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Third Hospital, Beijing, China, 2National Clinical Research Center for Obstetrics and Gynecology,
Peking University Third Hospital, Beijing, China, 3Key Laboratory of Assisted Reproduction (Peking
University), Ministry of Education, Beijing, China, 4Beijing Key Laboratory of Reproductive
Endocrinology and Assisted Reproductive Technology, Peking University Third Hospital,
Beijing, China, 5Clinical Epidemiology Research Center, Peking University Third Hospital,
Beijing, China, 6California Dream Fertility Center, Irvine, CA, United States
This prospective cohort study aimed to determine the effects of thyroid

autoimmunity, serum/follicular fluid vitamin D levels, and vitamin D receptor

expression in granulosa cells on laboratory outcomes of in vitro fertilization/

intracytoplasmic sperm injection. The study included 206 women with or

without thyroid autoimmunity undergoing in vitro fert i l izat ion/

intracytoplasmic sperm injection ovarian stimulation cycles. The primary

outcomes in thyroid autoimmunity and non-thyroid autoimmunity patients

with high or low follicular fluid vitamin D levels (high vitamin D level, ≥20 ng/

mL; low vitamin D level, <20 ng/mL) were the number of oocytes retrieved and

quality of embryos. The secondary outcomes were the association between

serum and follicular fluid vitamin D levels and vitamin D receptor expression in

granulosa cells. Our study revealed that thyroid autoimmunity was associated

with fewer good-quality embryos but not oocytes (p = 0.010). The vitamin D

level in the follicular fluid was significantly correlated with that in the serum

(p < 0.001, r > 0.5). The study populations in the thyroid autoimmunity and non-

thyroid autoimmunity groups were divided into two subgroups based on high/

low serum/follicular fluid vitamin D levels. There was no significant difference in

the number of retrieved oocytes and good-quality embryos between the

subgroups with high or low vitamin D levels (p > 0.05), and the incidence of

thyroid autoimmunity was comparable between the subgroups (p > 0.05).

Linear regression analysis indicated that thyroid autoimmunity had a negative

effect on the number of healthy embryos (p = 0.038). Reverse transcription-

polymerase chain reaction results indicated that vitamin D receptor expression

in granulosa cells was positively correlated with follicular vitamin D levels in the

thyroid autoimmunity (p = 0.0002) and non-thyroid autoimmunity (p < 0.0001)

groups. The current findings suggest that thyroid autoimmunity may have a
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more detrimental effect on in vitro fertilization/intracytoplasmic sperm

injection laboratory outcomes than vitamin D.
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1 Introduction

Vitamin D, a prohormone classified as a vitamin for the first

time in the 20th century, is implicated in numerous biological

processes (1). Vitamin D, also known as calcitriol or 1,25(OH)2

vitamin D, regulates calcium and phosphate homeostasis, cell

proliferation, and differentiation. Vitamin D modulates the

immunological, neurological, circulatory, and female reproductive

systems (2). Granulosa cells (GCs), which are surrounded by the

follicle, express the vitamin D receptor (VDR) (3, 4) and may

provide insight into alterations in the follicular microenvironment

caused by fluctuations in follicular fluid (FF) vitamin D levels. FF

vitamin D has been linked to follicle development (5), oocyte and

embryo maturation (6), and the success of in vitro fertilization/

intracytoplasmic sperm injection (IVF/ICSI) (7).

Thyroid autoimmunity (TAI) is characterized by reduced 25

(OH)D levels (8, 9). TAI is the predominant cause of primary

hypothyroidism resulting from the targeting of thyroid

peroxidase (TPO) or thyroglobulin (TG) by autoantibodies,

which may ultimately lead to thyroid tissue destruction (10).

