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Background: The aim of the present study was to investigate the impact of serum
VD status on IVF outcomes and to observe the effect of VD deficiency on the
expression of the endometrial receptivity marker HOXA10.

Materials and methods: Patients undergoing their first IVF cycles were divided
into 3 groups according to VD levels (deficient: <20 ng/mL, insufficient: 20-29.9
ng/mL), and replete >30 ng/mL). IVF laboratory parameters, implantation rate,
and clinical pregnancy rate were compared among these groups according to
patient age (> 35 years old and < 35 years old). In addition, the expression of
HOXA10 was analyzed using quantitative RT-PCR (qRT-PCR) and western blot in
MRNA and protein levels, respectively.

Results: A total of 1459 patients were included. Clinical pregnancy outcomes
were significantly worse in vitamin D-deficient patients of advanced age than in
other patients. VD status was a predictor of clinical pregnancy according to the
multivariate regression model (Deficient: OR = 0.74, 95% CI: 0.59-0.90, P =
0.022; Insufficient: OR = 0.85, 95% CI: 0.70-1.10, P = 0.104; Reference =
Replete). However, clinical pregnancy outcomes were comparable among the
three groups of young patients. Endometrial tissue was collected from a total of
35 women. HOXA10 expression was significantly lower only in young women in
the vitamin D deficiency group. Furthermore, among patients of advanced age,
HOXA10 levels were significantly decreased in both vitamin D-deficient and
vitamin D-insufficient women.

Conclusion: VD deficiency appears to lead to poorer clinical pregnancy outcomes
in patients of advanced age. In the future we can observe whether pregnancy
outcomes can be improved in such patients with vitamin D supplementation. In
addition, a possible explanation for the worse results may be the detrimental effect of
reduced HOXA10 expression on endometrial receptivity.
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Introduction

Vitamin D is a lipid-soluble vitamin that can be obtained from
the diet or synthesized in the skin in the presence of sunlight (1). As a
type of secosteroid, the main forms of vitamin D include vitamin D2
and vitamin D3. Vitamin D is first absorbed and then hydroxylated to
its inactive form, 25-hydroxyvitamin D (calcifediol), in the liver. In
the kidney, calfidediol is ultimately hydroxylated by cytochrome P450
family 27 subfamily B member 1 (CYP27B1) to the active form 1,25-
dihydroxyvitamin D (calcitriol), which binds to the vitamin D
receptor (VDR) and performs many important functions, especially
in the female reproductive system (2, 3).

In 2010, a prospective study with a small sample size showed
that the serum and follicular fluid levels of vitamin D were strongly
correlated. In addition, women with higher vitamin D levels in their
serum and follicular fluid are significantly more likely to achieve
clinical pregnancy following treatment (4). The association between
vitamin D levels and in vitro fertilization (IVF) outcomes has been
extensively studied. Despite conflicting results, most studies suggest
that vitamin D deficiency (VDD) is correlated with adverse IVF
pregnancy outcomes (5-7).

The human endometrium is a dynamic tissue that becomes
receptive to embryo implantation in a short period (8, 9). Thus,
endometrial receptivity is crucial for pregnancy initiation. To date,
the molecular regulation of endometrial receptivity has been
explored in detail. Among the important regulators of this
process, homeobox genes are leading candidates for regulators of
endometrial and embryonic development in response to sex
steroids (10). In humans, homeobox A10 (HOXA10) expression
is markedly increased during the peri-implantation period, and
HOXA10 is now considered a molecular marker for endometrial
receptivity (11). This gene regulates the expression of other genes
involved in cell proliferation, differentiation, and tissue remodeling,
making it essential for proper uterine function and implantation.
Reduced expression of HOXA10 has been linked to recurrent
implantation failure and poor endometrial receptivity.
Furthermore, epigenetic changes, such as DNA methylation, can
alter HOXA10 expression, influencing reproductive outcomes (12).

