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Intrauterine tissues (placenta, amnion, chorion, decidua) ex-
press hormones and cytokines that play a decisive role in
maternal-fetal physiological interactions. The excessive or de-
ficient release of some placental hormones in association with
gestational diseases may reflect an abnormal differentiation
of the placenta, an impaired fetal metabolism, or an adaptive
response of the feto-placental unit to adverse conditions. This
review is focused on the applicability of hormone measure-
ments in the risk assessment, early diagnosis, and manage-
ment of pregnancies complicated by Down’s syndrome, fetal
growth restriction, preeclampsia, preterm delivery, and dia-

betes mellitus. Combined hormonal tests or the combination
of hormones and ultrasound may achieve reasonable sensi-
tivity, but research continues to simplify the screening pro-
grams without sacrificing their accuracy. Only in a few in-
stances is there sufficient evidence to firmly recommend the
routine use of hormone tests to predict maternal and fetal
complications, but the judicious use of selected tests may en-
hance the sensitivity of the risk assessment based solely on
clinical and ultrasound examination. (Endocrine Reviews 23:
230–257, 2002)
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I. Introduction

A PLETHORA OF hormonal changes contribute to the
physiological maternal adaptations during human

gestation. Fluid balance, blood pressure, digestion, respira-
tion, fuel and mineral metabolism, immune response, and
several behavioral functions are reprogrammed during preg-
nancy and occur under the modulation of hormonal changes,
from very early gestation to fetal delivery and beyond (1).

These hormonal changes are different in pathological preg-
nancies and may be monitored for diagnosis or risk predic-
tion of gestational diseases, taking into account both the
hormonal levels and the preexisting maternal risk factors.

Intrauterine tissues (placenta, amnion, chorion, decidua)
express hormones and cytokines (2) that play a decisive role
in maternal-fetal physiological interactions, in the repro-
gramming of the maternal endocrine system, and in the
signaling mechanisms that determine the timing of parturi-
tion (3–8). The amount of information regarding placental
hormones has dramatically increased over the last few years
and has had a great impact on the recognized mechanisms
of gestational disorders. At the same time, newly developed
assays have become available and have permitted the precise
assessment of several placental hormones in the maternal
and fetal circulation and in the amniotic fluid. As a natural
consequence of these achievements, placental hormones
have been investigated as biochemical markers of gestational
diseases.

The excessive release of some placental hormones in as-
sociation with gestational diseases may be part of an adap-
tive response of the placenta and fetal membranes to adverse
environmental conditions, such as hypertension, hypoxia,
and infection, or to malformations of the fetus and placenta.
The high concentrations of these hormones in maternal pe-
ripheral blood, in fetal (cord) blood, and in the amniotic fluid
are clinically accessible signs of increased placental hormone
synthesis (Fig. 1). Neurohormones and steroids have more
endocrine features and are measurable in maternal serum,
saliva, or urine, whereas growth factors and cytokines are
more often altered in cord serum or amniotic fluid, probably
reflecting a fetal/membrane adaptive response. These hor-
monal changes probably represent a nonspecific functional
counterpart of structural changes such as proliferation of the

Abbreviations: AFP, �-Fetoprotein; ANP, atrial natriuretic peptide;
DHEA-S, dehydroepiandrosterone sulfate; FGR, fetal growth restriction;
GHBP, GH-binding protein; ICAM, intercellular adhesion molecule;
IGFBP, IGF-binding protein; MoM, multiples of the median; PAPP-A,
pregnancy-associated plasma protein A; sICAM and sVCAM, soluble
forms of ICAM and VCAM; VCAM, vascular cell adhesion molecule.
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trophoblast cells and increased prominence of the villous
stroma (2).

A potential problem in extrapolating the results of epide-
miological studies to clinical practice is that “normal” hor-
mone concentrations may change from one population to
another and also from week to week of gestation. This prob-
lem is fortunately overcome by the adoption of multiples of
the median (MoM) of healthy individuals as a unit of refer-
ence to convert hormone concentrations and quantify devi-
ations up or down the normal median. What changes more
between studies, however, is the positive predictive value,
since the probability that a woman with a positive test will
develop a disease depends not only on the accuracy of the
test, but also on her preexisting risk factors as well as the
expected incidence of the disease in the community to which
the woman belongs. Therefore, extreme care should be taken
in obstetric counseling to recognize that every screening test
has a limited power to predict the absolute risk of an
individual.

The aim of the present review is to summarize evidence
concerning the applicability of hormone measurements to
the risk assessment, early diagnosis, and management of
pregnancies complicated by Down’s syndrome, fetal growth
restriction (FGR), preeclampsia, preterm delivery, and dia-
betes mellitus. The data discussed here are intended to sup-
port clinical decisions regarding the advantages of perform-
ing endocrine screening tests on pregnant women, the choice
of one or more tests that best combine sensitivity and spec-
ificity, and the convenience of using such tests in the first or
second trimester to identify women at a higher risk of de-
veloping complications of late gestation.

II. Down’s Syndrome

Total or partial trisomy of chromosome 21 is responsible
for the occurrence of Down’s syndrome, which is the most
common severe abnormality at birth and has an incidence of
1:700 live births (9). Numerous cytogenetic studies of early
and late spontaneous abortions suggest that the incidence of
trisomy 21 pregnancies is actually higher, since approxi-
mately one forth of the affected pregnancies fails to survive

to term (10). The most common cause of trisomy 21 is meiotic
error, usually of maternal origin, with paternal meiotic fail-
ure being recognized in 4.3% to 35% of the cases (11, 12).

The majority of Down’s syndrome babies have low IQ
(IQ � 50) and important structural malformations. Gastro-
intestinal defects are present in 77% of Down’s syndrome
neonates, cardiac anomalies in 38%, and hematological prob-
lems in 11% (13). Consequently, the infant mortality rate is
increased up to 24-fold depending on the infant health status,
the gestational age at birth, and the residential arrangement
(14).

Down’s syndrome diagnosis requires invasive testing: 1)
chorionic villus sampling in the first trimester, or 2) amnio-
centesis in the second trimester, or 3) cordocentesis in the
second or third trimester. Because invasive tests are associ-
ated with a risk of pregnancy loss ranging from 0.5% to 1%
(15, 16), noninvasive screening tests have acquired much
interest. The current approach combines biochemical mark-
ers with maternal age, a variable that is strongly associated
with trisomy incidence (17, 18).

A. Endocrinology of Down’s syndrome

Down’s syndrome is characterized by an alteration in the
secretion of placental and fetal proteins and steroids. In 1987,
based on the observation of Merkatz and co-workers (19),
who reported that aneuploid pregnancies were characterized
by low maternal serum �-fetoprotein (AFP) levels, Cuckle et
al. (20) proposed the screening for Down’s syndrome using
maternal age in association with AFP. Since then, numerous
pregnancy-associated maternal serum markers for fetal tri-
somy 21 have been evaluated. These include estriol, human
CG (hCG), inhibin A, and pregnancy-associated plasma pro-
tein A (PAPP-A).

1. AFP. AFP is a glycoprotein produced by the yolk sack and
fetal gastrointestinal tract. AFP is a well established screen-
ing tool for neural tube defects (21). Elevated maternal serum
AFP levels are significantly associated with open spina bifida
and anencephaly (22). Maternal serum AFP levels rise
steadily until 32 wk of gestation, whereas fetal AFP peaks at
10–13 gestational weeks and then declines progressively un-
til term (22). Amniotic fluid AFP, which reflects the fetal
urinary excretion, peaks at 12–14 wk of gestation (23). Ma-
ternal serum AFP levels are blunted in Down’s syndrome
pregnancies at 15–20 wk of gestation (19).

Fetal liver AFP mRNA expression is not significantly dif-
ferent in Down’s syndrome and normal pregnancies (24),
suggesting that low maternal serum AFP levels in Down’s
syndrome could result from impaired fetal kidney function
or impaired membrane or placental passage (25).

The maternal risk of having a Down’s syndrome preg-
nancy has been calculated from mother’s age-related a priori
risk and maternal serum AFP values normalized to a ges-
tational age-matched control population (20, 26). It has been
estimated that screening for Down’s syndrome using both
maternal age and serum AFP improves the specificity with-
out sacrificing the sensitivity of either marker alone. As a
consequence, a greater number of unaffected pregnancies
may be spared unnecessary amniocentesis (20).

FIG. 1. Adverse environmental conditions, fetal or placental malfor-
mation can elicit an adaptive response whose visible side is the in-
crease in placental hormone levels at three major fluid compartments:
maternal blood, cord blood, and amniotic fluid.
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2. Estriol. Although the placenta is the source of estriol, this
hormone may reflect fetal steroidogenesis. The fetal adrenal
glands produce dehydroepiandrosterone sulfate (DHEA-S),
which is hydroxylated by the fetal liver into 16-�-hydroxy-
DHEA-S. The latter is transported to the placenta where it
undergoes desulfation by steroid sulfatase and is finally ar-
omatized to estriol (27). In the early phase of pregnancy, fetal
adrenal DHEA-S production is independent of fetal ACTH,
but in the second trimester ACTH is required for adrenal
function. Henceforth, 90% of the estriol production origi-
nates from DHEA-S synthesized by the fetal adrenal glands
(28). In fact, unlike total estriol, unconjugated estriol is pro-
duced almost entirely by the fetal-placental unit and there-
fore is a more sensitive indicator of fetal health.

Maternal serum unconjugated estriol levels are signifi-
cantly lower in Down’s syndrome pregnancies, ranging from
0.65 (27) to 0.79 MoM (29, 30). Amniotic fluid and placental
tissue unconjugated estriol levels are also significantly lower
in Down’s syndrome. Whereas placental turnover is not af-
fected by trisomy 21, DHEA-S levels in maternal serum,
placental tissue, and fetal liver are decreased, suggesting the
possibility that the reduction of estriol is linked to dimin-
ished fetal DHEA-S synthesis (27).

Unconjugated estriol is a variable independent of maternal
age, and therefore it can be used alone or in combination with
maternal age for the determination of the relative risk of
Down’s syndrome. In a routine screening program, maternal
serum unconjugated estriol has poor predictive power if
used as a single marker, but its inclusion contributes to im-
proving the predictive value of age and AFP (31).

3. hCG. hCG is a glycoprotein composed of two nonco-
valently linked subunits, � and �, and is produced by syn-
cytiotrophoblast cells of the placenta. hCG has a single
�-subunit and an �-subunit also shared by three other gly-
coprotein hormones: LH, FSH, and TSH. Maternal serum
hCG peaks at 8–10 wk and then declines to reach a plateau
at 18–20 wk of gestation. Five hCG-related molecules are
present in maternal serum: nonnicked hCG, which repre-
sents the active hormone; nicked hCG; free �-subunit; free
�-subunit; and the nicked free �-subunit (32–34). The free
�-subunit can derive from three sources, i.e., direct tropho-
blast cell production, dissociation of hCG into free �- and
free �-subunits, and by macrophage or neutrophil enzymes
nicking the hCG molecule (35). The free �-hCG circulating in
maternal serum corresponds to only about 0.3–4% of the
total hCG (36, 37).

In 1987, Bogart and co-workers (38) reported an elevation
of maternal serum hCG levels in Down’s syndrome preg-
nancies, and since then hCG has been introduced in most
screening programs (38, 39). In fact, second trimester ma-
ternal serum hCG levels are significantly higher in Down’s
syndrome compared with normal pregnancies, with an av-
erage of 2.00 MoM (38, 40, 41). Also free �-hCG levels are
augmented in Down’s syndrome pregnancies (41–45).

Molecular biology studies have demonstrated that trisomy
21 trophoblasts show a marked increase in �-hCG mRNA
and a smaller increase in �-hCG mRNA, suggesting that one
of the causes of high hCG levels in maternal serum is the
increased hCG production and secretion by the placenta (46).

These observations are supported by the relative immaturity
of the placenta, which continues to release large amounts of
hCG as in the first trimester (47). Furthermore, genetic map-
pings have shown that neither the genes of the �-subunit nor
those of the �-subunit of hCG are located on chromosome 21
but are located on chromosomes 6 and 19, respectively (48,
49), although they can be overexpressed by multiple mech-
anisms (50).

By the second trimester, maternal serum hCG and free
�-hCG are the most sensitive single analytes in screening of
Down’s syndrome (44, 51, 52). The real advantage of using
free �-hCG instead of the intact molecule is still open to
debate (53). Several groups of investigators advocate that the
free �-subunit hCG can improve the rate of Down’s syn-
drome detection, thanks to a wider separation between the
median concentrations in affected and unaffected pregnan-
cies (41, 54, 55). These observations have not been confirmed
by other groups who did not report a significant improve-
ment (42, 56); a possible explanation for this discrepancy may
lie in some aspect of the storage process of the maternal sera
(42).

First trimester maternal serum free �-hCG levels are sig-
nificantly elevated in Down’s syndrome pregnancies (57–59),
a fact that may justify moving the screening from the second
to the first trimester. A reasonably efficient screening can be
performed as early as between 9 and 15 wk of gestation (60).
It seems that measuring the free �-subunit improves the
performance of the first trimester screening compared with
the measurement of total hCG (59, 61, 62), although both
measures are highly correlated (60).

4. Inhibin A. Inhibins are glycoproteins that were first isolated
from ovarian follicular fluid and named after their ability to
inhibit the pituitary secretion of FSH. Inhibins A and B are
heterodimers composed by an �-subunit and a �A or �B
subunit, respectively, linked by a disulfide bridge (63). In-
hibin-related proteins comprise activins, which are ho-
modimers composed by the same �-subunits of the inhibin
molecule, and follistatin, a binding protein with affinity for
inhibins and activins via the �-subunit. Inhibins and activins
are members of the TGF� superfamily, a group of structur-
ally similar but functionally diverse growth factors (64).

Inhibin � and �A subunits are widely localized in the cyto-
and syncytiotrophoblast (65, 66), and the intensity of the
hybridization signal for inhibin � and �A subunit mRNA
increases throughout pregnancy, peaking in extracts pre-
pared from term placentas (65). Although the decidua (67),
membranes (68), and fetus all produce inhibin, the placenta
is the major source (7, 69). In consonance with placental
expression, maternal serum inhibin A and activin A concen-
trations increase progressively during gestation, especially in
the last trimester (70, 71).

In 1992, a role of immunoreactive inhibin in the screening
for Down’s syndrome was first suggested by in vitro and in
vivo studies (62, 72), but it was only after the development of
a specific assay for inhibin A (73) that it was possible to
demonstrate a significant elevation of maternal serum in-
hibin A levels in the second trimester (74). In fact, many
studies have reported values ranging from 1.53 (75) to 2.60
MoM (74) in Down’s syndrome pregnancies.
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Inhibin pro-� C, the inhibin �-subunit precursor, also
reaches higher levels in maternal serum in Down’s syndrome
pregnancies. These data suggest that the mechanism(s) un-
derlying the elevated inhibin levels observed in Down’s syn-
drome may affect the regulation of both the inhibin �- and
�A subunits (75). Interestingly, in affected pregnancies am-
niotic fluid inhibin A levels are significantly decreased (76),
possibly because of a reduced inhibin clearance from the
amniotic cavity.

Inhibin A in combination with maternal age, at a fixed 5%
false-positive rate, has shown an average detection rate of
42% (42, 77), which is insufficient to support its use as a single
marker. However, inhibin A may be effectively introduced
in a multiple marker screening for Down’s syndrome, as will
be discussed further on.

5. PAPP-A. PAPP-A is a 750-kDa glycoprotein produced
specifically by the trophoblast. It therefore can be found in
pregnant, but not in nonpregnant or male, plasma (78). It is
made up of four subunits of which only two are unique to
PAPP-A (79).

Maternal serum PAPP-A levels are detectable as early as
8 wk of gestation and then rise throughout pregnancy (80).
As first observed in 1991 by Brambati et al. (81), maternal
serum PAPP-A levels, when measured between 8 and 13 wk
of gestation, are significantly reduced in Down’s syndrome
pregnancies, with an average decrease of 2.5 times (59). In-
terestingly, maternal serum PAPP-A levels return to normal
values between 17 and 19 wk of gestation (82, 83).

The decrease in maternal serum PAPP-A is dissociated
from any change in placental synthesis of this protein, since
PAPP-A mRNA expression is not significantly decreased in
Down’s syndrome placentas. Furthermore, the correlation
between serum and tissue expression levels of PAPP-A is lost
in Down’s pregnancies. These observations suggest that the
decrease in maternal serum PAPP-A is posttranslational and
may be caused by an alteration of the placenta-releasing
mechanisms or by a modification of the stability of the se-
creted protein (84).

