
98

Original StudyMedeni Med J. 2021;36:98-105

doi:10.5222/MMJ.2021.32549

ABSTRACT

Objective: Spontaneous abortion is the most common complication of early pregnancy, affecting 
up to 20% of recognized pregnancies. Kisspeptin is predominantly released by placental 
syncytiotrophoblasts, and regulates their placental invasion into the uterine matrices. We aimed 
to establish an association of serum kisspeptin levels with pregnancy outcomes during the early 
gestational stage of the first trimester. 
Method: In this prospective study, 90 pregnant women in their 7 to 8 6/7 gestational weeks 
were classified into three groups: (i) The control group, consisting of healthy pregnant women 
(n=30), (ii) the threatened abortion group (n=30), and (iii) the spontaneous abortion group (n=30). 
The maternal serum samples were analyzed for complete blood count parameters and kisspeptin 
levels. 
Results: There was no statistical difference regarding body mass index (BMI) and gestational 
age (p=0.370). Regarding detailed obstetric notations, including gravida, parity, abortion, and 
living children, socioeconomic levels, and employment rates, all study groups were comparable 
(p>0.05, for all). No significant association was found regarding the biochemical parameters of 
complete blood count, including neutrophil, lymphocyte, and platelet concentrations, as well as 
neutrophil-to-lymphocyte ratios (NLR) and platelet-to-lymphocyte ratios (PLR) (p>0.05, for all). The 
median serum kisspeptin levels of the study groups did not differ between the groups (p=0.153). 
Correlation analysis revealed no significant relationship between serum kisspeptin levels and other 
study parameters in any study groups (p>0.05, for all) 
Conclusions: We found no statistically significant relationship between serum kisspeptin 
concentrations and pregnancy outcomes in the early gestational stage of the first trimester, and 
serum kisspeptin concentrations did not seem to be a reliable marker to distinguish abortion status 
from viable pregnancy.
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ÖZ

Amaç: Spontan abortus, erken gebeliğin en sık görülen komplikasyonudur ve tanınan gebeliklerin 
% 20’sini etkilemektedir. Kisspeptin, plasental sinsitiyotrofoblastlar tarafından salınmakta olup rahim 
matrislerine plasental invazyonu düzenlemektedir. Biz bu çalışmada ilk trimesterin erken gebelik 
evresindeki gebelik sonuçları ile serum kisspeptin düzeyleri arasında bir ilişki kurmayı amaçladık.
Yöntem: Bu prospektif çalışmada, 7-8 6/7 hafta gebelikleri olan doksan gebe toplam üç gruba 
ayrıldı: (i) sağlıklı gebelerden oluşan kontrol grubu (n=30), (ii) düşük tehdidi grubu (n=30) ve (iii) 
spontan düşük grubu (n=30). Maternal serum örnekleri, tam kan sayımı parametreleri ve kisspeptin 
seviyeleri analiz edildi.
Bulgular: Vücut kütle indeksi ve gebelik yaşı açısından istatistiksel olarak fark yoktu (p=0.370). 
Gravida, parite, kürtaj ve yaşayan çocuklar, sosyo-ekonomik düzey ve istihdam dahil olmak üzere 
ayrıntılı obstetrik durumlarla ilgili olarak çalışma grupları arasında fark yoktu (p>0.05). Nötrofil, 
lenfosit ve trombosit sayılarının yanı sıra nötrofil-lenfosit oranı (NLR) ve trombosit-lenfosit oranı 
(PLR) dahil olmak üzere tam kan sayımının biyokimyasal parametreleri açısından önemli bir ilişki 
bulunmadı (p>0.05). Çalışma grupları arasında medyan serum kisspeptin seviyeleri anlamlı farklılık 
göstermedi (p=0.153). Korelasyon analiz testi tüm çalışma gruplarında kisspeptin ile diğer çalışma 
parametreleri arasında bir korelasyonun olmadığını gösterdi (p>0.05).
Sonuç: Bulgularımız, birinci trimesterin erken gebelik evresinde serum kisspeptin konsantrasyonu 
ile gebelik sonuçları arasında herhangi bir ilişkinin olmadığını ve serum kisspeptin konsantrasyo-
nunun düşük durumunu canlı gebeliklerden ayırt etmek için güvenilir bir belirteç olmadığını gös-
termiştir.