Currently, the relationship between VDD and IVF outcome is
controversial. Additionally, the mechanism by which VDD affects
pregnancy is still unknown. In 2022, a study explored the
relationship between endometrial HOXA 10 and Vitamin D levels
in PCOS women, and showed that circulating vitamin D levels
influence the endometrial HOXA10 gene expression (13). These
findings indicate that vitamin D plays a vital role in regulating
HOXA10, influencing endometrial receptivity and fertility. Other
than that, scarce data exist on the association between VDD and
endometrial receptivity. Based on these questions, we aimed to
investigate the impact of VDD on IVF outcomes in patients of
different ages and to explore the association between VDD and the
expression of the endometrial receptivity marker HOXA10 in
human uterine tissues.
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Materials and methods

Patients who visited the Reproductive Medicine Center of
Luoyang Women’s and Children’s Hospital from June 2015 to
December 2022 undergoing first IVF treatment were included.
The exclusion criteria were as follows: (1) ovarian stimulation
protocols without using GnRH (Gonadotropin-Releasing
Hormone) agonist; (2) uterine malformations, intrauterine
adhesions and polyps; (3) oocyte or sperm donation cycles; (4)
patients received vitamin D supplements before IVF treatment; (5)
cycles with important missing data; (6) repeated cycles. As data
were deidentified anonymously and all analyses were retrospective,
the requirement for informed consent and ethical approvement
were waived.

Criteria for VDD and IVF protocols

Serum vitamin D levels were measured before the patients
entered IVF cycles using a chemiluminescence immunoassay (on
the first day of Gonadotrophin administration). The intra- and inter-
assay coefficients of variation were 8 and 12%, respectively. The
patients were divided into 3 groups according to serum vitamin D
levels [Institute of Medicine (IOM) Guidelines]: the deficient (<20 ng/
mL), insufficient (20-29.9 ng/mL), and replete (=30 ng/mL) groups.

The ovarian stimulation protocols were GnRH agonist
protocols. After pituitary down-regulation, ovarian stimulation
was started with a dose of 150-300 IU per day of r-FSH. When at
least 3 follicles > 17 mm in diameter or at least 2 follicles 218 mm in
diameter were detected by ultrasound, 6,500 or 8,500 IU hCG was
injected for triggering. Around 37 hours later, oocytes were
retrieved. Three or 5 days later, cleavage stage embryos and
blastocysts were transferred. Serum hCG levels were measured 14
days after embryo transfer. Clinical pregnancy was defined as
observation of gestational sac with heart beat 5 weeks after
embryo transfer.

Human endometrial tissue collection

Endometrial tissue was from IVF patients for endometrial
biopsy during luteal phase endometrial injury. Human tissue
collection has also been approved by the Ethics Committee of the
First Affiliated Hospital of Zhengzhou University on March, 2019
(2019-KY-252). Written informed consent was obtained from all
patients. The inclusion criteria mainly included: female age < 42
years, basic FSH < 10 mIU/mL, menstrual cycle 25-35 days, tubal
factor or male factor infertility.

Luteal phase was defined as 7 days after ovulation as confirmed by
ultrasound examination and serum progesterone elevation.
Endometrial injury was performed by the same physician with
Pipelle (Disposable Endometrium Suction Tube, S-3.2; Nuode
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Medical, Jiangxi, China). On day of endometrial injury, serum and
endometrial tissue were collected and stored at —20°C and —80°C until
analysis after proper preparation.

RNA isolation and analysis of gene
expression by real-time RT-PCR

Total RNA extraction from endometrial tissue was performed
by Trizol reagent (Invitrogen Corp, Carlsbad, CA, USA) according
to instructions. The RNA was then reverse transcribed in a 20 ml
reaction mixture containing 4 UL 5 x Reaction Buffer, 0.5 uL Oligo
(dT)18 Primer (100 uM), 0.5 pL And Random Hexamer primer
(100 uM), 1 pL Servicebio®RT Enzyme Mix, 10 uL Total RNA/
mRNA and RNase free water. Quantitative real-time PCR was
conducted with a MyiQSingle-Color Real-Time PCR Detection
System (Bio-Rad, Hercules, CA, USA). The primer sequences
have been described in our previous work (14). The PCR
conditions were as follows: initial denaturation at 95°C for 10
min, followed by 40 cycles of 95°C for 15 s, 60°C for 30 s and
annealing for 20 s and elongation at 72°C for 20 s. The fold change
in the expression of HOXA10 gene was calculated using the 2-AA
CT method. The expression level of target gene was normalized to
B-actin mRNA and expressed as n-fold difference relative to
the control.