PAPP-A is a powerful screening tool for Down’s syndrome
pregnancies and has the special advantage of achieving sat-
isfactory results as early as the first trimester (85). Compared
with other markers alone, PAPP-A provides the highest de-
tection rate for Down’s syndrome at early screening (60).

6. Combined hormone measurements for screening of Down’s syn-
drome. The association of maternal age with serum protein
levels has been shown to be useful in the screening for
Down’s syndrome. In fact, this is the most effective approach;
it combines maternal serum markers, which should not be
correlated, to achieve the highest sensitivity (77).

The use of maternal age of 35 yr or more as the only
criterion for performing invasive testing results in identifi-
cation of only 20% of Down’s syndrome pregnancies (18). In
the second trimester, the combination of maternal age with
AFP elevates the detection rate to approximately 28% (20).
The addition of hCG (31) and unconjugated estriol (29) rep-
resents a major improvement, as the average detection rate
increases to 60% at a fixed false-positive rate of 5% (60,
86–88). This combination (AFP, hCG, and estriol) is called
“triple test.”

To improve the second-trimester screening sensitivity,
many analytes have been proposed and evaluated, e.g., pro-
gesterone (89), schwangerschafts-protein 1 (90), and placen-
tal alkaline phosphatase (91), but without success, and only
the introduction of inhibin A has shown a real advantage.

The use of inhibin A as an additional marker can increase
substantially the performance of the triple test (92). This
combination has been named “quadruple test.” Interestingly,
the use of �-hCG, AFP, and inhibin A with the exclusion of
unconjugated estriol may improve the sensitivity and reduce
the false-positive rate of the triple test (77, 93). The rate of
detection of Down’s syndrome increases from 53% to 75%
with the same specificity when inhibin A is added to ma-
ternal age, AFP, and �-hCG (77).

Recent studies have suggested the possibility of moving
the maternal serum screening to the first trimester (60, 94).
In addition to the clinical advantage of a precocious diag-
nosis, there is a desire among pregnant women for screening
to be conducted earlier than 15 wk of gestation (95). Many
possible markers have been evaluated: AFP, estriol, hCG and
free �-hCG, CA125, PAPP-A, and glycoprotein of pregnancy
(96). Among the possible markers for first-trimester Down’s
syndrome screening, the combination of maternal age,
PAPP-A, and free �-hCG has produced the best results (59,
60). In this double analyte test, PAPP-A is the most infor-
mative marker.

In the first-trimester ultrasonography scan, embryo nuchal
translucency can be evaluated. Nuchal translucency is a
physiological space between the back of the fetal neck and
the overlying skin. To date, there have been several publi-
cations describing an association of an increased nuchal
translucency thickness with fetal aneuploidy (97, 98) and, in
particular, with Down’s syndrome (99), with a mean detec-
tion rate of 72% (100, 101). Interestingly, the mathematical
combination of nuchal translucency ultrasound measure-
ment with maternal age, PAPP-A, and free �-hCG has a
hypothetical 80% detection rate for a fixed 5% false-positive
rate (102); this result is still undergoing validation by ap-
propriate clinical studies.

B. Summary and clinical recommendations

In current practice the most common screening test is the
triple test consisting of AFP, estriol, and hCG or free �-hCG,
which together with maternal age may achieve a detection
rate ranging from 60% to 65% for a false-positive rate of 5%.
An alternative triple test substituting inhibin A for estriol has
shown evident superiority to the traditional triple-analyte
combination, and therefore it is advisable to convert these
consistent epidemiological findings into clinical practice. The
introduction of inhibin A in routine second-trimester screen-
ing for Down’s syndrome will require standardization of
normal values for different populations to express individual
results as MoM and thereby preserve the accuracy attained
by the test in controlled studies.

More recently, a passage from second-trimester to first-
trimester screening has been proposed. The introduction of
nuchal translucency and serum screening based on PAPP-A
and free �-hCG seem to be a promising enhancement in the
field. This represents an excellent opportunity for early di-
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agnosis and should be offered, wherever these resources are
available, to pregnant women desiring a screening for
Down’s syndrome. Until the introduction in clinical practice
of the isolation of fetal cells in the maternal circulation for
karyotype determination, maternal serum and fetal ultra-
sound screening are the most effective tools in our hands.

III. Fetal Growth Restriction (FGR)

FGR, also referred to as intrauterine growth restriction/
retardation, is a complex condition for which definition has
not reached a consensus. From a pathological point of view,
FGR is characterized by a disrupted fetal growth and should
not be confounded with low birth weight, which encom-
passes preterm infants with normal development, or even
with small-for-gestational-age fetuses, a broad concept that
embraces FGR but also normal fetuses with a familial ten-
dency to growth below the population average (103). Tra-
ditionally, working definitions of FGR have been birth
weight below 2 sds of the mean (104) or less than the 10th

percentile for the same gestational age (105), but these criteria
better define small-for-gestational-age infants.

The use of customized fetal growth standards can reduce
the rates of false-positive and false-negative diagnoses of
FGR (106, 107). There is increasing evidence that customizing
fetal growth curves for parental height, weight, parity, ethnic
group, and fetal gender improves the distinction between
genetically small and growth-restricted fetuses in different
populations (108). In addition, customized fetal growth
curves are able to detect fetuses born with a normal weight
but who fail to reach their full genetic growth potential.
These fetuses are also at increased risk of perinatal mortality
and cerebral palsy (109).

FGR is a heterogeneous pathology caused by multiple
factors of fetal, placental, and maternal origin (110). An ab-
normal fetal karyotype, e.g., trisomy 21 and 18 (111, 112), or
fetal congenital malformations, such as neural tube defects
and renal dysplasia, are strongly associated with FGR (110).
Multiple gestation is an important cause of FGR, possibly
determined by sharing of antenatal maternal nutrients, pla-
cental dysfunction, and genetic factors, with an overall in-
cidence of 15–30% (113, 114). Other possible causes of FGR
are gross structural placental abnormalities (placental hem-
angiomas, abnormal cord insertions, bilobate placenta) (115)
or abnormal placental localization (e.g., placenta previa)
(116). Especially in pregnant women with hypertensive dis-
orders, the incidence of FGR is increased 2- to 3-fold (117,
118), and the severity of the hypertension correlates directly
with the presence of FGR. Maternal smoking (119, 120), as
well as alcohol consumption (121), maternal malnutrition
(122), the mother being underweight, and the presence of a
chronic maternal disease (123) or a congenital infection, are
associated with various degrees of FGR.

Histopathological studies have demonstrated that FGR
placentas present villi with a limited angiogenesis by lower
expression of vascular endothelial growth factor (124, 125),
linked to placental failure in transferring oxygen and a con-
sequent fall in mean intervillous pO2 (126). Preeclampsia,
which is one of the major contributors to FGR, causes intra-

vascular coagulation, fibrin deposition in the spiral arteries,
and, consequently, placental hypoperfusion (127–130). In ad-
dition, the apoptotic index is significantly higher in FGR
placentas compared with normal pregnancies (131–133).

FGR has an incidence of 3–10% in developed countries and
6–30% in the developing world (134–137). The relationship
between decreasing birth weight percentiles and increasing
fetal morbidity and mortality has been demonstrated by
several authors (138–141). Specifically, FGR is strongly as-
sociated with neonatal death, necrotizing enterocolitis, and
respiratory distress syndrome and has a less strict association
with intraventricular hemorrhage (142). Epidemiological
studies suggest that FGR is a significant risk factor for the
subsequent development of chronic hypertension, ischemic
heart disease, diabetes, and obstructive lung disease in adult
life (143, 144).

Because of the relevant incidence of FGR and its fetal-
neonatal consequences, it is of primary importance to use
screening tools to predict this heterogeneous pathology. In
addition to ultrasound protocols, maternal serum screening
is under extensive investigation, and new markers emerge
continuously, as no single method thus far has proved com-
pletely satisfactory (145).

A. Endocrinology of FGR

Because FGR is a multifactorial heterogeneous pathology,
it is difficult to find a common endocrine pattern. For a long
period in the history of obstetrics, maternal serum and uri-
nary estriol and placental lactogen (PL) levels have been tools
for the monitoring of fetal welfare (146, 147) and fetal growth
(148–150), and a reduction of their levels was associated with
FGR. Infusion of DHEA-S with subsequent determination of
plasma E2 and estetrol concentrations was proposed to as-
sess placental and fetal function in the 1970s (151). After a
period of ostracism, when most centers abandoned endocri-
nological testing in favor of various ultrasound approaches,
there has been a resurgence of enthusiasm for hormone
markers of fetal well-being since hCG was shown to predict
FGR (152, 153). More recently, attention has been focused on
the possible correlation between fetal growth and the pla-
cental production of GH, GH-binding protein (GHBP), IGFs,
and leptin.

1. hCG. In the first trimester, women with serum hCG levels
below the 10th percentile have an increased risk of subse-
quent FGR (154). The low hCG levels probably reflect a
derangement of trophoblast function that will culminate in
placental insufficiency and FGR.

Although the association between high second-trimester
hCG values and FGR has been widely investigated, it is a
matter of controversy. Several authors have reported a sig-
nificant increase of second-trimester maternal serum hCG
levels in patients who developed FGR, ranging from 1.21 to
2.5 MoM (152, 153, 155), and an approximately 2- to 3-fold
increase in the risk of FGR has been observed among indi-
viduals with unexplained elevated hCG levels in the second
trimester (153, 156). Also free �-hCG has been associated
with poor pregnancy outcome and FGR (157). More recently,
high second-trimester maternal urine �-core hCG fragment
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levels have been reported in association with FGR (158). The
�-core fragment is the metabolite of hCG that accumulates in
maternal urine and might be a useful marker of trophoblast
activity (159). However, FGR is closely associated with pre-
eclampsia, and the latter is a strong confounding factor be-
cause the pathological features of preeclampsia include an
excessive placental secretion of hCG. A study designed to
solve this confusion has actually demonstrated that hCG
levels in the second trimester were not elevated in women
who carried growth-retarded fetuses but did not develop
preeclampsia (160).

In the third trimester, maternal serum hCG levels are sig-
nificantly higher in FGR pregnancies associated with patho-
logical umbilical artery flow velocimetry, underlying vascu-
lar placental insufficiency, whereas FGR pregnancies with
normal Doppler parameters show normal hCG levels (161).

2. Human PL (hPL). hPL is a polypeptide of 191 amino acids
that has structural and functional homology with PRL and
GH. The levels of hPL in the maternal circulation are very low
in early pregnancy and increase progressively, showing
some correlation with placental weight (8). hPL production
and expression are localized in the placenta, but the actions
of the hormone affect both fetus (with a weak somatotropic
effect) and mother (altering the lipid and carbohydrate me-
tabolism and thereby increasing the availability of energy
substrate to the fetus) (162). Maternal serum hPL levels re-
flect placental biosynthesis and are positively correlated with
the size of the fetus (163), suggesting the possibility of using
this hormonal marker for the screening of FGR.

Serum hPL was proposed in the 1970s as a screening test
to detect and monitor pregnancies at risk, particularly those
with FGR, since declining levels of hPL would be an early
sign of impaired placental function and chronic fetal distress
(147). Indeed, low maternal serum hPL levels have been
associated with FGR (149, 150, 164, 165). A major limitation
of maternal hPL measurement in the screening of FRG is the
fact that its screening efficiency begins at 30–35 wk of ges-
tation (145, 150), with low if any predictive value in the
second trimester (145, 148) or in the first trimester (166).

3. Estrogens. Among the estrogens, estriol seems to have the
most relevant role in FGR screening. From the mid-1960s to
the 1970s, maternal estriol has been used to assess fetal wel-
fare with serial urine and serum measurements between 30
and 42 wk of gestation (146). While mothers carrying growth-
restricted fetuses have serum estriol levels reduced to ap-
proximately half the normal levels (167), maternal E2 does
not change meaningfully (148).

Decreased second-trimester unconjugated estriol levels
(below 0.75 MoM) are significantly associated with FGR (168,
169). Furthermore, maternal urine estriol below the 10th per-
centile is found in about 30% of FGR pregnancies (170).

Low estriol levels could be associated with either a pla-
cental or a fetal pathological condition, alone or in combi-
nation (168). In fact, infants with intrauterine growth restric-
tion/retardation have been reported to have disturbed
adrenocortical function (171, 172) and, at birth, umbilical
vein DHEA-S and estriol are significantly reduced (167).
Placental DHEA-S conversion could be impaired by vascular
pathology (173) and/or by reduced blood flow (174).

4. GH and IGFs. During pregnancy, maternal pituitary GH is
progressively replaced by placental GH (175, 176), a variant
GH molecule produced by the syncytiotrophoblast (177). Its
biological activity is modulated by GHBP (178, 179), the
pregnancy levels of which are similar to those in the non-
pregnant state (180). Placental GH is thought to play a role
in the development and function of the placenta and to have
an indirect influence on fetal growth, since no significant
amounts of this hormone enter the fetal circulation (176, 181).

Maternal serum and placental GH levels are lower in FGR
pregnancies (182), with an average reduction of 50% in the
third trimester, when the circulating GH is produced almost
entirely by the placenta (182, 183). Interestingly, free GH
levels are further reduced by increased concentrations of
GHBP (182). The low level of placental GH may be due not
only to placental size, but also to the reduced production of
GH by the placenta. The population of cells expressing pla-
cental GH is reduced in FGR pregnancies, although the rel-
ative levels of GH mRNA in the single nuclei are not different
(184). These cells are functionally normal, but their numerical
reduction suggests an impairment of the functional organi-
zation of the placenta.

IGFs are a family of pro-insulin-like polypeptides that
stimulate cell division and differentiation. IGF-I and IGF-II
mRNAs are present in many fetal tissues from 9 wk of ges-
tation (185), and the proteins are detectable in the fetal cir-
culation from 15 wk (186). In postnatal life, most of the
growth-promoting effect of GH is mediated by IGF-I (187).
However, the importance of IGF-I and IGF-II to fetal growth
has been demonstrated in gene knockout mice, in which
disruption of either the IGF-I (188) or IGF-II (189) gene de-
termines severe FGR, suggesting a prominent role of IGFs in
fetal growth. More recently, Woods et al. (190) reported the
first observation of a case of a 15-yr-old boy with a homozy-
gous partial IGF-I gene deletion, resulting in extreme growth
failure beginning in utero and continuing after birth.

Both maternal and fetal IGF-I influence placental metab-
olism and thereby regulate the availability of substrates re-
quired for fetal growth (191). Maternal and fetal IGFs appear
to be independently regulated since there is no correlation
between maternal serum and cord serum IGF-I levels. There-
fore, maternal IGF-I may influence fetal growth only through
its effect on placental function (192).

Low maternal IGF-I levels have been observed in last
trimester pregnancies complicated by FGR and by an ab-
normal pattern of umbilical artery blood flow (193–196), but
a consistent relationship between maternal IGF-I levels and
fetal birth weight has not been established. Interestingly, this
hormonal pattern is associated with a significant increase in
IGF-binding protein 1 (IGFBP-1) but not IGFBP-3 levels (197).
The measurement of IGF-I and IGFBP-1 in cord blood ob-
tained by cordocentesis during the third trimester appears to
increase the predictive value of ultrasound in estimating the
weight of fetuses affected by growth retardation. Infant birth
weight is positively correlated with cord blood IGF-I con-
centrations and is inversely correlated with IGFBP-1 (198).

Low maternal IGF-I levels may be a consequence of ab-
normal placentation or inappropriate placental hormone
stimulation, such as hPL or GH, of the maternal IGF system
(Fig. 2). An increase in IGFBP-1 may result from maternal
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carbohydrate metabolic changes as well as from alterations
in placental or decidual function (197), but the finding of low
IGFBP-1 levels in association with preeclampsia (199) sug-
gests that changes in this protein do not simply reflect pla-
cental dysfunction but also involve regulatory mechanisms
specific to each pathological process.

5. Leptin. Leptin is an important modulator of food intake and
energy balance, the major source of which is the adipose
tissue (200, 201). Thus, serum leptin levels are positively
associated with the percentage of body fat or body mass
index, suggesting that obese individuals have a decreased
sensitivity to the appetite modulator effect of the hormone
(202, 203). Moreover, leptin has been linked to the adaptive
response to fasting as it affects GH secretion, thyroid and
adrenal function, and several components of the reproduc-
tive hormonal axis (204).

