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ABSTRAa.  Unconjugated estriol (E3) was quantified in E2, estradiol 
serum of umbilical cord blood of 533 newborn infants, 360 E3, estriol 
of whom were delivered between 23 and 37 wk of gestation. CS, cesarean section 
Serum E3 levels rose (F = 7.71, p < 0.0001) as a function DS, dehydroepiandrosterone sulfate 
of gestational age; the mean concentration of E3 at 37.5- 
42 wk of gestation (105 ng/ml, n = 173) was significantly 
higher than that in serum of newborns delivered at 23-28 
wkY of gestation (63 ng/ml, n = 33). Umbilical cord serum 
levels of E3 were significantly higher among newborns 
delivered vaginally between 31.5 and 42 wk of gestation 
than among newborns delivered by cesarean section ( p  < 
0.005). Although serum E3 levels correlated highly ( p  < 
0.0001) to newborn weight throughout the entire period of 
gestation, there was no relationship of newborn weight to 
umbilical serum E3 levels within a given gestational period. 
Also, the umbilical serum levels of E3 in male infants were 
similar to those of female infants at each gestational age. 
Significant changes in umbilical serum levels of E3 as a 
function of gestational age were not observed among new- 
borns (n = 90) who developed respiratory distress syn- 
drome (RDS). The mean umbilical serum concentration of 
E3 in newborns delivered at 34.5-37 wk of gestation who 
developed RDS were significantly lower ( p  < 0.01) than 
that in similar aged newborns whose lung function was 
normal. Based on the results of multiple logistic regression 
analyses, we estimated that for each week between 28.5- 
36 wk of gestation, the probability of RDS in infants in 
whom the E3 level was at the 10th percentile was about 
7% greater than that in newborns in whom the E3 level 
was at the 50th percentile; the probability of RDS in infants 
with an E3 level at the 90th percentile was about 10% 
lower than that in newborns in whom the E3 level was at 
the 50th percentile. These data are suggestive that with 
normal intrauterine development, fetal tissues are exposed 
to unconjugated E3 in progressively increasing concentra- 
tions during the latter half of gestation. When fetal levels 
of E3 do not increase during this critical period of devel- 
opment, there is an increased risk of development of RDS. 
(Pediatr Res 21: 386-390, 1987) 

Abbreviations 

RDS, respiratory distress syndrome 
El,  estrone 

Estrogens serve an important role in pregnancy, presumably 
by virtue of the effects of these agents in the pregnant woman 
and by way of actions in the fetus. Whereas changes in the 
concentrations of estrogens in blood and urine of women during 
normal as well as complicated pregnancy are well defined, there 
are relatively few reports of studies of estrogens in the fetus and 
newborn (1 - 10). Estrogens are believed to be important in fetal 
lung development, especially the maturation of processes that 
lead to increased capacity for surfactant production (I 1- 13); this 
presumed action of estrogen may result from direct effects on 
the lungs, or by way of augmenting pituitary secretion of prolac- 
tin (14), which has been suggested by some to be a stimulant of 
lung surfactant synthesis (15-19), or both. Indeed, the findings 
of some investigators are suggestive that reduced estrogen levels 
in blood or urine of newborns are associated with newborn 
respiratory difficulties (1, 2, 4, 7). For these reasons, we sought 
to define during the latter half of gestation the ontogeny of 
estriol, the most abundant unconjugated estrogen in fetal serum, 
and to ascertain whether delayed lung maturation, as indicated 
by the development of RDS, in newborn infants was associated 
with low levels of E3 in umbilical cord blood at birth. 

