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ABSTRACT. The effect of hypertension in pregnant 
women on fetal maturation is an issue of considerable 
importance. Because of a possible role of prolactin in fetal 
adrenal steroidogenesis and in fetal lung maturation, we 
have investigated the relationship between hypertension in 
pregnant women and levels of prolactin and dehydroepian­
drosterone sulfate in serum of newborn infants. It was 
found that with the mild-to-moderate form of pregnancy­
induced hypertension (PIH), there was little effect on 
prolactin levels in newborn serum. In newborns of women 
with severe PIH, however, serum prolactin levels were 
significantly greater (p < 0.01) than those in newborns of 
women with uncomplicated pregnancies. Conversely, um­
bilical serum concentrations of dehydroepiandrosterone 
sulfate in newborns of women with severe PIH were sig­
nificantly less (p < 0.05) than those in newborns of women 
with uncomplicated pregnancies. These findings are sup­
portive of the view that pituitary function and adrenocor­
tical function of fetuses of women with PIH are different 
from those of fetuses of normotensive women. These find­
ings are suggestive that PIH alters the function of the fetal 
pituitary and adrenal cortex. (Pediatr Res 20: 876-878, 
1986) 

Abbreviations 

PIH, pregnancy-induced hypertension 
DS, dehydroepiandrosterone sulfate 

The effects of disorders of pregnant women on the processes 
of human fetal development are varied. Perhaps the most com­
mon complication of pregnancy is PIH. In the current study, we 
investigated the effects of PIH on the levels of prolactin and DS 
in serum of newborns. Prolactin was chosen for study since it is 
a major secretory product of the fetal pituitary that has been 
proposed to serve a role in fetal adrenal steroidogenesis ( 1-6), 
and also in fetal lung maturation (7-10). DS was chosen for 
study since it is the major secretory product of the fetal adrenal 
cortex and is the principal precursor of estrogens formed in the 
placenta during human pregnancy ( 11 ). 

Received February 20, 1986; accepted April 28, 1986. 
Correspondence and reprint requests to Dr. C. Richard Parker, Jr., Department 

of Obstetrics and Gynecology, University of Alabama at Birmingham, University 
Station, Birmingham, AL 35294. 

These studies were supported, in part, by USPHS Grants HD14513 and 
HD13912. 

876 

METHODS 

The subjects of this study were 157 newborn infants of women 
who were normotensive and whose pregnancies were considered 
to be otherwise uncomplicated and 71 newborn infants of women 
whose pregnancies were complicated by PIH. All newborns were 
delivered between 28 and 40 wk of gestation: gestational age 
being the number of weeks since the last menstrual period minus 
2 wk. Newborns of hypertensive women with additional compli­
cations (i.e. chronic hypertension, diabetes, etc.) were omitted 
from this study. PIH was classified as severe when the onset of 
hypertension occurred prior to or during the 32nd wk of gesta­
tion. In instances when the onset of hypertension occurred after 
the 32nd wk of gestation, PIH was classified according to the 
magnitude of diastolic blood pressure elevation. Women having 
a persistent diastolic blood pressure of more than 110 mm Hg 
were classified as having severe PIH. Women having a persistent 
diastolic blood of 100-110 mm Hg were classified as having 
mild-to-moderate PIH. Of those women having a diastolic blood 
pressure ofless than 100 mm Hg, those having an increase of20 
mm Hg in diastolic blood pressure over the level at mid pregnancy 
also were considered to have mild-to-moderate PIH. There were 
no differences in the anesthetic and analgesic agents used during 
delivery for normotensive as opposed to the hypertensive subjects 
of this study. Most of the women having PIH were administered 
MgS04 near the time of delivery; some of those having severe 
PIH (diastolic blood pressure> 110 mm Hg) also were treated 
with hydralazine during the peripartal period. None of the hy­
pertensive women was administered phenothiazines, which are 
known to increase prolactin secretion, during pregnancy. Neither 
MgS04 nor hydralazine are known to influence adrenal steroid 
secretion or pituitary prolactin secretion. 