Supplementation significantly reduces autoantibody titers in

patients with vitamin D deficiency (11). TAI may also affect

the female reproductive system. Miscarriage rates have been

found to be higher in the first trimester of pregnancy among

euthyroid women with thyroid antibody (TPO- and TG-

positive) (12). Further, TAI is associated with various

gynecological issues, including unexplained infertility (13, 14)

and IVF failure (14, 15). Despite its importance, there are few

studies focusing on the molecular mechanism by which TAI

affects oocyte development and maturation.

In light of this understanding, we conducted a prospective

cohort study to obtain deeper insights into the effects of TAI on

serum (S) and FF vitamin D levels in infertile patients with or

without TAI who were undergoing IVF/ICSI treatment.
2 Materials and methods

2.1 Study design and setting

This prospective single-center cohort study was conducted

at the Reproductive Center of Peking University Third Hospital
02
from April 2021 to December 2021. The Peking University Third

Hospital Medical Science Research Ethics committee approved

the study protocol (registration no. M2021189). The patients

provided written informed consent.
2.2 Participants

Female patients undergoing IVF/ICSI cycles were invited to

participate in this study. The following patients were included in

the study: 1) women between the ages of 20 and 40 years; 2) fresh

embryo transfer (ET) recipients; and 3) those with male or tubal

factor infertility. Patients with any of the following conditions

were excluded: 1) any reproductive endocrinological disorders

leading to infertility, including polycystic ovary syndrome,

endometriosis, premature ovarian failure, hyperprolactinemia,

and diminished ovarian reserve; 2) previous thyroidectomy; 3)

cases complicated by autoimmune disorders; 4) cardiopulmonary,

liver, and kidney diseases; 5) vitamin D supplementation; 6) in

vitro fertilization failure over three times; 7) pelvic/intrauterine

adhesion or untreated hydrosalpinx; 8) recurrent abortion; 9)

uterine malformation; or 10) uterine myoma (multiple,

submucous, or intramural myoma > 4 cm). A total of 103

patients with TAI were recruited for the study, and another 103

non-TAI patients were randomly selected to match the sample

size of the TAI group.

All patients underwent a standardized and controlled

ovarian stimulation regimen, oocyte retrieval, and fertilization,

followed by fresh ET IVF/ICSI cycles. The protocols were

as follows:

1) Antagonist protocol: Recombinant gonadotropins were

initiated on the second day of the menstrual cycle, and

gonadotropin-releasing hormone (GnRH) antagonist was

administered daily when at least one follicle reached 12 mm in

diameter. The treatment was repeated until human chorionic

gonadotropin (HCG) was administered. 2) Short-term protocol:

Short-acting GnRH agonist and recombinant gonadotropins

were injected for ovarian stimulation. 3) Long-term protocol:

Recombinant gonadotropins were injected for ovarian

stimulation after downregulation was achieved by mid-luteal

administration of long-acting GnRH agonist. 4) Ultralong-term

protocol: Recombinant gonadotropins were injected for ovarian
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stimulation starting between day 28 and day 30 of the menstrual

cycle after downregulation was achieved using long-acting

GnRH agonist on the first day of that cycle.

The individualized dose of gonadotropins was based on

patient age, BMI, and anti-Mullerian hormone levels.

