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Abstract

Objective—To validate the ability of serum kisspeptin-54 to discriminate between first trimester 

viable pregnancies and miscarriages.

Design—Case-control study.

Setting—Academic medical centers.

Patients—Women with confirmed viable intrauterine pregnancy (IUP) with estimated gestational 

age 6 – 10 weeks (n = 20), women with confirmed miscarriage (SAB) between estimated 

gestational age 6 – 10 weeks (n = 20), and non-pregnant women (n = 19).

Intervention(s)—Collection of serum samples from women with confirmed IUP, SAB, and non-

pregnant women for the measurement of serum kisspeptin and serum human chorionic 

gonadotropin (hCG) hormone levels.

Main Outcome Measure(s)—Serum kisspeptin and hCG.

Results—The limit of detection was 0.024 ng/ml; intra- and inter-assay coefficients of variation 

were 5.1 % and 8.6%, respectively. Kisspeptin levels differed between the pregnant and non-

pregnant state (median 1.50 ng/mL, range 0.55 – 3.72, p < 0.0001) and by viability (median 0.20 

ng/mL, range 0.07 – 0.37, p < 0.0001). Kisspeptin levels are positively associated with gestational 

age (p <0.001). There was also a significant positive association with hCG in SAB (p = 0.032), but 

not IUP (p = 0.778).
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Conclusion—Plasma levels of kisspeptin have been suggested as a biomarker for miscarriage. 

This study demonstrates kisspeptin assay stability in serum and its potential clinical utility as a 

biomarker for early pregnancy viability.
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Introduction

Miscarriage or spontaneous abortion (SAB) affects 10–20% of clinical pregnancies and this 

rate is highest prior to 12 weeks gestational age (1). SAB may occur due to embryonic 

aneuploidy, intrauterine infection, thrombotic event, abnormal placentation and, in many 

cases, the cause is unexplained (2).

Early pregnancy viability is currently assessed by trends of sequential serum hCG values and 

transvaginal ultrasound (TVUS) measurements. However, a normally rising hCG level does 

not necessarily predict pregnancy viability in women presenting with bleeding in the first 

trimester (3). An emerging biomarker for the discrimination of viable pregnancy is 

kisspeptin, due to its potential regulatory role in trophoblast function and placentation (6,7). 

While the performance of kisspeptin as a plasma biomarker to discriminate SAB and IUP in 

the late first trimester has been demonstrated (7), its utility as a serum marker in the early 

first trimester is unknown, and would be important for clinical application.

The aim of the study was to validate a serum kisspeptin-54 assay and assess its ability to 

discriminate between early first trimester viable pregnancies and SAB in a population of 

women with symptomatic pregnancy.

Materials and Methods

This study is a nested case-control design including 40 women who presented with 

symptoms of bleeding and/or cramping to the Emergency Room at one of three academic 

medical centers prior to their initial prenatal visit. Patients presented between September 

2013 and February 2016.

Women were considered for the study if they presented between 6–10 weeks gestational age 

by last menstrual period with abdominal pain, vaginal bleeding or both. Patients were 

included if they had either confirmed intrauterine pregnancy (IUP) by ultrasound (n=20) or 

confirmed miscarriage (SAB) by ultrasound (n=20). Patients were excluded from the study 

if they had a diagnosis of ectopic pregnancy, molar pregnancy, multiple gestations, 

gestational age past 12 weeks at the time of blood draw or if pregnancies were assisted 

conceptions. The serum and plasma samples were obtained from the Serum and Plasma 

Bank for the Development of Novel Ectopic Pregnancy Biomarkers, an ongoing multi-center 

prospective cohort study at the University of Pennsylvania (PENN), Eastern Virginia 

Medical School (EVMS), and Northwestern University (NW). Serum was also collected 

from 19 non-pregnant women as controls. Institutional Review Board approval was obtained 

at each site.
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SAB was defined as the presence of gestational sac ≥25mm on transvaginal ultrasound 

(TVUS) without evidence of embryonic pole, embryonic pole ≥7mm without cardiac 

activity (4), inappropriate growth of a gestational sac with no further development of the 

pregnancy, the absence of embryonic cardiac activity after previously documented 

embryonic cardiac activity, or downtrending hCG after presenting with vaginal bleeding. 

