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Abstract

Background: To systematically review the association of circulating kisspeptin and spontaneous abortion. Methods: Four English and
two Chinese databases were used to identify relevant studies. Two reviewers independently screened the search results, extracted data,
and assessed the quality of the literature. A random effects model meta-analysis of the standardized mean difference was conducted,
and the /? index was used to assess heterogeneity. Results: Nine observational articles were included, comprising 312 patients with
spontaneous abortion and 1395 controls (intrauterine pregnancy). The meta-analysis showed that the spontaneous abortion group had
significantly decreased circulating kisspeptin levels [standardized mean difference =-2.78 (—4.48, —1.09), p = 0.001] compared with the
intrauterine pregnancy group. Inconsistent adjustment for confounders and significant between-study heterogeneity were noted in this
study. Conclusions: Circulating kisspeptin levels were lower in the spontaneous abortion group than in the intrauterine pregnancy group,
which indicates that kisspeptin might be an independent biomarker of spontaneous abortion. Due to the limited quality and quantity of
the studies included, more high-quality studies are required to verify the above conclusion.
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1. Introduction The recently identified hormone kisspeptin (KP) is a
group of arginine-phenylalanine (RF) amide peptides en-
coded by KISS-1, which binds to the G-protein-coupled re-
ceptor GPR54 and is expressed in several areas of the brain
and placenta [6,7]. Meanwhile, KP has originally been de-
scribed as the regulator of tumor metastasis and its inva-
sion into surrounding tissues [8,9]. KP is also expressed
most abundantly on the syncytiotrophoblast cells of the pla-
centa, in which it may regulate invasion into the maternal
uterine wall [10,11]. An irreplaceable role of KP neurons
has been proven to modulate female reproduction, includ-
ing gonadotropin secretion, puberty onset, brain sex differ-
entiation, ovulation, and metabolic regulation of fertility,
via its regulation of gonadotropin-releasing hormone secre-
tion [12]. Notably, levels of circulating KP increase dra-
matically during pregnancy, with a 900-fold increase in the
first trimester and a further 7000-fold increase in the later
trimesters of pregnancy compared with that in nonpregnant
women [13]. Furthermore, recent independent studies have
suggested that women who have lower serum or plasma KP
levels in the first trimester fear miscarriage (pain or bleed-
ing during pregnancy) compared with women with uncom-
plicated pregnancy (6—10 weeks of gestation) [14]. De-
spite the performance of circulating KP as a novel plasma
biomarker to discriminate adverse and viable pregnancies
[15,16], it is unclear whether there is a link between KP and
spontaneous abortion in the first trimester, and few system-
atic assessments illustrating this link have been published.

Miscarriage or spontaneous abortion (SAB) affects
10%-20% of clinically recognized pregnancies and is most
common before 12 weeks of gestation [1]. Pregnancy loss
is often distressing for women and their partners, not only
with potentially serious adverse effects on their social and
psychological wellbeing but also due to increased risk of de-
veloping serious antenatal morbidities such as preeclamp-
sia and preterm delivery during subsequent pregnancies [1].
SAB may be caused due to cytogenetic abnormalities in
the embryo, anatomical uterine defects, endometrial dys-
function, autoimmune disorders, thrombotic events, envi-
ronmental factors, and in many cases, the cause remains
unexplained [2].

There are currently no proven treatments to prevent
non-cytogenetic causes of miscarriage. In modern practice,
transvaginal ultrasonography and serial quantitative serum
assessment of beta-human chorionic gonadotropin (HCG)
have long been used as the accepted tools for measuring fe-
tal viability [3]. However, approximately 20% of the cases
resulting in miscarriage are also associated with increasing
levels of serum beta-HCG, which are typical of a viable
pregnancy, and their clinical utility is limited [4]. There-
fore, there is both a delay and high degree of uncertainty in
diagnosing miscarriage using this approach, which can be
a source of further distress for affected couples [5]. This
reflects the current importance of finding new serum mark-
ers to identify women at increased risk of miscarriage in the
first trimester.
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Fig. 1. Flow chart of study selection.

