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Abstract Congenital heart defects (CHDs) are a leading
cause of infant morbidity and mortality. Infants with CHDs
have increased risk of preterm birth (PTB) compared to
infants without birth defects. Although non-Hispanic (NH)
Blacks are more likely to be born preterm and Hispanics
have rates similar to those of PTB to NH-Whites, it is
unknown if this pattern is present for infants with specific
types of CHDs. Our intent was to determine if defectspecific risk of PTB varies by maternal race/ethnicity
among infants with CHDs. We conducted a retrospective
cohort study with 14,888 singleton infants from the Florida
Birth Defects Registry, born in 1998–2003 to resident NHWhite, NH-Black, and Hispanic women aged 15–49,
diagnosed with 11 CHDs. Covariates were taken from
Florida live birth certificates. PTB was defined as 20–
36 weeks of gestation. Odds ratios (OR) and P-values were
calculated from defect-specific multivariable logistic
regression models; statistical significance was set at
P \ 0.002. The greatest risk of PTB was for NH-Black
infants with conotruncal CHDs. NH-Blacks with common
truncus, transposition of the great vessels, and tetralogy of
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Fallot had increased risk of PTB compared to NH-Whites
(OR = 4.8, P = 0.015; OR = 3.1, P = 0.004; and
OR = 2.0, P = 0.005, respectively). Hispanics with conotruncal CHDs had almost a twofold risk of PTB compared to NH-Whites (P [ 0.002). NH-Blacks with
tricuspid valve atresia/stenosis had 4.1 times (P = 0.034)
and Hispanics had 2.1 times (P = 0.314) the risk for PTB
compared to NH-Whites. NH-Blacks with hypoplastic left
heart syndrome had 2.0 times (P = 0.047) the risk for PTB
as NH-Whites. Both NH-Black and Hispanic infants with
CHDs may be at increased risk of PTB, depending on the
type of CHD, but the etiology is unknown. Future research
is needed to further examine this complex relationship.
Keywords Fetal growth  Preterm birth  Birth defects 
Congenital heart defects  Racial disparity  Black infants

Congenital heart defects (CHDs) are the most common of
all birth defects, with an annual prevalence of 6–12
affected infants per 1,000 live births [11, 17, 32, 35]. Birth
defects are the primary cause of infant mortality in the
developed world, and CHDs are the leading cause of death
among all infants with birth defects. Although 5–10% of
CHDs can be attributed to chromosomal abnormalities and
single-gene defects, the etiology of most nonsyndromic
CHDs remains unknown, but likely involves a complex
interplay between genetic and environmental factors. It is
unclear whether infants with CHDs are at an increased risk
of being born preterm (\37 completed weeks of gestation),
since epidemiologic evidence has been inconsistent. Kramer et al. reported that the frequency of preterm birth
(PTB) was not higher among infants with CHDs compared
to unaffected infants [34], but more recent studies have
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reported an increased risk of PTB [43], with some studies
reporting as high as a twofold increase in risk [46]. Those
infants with CHDs born preterm or very preterm are at
increased risk of morbidity and mortality compared to
infants with CHD born at term [18, 33, 40].
Racial/ethnic disparities in PTB rates are well established, with non-Hispanic (NH) Blacks consistently having
an increased risk of PTB compared to NH-Whites, while
Hispanics have PTB rates comparable to NH-Whites [3, 7,
8, 45]. However, few studies have examined racial/ethnic
differences in rates of PTB among infants with CHDs [37]
and no studies have examined racial/ethnic differences in
defect-specific risk of PTB among infants with CHDs.
Therefore, the primary purpose of this study was to
determine defect-specific risk of PTB for NH-Black and
Hispanic infants with selected CHDs.