METHODS 

The subjects of this prospective study were 533 newborn 
infants, 360 of who were delivered at or before 37 wk of gestation. 
This population is not a representative cross-section of newborns, 
but rather was assembled based on our interests in the ontogeny 
of the feto-placental unit during normal as well as complicated 
gestation. Gestational age was computed as the number of weeks 
since the commencement of the last menstrual period and was 
defined as the best obstetrical estimate according to the date of 
the last menstrual period, serial uterine size estimates, onset of 
fetal heart tones, and sonographic estimates if available. When 
obstetrical data were inconclusive, gestational age was estimated 
from the pediatric examination. After delivery, blood (mixed 
venous and arterial) was drained from a segment of the umbilical 
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using a highly specific antiserum (20). The within- and between- 
assay coefficients of variation for this assay were 7 and 12%, 
respectively. Estriol values were adjusted for procedural losses 
during extraction by monitoring the recovery of trace amounts 
(500 cpm) of 3H-E3 that had been added to each serum sample 
prior to extraction. The data for serum E3 concentrations were 
coded in a VAX 11/780 computer data base along with other 
newborn data including gestational age, method of delivery 
(vaginal or cesarean section), sex, and the status of lung function 
of the neonates. Data relating to the above variables, other than 
E3 and gestational age, were not obtained for some of the 
subjects: newborn sex -52 (9.7%), delivery method -2 (0.4%), 
and newborn lung function -47 (8.8%). When appropriate, 
serum E3 levels for such subjects were not included in statistical 
analyses. 

The diagnosis of RDS was established in 90 newborn infants 
by neonatologists who had no knowledge of the hormonal data. 
The criteria used for establishing the diagnosis of RDS included 
the presence of grunting respirations and retractions, an increased 
oxygen requirement (Fi02 > 0.4), a chest radiograph and labo- 
ratory findings consistent with a diagnosis of RDS and the 
exclusion of other causes of respiratory distress. Of the newborns 
with RDS, 42% were female and 58% were males. Whereas there 
was no significant relation of newborn sex to lung function for 
the entire population, at 31.5-34 wk of gestation there was a 
significant relationship between these variables: males-42% 
RDS, 58% normal; females-20% RDS, 80% normal; p = 0.03. 
Within each gestational period, the weights of newborns who 
developed RDS were not different from those of newborns having 
normal lung function in the neonatal period. Data for 42 new- 
borns in whom respiratory problems other than RDS were 
believed to exist, e.g. transient tachypnea, pneumonia, etc., were 
excluded from analyses in which newborns having normal lung 
function were compared with those having RDS, as were data 
for 47 newborns whose pulmonary function could not be ascer- 
tained readily. Completely normal lung function occurred in 354 
newborns, 5 1 % of whom were females and 48% of whom were 
males. Of the women who delivered infants without obvious 
respiratory disease, 45% had uncomplicated pregnancies, 25% 
had pregnancy-induced hypertension, 6% had chronic hyperten- 
sion, 7% had diabetes, 2 1 % had multiple gestations, and 6% had 
other complications of pregnancy. Of the women who delivered 
infants who developed RDS, 58% had uncomplicated pregnan- 
cies, 12% had pregnancy-induced hypertension, 2% had chronic 
hypertension, 7% had diabetes, 19% had multiple gestations, 

Table 1. Umbilical cord serum concentrations of unconjugated 
E3: Relation to gestational age* 

Wk of gestation 

Mean 62.9" 72.9" 75.2" 84.2" 105.4b 
SD 39.4 44.2 47.9 58.8 68.0 
n 33 4 1 118 168 173 

*Serum E3 levels in ng/ml; to convert to nmol/l, multiply by 3.472. 
Values having different superscripts are significantly different (p < 0.05), 
using the Newman-Keuls multiple range test. 

and 8% had other pregnancy complications. None of the preg- 
nant women had been administered glucocorticosteroids in an 
attempt to facilitate fetal lung maturation. The conduct of these 
studies was approved by the Institutional Review Boards of the 
University of Texas Health Science Center at Dallas and the 
University of Alabama at Birmingham. The data were subjected 
to analysis of variance, Newman-Keuls multiple range test, un- 
paired t test, multiple logistic regression analysis, x2 test, and 
linear regression analysis using SAS (21) in a VAX 11/780 
computer. 

RESULTS 

Ontogeny of umbilical cord serum E3. The concentrations of 
E3 in serum of umbilical cord blood of the entire population of 
newborns ( n  = 533) of this study are grouped according to 
gestational age in Table 1. Whereas the minimum level of E3 in 
serum did not change appreciably during the gestational period 
of study, the maximum concentration of E3 rose progressively 
as a function of gestational age. A stepwise, direct relationship 
between E3 and gestational age was found (F = 7.7 1, p < 0.000 1). 
At term, umbilical cord blood serum E3 levels were significantly 
higher than those in infants born at 23-37 wk of gestation. 