Therefore, in the absence of randomized controlled tri-
als, we conducted a meta-analysis of observational studies
to further assess maternal KP levels to sufficiently discrim-
inate between SAB and intrauterine pregnancy (IUP) in the
first trimester. This analysis is important for advancing the
literature on this topic to promote clinical applications in
the future.

2. Methods
2.1 Registration

This study has been registered with the International
Prospective Register of Systematic Reviews trial registry
(CRD42020210803). Recommended guidelines from the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement were followed [17].

2.2 Eligibility

The following inclusion criteria were adopted: (1) the
case group were diagnosed as SAB. SAB was defined as
a loss of intrauterine pregnancy between 6 and 12 weeks
of gestational age (according to the last menstrual period)
with abdominal pain, vaginal bleeding, or both, including
embryonic pole >7 mm without cardiac activity, inappro-
priate growth of a gestational sac with no further develop-

ment of the pregnancy, the absence of embryonic cardiac
activity after previously documented embryonic cardiac ac-
tivity, and dropping hCG level after presenting with vaginal
bleeding; (2) the control group were women with IUP, and
(3) the original available data were obtainable by contacting
the authors. The exclusion criteria were comorbidities and
an incomplete data report. We also excluded commentaries,
posters, conference proceedings, doctoral and master’s the-
ses, and animal or cell-line studies. We used EndNote to
remove duplicate data. Titles and abstracts were screened
for eligible studies and the full text was subsequently re-
viewed for potential qualifying studies. If multiple stud-
ies were derived from the same research center, the authors
were contacted to exclude overlapping samples.

2.3 Strategy

We searched the PubMed, Embase, Cochrane Library,
Web of Science, Wanfang, and China National Knowl-
edge Infrastructure from database inception to March 2022
without language restrictions. The PubMed database strat-
egy was as follows: ((((“Kisspeptins”[Mesh]) OR “Recep-
tors, Kisspeptin-1”’[Mesh]) OR “KISS1 protein, human”
[Supplementary Concept]) OR ((Kiss-1[Title/Abstract] OR
kisspeptin*[Title/Abstract] OR metastin*[Title/ Abstract]
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Table 1. Full details of the study characteristics.

Author, year Country Study design Case Control Case Control SAB diagnosis criteria Case Control Unity Fertilization Detection Sample
way method source

Abbara (2021) [14]  London prospective case-control / / 95 265  transvaginal ultrasonography  0.21 4 0.08 14+ 0.06 pmol/L Sex RIA plasma
study or down-trending hCG

Jayasena (2014) [19] London prospective cohort study 33.10 +4.80 32.40 £5.10 50 899  transvaginal ultrasonography pmol/L Sex RIA plasma

Sullivan-Pyke America prospective case-control 30.40 +7.10 27.10 £4.90 20 20  transvaginal ultrasonography ng/mL Sex ELISA serum

(2018) [15] study or down-trending hCG

Gorkem (2021) [24] Turkey prospective cohort study 30 30  transvaginal ultrasonography ng/mL Sex ELISA serum

He (2020) [25] China cross-sectional study 22 18 transvaginal ultrasonography 42.47 + 16.86 pg /mL Sex ELISA serum

Yu (2019) [21] China  prospective case-control 30.40 +5.56 31.67 +4.92 24 73 transvaginal ultrasonography 451.37 +302.63 ng/mL IVF ELISA serum
study

Hu (2019) [22] China  prospective case-control 31.90 +3.80 32.50 +4.10 28 47 transvaginal ultrasonography 762.2 +210.3 730.8 +274.4 pg/mL IVF RIA serum
study

Yuksel (2022) [23] Turkey prospective case-control 29 (18-37) 28 (20-38) 23 23 transvaginal ultrasonography  0.11 £ 0.08 1.48 £1.29 ng/mL Sex ELISA serum
study

Kavvasoglu (2012) Turkey case-control study 29+5 30+5 20 20  transvaginal ultrasonography 391 + 199.8 5783 £ 1695  pg/mL Sex ELISA serum

[20]

SAB, miscarriage or spontaneous abortion; IVF, In vitro fertilization; ELISA, Enzyme-linked immunosorbent assay; RIA, Radioimmunoassay.
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Table 2. Newcastle—Ottawa scale for observational study.

o)

