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Objectives. This study explored
whether ethnic differences in the impact of
advanced maternal age on the risk of
Down syndrome might reflect differences
in use of prenatal diagnostic technologies.

Methods. Maternal age-specific
odds of Down syndrome and amniocen-
tesis use were compared among African
Americans, Mexican Americans, and
non-Hispanic Whites via birth data for
the years 1989 to 1991.

Results. The odds ratio and popu-
lation attributable risk of Down syn-
drome due to maternal age of 35 years or
older were highest for Mexican Ameri-
cans, intermediate for African Ameri-
cans, and lowest for non-Hispanic
Whites.

Conclusions. Advanced maternal
age has a greater impact on the risk of
Down syndrome for African American
and, particularly, Mexican American
women than for non-Hispanic White
women. This difference in impact might
reflect lower availability or use of pre-
natal diagnostic technologies. (Am J Pub-
lic Health. 2000;90:1778–1781)
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Down syndrome is the most commonly
recognized human malformation complex and
is the foremost known genetic cause of men-
tal retardation.1,2 The established risk factors
for Down syndrome include advancing ma-
ternal age and, to a quantitatively lesser degree,
family history of trisomy or relevant chromo-
somal rearrangements.1 For the past 3 decades,
there has been a consistent trend toward de-
layed childbearing in the United States.3 This
trend in the population’s maternal age struc-
ture, as expected, has been shown to increase
the prevalence of fetuses affected by trisomy 21,
or Down syndrome.4

Prenatal screening methods and conclu-
sive diagnostic techniques are available for
early-pregnancy detection of Down syndrome.
Current noninvasive screening strategies in-
clude the use of maternal serum biochemical
methods5 and, to an increasing extent, early-
pregnancy ultrasound evaluation for anatomic
markers associated with aneuploidy.6,7 Defin-
itive prenatal diagnosis, however, requires in-
vasive fetal testing, most commonly by am-
niocentesis, occasionally by chorionic villus
sampling, and in rare instances by fetal blood
sampling.

Traditionally, invasive fetal testing has
been offered to empirically “high-risk” groups,
including (1) women of “advanced maternal
age,” defined somewhat arbitrarily as 35 years
or older at time of delivery, and (2) selected
women with a relevant family history.With the
expanding use of screening methods, the indi-
cations for invasive fetal testing have been ex-
tended to previously “low-risk” women who
have become “high risk” by virtue of abnormal
biochemical screening or suspicious anatomic
markers detected at a screening ultrasound ex-
amination. Women choosing to undergo pre-
natal diagnostic procedures are known to ex-
hibit high rates of abortion when an affected
fetus has been cytogenetically identified.8

Previous studies have evaluated ethnic
differences in the incidence or birth prevalence
of Down syndrome in the state of California9

and in 17 states that have population-based
birth defects surveillance programs.10 How-
ever, these studies have not compared the
population-level impact of advanced maternal
age on birth prevalence of Down syndrome
among different ethnic groups by means of na-
tional birth cohort data. Furthermore, previous

studies have not analyzed the differential rates
of usage of prenatal diagnostic services such as
amniocentesis among different ethnic groups
at the national level or how such differences
might be related to prevalence rates of con-
genital anomalies.

The objectives of our study were to (1)
compare the population-level impact of ad-
vanced maternal age on the birth prevalence
of Down syndrome in African Americans,
Mexican Americans, and non-Hispanic Whites
with national birth cohort data for the years
1989 to 1991 and (2) explore whether ethnic
differences in the impact of advanced maternal
age on the risk of Down syndrome in the
United States might reflect differences in use
of prenatal diagnostic technologies. Because
optimum opportunities for benefiting from
prenatal diagnostic technologies require early
initiation of prenatal care, we also compared
time of initiation of prenatal care among the 3
ethnic groups.

Methods

Data Source

We used birth data for the years 1989 to
1991 obtained from the National Center for
Health Statistics.11 The base population for the
study consisted of live births to African Amer-
ican, Mexican American, and non-Hispanic
White women in the United States during the
study years. Live births with missing data on
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FIGURE 1—Risk for Down syndrome at birth, by maternal age and ethnicity:
United States, 1989–1991 (likelihood ratio test for significance of
interactions between maternal age and race/ethnicity effects,
P<.0001).

presence or absence of Down syndrome at birth
were excluded from the study population. As
a result, 13.8% of live births to African Amer-
ican women, 8.1% of live births to Mexican
American women, and 11.2% of live births to
non-Hispanic White women were excluded.
After exclusion of these live births, the study
population of 9603060 consisted of 1672808
live births to African American women,
1043873 live births to Mexican American
women, and 6886 379 live births to non-
Hispanic White women.

Statistical Analysis

We used logistic regression to estimate
the effect of maternal age on the birth preva-
lence of Down syndrome in the 3 ethnic
groups. To assess the statistical significance of
interactions between maternal ethnicity and
age effects, we fitted nested models with and
without interaction terms for maternal age and
ethnicity and used likelihood ratio tests to ex-
amine the significance of interactions.12 To
compare the likelihood of amniocentesis use
among the groups, we used a Mantel–Haenszel
analysis of age-specific odds of amniocentesis
use and tested for significant interactions be-
tween maternal age and ethnicity.13,14 To as-
sess the population-level impact of advanced
maternal age, we used the proportion of moth-
ers 35 years or older and the odds ratio for
Down syndrome associated with advanced ma-
ternal age to calculate the attributable fractions
for the population.14,15 The Stata statistical pack-
age16 was used in conducting all analyses.