Pregnancies were followed to term when possible or until at least 12 weeks with the 

presence of cardiac activity to ensure IUPs were ongoing.

Kisspeptin-54 was measured in serum at the core laboratory of the Reproductive Medicine 

Network using a commercial ELISA (Peninsula Laboratories International, Inc.; San Carlos, 

CA). The assay was validated for non-extracted serum samples by spiking a commercial 

human serum pool (Sigma Chemical; St Louis, MO) with various concentrations of 

recombinant human Kisspeptin-54 (provided by the kit manufacturer), and demonstrating 

parallelism to the assay standard curve (5). Serum hCG concentrations were determined with 

the Abbot Axsym total beta immunoassay (Abbot Laboratories), and results are expressed as 

mIU/mL, using the Third International Reference Preparation (6).

Statistics

Pearson’s chi-squared test was used to evaluate between group differences by pregnancy 

outcome for categorical data including race and ethnicity. Student’s t test was used to 

evaluate differences between group means by pregnancy outcome for continuous data such 

as gestational age. Linear regression was used to evaluate whether maternal age varied with 

pregnancy outcome. Differences in serum biomarker levels and maternal age by pregnancy 

outcome were assessed by Kruskal-Wallis or Wilcoxon rank-sum test as appropriate. 

Kisspeptin levels were correlated with serum human chorionic gonadotropin (hCG) levels, to 

assess applicability in the context of current standard of care. Data were log transformed for 

analysis, and linear regression was used to estimate the association between serum 

kisspeptin and hCG in IUPs and SABs. All statistics were carried out with STATA v14.2 

(StataCorp LLC., College Station, TX). A p value <0.05 was considered statistically 

significant.

Results

The demographic characteristics of the study population are shown in Table 1. Women who 

experienced miscarriage presented at a significantly lower gestational age than women who 

had ongoing intrauterine pregnancies (mean IUP gestational age in days 68.1 ± 9.9, mean 

SAB gestational age in days 52.7 ± 10.0, p<0.001). The racial and ethnic distribution reflects 

the urban population of patients presenting to the emergency rooms of the academic centers 

during the study. The majority of the patients in the IUP and SAB groups were from the 

PENN accounting for 60% of these patients, 27.5% were from NW, and 12.5% of patients 

were from EVMS. Among the PENN patients, 87.5% were African American, compared to 

only 4.2% African American at NW and 8.3% at EVMS. Mean maternal age is 30.9 ± 6.4 

years. There is a statistically significant difference in maternal age between the groups (IUP 

27.1 ± 4.9 years, SAB 30.4 ± 7.1 years, non-pregnant 35.5 ± 3.9 years, p<0.001), but the 

women in the IUP and SAB groups fall in the 20 – 30 year-old age group in which the risk 
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of miscarriage is known to be 9 – 17%, making them similar from a clinical perspective (7). 

The women who served as non-pregnant controls were older than the other two groups 

(Table 1).

Kisspeptin assay characteristics and discriminatory performance are shown in Table 2 and 

Figure 1. The limit of detection was 0.024 ng/ml; intra-assay and inter-assay coefficients of 

variation were 5.1 % and 8.6%, respectively. Kisspeptin is detectable in serum in the non-

pregnant state, and the levels are significantly lower in comparison to pregnant women (p < 

0.0001). Table 2 compares median serum kisspeptin and hCG levels in IUPs versus SABs 

and in the pregnant versus nonpregnant state. Serum kisspeptin levels are higher in IUP 

(median 1.50 ng/mL, range 0.55 – 3.72, p < 0.0001) compared to SAB (median 0.20 ng/mL, 

range 0.07 – 0.37, p < 0.0001). Similarly, hCG levels are higher in confirmed IUP (median 

117202 mIU/mL, range 83975 – 148784) compared to SAB (median 4739 mIU/mL, range 

1858 – 8650) (Table 2). Linear regression between logkisspeptin and covariates demonstrate 

that serum kisspeptin levels are positively associated with gestational age (p < 0.001). When 

gestational age is controlled for, kisspeptin levels are still significantly higher in IUPs than 

SABs (p < 0.001). No significant association was seen between serum kisspeptin levels and 

race (p = 0.117), ethnicity (p = 0.542), or maternal age (p = 0.255) among IUPs and SABs. 

