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Objective: To analyze the perinatal outcome of fetus-
es with high first-trimester free beta human chorion-
ic gonadotrophin (b-hCG) levels and compare it with 
controls.
Method: Prospectively collected data from 113 fetus-
es with free b-hCG levels >4.0 MoMs and 3176 controls 
were analyzed to compare the rates of chromosomal 
abnormalities, structural defects, preeclampsia, hyper-
tension, abruption, miscarriage, low birthweight, in-
trauterine or neonatal death, gestational diabetes and 
NICU admissions. Odds ratios with 95% confidence in-
tervals (CIs) were calculated.

Results: Fetuses with free b-hCG levels >4.0 MoMs had 
a 8.8% (95% CI 4.8-15.3) rate of chromosomal abnor-
malities, mostly Down syndrome. The prevalence of 
preeclampsia in this group was 3.8% (95% CI 1.5-9.5), 
significantly higher (OR 3.1, 95% CI 1.1-8.9) compared 
to controls. There were no significant differences in any 
of the other outcomes. There were no cases of intrau-
terine or neonatal death.
Conclusion: The main concern in fetuses with high 
first-trimester free b-hCG levels is increased risk for 
chromosomal abnormalities. Fetuses with a normal 
karyotype may be at increased risk for preeclampsia.
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ABSTRACT

Introduction
The levels of maternal serum free beta chorionic go-
nadotrophin (free beta-hCG) and pregnancy associated 

plasma protein –A (PAPP-A) have been measured for 
over a decade in the context of first-trimester screen-
ing for chromosomal abnormalities, and specific level 
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patterns have been recognized for different conditions. 
Thus, compared with normal foetuses, those with triso-
my 21 tend to have higher levels of free beta hCG (me-
dian: 1.95 MoMs) and lower levels of PAPP-A (median: 
0.437 MoMs) [1], those with trisomies 18 and 13 tend to 
have lower levels of both hormones (median free beta 
hCG: 0.2 and 0.5 MoMs, respectively; median PAPP-A: 0.2 
and 0.3 MoMs, respectively [2], and foetuses with triploi-
dy tend to have significantly increased levels of free beta 
hCG (median 4.59 MoMs) and significantly low levels of 
PAPP-A (median 0.12 MoMs) [3]. 

Furthermore, as both proteins are produced by the 
trophoblast and their secretion may be altered in pla-
centa-related obstetric complications, their levels have 
been studied as predictors for conditions such as pre-
eclampsia (normal free beta hCG, low [median 0.844 
MoMs] PAPP-A) [4], fetal growth restriction (normal free 
beta hCG, low [median 0.813 MoMs] PAPP-A) [4], small 
for gestational age (SGA) foetuses (normal free beta hCG, 
low [median 0.76 MoMs] PAPP-A) [5] and fetal death (low 
levels increase the risk) [6]. 

Approximately 1% of women will have free beta hCG 
levels ≥3.914 MoMs. Total beta hCG levels >4.0 MoMs 

have been associated with high risk for spontaneous 
miscarriage, small-for-gestational-age infants, pregnan-
cy-associated hypertensive disorder, and preterm de-
livery in the second trimester [7], and 5 out of 6 fetuses 
with extremely high (>15 MoMs) hCG levels had preg-
nancy complications in a small series from Israel [8].

The aim of this study was to record the perinatal out-
come of pregnancies with increased (>4.0 MoMs) first-tri-
mester levels of free beta hCG and compare it with the 
outcome of pregnancies with lower (≤4.0 MoMs) free 
beta hCG levels. 

Methods
This is a study of prospectively collected data from sin-
gleton pregnancies, drawn from a population attending 
routine first-trimester screening for aneuploidies in two 
prenatal diagnostic centers in Greece within three years. 
The study was approved by the corresponding Ethics 
Committees and consent was obtained from all partic-
ipants.