Recombinant HCG (250 mg; Eiser, Serono, Germany) was

administered to trigger oocyte maturation when at least two

follicles reached 18 mm in diameter. Oocyte retrieval was

performed 34–36 h after HCG administration. Insemination

was performed at 4–6 h after oocyte retrieval using a routine IVF

method or ICSI injection, according to the sperm quality. One to

two embryos or blastocysts were transferred 3 or 5 days after

oocyte retrieval.
2.3 Serum collection

A blood sample was collected on the second day of the

menstrual cycle from each participant to evaluate the total

vitamin D concentration.
2.4 Follicular fluid collection

Before measuring vitamin D levels, the FF supernatant was

retrieved from the largest follicle, centrifuged, and frozen at -80°

C. An FF sample collected from the follicular aspirates of each

participant was used to evaluate total vitamin D concentrations

and to isolate GCs for VDR expression analysis using real-time

polymerase chain reaction (RT-PCR).
2.5 RT-PCR

Total RNA was extracted from GCs isolated from the FF

using TRIzol reagent (Life Technologies, Beijing, China),

according to the manufacturer’s instructions. A cDNA

synthesis kit (Thermo Fisher Scientific, Beijing, China) was

employed for RNA reverse transcription. VDR expression was

detected using SYBR green (QuantiTect SYBRVR Green PCR

Kits, QIAGEN, Beijing, China) and an Applied Biosystems

(Waltham, MA, USA) Quant Studio3 Real-Time PCR System

with 96-well optical reaction plates. The following primers were

used: b-actin F, TGCCCATCTACGAGGGGTAT; b-actin R,

CTTAATGTCACGCACGATTTCC; VDR F, GGTGG

AGGGAGCCATCCTT; VDR R, TGGGACAGCTCTAGGG

TCACA.
2.6 Study end points

The primary outcomes were the number of oocytes retrieved

and good-quality embryos in the TAI/non-TAI group with high/
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low FF vitamin D level (high vitamin D [HVD] level, ≥20 ng/mL;

low vitamin D [LVD] level, <20 ng/mL). The secondary

outcomes were the associations between serum and FF vitamin

D levels and between FF vitamin D levels and VDR expression in

GCs. The HVD level was set at ≥20 ng/mL based on a research

study by Chao and colleagues (9). In their study, vitamin D levels

were analyzed in 5,230 Chinese participants and deficiency

(defined as <20 ng/mL) was reported in over 70% of the

participants with or without Hashimoto’s thyroiditis. Thus, we

chose to define HVD as a level ≥20 ng/mL.
2.7 Laboratory testing

Blood samples for thyroid hormone (TH) testing were

collected within six months prior to the initiation of controlled

ovarian stimulation. Serum and FF total 25(OH)D

concentrations were measured on the second day of the

menstrual cycle and the day of ovum retrieval, respectively.

Serum thyroid-stimulating hormone (TSH), free thyroxin (FT4),

TPO antibody (TPOAb), and TG antibody (TGAb) levels were

measured using a fully automated ADVIA Centaur XP

chemiluminescence immunoassay analyzer (Siemens

Healthcare Diagnostics). Serum/FF vitamin D levels were

determined using a fully automated Elecsys Vitamin D total

chemiluminescence immunoassay analyzer (Roche Diagnostics

GmbH, Pleasanton, CA, USA). The reference ranges for TSH

and FT4 were 0.55–4.78 mIU/mL and 0.89–1.80 ng/dL,

respectively. The vitamin D measuring range was 3–100 ng/

mL (defined by the limit of detection and the master curve

maximum value). Values below the limit of detection were

reported as <3.0 ng/mL. Values above the measuring range

were reported as >100 ng/mL or up to 200 ng/mL for 2-fold

diluted samples. Embryos were evaluated on the third or fifth

day after fertilization. Good-quality embryos were all developed

from two pronuclei zygotes and met the following criteria: 1)

they had more than five blastomeres, 2) size difference was less

than 20%, and 3) fragmentation was less than 50%. Good-quality

blastocysts met the criteria generally used in our center (16).

2.8 Categorization

Patients were divided into TAI and non-TAI groups based

on TPOAb or TGAb positivity (TPOAb or TGAb levels <60 IU/

mL were considered negative), and then patients in each group

were further allocated into two subgroups according to their S/

FF vitamin D status (≥20 ng/mL and <20 ng/mL).
2.9 Statistical analysis

Mean (standard deviation [SD]), and median (interquartile

range) were used to describe normally and non-normally
frontiersin.org
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distributed continuous data, respectively. VDR expression data

were presented as the mean (standard error of the mean [SEM]).

Categorical data are shown as the number of cases (percentage).

Student’s t-test or one-way analysis of variance and the chi-

square test were used to compare continuous and categorical

variables, respectively. Continuous variables without normal

distributions were compared using the Mann–Whitney U test.