Materials and Methods
Study Design
We conducted a retrospective cohort study using data from
the Florida Birth Defects Registry (FBDR), a passive
population-based surveillance system. Since 1998 the
FBDR has monitored birth defects in Florida by merging
data from birth vital records, hospital discharge databases
for both inpatients and ambulatory patients, and programs
administered by the Florida Department of Health’s
(FDOH) Children’s Medical Services, such as the Early
Steps and Regional Perinatal Intensive Care Centers programs. Infants are included in the FBDR if they are liveborn to a Florida resident and have an included birth defect
as coded by the International Classification of Diseases,
ninth edition, Clinical Modification (ICD-9-CM), diagnosis
coding system.
Study Population
We selected all live-born, singleton infants diagnosed with
a CHD in the first year of life, born between January 1,
1998, and December 31, 2003, to Florida resident NHBlack, NH-White, or Hispanic women, 15–49 years of age.
During the study period, 1,216,142 live-born infants were
born to Florida residents. Of these, 18,503 had at least one
of the selected CHDs. We excluded infants who were not
from a singleton birth (n = 727), had a maternal race/
ethnicity not designated NH-Black, NH-White, or Hispanic
(n = 415), or had a maternal age of \15 or [49 years
(n = 56), for an unduplicated total of 1,180 (6.4%)
excluded infants (the numbers do not add up to 1,180
because 18 infants had more than one exclusion).
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Study Variables
CHDs were classified using select ICD-9-CM diagnosis
codes in the 745.00–747.99 range and were categorized
into five categories: (1) conotruncal, (2) right ventricular
outflow tract obstruction, (3) left ventricular outflow tract
obstruction, (4) septal, and (5) atrioventricular septal defect
based on cardiac phenotype [12]. Conotruncal CHDs
included common truncus arteriosus (745.0), transposition
of the great arteries (745.10–745.12 or 745.19), and
tetralogy of Fallot (745.2). Right ventricular outflow tract
obstructive CHDs included tricuspid valve atresia and
stenosis (746.1), pulmonary valve atresia and stenosis
(746.01 or 746.02), and Ebstein’s anomaly (746.2). Left
ventricular outflow tract obstructive CHDs included
hypoplastic left heart syndrome (746.7), aortic valve stenosis (746.3), and coarctation of the aorta (747.10). Septal
CHDs included ventricular septal defect (745.4) and atrial
septal defect (745.5). Atrioventricular septal defects were
the final category (745.60, 745.61, or 745.69).
We then subclassified cases into three categories based
on the number and type of birth defects: (1) isolated heart
defect, (2) multiple heart defects, and (3) extracardiac
defects. If an infant had one of the selected CHDs and no
extracardiac defects diagnosed within the first year of life,
he or she had an ‘‘isolated heart defect.’’ If an infant had
more than one of the selected CHD types diagnosed within
the first year of life but no extracardiac defects, he or she
was classified as having ‘‘multiple heart defects.’’ Infants
with known chromosomal abnormalities and/or syndromes
were not included in either the ‘‘isolated’’ or the ‘‘multiple’’
heart defect categories. Infants were classified as having
‘‘extracardiac defects’’ if they had at least one of the 12
CHDs and another extracardiac defect (identified using
select ICD-9-CM codes in the 740.00–754.99 range).
Data on gestational age, infant birth weight, maternal
race/ethnicity, and potential confounders such as maternal
age, maternal education, parity, maternal prenatal tobacco
use, and infant sex were taken from the Florida Office of
Vital Statistics live birth certificate. We categorized gestational age as preterm (20–36 weeks) and term (37?
completed weeks) using the mother’s last menstrual period
(LMP). The clinical estimate of gestation (CEG) was
substituted when the LMP was missing (6.9%). Infant birth
weight was categorized as very low (\1,500 g), moderately
low (1,500–2,499 g), and normal birth weight (2,500? g).
Fetal growth was determined using race-specific growth
curves [6]. Infants with implausible birth weight and gestational age combinations were excluded (4.9%) [5]. Categories of fetal growth were defined as small for
gestational age (SGA; birth weights less than 10th percentile), appropriate for gestational age (AGA; birth
weights between 10th and 90th percentiles), and large for