All fetuses were scanned between 11+0 – 13+6 weeks 
by two Fetal Medicine Foundation (FMF) –accredited 
operators (ME and AS) according to the FMF protocol 

Figure 1. Flow chart of participant selection



VOLUME 1 | ISSUE 1 | 2021

35

OGIPerinatal outcome of fetuses with high (>4.0 MoMs) first-trimester free beta-hCG levels, p. 33-38

(www.fetalmedicine.com). All scans were performed 
transabdominally, using either a GE E6 Expert or a GE E8 
Expert ultrasound machine (wide band convex volume 
probe, 2.0-8.0 MHz, GE Medical Systems Kretztechnik, 
GmbH & Co., OHG, Austria). The data were entered into 
a specialized fetal database software (Astraia Obstetrics, 
Astraia Software GmBH, Munich, Germany).

Maternal serum free beta hCG and PAPP-A were mea-
sured using either a Brahms Kryptor (Kryptor system, 
Brahms AG, Berlin, Germany) or a Roche Elecsys (Roche 
Diagnostics Ltd., Switzerland) analyzer. The measured 
concentrations of the two hormone were converted to 
MoMs corrected for fetal crown–rump length (CRL), ma-
ternal weight, smoking status, racial origin, parity and 
method of conception  according to the FMF software as 
described before [9].

 Recorded outcome measures included pregnancy out-
come (live birth, termination, miscarriage, intrauterine 
death / stillbirth, perinatal death), fetal karyotype, pres-
ence of major fetal structural abnormalities, preeclamp-
sia, fetal growth restriction (defined as birth weight ≤5th 
centile for our screening population), cholestasis, pla-
cental abruption, gestational diabetes mellitus and ad-
mission to the neonatal intensive care unit (NICU). 

In order to identify infants with birth weight below the 
fifth centile of our population, we first constructed nor-
mal ranges were constructed for birth weight, separately 
for boys and girls, as described according to Royston and 

Wright [10]. The birth weight for boys was described by 
the equation: 

Log10BW= -0.342952 +0.174748*GA -0.001943*GA2 
(SD=0.049678).

The corresponding equation for girls was:
Log10BW= -0.898371 +0.203513*GA -0.002327*GA2

 

(SD= 0.258046 -0.005390*GA)
For each woman with free beta hCG levels ≥4.0 MoMs, 

the next thirty women in the database with levels <4.0 
MoMs were used as controls. Women were contacted 
by phone at least 4 months after their expected deliv-
ery date. When a woman could not be reached after two 
attempts, she was replaced by the next in list. Compari-
sons between the two groups were made using the chi-
square (χ2) or Fisher test, and the odds ratios with their 
respective confidence intervals (CIs) were calculated 
(IBM Corp. Released 2011. IBM SPSS Statistics for Macin-
tosh, Version 20.0. Armonk, NY: IBM Corp).

Results
The flowchart of participants is illustrated in Figure 1. 
One hundred and twenty women with a singleton preg-
nancy had free b-hCG levels ≥4.0 MoMs at 11+0 – 13+6 
weeks (1.4%) . Seven of them were lost to follow-up 
and therefore the analysis included 113 women with 
free bhCG levels ≥4.0 MoMs and 3176 controls. The de-
scriptive data for the two groups are shown in Table 1. 
The proportion of female foetuses was higher in cases 

  Table 1. Descriptive data for cases with free b-hCG levels >4.0 MoMs (N=113) and controls (N=3176)

Cases 
( ≥4.0 MoMs)

Controls  
(<4.0 MoMs)

p-value

Median free bhCG MoMs 4.96 0.98 0.0001

Median PAPP-A MoMs 1.13 0.98 0.01

Median risk for trisomy 21 1:1478 1:9558 0.0001

Mean CRL (mm) (SD) 61.6 (7.0) 60.8 (6.8) 0.015

Mean NT (SD) 1.7 (0.4) 1.7 (0.4) 0.06

Mean gestational age at birth (wks) (SD) 38.5 (2.0) 39.0 (1.5) 0.06

Mean birth weight (gr) (SD) 3136 (626) 3230 (458) 0.094

Mean maternal age (yrs) (SD) 33.3 (5.2) 31.7 (4.2) 0.0001

Mean maternal BMI (SD) 23.8 (4.6) 24.4 (6.8) 0.546

Fetal sex (%male/female) 42.3/56.7 52.3/47.7 0.0001
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with free b-hCG levels >4.0 MoMs (56.7%) than controls 
(47.7%) (p<0.001).