Relation of umbilical cord serum E3 to newborn weight, sex, 
and route of delivery. A highly significant relation between um- 
bilical serum levels of E3 and newborn weight was observed 
throughout gestation (F = 19.94, p < 0.0001). Within each 
gestational age group (i.e. those in Table I), however, there was 
no significant correlation between serum E3 levels and newborn 
weights. Umbilical cord serum levels of E3 were slightly, although 
not significantly, greater in female newborns than in male new- 
borns of a similar gestational age (Table 2). An effect of delivery 
method on umbilical cord serum levels of E3 was observed; after 
31 wk of gestation, the serum levels of E3 among newborns 
delivered by cesarean section were significantly lower than those 
among newborns delivered vaginally (Fig. 1). 

In this prospective study, we did not always ascertain whether 
cesarean section occurred in the presence or absence of labor. In 
those instances, however, when such information was obtained, 
serum E3 levels tended to be higher (p > 0.05) in newborns 
delivered by CS after the commencement of labor than in its 
absence. For example, at 34.5-37 wk, CS + labor = 67.1 + 8.9 
nglml (n = 10) and CS no labor = 51.6 2 10.9 ng/ml ( n  = 13); 
at 37.5-42 wk, CS + labor = 76.0 + 8.4 ng/ml ( n  = 17) and CS 
no labor = 66.9 2 6.1 ng/ml ( n  = 29). It should be noted, 
however, that serum E3 levels at both age groups were lower ( p  
< 0.05) in newborns delivered by CS after the onset of labor 
than in those delivered vaginally. 

Relation of umbilical cord serum E3 to newborn lung function. 
The concentrations of E3 in umbilical cord serum of newborns 
who developed RDS are compared with those from newborns 
who experienced no respiratory problems in Figure 2. Whereas 
a progressive increase in serum E3 concentrations as a function 
of gestational age was observed in newborns in whom lung 
function was normal, there was no significant variation in serum 
E3 concentrations as a function of gestational age among new- 
borns who developed RDS (F = 0.26, p = 0.90). At each 
gestational period, the mean umbilical cord serum concentration 
of E3 was lower in newborns who developed RDS than that in 

Table 2. Lack o f  effect o f  fetal sex on umbilical cord serum E3 concentration 
Wk of gestation 

Serum Ex* 23-28 28.5-3 1 3 1.5-34 34.5-37 37.5-42 

Males 58.8 + 8.8 64.0 + 8.9 77.9 t 6.7 83.2 + 6.8 103.0 + 7.3 
n 15 17 5 1 85 9 1 

Females 67.4 t 14.0 79.9 + 1 1.2 79.7 t 7.3 85.9 + 7.2 109.2 t 7.6 
n 1 I 20 46 66 79 

* Umbilical serum E3 levels are expressed in ng/ml and are presented as the mean + SE. P > 0.05 at each gestational age. 
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Delivery Method 

O 23-28 28.5-31 31.5-34 34.5-37 37.5-42 

Gestat ional Age (weeks) 

Fig. 1. Effect of method of delivery on the concentrations of E3 in 
mixed umbilical cord serum. The data are subdivided according to 
gestational age and are presented as the mean + SE. *p < 0.05, **p < 
0.01 compared to values in newborns delivered vaginally. 

. . 
W Lung Development 

E 0 Normal 

b) 

Gestat ional Age (weeks) 
Fig. 2. Relationship between umbilical cord serum E3 and newborn 

pulmonary function. The data are subdivided according to gestational 
age and are presented as the mean + SE. *I] < 0.05 compared to value 
for newborns having normal respiratory function. 

newborns in whom respiratory function remained normal; these 
differences in serum E3 levels were statistically significant at 
34.5-37 wk of gestation ( p  < 0.01). On the other hand, umbilical 
serum levels of E3 in newborns who developed respiratory prob- 
lems other than RDS were not significantly different from those 
in newborns having normal lung function. For example, E3 
levels in such newborns having other respiratory problems at 
30.5-34 wk (74.1 f 14.7 ng/ml, n = 14) and at 37.5-42 wk (1  15 
f 40.6 ng/ml, n = 4) were similar to those in age-matched 
newborns having normal lung function (81.4 f 6.3 and 104 f 
5.7 ng/ml, respectively). 