Anahtar kelimeler: Düşük, kisspeptin, nötrofil-lenfosit oranı, trombosit-lenfosit oranı
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INTRODUCTION

As a recent popular neuropeptide, kisspeptin has 
been revealed to mediate feedback of sex steroids 
and metabolic input on the hypothalamic-pituitary-
gonadal axis. Kisspeptin, which is encoded by the 
KISS-1 gene, is expressed in a variety of regions 
in the brain, especially in the hypothalamus1, and 
is crucial for reproductive functions2. The role of 
extrahypothalamic kisspeptins was demonstrated 
regarding central and peripheral regulation of 
different organ systems3,4. Kisspeptins and their 
assumed receptor, KISS-1, were found across 
numerous locations, including the hippocampus, 
cerebellum, brain stem, pituitary gland, uterus, 
ovary, placenta, testicle, adipose tissue, 
pancreas, liver, and vascular system5-7. Apart 
from these, kisspeptin is predominantly produced 
by trophoblastic cells and causes placental 
syncytiotrophoblasts to regulate their invasion 
into the uterine matrices7,8. Kisspeptin levels rise 
markedly throughout pregnancy in humans, with 
an approximately 900-fold increase in the first 
trimester; and thereafter, over 7000-fold in the later 
stages of gestation and fall precipitously at birth9. 

Kisspeptin could limit the invasion of primary 
trophoblast cells and cell lines in vitro, indicating 
a pivotal role in the regulation of the trophoblastic 
invasion process6,10. Also, kisspeptin can stimulate 
hormonal production, especially progesterone 
synthesis in granulosa cells11. Presumably, locally 
produced kisspeptins operate on implantation 
and placentation processes through autocrine/
paracrine functions and may have a variety of duties 
in determining favorable pregnancy outcomes12,13. 
Therefore, kisspeptin may contribute to particular 
crucial processes during pregnancy.

Spontaneous abortion is one of the most common 
complications of early pregnancy, affecting up to 
20% of recognized pregnancies14,15. Threatened 
miscarriage is reported to occur in approximately 
one-fifth of pregnancies16. However, an estimated 
3-16% of these pregnancies subsequently 

progress to miscarriage17. It is clear that the 
development of an early screening test to detect 
patients who has a risk of miscarriage would be 
beneficial to provide more psychological support 
and to continue treatment. Although numerous 
markers have been studied to identify those at 
risk of subsequent abortion, there is still a lack of 
consistent findings in the existing literature. 

Recently, as the role of inflammatory and/or 
ischemia markers, complete blood count (CBC) 
parameters, the neutrophil-to-neutrophil ratios 
(NLRs) and platelet-to-lymphocyte ratios (PLRs) 
increased in importance in numerous fields of 
medicine16-18. NLR is regarded as an important 
marker of the immune response to offending 
agents, providing a rapid and reliable marker of 
systemic inflammation and stress18. PLR is another 
parameter considered to increase in thrombotic 
and inflammatory processes19. Hereupon, a variety, 
and increasing number of investigations related 
to hematologic markers and early pregnancy 
outcomes have been cited in the literature9,19. 

We aimed to establish an association of serum 
kisspeptin levels with pregnancy outcomes 
during the early gestational stage of the first 
trimester. As a secondary aim, the associations of 
CBC parameters including NLR and PLR with early 
pregnancy outcomes were analyzed. 
	
MATERIAL and METHOD
	
Study population and design
The present study had a prospective design 
and included pregnant women who presented 
to Hitit University, Medical Faculty, Department 
of Obstetric and Gynecology, Corum, Turkey, 
between September 2018 and August 2019. 
This study was approved by Ankara Numune 
Training and Research Hospital Ethics Committee 
(reference number: E-15-562) and conducted 
in accordance with the Declaration of Helsinki. 
Written informed consent was obtained from all 
subjects at the beginning of study. 
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Pregnant women who were admitted to the 
emergency and outpatient departments of the 
university hospital were included in the study, 
consecutively. Initially, a detailed demographic 
and medical history, including age, weight, height, 
gestational age, reproductive history, delivery 
mode, socioeconomic level, and employment 
status, was gathered from each woman. Body 
mass index (BMI) was calculated by using the 
women’s weight and height recorded at the time 
of admission. At the first visit, gestational age was 
determined according to the last menstrual period. 
Pregnant women with 7 to 8 6/7 gestational 
weeks were enrolled in the study. 