Western blotting analysis

Tissues were washed with pre-cooled phosphate-buffered saline
(PBS) for 2-3 times before being put into lysis buffer containing
freshly added protease inhibitors. Solid debris was removed by
centrifugation at 12000 rpm for 10 min at 4°C. Proteins and pre-
stained molecular weight markers were separated by 10% sodium
dodecyl sulfate (SDS) polyacrylamide gel, and were transfer onto
polyvinylidene fluoride (PVDF) membranes (0.45 um, Sigma-
Aldrich Corp, Mo, USA). The membranes were blocked in TBST
(Tris-buffered saline with 0.5% Triton X-100) containing non-fat
milk, and then incubated with primary antibodies anti-HOXA10
(1:1,000; Santa Cruz, CA, USA), anti-actin (1:2,000; Santa Cruz, CA,
USA) overnight at 4°C. Protein bands were visualized using an
enhanced chemiluminescence detection system (Bio-Rad)
and measured using a quantitative scanning densitometer. The
relative level of HOXA10 was analyzed and compared using
Image] software.

Statistical analysis

The normality of all measured variables was firstly evaluated
(Skewness and Kurtosis test). The data were expressed as mean +
standard deviation (SD), or median (25th, 75th percentile), and
were analyzed using Package for the Social Sciences 21.0 (SPSS,
Chicago, IL, USA). For normal distribution data, differences
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between groups were compared by Student’s t-test. If data were
not with normal distribution, either Mann-Whitney test was used
or data were log transformed prior to further statistical analysis.
Patient basic parameters and clinical pregnancy outcomes were
analyzed in the three VD groups according to different ages.
Univariate and multivariate logistic regression analysis were also
used to explore the impact of VDD on clinical pregnant rates. P <
0.05 was considered to be statistically significant.

Results

A total of 1459 patients who underwent their first IVF cycles
and were treated with the GnRH agonist protocol were included.
There were 429, 726, and 274 patients in the vitamin D-deficient,
vitamin D-insufficient, and vitamin D-replete groups, respectively.
The basic characteristics of the patients in these three groups are
presented in Table 1. Although VD levels differed among the three
groups, age, BMI, basic FSH levels, and infertility diagnosis were
comparable between patients with and without VDD.

As shown in Table 2, to compare the IVF laboratory results and
clinical pregnancy outcomes among the three groups, all patients
were first divided into young (< 35 years old) and advanced age (>
35 years old) groups. Regardless of patient age, laboratory
outcomes, mainly including the number of oocytes retrieved,
number of 2PNs (Pronuclei), number of high-quality embryos,
and number of transferrable embryos, were similar among the three
groups. In addition, for clinical pregnancy outcomes, implantation
rates and clinical pregnancy rates tended to be greater in VD-replete
women than in VD-deficient and VD-insufficient women of a
young age, yet the differences were not statistically significant.
However, in patients of advanced age, clinical pregnancy
outcomes were significantly different among vitamin D-deficient,
vitamin D-insufficient, and vitamin D-replete patients (Figure 1).

Table 3 shows the results of logistic regression analysis of risk
factors for clinical pregnancy with both univariate and multivariate
models. According to the univariate regression analysis, female age,
endometrial thickness on the trigger day, number of high-quality
embryos, and number of embryos transferred were associated with
clinical pregnancy status regardless of patient age. However, in
young patients, after adjusting for cofounding factors, only female
age, endometrial thickness on the trigger day, number of high-
quality embryos, and number of embryos transferred were risk
factors for clinical pregnancy. Serum VD status was not a predictor
of pregnancy outcomes. In women of advanced age, VD status was
significantly related to clinical pregnancy status according to
univariate logistic regression analysis. In addition, the relationship
between VD status and pregnancy outcomes did not change
after adjusting for cofounding factors in the multivariate
regression model.

Expression of HOXA10 in endometrial tissue from women
undergoing IVF with or without vitamin D deficiency.

Endometrial tissue was obtained from women undergoing
luteal phase endometrial injury during IVF treatment.
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TABLE 1 Basic parameters in patients with different Vitamin D status.

