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ABSTRACT

Objectives. Birth defects are the leading cause of infant mortality and are 
responsible for substantial child and adult morbidity. Documenting the varia-
tion in prevalence of birth defects among racial/ethnic subpopulations is critical 
for assessing possible variations in diagnosis, case ascertainment, or risk factors 
among such groups. 

Methods. We used data from the Metropolitan Atlanta Congenital Defects 
Program, a population-based birth defects registry with active case ascertain-
ment. We estimated the racial/ethnic variation in prevalence of 46 selected 
major birth defects among live births, stillbirths, and pregnancy terminations 
at .20 weeks gestation among mothers residing in the five central counties of 
metropolitan Atlanta between 1994 and 2005, adjusting for infant sex, mater-
nal age, gravidity, and socioeconomic status (SES). We also explored SES as a 
potential effect measure modifier.

Results. Compared with births to non-Hispanic white women, births to non-
Hispanic black women had a significantly higher prevalence of five birth 
defects and a significantly lower prevalence of 10 birth defects, while births to 
Hispanic women had a significantly higher prevalence of four birth defects and 
a significantly lower prevalence of six birth defects. The racial/ethnic dispari-
ties in the prevalence of some defects varied by SES, but no clear pattern 
emerged. 

Conclusions. Racial/ethnic disparities were suggested in 57% of included birth 
defects. Disparities in the prevalence of birth defects may result from different 
underlying genetic susceptibilities; exposure to risk factors; or variability in case 
diagnosis, ascertainment, or reporting among the subpopulations examined. 
Policies that improve early diagnosis of birth defects could reduce associated 
morbidity and mortality. 
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Birth defects occur in approximately 3% of all live 
births and are a major contributing factor to infant 
mortality and childhood and adult disability.1,2 Evalu-
ation of trends in the prevalence of birth defects and 
their distribution among subpopulations can help 
public health professionals and care providers better 
evaluate potential clusters, conduct etiologic and out-
come research, determine health services needs, and 
target health care. Birth defects surveillance programs 
throughout the United States report state-specific esti-
mates of prevalence, but estimates by maternal race/
ethnicity are often unadjusted for important factors 
that may contribute to observed racial/ethnic varia-
tion.3,4 True racial/ethnic variation in the prevalence 
of birth defects may result from differential access 
to early and high-quality prenatal care, which may 
lead to differential patterns of prenatal diagnosis and 
pregnancy termination. Alternatively, some variation in 
prevalence by maternal race/ethnicity may represent 
different genetic or environmental risk factors. In some 
surveillance systems, variation by race/ethnicity may 
also reflect differential ascertainment and diagnosis 
of cases postnatally. 

The Metropolitan Atlanta Congenital Defects 
Program (MACDP), a population-based, active birth 
defects surveillance system operating in the five cen-
tral counties of metropolitan Atlanta, published 40 
years of prevalence data for 67 major structural birth 
defects and chromosomal abnormalities, stratified by 
select infant and maternal characteristics, including 
race/ethnicity.3 We provide a more in-depth analysis 
of racial/ethnic variations in the prevalence of major 
birth defects using data from MACDP. 

Methods

MACDP is the oldest population-based birth defects 
surveillance program that uses active case ascertain-
ment. Details of MACDP ascertainment methods have 
been published previously.3 Briefly, trained medical 
abstractors visit multiple sources—including hospitals 
with maternity services, pediatric tertiary care facili-
ties, and perinatal offices—to actively ascertain cases 
of birth defects among live-born infants, stillborn 
infants, and elective pregnancy terminations at $20 
weeks gestation. Birth defects are coded according 
to a modified British Paediatric Association six-digit 
coding scheme developed for MACDP that is similar 
to, but more specific than, the five-digit International 
Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) coding system.5–7 Abstracted 
clinical information is reviewed for completeness and 
determination of diagnosis by the medical staff of 

MACDP, including pediatricians, clinical geneticists, 
and pediatric cardiologists. 

