controlled ovarian
hyperstimulation (COH) is using ovulation drugs to induce the
development and maturation of multiple follicles within a
controllable range, which is usually used to obtain more high-
quality mature oocytes in IVF-ET (4). Ovarian response to COH
can be divided into normal response and abnormal response, which
are related to ovarian reserve function. During the ART treatment,
evaluating the fertility of patient, including ovarian reserve, uterine
condition and systemic factors, is of great significance to improve
pregnancy success rate (5).

Vitamin D is a fat-soluble steroid derivative, which is bound
to vitamin D-binding protein (DBP) in circulation, then form
25-hydroxy vitamin D (25(OH)VitD) in the liver and turn to
1,25-dihydroxyvitamin D (1,25(OH),D) in the kidney (6). The
majority of vitamin D and its metabolites are tightly bound to
DBP, and about 10%~15% of these metabolites bound to
albumin, while less than 1% of circulating vitamin D
metabolites circulate in a free, unbound form. Free 25(OH)
VitD can pass the lipophilic cell membranes and interact with
the nuclear vitamin D receptor. Albumin-bound vitamin D is
relatively easily available after dissociation from albumin
because it is bound less tightly to 25(OH)VitD as compared to
the binding of 25(OH)VitD to DBP. The sum of free and
albumin-bound forms is called bioavailable vitamin D. Total
25(OH)VitD is defined as the sum of free, albumin-bound and
DBP-bound 25(OH)VitD, respectively (7).

In addition to its classic role in regulating calcium and
phosphorus levels in bone metabolism, it is closely related to
female reproduction and participate in the process of follicle
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development, sex hormone production and embryo implanting
(8-11). Studies have confirmed that human endometrium,
ovarian and placenta and other female reproductive organs
have vitamin D receptors (VDR) (12). Animal experiments
showed that when VDR gene was knocked out, female mice
showed thinner endometrium and smaller ovaries, followed by
dysplasia of follicles and no luteinization, indicating that vitamin
D plays an important role in maintaining the normal
development of the uterus and ovaries (13). Multiple studies
have shown that infertility patients have vitamin D deficiency
(serum total 25(OH)VitD < 20 ng/mL), and further studies have
found that 25(OH)VitD levels have a significant impact on the
fertility, which suggest that 25(OH)VitD may affect the fertility
of patients with infertility (14-17).

At present, serum total 25(OH)VitD is a general indicator
used to measure the 25(OH)VitD status in clinical practice, but
free 25(OH)VitD, rather than total 25(OH)VitD, can enter cells
to produce biological activity. A recent study by our team found
that free 25(OH)VitD is more accurate than total 25(OH)VitD
in reflecting the status of 25(OH)VitD during normal pregnancy
(18). Although there are many studies reporting the effects of 25
(OH)VitD on reproduction, while very few studies on the role of
free 25(OH)VitD in reproduction. Recent research have
suggested that measuring free 25(OH)VitD instead of total 25
(OH)VitD might be a superior measure of 25(OH)VitD status
(18-20).

In a recent huge prospective clinical observational study, we
have measured free and total 25(OH)VitD concentration in
women undergoing fresh embryo transfer and analyzed its
association with early pregnancy outcome parameters such as
biochemical pregnancy, implantation rate, and clinical
pregnancy rates, while the results showed that neither free nor
total 25(OH)VitD was associated with successful embryo
implantation (21). To get a better understanding of this
unexpected result, we now did a post-hoc analysis of our data
analyzing the relationship between 25(OH)VitD level and
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female endocrine and functional fertility parameters in our large
southern Chinese ART cohort.

Materials and Methods
Study design and setting

This was a post-hoc analysis of a single-center observational
study (21-23). We had invited infertile women undergoing their
first IVF cycles or intracytoplasmic sperm injection (ICSI) from
January 2017 to December 2018 at the Reproductive and Genetic
Hospital of CITIC-Xiangya in Changsha, Hunan Province,
China. Our study was approved by the Ethics Committee of
the Reproductive and Genetic Hospital of CITIC-Xiangya
(approval number: LL-SC-2018-014), and informed written
consent was obtained from every participant. All the patients
considered for ART in our center underwent B-ultrasound
screening. The clinical data of patients were obtained from the
hospital’s electronic patient's records.

Study population

Women undergoing first IVF/ICSI cycles were invited to
participate in this study. A total of 2569 infertile patients’
information were extracted from the electronic medical record
in the hospital. The inclusion criteria were (1): age between 20 and
38 years old (2), received fresh embryo transferred. Exclusion
criteria were (1): endometriosis (2), uterine malformations (3),
uterine myoma (multiple, submucous or intramural myoma
>3 c¢m) (4), untreated hydrosalpinx (6), oocyte donation cycles
(7), pre-implantation genetic test (8) Cushing syndrome (9),
adult-onset adrenogenital syndrome (10), any hypothalamic or
pituitary disease leading to infertility (21).