The differences in umbilical cord serum levels of E3 between 
the group of infants who developed RDS and the group in whom 
lung function remained normal did not appear to be attributed 
to differences in delivery method; of those newborns delivered 
at or before 37 wk of gestation, 34.1 % who developed RDS and 
30.9% in whom lung function was normal were delivered by CS 
( p  > 0.05). In both groups of preterm newborns, umbilical cord 
serum levels of E3 in infants delivered vaginally (normal; 95.0 f 
5.2 ng/ml, RDS; 72.0 f 5.5 ng/ml) were higher ( p  < 0.005 and 
p < 0.05, respectively) than those in newborns delivered by CS 
(normal; 70.0 f 6.4 ng/ml, RDS; 53.1 f 5.8 ng/ml). Also, 
whereas the proportion of male infants developing RDS at 3 1.5- 
34 wk of gestation (42%) exceeded that of females (20%, p = 
0.03), there were no significant sex differences at this age in 
umbilical serum E3 concentrations among newborns having 
RDS (males-66.7 f 10.8 ng/ml; females-62.5 f 9.5 ng/ml) 
or those having normal lung function (males-83.5 + 9.9 ng/ 
ml; females-90.0 + 10.0 ng/ml). 

The relationship between umbilical cord serum E3 and gesta- 
tional age for the entire population of newborns, for newborns 
whose lung function was normal, and for newborns who devel- 
oped RDS was estimated from linear regression analysis (Table 
3). As illustrated in Table 1, the variance of serum E3 levels 
increased as a function of gestational age. To obtain unbiased 
regression estimates, weighted regression analyses were per- 
formed by use of the reciprocals of gestational ages as the weights 
(2 1). As indicated in Table 3, there was a statistically significant 
and positive relationship between gestational age and serum 
levels of E3 for the values of the entire population of newborns. 
This was attributable to the relationship found in neonates in 
whom lung function remained normal; in infants who developed 
RDS, there was no significant relationship between gestational 
age and umbilical cord serum levels of E3. 

To evaluate further the relationship among umbilical cord 
serum concentrations of E3, gestational age, and the develop- 
ment of RDS, we subjected the data to multiple logistic regression 
analysis. A significant, independent, inverse relation of gesta- 
tional age to the development of RDS was, as expected, observed 
( p  < 0.0001). Controlling for the effect of gestational age, a 
significant inverse relationship between serum E3 and the inci- 
dence of RDS also was found ( p  = 0.017). By use of the results 
of this analysis, we computed the probability of the development 
of RDS as a function of umbilical cord serum concentration of 
E3 (Fig. 3). As shown, the estimated probability of developing 
RDS for newborns with an E3 level that was equal to the 10th 

Table 3. Weighted least squares regression analysis of umbilical 
cord serum E3 as function ofaestational aae* 

Total 
population 

Intercept -41.1 
(22.1) 

Slope 3.631. 
(0.63) 

Correlation coefficient 0.205t 
n 533 

Normal 
lung function 

-49.4 
(43.7) 

3.92$ 
(1.19) 
0.120s 

354 

RDS 

60.8 
(40.4) 

0.16 
(1.16) 

-0.002 
90 

* The SE of the estimated regression coefficients are shown in paren- 
theses. 

t p<0 .001 .  
$ p <  0.01. 
§ p  < 0.025. 

rn using 10th percenttle E3 level I p p - -  
using 50th percentile E3 leu 

x - A using 90 th  percenllle E3 lav - 8 0 1  .. L 

0 20 40 60 80 
Est l rnaled Probabi l i ty  of RDS 
using t h e  mean E3 a t  e a c h  

ges ta t iona l  age  (%) 

-5=2., 
'A-I==~ 

1 1 1 1 1 1 1 1 1 1 1  

28.5-30 31 32 33 34 35 36 37 38 39 
Gestational Age (weeks) 