Spontaneous abortion was defined as the 
appearance of a gestational sac ≥25 mm on 
transvaginal ultrasonography without embryonic 
pole, an embryonic pole ≥7 mm without fetal 
cardiac activity, inappropriate growth of a 
gestational sac, lack of fetal embryonic cardiac 
activity after previously recorded embryonic 
cardiac activity, or downstream human chorionic 
gonadotropin (hCG) after admission with vaginal 
bleeding20. Threatened abortion was diagnosed 
when vaginal bleeding accompanied a closed 
cervix in early pregnancy and a subsequent 
ultrasound scan demonstrated fetal cardiac 
activity15. All ultrasound evaluations during 
follow-up were performed by the same physicians 
(UG and OK) using a transvaginal 7.5-mHz probe 
(Toshiba Xario 100, Toshiba Medical System Co., 
Nasu, Japan).

The inclusion criteria were accepted as maternal 
age between 20 and 35 years, patients with 
a singleton pregnancy between 7 to 8 6/7 
gestational weeks, BMI between 20.0 and ≥30.0 
kg/m2, nonsmokers, and no recent history of 
trauma during gestation. Patients with multiple 
pregnancies, a history of recurrent pregnancy 
loss or gestational hypertensive disorder in prior 
pregnancies, alcohol consumption, presence 
of genetic disorder, and medical drug use that 
might affect fetal surveillance were excluded. 

Consequently, all pregnant women who met the 
inclusion criteria (n=90) were classified into three 
groups: (i) The control group, consisting of healthy 
pregnant women (n=30), (ii) the threatened 
abortion group (n=30), and (iii) the spontaneous 
abortion group (n=30).
	
Specimen collection and assays
The maternal serum samples were drawn from 
the antecubital veins using a polypropylene 
syringe and then collected into 5-mL separator 
tubes (BD Vacutainer, Becton Dickinson, New 
Jersey, USA) and hemogram tubes (Isotherm, 
EDTA.K3, Istanbul, Turkey). To investigate the 
effect of CBC parameters including concentrations 
of neutrophils, platelets, and lymphocytes, NLR 
and PLR, blood samples were analyzed daily 
using a hematology analyzer (Sysmex XE2100, 
TOA Medical Electronics, Kobe, Japan). The 
blood samples for kisspeptin analyses were 
centrifuged at 1500 g for four minutes and then 
collected sera were frozen at -20°C within two 
hours. The concentrations of kisspeptin in serum 
samples were measured using an enzyme-linked 
immunosorbent assay (ELISA) kit (Kisspeptin 54, 
product no. SEC559Hu, Cloud-Clone Corp, TX, 
USA). ELISA reagent preparations and protocols 
were performed as described by the manufacturer. 
The detection limit of kisspeptin was 24 pg/mL; 
intra- and inter-assay coefficients of variation were 
less than 10%.

Statistical Analysis
The SPSS 15.0 for Windows software package 
(SPSS, Chicago, IL, USA) was used for statistical 
analyses of the data. Shapiro-Wilk test was 
preferred to determine the normality of statistical 
distribution for continuous variables. One-way 
analysis of variance (ANOVA) or the Kruskal-Wallis 
test was used for continuous variables. Categorical 
data were examined using Fisher’s exact test and 
presented as the number of cases and percentages. 
Continuous variables were demonstrated as the 
mean±standard deviation (SD) or median and 
interquartile ranges. Bonferroni correction was 



101

U. Gorkem et al. Kisspeptin and Hematologic Parameters as Predictive Biomarkers for First-Trimester Abortions

used to control for type I errors for all possible 
multiple comparisons. Spearman’s correlation 
test was performed to determine correlations 
between kisspeptin and other study parameters. 
A value of p<0.05 was accepted as statistically 
significance.
	
The DSS statistical software package for research 
sample size calculations was used for sample size 
calculation21. Our primary aim of the current study 
was to analyze the differences in kisspeptin levels 
among the groups. A minimum of 30 participants 
in each group would be required to reveal a 
difference of at least 10% between the groups, 
with a power of 80% at the 5% significance level. 
This difference of 10% was determined both based 
on a pilot study and our clinical experiments.
	