At the time of delivery, the umbilical cord was separated from 
the infant and blood (mixed arterial and venous) was drained 
from a segment of the umbilical cord. After clot formation, the 
serum was separated by centrifugation and stored at -20° C until 
assayed. Serum prolactin was measured by radioimmunoassay 
procedures ( 12, 13) by use of antiserum and reference standards 
provided by the National Institute of Health. DS was quantified 
by a radioimmunoassay procedure (14). Some of the subjects of 
this study were part of earlier studies of a different context and 
the results are reported elsewhere ( 15). Since we previously found 
that method of delivery was not a factor that affected newborn 
serum levels of prolactin (7) or DS (15), data for newborns were 
pooled for statistical evaluation without regard to whether deliv­
ery occurred by vaginal delivery or cesarean section, with or 
without labor. The data were subjected to unpaired t test, analysis 
of variance. Neuman-Keuls multiple range test, and linear regres­
sion analysis (16). These studies were subjected to prior review 
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and were approved by the Institutional Review Board of the 
University of Texas Health Science Center at Dallas. 

RESULTS 

The concentrations of prolactin in umbilical cord serum of71 
newborns by hypertensive women were compared with those in 
157 newborns of women having uncomplicated pregnancies (Fig. 
1 ). Significant variation in prolactin levels among the groups of 
newborns was found to exist at 32-35 wk (F = 8.18, p < 0.001) 
and at 36-40 wk (F = 4.93, p < 0.01). Serum prolactin levels in 
newborns of women with no pregnancy complications and of 
women with mild-to-moderate PIH were similar from 32-40 wk 
gestation. On the other hand, serum prolactin levels in newborns 
of women with severe PIH were significantly higher at 28-31 (p 
< 0.001), 32-35 (p < 0.001), and 36-40 wk of gestation (p < 
0.01) than those in newborns of women whose pregnancy was 
uncomplicated and also were higher (p < 0.025) than those in 
newborns delivered at term of women having mild-to-moderate 
PIH. 

We also examined the relationship between concentrations in 
umbilical cord serum of DS and prolactin that had been deter­
mined in the same set of newborns (n = 164). Significant 
variation in umbilical serum levels of DS (F = 5.74, p = 0.005) 
and prolactin (F = 5.83, p = 0.004) as a function of gestational 
age occurred only in newborns of women having uncomplicated 
pregnancies (Fig. 2). Umbilical serum levels ofDS and prolactin 
in newborns of women having uncomplicated pregnancies were 
significantly higher at 36-40 wk of gestation than at 28-31 wk 
of gestation (p < 0.0 I and < 0.01, respectively). The gestational 
age-related increases in umbilical serum levels ofDS and prolac­
tin in newborns of hypertensive women were not statistically 
significant. Umbilical serum levels ofDS in newborns of women 
having severe PIH were significantly lower than those in women 
having uncomplicated pregnancies at 32-35 wk of gestation (p 
< 0.05) and at 36-40 wk of gestation (p < 0.05). 

The data presented in Figure 2 are suggestive that DS and 
prolactin concentrations in umbilical cord serum rise concomi­
tantly during the latter third of fetal development. Indeed, a near 
significant, positive correlation between DS and prolactin levels 
(Pearson's R = 0.3958, p = 0.055) was found among newborns 
of normotensive women at 28-31 wk of gestation. There was, 
however, no apparent correlation between DS and prolactin 
among newborns of normotensive or hypertensive women at 
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Fig. I. Prolactin concentrations in umbilical cord serum of newborn 
infants of women whose pregnancies were normal or else were compli­
cated by PIH. The data are presented as the means± SEM. The number 
of newborns in each group is indicated at the top of each bar. *p < 0.025, 
**p < 0.01, and ***p < 0.001 compared with values from serum of 
newborns of women having severe PIH. 
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Fig. 2. Umbilical cord serum concentrations of prolactin and DS in 
newborn infants of women whose pregnancies were normal or else were 
complicated by PIH. The data are subdivided according to gestational 
age of the newborn and are presented as the means± SEM. The number 
of newborns in each group is indicated at the top of each bar. 

other gestational ages. When concentrations in umbilical cord 
serum of DS and prolactin were subjected to linear regression 
analysis for all newborns within a given age range, we again 
found that there was no apparent correlation between umbilical 
serum levels ofDS and prolactin amongst newborns delivered at 
28-31 (R = 0.0089), 32-35 (R = -0.056), or 36-40 wk of 
gestation (R = -0.204, p = 0.09). 