Leptin has been isolated from placental tissue (205, 206),
which may explain the significant increase of serum leptin
levels during pregnancy (207). The rise in leptin levels during
pregnancy is far beyond the expected increase due to preg-
nancy-induced gain of body adiposity (208). The postpartum
period is characterized by a rapid drop of leptin concentra-
tions, consistent with the placental source withdrawal (209).
Most of the leptin produced by the placenta is released into
the maternal circulation, but significant amounts also enter
the fetal circulation (210).

Leptin is detectable in umbilical cord serum as early as 18
wk of gestation, and its levels rise considerably after the 34th

wk, when the fetus starts to accumulate most of the adipose
tissue (211, 212). Umbilical cord serum leptin levels are pos-
itively correlated with fetal birth weight (213–215) but do not
show any significant association with maternal or obstetric
factors (215, 216). Nor do fetal leptin levels assessed by cor-
docentesis reveal differences between normal and growth-
restricted fetuses, at least before 34 wk (215, 217). No sig-
nificant correlation exists between maternal and fetal leptin
levels (214, 215) and, most important, maternal leptin con-
centrations do not predict fetal birth weight (213, 214, 218).
Therefore, leptin does not seem to be a suitable antenatal
marker of FGR.

B. Summary and clinical recommendations

FGR is a multifactorial heterogeneous pathology (110) and
therefore it is impossible to elaborate a single guideline for
its detection. In clinical practice, an early detection of fetuses
at risk for, or already affected by, growth restriction is of
fundamental importance to establish an intensive program of

fetal surveillance the goal of which is to define the best timing
for parturition (219).

Even though ultrasound remains the standard technique
for detection of FGR and subsequent fetal surveillance, the
addition of biochemical markers such as cord blood IGF-I can
enhance the precision of ultrasound-based weight gain es-
timates (198). In addition, maternal serum biochemical mark-
ers may have a place in estimating the risk of FGR. Second-
trimester maternal serum hCG levels of 2.0 MoM or more are
in fact associated with a 2- to 3-fold increased risk of FGR.
Less useful markers are maternal serum hPL, estrogens, and
leptin, with little or no diagnostic value. GH and IGFs are
promising markers but their importance in clinical practice
is still limited.

IV. Preeclampsia

Preeclampsia is a well defined clinical entity affecting
pregnant women, the etiology of which remains uncertain.
Some authors have suggested that it may not be a single
disease, but a syndrome of many possible origins (220). Se-
vere and/or early-onset preeclampsia is an important cause
of fetal and maternal morbidity and mortality.

Preeclampsia has been traditionally defined as persistent
blood pressure elevation, edema, and proteinuria newly di-
agnosed in pregnancy. Whereas edema is no longer recom-
mended as a diagnostic marker because it is a common and
nonspecific finding, proteinuria and hypertension remain
the cornerstone of the diagnosis and management. Accord-
ing to a recent classification proposed by the National High
Blood Pressure Education Program, the minimal criteria for
diagnosis of preeclampsia are proteinuria, defined as 300 mg
or more of urinary protein excretion per 24 h, and hyper-
tension, defined as blood pressure of 140/90 mm Hg or
higher and first diagnosed after 20 wk of gestation (221).

A reliable early marker of preeclampsia would permit
identification of patients who might benefit from prophy-
laxis, when it becomes available. Until now, preventive in-
terventions, such as calcium dietary supplementation (222),
the use of aspirin (223), and the supplementation of n-3 fatty
acids such as fish oil (224), have shown a limited efficacy. The
use of low molecular weight heparin, the supplementation of
vitamin C and E with a beneficial effect on oxidative stress
(225), and the use of atenolol (226) have produced more
promising results, but their role in clinical practice is still
under investigation, and strict surveillance remains the chief
strategy to prevent complications. Even in this present con-
text, predicting the risk of preeclampsia is important so that
selected patients may be submitted to more intensive ante-
natal care.

A huge number of tests have been proposed to predict
preeclampsia, ranging from asking the simple question of
how the patient is feeling (227) and standard methods of
antenatal care such as blood pressure measurement and pro-
teinuria by dipstick, to blood and urine biochemical tests,
infusion of vasoconstrictor substances, hematological mark-
ers, and ultrasonographic evaluation. In the past decade an
increasing number of reports have established a link between
the risk of preeclampsia and uterine artery Doppler alter-

FIG. 2. Hormone changes associated with FGR.
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ations (228–230). The increased vascular resistance is respon-
sible for the typical modifications in the Doppler wave forms
and velocimetry of the uterine arteries (231). Between 20 and
24 wk of gestation, the presence of an early diastolic notch
and a mean resistance index of 0.65 or greater for the uni-
lateral notch and 0.55 or greater for the bilateral notch has an
approximately 65% sensitivity and a false-positive rate of
11% (230). A systematic quantitative review showed that
uterine artery Doppler flow velocity has limited diagnostic
accuracy in predicting preeclampsia (232).

Because none of the current methods combines accuracy,
reproducibility, and simplicity to become a universal pre-
dictive marker of preeclampsia (233, 234), there continues to
be a compelling demand for new markers, and placental
hormones have been investigated with this purpose.

A. Endocrinology of preeclampsia

Recent observations suggest that preeclampsia originates
from an abnormally shallow endovascular cytotrophoblast
invasion in the spiral arteries, characterized by an increased
apoptotic index of the cytotrophoblast, an exaggerated in-
flammatory response, an endothelial cell activation, and a
relative placental ischemia (235–238). In normal pregnancy,
the low oxygen tension in the first trimester prevents the
trophoblast from differentiating toward an invasive pheno-
type, and this mechanism is mediated by TGF�3 (239, 240).
The physiological increase in oxygen tension between 10 and
12 wk of gestation determines a decrease of TGF�3 and,
hence, allows the trophoblast to differentiate into a more
invasive type. In the preeclamptic placenta, TGF�3 levels
remain high, and the trophoblast is arrested at an immature
state while its invasiveness is reduced (241). Another im-
portant feature of preeclampsia is that the invasive tropho-
blasts reach the vicinity of the spiral arteries but fail to pen-
etrate them, precluding the conversion of the spiral arteries
into low-resistance channels and inducing the placenta to
secrete hypertensive substances (220).

Since trophoblastic abnormalities play a central role in the
development of preeclampsia and precede the appearance of
clinical signs and symptoms, it is not surprising that some
placental hormones change in the maternal circulation, in-
dicating the derangement of placental function (Fig. 3). The
levels of several placental hormones are elevated in maternal
serum long before overt preeclampsia is diagnosed, and

these may be considered preclinical manifestations of the
earlier stages of the disease. Therefore, such hormones have
been proposed as early predictive markers of preeclampsia.

1. hCG. Patients with overt preeclampsia in the third trimes-
ter have increased maternal serum hCG levels. There is gen-
eral agreement that the placenta remains the main source of
hCG in patients with preeclampsia, but whether the cause of
the high circulating levels of the hormone is placental over-
production is still debated. Some advocate that hCG secre-
tion may be increased as a consequence of abnormal pla-
cental invasion or placental immaturity (156). It may also be
linked to the trophoblast response to hypoxia with the de-
velopment of a hypersecretory state (242). Compared with
normal pregnancies, the placentas of patients with unex-
plained elevated maternal hCG levels in the second trimester
tend to be larger and to have an increased density of hCG-
positive trophoblasts along with an increased intensity of
hCG immunostaining within the placental villi (243). How-
ever, this is not corroborated by a small sample study that
found equivalent expression of �-hCG mRNA in normal and
preeclamptic placental tissues (244).

On average, maternal hCG levels are already increased in
the second trimester in pregnancies that subsequently de-
velop preeclampsia (155, 245). The measurement of hCG
levels during the second trimester for Down’s syndrome
screening has already been incorporated into clinical practice
at many antenatal clinics worldwide. The availability of
thousands of records of midtrimester hCG levels for women
attending screening programs and their respective outcomes
have permitted the investigation of whether the finding of
elevated hCG concentrations in maternal serum is predictive
of preeclampsia.

There are accumulating data from studies that evaluated
whether a single elevated hCG value (usually above 2.0
MoM) between 14 and 24 wk of gestation is predictive of
preeclampsia (34, 155, 159, 246–252). The results of these
studies are convergent in suggesting that women with ele-
vated hCG levels in the second trimester are at increased risk
for preeclampsia, but there is divergence regarding the ac-
curacy of this test and, by consequence, its predictive value
(Table 1). Many reasons contribute to the disagreement be-
tween studies. The sensitivity and specificity of the test may
change according to the method of assay, the clinical and
epidemiological background of the subjects, the gestational
age at which samples were collected, and the cutoff chosen
to distinguish high from normal hCG levels.

Nevertheless, a consistent observation throughout these
studies is that no more than one third of the future cases of
preeclampsia can be predicted by a second-trimester screen-
ing using hCG alone, if one assumes that the false-positive
rate must remain within 10%. Lowering the cutoff point from
2.0 MoM to 1.0 MoM would obviously increase the test
sensitivity, but the high false-positive rate would render the
test useless as an indicator for prophylactic intervention (155,
253). Since preeclampsia has a relatively low prevalence in
most populations, any new screening test should have a high
specificity and positive predictive value to identify only
high-risk women and avoid the emotional and social costs
imposed by false-positive results.

FIG. 3. Putative mechanisms involved in the increased placental hor-
mone levels associated with preeclampsia.

Reis et al. • Hormones and Gestational Diseases Endocrine Reviews, April 2002, 23(2):230–257 237



Another aspect that has been considered is whether hCG
screening would have a different outcome in predicting pre-
eclampsia in nulliparous and multiparous women. A study
including only nulliparous women has concluded that hCG
measurement and Doppler ultrasound of the uterine arteries
had similar predictive value, with many operational advan-
tages for the former (248). However, a much larger (n �
6,138) and well controlled study that evaluated nulliparous
and multiparous women separately reached different con-
clusions (247). High maternal serum hCG levels at midtri-
mester were associated with development of preeclampsia
among multiparous, but not among nulliparous, women.
The association was stronger for severe preeclampsia (247).
A population-based cohort of nulliparous women in Finland
(250) revealed that the probability of developing preeclamp-
sia after a positive test was very similar to the overall prev-
alence of the disease, indicating that second-trimester hCG
screening adds little information to the risk prediction of
preeclampsia among nulliparous women (Table 1).

An alternative to serum hCG testing is measuring the
urinary excretion of the hCG �-subunit core fragment, which
is the end product of hCG metabolism. There appears to be
an increased risk of preeclampsia in association with ele-
vated urine �-core fragment concentrations (34, 159). How-
ever, the test has poor screening efficiency and does not add
sensitivity to the measurement of serum hCG.

Table 2 summarizes data pooled from six studies evalu-
ating the value of maternal serum hCG measurement at
the second trimester to predict preeclampsia. All studies
adopted the 2.0 MoM cutoff point to define individuals with
high hCG levels, which was considered a positive result in
the screening test. This cutoff conferred a specificity of near
90%. The test proved to be poorly sensitive, since only 23.7%
of the women who ultimately developed preeclampsia had
high second-trimester hCG levels. The relative risk of 2.54
reflects the positive predictive value, which was approxi-
mately twice the overall prevalence of the disease. The test
performed better when applied to populations with a prev-
alence of preeclampsia higher than 3.5%, achieving a positive
predictive value of 9.5% (Table 2).

Something that emerges from all these studies is the high
negative predictive value of midtrimester maternal serum
hCG (Table 2). Values lower than 2.0 MoM (which are de-
tected in 80–90% of all primigravidas) indicate a very low
(�4%) probability of developing preeclampsia, which at first
glance may sound useful to predict a good outcome after a
negative test. This finding merits cautious interpretation be-

cause all studies have been performed on populations whose
prevalence of preeclampsia was lower than 5%, and it is
probable that in selected populations with a higher preva-
lence or with specific risk factors the probability of pre-
eclampsia would increase even among subjects with a nor-
mal hCG screening test.

2. Inhibin A and activin A. Maternal serum activin A and
inhibin A levels are substantially increased in the presence of
hypertensive disorders (254–258). Although this might hap-
pen only because of hemoconcentration or decreased urinary
clearance, activin A levels begin to rise modestly but signif-
icantly before the onset of hematological or renal manifes-
tations of clinical disease (256, 259, 260). The most probable
mechanism for the high activin A and inhibin A concentra-
tions in patients with preeclampsia is increased placental
production (261). Because activin A is involved in the control
of trophoblast cell differentiation in the first trimester (262),
an aberrant expression of this protein would possibly affect
placental invasiveness resembling the pathogenesis of pre-
eclampsia, but this hypothesis remains speculative. The
physiological correlation between activin A levels and ges-
tational age is lost in women with established preeclampsia
in the third trimester (254), suggesting that the exaggerated
activin A production is more likely to represent a placental
response to the hostile environment than a primary over-
production of the protein.

TABLE 2. Analysis of pooled data from six studies evaluating the
accuracy of maternal serum hCG measurements at second
trimester for prediction of preeclampsia

Total number of subjects 13,977
Cases of preeclampsia 308
Sensitivity (95% CI) 23.7 (19.0–28.4)%
Specificity (95% CI) 89.4 (88.9–89.9)%
Likelihood ratio for positive result

(95% CI)
2.24 (1.82–2.75)

Likelihood ratio for negative result
(95% CI)

1.17 (1.10–1.25)

Relative risk (95% CI) 2.54 (1.97–3.29)
Positive predictive value (95% CI)

Studies with lower prevalencea 4.0 (2.9–5.0)%
Studies with higher prevalenceb 9.5 (5.6–13.3)%

Negative predictive value (95% CI)
Studies with lower prevalencea 98.3 (98.1–98.5)%
Studies with higher prevalenceb 96.6 (95.6–97.6)%

All studies used 2.0 MoM as cut-off point (155, 246–250). CI, Con-
fidence interval.

a Prevalence of preeclampsia � 3.5% (155, 246, 247).
b Prevalence of preeclampsia � 3.5% (248–250).

TABLE 1. Performance of maternal serum hCG levels at midtrimester in predicting preeclampsia in low-risk populations

Study Subjects (n) Cutoff point Gestation
(wk)

hCG
type

Pretest
probabilitya

(%)

Posttest
probability
(95% CI)b

Sensitivity
(95% CI)

Muller et al., 1996 (155) 5,776 �2.0 MoM 15–18 Total 0.6 1.9% (0.8–3.0) 32.4% (16.7–48.1)
Önderoğlu and Kabukc�u, 1997 (246) 562 �2.0 MoM 15–20 Total 2.7 8.6% (2.5–14.7) 46.7% (21.4–71.9)
Ashour et al., 1997 (247) 6,138 �2.0 MoM 15–22 � 3.2 5.2% (3.5–6.9) 17.5% (12.2–22.8)
Vaillant et al., 1996 (248) 434 �2.0 MoM 14–20 � 3.7 15.1% (6.9–23.3) 68.8% (46.1–91.5)
Luckas et al., 1998 (249) 430 �2.0 MoM 15–18 Free-� 4.4 8.5% (0.5–16.4) 21.0% (2.7–39.3)
Pouta et al., 1998 (250) 637 �2.0 MoM 15–19 Free-� 4.7 5.9% (1.3–10.5) 20.0% (5.7–34.3)
Morssink et al., 1997 (251) 2,008 �2.5 MoM 15–20 Total 2.0 4.6% (0.3–8.8) 10.0% (0.7–19.3)

a Prevalence in the whole study population.
b Positive predictive value. CI, Confidence interval.
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An early study carried out to evaluate activin A in hy-
pertensive disorders of pregnancy revealed that maternal
serum activin A concentration was markedly high in patients
with preeclampsia, while patients with chronic hypertension
or non-proteinuric pregnancy-induced hypertension had ac-
tivin A concentrations in the normal range. At that time it
was suggested that activin A might be a diagnostic and
prognostic marker of preeclampsia in hypertensive pregnan-
cies (256). A cohort of 10 patients with chronic hypertension
was followed with repeated activin A determinations, and
those subjects who developed superimposed preeclampsia
presented with an increase of activin A secretion before the
onset of clinical signs of the disease (256). Muttukrishna et al.
(258) confirmed and expanded this observation, showing
that inhibin A, activin A, and the inhibin precursor pro-�C
were significantly higher in preeclampsia than in normal
pregnancies. Going further, Silver et al. (255) confirmed that
inhibin A and activin A levels were higher in women with
preeclampsia and observed that before 34 wk of gestation
there was a more pronounced difference in the average levels
of both analytes between normal and complicated pregnan-
cies, with almost complete separation of the ranges of values
found in each group. These findings prompted new studies,
the goal of which was to determine how early inhibin A and
activin A levels begin to increase in women who will even-
tually develop preeclampsia, and how accurate the measure-
ment of these analytes would be in predicting preeclampsia.

