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Abstract

Background: Kisspeptin, a key regulator of the hypothalamic-pituitary-ovarian (HPO) axis through GnRH stimulation, is implicated in
polycystic ovary syndrome (PCOS) pathogenesis via HPO axis dysregulation. Although follicular kisspeptin levels predict success in
fresh IVF cycles, their prognostic value in PCOS patients undergoing frozen-thawed embryo transfer (FET) cycles remains unknown.
This study investigated the correlation between serum kisspeptin levels on the day of embryo transfer and pregnancy outcomes in patients
with PCOS undergoing FET cycles. Methods: 80 PCOS patients undergoing their first FET cycle were prospectively enrolled. Patients
were divided into three groups based on the tertiles of serum kisspeptin levels on the day of embryo transfer. The relationship between
serum kisspeptin levels and pregnancy outcomes was analyzed. Multivariate logistic regression analysis was conducted to adjust for
potential confounders, and a restricted cubic spline model was employed to examine the dose-response relationship between kisspeptin
levels and pregnancy outcomes. Results: There were no significant differences in baseline characteristics among the three groups, except
for the basal follicle-stimulating hormone level (p < 0.001). Significant differences were observed among the three groups in terms of
live birth rate, pregnancy rate, and clinical pregnancy rate. Multivariate logistic regression analysis revealed that the odds of live birth
were significantly higher in the third tertile (T3) group (highest kisspeptin levels) than in the first tertile (T1) group (lowest kisspeptin
levels). Restricted cubic spline analysis showed a significant dose-response relationship between serum kisspeptin levels and pregnancy
outcomes. Additionally, serum kisspeptin levels were positively correlated with progesterone levels on the day of embryo transfer day,
whereas no significant correlation was observed with estradiol levels. Conclusions: In PCOS patients undergoing frozen-thawed embryo
transfer cycles, higher serum kisspeptin levels were associated with improved pregnancy outcomes, suggesting that kisspeptin may serve
as a useful biomarker for predicting pregnancy success.
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1. Introduction

Kisspeptin is a neuropeptide, primarily from the hy-
pothalamus, that binds with the kisspeptin-1 (KISS1) re-
ceptor (also known as G protein-coupled receptor 54).
Kisspeptin stimulates gonadotropin-releasing hormone
(GnRH) secretion, thereby regulating the hypothalamic-
pituitary-ovarian (HPO) axis and plays an important role in
the female reproductive process [1,2]. Clinical studies have
shown that kisspeptin promotes oocyte maturation or ovula-
tion by regulating GnRH secretion [3]. Ovarian kisspeptin
also directly promotes oocyte maturation and ovulation. In
addition, the kisspeptin/KISS1 receptor (KISS1IR ) system
in the endometrium and blastocyst participates in various
physiological activities at the maternal-fetal interface and
is critically involved in embryo implantation [4].

Dysfunction of the HPO axis is widely regarded as an
important pathological mechanism of polycystic ovary syn-
drome (PCOS); the regulatory role of kisspeptin on GnRH
secretion is particularly crucial. Studies have shown that

patients with PCOS have higher levels of kisspeptin in
their serum [5,6], suggesting that excessive activation of
the kisspeptin/KISS1IR system may lead to enhanced HPO
axis activity. One study has also shown elevated kisspeptin
mRNA expression in the posterior hypothalamus of PCOS
rat models [7]. These findings suggest the involvement of
kisspeptin in PCOS pathogenesis and progression.

In the fresh embryo transfer cycle, the level of
kisspeptin in the follicular fluid of the pregnancy group
was significantly higher than in that of the non-pregnancy
group. Serum kisspeptin levels around 8 days after go-
nadotropin stimulation, or on the day of ovum pick-up,
were positively correlated with the corresponding serum
estradiol (Es) levels and with the outcomes of in vitro
fertilization/intracytoplasmic sperm injection (IVE/ICSI)
treatment including serum human chorionic gonadotropin
(hCG) levels [8]. Moreover, kisspeptin levels in early preg-
nancy predicted miscarriage and viable intrauterine preg-
nancy [9]. In frozen-thawed embryo transfer (FET) cy-
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cles, exogenous hormone replacement therapy may affect
kisspeptin secretion, but the relationship between serum
kisspeptin levels and pregnancy outcomes in FET cycles
among PCOS patients remains unexplored. Therefore, the
aim of the present study was to examine the association be-
tween serum kisspeptin levels on the day of embryo trans-
fer and pregnancy outcomes, and the correlation between
kisspeptin levels and Es and progesterone levels in FET cy-
cles of PCOS patients.