The birth weights of newborns of women having PIH were 
lower than those of newborns of normal women at 28-31 wk of 
gestation (1473 ±58 and 1707 ± 48 g, respectively; p < 0.01) 
and at 32-35 wk of gestation (2092 ± 63 and 2256 ± 41 g, 
respectively; p < 0.05). At term, however, the birth weights of 
both groups were similar. When the data for newborns of normal 
women and for newborns of women having PIH were grouped 
separately according to sex, we found that birth weights, 5-min 
Apgar scores, and umbilical cord serum concentrations of DS 
and of prolactin in male infants were similar to those in female 
infants at each gestational period. Lastly, we also sought to 
determine whether intrauterine distress was related to any of the 
variables measured in this study. When the data for all newborns 
were grouped according to 5-min Apgar scores, newborns show­
ing signs of intrauterine distress (5-min Apgar < 7) were found 
to have a lower birth weight than newborns having a normal 5-
min Apgar at 28-31 wk (1427 ± 85 versus 1705 ± 42 g, 
mean ± SE; p < 0.01) and at 36-40 wk of gestation (2668 ± 174 
versus 3079 ± 56 g, p < 0.05). Umbilical cord serum levels of 
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prolactin and OS in newborns having 5-min Apgar scores of< 
7 were, however, similar to those having normal 5-min Apgar 
scores at each gestational period. 

DISCUSSION 

Although the effects of many maternal pregnancy complica­
tions on gross parameters of neonatal outcome, e.g. size and 
weight, are well documented, the effects of such pregnancy 
complications on endocrine maturation of the fetus are largely 
undocumented. The results of prior studies are suggestive that 
PIH is associated with impaired function of the fetal zone of the 
fetal adrenal but normal development of the neocortical zone of 
the fetal adrenal (15, 17-20). Our current data are supportive of 
the view that PIH leads to maldevelopment of the fetal zone of 
the adrenal, and thus to decreased OS production by the fetal 
adrenals. 

Since prolactin has been implicated as an agent that acts to 
stimulate secretion of adrenal Cwsteroids such as OS but not 
C21 -steroids such as cortisol (1-6), we considered the possibility 
that PIH might lead to inhibition of fetal adrenal OS secretion 
by means of decreasing fetal pituitary prolactin secretion. Such 
was not the case. In fact, in newborns that had the greatest 
impairment in fetal adrenal OS secretion, viz., fetuses of women 
with severe PIH, the levels of serum prolactin were significantly 
greater than those in newborns of women having no pregnancy 
complications. Grosso et a/. ( 1 0) also found that newborns of 
hypertensive women tended to have higher serum levels of 
prolactin than those in newborns of women having uncompli­
cated pregnancies. The fact that newborns of women with severe 
hypertension have higher than normal concentrations of serum 
prolactin may be salutatory since such newborns commonly do 
not develop respiratory distress syndrome when delivered pre­
maturely (21). On the other hand, prematurely delivered new­
borns that develop respiratory distress syndrome often have lower 
serum levels of prolactin than do similarly aged newborns whose 
lung function is normal (7-10). 

It is known that fetal pituitary secretion of prolactin increases 
progressively during normal human gestation (22, 23). This is 
thought to be due, in part, to the ever increasing production of 
estrogen that is characteristic of human pregnancy. The mecha­
nism(s) responsible for higher than normal rates of prolactin 
secretion in newborns of hypertensive women is, however, un­
known. The subjects of this study, although carefully selected, 
represent a heterogeneous group for which it is virtually impos­
sible to correct or account for the numerous variables that may 
or may not influence fetal adrenal and/or pituitary function. We 
believe, however, that the observed differences between newborns 
of normotensive women and of hypertensive women likely are 
not attributable to the effects of anesthetic and analgesic agents 
used during delivery, method of delivery, or sex-ratio differences 
of the newborn populations. 

In women with severe PIH, there is known to be decreased 
uteroplacental blood flow and decreased clearance of placental 
estrogens into the maternal circulation (24). Conversely, when 
removal of steroids into the maternal circulation is impaired, the 
opportunity for passage of placentally formed steroids into the 
fetal compartment likely is increased with PIH. Thus, it is 
possible [and preliminary evidence has been presented in support 
of this possibility (25)] that hyperestrogenism may paradoxically 
exist in some fetuses that produce lower than normal amounts 
of estrogen precursor, i.e. OS, and whose mothers are hypoestro­
genic. Such an occurrence could be expected to lead to increased 
fetal pituitary prolactin secretion (26). Alternatively, increased 
secretion of prolactin in newborns believed to be "stressed" in 

utero as a result of maternal hypertension might arise by way of 
a mechanism(s) similar to that which leads to stress-induced 
increase in prolactin secretion in adults. Among the entire pop­
ulation of newborns, however, we found no relationship between 
5-min Apgar scores and umbilical cord serum levels of prolactin 
or OS. It also must be recognized that "stress", per se, in the 
fetus in particular is difficult to define, and concepts formulated 
for "stress" responses in adults may not be applicable to the 
human fetus. 
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