Characteristics Deficient Insufficient Replete P value
(<20 ng/mL) (20-29.9 ng/mL) (> 30 ng/mL)

No. of cycles 459 726 274

Age (years) 331+ 5.2 328 +58 322+ 5.1 0.479
BMI (kg/m?) 23.9+ 34 23.8+ 3.2 232+ 338 0.820
Basal FSH (mIU/mL) 7.4+ 35 7.3+ 22 7.2+ 3.3 0.140
AFC (n) 11 (8, 18) 12 (9, 18) 13 (8, 18) 0.258
25, (OH)D; (ng/mL) 1724 1.8 25.0+ 2.8 323+ 27 <0.001

Infertility Diagnosis

Tubal factor 155 (45.19) 227 (46.51) 80 (43.24)
Ovulation disorder 62 (18.09) 96 (19.67) 32 (17.30) 0.350
Male factor 82 (23.91) 120 (24.59) 47 (25.41)
Others 44 (12.83) 45 (9.23) 26 (14.05)
Seasons 0.625
Spring 110 (23.97) 160 (22.04) 62 (22.63)
Summer 149 (32.46) 221 (30.44) 93 (33.94)
Autumn 113 (24.62) 190 (26.17) 61 (22.26)
Winter 87 (18.95) 155 (21.35) 58 (21.17)

BMI, body mass index; FSH, follicle stimulation hormone; AMH, anti-Miillerian hormone; AFC, antral follicle count. Data presented as means + SD, median (25th, 75th percentile), n or n (%).

TABLE 2 Comparison of laboratory parameters in patients with different Vitamin D status according to age.

Young patients Advanced age patients
< 35 years old > 35 years old
Deficient Insufficient Replete Deficient Insufficient Replete
(<20 (20-29.9 (>30 (<20 (20-29.9 (>30
ng/mL) ng/mL) ng/mL) ng/mL) ng/mL) ng/mL)
Number of cycles 312 482 176 147 244 98
Duration of Gn 11.0+ 2.0 11.1+ 2.1 10.9+ 2.0 0.142 12.8+ 2.3 13.1+ 2.5 124+ 2.2 0.158
used (d)
Peak E, level (pg/ml) 3686.0 3667.6 + 1975.4 3684.7 0.682 1615.7 1588.6 + 1586.2 1769.0 0.370
+2524.8 + 1787.0 +1725.6 +1755.2
Endometrial thickness on trigger 11.5+ 2.4 11.7£ 2.6 11.7+ 2.5 0.811 10.5 + 2.0 10.6 + 2.4 10.6 2.2 0.921
day (mm)
No. of oocytes retrieved (n) 12 (7, 19) 13 (7, 19) 12 (7, 18) 0.357 8(3,12) 9 (7, 14) 9 (7, 15) 0.347
No. of 2PN (n) 9 (5, 11) 8 (5, 11) 8 (5, 11) 0.813 6(3,9) 6 (3, 10) 7 (4, 10) 0.733
2PN fertilization rate (%) 83.3 83.3 (71.4, 100.0) 83.3 0.999 81.3 80.8 (71.8, 100.0) 79.3 0.999
(69.2, 100.0) (67.0, 100.0) (66.3, 100.0) (64.1, 100.0)

No. of transferable embryos (n) 7 (5, 10) 7(4, 11) 8 (5, 11) 0.949 4(2,6) 4(2,5) 5(2,5) 0.910
No. of good-quality embryos (n) 3(1,6) 3(1, 6) 3(1,6) 0.988 1(1,2) 1(1, 2) 1(1,2) 0.981
No. of transfer cycles 150 254 87 81 124 61
No. of embryos transferred 1(1,2) 1(1,2) 1(1,2) 0.999 1(1,2) 1(1,2) 1(1,2) 0.999

(Continued)
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TABLE 2 Continued

Young patients

< 35 years old

10.3389/fendo.2024.1485238

Advanced age patients

> 35 years old

Deficient Insufficient Replete Deficient Insufficient Replete
(<20 (20-29.9 (>30 (<20 (20-29.9 (>30
ng/mL) ng/mL) ng/mL) ng/mL) ng/mL) ng/mL)
Implantation Rate % (n/N) 36.7 (80/218) 38.2 (139/363) 452 (57/126) | 0.270 | 27.0 (33/122) 34.4 (64/186) 445 (41/92) | 0.028
Early miscarriage rate % (n/N) 10.67 (16/150) 9.06 (23/254) 920 (8/87)  0.851 | 19.75 (16/81) 14.52 (18/124) 16.39 (10/61) | 0.201
Ectopic pregnancy rate % (n/N) 0.67 (1/150) 1.18 (3/254) L15(1/87) | 0943 0.00 (0/81) 1.61 (2/124) 328 (2/61)  0.866
Clinical pregnancy rate, 50.7 (76/150) 52.7 (134/254) 58.6 (51/87) | 0488  34.6 (28/81) 47.6 (59/124) 55.7 (34/61) | 0.035
% (n/N)