2. Materials and Methods
2.1 Patients

This prospective study was conducted at the Repro-
ductive Medicine Center of Zhongda Hospital, affiliated
with Southeast University in Nanjing, China, between De-
cember 2022 and June 2023. A total of 80 women diag-
nosed with PCOS, according to the revised Rotterdam cri-
teria (2004), were enrolled after rigorous screening. The
inclusion criteria were strictly defined as: (1) age <40
years; (2) first FET cycle; (3) autologous vitrified blastocyst
or cleavage-stage embryos transfer cycles; (4) endometrial
preparation was performed with a hormone replacement cy-
cle regimen; (5) availability of complete clinical and labo-
ratory data. To ensure the reliability of pregnancy-outcome
assessment, we implemented comprehensive exclusion cri-
teria: (1) history of recurrent pregnancy loss (>2 consec-
utive spontaneous abortions); (2) presence of uterine ab-
normalities (adenomyosis, endometrial polyps, congenital
uterine malformations, or intrauterine adhesions); (3) diag-
nosis of endometriosis or hydrosalpinx; (4) preimplantation
genetic testing cycles; (5) presence of endocrine disorders
(uncontrolled diabetes mellitus, thyroid dysfunction, or hy-
perprolactinemia) that might affect kisspeptin levels.

All clinical data, including demographic characteris-
tics, reproductive history, and laboratory parameters, were
systematically extracted from the electronic medical record
system.

2.2 Endometrial Preparation Protocol

FETs were performed in artificial cycles using ex-
ogenous estradiol and progesterone. In hormone re-
placement cycles, patients began taking estradiol valer-
ate H20160679 (Bayer Weimar GmbH & Co., Thuringia,
Germany) or 17f-estradiol H20150345 (Abbott Health-
care products B.V., Abbottstown, IL, USA) orally at 4-8
mg/day, for 8 days beginning on day 2-3 of their men-
strual cycle. After ultrasound and blood tests, estra-
diol dose would be adjusted accordingly for an addi-
tional 3—5 days. Once the endometrium thickness (de-
termined by vaginal ultrasound) reached about 7-8 mm,
oral dydrogesterone H20170221 (Abbott Healthcare prod-
ucts B.V., Abbottstown, IL, USA) at 40 mg/day, plus
vaginal progesterone H20140552 (Merck Serono Limited,
Geneva, Switzerland) at 90 mg/day, or progesterone in-
jection H33020829 (Zhejiang Xianyu Pharmaceutical Co.,

Ltd., Taizhou, Zhejiang, China) at 40 mg/day subcutaneous
were supplemented to transform the endometrium to the se-
cretory phase. The number of transferred embryos was 1-2
depending on the embryo quality and patient age.

2.3 Hormone Measurement

Follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), Eo, progesterone and total testosterone at men-
struation were measured by chemiluminescence immunoas-
say (UniCelTM Dxl 800, Beckman, CA, USA). On the
embryo-transfer day, 5 mL of peripheral venous blood were
collected to test kisspeptin level. Serum kisspeptin levels
were quantified using ELISA kits (Shanghai Jianglai Bio-
logical Co., Ltd., Shanghai, China). The cohort of 80 PCOS
patients undergoing their first FET cycles was stratified into
three groups based on serum kisspeptin tertiles on the em-
bryo transfer day: the first tertile (T1) group (<4.27 ng/mL)
(n=27), second tertile (T2) group (4.27-5.24 ng/mL) (n =
27), and third tertile (T3) group (>5.24 ng/mL) (n = 26).

2.4 Main Outcome Measures

Pregnancy was defined as a blood 5-hCG level of
>5.73 mIU/mL two weeks after embryo transfer. Clinical
pregnancy was defined as the presence of a gestational sac
detected by transvaginal ultrasound 4 weeks after embryo
transfer. Live birth was defined as at least one liveborn in-
fant (>28 weeks of gestation). The primary outcome mea-
sure was live birth rate. The secondary outcomes were preg-
nancy rate and clinical pregnancy rate.