Because we were interested in examining the varia-
tion in prevalence among non-Hispanic white (NHW), 
non-Hispanic black (NHB), and Hispanic infants, 
but standard information on Hispanic ethnicity first 
became available on vital records in Atlanta in 1994, 
we focused on the birth cohort of 1994–2005 among 
residents of the five central counties of Atlanta that 
were monitored by MACDP. For this evaluation, we 
included 46 types of birth defects (ICD-9-CM codes 
740.000–759.999) for which overall prevalence data 
were available in MACDP. Descriptions of the defects 
and defect groups used in this article have been 
detailed previously.3 Birth defect cases identified by 
MACDP were included in the numerators of prevalence 
estimates. Using data from vital records provided by 
the Georgia Division of Public Health for the denomi-
nators, we calculated crude prevalence estimates for 
each birth defect per 10,000 live births, overall and by 
maternal race/ethnicity (NHW, NHB, and Hispanic). 
Cases whose maternal race/ethnicity was other non-
Hispanic were excluded because the numbers were 
too small for detailed analyses. Those with no race/
ethnicity recorded (,1%) were also excluded.

Using prevalence of birth defects among births to 
NHW women as a reference, we calculated adjusted 
prevalence ratios (PRs) and 95% confidence intervals 
(CIs) for birth defects among births to NHB and His-
panic women using Poisson regression models adjusted 
for maternal age (,20, 20–34, and $35 years), infant 
sex (male or female), gravidity (1 or .1), and socioeco-
nomic status (SES) treated as a class variable. Adjusted 
PRs for chromosomal defects were stratified by mater-
nal age and adjusted for all other covariates. We tested 
interaction on a multiplicative scale. Individual-level 
classification of SES was based on the percentage of 
people in a mother’s census tract (CT) living below 
the federal poverty level (FPL).8 Four levels of SES 
were assigned based on CT poverty level: (1) $20.0% 
of the population below FPL; (2) 10.0%–19.9% below 
FPL; (3) 5.0%–9.9% below FPL; and (4) 0.0%–4.9% 
below FPL. A second set of adjusted Poisson regression 
models calculated PRs of birth defects of Hispanic 
and NHB people. To evaluate whether racial/ethnic 
disparities varied across CT poverty levels, a race-
by-CT-poverty-level interaction term was introduced 
into the adjusted model. For models in which the 
interaction term was statistically significant (α50.05), 
CT-poverty-level-specific adjusted PRs were calculated 
using the lowest CT-poverty-level quartile as the refer-
ence group. We conducted a subanalysis to determine 
whether maternal nativity affected estimates of birth 
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prevalence. Mothers were coded as either U.S.-born 
(i.e., born in the 50 U.S. states, Washington, D.C., or 
U.S. territories) or foreign-born as recorded on the 
infant birth certificate. 

Results

Of the 16,194 birth defects among 561,745 live births 
in metropolitan Atlanta from 1994 through 2005, NHW 
people had the highest prevalence of any birth defects 
(323 per 10,000 live births) followed by NHB people 
(266 per 10,000 live births) and Hispanic people (266 
per 10,000 live births) (Table 1). After adjustment for 
maternal age, child sex, gravidity, and SES, births to 
both NHB and Hispanic women had a lower overall 
prevalence than births to NHW women (NHB women: 
adjusted PR50.85, 95% CI 0.81, 0.88; Hispanic women: 
adjusted PR50.86, 95% CI 0.81, 0.90). Of the 44 defect 
groups analyzed, the adjusted PR was ,1 for 25 defects 
(57%) among both NHB and Hispanic infants. The 
overall prevalence for birth defects among Hispanic 
and NHB infants was similar (adjusted PR51.02, 95% 
CI 0.96, 1.07), and 43% (n518) of individual defect 
groups had a higher prevalence among Hispanic 
infants than among NHB infants. 

Five defects had a statistically significantly higher 
prevalence among NHB vs. NHW infants: Hirschsprung 
disease, polydactyly, trisomy 13 or 18, cystic kidney, and 
secundum atrial septal defect (ASD). Compared with 
NHW infants, NHB infants had a lower prevalence of 
10 defects: congenital dislocation or dysplasia of the 
hip, pyloric stenosis, aortic stenosis, craniosynostosis, 
muscular ventricular septal defect (VSD), spina bifida, 
cleft lip with or without cleft palate, cleft palate, club-
foot without spina bifida, and hypospadias. 

Four defects had a statistically significantly higher 
prevalence among Hispanic vs. NHW infants: ASD, 
muscular VSD, diaphragmatic hernia, and any trisomy 
syndrome. Compared with NHW infants, Hispanic 
infants had a lower prevalence of hypospadias, pyloric 
stenosis, coarctation of the aorta, avioventricular septal 
defect (AVSD), clubfoot, and congenital dislocation or 
dysplasia of the hip. 