RESULTS

Ninety women were recruited for the study. The 

comparison of demographic characteristics of all 
study groups is shown in Table 1. The mean values 
of maternal ages were comparable between the 
study groups (p=0.370). In addition, there was 
no statistically significant intergroup difference 
regarding BMI and gestational age (p=0.080 
and p=0.564, respectively). Crown to rump 
length (CRL) measurements were also found to 
be statistically similar between the study groups 
(p=0.103). All study groups were statistically 
comparable regarding detailed obstetric notations, 
including gravida, parity, abortion and live births, 
socioeconomical level and employment, (p>0.05, 
for all).

The comparison of biochemical characteristics of 
the participant women is presented in Table 2. 
No significant association was found regarding 
hematologic parameters, including neutrophil, 
lymphocyte, and platelet concentrations (p>0.05, 
for all). As inflammatory markers, NLR and 

Table 1. Comparison of demographic characteristics of pregnant women in all study groups.

aMaternal age (years)
bBody mass index (kg/m2)
bGestational age (weeks)
bCRL (mm)
bGravidity
bParity
bAbortion
bLive births
cDelivery mode 

• No prior birth
• Vaginal
• Cesarean 
• Both vaginal and cesarean

cSocio-economic level 
• Poor
• Moderate
• High

cEmployment 
• No
• Yes

Control 
Group
(n=30)

25.8+3.9
22.8 (21.1-25.7)
8 (7.5-9)
15 (12.5-20.5)
2 (1-3)
1 (0-2)
0 (0-0)
1 (0-2)

13 (43.4)
7 (23.3)
7 (23.3)
3 (10.0)

5 (16.7)
20 (66.6)
5 (16.7)

20 (66.7)
10 (33.3)

Threatened Abortion
Group
(n=30)

25.5+4.2
25.5 (22.2-29.9)
8 (7-9)
11.75 (9.4-20.5)
1 (1-3)
0 (0-1)
0(0-0)
0 (0-2)

16 (53.3)
6 (20.0)
8 (26.7)
0 (0)

3 (10.0)
26 (86.7)
1 (3.3)

24 (80.02)
6 (20.0)

Spontanous Abortion 
Group
(n=30)

27.4+5.8
23.9 (21.7-28.0)
9 (7-9)
11 (9.55-19.0)
2 (1-3)
1 (0-2)
0 (0-1)
0 (0-1)

10 (33.3)
10 (33.3)
6  (20.0)
4 (13.4)

3 (10.0)
25 (83.3)
2 (6.7)

25 (83.3)
5 (16.7)

p

0.370
0.080
0.564
0.103
0.670
0.558
0.788
0.416

0.462

0.504

0.507

aVariables are expressed as mean ± SD.
bVariables are expressed as median and inter-quartile range
cCategorical values are expressed as number (percentage)
Abbreviation: CRL: Crown-to-rump length.
p values <0.05 are accepted as statistically significant.
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PLR were also comparable in all study groups 
(p=0.838 and p=0.890). Importantly, the median 
serum kisspeptin levels of the two study groups 
did not differ from the control group (p=0.153). 
Spearman’s correlation analysis revealed no 
significant correlations between serum kisspeptin 
levels and any other study parameters in all study 
groups (p>0.05, for all) (Table 3).

DISCUSSION

We mainly focused on evaluating the diagnostic 
value of serum kisspeptin concentrations in women 
whose pregnancies would result in miscarriages 
and in those that would have viable pregnancies 
in the early gestational stage of the first trimester. 

However, maternal kisspeptin levels did not seem 
to carry a significant impact in predicting abortion 
risk in pregnant women.