The distribution of outcomes in the two groups is 
shown in Table 2. Fetuses with free b-hCG levels >4.0 
MoMs had significantly higher odds for termination of 
pregnancy because of chromosomal or structural ab-
normalities (OR 5.4, 95% CI 2.7-10.9). The rate of chro-
mosomal abnormalities was 8.8% (95% CI 4.8-15.3); one 
fetus had triploidy (12.360 MoMs), eight had trisomy 
21 (4.422-7.111 MoMs) and one had Turner syndrome 
(4.049 MoMs). The estimated risk for trisomy 21 for the 
eight affected cases ranged form 1:2 to 1:59 at the com-
bined first-trimester screening. The risk for preeclampsia 
was also increased in cases with free b-hCG levels >4.0 
MoMs (OR 3.1, 95% CI 1.1-8.9), while no significant differ-
ence was found in the other outcomes studied. All four 
cases with preeclampsia in the high b-hCG group were 
found in women with levels >5.0 MoMs (4/51 or 8%).

Discussion
In this case-control study, we found that free b-hCG 
levels >4.0 MoMs were associated with approximately 
9% for chromosomal abnormalities, mostly Down syn-
drome, and 4% risk for preeclampsia. The risk for other 
placenta-related complications, including fetal growth 
restriction, was not found to significantly differ between 
the two groups. 

Free beta-hCG levels >4.0 MoMs approximately cor-

respond to the highest 1% of the measurements9; 1.3% 
of our population were found to have such levels. Since 
Down syndrome is characterized by high free b-hCG 
levels, women with such levels are commonly given the 
option for invasive prenatal diagnosis. Indeed, 25% of 
these fetuses had risk for Down syndrome >1:250, 20% 
had risk >1:100 and 7% actually had trisomy 21. We fur-
ther analyzed the outcome of these fetuses in order to 
optimize counseling for this selected population.

We found that women with free b-hCG levels >4.0 
MoMs had three times higher risk for preeclampsia 
compared to controls. Notably, all our cases with high 
free-hCG and preeclampsia had normal PAPP-A levels, 
ranging from 0.854 to 1.912.Maternal serum b-hCG con-
centrations have been tried as predictors for preeclamp-
sia in the settings of both first- and second-trimester 
screening. The results are conflicting, as both lower [11], 
unchanged [12] or higher [13] free b-hCG levels have 
been reported in women who subsequently developed 
preeclampsia as opposed to controls, whereas free 
b-hCG was not found to be a significant factor in mul-
tivariable prediction models [14, 15]. In a recent study, 
total hCG levels  ≥ 90th centile in nulliparous or ≥  95th 
centile in multiparous) were associated with a more than 
threefold risk for early-onset severe preeclampsia [16]. 

Second-trimester b-hCG levels >4 MoMs have been as-
sociated with a non-significant trend towards increased 
risk for low birth weight and hypertensive disease of 

  Table 2. Outcomes of cases with free b-hCG levels >4.0 MoMs (N=113) and controls (N=3176)

Cases n/N (%) Controls n/N (%) OR (95% CI)

Live birth 103/113 (91.2) 3077/3176 (96.9) 0.3 (0.2-0.7)

Miscarriage 0 25/3176 (0.8) N/A

Termination of pregnancy 10*/113 (8.8) 56*/3176 (1.8) 5.4 (2.7-10.9)

Intrauterine death 0 14/3176 (0.4) N/A

Neonatal death 0 4 (0.1) N/A

Preeclampsia 4/104 (3.8) 39/3095 (1.3) 3.1 (1.1-8.9)

Gestational hypertension 1/103 (1.0) 13/3096 (0.4) 2.3 (0.3-17.9)

Gestational diabetes mellitus 1/103 (1.0) 34/3095 (1.1) 0.9 (0.1-6.5)