Results

Figure 1 presents the results of the analy-
sis comparing the effects of advanced maternal
age on the birth prevalence of Down syndrome
among African Americans, Mexican Ameri-
cans, and non-Hispanic Whites. The results
show the well-known exponential rise of the
risk for Down syndrome with advancing ma-
ternal age for all 3 groups (Figure 1). How-
ever, there were significant interactions be-
tween maternal age and ethnicity effects
(likelihood ratio χ2, P<.0001), indicating that
the effect of maternal age on the birth preva-
lence of Down syndrome was significantly dif-
ferent among the 3 groups. The odds ratio and
the population attributable risk of Down syn-
drome due to maternal age of 35 years or older
were highest for Mexican Americans (odds
ratio [OR]=6.5, 95% confidence interval [CI]=
5.4, 7.7, population attributable risk [PAR]=
28%), intermediate for African Americans
(OR=5.2, 95% CI=4.3, 6.3, PAR=19%), and
lowest for non-Hispanic Whites (OR=3.2, 95%
CI=3.0, 3.5, PAR=17%).

Advanced maternal age had a greater im-
pact (higher population attributable risk) on
birth prevalence of Down syndrome for Mex-
ican American and African American women,
even though a significantly lower proportion
of Mexican American and African American
women were 35 years or older. The percent-
ages of live births to women 35 years or older
were approximately 9.4% among non-Hispanic
Whites, 7.0% among Mexican Americans, and
5.7% among African Americans (P<.001).

Mantel–Haenszel analysis of age-specific
odds of amniocentesis use for the 3 groups
showedthatnon-HispanicWhitewomenhadthe
highest rates, while African American women
were less likely and MexicanAmerican women
least likely to use amniocentesis (Table 1).
Among all age groups, but particularly women
aged35to39 yearsandwomen40 yearsorolder,
African American and Mexican American
womenhadoddsofamniocentesisuse thatwere
about two thirds and one third the odds, respec-
tively,of theirnon-HispanicWhitecounterparts
(P<.001).Thegreatestethnicdisparities inodds
of amniocentesis use were found for Mexican
American women aged 35 to 39 years (OR=
0.30, 95% CI=0.29, 0.31) and 40 years or older
(OR=0.26,95%CI=0.24,0.28) incomparison
with their non-HispanicWhite counterparts.

In addition, the Mantel–Haenszel analy-
sis of age-specific odds of first-trimester (1–3
months) initiation of prenatal care showed that
non-HispanicWhitewomenwereabout3 times

more likely than Mexican American and Afri-
can American women to initiate prenatal care
during the first trimesterof theirpregnancy.The
greatest disparities in the odds of first-trimester
initiation of prenatal care were found for Mex-
ican American women aged 30 to 34 years
(OR=0.21, 95% CI=0.20, 0.21) and 35 to
39 years (OR=0.22, 95% CI=0.21, 0.22) in
comparison with their non-Hispanic White
counterparts.

Discussion

Our results suggest that advanced mater-
nal age has a greater impact on the risk of Down
syndrome for African American and, particu-
larly, MexicanAmerican women than for non-
Hispanic White women in the United States.
These findings are consistent with data from
previous studies showing ethnic differences in
the incidence or birth prevalence of Down syn-
drome from analysis of state-level population
data.9,10,17Analysis of age-specific odds showed
thatAfricanAmerican women and, to a greater
extent, Mexican American women were sub-
stantially less likely to use amniocentesis.This
observation was particularly true for African
American and Mexican American women 35
years or older.This set of findings is consistent
with the hypothesis that ethnic differences in
the impact of advanced maternal age on the
risk of Down syndrome in the United States
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TABLE 1—Odds of Amniocentesis Use, by Age and Ethnicity of Mother: United States, 1989–1991

African Americans Mexican Americans
Maternal Age, y Odds Ratioa 95% Confidence Interval Odds Ratioa 95% Confidence Interval

<20 0.72 0.70, 0.75 0.74 0.71, 0.78
20–29 0.78 0.76, 0.79 0.69 0.68, 0.71
30–34 0.60 0.59, 0.62 0.54 0.52, 0.56
35–39 0.42 0.41, 0.43 0.30 0.29, 0.31
>40 0.43 0.40, 0.45 0.26 0.24, 0.28

Allb 0.60 0.60, 0.61 0.50 0.50, 0.51

aReference group: non-Hispanic White mothers.
bMantel–Haenszel estimate of age-adjusted combined odds ratio of amniocentesis use for African Americans/Mexican Americans as com-

pared with non-Hispanic Whites; test for heterogeneity of odds ratios (significance of maternal age/ethnicity interaction), P<.0001.

might reflect differences in women’s use of pre-
natal diagnostic technologies.