2,

(i

4

Study Selection Comparability Exposure
Definition of Representativeness ~ Selection of Definition of Comparability of cases Ascertainment Same method of Nonresponse rate
cases of cases controls controls and controls on the basis of exposure ascertainment for
of the design or analysis cases and controls
Abbara (2021) [14] 1 1 1 1 1 1 1 0
Jayasena (2014) [19] 1 1 1 1 2 1 1 1
Sullivan-Pyke (2018) [15] 1 1 1 1 1 0 2 0
Gorkem (2021) [24] 1 1 1 0 1 0 1 0
He (2020) [25] 1 0 0 1 1 0 1 0
Yu (2019) [21] 1 1 1 1 2 1 2 1
Hu (2019) [22] 1 0 1 0 1 0 1 0
Yuksel (2022) [23] 1 1 1 1 1 1 1 1
Kavvasoglu (2012) [20] 1 0 0 1 0 0 1 0
Table 2. Continued.
Sample collection . Analytic
Study ' Pre-analytic Score
Time lapse fc.)r Day of cycle hour  Tube description  Time lapse ~ Temperature maintenance Echnique Dosage Parameters Interferes
sample collection
Abbara (2021) [14] 1 1 0 0 0 1 1 0 1 0 12
Jayasena (2014) [19] 1 1 1 1 1 1 1 1 1 0 18
Sullivan-Pyke (2018) [15] 1 1 0 0 0 2 1 0 0 0 12
Gorkem (2021) [24] 1 1 1 1 1 0 1 0 0 0 11
He (2020) [25] 1 0 0 0 0 0 1 0 0 0 6
Yu (2019) [21] 1 1 1 1 1 1 1 1 1 0 19
Hu (2019) [22] 0 0 1 1 1 0 1 0 0 0 8
Yuksel (2022) [23] 1 1 1 1 1 0 1 1 1 0 16
Kavvasoglu (2012) [20] 1 0 1 1 1 0 1 0 0 0 7
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OR Kp-10 [Title/Abstract]) AND (Receptor* OR pep-
tide*[Title/Abstract] OR “Metastasis Suppressor” [Ti-
tle/Abstract] OR protein [Title/Abstract]))) OR (GPR54
[Title/Abstract] OR KISSIR [Title/Abstract] OR “G
Protein-Coupled Receptor 54” [Title/Abstract]) AND
(“abortion, spontaneous”[MeSH Terms] OR ((“Sponta-
neous”[Title/Abstract] OR “Early”’[Title/Abstract]) AND
“pregnancy loss*”[Title/Abstract])) OR ((“spontaneous
abortion”[Title/Abstract] OR “abortion*”’[Title/Abstract])
OR “miscarriag*”[Title/Abstract]). We used Medical Sub-
ject Heading terms to retrieve the literature in PubMed, and
Emtree terms were used in Embase. The precise search
strategy for each of the databases varied slightly based on
the different limiters in each database used to narrow down
the search results. In addition, the reference lists of included
articles were screened for secondary literature.

2.4 Data Abstraction and Quality Assessment

The literature search, title/abstract screening, final de-
cision on eligibility after full-text review, and data extrac-
tion were independently performed by two investigators.
To reduce the risk of selective reporting bias and to include
unpublished findings, one author contacted the correspond-
ing authors of studies for clarification and additional infor-
mation. Any inconsistencies were resolved through con-
sensus, involving the mediation of all authors. Descrip-
tive data were extracted from each study in relation to the
following: first author’s family name, year of publication,
country, sample size, study design, diagnostic criteria, spec-
imen source, PK analysis method, time of sample collec-
tion, mean differences in circulating KP level, body mass
index (kg/m?), mean age (years), fertilization, and unity.
The methodological quality of the observational studies was
assessed using the Newcastle-Ottawa Scale (NOS) [18].

2.5 Statistical Analysis

Statistical analyses were conducted using Review
Manager version 5.3 (The Cochrane Collaboration, The
Nordic Cochrane Centre, Copenhagen, Denmark). The
meta-analysis was performed using a random-effect model.
We used the standardized mean difference (SMD) and its
95% confidence interval (CI) for pooling estimates on ac-
count of large variations in kisspeptin levels. The /2 index
was used to quantify the extent of heterogeneity, with val-
ues greater than 50% indicating high heterogeneity. Statis-
tical significance was set at a p-value of <0.05, and con-
ventional forest plots were used to summarize the results.
Significant clinical heterogeneity was treated with methods
such as subgroup, sensitivity, or descriptive analysis.