The comparison of Hispanic children with NHB 
children had the greatest number of defects (n520) 
for which disparities existed. Of the 12 defects that 
had a statistically significant higher prevalence among 
Hispanic infants, six had an adjusted PR equal to or 
exceeding twice that for NHB infants. 

There was evidence of an interaction between race/
ethnicity and CT poverty level for any defect and for 
a number of individual defects (43%); however, very 
small population sizes in many of the stratified analyses 

prohibited interpretable findings. For the few defects 
with sufficient data, there were no consistent patterns 
for the role of SES on racial/ethnic disparities in 
the prevalence of birth defects (Figure). The limited 
population size similarly limited the interpretability of 
the subanalysis examining maternal nativity. There was 
limited evidence of variations in prevalence by mater-
nal nativity (Table 2). The strongest evidence was with 
gastroschisis, for which there was a lower prevalence 
among foreign-born Hispanic vs. U.S.-born Hispanic 
children (PR50.32, 95% CI 0.14, 0.76). Foreign-born 
NHW children were more likely than their U.S.-born 
counterparts to have congenital dislocation of the 
hip (PR51.68, 95% CI 1.09, 2.59). The prevalence of 
Down syndrome was twice as high among foreign-born 
compared with U.S.-born mothers for NHB (PR51.93, 
95% CI 1.34, 2.79) and Hispanic (PR52.17, 95% CI 
0.80, 5.92) people. Foreign-born NHB children were 
also more likely than their U.S.-born counterparts to 
have an increased prevalence of hypospadias (PR=1.35, 
95% CI 1.07, 1.71) and several congenital heart defects 
including complete AVSD (PR52.33, 95% CI 1.10, 
4.94), transposition of the great arteries (PR52.79, 
95% CI 1.34, 5.78), aortic stenosis (PR57.25, 95% CI 
1.81, 28.99), and muscular VSD (PR51.81, 95% CI 
1.33, 2.47).

Discussion

This article provides detailed estimates of birth preva-
lence for selected birth defects among NHW, NHB, and 
Hispanic infants using data from a population-based 
birth defects surveillance program with active case 
ascertainment. Prior studies have examined racial dis-
parities in adjusted prevalence using population-based 
surveillance data; our results extend and corroborate 
several previously reported findings.9–11 

Overall, disparities in the prevalence of specific birth 
defects were observed within nearly all organ systems. 
NHW infants had an overall higher prevalence of all 
defects as well as having a higher excess of cases for a 
majority of individual defects. Compared with NHW 
infants, NHB infants had a lower prevalence for several 
of the most common birth defects, such as muscular 
VSD, hypospadias, pyloric stenosis, clubfoot, and cleft 
lip with and without cleft palate. 

Although recently published unadjusted national 
prevalence estimates for spina bifida show a significant 
disparity for Hispanic infants,10 MACDP data do not 
show a statistically significant increase in the preva-
lence of spina bifida among Hispanic women. This 
difference could be in part explained by MACDP’s 
greater ability to capture fetal deaths compared with 
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Figure. Adjusted prevalence ratiosa and 95% confidence intervals for selected birth defects  
by race/ethnicity and level of SES:b metropolitan Atlanta, 1994–2005

aPrevalence ratios plotted on logarithmic scale and adjusted for maternal age, infant sex, and gravidity 

bFor SES levels, high 5 ,5% of the population below the federal poverty level (FPL); middle high 5 5%–9% below FPL; middle low 5 10%–19% 
below FPL; and low 5 $20% below FPL.

SES 5 socioeconomic status
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other surveillance programs included in the national 
estimates.4 This lack of disparity corroborates recent 
data from California for U.S.-born Hispanic women; 
however, the California study did note a disparity 
between foreign-born Hispanic and NHW women.11 
There were no cases of spina bifida among the 5,472 
births to native Hispanic women compared with 26 
cases among the 66,993 births to non-native Hispanic 
women in this study population, suggesting that nativity 
could be an important factor for identifying specific 
populations at greater risk for neural tube defects.

