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SUMMARY

Fifty-six cases of Down syndrome were identified in a population of women who had undergone maternal serum
triple marker screening [alpha-fetoprotein (AFP), human chorionic gonadotropin (hCG), and unconjugated oestriol
(uE3) analyses]. These affected pregnancies represented all known cases present in the population of 34 368 women
screened. Using a 1:270 mid-trimester Down syndrome risk to define the screen-positive group, 42 affected
pregnancies were screen-positive (medians: AFP=0·79 MOM, hCG=2·13 MOM, uE3=0·62 MOM, age 34·6 years)
and 14 pregnancies were screen-negative (medians: AFP=0·82 MOM, hCG=1·57 MOM, uE3=0·92 MOM, age 24·2
years). Four affected pregnancies were associated with in utero death and each of these cases was associated with
relatively extreme values of AFP, hCG, and uE3, including the three highest levels of hCG in the entire series of
Down syndrome pregnancies. Twenty-nine (15 screen-positive and 14 screen-negative) affected pregnancies resulted
in liveborns. Down syndrome pregnancies had a significantly shorter gestational term than controls, and Down
syndrome babies were also lighter than controls, even after adjustment for sex and gestational age. In affected
pregnancies, a low uE3 level appeared to be associated with a greater chance of a small-for-gestational age baby. No
correlations could be demonstrated between AFP or hCG levels and gestational age-adjusted term weight. Based on
this small series, it would appear that uE3 may be particularly useful in detecting those Down syndrome cases
associated with small-for-gestational age fetuses. A very high hCG value may indicate a higher probability of fetal
death. ? 1998 John Wiley & Sons, Ltd.
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INTRODUCTION ing protocols involves measurement of maternal
serum (MS) alpha-fetoprotein (AFP), human
Second-trimester screening for Down syndrome gonadotropin (hCG), and unconjugated oestriol
CCC 0197–3851/98/040319–06 $17.50
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has become an important element of pregnancy
management. One of the most widely used screen-
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(uE3). MS-AFP and uE3 concentrations are gen-
erally lower in Down syndrome-affected preg-
nancies relative to normal pregnancies (Merkatz
et al., 1984; Canick et al., 1988), while hCG levels
are frequently higher than normal (Bogart et al.,
1987). When a 1:270 second-trimester risk for
Down syndrome is used to define the high risk



group of pregnancies, this combination of screen-
ing tests together with maternal age should identify
approximately 60 per cent of Down syndrome

71 per cent of all screening tests performed; 83 per
cent of those with screen-positive results and 69
per cent of screen-negative results. In addition,
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pregnancies with a false-positive rate of approxi-
mately 5–6 per cent (Wald et al., 1988, 1992).
Results of prospective studies have been in reason-
able agreement with these expectations (Haddow
et al., 1992; Burton et al., 1993; Kellner et al.,
1995; Benn et al., 1995).

Little information is currently available correlat-
ing screening test results with pregnancy outcomes
for Down syndrome-affected pregnancies. In this
study, I review MS-AFP, hCG and uE3 results and
outcome information available at delivery or ter-
mination of pregnancy in 56 cases of fetal Down
syndrome. The results suggest that there may be
some associations between analyte concentrations
and outcome.

MATERIALS AND METHODS
From 1 April 1992 to 31 July 1996, a total of

A total of 56 cases of Down syndrome were
34 368 women received Down syndrome screening
involving AFP, hCG, and uE3 measurements. The
study population excluded those women with
insulin-dependent diabetes, multiple gestations, or
known to have received prior chorionic villus
chromosome analysis. In addition, the study will
also have excluded some women of advanced
maternal age, with a history of chromosome
abnormality, or with ultrasound findings sugges-
tive of abnormality. These patients will have
received amniocentesis without prior triple testing.
Laboratory procedures and screening policies have
been described in detail elsewhere (Benn et al.,
1995). A second-trimester risk for Down syndrome
greater or equal to 1:270 was used to define the
population of women that were screen-positive.
The study population was 73·2 per cent white, 9·8
per cent black, 14·8 per cent Hispanic and 2·3 per
cent other. The median age of the women screened
was 30 years, with 9·1 per cent of the women aged
35 years or more at the estimated time of delivery.
Risk was based on ultrasound evaluation of gesta-
tional age in 61·1 per cent of patients and time
from the last menstrual period (LMP) in 38·9 per
cent of women.

For all pregnancies, individual referring physi-
cian’s offices were contacted and information was
requested for the delivery date, birth weight, sex,
the presence of abnormalities, and complications.
From this, follow-up information was available for
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Down syndrome diagnoses were established
from a review of amniocenteses, newborn bloods,
and fetal tissue results from the University of
Connecticut cytogenetic laboratory and also from
information from regional genetic consultation
files.