Interestingly, independent studies suggested 
that serum kisspeptin levels were higher in early 
placenta than in term placenta10,22. The underlying 
mechanism is thought to be related to aggregated 
levels of trophoblasts. However, contrarily, a 
study revealed that plasma kisspeptin levels were 
lower in various mammals, including sheep, cows, 
pigs, rabbits, horses, and marmosets, and did not 
increase during the gestation period23. Collectively, 
it appears to be obscure as to whether the rise 
in serum kisspeptin levels during gestation is 
unique to humans24. Due to this wide diversity in 

Table 2. Comparison of biochemical characteristics of pregnant women in all study groups.

bHb (g/dL)
aNeutrophil concentration (103/µL)
bLymphocyte concentration (103/µL)
aPlatelet concentration (103/µL)
bNLR
aPLR
bKisspeptin (ng/mL)

Control 
Group
(n=30)

12.7 (12.4-13.5)
6.6±2.6
1.9 (1.7-2.3)
251.4±59.5
3.2 (2.1-4.5)
133.9±52.2
86.7 (69.5-112.4)

Threatened Abortion
Group
(n=30)

12.3 (11.3-13.1)
6.1±1.45
2.3 (1.4-3.0)
258.4±88.4
2.7(2.0-3.8)
127.3±54.8
101.7 (85.4-139.4)

Spontanous Abortion 
Group
(n=30)

12.9 (12.4-13.3)
6.0±1.8
2.1 (1.8-2.7)
277.9±72.7
3.0 (2.0-3.6)
133.7±49.7
102.5 (79.5-123.5)

p

0.231
0.527
0.725
0.521
0.838
0.890
0.153

Abbreviations: Hb: Hemoglobin, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio. 
aVariables are expressed as mean ± SD.
bVariables are expressed as median and inter-quartile range
p values <0.05 are accepted as statistically significant.

Table 3. Correlation analysis of serum kisspeptin levels with other study parameters.

Age (years)
BMI (kg/m2)
Gestational age (weeks)
CRL (mm)
NLR
PLR

r

0.154
-0.185
-0.077
-0.047
-0.163
0.070

p

0.463
0.376
0.714
0.822
0.436
0.739

Abbreviations: Hb: Hemoglobin, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio. 
aVariables are expressed as mean ± SD.
bVariables are expressed as median and inter-quartile range
p values <0.05 are accepted as statistically significant.

Control 
Group
(n=30)

Threatened Abortion
Group
(n=30)

Spontanous Abortion 
Group
(n=30)

r

-0.074
-0.217
-0.114
0.036
0.097
0.134

p

0.731
0.308
0.595
0.869
0.651
0.534

r

-0.238
0.097

-0.051
0.146
0.419
0.167

p

0.357
0.711
0.845
0.576
0.094
0.523
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the rise of kisspeptin levels during gestation, the 
gestational period of our study was limited to ≥7 
and <9 weeks. In this way, we presumed that the 
accuracy of kisspeptin in predicting gestational 
outcomes would be enhanced.

Kiss 1 mRNA expression was detected in 
adipose tissue. Adipocytes can also be a source 
of circulating kisspeptin. Kisspeptin may slow 
the process of lipogenesis and increase lipolysis. 
Accordingly, kisspeptin could play a major role 
in the regulation of adipocyte metabolism25,26. 
Based on these data, obesity appears to be an 
important factor for assessing serum kisspeptin 
levels. Accordingly, patients with BMIs beyond 
normal limits were excluded. This point can be 
considered as a strength of our study, superior to 
other studies in the present literature. 

Kisspeptin concentrations decreased in pregnant 
women at 16-20 gestational weeks who 
had placentovascular pathologies, including 
preeclampsia and intrauterine growth restriction27. 
Cetovic et al.28 also reported markedly lower 
kisspeptin concentrations in pregnant women 
with type 1 diabetes, gestational diabetes, and 
gestational hypertensive disorders, despite other 
studies demonstrating opposing findings29. In 
another study, serum kisspeptin concentrations 
in the first trimester were lower in pregnant 
women who subsequently developed small-for-
gestational-age fetuses30. In light of these data, it is 
possible to hypothesize that abnormal kisspeptin 
expression from the placenta might be a result of 
abnormally altered placental function. 