Gn, gonadotropin; d days; E, estradiol; LH, luteinizing hormone; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; 2PN, 2 pronuclei. Data presented as means + SD, median (25th,

75th percentile), n or n (%).

Endometrial tissue was collected from a total of 20 young patients
(6, 7, and 7 patients in the vitamin D-replete, vitamin D-
insufficient, and vitamin D-deficient groups, respectively) and 15
advanced age patients (5, 5, and 5 patients in the vitamin D-replete,
vitamin D-insufficient, and vitamin D-deficient groups,
respectively). As shown in Figure 2, the expression of HOXA10 at
the mRNA and protein levels in endometrial tissue was measured
using RT-PCR in young women. Compared with those in women
who were vitamin D-sufficient, HOXA10 mRNA expression and
protein levels were significantly lower only in the endometria of
women in the vitamin D-deficient group (P< 0.05) but not in those
of women in the vitamin D-insufficient group. However, in patients

of advanced age, as shown in Figure 3, HOXAI10 levels were
significantly decreased in the endometrial tissue of vitamin D-
deficient patients (2.15 + 0.39 vs 0.58 + 0.11; P = 0.029) and the
endometrial tissue of vitamin D-insufficient patients (2.15 £ 0.39 vs
1.05 + 0.24; P < 0.034).

Discussion

VDD is recognized to be prevalent worldwide. VDD has been
associated with increased risk of hypertension, infectious diseases,
autoimmune diseases, and reproductive system disorders, including

100
Hl Young patients
Advanced age patients
< 80-
<
2 NS
< — *
= I I
z: 60 = I 1
=]
<
=
20
@
8 40-
=
=
=
O 204
0=
\Y \ 4 \ \ 4
.&Q .\QQ \0\’ .\@Q .&Q \Q}'
S SR CN SISO
0 S Ry Q S <
9 S 9 &
B AN

FIGURE 1

Clinical pregnancy rate of patients with different vitamin D status (Replete, Insufficient, Deficient) in young patients and advanced age patients.
Clinical pregnancy rates were significantly different among vitamin D-deficient, vitamin D-insufficient, and vitamin D-replete group in advanced age

patients, but not in young patients. NS, not significant; * P < 0.05.
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TABLE 3 Logistic regression analysis of risk factors for clinical pregnancy in patients undergoing fresh embryo transfer.

Univariable Multivariable Univariable Multivariable

regression regression regression regression

OR aOR? OR aOR®
Parameters (95% ClI) (95% ClI) (95% ClI) (95% ClI)
Female age 0.87 (0.66-0.90) 0.012 0.75 (0.61-0.88) 0.001 0.74 (0.60-0.89) 0.001 0.71 (0.61-0.84) 0.001
BMI (Kg/m?) 0.97 (0.88-1.07)  0.450 - - 1.04 (0.84-1.10) | 0.154 - -
Duration of Gn used 1.08 (0.87-1.14) 0.547 - - 0.97 (0.80-1.11) 0.620 - -
Peak E, level (pg/ml) 1.00 (0.99-1.01) 0917 - - 1.00 (0.99-1.01) 0.856 - -
Endometrial thickness on trigger day (mm) 1.14 (1.07-1.25) 0.031 1.15 (1.10-1.26) 0.014 1.18 (1.08-1.28) 0.014 1.20 (1.11-1.40) 0.028
No. of oocytes retrieved 1.26 (0.91-1.42) 0.067 - - 1.24 (1.14-1.18) 0.048 1.14 (0.91-1.24) 0.063
No. of 2PN 1.28 (0.94-1.37) 0.077 - - 1.15 (0.85-1.35) 0.089 - -
No. of transferable embryos 1.20 (1.14-1.55) 0.020 1.12 (0.98-1.15) 0.090 1.13 (0.92-1.24) 0.120 - -
No. of good-quality embryos 1.33 (1.07-1.46) 0.001 1.30 (1.10-1.44) 0.004 1.35 (1.17-1.50) 0.028 1.36 (1.20-1.52) 0.017
No. of embryos transferred 1.40 (1.21-1.63) 0.001 1.42 (1.22-1.58) 0.001 1.55 (1.20-1.67) 0.001 1.58 (1.22-1.70) 0.001
Vitamin D status 0.488 0.035
Deficient 0.81 (0.70-1.06) 0.063 - - 0.78 (0.60-0.94) 0.037 0.74 (0.59-0.90) 0.022
Insufficient 0.86 (0.74-1.02) 0.078 - - 0.83 (0.65-1.05) 0.088 0.85 (0.70-1.10) 0.104
Replete Reference Reference