Receiver operator characteristic (ROC) curve analysis demonstrates excellent accuracy of 

the kisspeptin assay in discriminating SAB from IUP at the time of diagnosis (AUC 0.95 

[95% CI 0.89 – 1.00], Figure 1.

To determine whether there was a relationship between kisspeptin and hCG depending on 

pregnancy state, a linear regression analysis was performed (Supplemental Figure 1). The 

linear regression analysis indicates that hCG and kisspeptin are positively associated in 

SABs (p=0.032), but there is no significant association amongst the levels of kisspeptin and 

hCG in IUP (p = 0.778). Kisspeptin levels are also higher in IUPs compared to SABs (p < 

0.001).

Serum and plasma kisspeptin values were also compared in a subgroup of the study 

population. Plasma was available for 8 IUP patients and 3 SAB patients. Median plasma 

kisspeptin in IUP was 3.52 ng/mL (range 1.09 to 21.7 ng/mL) while the median plasma 

kisspeptin in SAB was 2.7 ng/mL (range 0.46 to 2.7 ng/mL), revealing a trend toward higher 

plasma kisspeptin values in IUP compared to SAB (Figure 2).

Discussion

Miscarriage is a common problem with a potentially devastating impact on patients. 

However, our current tools for evaluating patients with concerning symptoms in the first 

trimester of pregnancy do not sufficiently discriminate between normal or abnormal 

pregnancy outcome in these patients. Kisspeptin, which is a known regulator of puberty, and 

which is found in high levels in the placenta, is an emerging biomarker in the evaluation of 

placental dysfunction and miscarriage (8, 9).

Kisspeptin is a family of peptide hormones encoded by the KISS1 gene. Kisspeptin acts 

centrally via the kisspeptin receptor to stimulate the release of gonadotropin releasing 
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hormone (GnRH) from the hypothalamus and has a critical role in the initiation of puberty 

(8, 10). The most abundant kisspeptin in human circulation is kisspeptin-54 and it is this 

form of kisspeptin that has been investigated as a biomarker for pregnancy viability (11). 

Kisspeptin was first discovered as an inhibitor of tumor metastasis and, as a result, was 

previously known as metastatin (12). Kisspeptin is also found in high levels in first trimester 

syncytiotrophoblast cells (13). Syncytiotrophoblast cells secrete matrix metalloproteinases 

(MMP) that degrade extracellular matrix and make invasion possible, however, kisspeptin 

has been shown in in vitro studies, to block the migration of trophoblasts by suppressing the 

action of MMPs (14–16). Kisspeptin levels rise with gestational age during pregnancy, but 

relatively low circulating levels of kisspeptin are seen in pregnancies complicated by 

preeclampsia compared to normal pregnancies, indicating a role for kisspeptin as a marker 

of placental dysfunction (13, 17, 18).

Jayasena et al. evaluated kisspeptin-54 as a biomarker to discriminate between viable 

pregnancy and miscarriage using an in-house radioimmunoassay developed in their 

laboratory and measured plasma kisspeptin drawn at the initial prenatal visit (11). They 

studied 993 asymptomatic women at the time of initial prenatal visit with mean GA 11.2 

± 2.0 weeks. They found that single measurement of serum hCG or plasma kisspeptin at the 

initial prenatal visit were both able discriminate between viable and non-viable pregnancies, 

but plasma kisspeptin was more predictive. Our study evaluated the utility of serum 
kisspeptin in women presenting with symptomatic pregnancy in the first trimester prior to 

the initial prenatal visit to facilitate earlier detection of nonviable pregnancy.

Both plasma and serum assays are used clinically, but serum has been shown to be more 

sensitive for biomarker detection (19). We have shown that serum kisspeptin is present in 

non-pregnant patients at low levels, but that the levels are significantly higher in viable 

pregnancy. Furthermore, the serum kisspeptin assay was shown to be stable, unlike prior 

studies which showed rapid degradation in serum (20). The differences in kisspeptin levels 

between IUP versus SAB may be related to gestational age as the average gestational age 

among IUPs was higher than that in SABs (Table 1). Receiver operator characteristic (ROC) 

curve analysis demonstrated that the serum kisspeptin assay can discriminate SAB from IUP. 