Data regarding the presence of specific
anomalies such as cardiac defects in Down syn-
drome cases were not routinely gathered and there-
fore were not included in this study. To determine
gestational age at term, ultrasound or LMP data
provided at the time of screening was combined
with birth date. To evaluate birth weight at term,
individual birth weights were normalized by divid-
ing by population-based 50th percentile weights,
matched for the sex of the baby and gestational
week (Williams et al., 1982). Estimation of the
extent of ascertainment of Down syndrome cases
in the screened population was carried out using
the approach of Haddow et al. (1992), using a 23
per cent fetal loss rate from amniocentesis to term
delivery and correcting for unrecognized fetal loss
(Palomaki et al., 1996). Control pregnancies for
each Down syndrome case were obtained by select-
ing the first four patients referred to the laboratory
with maternal ages within 1 year of the index case.
For all control pregnancies, birth dates and other
demographic data were complete.

Statistical analyses were carried out using SPSS
(Statistical Package for Social Sciences, Inc.,
Chicago, IL, U.S.A.) with a P<0·05 considered to
be statistically significant.

RESULTS
known to be present in the screened population.
This included three cases identified through
cytogenetic analysis of the products of conception
from women with screen-positive results and fetal
demise noted prior to amniocentesis. Figure 1
summarizes the distribution of cases present
in the screened population and Table I
provides screening and outcome results for the
56 cases.

The three Down syndrome cases in which fetal
demise may have been present at the time of
screening included some of the most extreme
values of AFP, hCG, and uE3. Noted for these
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(10·35 and 5·05 MOM) were among the three
highest in the series but more typical for Down
syndrome in the third case (2·14 MOM). uE3
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Fig. 1—Summary of the screening results for Down syndrome
with the distribution of Down syndrome cases identified. (a)
Three cases of Down syndrome where fetal demise was noted
following screening but prior to scheduling an amniocentesis.
(b) Excludes cases that may have spontaneously aborted prior
to delivery. (c) One case with fetal demise at 37 weeks

Table I—Screening results and outcome for Down syn-
drome cases identified by screening (screen +) and not

identified (screen ")
three patients were the two highest MS-AFP
concentrations in the entire series (1·86 and

Screen + Screen "

No cases 42 14
Median age (years) 34·6 24·2
Median AFP (MOM) 0·79* 0·82
Median hCG (MOM) 2·13† 1·57
Median uE3 (MOM) 0·62‡ 0·92
Median Down syndrome risk 1:59§ 1:874
Fetal sex ratio (M:F) 19:21 9:5
In utero death 4 0
Terminated pregnancy 23 0
Full-term delivery 15 14
Mean birth weight (g) 2831 2867

*0·78 MOM,
†2·10 MOM,
‡0·62 MOM, and
§1:74 excluding the three cases with second-trimester fetal

demise.
1·69 MOM) and also the lowest AFP concen-
tration (0·33 MOM). Two of the hCG values
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values were very low in two cases (0·34 and
0·45 MOM) but relatively high for Down syn-
drome in the third case (1·02 MOM). In one
additional case, fetal demise was not noted until 37
weeks’ gestation but relatively extreme screening
results were still noted in the second trimester, with
hCG the second highest value in the series
(5·48 MOM), oestriol the lowest in the series
(0·30 MOM) but relatively high AFP (1·10 MOM).

Twenty-nine pregnancies resulted in liveborns
(15 screen-positive and 14 screen-negative
patients). For the Down syndrome babies, the
median gestational age at term was 38·0 weeks,
with only 2 of the 29 (7 per cent) of the pregnancies
exceeding 40 weeks. In contrast, for 155 control
pregnancies for whom the birth date was available,
the median gestational age at term was 39·8 weeks,
with 67 (43 per cent) exceeding 40 weeks. This
difference in pregnancy duration between Down
syndrome pregnancies and controls was significant
(Mann–Whitney U-test, U=834·5, two-tailed
P<0·001). No associations were noted between
second-trimester AFP, hCG or uE3 levels and
pregnancy duration.

The birth weights of Down syndrome and con-
trol babies were also compared. The mean weight
for the Down syndrome babies (n=28) was 2945 g,
and for the controls (n=147) 3326 g (two-tailed
t-test, t=4·01, 173 df, P<0·001). To allow for sex
and gestational age differences, weights were nor-
malized against expected 50th percentile weights
for each sex and gestational age. For the 28 Down
syndrome babies, the mean normalized weight was
0·95. The 147 controls had a normalized weight
mean of 1·04. This difference was also statistically
significant (two-tailed t-test for independent
samples, t=2·98, 173 df, P=0·003).

For Down syndrome pregnancies there
appeared to be an association between second-
trimester uE3 and the normalized birth weight
(linear regression analyses R=0·40, P=0·04).
Figure 2 shows a scatter plot for uE3 and normal-
ized weight. The data would appear to be most
consistent with a non-linear relationship with best
fit obtained using an S-curve model (R=0·52,
P=0·005). The results therefore suggest that very
low uE3 levels are more likely to be associated with
a small-for-gestational age fetus. No similar
associations could be demonstrated between AFP
or hCG and normalized weight in Down syndrome
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appeared to show any significant trends with Down syndrome fetuses that are lost through
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normalized weight in the control group.