While small-sample studies failed to detect any precocious
elevation (263, 264), larger studies have indicated that inhibin
A is elevated several weeks before the onset of clinical signs
of preeclampsia (245, 259, 260, 265–267) (Table 3). A retro-
spective comparison of 30 women who developed pre-
eclampsia and 30 normotensive controls showed higher sec-
ond-trimester inhibin A levels in patients than in controls,
and the elevation in inhibin A was more pronounced among
women with preeclampsia delivering at preterm (259). An
extensive analysis of unselected women who had inhibin A
measured between 15 and 19 wk of gestation showed that
women with an inhibin A concentration exceeding 2.0 MoM
were more likely to develop preeclampsia, to be delivered of
a small-for-gestational-age infant, and to have a stillbirth or
neonatal death (266).

This association is corroborated by a nested case-control
study showing that inhibin A levels were significantly ele-
vated in women who later developed preeclampsia (245).
Interestingly, inhibin A levels tended to be higher when the
onset of preeclampsia occurred within a shorter interval after

collection of the second-trimester screening sample. These
observations suggested that second-trimester inhibin A
would be more effective in predicting early-onset than later-
onset disease (245).

The longitudinal evaluation of serial blood samples col-
lected from 8–13 wk to term showed that mean inhibin A
(and also activin A) concentrations were markedly elevated
as early as at 15–19 wk in the group of women who subse-
quently developed preeclampsia (260). Another important
finding of this study was that the earlier the disease onset, the
earlier the beginning of elevation in inhibin A and activin A
levels. Thus, inhibin A was particularly sensitive in predict-
ing the occurrence of preeclampsia before 34 wk, when the
impact of the disease on maternal-fetal outcome is worse
(260).

Compared with inhibin A, activin A seems to be a more
sensitive marker at 21–25 wk (260). This may possibly occur
because activin A is produced also by circulating inflamma-
tory cells activated by the systemic inflammatory response
that is part of the syndrome of preeclampsia (260). When both
proteins are measured at 15–19 wk, however, inhibin A ap-
pears to be more sensitive than activin A in predicting cases
of early-onset preeclampsia culminating with delivery before
34 wk (260).

Altogether, the studies evaluating second-trimester in-
hibin A and activin A measurements to predict preeclampsia
suggest that these markers have limited sensitivity and low
positive predictive value when applied to low-risk popula-
tions (Table 3). However, inhibin A is still more accurate than
hCG and other routine markers in predicting preeclampsia
(268). Future studies should evaluate its applicability to high-
risk populations as well as whether repeated testing would
improve its sensitivity. Since inhibin A begins to be incor-
porated into the screening of Down’s syndrome (74–76),
it seems useful to consider it together with other clinical
and biochemical parameters in the risk assessment of
preeclampsia.

3. Vasoactive and natriuretic peptide systems. Direct or indirect
measurements of the activity of the renin-angiotensin system
have been proposed to predict preeclampsia, based on the
observation that patients with hypertensive disorders of
pregnancy show a decreased activity of this vasoactive sys-
tem together with an increased response to the pressor effect
of angiotensin II. A study of patients with severe preeclamp-
sia has shown that plasma renin activity and aldosterone are
decreased in these patients compared with gestational age-

TABLE 3. Performance of maternal serum inhibin A levels at midtrimester in predicting preeclampsia in low-risk populations

Study Subjects (n) Cutoff point Gestational
age (wk)

Pretest
probability (%)

Posttest
probability
(95% CI)

Sensitivity
(95% CI)

Aquilina et al., 1999 (266)
All women 640 �2.0 MoM 15–19 5.5 23.6% (13.8–33.4) 48.6% (32.0–65.2)
Nulliparous 313 �2.0 MoM 15–19 6.7 31.3% (15.2–47.3) 47.6% (26.2–68.9)

Lambet-Messerlian et al., 2000 (245)a 359 �1.9 MoM 15–21 5.0b 15.9%c 18% (9–28)
Muttukrishna et al., 2000 (260)a 297 95th centile 15–19 4.8b 14.5%c 23% (19–28)

291 90th centile 21–25 4.8b 10.6%c 27% (21–32)
a Nested case-control studies.
b In the whole cohort where cases and controls were selected.
c Indirect estimate using the pretest odds and likelihood ratio (383).
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matched normotensive controls (269). Accordingly, the ma-
ternal plasma concentrations of active renin, angiotensin I,
angiotensin II, and aldosterone, and the activity of angio-
tensin-converting enzyme, are lower in patients with pre-
eclampsia than in normotensive women in the third trimester
(270). The placenta does not seem to be involved in this
adaptive process, at least in patients with moderate pre-
eclampsia in whom the activity of the placental renin-
angiotensin system at term is similar to that in normal preg-
nancy (271).

The first attempt to evaluate the renin-angiotensin system
in pregnant women to unmask early changes was the an-
giotensin sensitivity test, an invasive and complicated pro-
cedure proposed in the 1970s (272). The test consists of de-
termining the minimum amount of angiotensin II infused per
kilogram of body weight per minute that causes a rise in
diastolic blood pressure of 20 mm Hg, and a test is generally
considered positive when this amount of angiotensin II is less
than 10 ng/kg (273). Due to its complex technical require-
ments and low sensitivity, this test has not proved to be an
effective tool in the screening of patients at risk of preeclamp-
sia (274).

A simpler and noninvasive method to assess the activity
of the renin-angiotensin system is the determination of an-
giotensin II receptors in representative and accessible target
cells, the circulating platelets. Platelet angiotensin II binding
has been measured during the second trimester in women
who later developed preeclampsia, and no difference was
observed in relation to a matched group of pregnant women
who remained normotensive (275). Even repeated tests ap-
plied to a large cohort failed to identify women who ulti-
mately developed hypertensive complications of pregnancy
(276).

Kallikreins are proteases with indirect vasomotor effects
mediated by kinins and by the renin-angiotensin system.
Millar et al. (277) developed a predictive test based on the
ratio between inactive urinary kallikrein and urinary creat-
inine concentrations at 16–20 wk of gestation. On average,
the ratio between inactive kallikrein and creatinine was
5-fold lower in women who developed preeclampsia. The
method did not achieve high sensitivity and specificity due
to a considerable dispersion and overlapping of values in
patients who remained normotensive and those who devel-
oped nonproteinuric hypertension or preeclampsia. It may,
however, add some prognostic information since the prob-
ability of developing pregnancy-induced hypertension or
preeclampsia was approximately 3 times higher among sub-
jects with a positive test, defined by a kallikrein-creatinine
ratio below the best discriminating threshold, than in the
whole study population.

Another family of vasoactive peptides that may be in-
volved in the adaptive response to hypertensive disorders of
pregnancy is atrial natriuretic peptide (ANP) and its related
peptides. In the third trimester, the plasma levels of the
N-terminal peptide of pro-ANP are higher in preeclamptic
women than in healthy pregnant controls and also higher in
women with severe preeclampsia than in women with mild
preeclampsia (278). Furthermore, the N-terminal peptide of
pro-ANP is particularly elevated in the subgroup of hyper-
tensive pregnancies with abnormal Doppler velocimetry

(278). Despite these encouraging observations in late gesta-
tion, an attempt to measure the N-terminal peptide of pro-
ANP in second-trimester serum samples failed to detect any
difference between women who later developed preeclamp-
sia or gestational hypertension and those who remained
normotensive (250). Hence, this peptide does not work well
as a predictive marker for second-trimester screening of
women at risk for preeclampsia. ANP is synthesized by the
human placenta, but there is no evidence that the elevated
circulating levels reflect placental production (279). This may
explain why ANP is not altered in the preclinical stage of
preeclampsia. With the development of new assays, other
ANP-related peptides may become future candidate markers
of preeclampsia.

Potent vasoconstrictor substances have been identified in
human placenta, some of which are more abundantly ex-
pressed in preeclampsia. For example, endothelin-1 mRNA
and immunoreactive protein were found to be increased in
preeclamptic placentas (280, 281). Although maternal plasma
endothelin-1 levels have been found to be elevated in the first
trimester of pregnancies complicated by preeclampsia (282),
a cohort study comprising all trimesters of gestation did not
confirm such an association (283). Recently, a neuropeptide
classified as tachykinin and named “neurokinin B” was iden-
tified in human placental tissue (284). Women with preg-
nancy-induced hypertension and preeclampsia showed high
plasma concentrations of this peptide, which was able to
cause hypertension in pregnant rats. It is possible that va-
soconstrictor peptides such as endothelin-1 and neurokinin
B represent the link between placental vascular malforma-
tion and blood pressure elevation in the pathogenesis of
preeclampsia. Although these substances are interesting
therapeutic targets, current evidence does not support their
use as diagnostic or predictive tools.

4. Progesterone and other neurosteroids. The placenta is a source
of progesterone and its derivatives, 5�-pregnane-3�-ol-20-
one (allopregnanolone) and 5�-dihydroprogesterone, and its
precursor, pregnenolone sulfate (285). These hormones are
neurosteroids (steroid hormones synthesized by the nervous
system) that may contribute to the neurochemical and be-
havioral changes of pregnancy and puerperium. It has been
hypothesized that the neuroendocrine effects of progester-
one explain, in part, some neural/behavioral symptoms of
preeclampsia (227).

The measurement of maternal serum progesterone levels
did not result into a powerful index of placental function and
neither progesterone nor 5�-dihydroprogesterone levels
identified women at risk of developing pregnancy-induced
hypertension (286, 287). In further support of these obser-
vations, a recent longitudinal study showed no change in
progesterone levels associated with hypertensive disorders
of pregnancy (288). A multiple marker cohort study involv-
ing more than 1,000 nulliparous women found that proges-
terone levels assayed between 25 and 34 wk of gestation were
higher in women who eventually presented with preeclamp-
sia, but the accuracy of progesterone as a predictive marker
was low in the third trimester and negligible in the second
trimester (233).

Allopregnanolone seems more promising as a predictive
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marker of preeclampsia. Maternal serum allopregnanolone
levels increase throughout gestation and are higher in pa-
tients with chronic hypertension than in healthy women
(288). Within this high-risk group consisting of chronically
hypertensive women, those who will develop preeclampsia
have higher allopregnanolone levels as early as the first tri-
mester compared with those who will not (288). The mech-
anism of such change is still unknown since extraplacental
sources may be involved. The time course of allopreg-
nanolone production in low-risk pregnancies ending in pre-
eclampsia, as well as the feasibility and accuracy of this
neurosteroid as a predictive marker, should be investigated.

5. Adhesion molecules. Adhesion molecules are receptors that
modulate inflammatory responses by permitting leukocyte
adhesion to the inflammatory site. Some adhesion molecules
are considered to be important for leukocyte extravasation in
the placental bed during trophoblast invasion. Intercellular
adhesion molecule 1 (ICAM-1) and vascular cell adhesion
molecule 1 (VCAM-1) are largely expressed by the vascular
endothelium of human decidua (289).

Since the soluble forms of ICAM-1 (sICAM-1) and
VACM-1 (sVCAM-1) are markers of arterial wall inflamma-
tion and endothelial dysfunction, it would not be surprising
to find high circulating levels of both molecules in pre-
eclamptic patients. This is actually valid for sVCAM-1 (290,
291), but probably not for sICAM-1, whose levels have been
reported to be unchanged (290, 292) or slightly decreased
(291) in preeclamptic women. In addition, preeclampsia does
not change the placental expression of these or other ad-
hesion molecules (293), leaving unclear the mechanism of
the increased sVCAM-1 levels. The possibility of using
sVCAM-1 for prediction of preeclampsia is discouraged by
the lack of alteration in its serum levels in the second tri-
mester (290).

6. Corticotropin-releasing hormone. Corticotropin-releasing
hormone (CRH) is a neuropeptide that stimulates ACTH
release from both the anterior pituitary gland and the pla-
centa (294). It is produced by the placenta and released into
maternal and fetal circulation at increasing rates during ges-
tation with maximum maternal serum concentrations occur-
ring around labor and delivery (4, 295).

Increased maternal serum CRH levels are a frequent fea-
ture of pregnancies complicated by preeclampsia. Increased
placental synthesis of CRH is evident at both the mRNA and
protein levels (296, 297). Umbilical cord plasma concentra-
tions of CRH are higher in preeclampsia than in normoten-
sive pregnancies, and concentrations are higher in venous
than in arterial cord blood, indicating the secretion of CRH
from the placenta into the fetal circulation (4). The intimate
mechanisms leading to excessive placental production of
CRH in preeclampsia are not known.

Relatively high CRH concentrations may be detectable as
early as the second trimester in women who subsequently
develop preeclampsia (298). However, in a selected sample
of women at high risk of developing pregnancy-induced
hypertension, we observed that a consistent elevation of
maternal CRH levels did not occur before the onset of man-
ifested disease (nonproteinuric hypertension or preeclamp-
sia) (299).

7. Leptin. Elevated maternal leptin levels have been described
in women with preeclampsia in the third trimester (300–302)
but not at delivery (303). The rise in total leptin represents an
increase of free leptin levels, as the bound fraction is para-
doxically decreased (302). The most probable mechanism of
leptin increase in preeclampsia is increased placental pro-
duction (304), and this explains why preeclampsia subverts
the physiological relationship between adiposity and leptin
levels in pregnant women (305). A longitudinal study
showed increased leptin levels beginning at 20 gestational
weeks in women prone to developing preeclampsia, sug-
gesting that leptin might be an early marker of the disease
(301). This potential clinical application should be addressed
in future research.

8. Combined hormonal tests to predict the risk of preeclampsia. An
attempt has been made to extract the best information from
midtrimester screening tests to identify, within a low-risk
population, those women at risk of developing severe pre-
eclampsia. Several complex models including clinical and
biochemical markers have been constructed and tested by
multivariate logistic regression to fit a prediction model with
the highest sensitivity and as few variables as possible (306).
Some clinical variables, such as maternal age, race, and body
mass index, or second-trimester hCG and AFP concentra-
tions, were not predictive at all, probably because the study
endpoint was severe preeclampsia, and the patients with
mild to moderate forms of the disease were considered non-
affected. The best model included nulliparity, a history of
preeclampsia, elevated screening mean arterial pressure, and
low second-trimester estriol concentration, but it achieved
only modest sensitivity and specificity rates (306).

The HELLP (hemolysis, elevated liver enzymes, low plate-
let count) syndrome is a rare life-threatening condition as-
sociated with severe preeclampsia. A retrospective study of
more than 10,000 pregnancies showed a remarkable increase
of the risk of HELLP syndrome among women with unex-
plained elevated hCG (relative risk � 12), AFP (relative
risk � 11), or both analytes (relative risk � 47) at midtri-
mester screening (307). Nonetheless, the positive predictive
value ranges from 1.2% (only hCG � 2.5 MoM) to 6.3% (both
hCG and AFP � 2.5 MoM), which is much higher than the
expected incidence of the syndrome (0.3%) but does not seem
to justify any intervention or particular surveillance in pa-
tients with an altered screening test.

The usefulness of CRH as an early predictor of preeclamp-
sia has been tested alone and in combination with AFP. In a
cohort of 1,021 low-risk Chinese women sampled for CRH
and AFP in the second trimester, receiver operating charac-
teristic curves for prediction of preeclampsia have indicated
a weak performance of both analytes either alone or com-
bined (298). The inclusion of AFP improved the sensitivity of
CRH alone but did not change the low positive predictive
value of the test (298).

It has been suggested that inhibin A can be more sensitive
than total hCG in predicting preeclampsia and that the ad-
dition of hCG does not improve the sensitivity of inhibin A
alone (268). This putative superiority of inhibin A over hCG
has not been confirmed by another study of similar design
(245), but there is agreement that using the double test does
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not add much sensitivity to the single makers because they
probably reflect a common pathophysiological phenomenon
leading to the placental overexpression of both hormones.

B. Summary and clinical recommendations

The use of hormone markers to predict the risk of pre-
eclampsia may serve more than one objective. First, to be
used in a screening program covering all pregnant women
indiscriminately, any test should combine a high sensitivity,
to justify the costs, with a high positive predictive value, to
avoid unnecessary interventions. None of the tests reviewed
here fulfill these requirements. However, unexplained ele-
vated mid-trimester hCG, AFP, inhibin A, or activin A (above
2.0 MoM) suggests that the woman carries a higher risk of
preeclampsia than otherwise expected, but the absolute risk
may be modest if she does not accumulate other risk factors.
Other putative markers such as serum allopregnanolone and
leptin and urinary kallikrein should await further validation.