123

802

gestational age (LGA; birth weights greater than 90th
percentile).
Maternal race/ethnicity was determined based on
maternal self-report and was first grouped by ethnicity
(Hispanic or NH) and the NH group was subdivided into
White, Black, and other. We excluded all women classified
as ‘‘other’’ from the analysis (2.2%). Although the term
Hispanic is a nonspecific term that includes immigrants
from Spain, Puerto Rico, Cuba, Mexico, South America,
and other Spanish-speaking countries due to our sample
size and limited information on country of origin, we have
included all Hispanic/Spanish/Latin ethnicities in the category Hispanic, which is consistent with the practice of the
U.S. Census Bureau and Florida Department of Health.
Maternal age was categorized as 15–19, 20–29, 30–39, and
40–49 years. Prenatal maternal tobacco use was classified
as ‘‘yes’’ or ‘‘no’’ and maternal education was categorized,
based on years of education, as less than high school (0–
11 years), high school (12 years), and more than high
school (13? years).
We also used data on all live births in Florida during the
study period from the Florida Community Health Assessment Resource Tool Set (CHARTS) to obtain race/ethnic–
specific PTB rates in the general Florida population [24].
These data were used to determine if the PTB rates
observed in our study were in excess of the PTB rates
present in the general population.
We excluded an additional 3.1% (n = 535) of the study
population due to missing data on key study variables: 467
had missing or out of range fetal growth indexes (gestational age, birth weight), 69 were missing maternal education, 3 were missing data on parity, and 3 were missing
data on prenatal maternal smoking (numbers do not add up
to 535 since some infants had more than one exclusion).
Finally, we excluded all infants who were LGA
(n = 1,900) due to small numbers within defect categories.
Statistical Methods
We calculated descriptive statistics, chi-square tests, odds
ratios (ORs), and 95% confidence intervals (CIs) to evaluate the distribution and bivariate associations for maternal
race/ethnicity, study covariates, and the outcome, PTB.
ORs and 95% CIs were calculated from the Florida
CHARTS data to determine risk of PTB during the study
period for each race/ethnic group in the general Florida
population [24]. We used logistic regression models to
calculate ORs and 95% CIs for the association between
race/ethnicity and risk of specific types of CHD (using NHWhites as the referent group) and the association between
race/ethnicity and overall risk of having an isolated, multiple, syndromic, or trisomy and a CHD. Logistic regression was also used to determine the association between
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race/ethnicity and risk of PTB comparing NH-Blacks and
Hispanics with NH-Whites.
Separate models were computed for risk of PTB among
infants with any CHD and for each type of CHD adjusting
for potential covariates. We included two effect modification (interaction) terms in the model to examine the effects
of intrauterine growth and maternal race/ethnicity on PTB.
Likelihood ratio tests evaluated model fit comparing the
full model to a model with just the interaction terms
removed. The effect modification terms were not statistically significant in the multivariable models so we report
only final main effect models.
Our initial statistical significance level was set at
P \ 0.05 for main effects. However, since hypotheses were
tested simultaneously, at least two results from our final
models would be statistically significant by chance alone at
the P \ 0.05 level. Thus, we used the Bonferroni correction to adjust for multiple hypothesis testing, which reduces
the statistical significance level of each individual test from
P \ 0.05 to a more stringent level in order to keep the
familywise error rate (FWER) at 0.05 [30]. Specifically, the
Bonferroni method [42] tests each of the n hypotheses at
significance level a/n to control FWER at a. All P-values
were two sided in our analyses. SAS software version 9.1.3
and STATA [44] were used for all analyses.
The Office of Research Integrity and Compliance,
Institutional Review Board, at the University of South
Florida approved the study. The FDOH approved the use of
data from Florida birth records and FBDR data.

Results
Among the 1,216,142 live-born infants in Florida during
the study period, the rate of PTB was 13.0%, but it was
11.4% for NH-Whites, 18.1% for NH-Blacks, and 11.7%
for Hispanics. The relative risk of PTB for NH-Black
infants was 1.7. Our final study population included 14,888
infants with CHD, of which 68.8% had isolated CHD,
14.9% had multiple heart defects, and 16.3% had extracardiac defects. Twenty-two percent were born low birth
weight, 17.4% were SGA, and 24.5% were born preterm.
The rate of PTB varied by maternal race/ethnicity; 22.3%
of NH-Whites were preterm, and 33.1% of NH-Blacks and
21.0% of Hispanics were born preterm. We observed no
increased risk of PTB overall for Hispanics compared to
NH-Whites.
Sociodemographic and obstetric characteristics of the
study population by maternal race/ethnicity are reported in
Table 1. As shown in Table 2, there was no difference in
risk of PTB for NH-Black compared to NH-White infants
except for pulmonary valve atresia/stenosis (OR = 1.5,
P \ 0.002) and atrial septal defects (OR = 1.2,
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Table 1 Maternal and infant characteristics of infants born with congenital heart defects by maternal race/ethnicity, Florida Birth Defects
Registry, 1998–2003 (N = 14,888)
Non-Hispanic White (n = 7,223)
%a

n

Non-Hispanic Black (n = 3,519)
%a

n

Hispanic (n = 4,146)

P (v2 test)b

%a

n

Maternal age
15–19 yr

684

9.5

624

17.7

434

10.5

20–29 yr
30–39 yr

3,317
2,921

45.9
40.4

1,867
894

53.1
25.4

2,023
1,530

48.8
36.9

40–49 yr

301

4.2

134

3.8

159

3.8

\High school

1,151

15.9

1,010

28.7

1,022

24.7

High school

2,315

32.1

1,495

42.5

1,382

33.3

[High school

3,757

52.0

1,014

28.8

1,742

42.0

Yes

1,178

16.3

182

5.2

82

2.0

No

6,045

83.7

3,337

94.8

4,064

98.0

Nulliparous

3,182

44.0

1,279

36.3

1,783

43.0

Multiparous

4,041

56.0

2,240

63.7

2,363

57.0

3,526

48.8

1,761

50.0

2,109

50.9

3,697

51.2

1,758

50.0

2,037

50.9

\0.001

Maternal education

\0.001

Prenatal smoking
\0.001

Parity
\0.001

Infant sex
Female
Male
Gestational age
20–31 wk

402

5.6

456

13.0

225

5.4

32–36 wk

1,208

16.7

708

20.1

647

15.6

37? wk

5,613

77.7

2,355

66.9

3,274

79.0

0.096

\0.001

Birth weight
398

5.5

456

13.0

220

5.3

MLBW (1,500–2,499 g)