The correlations between serum and FF 25(OH)D levels were

determined using Spearman rank correlation analysis. Linear

regression was performed to analyze the association between the

number of retrieved oocytes, the number of good-quality

embryos, and other relevant factors. A two-sided p-value <0.05

was considered statistically significant. Analyses were performed

using SPSS version 24.0.
3 Results

Demographics of the study population based on TAI and

non-TAI are presented in Table 1. Patients in the TAI group
Frontiers in Endocrinology 04
were younger than those in the non-TAI group (p = 0.009), and

the TAI group had fewer good-quality embryos (p = 0.010). The

prevalence of primary infertility was 70% in the TAI group and

56% in the non-TAI group, with significant differences

(p = 0.045).

No significant differences in serum and FF 25(OH)D levels

were observed between the TAI and non-TAI groups. The

distribution of total 25(OH)D levels is depicted in Figure 1; FF

25(OH)D levels were strongly correlated with serum 25(OH)D

levels (p < 0.001, r > 0.5). In addition, the study population was

divided into two subgroups based on S/FF vitamin D status

(HVD, ≥20 ng/mL and LVD, <20 ng/mL) and analyzed as HVD-

S, HVD-FF, LVD-S, and LVD-FF (Tables 2, 3). The incidence of

TAI was comparable between the HVD-S/FF and LVD-S/FF

groups. Patients in the HVD-S group presented with an

increased incidence of poor ovarian reserve (POR, anti-

Mullerian hormone (AMH) < 1.2 ng/mL) (17) (p = 0.007), but

there was no significant difference in AMH levels between the

HVD-S and LVD-S groups (p = 0.134) (Table 2). Patients in the

HVD-FF group tended to have significantly lower AMH levels
TABLE 1 Baseline characteristics and in vitro fertilization data of patients based on TAI and non-TAI.

Characteristic TAI (n = 103) Non-TAI (n = 103) p-value

Age, median (IQR) 32 (30–34) 34 (31–36) 0.009

Body mass index, median (IQR), kg/m2 22.3 (20.4–24.0) 21.6 (20.0–24.0) 0.345

Type of infertility, No. (%) 0.045

Primary 70 (68.0) 56 (54.4)

Secondary 33 (32.0) 47 (45.6)

Basal FSH, median (IQR), mIU/mLa 6.69 (5.14–7.75) 6.42 (5.20–7.73) 0.454

AMH, median (IQR), ng/mL 2.60 (1.66–3.85) 2.42 (1.54–3.74) 0.385

FT4, median (IQR), ng/dL 1.24 (1.14–1.35) 1.25 (1.12–1.34) 0.678

TT4, median (IQR), mg/dL 8.00 (6.70–9.20) 7.60 (6.90–8.60) 0.374

TSH, median (IQR), mIU/L 1.99 (1.46–3.13) 2.06 (1.47–2.70) 0.746

Serum 25(OH) D level, median (IQR), ng/mL 20.1 (14.1–26.5) 20.3 (15.1–25.8) 0.796

Serum 25(OH) D status, No. (%) 1.000

≥20 ng/mL 52 (50.5) 52 (50.5)

<20 ng/mL 51 (49.5) 51 (49.5)

Follicular fluid 25(OH) D level, median (IQR), ng/mL 21.6 (15.3–28.6) 20.8 (16.5–30.0) 0.646

Antral follicle count in both ovaries, median (IQR) 11.0 (8.0–15.0) 10.0 (8.0–15.0) 0.519

No. of oocytes retrieved per cycle, median (IQR) 10.0 (6.0–15.0) 13.0 (6.0–18.0) 0.110

Fertilization rate, median (IQR), % 69.2 (50.0–83.3) 72.7 (56.3–87.8) 0.345

No. of good-quality embryos per cycle, median (IQR)b 3.0 (1.0–6.0) 4.0 (2.0–7.0) 0.010