A second objective may be to identify among high-risk
pregnant women, i.e., patients with chronic hypertension or
a history of preeclampsia, those with a very low probability
of presenting preeclampsia in their present gestation. In this
case a hormonal test that achieves optimal negative predic-
tive value may be used to reduce anxiety in the patient and
physician and to prevent unnecessary hospitalization. This
will require more sensitive tests than those currently avail-
able. Meanwhile, the possible utility of second-trimester
markers such as hCG, AFP, inhibin A, and activin A to
predict the risk of preeclampsia remains to be investigated in
high-risk populations.

In any case, placental hormone markers do not predict
future disease. They denounce the early placental changes
that are part of the evolving disease and only predict the
imminent installation of the preeclamptic syndrome. This
paradigm explains why tests are better predictors when pre-
eclampsia supervenes shortly, and why screening in the first
trimester is unlikely to work as well as in the second and
third trimesters. While the earliest placental changes asso-
ciated with preeclampsia cannot be detected with sufficient
accuracy, the diagnosis of preeclampsia still relies on regular
blood pressure measurement and urine analysis for protein-
uria, which are late but unequivocal markers.

V. Preterm Delivery

Preterm delivery is defined as delivery occurring before 37
completed gestational weeks. It complicates nearly 10% of all
births and accounts for approximately 70% of all neonatal
deaths throughout the world (308, 309). Preterm birth re-
mains a leading cause of neonatal morbidity and mortality
in places as distant (geographically and economically) as the
United States (310), Southern Brazil (311), and sub-Saharan
Africa (308). Its enormous impact on public health has not
been reversed by constant improvements in obstetric and
neonatal care (311).

The persistence of a high proportion of preterm births
nowadays may be related to the lack of more effective ther-
apies based on the primary causes of preterm labor and on
the mechanisms leading to impending preterm birth. Ap-

proximately one third of the cases of preterm labor are as-
sociated with intrauterine infection, which is a preventable
cause, as screening and treatment of lower genital tract in-
fection has been proven to reduce the incidence of preterm
delivery (5, 312). However, many cases are still labeled as
idiopathic, and therefore a rational prophylaxis cannot be
instituted. Another limitation of the prevention of preterm
birth is the poor predictive value of clinical risk assessment
to identify the women requiring close surveillance and pro-
phylactic interventions.

To ameliorate the limitation of clinical scores, many com-
plementary tests have been proposed, including evaluation
of cervical length by ultrasound and detection of biochemical
markers of fetal membrane lesion, among which fetal fi-
bronectin gained the most widespread use (5). Fetal fibronec-
tin is a basement membrane protein produced by fetal and
placental tissues, the presence of which in the cervicovaginal
fluid in the transition from second to third trimester probably
indicates disruption of the chorion-decidua interface (313). A
recent meta-analysis concluded that fetal fibronectin accu-
rately predicts preterm delivery among patients with symp-
toms of preterm labor (314). The finding of elevated vaginal
fetal fibronectin levels in asymptomatic women screened at
about 24 wk implies an extremely increased risk of sponta-
neous preterm birth before 28 wk (315). However, the ap-
pearance of fetal fibronectin in the vagina is likely to occur
late in the course of intrauterine infection, making it ques-
tionable if any intervention will be effective to prevent pre-
term birth (313).

A. Endocrinology of preterm labor

Labor at term is initiated by a physiological change in the
pattern of myometrial activity that switches from irregular
contractures to regular contractions (5). It appears that labor
begins when the uterus is released from an inhibitory control
that makes it quiescent throughout pregnancy and continues
with active uterine stimulation by an integrated parturition
cascade (5). Uterine quiescence is maintained by substances
mostly of placental origin such as progesterone, prostacyclin,
relaxin, nitric oxide, PTH-related peptide, and putatively
CRH and hPL. The cascade of parturition is activated by
endocrine (maternal and fetal) as well as local factors from
the uteroplacental unit. Once activated, parturition is stim-
ulated by oxytocin and stimulatory PGs (316).

Preterm labor is a syndrome that may be initiated by many
causes, representing either a breakdown in the mechanisms
responsible for maintaining uterine quiescence or an over-
whelming of the normal parturition cascade (5). A number
of hormones and cytokines have been found to be altered in
pregnancies prone to end at preterm and have been consid-
ered potential markers of the syndrome, even though many
of these markers lack a proven role in the mechanisms of
labor (Table 4). The rationale of these tests is variable, as some
are designed to detect precocious elevations of hormones
that indeed rise as parturition approaches in physiological
conditions, e.g., CRH and estriol, while others, e.g., hCG and
hPL, are interpreted as markers of placental dysfunction
and/or fetal involvement. In addition, proinflammatory cy-
tokines have been chosen as potential markers because they

242 Endocrine Reviews, April 2002, 23(2):230–257 Reis et al. • Hormones and Gestational Diseases



signal the immune and inflammatory responses accompa-
nying intrauterine infection (Fig. 4).

1. Cytokines. Among several routes through which bacteria
can migrate to invade the pregnant uterus, the most common
is passage from the vagina through the cervix. Ideally, in-
fection should be eradicated from the vagina before the bac-
teria ascend to the uterus, but this strategy is often unfeasible.
There are chronic infectious processes that begin during early
gestation or even before conception and culminate in pre-
term labor in the third trimester. Although there is no suf-
ficient evidence that treatment with antibiotics can reverse
the risk of preterm labor after the uterus has been colonized
by bacteria, detection of asymptomatic cases is an important
goal in obstetric care (312). With this aim, a rapid and safe
approach may be quantification of various proinflammatory
cytokines in maternal blood and genital tract fluids.

Granulocyte colony-stimulating factor is a cytokine pro-
duced by monocytes that has been shown to increase in the
maternal circulation after preterm rupture of membranes.
High plasma granulocyte colony-stimulating factor concen-
trations at 24–28 wk of gestation are associated with an
increased risk of spontaneous preterm labor and delivery
(317). It may be deduced from the reported data that elevated
concentrations of maternal plasma granulocyte colony-stim-
ulating factor at 24 wk are present in half the cases of birth
before 32 wk, but its potential clinical utility as a predictive
test remains to be determined.

The value of the determination of cervicovaginal secretion
of IL-8 at 28 wk in predicting birth before 37 wk was inves-
tigated in twin pregnancies (318). IL-8 values higher than 1.75
ng/g mucus were associated with an increased risk of pre-
term delivery (relative risk � 2.2). The test identified nearly
80% of the women destined to give birth preterm, but there
were many false-positive tests, which resulted in a poor
predictive value of positive results.

A quantitative assessment of TNF� in cervicovaginal se-
cretion was performed in a cohort of healthy women eval-
uated during routine prenatal visits before 36 wk of gestation
(319). The median concentrations of TNF� were similar in the
women who ultimately delivered at preterm and in the re-
maining women whose pregnancy proceeded to term. In
another group of patients with threatened preterm labor,

higher levels of TNF� in the cervicovaginal secretion were
predictive of preterm delivery (319).

For reasons still unclear, the concentrations of some cy-
tokines may be particularly increased in patients destined to
give birth soon after the onset of labor compared with those
who will respond to tocolysis and deliver near term. The
IL-2-soluble receptor, being a marker of activated immune
cells in peripheral blood, may help to identify patients at
greater risk of delivery within 48 h from the onset of preterm
labor (320).

Maternal serum IL-6 concentration has been evaluated as
a potential marker of imminent delivery in women with
threatened preterm labor without clinical signs of infection,
all of whom submitted to a standard tocolytic treatment
(321). The probability of giving birth within 5 d of hospital-
ization may be as high as 95% among patients with serum
IL-6 levels higher than 6 pg/ml, and only 15% among those
with IL-6 levels lower than this cutoff point (321). This in-
formation may be important in selecting patients who would
benefit from immediate administration of corticosteroids to
accelerate fetal lung maturation. Successful tocolysis, de-
fined as at least 2 wk elapsed from treatment to delivery, may

FIG. 4. Placental endocrine and paracrine response to infection in
women with preterm labor.

TABLE 4. Possible markers of increased risk of preterm labor and/or impending preterm birth in several gestational compartments

Compartment Maternal
serum

Maternal
saliva

Vaginal
fluid

Amniotic
fluid

Cord
serum

Placental hormones
CRH �
hCG � �
hPL �
Unconjugated estriol � �

Fetal and membrane proteins
AFP �
Fetal fibronectin �

Interleukins
IL-6 � � �
IL-8 � �
IL-2 receptor �

Other cytokines
Granulocyte-colony � stimulating factor �
TNF-� �
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also be predicted from relatively low IL-6 and IL-8 concen-
trations in the amniotic fluid (322).

A simpler way to assess IL-6 production by intrauterine
tissues is to use cervical and/or vaginal secretion. A pro-
spective cohort study has shown that the levels of IL-6 in the
cervical secretion are increased in patients delivering at pre-
term (323). However, another study concluded that IL-6 con-
centration in cervicovaginal secretion does not predict pre-
term labor in asymptomatic women or preterm delivery in
patients hospitalized with preterm labor (319).

Fetuses with preterm premature rupture of the mem-
branes and a systemic inflammatory response syndrome,
indicated by elevated cord blood IL-6 levels, are at higher risk
for impending spontaneous preterm delivery than those
without the syndrome (324). The current concept is that the
fetus takes active part in the mechanism of preterm labor
induced by intrauterine infection (312). Hence, a fetal in-
flammatory response denoted by IL-6 predicts that the fetus
is likely to activate defense mechanisms, such as increased
cortisol production by the adrenals (312), leading to an ac-
celerated organ maturation and predisposing to premature
delivery.

2. CRH. Many lines of evidence support the involvement of
placental CRH in the mechanisms controlling the onset of
labor, either term or preterm (3, 4). Elevated CRH levels are
present in pregnancies complicated by preterm labor without
infection (325). The evolution of maternal serum CRH con-
centrations parallels the CRH curve of normal pregnancy but
the level is displaced upward (326). This discrimination is
detectable before any clinical manifestation of uterine con-
tractility, a fact that prompted the design of controlled stud-
ies focusing on the value of second-trimester CRH level in
predicting preterm birth.

In a case-control study, mean maternal plasma CRH levels
at 18–20 wk of gestation were found to be 3-fold higher in
the group of women who subsequently had spontaneous
preterm delivery compared with matched controls (327).
There was a clear separation of CRH concentrations between
case and control groups with no overlapping, but the small
number of cases prevented additional inference about the
predictive value of CRH as an early screening test.

In spite of the average elevation of maternal CRH levels as
early as 18–20 wk in pregnancies that will eventually end
before term (327, 328), the attempts to validate second-
trimester CRH as a predictive test for preterm labor have
been less encouraging. An extensive cross-sectional study of
asymptomatic women revealed a poor discrimination be-
tween pregnancies ending at term and preterm on the basis
of second-trimester maternal serum CRH concentrations
(329). A large cohort study performed in Hong Kong fol-
lowed more than 1,000 low-risk women starting at 15–20 wk
of gestation (328). CRH levels were higher in the group who
delivered before 34 wk but not in the whole preterm group,
and its positive predictive value was only 3.6% for an out-
come whose prevalence in the study population was 1.1%. It
became clear that the measurement of maternal serum CRH
would not satisfy the requisites of a screening test for preterm
delivery in a low-risk population, although it should be con-

sidered a potential marker to be used in populations with a
higher prevalence of the problem.

This perspective was confirmed by a large prospective
study carried out in Australia (330). The value of midtrimes-
ter CRH measurement to predict the risk of preterm birth
(either spontaneous or planned) was evaluated alone and in
combination with AFP and a clinical risk factor score. CRH
alone had a positive predictive value of 27%, a 4-fold increase
compared with the 7.3% prevalence of preterm birth in the
study population. The combination of CRH with AFP and a
risk factor score enhanced the sensitivity of all single markers
without losing specificity (330). Although these results can-
not be freely extrapolated to different populations due to the
heterogeneity of the syndrome, they suggest that CRH test-
ing can be usefully added to a risk assessment program to
improve the sensitivity of clinical scores. Because CRH is
particularly elevated in idiopathic (not associated with in-
fection) cases of preterm labor (330), a prerequisite for its
implementation is that preventive interventions be devel-
oped to target this group of patients.

There is no doubt that placental CRH plays a role in the
control of human parturition, but its precise role is still a
matter of debate. The finding of elevated midtrimester CRH
levels in women who will have preterm delivery does not
necessarily represent an early release of the cascade of par-
turition, since many women with relatively high midtrimes-
ter CRH levels still proceed to term. The precocious elevation
of plasma CRH levels could be an epiphenomenon rather
than a trigger for the mechanisms leading to preterm labor.
An unsolved paradox emerges from biochemical evidence
for a myometrial relaxing effect of CRH before term, favoring
uterine quiescence, in contrast to its indirect uterotonic effect
in vitro and its increased bioavailability at term (3, 316). This
apparently dual role of CRH might explain its limited pre-
dictive power for preterm labor.

3. Growth factors. Angiogenin is a potent inducer of neovas-
cularization released by tissues in which there is ischemia
and chronic inflammation, two phenomena frequently ob-
served in placentas of preterm deliveries. Amniotic fluid
angiogenin concentrations have been measured retrospec-
tively in amniotic fluid samples obtained during the second
trimester at routine amniocentesis for genetic screening and
were already elevated in pregnancies ending before term
(331). The association between high second-trimester amni-
otic fluid angiogenin levels and spontaneous preterm deliv-
ery remained significant after correction for maternal race,
FGR, and other potential confounders (331), suggesting that
this marker correlates with the early placental dysfunction
that is present in at least part of the cases of preterm labor.
Angiogenin measurement after amniocentesis in selected pa-
tients might be considered a potential prognostic marker of
preterm labor, but its predictive value has not yet been
established.

Maternal activin A levels are increased in women expe-
riencing preterm labor. Furthermore, activin A levels are
higher in women who deliver preterm compared with those
with preterm labor who respond to tocolysis (332). Activin
A production by intrauterine tissues is stimulated by hypoxia
(333) and by inflammation mediators (334) but, intriguingly,
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its tissue concentration in vivo does not seem to be higher in
women who experience preterm than in those with term
labor (335). The potential use of activin A to predict preterm
labor has yet to be determined. A small study (13 cases and
81 controls) of women admitted to hospital with preterm
labor suggests that activin A has low predictive value for
preterm delivery in this group of patients (336).

4. Estriol, hCG, and hPL. The usefulness of plasma estriol to
predict preterm labor has been evaluated in twin gestations.
The concentrations of maternal plasma estriol at 31–34 wk
were, on average, higher in women destined to initiate spon-
taneous labor before 37 wk, but they were not distinctive
enough to predict this outcome (337).

To overcome the inaccuracy of plasma estriol determina-
tions, due to the fact that most of the steroid circulates in a
protein-bound state, estriol assays have been developed us-
ing saliva as matrix. Saliva estriol levels reflect the concen-
trations of free, unconjugated estriol in plasma and therefore
correspond to the biologically active fraction of the circulat-
ing hormone. Salivary assays have the advantages that sam-
ples can be collected frequently by a noninvasive and com-
fortable procedure, stability is preserved during sample
transport, and there is a good reproducibility of the estriol
estimations (338, 339).

Estriol concentrations in maternal saliva have been corre-
lated with the occurrence of preterm labor. In a pioneer case
series of 13 women who delivered at preterm after sponta-
neous labor with intact membranes, 12 had a salivary estriol-
to-progesterone ratio higher than the 95th percentile of un-
eventful pregnancies in the last 1–4 d before delivery (338).
This increase in the estriol-to-progesterone ratio was due to
high estriol concentrations, the putative mechanism of which
is an increased fetal adrenal activity, possibly triggered by
stressful stimuli (338, 340).

A prospective study of weekly estriol measurements, in-
cluding both low-risk and high-risk subjects, revealed that
salivary estriol levels were higher in the group of patients
delivered of preterm infants than in the group of women
delivered at term. This difference appeared as early as at
24–26 wk of gestation and continued until 34–36 wk (340).
A large triple-blind multicenter study discovered that a sin-
gle salivary estriol value higher than 2.1 ng/ml between 21
and 25 wk in asymptomatic women is associated with an
increased risk of preterm birth, and in this regard the estriol
measurement achieves greater sensitivity than a standard
clinical test (Creasy scoring) (339). A potential contribution
of salivary estriol measurement comes from negative tests in
high-risk populations. Among patients labeled as “high-
risk” by the Creasy score, two consecutive weekly estriol
tests in the normal range suggest that the patient is likely to
proceed to term, either without threatened preterm labor or
by responding to tocolysis (339). In symptomatic women,
salivary estriol is associated with an increased risk of deliv-
ery within 2 wk, but its predictive power is modest (341).