Placental abruption 0 5/3095 (0.2) N/A

Birth weight <5th centile 6/101 (5.9) 174/3011 (5.8) 1.0 (0.4-2.4)
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pregnancy [17]. There is a theoretical basis for both 
reduced and increased b-hCG levels in preeclampsia. 
Women developing preeclampsia were found to have 
increased (and correlated) hydrogen peroxide and hCG 
levels, indicating that hCG may be a marker of oxidative 
stress [18]; moreover, a study in cultured trophoblastic 
cells showed that b-hCG secretion in response to hy-
drogen peroxide stimulation follows a bimodal pattern, 
with low stimulation enhancing and high stimulation 
suppressing cytotrophoblastic hCG secretion [19]. The 
dual pattern has also been reported for the soluble LH/
hCG receptor (sLHCGR); most of the pregnancies devel-
oping preeclampsia exhibit very low levels, probably 
indicating early placental failure, whereas a significant 
proportion of such pregnancies have very high sLHCGR 
levels, probably associated with reduced hCG bioactivity 
and abnormal endothelial and immune response [20]. 
The dual pattern may, at least partly, explain the lack of 
significance of free b-hCG in regression models, where 
it is used as a continuous variable. Notably, none of the 
women with free b-hCG <0.3 MoMs (which roughly cor-
responds to the first centile in our population) and 0.7% 
of those with levels <0.4 MoMs (5th centile in our pop-
ulation) developed preeclampsia. Two out of the four 
preeclampsia cases in women with free b-hCG levels 
>4.0 MoMs resulted in delivery before 34 weeks, how-
ever much greater numbers of cases with increased free 
b-hCG are needed in order to draw firm conclusions.   

Sharony et al. analysed the outcome of pregnancies 
with extremely high (>15 MoMs) free b-hCG levels, 
which had a frequency of about 1:8000 in their popu-

lation. In 5 out of their 6 cases, an obstetric complica-
tion (intrauterine death, prematurity, failure to thrive) 
developed, without any apparent diagnosis responsible 
for that, except from one case with hydatidiform mole 
with a coexisting normal fetus [8]. Notably, the case with 
the highest free b-hCG level (12.360 MoMs) in our series 
was also a triploid fetus, and the patient developed pre-
eclampsia at 17 weeks secondary to the development of 
theca lutein cysts.

Apart from chromosomal abnormalities and an asso-
ciation with preeclampsia, we did not detect an associ-
ation of high free b-hCG levels with (or a trend towards) 
other obstetric or fetal complications. Similarly, in their 
prospective study, Brameld et al. concluded that high 
(>4.1 MoMs) levels of free b-hCG have limited use as 
predictors for adverse pregnancy outcomes [21]. Still, 
the rarity of certain events (e.g perinatal death) would 
require a much larger pool of cases, and therefore a 100-
fold larger screening population, in order for potential 
associations to reach significance.

Conclusion
The data from our series indicate that, after excluding 
chromosomal abnormalities, a moderately increased risk 
for preeclampsia may be a concern in women with in-
creased free b-hCG levels. Larger datasets are needed in 
order to substantiate this effect and determine whether 
these women would benefit from modified pregnancy 
management. 

Conflict of interest: None

1. Spencer K, Souter V, Tul N, Snijders R, et al. A screen-
ing program for trisomy 21 at 10-14 weeks us-
ing fetal nuchal translucency, maternal serum free 
beta-human chorionic gonadotropin and pregnan-
cy-associated plasma protein-A. Ultrasound Obstet 
Gynecol 1999;13:231-7.

2. Kagan KO, Wright D, Valencia C, Maiz N, et al. Screen-
ing for trisomies 21, 18 and 13 by maternal age, fetal 
nuchal translucency, fetal heart rate, free beta-hCG and 

pregnancy-associated plasma protein-A. Hum Reprod 
2008;23:1968-75.

3. Spencer K, Liao AW, Skentou H, Cicero S, et al. Screening 
for triploidy by fetal nuchal translucency and maternal 
serum free beta-hCG and PAPP-A at 10-14 weeks of ges-
tation. Prenat Diagn 2000;20:495-9.

4. Spencer K, Yu CK, Cowans NJ, Otigbah C, et al. Predic-
tion of pregnancy complications by first-trimester ma-
ternal serum PAPP-A and free beta-hCG and with sec-

REFERENCES



VOLUME 1 | ISSUE 1 | 2021

38

OGI Perinatal outcome of fetuses with high (>4.0 MoMs) first-trimester free beta-hCG levels, p. 33-38

CITATION M. Eleftheriades, C. Chatzakis, K. Dinas, N. Vlahos, A. Sotiriadis. Perinatal outcome of fe-
tuses with high (>4.0 MoMs) first-trimester free beta-hCG levels. OGI 2021; 1(1): 33-38.

ond-trimester uterine artery Doppler. Prenat Diagn 
2005;25:949-53.