2.5 Statistical Analysis

Continuous variables were described as mean and
standard deviation if they were normally distributed, oth-
erwise, they were described as median and quartiles. Anal-
ysis of variance or Kruskal-Wallis test were used for com-
parisons between groups. Categorical variables were de-
scribed as frequency and percentage, and chi-square test
was used to compare the difference among groups. Logis-
tic models were used for estimating the odds ratios (ORs)
and their 95% confidence interval (CI) of pregnancy, clin-
ical pregnancy rate and live birth respectively, with adjust-
ments for the potential confounding factors, including fe-
male age, and body mass index (BMI). A restricted cu-
bic spline was drawn to explore the nonlinear relationship
between kisspeptin levels and outcome. Pearson correla-
tion analysis was used to explore the association between
kisspeptin levels and progesterone or E, level. All statis-
tical analyses were performed using R software (version
4.1.3, Boston, MA, USA), and results with p < 0.050 were
considered statistically significant.

3. Results

A cohort of 80 PCOS patients undergoing their first
FET cycles was prospectively enrolled and stratified into
three groups based on serum kisspeptin tertiles on the em-

&% IMR Press


https://www.imrpress.com

Table 1. Baseline characteristics.

Tl (n=27) T2 (n=27) T3 (n=26) P
Age (years) 31.04 +4.77 32.56 +3.91 31.50 +4.54 0.437
BMI (kg/m?) 21.68 + 3.65 21.99 +4.20 23.87 +4.73 0.130
AMH (ng/mL) 7.50 +2.23 7.33 +£3.30 6.98 +2.99 0.801
AFC 13.89 + 6.12 16.76 + 7.02 16.32 +8.93 0.325
Basic FSH (mIU/mL) 8.83 £2.54 7.13 +£1.48 6.97 £ 1.16 <0.001
Basic Estradiol (pg/mL) 32.60 (22.92,37.52) 23.76 (6.92, 36.23) 30.47 (18.76, 38.00) 0.381
Basic LH (IU/L) 5.25 (4.08, 8.70) 6.85(3.38,23.94) 4.32(3.42,8.21) 0.506
Basic T (ng/mL) 0.42 (0.36, 0.53) 0.41 (0.29, 0.60) 0.40 (0.27, 0.45) 0.892
TSH (nIU/mL) 224 +1.17 227 +£1.01 2.57 £ 0.95 0.454
Estradiol on the day of embryo transfer (pg/mL)  534.33 (235.78, 1015.30)  748.47 (467.85,927.94)  446.59 (179.55,780.72)  0.180
P on the day of embryo transfer (ng/mL) 6.11 (3.55, 10.43) 6.98 (5.30, 9.45) 7.59 (5.39, 8.69) 0.645

Continuous variables are presented as mean and standard deviation (normally distributed) or median and quartiles (non-normal distribution).
Analysis of variance or Kruskal-Wallis test were used for comparisons between groups. BMI, body mass index; AMH, anti-Miillerian hormone;
AFC, antral follicle count; FSH, follicular stimulating hormone; LH, luteinizing hormone; T, testosterone; TSH, thyroid stimulating hormone; P,

progesterone; T1, first tertile; T2, second tertile; T3, third tertile.

bryo transfer day: the T1 group (<4.27 ng/mL), T2 group
(4.27-5.24 ng/mL), and T3 group (>5.24 ng/mL).

As summarized in Table 1, baseline demographic and
clinical characteristics were comparable across the three
groups, with no significant differences observed in age,
BMLI, anti-Miillerian hormone (AMH), antral follicle count
(AFC), basal LH, basal Es, total testosterone, thyroid stim-
ulating hormone (TSH), or E5 and progesterone levels on
transfer day (all p > 0.050). However, basal FSH signifi-
cantly differed among the three groups (»p < 0.001).

Table 2. The association between Kisspeptin and pregnancy

outcomes [n (%)].

Pregnancy  Clinical pregnancy  Live birth
T1 10 (37.0) 9(33.3) 7(25.9)
T2 14 (51.9) 13 (48.1) 9(33.3)
T3  20(76.9) 18 (69.2) 16 (61.5)
p 0.013 0.032 0.021

Significant statistical differences in live birth rate were
observed among the three groups (T1 < T2 < T3, p =
0.021). Significant differences were also found in preg-
nancy rate (T1 < T2 < T3, p = 0.013) and clinical preg-
nancy rate (T1 < T2 < T3, p = 0.032) among the three
groups (Table 2).