Clinical data collection of
the participants

(1) The general information of the patients were collected,
including age, ethnicity, education level, years of
infertility, type of infertility, body mass index (BMI),
random blood glucose, pulse and blood pressure.

(2) Baseline data: basic follicle-stimulating hormone (FSH),
basic luteinizing hormone (LH), basic FSH/LH, basic
estradiol (E,), basic progesterone (P), basic P/E,, basic
prolactin (PRL), basic testosterone (T), anti-Miillerian
hormone (AMH), antral follicle count (AFC) and basal
endometrial thickness.

(3) COH outcome: COH regimen, gonadotropin (Gn)
dosage, human chorionic gonadotropin (hCG) dosage,
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LH, E,, P, PRL and endometrial thickness on hCG
trigger day.

(4) The indicators of the day before ET: E,, P, PRL and
endometrial thickness on the day before ET.

Measurements and sample collection for
total and free 25(OH)VitD

Five milliliter peripheral blood samples of the patients who
got at least one embryo suitable for embryo transfer (ET) were
collected on the day before ET. After centrifugation, the serum
was taken and stored at -80°C. Total 25(OH)VitD was detected
by means of Enzyme linked immunosorbent assay (ELISA) with
ELISA kit (DIAsource ImmunoAssays S.A., Belgium) according
to the instructions. Free 25(OH)VitD concentrations were
measured with ELISA kit (Future Diagnostics Solutions B.V.,
Netherlands) (18, 24).

According to international guidelines, concentration of total
25(OH)VitD <20 ng/mL was categorized as deficiency, between
20-30 ng/mL was categorized as insufficiency, while
concentration of total 25(OH)VitD >30 ng/mL was categorized
as adequate (25, 26).

Data analysis

Statistical analysis was performed using Statistical Package
for Social Science (SPSS) for Windows (Version 20.0 software,
SPSS Inc., Chicago, IL, USA). Values were presented as medians
(interquartile ranges) or frequency (n %). A comparison of
quantitative variables among groups about female fertility
parameters was performed with the Kruskal-Wallis test. The
P-value less than 0.05 was considered significant.

Results

According to the inclusion and exclusion criteria, 2569
women who received IVE-ET treatment for the first time
participated in this study. The characteristics of the study
population are presented in Table 1. The key characteristics
are typical for a Chinese ART population.

Free and total 25(OH)VitD on the day before ET was not
normally distributed (P<0.05). The median (IQR) of free 25(OH)
VitD was 4.71 (4.11-5.31) pg/mL and total 25(OH)VitD was
19.54 (16.52-22.83) ng/mL. The correlation between free 25
(OH)VitD and total 25(OH)VitD was week (rho=0.311).
According to the difference in the concentration of free 25
(OH)VitD and total 25(OH)VitD, patients were divided into
three groups. There were statistical differences in basic LH, E,
and E,, P/E,, the number of eggs obtained on the hCG trigger
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TABLE 1 Parameter of the study population.

Values (Medium (IQR) or n
(%))

Parameter

Age (years) 29.00 (27.00-32.00)
2125 (82.72%)
31 (1.21%)

2 (0.08%)

Han nationality
Smoking history
Drinking history
Education levels
65 (2.53%)
1557 (60.65%)
945 (36.81%)
3.00 (2.00-5.00)
1203 (46.83%)
21.33 (19.65-23.05)
80.00 (76.00-88.00)
5.18 (4.94-5.45)

Primary school and below

Junior, secondary and high school
College and above

Duration of attempt to conceive (years)
Previous conception

BMI (kg/m?)

Number of pulse (times/minute)
Fasting blood sugar (mmol/L)

Blood pressure (mmHg)

115.00 (108.00-122.00)
76.00 (70.00-81.00)
5.62 (4.79-6.54)
3.59 (2.62-4.98)
1.57 (1.11-2.15)
33.00 (27.00-43.00)
0.24 (0.17-0.32)
7.20 (4.81-10.48)
14.79 (11.03-19.89)
0.28 (0.22-0.36)
5.69 (3.66-9.30)
24.00 (16.00-30.00)
8.10 (6.40-10.00)
1008.00 (712.85-1335.00)
60.00 (58.63-60.00)

(
56.66 (43.38-78.47)
(
(

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Basal FSH (mIU/mL)

Basal LH (mIU/mL)

Basal FSH/LH

Basal E, (pg/mL)

Basal P (ng/mL)

Basal P/E,

Basal PRL (ng/mL)

Basal T (ng/mL)

AMH (ng/mL)

AFC

Basal endometrial thickness (mm)
E, on the day before ET(pg/mL)
P on the day before ET (ng/mL)
P/E, on the day before ET