Salivary estriol may be more accurate than clinical risk
assessment in predicting either preterm labor or preterm
birth (339, 340), but its possible clinical utility as a routine
screening test to predict preterm labor in asymptomatic
women has not been established. Specifically, it remains to

be determined whether women with elevated salivary estriol
levels have a significantly higher probability of undergoing
preterm labor compared with their pre-test probability,
given by demographic and clinical variables.

Elevated second-trimester serum �-hCG levels predict an
increased risk of perinatal death (153, 342), low birth weight,
small-for-gestational-age infants, preterm premature rup-
ture of membranes, and preterm birth (152, 156, 246), albeit
not of early preterm delivery (before 34 wk) (343). Cervical
and vaginal secretions may also be assayed for hCG in pa-
tients with increased risk of preterm labor. A single �-hCG
value higher than 50 mIU/ml obtained between 24 and 28 wk
of gestation in cervicovaginal secretion predicts a 2-fold in-
creased risk of giving birth before 34 wk (344).

hPL has been validated in the past as a nonspecific marker
of placental dysfunction and fetal distress. It has been con-
sidered predictive of fetal deterioration in pregnancies com-
plicated by severe hypertension (147) but has not proved
helpful in predicting spontaneous preterm labor.

B. Summary and clinical recommendations

The use of predictive markers of preterm labor and de-
livery has two complementary goals. The first is the early
identification of women at greater risk of preterm labor as a
prerequisite for planning preventive strategies, if not to delay
birth, at least to improve perinatal outcome. The ideal marker
should not only be accurate but also be present as early as
necessary to permit effective prophylaxis. Such an ideal test
is difficult to attain due to the heterogeneity of the preterm
labor syndrome and probably also because the pathological
process leading to preterm labor often develops late in the
course of pregnancy, making it hard to predict before its
installation. A second objective is the prediction of preterm
birth after the onset of spontaneous preterm labor, which
can help in the clinical decision to optimize preventive and
therapeutic measures against the adverse consequences of
prematurity.

Of the several endocrine and nonendocrine biochemical
markers reviewed here, only the combination of CRH and
AFP shows moderate accuracy in early prediction of the risk
of preterm labor (Table 5). In our view, there is no sufficient
evidence supporting the use of endocrine markers in the first
trimester or early in the second trimester to predict the risk
of preterm labor.

In the late second trimester and early third trimester, sal-
ivary estriol and vaginal fetal fibronectin are powerful pre-
dictive markers of preterm labor. Nevertheless, convincing
evidence is still lacking to support their adoption for the
routine screening of low-risk, asymptomatic women.

The prediction of impending preterm birth among patients
with symptoms of preterm labor is feasible with current
biochemical tests. One of the best serum markers is IL-6,
which definitely adds valuable information to the prognosis
of patients admitted to the hospital with preterm labor and
thereby to the management of these patients according to the
expectation of imminent or postponed delivery. While IL-6
achieves the highest predictive values for positive results,
fetal fibronectin shows the highest predictive value for neg-
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ative results. Combining both tests will theoretically opti-
mize the prognostic information.

VI. Diabetes Mellitus

Diabetes mellitus is a common complication of pregnancy
and is responsible for an augmented risk of adverse maternal
and fetal outcomes. Gestational diabetes, defined as glucose
intolerance newly diagnosed during pregnancy, can be di-
agnosed by simple screening tests such as fasting plasma
glucose (345) and abbreviated glucose challenge test (346).
This screening has been adopted universally for many years,
but there is considerable controversy about whether the rec-
ognition and management of gestational diabetes is benefi-
cial to maternal-fetal outcome (347).

It would be desirable that the individual’s susceptibility to
gestational diabetes be recognized before the onset of glucose
intolerance, but this remains a difficult task (348, 349). Debate
continues over whether gestational diabetes represents a
pregnancy-induced state of glucose intolerance or only the
exacerbation of a preexisting insulin resistance that would
become evident in the future regardless of pregnancy. There
are many similarities between gestational diabetes and the
syndrome of insulin resistance in nonpregnant subjects (350,
351), but attempts to predict the development of gestational
diabetes using indexes of glucose intolerance such as glyco-
sylated hemoglobin or fructosamine have been fruitless
(349). Nonspecific markers of placental and fetal endocrine
function such as hCG, hPL, and estriol have also failed to
distinguish diabetic from normal pregnancies (352, 353).

As a consequence of enhanced insulin production by the
fetal pancreas after excessive transplacental glucose load,
infants of diabetic mothers may be large for gestational age
and even macrosomic. Macrosomia is defined as infants
weighing more than 4,000 g (354). Macrosomic infants are
more susceptible to birth trauma and operative delivery
(355–357). In addition, large-for-gestational-age infants are at
increased risk for neonatal hypoglycemia due to residual
insulin excess. Thus, early identification of fetal excessive

growth/macrosomia is important to prevent obstetric
trauma and to better plan neonatal assistance (354).

The current standard method for antenatal diagnosis of
macrosomia is ultrasonography, but the use of serial ultra-
sound scans to assess fetal growth is an expensive, time-
consuming method, the accuracy of which remains unsatis-
factory (358–360). In this context, biochemical markers of
fetal overgrowth would be useful tools, particularly if they
were as sensitive and specific as ultrasound biometry. Pla-
cental hormones might be candidates to such markers be-
cause several endocrine and metabolic functions of the pla-
centa are altered in diabetic pregnancies (361–365).

A. Endocrinology of maternal diabetes and
fetal macrosomia

1. Somatotropic hormones. Pronounced fetal macrosomia may
occur even with adequate maternal blood glucose control
(355, 366). The severe fetal hyperinsulinemia in this case may
be imputed to some factor other than excessive glucose load,
possibly hPL, which induces proliferation and enhanced
function of pancreatic �-cells (366). In concert with this hy-
pothesis, maternal serum hPL concentrations measured in
the third trimester are higher in diabetic pregnancies com-
plicated by fetal macrosomia (355).

IGFs and IGFBPs of both placental and fetal origin may
account for the fetal macrosomia associated with diabetes.
This is supported by studies in knockout mice demonstrating
a role of increased IGF-II gene expression in the mechanism
of fetal overgrowth (367) and by the finding of high circu-
lating IGF levels in macrosomic infants (368–371).

Similarly to normal pregnant women, diabetic women
have increasing serum concentrations of IGF-I and IGF-II
with gestation, reaching a plateau by the third trimester. The
levels of both IGFs as well as IGFBP-1 to -3 are comparable
in normal and diabetic maternal circulation, whereas IGF-I,
IGF-II, and IGFBP-3 concentrations are higher in the cord
blood of neonates born to diabetic mothers (369, 371). It has

TABLE 5. Usefulness of second-trimester maternal serum markers of pregnancy outcome

Marker Down’s
syndrome FGR Preeclampsia Preterm

birth References

Single analytes
AFP 4.0–5.6 (20)
hCG 6.9 6.2 2.2 (44,153)
Free �-hCG 7.5 (44)
uE3 5.0 (31)
Inhibin A 8.4 3.6 (245,260)
Activin A 5.9 (260)
CRH 1.9 1.5–4.8 (329,330)

Combined analytes
hCG � AFP �uE3 3.6–4.0 (42,93)
Free �-hCG � AFP 10.6 (77)
Free �-hCG � AFP � inhibin A 15.0 (77)
CRH � AFP 2.6 7.4 (298,330)
Inhibin A � hCG 4.6 (245)

Data are expressed as likelihood ratio for positive tests, defined as the ratio between the proportion of positive results among affected
individuals (i.e., sensitivity) and the proportion of positive tests among normal controls (i.e., false positive rate) (383). Likelihood ratios of more
than 10 are regarded as definitely useful, 5 to 10 are regarded as moderately useful, 2 to 5 as slightly useful, and less than 2 as not at all useful
(384).
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been suggested that IGF-I is increased in cord serum of
macrosomic fetuses regardless of maternal diabetes, whereas
IGF-II is increased in fetuses of diabetic mothers regardless
of macrosomia (368, 370). However, this has not been a con-
sistent finding in different studies (369, 371, 372).

The mechanism of IGF increase in fetuses of diabetic moth-
ers is still controversial. Increased placental production is
suggested by the more intense expression of IGF-II mRNA in
term placentas from diabetic pregnancies (373), but this find-
ing has not been consistently confirmed (370).

2. Leptin. Cord blood leptin levels are augmented in large-
for-gestational-age infants and are directly correlated with
the infant’s birth weight and body mass index (374–376).
Interestingly, leptin levels are higher in asymmetric than in
symmetric large-for-gestational-age infants (377). Although
the fetal adipose tissue is a potential source of leptin, an
increased placental production seems to contribute to the
fetal hyperleptinemia in diabetic pregnancies (361).

Maternal leptin levels appear to be increased in diabetic
women (378), but this only reflects the usually increased
body mass index of these women, as revealed by multiple
regression analysis (379). Indeed, pregnant women with glu-
cose intolerance have relatively lower leptin levels than their
healthy counterparts after adjustment for body mass index
(379). Functional hypoleptinemia in diabetic pregnancy is
further suggested by the finding of increased concentrations
of soluble leptin receptors that compete with membrane re-
ceptors for hormone binding (208).

Of broader interest, however, is the possibility of using
maternal leptin levels in the screening of fetal macrosomia.
Several studies have addressed this possibility, and they are
quite convergent in concluding that maternal leptin levels do
not correlate with fetal leptin levels and do not predict birth
weight (216, 218).

3. Other placental hormones. Basic fibroblast growth factor is
a potent mitogen and angiogenic factor produced by various
fetal and adult tissues but detectable in peripheral circulation
only in very specific circumstances, including pregnancy.
Basic fibroblast growth factor levels in cord serum and am-
niotic fluid from both pregestational diabetic patients and
those with gestational diabetes are much greater than in
normal subjects (380). The levels in maternal serum tend to
be higher in diabetic than in normal pregnancies and cor-
relate positively with birth weight.

Maternal serum �-hCG levels were measured longitudi-
nally in well controlled insulin-dependent diabetic patients
and matched nondiabetic controls (381). Maternal serum
�-hCG levels were lower in diabetic women but did not
correlate with fetal macrosomia.

B. Summary and clinical recommendations

There is accumulating evidence for the participation of
placental IGFs, IGFBPs, and leptin in the mechanisms lead-
ing to fetal macrosomia associated with maternal diabetes
mellitus. Notwithstanding the link between these endocrine
markers and fetal macrosomia, their lack of significant di-
agnostic power is disappointing. While new putative mark-

ers are being investigated, the prenatal diagnosis of fetal
macrosomia still relies on ultrasound biometry.

VII. Conclusions

The availability of noninvasive, cost-effective, reliable
methods of risk estimation and early diagnosis is an essential
requisite for a rational selection of the target population for
preventive interventions against gestational diseases and
their sequelae. Biochemical assays in maternal biological flu-
ids are the most convenient laboratory tests for this scope
and, among them, placental hormones may be useful mark-
ers due to their abundance in the maternal circulation and
their close relationship with the pathophysiological back-
ground of almost every complication of pregnancy. In the
near future, the use of microarray technology will offer an
extraordinary opportunity to determine clusters of genes
that may be up-regulated or down-regulated in maternal and
fetal organs affected by particular diseases (382), and this will
permit new markers to be discovered at an amazingly fast
pace.

Before adopting one or more hormone markers to predict
the risk of gestational diseases, we must be aware of the
power and limitations of the tests to extract the best infor-
mation they can provide. It should be kept in mind, however,
that not only the test must be accurate, giving substantially
more true than false results, but also the probability of having
(or not having) a disease after a positive or negative test has
to differ materially from the expected prevalence of that
disease; otherwise the test will be useless. The judgment of
which test is useful and which is not may differ depending
on whether we are considering to use it in selected individ-
uals or in a whole population screening.

The hormonal tests proposed to evaluate the risk and to
predict the outcome of gestational diseases may bring rele-
vant information to the clinician provided they are inter-
preted carefully. As summarized in Table 5, of several ma-
ternal serum markers measured in the second trimester, only
the triple test proposed for Down’s syndrome screening has
a satisfactory detection rate combined with high specificity,
but tests with modest-to-moderate performance can also be
judiciously introduced into clinical practice. At present, there
remains an open question about who should benefit from
hormone measurements to predict preeclampsia, FGR, or
preterm labor, but there is more certainty about which tests
perform better and when they should be applied.

Complex, multifactorial diseases may require more than
one marker to be accurately predicted or diagnosed. There-
fore, it is not surprising that combined hormonal tests or the
combination of hormones and ultrasound may achieve better
sensitivity than single markers in predicting gestational dis-
eases, but ideally we should be able to simplify the screening
programs including as few items as possible to obtain max-
imal screening efficiency at a lower running cost. In any case,
these data indicate a great future area of development for
clinical implications of placental hormones and signaling
factors: human placenta as a source of signals, which gives
information about the fetal-maternal unit and, in particular,
reflects the genetic, vascular, infective, or metabolic distur-
bances that may occur during gestation.
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246. Onderoǧlu LS, Kabukçu A 1997 Elevated second trimester human
chorionic gonadotropin level associated with adverse pregnancy
outcome. Int J Gynaecol Obstet 56:245–249

247. Ashour AM, Lieberman ES, Haug LE, Repke JT 1997 The value of
elevated second-trimester �-human chorionic gonadotropin in pre-
dicting development of preeclampsia. Am J Obstet Gynecol 176:
438–442

248. Vaillant P, David E, Constant I, Athmani B, Devulder G, Fievet
P, Gondry J, Boulanger JC, Fardelone P, Fournier A 1996 Validity
in nulliparas of increased �-human chorionic gonadotrophin at
mid-term for predicting pregnancy-induced hypertension compli-
cated with proteinuria and intrauterine growth retardation.
Nephron 72:557–563

249. Luckas M, Hawe J, Meekins J, Neilson J, Walkinshaw S 1998
Second trimester serum free � human chorionic gonadotrophin
levels as a predictor of pre-eclampsia. Acta Obstet Gynecol Scand
77:381–384

250. Pouta AM, Hartikainen AL, Vuolteenaho OJ, Ruokonen AO,
Laatikainen TJ 1998 Midtrimester N-terminal proatrial natriuretic
peptide, free � hCG, and �-fetoprotein in predicting preeclampsia.
Obstet Gynecol 91:940–944

251. Morssink LP, Heringa MP, Beekhuis JR, De Wolf BT, Mantingh
A 1997 The association between hypertensive disorders of preg-
nancy and abnormal second-trimester maternal serum levels of
hCG and �-fetoprotein. Obstet Gynecol 89:666–670

252. Heinonen S, Ryynanen M, Kirkinen P, Saarikoski S 1996 Elevated
midtrimester maternal serum hCG in chromosomally normal preg-
nancies is associated with preeclampsia and velamentous umbilical
cord insertion. Am J Perinatol 13:437–441

253. Vonk R, Entezami M, Hopp H 1997 Maternal serum human cho-
rionic gonadotropin level at fifteen weeks as a predictor for pre-
eclampsia? Am J Obstet Gynecol 177:494–495

254. D’Antona D, Reis FM, Benedetto C, Evans LW, Groome NP, de

Reis et al. • Hormones and Gestational Diseases Endocrine Reviews, April 2002, 23(2):230–257 253



Kretser DM, Wallace EM, Petraglia F 2000 Increased maternal
serum activin A but not follistatin levels in pregnant women with
hypertensive disorders. J Endocrinol 165:157–162

255. Silver HM, Lambert-Messerlian GM, Star JA, Hogan J, Canick JA
1999 Comparison of maternal serum total activin A and inhibin A
in normal, preeclamptic, and nonproteinuric gestationally hyper-
tensive pregnancies. Am J Obstet Gynecol 180:1131–1137

256. Petraglia F, Aguzzoli L, Gallinelli A, Florio P, Zonca M, Benedetto
C, Woodruff K 1995 Hypertension in pregnancy: changes in activin
A maternal serum concentration. Placenta 16:447–454

257. Laivuori H, Kaaja R, Turpeinen U, Stenman UH, Ylikorkala O
1999 Serum activin A and inhibin A elevated in pre-eclampsia: no
relation to insulin sensitivity. Br J Obstet Gynaecol 106:1298–1303

258. Muttukrishna S, Knight PG, Groome NP, Redman CW, Ledger
WL 1997 Activin A and inhibin A as possible endocrine markers for
pre-eclampsia. Lancet 349:1285–1288

