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Abstract OBJECTIVE: to determine if the sex ratio (male/female) is altered in infants born to patients with low
mid-trimester maternal serum human chorionic gonadotropin (MShCG). STUDY DESIGN: Between 2/1/90 and
1/3/91, 3,116 patients underwent prenatal screening using second-trimester maternal serum a-fetoprotein (MSAFP),
MShCG, and maternal serum unconjugated estriol (MSuE3). Among these, there were 132 patients with low
second-trimester MShCG (,0.4 MoM), normal MSAFP, and MSuE3. The gender distribution of these term, normal
newborns was compared to that of 237 controls, matched for race, maternal age, and referral source and delivered at term
to mothers with normal mid-trimester MSAFP, MSuE3, and MShCG.The gender distribution of these two groups of
newborns was also compared to that of 78 term newborns from the same obstetrical population delivered to mothers with
second-trimester MShCG .2.5 MoM and normal MSAFP and MSuE3. All patients had a complete obstetrical history.
RESULTS: Forty-nine percent of the controls were male vs. 62% of the group with low second-trimester MShCG
(P , .01). Within the group with low MShCG, 59% of infants were male when the MShCG was between 0.19 and 0.4
MoM (A) and 80% when the MShCG was ,0.2 MoM (B) (control vs. A vs. B P , .005). The sex ratio in the
high-MShCG group was similar to control. CONCLUSION: The data suggest that gender distribution is different from
normal in patients with low mid-trimester MShCG. J. Matern.–Fetal Med. 6:111–114, 1997. r 1997 Wiley-Liss, Inc.
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INTRODUCTION

Human chorionic gonadotropin (hCG) is the sole mem-
ber of the glycoprotein hormone family which is produced
by the trophoblast, beginning very early in pregnancy [1]. Its
measurement is the basis of pregnancy testing. In addition,
immunoassays to the beta-core fragment of hCG and hLH
have demonstrated clinical utility in detecting and monitor-
ing therapy for certain hCG-secreting tumors, e.g., ovarian,
trophoblastic, and testicular cancers [2,3]. HCG acts by way
of the LH receptor. It has similar activity to LH in
supporting the corpus luteum, which is necessary for the
survival and continuation of the pregnancy. hCG enters the
maternal circulation at the time of blastocyst implantation.
The level reaches 1 mIU/ml 4 weeks after the last menstrual
period, and subsequently increases at an average doubling
time of 31 hours until it peaks at approximately 100,000
mIU/ml at 10 weeks of gestation. There is no apparent

circadian rhythm. After 10 weeks’ gestation, hCG levels
decrease to less than 20,000 by mid-pregnancy and remain
at this level until term [4,5]. The hCG’s plasma half-life of
hCG is approximately 24 hours.
Exogenous hCG administration is used clinically to

replace luteinizing hormone (LH) to induce ovulation and
to extend the capacity of the corpus luteum to produce
progesterone. During the first trimester, abnormally low
hCG production is associated with abortive or ectopic
pregnancies [6]. Elevated maternal serum hCG (MShCG)
has been associated with trophoblastic disease and multiple
gestations [7,8]. Second-trimester maternal serum screening
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markers including hCG along with a-fetoprotein (MSAFP)
and unconjugated estriol (MSuE3) have been found to be
effective in identifying fetuses at risk for congenital defects
and chromosomal abnormalities [9–13]. Unexplained high
MSAFP and low MSuE3 have also been associated with an
increased risk of adverse pregnancy outcome [14–16].
Third-trimester maternal serumMShCG levels are higher

in female-fetus pregnancies than in male-fetus pregnancies
[17]. In this study we show that neonatal gender distribution
of controls is different from that of a group of neonates
delivered to mothers with low mid-trimester MShCG.
Furthermore, an inverse trend between male/female sex
ratio and MShCG values can be observed.

MATERIALS AND METHODS
Between February 1, 1990 and January 31, 1991, 3,116

patients underwent prenatal screening using second-
trimester MSAFP, MShCG, and MSuE3 at Michael Reese
Hospital. Assays were performed using fresh blood samples
at 15–24 weeks’ gestation as previously described [13,16].
All values were expressed according to gestational age at
sampling as multiples of the median (MoM) for unaffected
pregnancies as determined in our laboratory. Pregnancies
were dated by fetal ultrasonographic biometry when avail-
able or by the last menstrual period (LMP). MShCG values
were determined using the IMx anti-hCG (mouse monoclo-
nal) microparticle enzyme immunoassay (Abbott, IL). The
sensitivity of the IMx hCG assay is 2 mIU hCG/mL
(interassay CV ,3%, intrassay CV ,7%). The assay has no
detectable cross-reactivity with LH, follide-stimulating hor-
mone (FSH), or thyroid-stimulating hormone (TSH). For
purposes of this study the normal MShCG range was
defined as 0.4–2.5 MoM.

Two hundred forty-four patients (7.8% of the screened
population) had low MShCG (,0.4 MoM). One hundred
thirty-two of these patients were selected because they had
no other abnormal second-trimester maternal serum mark-
ers, were healthy, and a complete obstetrical history was
available. These patients were matched for race, maternal
age, and referral source with 237 controls (2:1 ratio) who
had normal values for the three second-trimester maternal
serum markers (MSAFP .0.39 and .2.5 MoM, MSuE3
.0.39 and,1.6 MoM, andMShCG.0.39 MoM and,2.5
MoM) and delivered at term. In addition, the records of 78
term newborns of mothers with second-trimester MShCG
.2.5 MoM and normal MSAFP and MSuE3 were also
reviewed to determine if the sex ratio in the high-MShCG
group was different from control. All patients had a
complete obstetrical history. None of the 447 patients had
pre-gestational diabetes, chronic hypertension, twins, or an
abnormal newborn physical examination. Data from the
three groups of patients was compared using t-test and
chi-square analysis as appropriate.