3. Results
3.1 Study Characteristics of Searched Results

The search strategy generated 133 studies, 46 re-
mained after removing duplicates, 16 retained after title
and abstract screening, but 7 were further deemed ineli-
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gible and excluded after full-text scrutiny, Finally, a to-
tal of nine [14,15,19-25] studies were evaluated for meta-
analysis, comprising 312 SAB patients and 1395 controls
(Fig. 1). Full details of the study characteristics are sum-
marized in Tables 1,2 (Ref. [14,15,19-25]).

3.2 Quality Assessment

NOS scores indicated high variations among the stud-
ies. The score ranged from 6 to 19 points, with a median
of 12. In this analysis, we considered quality scores of >12
points as high-quality studies and those with a score of <12
points as low-quality studies (Table 2).

3.3 Circulating KP Levels in the SAB Group

Nine studies and a total of 1707 participants were in-
cluded in the meta-analysis. The overall pooled results
(Fig.2) (Ref. [14,15,19-25]) illustrated that the SAB group,
compared with the IUP group, had significantly lower cir-
culating KP levels [SMD =-2.78 (-4.48,-1.09), p=0.001].
However, the heterogeneity across the studies was also sig-
nificant (p < 0.00001; 72 = 99%). To investigate the source
of heterogeneity, subgroup analyses (based on NOS score,
ethnicity, fertilization way, detection method, and study de-
sign) were conducted. Interestingly, when the NOS score
was >12, the heterogeneity decreased to 0, indicating that
the high quality may explain a portion of the heterogeneity
source (Table 3). The random effects model was selected
to combine heterogeneity.

3.4 Sensitivity Analysis

Relevant sensitivity analysis was performed by ex-
cluding a single or a cluster of studies at a time and reassess-
ing the effect size for the remaining studies. Ultimately,
the results displayed that no single study significantly trans-
formed the original direction of effect size compared with
the overall meta-analysis and indicated that the results of
the present meta-analysis were stable.

3.5 Publication Bias

We could not assess publication bias due to the limited
number of eligible studies.

4. Discussion

KP and its encoding gene, KISS/, which were first
identified in 1996 in Hershey [26], have recently been rec-
ognized as fundamental activators of the gonadotropic axis
with essential roles in the control of gonadotropin secre-
tion, pubertal development, fertility, and placental invasion
[27-30]. During implantation and placentation, accumu-
lating literature have indicated that the locally expressed
KP/KISSIR directly participates in various physiological
and pathophysiological activities at the maternal—fetal in-
terface, including human endometrial tissues and placen-
tal tissues of various species [31]. KP is also found in
high levels during the first trimester in syncytiotrophoblast
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r re Mean D Total Mean D T

Ali Abbara.2021 0.21 0.08 95 1 0.06 265
C. N. Jayasena.2014 042 0.39 50 1.06 042 899
Chantae Sullivan-Pyke.2018 0.2 0.07 20 1.5 055 20
Gorkem et al. 2021 102.5 79.5 30 86.7 695 30
He et al.2020 4247 16.86 22 7926 309 18
Hongling Yu.2019 34.39 21 24 451.37 302.63 73
Kai-Lun Hu.2019 762.2 210.3 28 7308 2744 47
Semra Yuksel.2022 0.11 0.08 23 1.48 1.29 23
Serif Kavvasoglu.2012 391 199.8 20 5,783 1,695 20
Total (95% Cl) 312

Heterogeneity: Tau? = 6.56; Chi2 = 632.48, df = 8 (P < 0.00001); 1> = 99%
Test for overall effect: Z = 3.23 (P = 0.001)

Fig. 2. Circulating kisspeptin level forest plot.
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Table 3. Subgroup analysis of circulating kisspeptin levels in SAB patients.