FSH, follicle-stimulating hormone; AMH, anti-Mullerian hormone; FT4, free thyroxine; TT4, total thyroxine; IQR, interquartile range; TAI, thyroid autoimmunity; TSH, thyroid-
stimulating hormone.
aBasal FSH was measured on the second day of the menstrual cycle.
bEmbryos were evaluated on the third or fifth day after fertilization. Good-quality embryos were all developed from two pronuclei zygotes and met the following criteria: 1) had more
than five blastomeres, 2) size difference was less than 20%, and 3) fragmentation was less than 50%. Good-quality blastocysts met the criteria generally used in our center (16).
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than those in the LVD-FF group (p = 0.032), with POR

prevalence rates of 19.3% and 8.7% in the HVD-FF and LVD-

FF groups, respectively (p = 0.032) (Table 3). The number of

retrieved oocytes and healthy embryos did not differ significantly

between the HVD and LVD groups (Tables 2, 3). Linear

regression analysis indicated that TAI had a negative effect on

achieving an increased number of good-quality embryos

(p = 0.038) (Table 4).

RT-PCR results indicated that the relative expression of

VDR in GCs was positively correlated with FF vitamin D levels

in both the TAI (p = 0.0002) and non-TAI (p < 0.0001) groups.

Overall, there was no significant difference in GC VDR

expression between the TAI and non-TAI groups (Figure 1).
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4 Discussion

This is the first report evaluating the relationship between

TAI, S and FF vitamin D levels, and IVF laboratory outcomes in

patients. In a previous study, patients with Hashimoto’s

thyroiditis, which is characterized by TAI, were reported to have

reduced 25(OH)D levels compared with patients without the

disease. However, the participants in this earlier investigation

did not include any infertile females; the participants were male

and female patients aged 48.95 ± 9.06 years undergoing a health

examination (9). In the present investigation, patients with a high

FF vitamin D level (≥20 ng/mL) had reduced AMH levels, and the

FF vitamin D level was found to be correlated with the serum
D

A B

E F

G IH

J K L

C

FIGURE 1

Distribution and correlation of serum and follicular fluid (FF) 25(OH)D concentrations in participants, and vitamin D receptor (VDR) gene
expression in patient granulosa cells determined using RT-PCR. Distribution of (A) serum and (B) FF levels of 25(OH) D in all 206 participants.
(C) Correlation of serum and FF levels of 25(OH)D. (D–F) Corresponding distribution and correlation results for the TAI (n = 103) and (G–I) non-
TAI groups (n = 103). (J) VDR expression in the TAI and non-TAI groups. (K, L) Level of VDR expression based on the FF 25(OH) D status (<20
ng/mL and ≥20 ng/mL) for (K) TAI and (L) non-TAI patients. The correlations between serum and FF 25(OH)D levels were determined using
Spearman rank correlation analysis. The Mann–Whitney U test was used to compare the relative expression of VDR in different groups. Data are
presented as the mean ± SEM.
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vitamin D level. Linear regression analysis revealed that TAI

negatively affected the number of good-quality embryos

produced by patients. VDR expression in GCs was positively

correlated with FF vitamin D levels in the TAI and non-TAI

groups. These findings suggest that TAI may have a stronger

negative influence on IVF/ICSI laboratory outcomes than vitamin

D. The level of FF vitamin D was previously reported to be

inversely associated with oocyte maturation and fertilization

ability before implantation. Furthermore, high-quality embryos

were more likely to mature in the FF with a low 25(OH)D

concentration, resulting in higher pregnancy and delivery rates

(6). Similarly, Anifandis and colleagues (18) found that the

combined effects of elevated vitamin D levels and low glucose

levels in the FF may have detrimental effects on IVF outcomes.