Unlike previous reports,11,12 NHB infants in this 
study had a lower prevalence of all congenital heart 
defects (CHDs) (73 per 10,000 live births) when com-
pared with NHW and Hispanic infants (90 and 86 per 
10,000 live births, respectively) (data not shown). This 
difference was largely driven by a lower prevalence of 
muscular VSD among NHB infants, which was 49% 
lower than among NHW infants and 41% lower than 
among Hispanic infants. In contrast, the prevalence 
of muscular VSD was slightly higher among Hispanic 
vs. NHW infants (adjusted PR51.20, 95% CI 1.03, 
1.39). The prevalence of perimembranous VSD did 
not differ significantly among the three racial/ethnic 
groups. Several previous studies found no variation 
by race for all VSDs in the aggregate,9,11,12 but this is 
the first study to report PRs for specific VSD subtypes. 
Muscular VSDs are generally milder defects that might 
be less likely to cause symptoms or come to medical 
attention, so the lower prevalence among NHB infants 
could reflect variations in access to diagnostic care or 
risk.13 When compared with NHW infants, NHB and 
Hispanic infants had a 34% and 31% higher preva-
lence, respectively, of ASD, which was primarily driven 
by a higher prevalence of secundum ASD. 

Several observed disparities in this study have been 
documented previously. This study corroborates reports 
of a lower prevalence among NHB infants of craniosyn-
ostosis,14,15 hip dysplasia and dislocation,11 cleft palate,16 
and cleft lip with or without cleft palate,10,11,16 as well 
as reports of lower prevalence among Hispanic infants 
for hypospadias.11,17 

This study reports other disparities for the first time. 
For example, we found a lower adjusted prevalence 
of clubfoot among both NHB and Hispanic infants 
compared with NHW infants. Previous studies have 
found a higher prevalence among Asian and Pacific 
Islanders,18–20 but Moorthi et al. found no difference 
for isolated clubfoot among NHW, NHB, and His-
panic infants.21 We could only find one report that 
partially corroborated this finding, but the ICD-9-CM 
code used in that study was less specific and did not 

exclude clubfoot associated with a neural tube defect.11 
It is possible that these mixed findings among studies 
reflected differences in populations, case definition, 
and methods of case ascertainment and classification. 

Low SES has been shown to be associated with an 
increased prevalence of some birth defects; however, 
the findings in the literature have been inconsistent 
and at times contradictory, in part because of the use 
of varying measures of SES.22–25 Furthermore, the extent 
to which socioeconomic factors may explain or modify 
racial/ethnic disparities has not been well examined. 
Correa-Villaseñor et al. found that socioeconomic fac-
tors modified an observed white-black variation in risk 
for aortic stenosis,12 with the excess risk among white 
infants present only among infants in lower socioeco-
nomic strata. It is important to determine whether 
lower rates of detection or incomplete ascertainment 
of birth defects among less affluent racial/ethnic 
minority groups is a possible or plausible explanation 
for the lower prevalence among non-Hispanic black 
and Hispanic infants. These data provided no clear 
evidence that racial/ethnic disparities in prevalence 
varied across CT poverty levels, but this study was 
insufficiently powered to detect interactions for many 
defects. This limitation underscores the need for larger 
studies that pool population-based surveillance data 
from multiple states.10

Limited evidence in the literature suggests that 
maternal nativity is an important factor contributing 
to variation among different racial/ethnic groups; 
however, variation and contradicting evidence exists 
as a result of different methodology used to group 
foreign-born mothers.26 A relatively modest population 
size limited this study’s ability to fully examine the role 
of nativity on observed racial/ethnic disparities. Our 
finding of a nearly 70% lower prevalence of gastros-
chisis among U.S.-born Hispanic infants was similar to 
what has been reported elsewhere.27,28 No other studies 
could be found that evaluated disparities by nativity 
status separately for NHW and NHB race/ethnicity. 
As such, these findings, although limited by a small 
population size, illustrate the potential usefulness of 
examining the impact of maternal nativity by specific 
racial/ethnic groups, while also being mindful that 
the immigration patterns within the study population 
may limit generalizability. Larger studies of pooled data 
from multiple state birth defects surveillance programs 
will be useful to thoroughly investigate the impact of 
maternal country of birth on the prevalence of birth 
defects and increase the understanding of behavioral 
or nutritional risk factors associated with certain birth 
defects. 
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Strengths
This study had several strengths, the first of which 
was its use of the MACDP. Ascertainment relied on 
multiple data sources and extensive clinical review 
of case records. A second and unique strength of the 
study was the use of a standard nomenclature of CHD 
to code and classify cases in MACDP.29 All CHD cases 
were classified to improve the specificity of cardiac 
diagnoses and create groups of defects thought to 
be similar on embryological or morphogenetic bases. 
Third, this study adjusted for potential confound-
ers of the apparent racial/ethnic disparities. Crude 
prevalence estimates stratified by race/ethnicity are 
typically reported annually in summary reports3,4 and 
in the peer-reviewed literature,9 leaving unanswered 
questions about the source of racial/ethnic variation. 
Finally, this was one of few studies to document racial/
ethnic disparities in birth defects prevalence from sur-
veillance data adjusting for CT-based measures of SES. 
Community measures may provide a better measure 
for SES than individual-level indicators in terms of 
environmental and behavioral risk factors and access 
to health care and may allow for better comparisons 
of populations across regions.30,31