Het it
Variables N Case  Pooled data SMD (95% CI) p 5 clerogeneity
4 p
Overall 1707 312 —2.78 [-4.48,-1.09] p=0.001 99%  p < 0.00001
By NOS score
<12 615 215 -3.64 [-6.94, -0.33] p=0.03 99%  p < 0.00001
>12 1092 97 -1.53 [-1.77,-1.29] p < 0.00001 0% 0.97
By ethnicity
Asian 212 74 —0.81 [-1.12,-0.50] p <0.00001 93% p < 0.00001
Caucasian 1535 260 —2.02 [-2.23,-1.81] p <0.00001 99% p < 0.00001
By fertilization way
ART 172 52 —0.65 [-0.99, -0.30] »=0.003 96%  p < 0.00001
spontaneous conceive 1535 260 -2.02 [-2.23,-1.81] p < 0.00001 99%  p < 0.00001
By detection method
ELISA 323 139 -1.97 [-2.95,-1.00] p<0.00001 92% p < 0.00001
RIA 1384 173 —1.82 [-2.06, -1.58] p <0.00001 100% p < 0.00001
By study design
prospective 1627 270 —2.81[-4.79,-0.83] p=0.005 99%  p < 0.00001
non-prospective 80 42 —2.89 [-5.72,-0.07] p=0.04 94%  p < 0.00001

SAB, Spontaneous abortion; NOS, Newcastle-ottawa scale; ART, Assisted reproductive technology; ELISA,

Enzyme-linked immunosorbent assay; RIA, Radioimmunoassay; SMD, Standardized mean difference; CI, Con-

fidence interval.

cells [32]. Moreover, placenta-derived hormones, includ-
ing HCG, are often used as biomarkers to help clinicians
make consultations and manage disorders during preg-
nancy. Similar to HCG, both KISS1 and KISS1R are highly
expressed in the placenta. KP can also be isolated from
the human placental extracts [10]. The most abundant KP
in human circulation is KP-54, and it is this form that has
been investigated as a biomarker for pregnancy viability
[33,34]. Horikoshi ef al. [13] reported for the first time
that the plasma concentration of KP increased dramatically
throughout the gestation, elevating to 1230 fmol/mL in
the first trimester and reaching a maximum level of 9590
fmol/mL in the third trimester. KP levels then returned to
7.6 fmol/mL by postpartum day 5. Interestingly, peripheral
KP levels were found to be very low and did not increase
during pregnancy in sheep, cows, pigs, rabbits, horses, rhe-
sus monkeys and marmosets, suggesting that the increase

in plasma KP levels during pregnancy is unique to humans
[35,36].

To the best of our knowledge, this meta-analysis con-
ducted to synthesize and report that KP levels were lower
in SAB than in early first-trimester viable pregnancies in-
cluding a total of 9 studies, in which all of the participators
were evaluated at 612 weeks. This result implied that KP
may be involved in sustaining healthy pregnancies, which
could be explained by the possible mechanism of KP signal-
ing through the regulation of extravillous trophoblast inva-
sion, embryo implantation, and placentation [37]. In con-
trast, two studies in this meta-analysis showed that serum
kisspeptin levels were higher in SAB group than in con-
trols and had no significant predictive value for miscarriage
[22,24]. The key reason for the different results, to the
best of our understanding, should be ascribed to the time
for the measurement of serum kisspeptin (6 weeks after the
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last menstrual period) and in vitro fertilization respectively.
Unfortunately, because of the data were incomplete report-
ing and clinically heterogeneous, this meta-analysis cannot
further analyze whether serum KP level has a higher diag-
nostic value than serum HCG. Notably, Jayasena ef al. [19]
reported that single measurements of plasma hCG and KP
level at the initial prenatal visit were able to discriminate
between viable and nonviable pregnancies, but plasma KP
had a higher diagnostic performance for miscarriage than
hCG (receiver operator characteristic curve (ROC) area un-
der curve: 0.899 + 0.025, kisspeptin; 0.775 + 0.040, hCG,
p < 0.01). The study also found no significant correlation
between KP and S-HCG levels. These data strongly suggest
that KP levels can be considered a new potential marker for
early pregnancy viability and may have clinical utility in
developing an accurate test for early pregnancy outcomes
in the future.