Higher FF vitamin D levels have been suggested to result in lower

fertilization rates (19). Although we could not confirm these

findings, our study revealed that patients in the HVD group
Frontiers in Endocrinology 06
(≥20 ng/mL) had lower AMH levels and a higher incidence of

POR (AMH < 1.2 ng/mL). AMH is secreted by GCs and regulates

early follicular development, serving as a marker of the ovarian

reserve (20). Wojtusik et al. (21) examined the effect of vitamin D

on GC proliferation as well as AMH, VDR, and FSH receptor

(FSHR) gene expression in hens. They found that AMH

expression in GCs in small follicles was decreased by vitamin D

treatment, which, on the contrary, increased GC FSHR expression

and the proliferation of GCs. In addition, larger follicles were

associated with higher VDR expression. Bednarska-Czerwinska

and colleagues (22) described AMH levels as being negatively

correlated with FF vitamin D levels. Further, Merhi et al. (23)

reported a negative correlation between FF vitamin D and AMH

and AMH receptor (AMHR) gene expression in GCs of

reproductive-aged females. However, vitamin D has been shown

to have beneficial effects in this context. Farzadi and colleagues

(24) evaluated 80 patients undergoing IVF cycles and found that
TABLE 2 Baseline characteristics and in vitro fertilization data of patients based on serum vitamin D status.

Characteristics ≥20 ng/mL) (n = 104) <20 ng/mL (n = 102) p-value

Age, median (IQR) 33 (30–37) 33 (30–35) 0.717

Body mass index, median (IQR), kg/m2 22.0 (20.4–24.3) 21.8 (19.8–23.8) 0.192

TAI, No. (%) 52 (50) 51 (50) 1.000

Type of infertility, No. (%) 0.691

Primary 65 (62.5) 61 (59.8)

Secondary 39 (37.5) 41 (40.2)

Basal FSH, median (IQR), mIU/mLa 6.52 (5.11–8.13) 6.55 (5.25–7.42) 0.472

AMH, median (IQR), ng/mL 2.32 (1.41–3.66) 2.66 (1.69–3.92) 0.134

AMH <1.2 ng/mL No. (%) 22 (21.2) 8 (7.8) 0.007

FT4, median (IQR), ng/dL 1.23 (1.14–1.35) 1.25 (1.12–1.35) 0.882

TT4, median (IQR), mg/dL 7.70 (6.75–8.90) 7.90 (6.95–8.95) 0.519

TSH, median (IQR), mIU/L 1.96 (1.40–2.72) 2.08 (1.52–2.94) 0.339

Follicular fluid 25(OH)D level, median (IQR), ng/mL 29.0 (23.2–34.2) 16.4 (12.2–19.7) <0.001

Antral follicle count in both ovaries, median (IQR) 10.0 (8.0–15.5) 11.0 (8.0–15.0) 0.631

No. of oocytes retrieved per cycle, median (IQR) 10.5 (6.0–16.0) 12.0 (6.5–16.0) 0.618

Fertilization methods, No. (%) 0.523

IVF 48 (46.2) 54 (52.9)

ICSI 52 (50.0) 43 (42.2)

IVF+ICSI 4 (3.8) 5 (4.9)

Fertilization rate, median (IQR), % 70.0 (50.0–81.8) 73.3 (58.6–88.4) 0.162

No. of good-quality embryos per cycle, median (IQR)b 3.0 (1.0–7.0) 4.0 (2.0–7.0) 0.771

FSH, follicle-stimulating hormone; AMH, anti-Mullerian hormone; FT4, free thyroxine; TT4, total thyroxine; IQR, interquartile range; TAI, thyroid autoimmunity; TSH, thyroid-
stimulating hormone. IQR, interquartile range.
aTesting for basal FSH was measured on the second day of the menstrual cycle.
bEmbryos were evaluated on the third or fifth day after fertilization. Good-quality embryos were all developed from two pronuclei zygotes and met the following criteria: 1) they had
more than five blastomeres, 2) size difference was less than 20%, and 3) fragmentation was less than 50%. Good-quality blastocysts met the criteria generally used in our center (16).
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those with higher FF vitamin D levels tended to have a better

fertilization rate. Ozkan et al. (25) reported that patients achieving

clinical pregnancy had higher FF vitamin D levels, which was

confirmed as an independent predictor of IVF treatment success
Frontiers in Endocrinology 07
using multivariable logistic regression analysis. A cross-sectional

study of 388 premenopausal women revealed a positive

correlation between the AMH level and blood vitamin D levels

in women over the age of 40 years. Based on these findings, we
TABLE 3 Baseline characteristics and in vitro fertilization data of patients based on follicular fluid vitamin D status.