Fig. 3. Relationship between umbilical cord serum levels of E3 and 
the probability of development of RDS. Probability was estimated using 
the formula p(Prob. RDS) = e"(l + e"; where s = 15.864 - 
0.4908(gestational age) - 0.00812(E3 concentration), as computed by 
use of multiple logistic regression analysis. The inset shows the correlation 
between observed incidence of RDS and the incidence that is predicted 
using the mean serum E3 level between 28.5 and 39 wk of gestation. 
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percentile value of the population at each gestational week was 
increased whereas the probability of developing RDS in new- 
borns with an E3 that was equal to the 90th percentile was 
decreased, as compared with that in newborns with a value equal 
to the median (50th percentile) serum E3 level. The validity of 
these estimates was verified by comparing the observed incidence 
of RDS with that estimated at the mean serum E3 for each 
gestational week (inset, Fig. 3); the product-moment correlation 
between observed and predicted incidence of RDS was highly 
significant (p  < 0.000 1). 

DISCUSSION 

In this study, we found that the concentrations of unconju- 
gated E3 in umbilical cord serum of newborns delivered at term 
were about twice those found in newborns delivered during the 
early part of the 3rd trimester. Both the quantitative and quali- 
tative aspects of these data are similar to those found by other 
investigators (3-9), whose conclusions were based on consider- 
ably fewer observations than those of the present report. The 
greatest increases in the levels of E3 occurred between 31.5 and 
40 wk of gestation, a gestational period that is characterized by 
a rapid increase in fetal adrenal size and the rate of secretion of 
the placental estrogen precursor, DS (22), and also an accelera- 
tion in the rate of increase of maternal blood levels of E3 (23). 
Whereas it seems clear that fetal blood E3 levels are linked 
closely with fetal adrenal activity, as evidenced by markedly 
subnormal levels of E3 in blood of anencephalic fetuses (3) and 
in fetuses in whom adrenal steroidogenesis is suppressed after 
treatment with glucocorticosteroids (24), the "trigger" for the 
final maturation of the fetal adrenal is, as yet, undefined. 

Our results also are indicative that delivery method, and most 
probably the presence or absence of labor, influences the levels 
of E3 in fetal blood. These findings are supportive of the conclu- 
sions of others who found that the levels of E 1 (5, 6) and E3 (9) 
in blood are higher in newborns delivered vaginally than in 
newborns delivered by CS prior to or during the early stages of 
labor. The mechanism by which the levels of estrogens in um- 
bilical cord serum become elevated in vaginally delivered new- 
borns is not clear. Smith et a/. (6) found that umbilical cord 
serum El levels were about three times higher after vaginal 
delivery than after CS, while E2 levels were decreased by about 
40% after vaginal delivery. The change in the El:E2 ratio after 
vaginal delivery was considered by these investigators, as well as 
by Patten et al. (5), to indicate a shift in the metabolism of 
estrogens in the placenta before or during labor. One also can 
calculate, from their data, that there is an increase in the total 
amount of El and E2 in fetal blood after labor and vaginal 
delivery (there also is an increase in E3) (9; current study). Thus, 
in addition to a possible shift in placental metabolism of estro- 
gens, there would appear to be increased delivery of placentally 
formed estrogens into the fetal compartment during labor and 
vaginal delivery. We believe that this may occur as a result of 
periodic decreases in utero-placental blood flow during uterine 
contractions, thus allowing estrogens in the placenta greater 
opportunity to diffuse into the fetal circulation, rather than being 
"washed away" in the uterine venous blood of the mother. 

The last 10 wk of human gestation, and in particular the 
period between 3 1-37 wk, is a critical time in the preparation of 
the fetus for successful extrauterine life. One of the major devel- 
opmental milestones that occurs during this time is the functional 
maturation of the fetal lung, especially the capacity for surfactant 
biosynthesis and secretion. Among the newborns of this study, 
approximately 50% of those delivered between 23-31 wk of 
gestation developed RDS; and, fewer than one of five newborns 
delivered at this stage of gestation had normal respiratory func- 
tion. Among the infants born between 3 1.5-34 wk of gestation, 
the incidence of RDS was about 33% whereas the incidence of 
normal lung function rose to about 50%; in infants born during 
the 34.5-37 wk of gestation, the incidence of RDS was about 

10% and completely normal lung function occurred in more 
than 75% of such newborns. Among the newborns in whom lung 
function remained normal, there was a progressive increase in 
umbilical cord serum levels of E3; among those who developed 
RDS, irrespective of gestational age, the levels of E3 tended to 
remain at values similar to those found at 23-28 wk of gestation. 