We combine related data of 1707 participants to an-
alyze the relationship between KP and SAB, although the
limitations of this meta-analysis are also noted here. Due to
the small number of studies retrieved, we only conducted
this meta-analysis on nine observational articles, which had
weak argumentation for causality. Unfortunately, there
was high heterogeneity between the inclusion studies (/2
= 99%). Meta-regression and checks for publication bias
were difficult to undertake considering that the limited arti-
cles could not provide effective data on patient-related mod-
erators. Despite this, a random effects model was applied
for the combined analysis. Meanwhile, subgroup analy-
sis was performed to detect the source of heterogeneity. It
was noticed that when the NOS score was >12, the hetero-
geneity dropped to 0, indicating that the NOS score may
explain the source of partial heterogeneity. Lastly, a sensi-
tivity analysis also displayed the stability of combined re-
sults by excluding a single or a cluster of studies. Further
high-quality prospective studies are needed to obtain more
accurate conclusions.

5. Conclusions

The conclusions of this meta-analysis strongly sug-
gest a significant association between miscarriage risk and
lower circulating KP concentrations in early pregnancy;
these findings set the stage for further biomarker validation
in larger randomized controlled trials.

Author Contributions

LLL conceived and designed the study and wrote the
first draft of the manuscript. ZL contributions to the anal-
ysis, interpretation of data. XDL, and SSW contributed
to independently extract data collection. All authors con-
tributed to editorial changes in the manuscript. All authors
contributed to the interpretation of the results and approved
the final version of the manuscript. All authors have partic-
ipated sufficiently in the work and agreed to be accountable
for all aspects of the work.

&% IMR Press

Ethics Approval and Consent to Participate

This study was approved by the Ethics Committee of
Affiliated Fuzhou First Hospital of Fujian Medical Uni-
versity and conducted in accordance with the Declaration
of Helsinki, approval number 202004005. Patient consent
were not required as this study was based on publicly avail-
able data. The need for informed consent was waived by
the Ethics Committee of Affiliated Fuzhou First Hospital
of Fujian Medical University and affiliation.

Acknowledgment
Not applicable.

Funding

This study was funded by the grants from the Con-
struction Project for Clinical Medicine Center in Fujian
Province (grant no. 201610192) and the Natural Science
Foundation of Fujian Province (grant no. 2021J011303).

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/j.ce0g5005101.

References

[1] Quenby S, Gallos ID, Dhillon-Smith RK, Podesek M, Stephen-
son MD, Fisher J, et al. Miscarriage matters: the epidemiologi-
cal, physical, psychological, and economic costs of early preg-
nancy loss. Lancet. 2021; 397: 1658-1667.

[2] Wang YX, Minguez-Alarcon L, Gaskins AJ, Missmer SA, Rich-
Edwards JW, Manson JE, ef al. Association of spontaneous
abortion with all cause and cause specific premature mortality:
prospective cohort study. British Medical Journal. 2021; 372:
n530.

[3] Chen S, Xue X, Zhang Y, Zhang H, Huang X, Chen X, et al.
Vaginal Atopobium is Associated with Spontaneous Abortion in
the First Trimester: a Prospective Cohort Study in China. Mi-
crobiology Spectrum. 2022; 10: €0203921.

[4] Hendriks E, MacNaughton H, Mackenzie MC. First Trimester
Bleeding: Evaluation and Management. American Family
Physician. 2019; 99: 167-174.

[5] Sirikunalai P, Wanapirak C, Sirichotiyakul S, Tongprasert F,
Srisupundit K, Luewan S, ef al. Associations between maternal
serum free beta human chorionic gonadotropin (beta-hCG) lev-
els and adverse pregnancy outcomes. Journal of Obstetrics and
Gynaecology. 2016; 36: 178—182.

[6] Cintra RG, Wajnsztejn R, Trevisan CM, Zaia V, Lagana AS,
Bianco B, et al. Kisspeptin Levels in Girls with Precocious Pu-
berty: A Systematic Review and Meta-Analysis. Hormone Re-
search in Paediatrics. 2020; 93: 589-598.

[7] Skorupskaite K, George JT, Anderson RA. The kisspeptin-
GnRH pathway in human reproductive health and disease. Hu-
man Reproduction Update. 2014; 20: 485-500.