After adjusting for potential confounds including age,
BMI, AMH, AFC, and hormone levels (basal FSH, LH,
Eo, testosterone, and TSH), multivariate logistic regression
analysis confirmed that patients in T3 group had signifi-
cantly higher odds of live birth (adjusted odds ratio [aOR]:
3.83,95% CI: 1.08-13.46) than did the reference group (T1)
(Table 3).

A restricted cubic spline showed that there was a
significant dose-response relationship between kisspeptin
levels and pregnancy outcomes. With the increase of
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kisspeptin levels, the pregnancy rate, clinical pregnancy
rate, and live birth rate increased (Fig. 1).

A significant dose response relationship existed be-
tween kisspeptin levels and pregnancy outcomes. With an
increase of kisspeptin levels, the pregnancy rate, clinical
pregnancy rate and live birth rate increased, p < 0.001.

Notably, correlation analysis revealed a significant
positive association between serum kisspeptin levels and
progesterone levels on the day of embryo transfer (R =0.23,
p = 0.044), although no such correlation was observed with
estradiol levels (R =0.18, p = 0.120) (Fig. 2).

4. Discussion

In this prospective study, significant differences were
found in live birth rate, pregnancy rate, and clinical preg-
nancy rate among the three groups. After several covari-
ates were adjusted, the live birth rates in highest tertile
group were significantly higher than those of the lowest ter-
tile group. Furthermore, the pregnancy rate, clinical preg-
nancy rate, and live birth rate increased as kisspeptin lev-
els increased. There was a positive association between
kisspeptin levels and progesterone. These results may sug-
gest that kisspeptin plays a crucial role in endometrial re-
ceptivity and embryo implantation.

Factors associated with pregnancy outcomes in FET
cycles included embryonic factors (cleavage stage em-
bryos/blastocysts, number of transferred embryos, embryo
quality), endometrial thickness, the woman’s age, and hor-
mone levels on the day of embryo transfer [10]. If the suc-
cess rate of embryo transfer can be determined by a sin-
gle cut-off value of a single serum indicator, that would
play an important role in guiding clinicians in adjusting the
transfer plan. Our study reported that during the FET cycle
in PCOS patients, serum kisspeptin levels on the embryo-
transfer day were significantly positively correlated with
live birth rate. The positive correlation found in our study
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Table 3. The odds ratios between Kisspeptin level and the pregnancy outcomes.

Pregnancy

Clinical pregnancy

Live birth

Crude model Adjusted model

Crude model

Adjusted model Crude model Adjusted model

T1 Ref
T2 1.83[0.62, 5.42]
T3 5.67[1.71, 18.83]

1.1310.20, 6.47]
3.32[1.05,9.97]

1.86 [0.62, 5.58]
4.50 [1.42, 14.28]

0.88[0.14, 5.34]
1.82[1.02, 3.19]

1.43 [0.44, 4.63]
4.57[1.42,14.71]

0.93[0.19, 4.45]
3.83[1.08, 13.46]

OR (95%Cl)
OR (95%Cl)

OR (95%Cl)

kiss,peptin

kigpeptin

kise,peptin

Fig. 1. Cubic spline for the association between kisspeptin levels and pregnancy outcomes. (A) The pregnancy rate. (B) Clinical

pregnancy rate. (C) Live birth rate. OR, odds ratio; CI, confidence interval.
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Fig. 2. Association between kisspeptin levels and progesterone levels (A) or E; levels (B) on the day of embryo transfer.

corroborated the essential role of kisspeptin during embryo
implantation; this had also been demonstrated in a previ-
ous study [11]. In that previous study, the serum kisspeptin
expression level on hCG day was higher in the pregnant
group than in the nonpregnant group. Another study inves-
tigated the expression profiles and functions of kisspeptin
and KISSIR in the reproductive tissues of imprinting con-

trol region mice, and showed that kisspeptin and KISS1R
were expressed in both female gametes and mouse repro-
ductive tissues [12]. Another study has shown decreased
expression of kisspeptin/KISS1R in women with recurrent
spontaneous abortion [13], thus suggesting that kisspeptin
may play an important role in embryonic implantation.

&% IMR Press


https://www.imrpress.com

The kisspeptin system may regulate fertilization and
reproduction in mammals. A prospective cross-sectional
study found that patients with high estradiol levels on trig-
ger day of the ovarian stimulation in IVF cycles had a
high mRNA expression level of endometrial kisspeptin and
leukemia inhibitory factor (LIF) [14]. LIF is regarded as
one of the key markers for endometrial receptivity, and
there was also a strong positive correlation between the
expressions of kisspeptin and LIF in the above-mentioned
study.