5. Tul N, Pusenjak S, Osredkar J, et al. Predicting compli-
cations of pregnancy with first-trimester maternal se-
rum free-betahCG, PAPP-A and inhibin-A. Prenat Diagn 
2003;23:990-6.

6. Spencer K, Cowans NJ, Avgidou K, et al. First-trimester 
ultrasound and biochemical markers of aneuploidy and 
the prediction of impending fetal death. Ultrasound Ob-
stet Gynecol 2006;28:637-43.

7. Lepage N, Chitayat D, Kingdom J, et al. Association be-
tween second-trimester isolated high maternal serum 
maternal serum human chorionic gonadotropin levels 
and obstetric complications in singleton and twin preg-
nancies. Am J Obstet Gynecol 2003;188:1354-9.

8. Sharony R, Itzhaky D, Amiel A, et al. Adverse outcome of 
pregnancies with extremely high levels of maternal se-
rum human chorionic gonadotropin. Fetal Diagn Ther 
2008;23:233-6.

9. Kagan KO, Wright D, Spencer K, et al. First-trimester 
screening for trisomy 21 by free beta-human chorionic 
gonadotropin and pregnancy-associated plasma pro-
tein-A: impact of maternal and pregnancy characteris-
tics. Ultrasound Obstet Gynecol 2008;31:493-502.

10. Royston P, Wright EM. How to construct ‘normal rang-
es’ for fetal variables. Ultrasound Obstet Gynecol 
1998;11:30-8.

11. Karahasanovic A, Sorensen S, Nilas L. First trimester 
pregnancy-associated plasma protein A and human 
chorionic gonadotropin-beta in early and late pre-ec-
lampsia. Clin Chem Lab Med 2014;52:521-5.

12. Spencer K, Cowans NJ, Nicolaides KH. Low levels of ma-
ternal serum PAPP-A in the first trimester and the risk of 
pre-eclampsia. Prenat Diagn 2008;28:7-10.

13. Mikat B, Zeller A, Scherag A, et al. betahCG and PAPP-A 
in first trimester: predictive factors for preeclampsia? Hy-
pertens Pregnancy 2012;31:261-7.

14. Kuc S, Koster MP, Franx A, et al. Maternal characteristics, 
mean arterial pressure and serum markers in early pre-
diction of preeclampsia. PLoS One 2013;8:e63546.

15. Poon LC, Nicolaides KH. First-trimester maternal factors 
and biomarker screening for preeclampsia. Prenat Di-
agn 2014;34:618-27.

16. Jelliffe-Pawlowski LL, Baer RJ, Currier RJ, et al. Early-On-
set Severe Preeclampsia by First Trimester Pregnan-
cy-Associated Plasma Protein A and Total Human Cho-
rionic Gonadotropin. Am J Perinatol 2014.

17. Tavor O, Shohat M, Lipitz S. The relationship between 
perinatal outcome of singleton pregnancies and isolat-
ed highly elevated levels of maternal serum human cho-
rionic gonadotropin at mid-gestation. Isr Med Assoc J 
2007;9:509-12.

18. Kharfi A, Giguere Y, De Grandpre P, et al. Human chori-
onic gonadotropin (hCG) may be a marker of systemic 
oxidative stress in normotensive and preeclamptic term 
pregnancies. Clin Biochem 2005;38:717-21.

19. Kharfi Aris A, Leblanc S, Ouellet A, et al. Dual action 
of H2O2 on placental hCG secretion: implications 
for oxidative stress in preeclampsia. Clin Biochem 
2007;40:94-7.

20. Chambers AE, Griffin C, Naif SA, et al. Quantitative ELISAs 
for serum soluble LHCGR and hCG-LHCGR complex: po-
tential diagnostics in first trimester pregnancy screen-
ing for stillbirth, Down’s syndrome, preterm delivery and 
preeclampsia. Reprod Biol Endocrinol 2012;10:113.

21. Brameld KJ, Dickinson JE, O’Leary P, et al. First trimester 
predictors of adverse pregnancy outcomes. Aust N Z J 
Obstet Gynaecol 2008;48:529-35.