DISCUSSION
pregnancies and none of the three markers Estimates for the proportion of unrecognized

Fig. 2—Scatter plot of normalized weight for Down syndrome babies (actual weight divided
by the 50th percentile weight for normal babies after matching for sex and gestational week
of delivery) versus uE3 concentration
In this prospective study, Down syndrome

maternal serum screening results have been
reviewed for 56 affected pregnancies, representing
all known cases present in the screened population.
A precise estimate of the proportion of Down
syndrome cases ascertained is not possible because
some high-risk pregnancies are likely to receive
prenatal chromosome analysis without a maternal
serum screening test. In addition, it is expected
that some cases of Down syndrome will not be
identified, due to spontaneous abortion late in
pregnancy, and there is uncertainty as to how
many such cases should be present (Hook et al.,
1995). However, recognizing these limitations and
using the approach of Haddow et al. (1992), it is
crudely estimated that 60 cases of Down syndrome
should be present. Of these, approximately four
cases will be unrecognized due to fetal loss in
screen-negative patients and a further four cases
will be unrecognized losses in screen-positive
patients declining amniocentesis. It would there-
fore appear that the follow-up ascertainment of
affected pregnancies was high and that the data set
was relatively comprehensive.
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spontaneous abortion assume that there is no
preferential identification of these cases by the
screening protocol. This series of cases included
four Down syndrome pregnancies that were
associated with second-trimester (three cases) or
third-trimester (one case) intrauterine fetal death.
These cases had some of the most extreme values
of AFP, hCG, and uE3, although no particular
pattern for the three markers emerged as being
highly specific for a Down syndrome fetal demise.
Most striking were the very high hCG levels in
three of these four cases. It is well established that
both high and low MS-AFP and high hCG are
associated with fetal demise and that this can be
indicative of increased risk of loss later in preg-
nancy as well as identifying unrecognized demise
that occurred prior to serum sampling (Nelson
et al., 1987; Burton, 1988; Milunsky et al., 1989;
Benn et al., 1996). Although the very high hCG
levels noted in some of the demise cases substan-
tially increase the likelihood that they will be
identified in Down syndrome screening, the use of
a truncated hCG range in determining risk (Wald
et al., 1988) and the presence of relatively high
AFP in some of these cases can act as mitigating
factors. Two of the four fetal demise cases were
associated with extremely high likelihood ratios
(the highest and third highest values in the series)
while the other two cases had likelihood ratios
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more typically seen in Down syndrome screening.
Some degree of preferential detection of those
Down syndrome cases with extant demise or high

sions are based on very few cases and, clearly,
additional data are needed for Down syndrome
screening with complete or close to complete

I thank Jonathan Clive, PhD, for advice on

(1995). Prenatal diagnosis of diverse chromosome
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risk for subsequent fetal death therefore seems
likely but it is also clear that such cases
will sometimes have screening results that are
largely indistinguishable from fully viable Down
syndrome pregnancies.

Twenty-nine of the Down syndrome pregnancies
resulted in liveborns. For this sub-group, it was
observed that Down syndrome pregnancies gener-
ally had shorter gestational terms than control
pregnancies. In addition, birth weight was signifi-
cantly lower than that for control pregnancies,
even after adjustment for the shorter gestational
term. These observations are consistent with
studies involving substantially larger numbers of
affected pregnancies (Smith and McKeown, 1955;
Chen et al., 1972; Cronk, 1978). Some fetal bio-
metric measurements such as femur length and
humerus length (but not biparietal diameter) are
also consistent with minor growth retardation for
Down syndrome fetuses (Vintzileos and Egan,
1995). If Down syndrome pregnancies are charac-
terized by decreased fetal hepatic production of
AFP (Cuckle et al., 1984), immaturity of the
placenta resulting in elevation of hCG (Wald et al.,
1988), and reduced production of uE3 by the
fetoplacental unit (Canick et al., 1988), then some
correlation between maternal serum analyte values
and the extent of the growth retardation might be
expected. A statistically significant association was
observed between lower uE3 levels and smaller
birth weights (after adjustment for variability
in gestational term and babies’ sex) (Fig. 2). How-
ever, no statistically significant association
between MS-AFP and hCG levels and normalized
birth weights could be demonstrated. In addition,
other maternal serum markers such as beta-1-
glycoprotein (SP1) and inhibin A do not appear to
show concentrations explainable by underdevelop-
ment in Down syndrome pregnancies (Graham
et al., 1992; Wald et al., 1996). Some markers may,
therefore, more accurately reflect other aspects of
fetal or placental function rather than the extent of
developmental retardation.

In summary, the data presented here suggest
that uE3 is a particularly useful marker for detect-
ing those Down syndrome cases associated with
small-for-gestational age fetuses. The observation
that the three highest hCG values were associated
with fetal demise suggests that this marker might
preferentially identify such cases. These conclu-
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ascertainment.
In evaluating individual biochemical markers

for Down syndrome screening, it is important not
only to determine the contribution to detection
rate and false-positive rate, but also to establish
that the cases with the greatest medical and finan-
cial burden are identified. Future studies that
correlate pregnancy outcome information with
screening results should not only provide this type
of information but may also provide additional
insights into the in utero development and survival
of Down syndrome fetuses.
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