We are not aware of any evidence to sug-
gest that there might be biological reasons for
the observed age-related differences in birth
prevalence of Down syndrome among the 3
ethnic groups. Previous studies have reported
ethnic variations in gestational age–specific
levels of biochemical screening markers, in-
cluding alpha-fetoprotein, human chorionic
gonadotropin, and unconjugated estriol.18,19 In
one study,18 the same general pattern of dif-
ferences was observed for all 3 markers, and the
authors concluded that averaging the values
for all ethnic groups tends to inappropriately
lower the calculated Down syndrome risks for
African American and Asian women. Another
study19 of ethnic differences in levels of bio-
chemical screening markers also showed sig-
nificant differences, but the authors concluded
that such differences would be expected to have
only a minimal effect on the odds of detecting
Down syndrome. The results of neither study
suggest that ethnic differences in levels of bio-
chemical markers might be responsible for the
substantial magnitude of the age-related dif-
ferences in risk of Down syndrome or use of
amniocentesis observed among the 3 ethnic
groups in our study.

However, the possibility that the age-
related differences observed in this study might
be, to some extent, biological in origin or have
some other explanation unrelated to use of pre-
natal diagnostic technologies cannot be ex-
cluded. On the other hand, given our findings
of marked ethnic variations in amniocentesis
use, differences in access to or use of prenatal
diagnostic services among women in the 3 eth-
nic groups seem a more plausible explanation.

Our analyses were based on birth certifi-
cate data, which are likely to represent under-
estimates of the true birth prevalence of Down
syndrome,10 owing to incomplete case ascer-
tainment or reporting. There may also be dif-
ferential underdiagnosis or reporting by ma-
ternal ethnicity. However, a pattern of ethnicity
and age-specific biases in case ascertainment

or reporting that would produce the results ob-
served in our study seems unlikely. Specifi-
cally, differential misclassifications are unlikely
to result in higher estimates of age-related in-
creases for Mexican Americans and African
Americans. Such diagnostic or reporting bi-
ases would require substantial overestimation
of age-related increases in Down syndrome for
Mexican Americans and African Americans or
substantial underestimation of age-related in-
creases for non-Hispanic Whites. There is no
evidence from previous studies that would pre-
dict such a pattern of differential misclassifi-
cation. Therefore, even though birth certificate
data are likely to underestimate the true birth
prevalence of Down syndrome, there is no rea-
son to believe that there is much greater un-
derreporting or less complete case ascertain-
ment for non-Hispanic White women 35 years
or older than for their African American and
(more so) Mexican American counterparts.

Birth certificate data may also represent
underestimates of amniocentesis use and, fur-
thermore, do not specify the indication for or
the timing of the procedure.Although it is pos-
sible that underreporting of prenatal diagnos-
tic procedures is correlated with ethnicity or
age of the mother, we have no evidence to sug-
gest that such a phenomenon explains the eth-
nic differences observed in our study. Previous
studies have identified similar racial patterns
of amniocentesis use.9,17,20 Given the nature
of the data used for this study, our findings
need to be confirmed and elaborated by other
studies that can measure amniocentesis use
more precisely.

Possible explanations for lower use of
amniocentesis among Mexican American and
African American women also need further
study. If women are to have optimum op-
portunities for benefiting from prenatal di-
agnostic technologies, they need to initiate
prenatal care early in their pregnancies. Our
results regarding timing of initiation of pre-
natal care suggest that late initiation or lack
of such care might be one impediment to Af-
rican American and Mexican American

women’s access to prenatal diagnostic tech-
nologies. Because African American women
and, to a greater extent, Mexican American
women are less likely to initiate prenatal care
during the first trimester of their pregnan-
cies, lower rates of amniocentesis use among
these women might be related in part to their
late initiation or lack of prenatal care.

Whatever might be the role of timing of
initiation of prenatal care, however, issues
relevant to access and use of prenatal diag-
nostic technologies are clearly much more
complex than timing or adequacy of prena-
tal care alone. Important issues to consider
include a host of individual, family, and
system-related factors, such as parental pref-
erences, health insurance coverage, differ-
ences in the content and quality of prenatal
care, and specific public and private policies
regarding prenatal diagnostic and interven-
tion services.

There are relatively few data on ethnic
(or, in general, socioeconomic) differences in
access to prenatal diagnostic services. Nor are
there sufficient data regarding how women in
different ethnic groups reach their decisions
about undergoing prenatal diagnosis, how they
perceive their reproductive risks, and how they
make their choices about continuation or ter-
mination of pregnancy in the event of discov-
ering a fetal anomaly.21 The role of socioeco-
nomic and cultural factors as determinants of
access to and choices regarding prenatal diag-
nostic services needs further study.

In conclusion, the results of our study of
US birth data suggest that advanced maternal
age (35 years or older) has a greater impact on
the risk of Down syndrome for infants born to
African American and Mexican American
women than for infants born to non-Hispanic
Whites, even though a significantly lower pro-
portion of Mexican American and African
American mothers are in this age group. This
finding might reflect the lower availability and
use of prenatal diagnostic technologies among
African American and, particularly, Mexican
American women.
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