RESULTS
The study and control groups were similar for all param-

eters examined except for mean hCG (Table 1). Mean (SD)
gestational age (weeks) at sampling was 16.8 (1.6) for
controls and 17.0 (1.7) for the low-MShCG group (P 5
NS). Mean MShCG values of males and females in the
low-MShCG group (male: 0.33 MoM; females: 0.35 MoM)
were also similar.
A larger percentage of males were found in the low

mid-trimester MShCG group compared with the control
group (61.9% vs. 49.3%; P , .01), and a negative trend was

TABLE 1. Demographic and Second-Trimester Maternal Serum Markers in Low MShCG and Control Groupsa

Low
MShCG
(n:112)

Very low
MShCG
(n:20)

Control
(N:237)

Race (%)
White 56.4 47.6 46.8 N.S.
Black 38.6 46 44 N.S.
Other 5 6.4 9.2 N.S.

Gestational age at delivery
(weeks: mean (SD) ) 39.4(1.4) 39.1(1.6) 39.3(1.2) N.S.

Neonatal weight
(g: mean (SD) ) 3,432(485) 3,505(431) 3,424(485) N.S.

Mid-trimester maternal
serum markers
(Mean MoM)
uE3 0.87 0.99 0.89 N.S.
AFP 1.14 1.2 1.17 N.S.
hCG 0.33 0.14 0.99 ,.0001

auE3, unconjugated estriol. AFP, a-fetoprotein, hCG, human chorioic gonadotropin, MoM, multiples of the median.
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noted between the levels of mid-trimester MShCG and
newborn male percentage (P , .005) (Fig. 1).
In the high-MShCG group, the respective means (SD)

for MShCG, birthweight, and gestational age at delivery
were 3.46 MoM (0.4), 3,258.8 g (95.7); 38.1 weeks (0.5). In
this high-MShCG group the sex ratio was 1 and similar to
controls supporting lack of skewness in gender ratio in
controls and patients with high HShCG.

DISCUSSION
HCG-b encoding genes compose a multi-gene family

consisting of seven genes located on chromosome 19
clustered closely with the hLH-b gene. The seven b-hCG
genes are highly similar but not identical. It is the synthesis
of the b-subunit that controls the rate of hCG formation
and confers receptor target specificity [18,19]. The main
structural difference between the hCG b-subunit and hLH
b-subunit is the hCG COOH-terminal peptide. This termi-
nal peptide is the one which allows for generation of
hCG-specific antisera for accurate measurement of the
hormone even in the presence of high concentrations of
hLH [20].
Studies have been performed in an attempt to determine

fetal sex based on MShCG. It was found that the mean
third-trimester maternal and amniotic fluid hCG was ele-
vated in female fetuses compared to male fetuses, but the
range of overlap in the two groups did not allow its clinical
use to predict fetal sex [5,17].
This study focuses on a group of pregnancies with only

low second-trimester MShCG. This study group was care-

fully selected in order to avoid confounding variables that
could have been related to the 27 different permutations of
the three parameters of the second-trimester maternal
serum screening (normal, low, and high values for each). An
approximately 2:1 ratio between controls and study group
was attempted by design using laboratory data in which
delivery date was known. Complications of pregnancy and
gender distribution was determined after matching by
reviewing the hospital medical records. It appears that
women with low values of second-trimester MShCG are
more likely to deliver male than female neonates. However,
the mean MShCG values of male-fetus and female-fetus
pregnancies in this group of women with low second-
trimester MShCG was similar, and, therefore, second-
trimester MShCG cannot be used clinically for prediction
of an individual fetal gender. During the first trimester,
abnormally low hCG production is associated with abortive
or ectopic pregnancies; however, the sex ratio in these
spontaneous abortions has not been described. As far as we
know, hCG in male fetal plasma is required to stimulate the
Leydig cells to produce testosterone and ensure male sexual
differentiation. The function of hCG in female fetuses is
currently unknown but could be vital.
All the studies performed in our laboratory were per-

formed with a consistent method. However, the present
study requires confirmation and comparison with other
future studies describing their reference preparations and
system of MShCG measurement because 1) in some preg-
nant women, the anti-hCG microparticle enzyme immuno-
assay measuring systems could have greatly underestimated

Fig. 1. Percentage of male and female newborns in three groups of patients with normal, low, and very low
second-trimester maternal serum human chorionic gonadotropin (P , .005).
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the amount of hCG present, explaining the low values
observed in our study population; 2) nicked forms of hCG
also have much lower biological activities than intact hCG
and may not always be measured by assay systems in current
use [3]; 3) identification of hCG b-subunit mutants have
not been attempted, but mutations of the LH b-subunit
have been reported and might be related to menstrual
disorder in some patients [21]; 4) synthetic peptide analogs
of the hCG beta COOH-terminal have been used to induce
circulating antibodies capable of preventing pregnancies in
primates and humans [22]. Simultaneous detection of intact
hCG, free hCG b-subunit, nicked hCG varieties, and hCG
b-core peptides should address whether circulating hCGs
are different or change during pregnancy and whether a
certain hCG variant not detected by our immunoradiomet-
ric method could be related to a particular obstetrical
population, to embryonic gender, to an hCG receptor
interaction, or to a gestational age. Identification of hCG
variants could be of physiological and clinical significance
both for evaluation of pregnancy failure and for the prenatal
screening of chromosomal aneuploidies.
In conclusion, this study suggests that women with low

second-trimester MShCG are more likely to deliver a male
than a female fetus.
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