Limitations
The findings were subject to several limitations. First, 
this study did not include identified fetuses with 
defects that were electively terminated before 20 weeks 
gestation. Although a proportion may have otherwise 
survived past 20 weeks, these fetuses did not meet the 
case definition. Better access to early prenatal care and 
early diagnosis of a birth defect may have resulted in 
a greater number of terminations at ,20 weeks gesta-
tion for some racial/ethnic groups. Differences in rates 
of terminations across race/ethnicity and across age 
groups have been reported previously from MACDP.32,33 

Second, temporal trends have been reported in 
the literature for some birth defects. We attempted to 
reduce the impact of temporal trends by restricting 
the study period to 10 years; however, the extent to 
which trends affected the reported prevalence is not 
known. Third, case counts were insufficient to include 
additional racial/ethnic groups, and we did not con-
sider nationality. The results of comparisons between 
Hispanic and NHB infants highlight the misconception 
that racial/ethnic minority groups can be treated as an 
aggregate group. Furthermore, evidence suggests that 
disparities in birth defects exist among all racial/ethnic 
groups, yet there remains a dearth of quality studies 
producing stable estimates for many populations such 
as Native Americans or distinct Hispanic groups that 
may have unique genetic or cultural risk profiles. 

Because the likelihood of ascertainment and diagnosis 
of birth defects in a given infant may vary by whether 
the affected infant has isolated or multiple defects or 
a syndrome, it would be informative to examine the 
extent to which the observed racial/ethnic variations 
in prevalence of defects were evident by the phenotype 
of the baby. However, such analysis was not possible in 
our study, as all MACDP cases had not yet undergone 
such classification.

Finally, an observed disparity in the prevalence of 
a birth defect could be explained by differences in 
diagnosis, ascertainment, or reporting by race/eth-
nicity. Some birth defects may be more susceptible 
to artifactual prevalence variability based on defect 
severity and the consequential ability to detect and 
confirm a diagnosis,34 although there was no pattern 
to suggest that diagnostic variability accounted for all 
the disparities in prevalence. 

Conclusions

Racial/ethnic variation in the birth prevalence of most 
birth defects exists, but the magnitude of the variation 
is modest. The reasons for racial/ethnic variations in 
the prevalence of birth defects are not well understood. 
These data provide evidence to suggest that socioeco-
nomic factors explain some of the variation in birth 
defect prevalence, with a hypothesis that inequity in 
access to quality medical and diagnostic services may 
explain a lower observed prevalence among poor 
racial/ethnic minority groups. Further examination of 
this interaction using both individual- and community-
level measures of SES could shed more light on the 
impact of the availability and access to health-care 
services on the confirmed diagnosis of a birth defect. 
Disparities might be further explained by the differ-
ential use of elective pregnancy terminations, varying 
exposure to environmental teratogens, and differing 
genotypic profiles. 

Studies that are sufficiently powered to include 
smaller racial/ethnic minority groups and report on 
prevalence among foreign-born mothers by country 
of birth would be helpful to understand the role of 
cultural orientation on the risk of birth defects. Stud-
ies that have adequate data to examine recurrence 
risk and how this risk might vary by race/ethnicity and 
other factors would also be helpful in understanding 
the possible role of genetics in the observed dispari-
ties in prevalence. Identifying and corroborating these 
disparities could help guide studies to elucidate the 
underlying reasons for them and, thereby, facilitate the 
development of effective intervention and prevention 
strategies that target more vulnerable populations. 
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Additionally, more population-based studies are needed 
to further explain possible racial/ethnic variations 
in the survival of children with birth defects and to 
evaluate the potential impact of delayed diagnosis 
or undiagnosed and untreated birth defects on the 
reduced survival of minorities.35–37 

The findings and conclusions in this article are those of the 
authors and do not necessarily represent the official position 
of the Centers for Disease Control and Prevention (CDC). This 
study was approved by the CDC Institutional Review Board.
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