The level of kisspeptin continues to rise throughout gestation into the third trimester and, 

unlike HCG, does not plateau. Perhaps a relationship was not seen because, in this study, we 

looked at only women in the first trimester and not beyond when the HCG curve would 

plateau and kisspeptin would continue to increase. Linear regression also showed that there 

is no significant correlation amongst the levels of kisspeptin and hCG in viable IUP, while 

there is a significant correlation between kisspeptin and hCG levels in SABs. Together, these 

results suggest that hCG and kisspeptin may be markers of different biological pathways 

related to the establishment of early pregnancy. Kisspeptin may therefore offer independent 

information that may potentially improve diagnostic accuracy beyond the use of hCG and 

TVUS alone in the clinical setting.

Sixteen of the 20 patients with confirmed IUPs in the study went on to deliver at term, one 

patient had a miscarriage at a gestational age of 14 weeks and 3 days, and 3 patients were 

lost to follow-up prior to the ascertainment of pregnancy outcome. The patient who had a 

second trimester miscarriage had a kisspeptin value of 8.07 ng/mL at 9 weeks gestation, 
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which was higher than the median kisspeptin value in the IUP group. Given that only one 

patient in the IUP group had a second trimester miscarriage, we cannot draw conclusions 

and there may be other clinical factors contributing to a second trimester miscarriage that 

cannot be predicted by kisspeptin level. The range of kisspeptin values in patients who went 

on to have a normal pregnancy and delivery compared to those whose pregnancies ended in 

miscarriage is unaffected when the analysis is repeated excluding the IUP patient who had a 

second trimester miscarriage and those lost to follow-up (Supplementary Figure 2).

The strengths of the study lie in the fact that serum was collected earlier in this study than in 

prior studies, thus confirming the assay performance is valid in patients presenting early in 

gestation with symptomatic pregnancies. Additionally, the study of the kisspeptin assay in a 

well-phenotyped prospective cohort allows for outcome verification, though there is an 

inherent selection bias as a result. Limitations of the study include the small sample size and 

the cross-sectional nature of the study. Though the sample size is small, the case-control 

design with well-phenotyped patients in each group is appropriate for biomarker 

characterization and allowing for differences in serum kisspeptin between the groups to be 

detected if indeed differences existed (21). The findings from this study set the stage for 

further biomarker validation in larger prospective studies. Only patients with unassisted 

pregnancies were included, therefore applicability to patients with assisted conceptions is 

unknown. Though serum kisspeptin appears to be a potential biomarker to discriminate IUP 

from SAB, it will be important to also follow patients with serial measurements for 

longitudinal assessment. Most patients in the IUP and SAB groups were African American, 

with only 4 Caucasian patients in the SAB group, and none in the IUP group, which limits 

our ability to detect an association if one exists. The nonpregnant controls were older than 

the IUP and SAB groups although kisspeptin did not appear to depend on maternal age. A 

larger study with a wider representation of patients across several racial and ethnic groups 

and similar maternal ages is needed to explore whether race, ethnicity, or maternal age 

impact kisspeptin trends. Asymptomatic pregnant controls were not included in the study, 

thus, the study is not generalizable to patients presenting in early pregnancy without 

symptoms. Future studies should also include asymptomatic pregnant patients to validate the 

serum kisspeptin assay in that population.

Conclusions

This study demonstrates that kisspeptin is detectable in serum in early pregnancy and can 

discriminate SAB from IUP. Future studies are needed to validate these findings, assess the 

applicability of the serum kisspeptin assay in other pregnancy outcomes including 

pregnancies after assisted reproductive techniques, ectopic pregnancy, and pregnancy of 

unknown location. Furthermore, it will be useful to compare the performance characteristics 

of the kisspeptin assay to other potential biomarkers of early pregnancy outcome. 

Ultimately, kisspeptin is a promising biomarker of pregnancy viability, and may have 

clinical utility in developing an accurate test of early pregnancy outcome in the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Capsule

Serum kisspeptin levels are significantly higher in first trimester ongoing intrauterine 

pregnancies compared to miscarriages and the non-pregnant state. Kisspeptin may be a 

potential biomarker to predict pregnancy viability.
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Figure 1. 
Receiver Operator Curve analysis of the performance of serum kisspeptin and serum hCG.
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Figure 2. 
Box Plot comparing serum and plasma kisspeptin values in patients with intrauterine 

pregnancies (IUP) and miscarriage (SAB).
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