Characteristic ≥20 ng/mL (n = 114) <20 ng/mL (n = 92) p-value

Age, median (IQR) 33 (30–37) 32 (30–34) 0.193

Body mass index, median (IQR), kg/m2 22.0 (20.2–24.4) 21.8 (19.9–23.7) 0.378

TAI, No. (%) 55 (48.2) 48 (52.2) 0.575

Type of infertility, No. (%)

Primary 67 (58.8) 59 (64.1) 0.433

Secondary 47 (41.2) 33 (35.9)

Basal FSH, median (IQR), mIU/mLa 6.59 (5.14–7.92) 6.49 (5.20–7.41) 0.414

AMH, median (IQR), ng/mL 2.26 (1.56–3.35) 2.78 (1.68–4.10) 0.032

AMH <1.2 ng/mL No. (%) 22 (19.3) 8 (8.7) 0.032

FT4, median (IQR), ng/dL 1.20 (1.12–1.32) 1.26 (1.14–1.36) 0.077

TT4, median (IQR), mg/dL 7.70 (6.80–8.80) 7.90 (7.0–9.10) 0.434

TSH, median (IQR), mIU/L 1.98 (1.29–2.77) 2.05 (1.65–2.98) 0.180

Antral follicle count in both ovaries, median (IQR) 10.0 (8.0–14.0) 12.0 (9.0–15.0) 0.088

No. of oocytes retrieved per cycle, median (IQR) 10.5 (6.0–16.0) 12.0 (7.0–16.0) 0.292

Fertilization methods, No. (%) 0.615

IVF 53 (46.5) 49 (53.3)

ICSI 56 (49.1) 39 (42.4)

IVF+ICSI 5 (4.4) 4 (4.3)

Fertilization rate, median (IQR), % 70.0 (50.0–85.2) 72.8 (58.6–87.3) 0.337

No. of good-quality embryos per cycle, median (IQR)b 3.0 (1.0–7.0) 4.0 (2.0–7.0) 0.438

FSH, follicle-stimulating hormone; AMH, anti-Mullerian hormone; FT4, free thyroxine; TT4, total thyroxine; IQR, interquartile range; TAI, thyroid autoimmunity; TSH, thyroid-
stimulating hormone.
aBasal FSH was measured on the second day of the menstrual cycle.
bEmbryos were evaluated on the third or fifth day after fertilization. Good-quality embryos were all developed from two pronuclei zygotes and met the following criteria: (1) they had
more than five blastomeres, (2) size difference was less than 20%, and (3) fragmentation was less than 50%. Good-quality blastocysts met the criteria generally used in our center (16).
fron
TABLE 4 Linear regression analysis of the number of oocytes retrieved and the number of good-quality embryos.

No. of oocytes retrieved No. of good-quality embryos

Regression coefficient p-value Regression coefficient p-value

Serum 25(OH)D concentration, ng/mL -0.044 0.577 0.002 0.955

Serum 25(OH)D status (<20 ng/mL vs. ≥20 ng/mL) -0.490 0.710 -0.363 0.597

Follicular fluid 25(OH)D concentration, ng/mL -0.076 0.272 -0.015 0.669

Follicular fluid 25(OH)D status (<20 ng/mL vs. ≥20 ng/mL) -0.215 0.872 -0.087 0.901

TAI vs. non-TAI -1.550 0.245 -1.448 0.038

VDR expression -8.659×10-6 0.868 4.683×10-5 0.082

Linear regression model also incorporated age, BMI (body mass index), FSH (follicle-stimulating hormone), LH (luteinizing hormone), E2 (estradiol), AMH (anti-Mullerian hormone),
FT4 (free thyroxine), TSH (thyroid-stimulating hormone), and AFC (antral follicle count) as relevant factors.
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hypothesize that vitamin D promotes favorable IVF laboratory

outcomes by acting through the VDR, enhancing GC

proliferation, inhibiting AMH expression, and upregulating

FSHR expression, promoting oocyte recruitment and maturation.