In the existing literature, several studies proposed 
that serum kisspeptin levels showed great accuracy 
in discriminating abortion from intrauterine 
pregnancy31. In a study performed by Jayasena 
et al.32, circulating kisspeptin concentrations at 
antenatal booking appointment were lower in 
women with abortion risk compared those with 
healthy pregnancies. In addition, Sullivan-Pyke et 
al.33 revealed similar findings in their miscarriage 

group. Moreover, lower kisspeptin levels were also 
found in pregnant women diagnosed as having 
threatened abortion in a study from Turkey23. All 
of these findings suggested that kisspeptin levels 
might be a promising marker for viability of the 
fetus in earlier stages of pregnancy. However, we 
found no such relationship between kisspeptin 
and favorable perinatal outcomes. Moreover, the 
gestational ages of the study and control groups 
were selected in a large range, which may have 
led to incorrect assessments and comparisons in 
these studies. BMIs characterized as obesity, as a 
cause of subclinical inflammation, were excluded 
from our study. In the study population, we also 
designated a control group including healthy 
subjects, a threatened abortion group, and a 
spontaneous abortion group. As another strength 
of our study, this kind of classification has not 
been used in previous studies.

The associations of hematologic markers with 
abortion status of early pregnancy were published 
in previous studies. In a study performed by 
Biyik et al.34, NLR and PLR values of a missed 
abortion group were found to be increased 
compared with healthy pregnant women. Ata 
et al.35 also noticed that PLR was a significant 
predictor for early pregnancy loss and threatened 
miscarriage, whereas NLR was not. In a recent 
study, researchers demonstrated that decreased 
PRL and increased NLR were identified in the 
abortion group36. Contrary to these findings, we 
did not determine any association between CBC 
parameters and abortion status.

In recent years, several publications demonstrated 
that serum measurements of kisspeptin failed 
to discriminate between abortion and ongoing 
pregnancies and also had poor predictive value 
in terms of abortion37,38. Similarly, we also found 
that serum kisspeptin was not useful to predict 
pregnancy outcomes. Also, although limited 
studies have reported the expression of kisspeptin 
in the embryo39, its expression in the embryo has 
not been clearly documented. It is glaring that all 
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serum kisspeptins are not solely derived from the 
placenta. Increased kisspeptin levels are derived 
from the liver as a compensatory mechanism of 
abnormal glucose metabolism40,41. Adipose tissue 
may be a source of circulating kisspeptin, acting 
as adipokines or as autocrine/paracrine regulators 
of adipocyte function25. Furthermore, evaluation 
of kisspeptin levels in humans and rodents using 
commercially available techniques is considered 
to be unreliable due to wide variations in assay 
methods, their ranges of detection, and the 
uncertainty of kisspeptin forms detected (i.e., 
KP10, KP15, and KP54)9,28. Kisspeptin is a kind 
of peptide that may easily metabolize in the 
bloodstream. The half-life of kisspeptin-54 is 
approximately 30 minutes; kisspeptin-10 has 
a half-life of four minutes42. The ELISA method 
to detect kisspeptin levels may not be accurate 
because it easily detects peptides with similar 
structure, such as RFamide-related peptides, 
which are also secreted by the placenta during 
pregnancy. The conflicting results of these studies 
may be attributed to these reasons. 

The study limitations include the relatively small 
sample size. Secondly, the blood samples for 
kisspeptin analyses were not obtained during the 
early weeks of gestation (<6 weeks) or even in 
the pre-gestational period. Lastly, our study did 
not include the obstetric outcomes beyond the 
second trimester of gestation. In respect of the 
gestational age of women enrolled in the present 
study, increase in the diagnostic value of circulating 
kisspeptin levels was proposed as the pregnancy 
progressed32,33. The most important feature of the 
present study was that the included patients were 
examined in three different groups and comparisons 
between groups were made to determine the 
distinctive concentrations of kisspeptin.

In summary, our findings did not demonstrate 
any statistically significant relationship between 
serum kisspeptin concentrations and pregnancy 
outcomes in the first trimester of pregnancy, 
revealing that serum kisspeptin concentrations 

did not seem to be a reliable marker to distinguish 
abortion status from viable pregnancy. Therefore, 
our results need further validation in larger study 
cohorts to develop an accurate predictive test. 

CONCLUSION

Spontaneous abortion is the most common 
complication of early pregnancy and can 
affect 20% of recognized pregnancies. The 
development of an early screening test to identify 
patients who are at risk of miscarriage could 
be beneficial for providing more psychological 
support and maintenance of therapy. Our study 
showed that there was no relationship between 
serum kisspeptin concentrations and pregnancy 
outcomes in the first trimester of pregnancy, and 
serum kisspeptin concentrations do not seem to 
be a reliable marker to distinguish abortion status 
from viable pregnancy.
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