BMI, body mass index; OR, adds ratio; CI, confidential interval; Gn, gonadotrophin; PN, Pronuclei.
“Adjusted for female age, endometrial thickness on trigger day, No. of transferable embryos, No. of good-quality embryos, No. of embryos transferred.
®Adjusted for female age, endometrial thickness on trigger day, No. of oocyte retrieved, No. of good-quality embryos, No. of embryos transferred, Vitamin D status.

preeclampsia, miscarriage, and infertility (15). First, the current
study revealed a positive association between VDD and embryo
implantation outcome in IVF patients. However, VD status seemed
to have no impact on embryo quality. In addition, decreased
expression of the endometrial receptivity marker HOXA10 was
observed in female VDD patients compared with vitamin D-replete
women of advanced age but not in young women.

Recently, two studies in mice by Zarnani et al. also showed that
vitamin D receptor mRNA was expressed in the endometrium,
ovary, and fallopian tubes throughout the estrous cycle and
increased in expression in the estrus phase compared with the
other phases (16). In addition, during pregnancy, vitamin D
receptor mRNA and protein are also expressed in the decidua,
placenta and ovary (17), indicating that vitamin D plays important
roles in female reproductive function.

However, in contrast to data from animals, results regarding
whether vitamin D status impacts IVF outcomes in humans are
limited (18). Implantation is a complex procedure involving several
factors, and has a critical effect on this process. It is reasonable to
explore the impact of VD on pregnancy outcomes in IVF patients of
different ages. As shown in this study, IVF laboratory
characteristics, especially the number of high-quality embryos,
were comparable between patients with different VD statuses. The

Frontiers in Endocrinology

embryo implantation rate and clinical pregnancy rate were
significantly lower in the VD-deficient group than in the VD-
replete group among women aged > 35 years but not among
women aged < 35 years.

Thus, what is the specific mechanism by which VDD adversely
affects IVF outcomes? Rudick and colleagues demonstrated that
VDD is associated with lower pregnancy rates in non-Hispanic
white women, but ovarian stimulation parameters or embryo
quality markers are the same among women with VDD, VD
insufficiency, and sufficient VD, which indicates that the adverse
impact of VDD on pregnancy may be mediated through the
endometrium (19). To support this conclusion, the same study
group further explored pregnancy rates among oocyte donor
recipients with different vitamin D statuses and reported that a
vitamin D concentration <30 ng/mL was associated with lower
pregnancy rates (20). More importantly, a recent clinical study in
1883 IVF women showed that serum vitamin D levels were not
significantly related to embryo quality in the cleavage or blastocyst
stage (21). Since oocyte and embryo quality were comparable
among the groups and not affected by vitamin D levels, it is
speculated that endometrial receptivity is compromised, as low
pregnancy rates are observed in women with VDD. However, a
recent study in 2021 indicated that neither total nor free 25(0H)D
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FIGURE 2

Expression of HOXA10 in endometrial tissue from young age women (< 35 years old) during implantation window according to vitamin D status
(Replete, Insufficient, Deficient). The expression of HOXA10 is significantly decreased at mMRNA (A) and protein (B, C) levels in uteri tissue from
women with vitamin D Deficient (N = 7) when compared with those with vitamin D Replete (N = 6). The expression between vitamin D Insufficient
Group (N = 7) and vitamin D Replete Group is comparable. NS, not significant; HOXA10, homeobox A10; * P < 0.05.

serum concentration was associated with pregnancy outcomes, such
as implantation rate, clinical pregnancy rate, and ongoing
pregnancy rate, etc. (22). The reason our results differ from those
findings may be due to differences in the study populations and the
timing of vitamin D measurement. We only observed positive
results in advanced age women, but not in young patients, either.