Contrary to our results, one prospective case-control
study reported that serum kisspeptin level 14 days after FET
could not be used to distinguish between miscarriage and
ongoing pregnancy [15], and another previous study found
that serum kisspeptin levels were negatively correlated with
the number of retrieved oocytes and pregnancy rates in IVF
cycles [16]. The possible disagreement between the present
study and the two previous studies could be due to differ-
ences in the study sample and the small sample size. Our
study subjects were women with PCOS undergoing IVF. A
previous study has analyzed the serum kisspeptin level in
PCOS patients, and pooled data showed that kisspeptin lev-
els were significantly higher in women with PCOS [2]. The
elevated basal FSH levels observed in the lowest kisspeptin
T1 group in the present study supported the idea that ab-
normal kisspeptin secretion results in HPO-axis dysfunc-
tion, which impairs the pulsatile secretory mode of LH and
FSH. A meta-analysis revealed that serum kisspeptin lev-
els in PCOS patients were not only significantly higher than
those in the control group but also positively correlated with
the serum concentrations of AMH, testosterone, and dehy-
droepiandrosterone [17]. These findings suggested that ab-
normal secretion of kisspeptin in PCOS patients represents
a complex interplay between HPO-axis dysfunction and pe-
ripheral ovarian steroidogenic activity.

It is interesting that we found that the serum kisspeptin
level on the embryo-transfer day was related to the proges-
terone level on that day, but not to the E5 level. However,
E5 has been regarded as the key regulator of the expres-
sion of kisspeptin [18]. Elevated serum Es levels in women
undergoing IVF were also proposed to affect the expres-
sion of kisspeptin mRNA in the endometrial stroma dur-
ing the late secretion phase (5 days after oocyte retrieval)
[19]. The present study used estrogen replacement therapy
to maintain serum E5 concentrations within a relatively sta-
ble physiological range. That range was significantly lower
than the high Es levels caused by multiple follicle develop-
ment during ovulation induction cycles, which may not en-
hance kisspeptin expression. In addition, progesterone may
interrupt estrogen-kisspeptin signaling, making kisspeptin
secretion more dependent on progesterone [20]. Our find-
ing of the positive correlation between kisspeptin levels
and progesterone levels on the day of embryo transfer sug-
gested that kisspeptin may enhance endometrial receptivity
through progesterone-mediated pathways. This result was
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consistent with the reported expression of KISSIR in the
endometrium and its involvement in decidualization pro-
cesses [4].

The uterus needs to be in a relatively relaxed state
to facilitate embryo implantation. Kisspeptin has a relax-
ing effect on uterine contractions in pregnant rats [21], so
kisspeptin may create a suitable microenvironment for em-
bryo implantation by inhibiting uterine contractions. The
use of kisspeptin-54 as an ovulation trigger could lead to
an increase in the expression of embryo implantation mark-
ers (e.g., LIF) in the endometrium of the mouse [22]. By
doing so, kisspeptin-54 may improve embryo implantation
in IVF. In the IVF cycle, after kisspeptin was used to trig-
ger oocyte maturation, the serum gonadotropin profile was
closer to that of the natural cycle [23]. Therefore, kisspeptin
may help to prepare the ovarian environment for steroido-
genesis, especially the synthesis of progesterone required
for embryo implantation.

Although our findings are promising, several limita-
tions should be acknowledged. First, the single-center de-
sign and relatively small sample size (n = 80) may have lim-
ited the generalizability of our results, particularly given the
variability of PCOS phenotypes. Second, the observational
nature of this study precluded establishing causal relation-
ships between kisspeptin levels and pregnancy outcomes.
Third, there was a lack of continuous kisspeptin measure-
ment throughout the FET cycle, making it impossible to
monitor the dynamic changes of kisspeptin during the hor-
mone replacement cycles.

5. Conclusions

Higher serum kisspeptin levels on the day of embryo
transfer were associated with better pregnancy outcomes in
PCOS patients undergoing FET cycles.

The observed dose-response relationship between
kisspeptin levels and pregnancy outcomes suggested that
kisspeptin may serve as both a prognostic marker and po-
tential therapeutic target in this patient population. Further
research is needed to elucidate the underlying mechanisms
and clinical applications of these findings.
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