PRL on the day before ET (ng/mL) 41.33 (30.88-53.80)

Endometrial thickness on the day before 13.30 (12.00-14.70)

ET (mm)

BMI, body-mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E,,
estradiol; P, progesterone; PRL, prolactin; T, testosterone; AMH, anti-Miillerian
hormone; AFC, antral follicle count. ET, embryo transfer; E,, estradiol; P, progesterone.

day among the three groups of free 25(OH)VitD (P<0.05).
Paired comparison results showed that the basic E, of the F3
group (free 25(OH)VitD> 5.11 pg/mL) was significantly higher
than that of the FI (free 25(OH)VitD< 4.32 pg/mL) and F2
groups (4.32 pg/mL < free 25(OH)VitD< 5.11 pg/mL) (P<0.05),
while E, on the hCG trigger day in the F3 group was significantly
lower than that of the F1 group, and the P/E, and the number of
eggs obtained on the same day were significantly higher
(P<0.05). (Supplementary Table SI)

There were statistically significant differences in the amount
of hCG, LH, E, and endometrial thickness on the day of hCG
trigger day among the three groups of total 25(OH)VitD
(P<0.05). Compared with the T1 group (total 25(OH)VitD<
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20 ng/mL), the T2 group (20 pg/mL < total 25(OH)VitD< 30 ng/
mL) had significantly higher basic E,, LH, E, on the hCG trigger
day and lower endometrial thickness on the hCG trigger day
(P<0.05). And the T3 group (total 25(OH)VitD= 30 ng/mL) had
significantly lower hCG dosage and higher E, on the hCG trigger
day than that of the T1 group (P<0.05) (Supplementary
Table S1).

Spearman analysis showed that free 25(OH)VitD was
positively correlated with the basal FSH (rho=0.041, P=0.036),
E, (rho=0.089, P<0.001) and P/E, on the hCG trigger day
(rho=0.081, P<0.001), and was negatively with AMH (rho=-
0.057, P=0.004), AFC (rho=-0.053, P=0.007), E, on hCG trigger
day (rho=-0.080, P<0.001) and numbers of oocytes retrieval
(rho=-0.079, P<0.001) (Table 2). The total 25(OH)VitD was
positively correlated with age (rho=0.060, P<0.01), basal E,
(rho=0.068, P<0.01), LH (rho=0.070, P<0.001) and E, on the
hCG trigger day (rho=0.072, P<0.001), and was negatively
correlated with basal FSH/LH (rho=-0.039, P<0.05) (Table 2).

Compared with total 25(OH)VitD, free 25(OH)VitD was more
correlated with basal FSH, basal E,, AMH, AFC, E, and P/E, on
hCG trigger day and numbers of oocytes retrieval (Table 2).

Discussion

Human reproduction is a process that consists of many
steps, the ovary produce mature oocytes, which should be picked
up by the oviduct where oocyte meet the mature, then the
created embryo moves to the uterine cavity and then must be
implanted in the endometrium (27). In reproductive medicine
interventions, factors that influence the individual steps can be
studied separately. In our study, we focused on embryo
implantation, as this is the critical step in reproductive
medicine (28). Failure of a reproductive procedure is usually
due to the unsuccessful implantation of the embryo.

In a recent huge prospective clinical observational study (21),
we have measured free and total 25(OH)VitD concentration in
women undergoing fresh embryo transfer and analyzed its
association with early pregnancy outcome parameters such as
biochemical pregnancy, implantation rate, and clinical pregnancy
rates, while the results showed that neither free nor total 25(OH)
VitD was associated with successful embryo implantation.
However, the reason for this remained unclear. Therefore, in
this study, we analyzed the influence of 25(OH)VitD on
endocrinological and functional parameters of embryo
implantation. The association with important hormones of
human reproduction as well as functional parameters were
detectable, but overall, of marginal importance. These data are
consistent with the clinical results of our study.

The results of this study as well as our clinical endpoint study
are unexpected in that there are a large number of published
studies assign 25(OH)VitD an important role in reproduction
(29-34). Our study was certainly not too small. We analyzed
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TABLE 2 Analysis and comparison of the correlation between free and total 25(OH)VitD with fertility parameters and COH outcomes in IVF-ET

females.