[8] Ly T, Harihar S, Welch DR. KISS1 in metastatic cancer research
and treatment: potential and paradoxes. Cancer and Metastasis
Reviews. 2020; 39: 739-754.


https://doi.org/10.31083/j.ceog5005101
https://doi.org/10.31083/j.ceog5005101
https://www.imrpress.com

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

Velasco I, Leon S, Barroso A, Ruiz-Pino F, Heras V, Torres E,
et al. Gonadal hormone-dependent vs. -independent effects of
kisspeptin signaling in the control of body weight and metabolic
homeostasis. Metabolism: Clinical and Experimental. 2019; 98:
84-94.

Francis VA, Abera AB, Matjila M, Millar RP, Katz AA.
Kisspeptin regulation of genes involved in cell invasion and an-
giogenesis in first trimester human trophoblast cells. PLoS ONE.
2014; 9: €99680.

de Pedro MA, Moran J, Diaz I, Murias L, Fernandez-Plaza C,
Gonzalez C, et al. Circadian Kisspeptin expression in human
term placenta. Placenta. 2015; 36: 1337-1339.

Cao Y, Li Z, Jiang W, Ling Y, Kuang H. Reproductive functions
of Kisspeptin/KISS1R Systems in the Periphery. Reproductive
Biology and Endocrinology. 2019; 17: 65.

Horikoshi Y, Matsumoto H, Takatsu Y, Ohtaki T, Kitada C,
Usuki S, et al. Dramatic elevation of plasma metastin concentra-
tions in human pregnancy: metastin as a novel placenta-derived
hormone in humans. The Journal of Clinical Endocrinology &
Metabolism. 2003; 88: 914-919.

Abbara A, Al-Memar M, Phylactou M, Kyriacou C, Eng PC,
Nadir R, et al. Performance of plasma kisspeptin as a biomarker
for miscarriage improves with gestational age during the first
trimester. Fertility and Sterility. 2021; 116: 809-819.
Sullivan-Pyke C, Haisenleder DJ, Senapati S, Nicolais O, Eisen-
berg E, Sammel MD, et al. Kisspeptin as a new serum biomarker
to discriminate miscarriage from viable intrauterine pregnancy.
Fertility and Sterility. 2018; 109: 137-141.e2.

Hu KL, Zhao H, Yu Y, Li R. Kisspeptin as a potential biomarker
throughout pregnancy. European Journal of Obstetrics, Gyne-
cology, and Reproductive Biology. 2019; 240: 261-266.
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche PC,
loannidis JPA, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate
healthcare interventions: explanation and elaboration. British
Medical Journal. 2009; 339: b2700.

Wells GA, Shea B, O’Connell D, Robertson J, Peterson J, Welch
V, et al. The Newcastle-Ottawa Scale (NOS) for Assessing the
Quality of Nonrandomized Studies in Meta-Analysis. 2000.
Jayasena CN, Abbara A, 1zzi-Engbeaya C, Comninos AN, Har-
vey RA, Gonzalez Maffe J, et al. Reduced levels of plasma
kisspeptin during the antenatal booking visit are associated
with increased risk of miscarriage. The Journal of Clinical En-
docrinology & Metabolism. 2014; 99: E2652-E2660.
Kavvasoglu S, Ozkan ZS, Kumbak B, Simsek M, Ilhan N. As-
sociation of kisspeptin-10 levels with abortus imminens: a pre-
liminary study. Archives of Gynecology and Obstetrics. 2012;
285: 649-653.

Yu H, Liu J, Guo H, Chen C, Han Y, Cui Y. Prognostic value of
repeated serum kisspeptin measurements in early first trimester
pregnancy: a preliminary study. Reproductive Biomedicine On-
line. 2019; 38: 465-471.

Hu KL, Zhang Y, Yang Z, Zhao H, Xu H, Yu Y, ef al. Predic-
tive value of serum kisspeptin concentration at 14 and 21 days
after frozen-thawed embryo transfer. Reproductive Biomedicine
Online. 2019; 39: 161-167.