TAI is a typical T-cell-mediated autoimmune disease

characterized by the presence of TPOAb and/or TGAb in

serum (12). The present study revealed that patients with TAI

were generally younger, had a higher incidence of primary

infertility, and showed a reduced number of good-quality

embryos. These findings support the association between

unexplained infertility and TAI. Our team previously

conducted a large-scale retrospective cohort study involving

1,556 patients with infertility who received their first IVF/ICSI

treatment and achieved fresh ET at the Reproductive Center of

Peking University Third Hospital. TAI was associated with a

lower number of retrieved oocytes (26). A cross-sectional study

of 122 patients, aged 20–40 years, who received IVF/ICSI

treatment, focused on the follicular microenvironment of TAI

patients. Results revealed that the levels of three chemokines

(CXCL9/10/11) and one cytokine (IFNg) as well as the

percentage of CXCR3+ T lymphocytes were elevated,

suggesting the occurrence of immunological imbalance (27).

Women who experienced multiple miscarriages were reported to

have increased numbers of CD5/20+ B cells. Moreover,

abnormal T lymphocyte function, including an increase in

endometrial T cell numbers, has been observed in women with

TAI (28). TAI is characterized by intrathyroidal infiltration of B

and T lymphocytes with CD4+ type 1 T helper (Th1) subtype

predominance (29). As stated above, vitamin D significantly

modulates the immune system. VDR can be detected in most

immune cells, including T cells, B cells, and antigen-presenting

cells (APCs), such as dendritic cells and macrophages. Vitamin

D may impede dendritic cell differentiation and maturation by

inhibiting major histocompatibility complex class II expression

on APCs, resulting in decreased antigen presentation and lower

T cell activation. Moreover, vitamin D may suppress adaptive

immunity and promote tolerance by inhibiting Th1 cell

proliferation and promoting Th2 cytokine production. Further

research on larger cohorts is necessary to elucidate the

mechanism by which vitamin D and TAI influence IVF/ICSI

laboratory outcomes.

This is the first prospective cohort study exploring the

impact of TAI, S and FF vitamin D levels, and VDR

expression in GCs on IVF laboratory outcomes among

patients undergoing IVF/ICSI treatment. Further, we analyzed

the largest cohort of patients for FF vitamin D levels and VDR

expression. Nevertheless, the present study did have certain

limitations. First, it was a single-center study; however, IVF-

ET quality control and laboratory measurements are better

performed in a single center rather than multiple centers.

Additionally, the Center of Reproductive Medicine at Peking

University Third Hospital performs >15,000 cycles of IVF-ET

per year. Participants in the study were from northern and
Frontiers in Endocrinology 08
southern China, resulting in a geographically representative

study population. Second, Han Chinese women were the main

study participants, necessitating the enrollment of other

demographic groups in the future to validate our findings.

Third, data on outdoor activity conditions, seasonal factors,

and daylight hours were not collected. Finally, according to

the inclusion criteria, all of the patients recruited in our study

were those with male or tubal factor infertility; infertile patients

with an unexplained cause and/or another cause of secondary

infertility were not considered within the scope of the study.
5 Conclusion

Vitamin D levels in the FF were correlated with those in the

serum. Linear regression analysis indicated that TAI negatively

affected the maturation of good-quality embryos. VDR expression

in GCs was positively correlated with FF vitamin D levels in TAI

and non-TAI patients. Considering the function of vitamin D, TAI

may have a detrimental influence on IVF/ICSI laboratory outcomes.
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