Parameter, units

E, on hCG trigger day (pg/mL) -0.080**
Number of oocytes retrieved -0.079%*
AMH (ng/mL) -0.057**
AFC -0.053**
Basal P/E, -0.033
Basal FSH/LH -0.020
Basal PRL (ng/mL) -0.007
Endometrial thickness on hCG trigger day (mm) -0.006
Basal T (ng/mL) -0.004
PRL on hCG trigger day (ng/mL) -0.002
Age (years) 0.000
Basal endometrial thickness (mm) 0.007
LH on hCG trigger day (pg/mL) 0.011
Basal P (ng/mL) 0.018
P on hCG trigger day (ng/mL) 0.020
Basal LH (mIU/mL) 0.032
Basal FSH (mIU/mL) 0.041*
P/E, on hCG trigger day 0.081***
Basal E, (pg/mL) 0.089***

Free 25(OH)VitD (pg/mL) Total 25(OH)VitD (ng/mL) Spearman's rho color gradient

0.072%**
-0.023

-0.05>rh0>-0.08, p<0.05
-0.03>rh0>-0.05, p<0.05
0.00>rh0>-0.03, p>0.05
0.00<rh0<0.04, p>0.05
0.04<rh0<0.09, p<0.05

0.025
0.017
-0.008
-0.039*
0.000
-0.036
-0.010
-0.009
0.060**
-0.025
0.070***
0.027
0.011
0.036
0.023
-0.034
0.068**

25(OH)VitD, 25-hydroxy25(OH)VitD; COH, controlled ovarian hyperstimulation; Gn, gonadotropin; hCG, human chorionic gonadotropin; LH, luteinizing hormone; E,, estradiol; P,

progesterone; PRL, prolactin.
Data are shown as Spearman’s rho value.
*P<5, **P<0.01, ***P<0.001.

over 2500 reproductive medical procedures. The majority of
previously published studies on 25(OH)VitD and reproductive
medicine that reported an association between vitamin D
deficiency and failures in human reproduction were much
smaller. However, the only study that analyzed implantation
failure fit with our data showing no relevant relationship (35).

Some points need to be addressed. Certainly, there is a
publication bias that promotes publications that assume such
an association between vitamin D and human fertility. One
recent study showed that vitamin D concentration in follicular
fluid of infertility patients undergoing ovarian stimulation varies
according to the developmental stage of the oocyte and was
associated with embryo development status (36). A prospective
cohort study included 150 infertile women who underwent IVF
or ICSI found that women with higher levels of vitamin D in
their serum and follicular fluid are significantly more likely to
achieve pregnancy but without affecting the quality of embryo
and fertilization rate (37). These studies difter from our results,
possibly due to differences in sample size and study design. We
focused in our study on the embryo implantation step - the most
clinically critical step. Thus, our study only says something about
this step of reproduction. Whether e.g. 25(OH)VitD plays a role
in oocyte maturation, fertilization, embryo development before
implantation, growth of the implanted embryo etc. cannot be
deduced from our data. Our studies only show that the role of 25
(OH)VitD in implantation seems to be marginal.
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Our data are robust, we have determined both free 25(OH)
VitD and total 25(OH)VitD in a relatively huge study population,
Besides the overall weak correlation of free and total 25(OH)VitD
with endocrine and functional parameters of human fertility, there
was likewise a weak correlation between free and total 25(OH)
VitD. This is most likely due to factors specific to reproductive
medicine: ovarian hyperstimulation, which leads to a strong
stimulation of estradiol, which itself stimulates the synthesis of
sex hormone binding protein (SHBG) in the liver (38). Studies
found that 25(OH)VitD and SHBG were significantly associated
(39, 40). The response of women to the hyperstimulation of the
ovary is highly variable (41, 42), so that ultimately the hepatic
synthesis of 25(OH)VitD binding protein is also highly variable
and thus explains the relatively poor correlation between free and
total 25(OH)VitD, because the free 25(OH)VitD is not dependent
of concentrations of SHBG. Our recently published study in
young healthy women aiming to have children without ART
clearly shows a clinically relevant association between female
hormones relevant to reproduction and 25(OH)VitD (43). The
key difference here is that these women have not undergone
ovarian hyperstimulation. Under the conditions of ovarian
hyperstimulation, the importance of 25(OH)VitD in contrast to
the woman’s natural menstrual cycle obviously recedes.

The sample size of this study is considerable, but there are still
some shortcomings. Firstly, it was a single-center study, and the
research was performed mainly in Chinese Han population.
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Secondly, we did not analyze hormones of the glucose status
although vitamin D plays a key role in controlling insulin
resistance in women and is disturbed in women with polycystic
ovary syndrome (44, 45). Thirdly, vitamin D was not prescribed to
the patients in the study, however, we could not control their own
intake of vitamin D containing food supplements. Finally, we
measured free and total 25(OH)VitD but not 1,25(OH),D, which
is produced in the human placenta besides the kidneys and may
have different biological effects as compared to 25(OH)VitD (7).

Conclusion

Overall, there was only a weak correlation of free as well as
total 25(OH)VitD with human endocrine, including basal FSH,
basal E,, AMH, AFC, E, and functional fertility parameters, such
as P/E, on hCG trigger day, number of oocytes retrieval, E,, P
and P/E, on the day before ET in women undergoing IVF/ICSL.
Neither free nor total 25(OH)VitD seems to play a major role in
human embryo implantation.
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