259. King IB, Williams MA, Sorensen TK, Luthy DA 1998 Inhibin A,
and activin A levels in the second trimester as predictors of pre-
eclampsia. Am J Obstet Gynecol 178(Suppl 1):S115 (Abstract)

260. Muttukrishna S, North RA, Morris J, Schellenberg JC, Taylor RS,
Asselin J, Ledger W, Groome N, Redman CW 2000 Serum inhibin
A and activin A are elevated prior to the onset of pre-eclampsia.
Hum Reprod 15:1640–1645

261. Jackson N, Biddolph SC, Ledger W, Groome NP, Manek S 2000
Inhibin expression in normal and pre-eclamptic placental tissue. Int
J Gynecol Pathol 19:219–224

262. Caniggia I, Lye SJ, Cross JC 1997 Activin is a local regulator of
human cytotrophoblast cell differentiation. Endocrinology
138:3976–3986

263. Raty R, Koskinen P, Alanen A, Irjala K, Matinlauri I, Ekblad U
1999 Prediction of pre-eclampsia with maternal mid-trimester total
renin, inhibin A, AFP and free �-hCG levels. Prenat Diagn 19:
122–127

264. Grobman WA, Wang EY 2000 Serum levels of activin A and inhibin
A and the subsequent development of preeclampsia. Obstet Gy-
necol 96:390–394

265. Cuckle H, Sehmi I, Jones R 1998 Maternal serum inhibin A can
predict pre-eclampsia. Br J Obstet Gynaecol 105:1101–1103

266. Aquilina J, Barnett A, Thompson O, Harrington K 1999 Second-
trimester maternal serum inhibin A concentration as an early
marker for preeclampsia. Am J Obstet Gynecol 181:131–136

267. Sebire NJ, Roberts L, Noble P, Wallace E, Nicolaides KH 2000
Raised maternal serum inhibin A concentration at 10 to 14 weeks
of gestation is associated with pre-eclampsia. Br J Obstet Gynaecol
107:795–797

268. Aquilina J, Maplethorpe R, Ellis P, Harrington K 2000 Correlation
between second trimester maternal serum inhibin-A and human
chorionic gonadotrophin for the prediction of pre-eclampsia. Pla-
centa 21:487–492

269. Bussen SS, Sutterlin MW, Steck T 1998 Plasma renin activity and
aldosterone serum concentration are decreased in severe pre-
eclampsia but not in the HELLP-syndrome. Acta Obstet Gynecol
Scand 77:609–613

270. Langer B, Grima M, Coquard C, Bader AM, Schlaeder G, Imbs JL
1998 Plasma active renin, angiotensin I, and angiotensin II during
pregnancy and in preeclampsia. Obstet Gynecol 91:196–202

271. Kalenga MK, Thomas K, de Gasparo M, De Hertogh R 1996
Determination of renin, angiotensin converting enzyme and an-
giotensin II levels in human placenta, chorion and amnion from
women with pregnancy induced hypertension. Clin Endocrinol
(Oxf) 44:429–433

272. Gant NF, Daley GL, Chand S, Whalley PJ, MacDonald PC 1973
A study of angiotensin II pressor response throughout primigravid
pregnancy. J Clin Invest 52:2682–2689

273. Oney T, Kaulhausen H 1982 The value of the angiotensin sensi-
tivity test in the early diagnosis of hypertensive disorders in preg-
nancy. Am J Obstet Gynecol 142:17–20

274. Kyle PM, Buckley D, Kissane J, de Swiet M, Redman CW 1995
The angiotensin sensitivity test and low-dose aspirin are ineffective
methods to predict and prevent hypertensive disorders in nullip-
arous pregnancy. Am J Obstet Gynecol 173:865–872

275. Pouliot L, Forest JC, Moutquin JM, Coulombe N, Masse J 1998

Platelet angiotensin II binding sites and early detection of pre-
eclampsia. Obstet Gynecol 91:591–595

276. Masse J, Forest JC, Moutquin JM, Degrandpre P, Forest VI 1998
A prospective longitudinal study of platelet angiotensin II recep-
tors for the prediction of preeclampsia. Clin Biochem 31:251–255

277. Millar JG, Campbell SK, Albano JD, Higgins BR, Clark AD 1996
Early prediction of pre-eclampsia by measurement of kallikrein
and creatinine on a random urine sample. Br J Obstet Gynaecol
103:421–426

278. Pouta AM, Vuolteenaho OJ, Laatikainen TJ 1997 An increase of
the plasma N-terminal peptide of proatrial natriuretic peptide in
preeclampsia. Obstet Gynecol 89:747–753

279. Gude NM, Stebbing PN, Wang L, Xue J, Brennecke SP, Lim AT
2000 Relative abundance of placental pro-atrial natriuretic factor
mRNA in normal pregnancy and pre-eclampsia. Gynecol Obstet
Invest 49:114–118

280. Singh HJ, Rahman A, Larmie ET, Nila A 2001 Endothelin-l in
feto-placental tissues from normotensive pregnant women and
women with pre-eclampsia. Acta Obstet Gynecol Scand 80:99–103

281. Napolitano M, Miceli F, Calce A, Vacca A, Gulino A, Apa R,
Lanzone A 2000 Expression and relationship between endothelin-1
messenger ribonucleic acid (mRNA) and inducible/endothelial ni-
tric oxide synthase mRNA isoforms from normal and preeclamptic
placentas. J Clin Endocrinol Metab 85:2318–2323

282. Shaarawy M, Abdel-Magid AM 2000 Plasma endothelin-1 and
mean arterial pressure in the prediction of pre-eclampsia. Int J
Gynaecol Obstet 68:105–111

283. Paarlberg KM, De Jong CL, Van Geijn HP, van Kamp GJ, Heinen
AG, Dekker GA 1998 Vasoactive mediators in pregnancy-induced
hypertensive disorders: a longitudinal study. Am J Obstet Gynecol
179:1559–1564

284. Page NM, Woods RJ, Gardiner SM, Lomthaisong K, Gladwell RT,
Butlin DJ, Manyonda IT, Lowry PJ 2000 Excessive placental se-
cretion of neurokinin B during the third trimester causes pre-
eclampsia. Nature 405:797–800

285. Dombroski RA, Casey ML, MacDonald PC 1997 5-�-Dihydropro-
gesterone formation in human placenta from 5�-pregnan-3�/�-
ol-20-ones and 5-pregnan-3�-yl-20-one sulfate. J Steroid Biochem
Mol Biol 63:155–163

286. Dawood MY 1976 Circulating maternal serum progesterone in
high-risk pregnancies. Am J Obstet Gynecol 125:832–840

287. Parker Jr CR, Everett RB, Quirk Jr JG, Whalley PJ, Gant NF 1979
Hormone production during pregnancy in the primigravid patient.
I. Plasma levels of progesterone and 5-�-pregnane-3,20-dione
throughout pregnancy of normal women and women who devel-
oped pregnancy-induced hypertension. Am J Obstet Gynecol 135:
778–782

288. Luisi S, Petraglia F, Benedetto C, Nappi RE, Bernardi F, Fadalti
M, Reis FM, Luisi M, Genazzani AR 2000 Serum allopregnanolone
levels in pregnant women: changes during pregnancy, at delivery,
and in hypertensive patients. J Clin Endocrinol Metab 85:2429–2433

289. Burrows TD, King A, Loke YW 1994 Expression of adhesion mol-
ecules by endovascular trophoblast and decidual endothelial cells:
implications for vascular invasion during implantation. Placenta
15:21–33

290. Phocas I, Rizos D, Papoulias J, Xyni K, Sarandakou A, Salamale-
kis E 2000 A comparative study of serum soluble vascular cell
adhesion molecule-1 and soluble intercellular adhesion molecule-1
in preeclampsia. J Perinatol 20:114–119

291. Airoldi L, Gaffuri B, Rossi G, Iurlaro E, Nozza A, Vigano P,
Vignali M 1998 Soluble intercellular adhesion molecule-1 serum
profile in physiologic and preeclamptic pregnancy. Am J Reprod
Immunol 39:183–188

292. Djurovic S, Schjetlein R, Wisloff F, Haugen G, Berg K 1997
Increased levels of intercellular adhesion molecules and vascular
cell adhesion molecules in pre-eclampsia. Br J Obstet Gynaecol
104:466–470

293. Jaakkola K, Jokimaa V, Kallajoki M, Jalkanen S, Ekholm E 2000
Pre-eclampsia does not change the adhesion molecule status in the
placental bed. Placenta 21:133–141

294. Petraglia F, Sawchenko PE, Rivier J, Vale W 1987 Evidence for
local stimulation of ACTH secretion by corticotropin-releasing fac-
tor in human placenta. Nature 328:717–719

254 Endocrine Reviews, April 2002, 23(2):230–257 Reis et al. • Hormones and Gestational Diseases



295. Chrousos GP 1999 Reproductive placental corticotropin-releasing
hormone and its clinical implications. Am J Obstet Gynecol 180
(Suppl):S249–S250

296. Ahmed I, Glynn BP, Perkins AV, Castro MG, Rowe J, Morrison
E, Linton EA 2000 Processing of procorticotropin-releasing hor-
mone (pro-CRH): molecular forms of CRH in normal and pre-
eclamptic pregnancy. J Clin Endocrinol Metab 85:755–764

297. Goland RS, Conwell IM, Jozak S 1995 The effect of pre-eclampsia
on human placental corticotrophin-releasing hormone content and
processing. Placenta 16:375–382

298. Leung TN, Chung TK, Madsen G, Lam CWK, Lam PKW, Walters
WAW, Smith R 2000 Analysis of mid-trimester corticotrophin-
releasing hormone and �-fetoprotein concentrations for predicting
pre-eclampsia. Hum Reprod 15:1813–1818

299. Petraglia F, Florio P, Benedetto C, Gallo C, Woods RJ, Genazzani
AR, Lowry PJ 1996 High levels of corticotropin-releasing factor
(CRF) are inversely correlated with low levels of maternal CRF-
binding protein in pregnant women with pregnancy-induced hy-
pertension. J Clin Endocrinol Metab 81:852–856

300. Vitoratos N, Chrystodoulacos G, Kouskouni E, Salamalekis E,
Creatsas G 2001 Alterations of maternal and fetal leptin concen-
trations in hypertensive disorders of pregnancy. Eur J Obstet Gy-
necol Reprod Biol 96:59–62

301. Anim-Nyame N, Sooranna SR, Steer PJ, Johnson MR 2000 Lon-
gitudinal analysis of maternal plasma leptin concentrations during
normal pregnancy and pre-eclampsia. Hum Reprod 15:2033–2036

302. Teppa RJ, Ness RB, Crombleholme WR, Roberts JM 2000 Free
leptin is increased in normal pregnancy and further increased in
preeclampsia. Metabolism 49:1043–1048

303. Laml T, Preyer O, Hartmann BW, Ruecklinger E, Soeregi G,
Wagenbichler P 2001 Decreased maternal serum leptin in preg-
nancies complicated by preeclampsia. J Soc Gynecol Investig
8:89–93

304. Mise H, Sagawa N, Matsumoto T, Yura S, Nanno H, Itoh H, Mori
T, Masuzaki H, Hosoda K, Ogawa Y, Nakao K 1998 Augmented
placental production of leptin in preeclampsia: possible involve-
ment of placental hypoxia. J Clin Endocrinol Metab 83:3225–3229

305. Williams MA, Havel PJ, Schwartz MW, Leisenring WM, King IB,
Zingheim RW, Zebelman AM, Luthy DA 1999 Pre-eclampsia dis-
rupts the normal relationship between serum leptin concentrations
and adiposity in pregnant women. Paediatr Perinat Epidemiol
13:190–204

306. Stamilio DM, Sehdev HM, Morgan MA, Propert K, Macones GA
2000 Can antenatal clinical and biochemical markers predict the
development of severe preeclampsia? Am J Obstet Gynecol 182:
589–594

307. Morssink LP, Heringa MP, Beekhuis JR, De Wolf BT, Mantingh
A 1997 The HELLP syndrome: its association with unexplained
elevation of MSAFP and MShCG in the second trimester. Prenat
Diagn 17:601–606

308. Kulmala T, Vaahtera M, Ndekha M, Koivisto AM, Cullinan T,
Salin ML, Ashorn P 2000 The importance of preterm births for peri-
and neonatal mortality in rural Malawi. Paediatr Perinat Epidemiol
14:219–226

309. Mathews TJ, Curtin SC, MacDorman MF 2000 Infant mortality
statistics from the 1998 period linked birth/infant death data set.
Natl Vital Stat Rep 48:1–25

310. Kramer MS, Demissie K, Yang H, Platt RW, Sauve R, Liston R
2000 The contribution of mild and moderate preterm birth to infant
mortality. Fetal and Infant Health Study Group of the Canadian
Perinatal Surveillance System. JAMA 284:843–849

311. Barros FC, Victora CG, Vaughan JP, Tomasi E, Horta BL, Cesar
JA, Menezes MB, Halpern R, Post CL, del Mar GM 2001 The
epidemiological transition in maternal and child health in a Bra-
zilian city, 1982–93: a comparison of two population-based cohorts.
Paediatr Perinat Epidemiol 15:4–11

312. Goldenberg RL, Hauth JC, Andrews WW 2000 Intrauterine in-
fection and preterm delivery. N Engl J Med 342:1500–1507

313. Goldenberg RL, Klebanoff M, Carey JC, Macpherson C, Leveno
KJ, Moawad AH, Sibai B, Heine RP, Ernest JM, Dombrowski MP,
Miodovnik M, Wapner RJ, Iams JD, Langer O, O’sullivan MJ,
Roberts JM 2000 Vaginal fetal fibronectin measurements from 8 to

22 weeks’ gestation and subsequent spontaneous preterm birth.
Am J Obstet Gynecol 183:469–475

314. Leitich H, Egarter C, Kaider A, Hohlagschwandtner M, Bergham-
mer P, Husslein P 1999 Cervicovaginal fetal fibronectin as a marker
for preterm delivery: a meta-analysis. Am J Obstet Gynecol 180:
1169–1176

315. Goldenberg RL, Mercer BM, Meis PJ, Copper RL, Das A, Mc-
Nellis D 1996 The preterm prediction study: fetal fibronectin test-
ing and spontaneous preterm birth. NICHD Maternal Fetal Med-
icine Units Network. Obstet Gynecol 87:643–648

316. Challis JRG, Matthews SG, Gibb W, Lye SJ 2000 Endocrine and
paracrine regulation of birth at term and preterm. Endocr Rev
21:514–550

317. Goldenberg RL, Andrews WW, Mercer BM, Moawad AH, Meis
PJ, Iams JD, Das A, Caritis SN, Roberts JM, Miodovnik M, Me-
nard K, Thurnau G, Dombrowski MP, McNellis D 2000 The
preterm prediction study: granulocyte colony-stimulating factor
and spontaneous preterm birth. National Institute of Child Health
and Human Development Maternal-Fetal Medicine Units Net-
work. Am J Obstet Gynecol 182:625–630

318. Wennerholm UB, Holm B, Mattsby-Baltzer I, Nielsen T, Platz-
Christensen JJ, Sundell G, Hagberg H 1998 Interleukin-1�, inter-
leukin-6 and interleukin-8 in cervico/vaginal secretion for screen-
ing of preterm birth in twin gestation. Acta Obstet Gynecol Scand
77:508–514

319. Inglis SR, Jeremias J, Kuno K, Lescale K, Peeper Q, Chervenak
FA, Witkin SS 1994 Detection of tumor necrosis factor-�, inter-
leukin-6, and fetal fibronectin in the lower genital tract during
pregnancy: relation to outcome. Am J Obstet Gynecol 171:5–10

320. Alvarez-de-la-Rosa M, Rebollo FJ, Codoceo R, Gonzalez Gonza-
lez A 2000 Maternal serum interleukin 1, 2, 6, 8 and interleukin-2
receptor levels in preterm labor and delivery. Eur J Obstet Gynecol
Reprod Biol 88:57–60

321. Greig PC, Murtha AP, Jimmerson CJ, Herbert WN, Roitman-
Johnson B, Allen J 1997 Maternal serum interleukin-6 during preg-
nancy and during term and preterm labor. Obstet Gynecol 90:
465–469

322. Allbert JR, Naef RW3, Perry Jr KG, Magann EF, Whitworth NS,
Morrison JC 1994 Amniotic fluid interleukin-6 and interleukin-8
levels predict the success of tocolysis in patients with preterm labor.
J Soc Gynecol Investig 1:264–268