(23]

[24]

[25]

[26]

[27]

(28]

[30]

[31]

[32]

[33]

[35]

[36]

[37]

Yuksel S, Ketenci Gencer F. Serum kisspeptin, to discriminate
between ectopic pregnancy, miscarriage and first trimester preg-
nancy. Journal of Obstetrics and Gynaecology. 2022; 42: 2095—
2099.

Gorkem U, Kan O, Bostanci MO, Taskiran D, Inal HA.
Kisspeptin and Hematologic Parameters as Predictive Biomark-
ers for First-Trimester Abortions. Medeniyet Medical Journal.
2021; 36: 98-105.

He J, Yuan Y, Zheng H. Study on the relationship between

Kisspeptin and early unexplained abortion. Chinese Journal of
Women and Children Health. 2020; 11: 22-24.

Lee JH, Miele MR, Hicks A, Karen K, Jeffery M, Bernard E,
et al. KiSS-1, a Novel Human Malignant Melanoma Metastasis-
Suppressor Gene. Journal of the National Cancer Institute. 1996;
88: 1731-1737.

Lee EB, Dilower I, Marsh CA, Wolfe MW, Masumi S, Upad-
hyaya S, et al. Sexual Dimorphism in Kisspeptin Signaling.
Cells. 2022; 11: 1146.

Hoskova K, Kayton Bryant N, Chen ME, Nachtigall LB, Lip-
pincott MF, Balasubramanian R, et al. Kisspeptin Overcomes
GnRH Neuronal Suppression Secondary to Hyperprolactine-
mia in Humans. The Journal of Clinical Endocrinology and
Metabolism. 2022; 107: €3515-e3525.

Trevisan CM, Montagna E, de Oliveira R, Christofolini DM,
Barbosa CP, Crandall KA, et al. Kisspeptin/GPR54 System:
What Do We Know About Its Role in Human Reproduction?
Cellular Physiology and Biochemistry. 2018; 49: 1259-1276.
Navarro VM. Metabolic regulation of kisspeptin - the link be-
tween energy balance and reproduction. Nature Reviews En-
docrinology. 2020; 16: 407—420.

Radovick S, Babwah AV. Regulation of Pregnancy: Ev-
idence for Major Roles by the Uterine and Placental
Kisspeptin/KISS1R  Signaling Systems. Seminars in Re-
productive Medicine. 2019; 37: 182-190.

Hiden U, Bilban M, Knéfler M, Desoye G. Kisspeptins and the
placenta: regulation of trophoblast invasion. Reviews in En-
docrine & Metabolic Disorders. 2007; 8: 31-39.

Kotani M, Detheux M, Vandenbogaerde A, Communi D, Van-
derwinden JM, Le Poul E, ef al. The metastasis suppressor gene
KiSS-1 encodes kisspeptins, the natural ligands of the orphan
G protein-coupled receptor GPR54. The Journal of Biological
Chemistry. 2001; 276: 34631-34636.

Abbara A, Eng PC, Phylactou M, Clarke SA, Richardson R,
Sykes CM, et al. Kisspeptin receptor agonist has therapeutic po-
tential for female reproductive disorders. The Journal of Clinical
Investigation. 2020; 130: 6739-6753.

Schaffer A, Hajagos-Téth J, Ducza E, Bodi N, Bagyanszki M,
Szalai Z, et al. The ontogeny of kisspeptin receptor in the uterine
contractions in rats: Its possible role in the quiescence of non-
pregnant and pregnant uteri. European Journal of Pharmacology.
2021; 896: 173924.

Babwah AV. Uterine and placental KISS1 regulate pregnancy:
what we know and the challenges that lie ahead. Reproduction.
2015; 150: R121-R128.

Hu KL, Chang HM, Zhao HC, Yu Y, Li R, Qiao J. Potential roles
for the kisspeptin/kisspeptin receptor system in implantation and
placentation. Human Reproduction Update. 2019; 25: 326-343.

&% IMR Press


https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Registration
	2.2 Eligibility
	2.3 Strategy
	2.4 Data Abstraction and Quality Assessment
	2.5 Statistical Analysis

	3. Results
	3.1 Study Characteristics of Searched Results
	3.2 Quality Assessment
	3.3 Circulating KP Levels in the SAB Group
	3.4 Sensitivity Analysis
	3.5 Publication Bias

	4. Discussion
	5. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