Indeed, vitamin D receptors are expressed in the endometrium,
and vitamin D is considered a natural regulator of the reproductive
and immune system (23). In addition, the expression of vitamin D
receptors is significantly different in the endometrial secretory
phase compared to the proliferative phase, suggesting that the
vitamin D-VDR system plays a role in the development of
endometrial receptivity (24). In our study, a strong positive
association was found between vitamin D levels and the
expression of the endometrial receptivity marker HOXA10 in
human uterine tissue. This phenomenon was consistent with the
findings of another study involving human myelomonocytic cells
and human endometrial stromal cells. Their data also showed direct
regulation of HOXA10 expression by vitamin D (25). Thus, it is
reasonable to speculate that VDD adversely affects implantation by
reducing endometrial receptivity.

However, the specific mechanism by which vitamin D deficiency
affects HOXA10 expression and subsequently impacts embryo
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implantation remains unclear (26). Current studies on this topic
are predominantly observational, and the precise pathways involved
have not yet been elucidated. This warrants further studies drawing
on knowledge from fields like immunology or endocrinology could
offer more insight into the biological pathways involved. In the future,
studies focusing on cytokine profiles (IL-6, TNF-q, etc.) and their
relation to endometrial receptivity can be conducted.

One of the strengths of the current study is that IVF laboratory and
clinical parameters and the expression of the endometrial receptivity
marker HOXA10 were explored. These data not only reveals whether
VD status affects IVF clinical outcomes but also provides some insights
into the possible underlying mechanism. In addition, we divided
patients into young and advanced age groups for the first time
before analysis. Interestingly, VD status significantly impacted
embryo implantation only in women with a worse prognosis.
Overall, the expression of endometrial receptivity markers seems to
be decreased in vitamin D-deficient female patients regardless of age.
The reason why only women aged > 35 years experienced dramatically
poorer pregnancy outcomes is that embryos from these patients are
more vulnerable to other factors, such as vitamin D status. However,
several limitations also exist. Due to the retrospective nature of this
study, some social factors related to vitamin D concentration, such as
lifestyle, education, income, diet, and nutritional status, cannot be fully
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HOXA10, homeobox A10; * P < 0.05.

obtained. As presented in a study by Hocher et al. in 2014, all these
factors mentioned above have influence on vitamin D status (27).
Therefore, these biases may still exist. Second, only IVF outcomes after
fresh embryo transfer cycles were evaluated in this study, and embryo
quality could also reflect the outcomes of subsequent frozen-thawed
transfers from the same oocyte retrieval cycles. In addition, it would be
better to assess the effect of vitamin D deficiency on IVF outcomes by
using data from intervention studies focusing on vitamin D
supplementation in the future. Moreover, as the study only included
15 advanced age patients, the sample size is relatively small, resulting in
limited statistical power. Therefore, caution should be exercised when
interpreting the conclusions to avoid biases or uncertainties caused by
insufficient sample size. We hope to include more patients in future
studies and conduct multicenter prospective clinical research, also
including frozen thawed embryo transfer cycles, to further explore
the impact of VDD on pregnancy outcomes. Last but not least, we
should also be caution that, like many other similar studies, total
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vitamin D and free vitamin D cannot be separated in this study. Unlike
total vitamin D, the free one is the small, unbound, biologically active
portion, which is crucial for reproductive processes, including
endometrial receptivity, and embryo implantation (28, 29).

Conclusion

In summary, our study showed that during IVF treatment, vitamin
D deficiency appears to result in significantly worse clinical pregnancy
outcomes in patients of advanced age but not in young patients. A
possible explanation for the worse results may be the detrimental effect
of reduced HOXA10 expression on endometrial receptivity. These
findings suggest that vitamin D supplementation for advanced age
patients may improve clinical pregnancy outcomes in IVF treatments.
Further research is needed to confirm this potential benefit and to
establish optimal supplementation strategies for this patient population.
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