323. Lockwood CJ, Ghidini A, Wein R, Lapinski R, Casal D, Berkowitz
RL 1994 Increased interleukin-6 concentrations in cervical secre-
tions are associated with preterm delivery. Am J Obstet Gynecol
171:1097–1102

324. Romero R, Gomez R, Ghezzi F, Yoon BH, Mazor M, Edwin SS,
Berry SM 1998 A fetal systemic inflammatory response is followed
by the spontaneous onset of preterm parturition. Am J Obstet
Gynecol 179:186–193

325. Warren WB, Patrick SL, Goland RS 1992 Elevated maternal
plasma corticotropin-releasing hormone levels in pregnancies com-
plicated by preterm labor. Am J Obstet Gynecol 166:1198–1204

326. Lockwood CJ 1995 The diagnosis of preterm labor and the pre-
diction of preterm delivery. Clin Obstet Gynecol 38:675–687

327. Hobel CJ, Dunkel-Schetter C, Roesch SC, Castro LC, Arora CP
1999 Maternal plasma corticotropin-releasing hormone associated
with stress at 20 weeks’ gestation in pregnancies ending in preterm
delivery. Am J Obstet Gynecol 180(Suppl):S257–S263

328. Leung TN, Chung TK, Madsen G, McLean M, Chang AM, Smith
R 1999 Elevated mid-trimester maternal corticotrophin-releasing
hormone levels in pregnancies that delivered before 34 weeks. Br J
Obstet Gynaecol 106:1041–1046

329. Berkowitz GS, Lapinski RH, Lockwood CJ, Florio P, Blackmore-
Prince C, Petraglia F 1996 Corticotropin-releasing factor and its
binding protein: maternal serum levels in term and preterm de-
liveries. Am J Obstet Gynecol 174:1477–1483

330. McLean M, Bisits A, Davies J, Walters W, Hackshaw A, De Voss
K, Smith R 1999 Predicting risk of preterm delivery by second-
trimester measurement of maternal plasma corticotropin-releasing
hormone and �-fetoprotein concentrations. Am J Obstet Gynecol
181:207–215

331. Spong CY, Ghidini A, Sherer DM, Pezzullo JC, Ossandon M,

Reis et al. • Hormones and Gestational Diseases Endocrine Reviews, April 2002, 23(2):230–257 255



Eglinton GS 1997 Angiogenin: a marker for preterm delivery in
midtrimester amniotic fluid. Am J Obstet Gynecol 176:415–418

332. Petraglia F, Gallinelli A, De Vita D, Lewis K, Mathews L, Vale
W 1994 Activin at parturition: changes of maternal serum levels
and evidence for binding sites in placenta and fetal membranes.
Obstet Gynecol 84:278–282

333. Jenkin G, Ward J, Hooper S, O’Connor A, de Kretser D, Wallace
E 2001 Feto-placental hypoxemia regulates the release of fetal ac-
tivin A and prostaglandin E2. Endocrinology 142:963–966

334. Keelan JA, Zhou RL, Evans LW, Groome NP, Mitchell MD 2000
Regulation of activin A, inhibin A, and follistatin production in
human amnion and choriodecidual explants by inflammatory me-
diators. J Soc Gynecol Investig 7:291–296

335. Keelan JA, Marvin KW, Sato TA, McCowan LM, Coleman M,
Evans LW, Groome NP, Mitchell MD 1999 Concentrations of
activin A, inhibin A and follistatin in human amnion, choriode-
cidual and placental tissues at term and preterm. J Endocrinol
163:99–106

336. Coleman MA, France JT, Schellenberg JC, Ananiev V, Townend
K, Keelan JA, Groome NP, McCowan LM 2000 Corticotropin-
releasing hormone, corticotropin-releasing hormone-binding pro-
tein, and activin A in maternal serum: prediction of preterm de-
livery and response to glucocorticoids in women with symptoms
of preterm labor. Am J Obstet Gynecol 183:643–648

337. Houlton MC, Marivate M, Philpott RH 1982 Factors associated
with preterm labour and changes in the cervix before labour in twin
pregnancy. Br J Obstet Gynaecol 89:190–194

338. Darne J, McGarrigle HH, Lachelin GC 1987 Increased saliva oes-
triol to progesterone ratio before preterm delivery: a possible pre-
dictor for preterm labor? Br Med J 294:270–272

339. Heine RP, McGregor JA, Dullien VK 1999 Accuracy of salivary
estriol testing compared to traditional risk factor assessment in
predicting preterm birth. Am J Obstet Gynecol 180:S214–S218

340. McGregor JA, Jackson GM, Lachelin GC, Goodwin TM, Artal R,
Hastings C, Dullien V 1995 Salivary estriol as risk assessment for
preterm labor: a prospective trial. Am J Obstet Gynecol 173:1337–
1342

341. Heine RP, McGregor JA, Goodwin TM, Artal R, Hayashi RH,
Robertson PA, Varner MW 2000 Serial salivary estriol to detect an
increased risk of preterm birth. Obstet Gynecol 96:490–497

342. Benn PA, Horne D, Briganti S, Rodis JF, Clive JM 1996 Elevated
second-trimester maternal serum hCG alone or in combination
with elevated �-fetoprotein. Obstet Gynecol 87:217–222

343. van Rijn M, van der Schouw YT, Hagenaars AM, Visser GH,
Christiaens GC 1999 Adverse obstetric outcome in low- and high-
risk pregnancies: predictive value of maternal serum screening.
Obstet Gynecol 94:929–934

344. Bernstein PS, Kovacs P, Jovanovic K 2000 Is cervicovaginal �-
human chorionic gonadotropin a predictor of successful induction
of labor at term? Obstet Gynecol 95(Suppl):S10–S11

345. Perucchini D, Fischer U, Spinas GA, Huch R, Huch A, Lehmann
R 1999 Using fasting plasma glucose concentrations to screen for
gestational diabetes mellitus: prospective population based study.
Br Med J 319:812–815

346. Carpenter MW, Coustan DR 1982 Criteria for screening tests for
gestational diabetes. Am J Obstet Gynecol 144:768–773

347. Wen SW, Liu S, Kramer MS, Joseph KS, Levitt C, Marcoux S,
Liston RM 2000 Impact of prenatal glucose screening on the di-
agnosis of gestational diabetes and on pregnancy outcomes. Am J
Epidemiol 152:1009–1014

348. Essel JK, Opai-Tetteh ET 1995 Macrosomia—maternal and fetal
risk factors. S Afr Med J 85:43–46

349. Aziz NL, Abdelwahab S, Moussa M, Georgy M 1992 Maternal
fructosamine and glycosylated haemoglobin in the prediction of
gestational glucose intolerance. Clin Exp Obstet Gynecol 19:
235–241

350. Clark Jr CM, Qiu C, Amerman B, Porter B, Fineberg N, Aldasouqi
S, Golichowski A 1997 Gestational diabetes: should it be added to
the syndrome of insulin resistance? Diabetes Care 20:867–871

351. Swinn RA, Wareham NJ, Gregory R, Curling V, Clark PM, Dalton
KJ, Edwards OM, O’Rahilly S 1995 Excessive secretion of insulin
precursors characterizes and predicts gestational diabetes. Diabe-
tes 44:911–915

352. Ryden G, Berg G 1978 CAP, HCS and urinary oestriol assays in
diabetic pregnancy. Acta Obstet Gynecol Scand 57:313–316

353. Walton DL, Norem CT, Schoen EJ, Ray GT, Colby CJ 1999 Second-
trimester serum chorionic gonadotropin concentrations and com-
plications and outcome of pregnancy. N Engl J Med 341:2033–2038

354. Boyd ME, Usher RH, McLean FH 1983 Fetal macrosomia: predic-
tion, risks, proposed management. Obstet Gynecol 61:715–722

355. Small M, Cameron A, Lunan CB, MacCuish AC 1987 Macrosomia
in pregnancy complicated by insulin-dependent diabetes mellitus.
Diabetes Care 10:594–599

356. Susa JB, Widness JA, Hintz R, Liu F, Sehgal P, Schwartz R 1984
Somatomedins and insulin in diabetic pregnancies: effects on fetal
macrosomia in the human and rhesus monkey. J Clin Endocrinol
Metab 58:1099–1105

357. Coustan DR, Imarah J 1984 Prophylactic insulin treatment of ges-
tational diabetes reduces the incidence of macrosomia, operative
delivery, and birth trauma. Am J Obstet Gynecol 150:836–842

358. Johnstone FD, Prescott RJ, Steel JM, Mao JH, Chambers S, Muir
N 1996 Clinical and ultrasound prediction of macrosomia in dia-
betic pregnancy. Br J Obstet Gynaecol 103:747–754

359. Combs CA, Rosenn B, Miodovnik M, Siddiqi TA 2000 Sono-
graphic EFW and macrosomia: is there an optimum formula to
predict diabetic fetal macrosomia? J Matern Fetal Med 9:55–61

360. Sokol RJ, Chik L, Dombrowski MP, Zador IE 2000 Correctly
identifying the macrosomic fetus: improving ultrasonography-
based prediction. Am J Obstet Gynecol 182:1489–1495

361. Lea RG, Howe D, Hannah LT, Bonneau O, Hunter L, Hoggard N
2000 Placental leptin in normal, diabetic and fetal growth-retarded
pregnancies. Mol Hum Reprod 6:763–769

362. Osmond DT, Nolan CJ, King RG, Brennecke SP, Gude NM 2000
Effects of gestational diabetes on human placental glucose uptake,
transfer, and utilisation. Diabetologia 43:576–582

363. Hu L, Lytras A, Bock ME, Yuen CK, Dodd JG, Cattini PA 1999
Detection of placental growth hormone variant and chorionic so-
matomammotropin-L RNA expression in normal and diabetic
pregnancy by reverse transcriptase-polymerase chain reaction. Mol
Cell Endocrinol 157:131–142

364. Sciullo E, Cardellini G, Baroni MG, Torresi P, Buongiorno A,
Pozzilli P, Fallucca F 1997 Glucose transporter (Glut1, Glut3)
mRNA in human placenta of diabetic and non-diabetic pregnan-
cies. Early Pregnancy 3:172–182

365. Elkind-Hirsch KE, Raynolds MV, Goldzieher JW 1989 Compar-
ison of immunoreactive gonadotropin-releasing hormone and hu-
man chorionic gonadotropin in term placentas from normal
women and those with insulin-dependent and gestational diabetes.
Am J Obstet Gynecol 160:71–78

366. Persson B, Hanson U, Marcus C 1995 Gestational diabetes mellitus
and paradoxical fetal macrosomia—a case report. Early Hum Dev
41:203–213

367. D’Ercole AJ 1999 Mechanisms of in utero overgrowth. Acta Paediatr
Suppl 88:31–36

368. Wiznitzer A, Reece EA, Homko C, Furman B, Mazor M, Levy J
1998 Insulin-like growth factors, their binding proteins, and fetal
macrosomia in offspring of nondiabetic pregnant women. Am J
Perinatol 15:23–28

369. Yan-Jun L, Tsushima T, Minei S, Sanaka M, Nagashima T,
Yanagisawa K, Omori Y 1996 Insulin-like growth factors (IGFs)
and IGF-binding proteins (IGFBP-1, -2 and -3) in diabetic preg-
nancy: relationship to macrosomia. Endocr J 43:221–231

370. Roth S, Abernathy MP, Lee WH, Pratt L, Denne S, Golichowski
A, Pescovitz OH 1996 Insulin-like growth factors I and II peptide
and messenger RNA levels in macrosomic infants of diabetic preg-
nancies. J Soc Gynecol Investig 3:78–84

371. Culler FL, Tung RF, Jansons RA, Mosier HD 1996 Growth pro-
moting peptides in diabetic and non-diabetic pregnancy: interac-
tions with trophoblastic receptors and serum carrier proteins. J Pe-
diatr Endocrinol Metab 9:21–29

372. Hill WC, Pelle-Day G, Kitzmiller JL, Spencer EM 1989 Insulin-like
growth factors in fetal macrosomia with and without maternal
diabetes. Horm Res 32:178–182

373. Shen SJ, Wang CY, Nelson KK, Jansen M, Ilan J 1986 Expression
of insulin-like growth factor II in human placentas from normal and
diabetic pregnancies. Proc Natl Acad Sci USA 83:9179–9182

256 Endocrine Reviews, April 2002, 23(2):230–257 Reis et al. • Hormones and Gestational Diseases



374. Marchini G, Fried G, Ostlund E, Hagenas L 1998 Plasma leptin in
infants: relations to birth weight and weight loss. Pediatrics 101:
429–432

375. Geary M, Pringle PJ, Persaud M, Wilshin J, Hindmarsh PC, Ro-
deck CH, Brook CG 1999 Leptin concentrations in maternal serum
and cord blood: relationship to maternal anthropometry and fetal
growth. Br J Obstet Gynaecol 106:1054–1060

376. Wiznitzer A, Furman B, Zuili I, Shany S, Reece EA, Mazor M 2000
Cord leptin level and fetal macrosomia. Obstet Gynecol 96:707–713

377. Lepercq J, Lahlou N, Timsit J, Girard J, Mouzon SH 1999 Mac-
rosomia revisited: ponderal index and leptin delineate subtypes of
fetal overgrowth. Am J Obstet Gynecol 181:621–625

378. Kautzky-Willer A, Pacini G, Tura A, Bieglmayer C, Schneider B,
Ludvik B, Prager R, Waldhausl W 2001 Increased plasma leptin in
gestational diabetes. Diabetologia 44:164–172

379. Festa A, Shnawa N, Krugluger W, Hopmeier P, Schernthaner G,
Haffner SM 1999 Relative hypoleptinaemia in women with mild
gestational diabetes mellitus. Diabet Med 16:656–662

380. Hill DJ, Tevaarwerk GJ, Caddell C, Arany E, Kilkenny D, Greg-
ory M 1995 Fibroblast growth factor 2 is elevated in term maternal
and cord serum and amniotic fluid in pregnancies complicated by
diabetes: relationship to fetal and placental size. J Clin Endocrinol
Metab 80:2626–2632

381. Camus-Bablon F, Cohen RM, Berk MA, Perisutti G, Hunter K,
Frohman LA 1990 Alterations in circulating human chorionic go-
nadotropin free �-subunit in insulin-dependent diabetic pregnan-
cy: correlation with maternal characteristics. J Clin Endocrinol
Metab 71:46–52

382. Popovici RM, Kao LC, Giudice LC 2000 Discovery of new in-
ducible genes in in vitro decidualized human endometrial stro-
mal cells using microarray technology. Endocrinology 141:3510 –
3513

383. Fletcher RH, Fletcher SW, Wagner EH 1996 Clinical epidemiology:
the essentials, 3rd ed. Baltimore: Williams & Wilkins

384. Khan KS, Khan SF, Nwosu CR, Arnott N, Chien PF 1999 Mis-
leading authors’ inferences in obstetric diagnostic test literature.
Am J Obstet Gynecol 181:112–115

First International Workshop
on Anti-Müllerian Hormone / Müllerian Inhibiting Substance

Supported by the Serono Foundation
October 7–8, Aix-en-Provence, France

AMH/MIS, a member of the TGF-� family, in addition to its key role in sex differentiation, is involved in
the development and function of fetal and postnatal gonads. AMH/MIS is a reliable marker of immature
testicular function and ovarian tumors. During the meeting, basic molecular and cellular issues as well
as clinical applications will be addressed. Introductory lectures, round tables, and poster presentations
(deadline for abstracts: July 10, 2002) are scheduled.

Contact: Dr. Nathalie Josso, INSERM, 1 rue Maurice-Arnoux, 92120 Montrouge, France
E-mail: josso@wotan.ens.fr
Website: http://www.serono-amh-mis.com for details and registration.
Workshop Secretariat: Atout Organisation Science, Fax: 33 4 9615 1251 or 33 4 9152 9373

The European Journal of Endocrinology Prize

The European Journal of Endocrinology Prize is awarded during the European Congress of Endocrinology to
a candidate who has significantly contributed to the advancement of knowledge in the field of endocrinology
through publication.

The prize consists of a certificate and Euro 7,250 plus traveling expenses and will be presented during the
6th European Congress of Endocrinology to be held in Lyon, France from 26–30 April 2003. Nominations
should be submitted to the Chief Editor of the European Journal of Endocrinology, Professor Paolo Beck-Peccoz,
Istituto di Scienze Endocrine, Piano Terra, Padiglione Granelli, Ospedale Maggiore IRCCS, Via Francesco
Sforza 35, 20122 Milan, Italy, by 31 October 2002. For more detailed information please check the websites:
www.eje.org and www.endocrinology2003.com or contact our office at the following e-mail address: eje@
nikotron.com.
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