CS is a mode of delivery reported to be associated with 
increased risk for development of RDS (25) and, as we and others 
have found (9), a decreased umbilical serum concentration of 
E3. We found, however, by use of multivariate analysis that 
there was a statistically significant relation, independent of deliv- 
ery method, between subnormal umbilical serum levels of E3 
and the subsequent development of RDS. On the other hand, 
within a given gestational age group, we found no correlation 
between newborn weight and the occurrance of RDS and also 
found no relation between umbilical serum E3 and newborn 
weight or sex. We did find, at least between 3 1.5-34 wk, a greater 
increase of RDS among male than female infants; such findings 
generally are in agreement with those of others who found that 
prematurely delivered male infants are more prone than females 
to develop RDS (26). Among such newborns who developed 
RDS, however, we found umbilical cord serum E3 levels to be 
equally low in both males and females. 

Others also have investigated the possible relationship between 
fetal blood levels of estrogens and the development of RDS. Our 
results, in which a significant deficiency in umbilical serum 
unconjugated E3 was found in newborns who delivered between 
34.5-37 wk and who subsequently developed RDS, are comple- 
mentary to and extend the observations of Conley d al. (4) 
(subnormal levels of total E3 in umbilical cord serum), and of 
Frank et a/. (I), and Dickey and Robertson (2) (subnormal 
urinary E3 levels). On the other hand, a statistically significant 
association between estrogens in blood and RDS has not been 
observed by some groups of investigators (7, 8, 10). We believe 
that such negative findings are explainable and, moreover, could 
have been anticipated. In one such study, peripheral venous 
samples of blood were obtained from newborns during the first 
24 h of life and analyzed for total E3 (8). The control group for 
this study was composed of severely ill newborns who were cared 
for in the intensive care nursery; many of these newborns had 
"benign respiratory distress," not normal lung function. In the 
other two studies (7, lo), umbilical cord serum E2, rather than 
E3 was quantified. The concentration of E2 in fetal blood does 
not appear to be a good marker of developmental processes in 
the fetus since there is little change in fetal blood levels of E2 
throughout most of gestation (lo), and, fetal blood levels of E2 
are influenced only minimally by the extent of estrogen precursor 
(DS) production in the fetus (3). Although E3 is considered by 
some to be a less potent estrogen than is E2, when E3 is present 
in blood for extended periods of time at high concentrations, 
this steroid is a very potent estrogen (27). Moreover, throughout 
most, if not all of gestation, fetal serum concentrations of E3 are 
10-15 times greater than those of E2 (2-7, 9, 10, 24, and present 
study). 

Our data are supportive of a correlation between subnormal 
concentrations of E3 in fetal blood and an increased risk for the 
development of RDS in the latter stages of gestation. Such an 
association is consistent with the observation that estrogens act 
to stimulate maturation of the lungs of fetal rabbits (1 1-13). 
Among the effects of estrogen are increased rates of production 
of surfactant lipids and decreased glycogen content of lung tissue. 
Estrogens also may act indirectly on the lung by way of stimu- 
lating the secretion of pituitary prolactin (14), a hormone that 
has been implicated by several groups of investigators in the 
regulation of surfactant lipid biosynthesis and lung maturation 
(15-19). Lastly, we recently found that in pregnancies compli- 
cated by fetal anencephaly, in which we also found severely 
decreased fetal blood levels of E3 [but not of E2, in agreement 
with the findings of Tulchinsky et al. (3)], the amniotic fluid 
lecithin/sphingomyelin ratio is extremely low, even at term (28). 



390 PARKER ET AL. 

Findings such as these are suggestive that not only are fetal blood 
levels of E3 correlated with fetal lung maturation, but E3 also 
may serve a role in the onset of accelerated surfactant production, 
which normally occurs near term in the human fetus. 
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