VLBW (\1,500 g)

1,013

14.0

658

18.7

499

12.0

Normal (2,500? g)

5,812

80.5

2,405

68.3

3,427

82.7

SGA

1,288

17.8

627

17.8

668

16.1

AGA

5,935

82.2

2,892

82.2

3,478

83.9

Vaginal

4,495

71.1

2,104

69.5

2,411

69.3

Cesarean section

1,830

28.9

924

30.5

1,067

30.7

\0.001

Intrauterine growth
0.046

Method of delivery
0.117

VLBW very low birth weight, MLBW moderately low birth weight, SGA small for gestational age, AGA appropriate for gestational age
a

Percentages may add up to more than 100% due to rounding

b

All P-values are two-sided

P \ 0.002). A similar pattern was seen for Hispanics.
Hispanic infants were less likely to be born with any CHD
compared to NH-Whites except for ventricular septal
defect, for which they were at increased risk (OR = 1.8,
P \ 0.002). NH-Black and Hispanic infants with CHDs
had decreased risk of being born with multiple CHD, extracardiac defects, syndromes, or trisomies compared to
NH-Whites. We also observed few racial/ethnic differences
in the distribution of isolated CHDs, multiple CHDs, and
extracardiac defects among infants with CHD (data not
shown).

Conotruncal Congenital Heart Defects
Table 3 displays the unadjusted and adjusted ORs, P-values, and 95% CIs from each logistic regression model for
risk of PTB by maternal race/ethnicity. After adjusting for
maternal education, maternal age, parity, prenatal maternal
smoking, infant sex, and number of birth defects, overall,
NH-Black infants with CHDs had almost a twofold
increased risk of PTB compared to NH-Whites (OR = 1.8,
P \ 0.002). The greatest risk of PTB for NH-Blacks was
observed for infants with conotruncal CHD; NH-Blacks
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313 (55.3)

Tetralogy of Fallot

517 (46.7)
38 (65.5)

Pulmonary valve atresia/stenosis

Ebstein’s anomaly

320 (59.4)

Coarctation of the aorta

1159 (16.1)
1296 (17.9)

Multiple heart defects

Extracardiac defects

456 (6.3)
6767 (93.7)

No

Trisomies
Yes

No

b

a

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00
1.00

1.00

1.00

1.00

1.00

1.00

1.00

OR [95% CI]

All P-values are two-sided

Percentages may add up to more than 100% due to rounding

VOTO ventricular outflow tract obstructive defect

535 (7.4)
6688 (92.6)

Yes

Syndromes

4768 (66.0)

Isolated heart defect

Type of defect

Atrioventricular septal defect

272 (60.3)

4573 (45.4)

Atrial septal defect

Atrioventricular septal defect

2734 (54.9)

Ventricular septal defect

Septal

138 (51.9)
109 (69.0)

Hypoplastic left heart
Aortic valve stenosis/atresia

Left VOTO

66 (47.5)

Tricuspid valve atresia

Right VOTO

58 (52.7)
253 (58.2)

Transposition of great vessels

n (% )

a

Non-Hispanic White (n = 7,223)

Truncus arteriosus

Conotruncal

Congenital heart defect

3337 (94.8)

182 (5.2)

3305 (93.9)

214 (6.1)

539 (15.3)

445 (12.7)

2535 (72.0)

99 (22.0)

2394 (23.7)

983 (19.7)

110 (20.4)

75 (28.2)
22 (13.9)

5 (8.6)

361 (32.6)

42 (30.2)

131 (23.1)

90 (20.7)

30 (27.3)

n (% )

a

1.00

0.81 [0.68, 0.97]

1.00

0.81 [0.69, 0.95]

0.78 [0.70, 0.87]

0.72 [0.64, 0.81]

1.00

0.74 [0.59, 0.93]

1.23 [1.13, 1.34]

0.64 [0.58, 0.69]

0.70 [0.56, 0.87]

1.12 [0.84, 1.49]
0.41 [0.26, 0.65]

0.27 [0.11, 0.68]

1.48 [1.29, 1.71]

1.31 [0.89, 1.93]

0.85 [0.69, 1.05]

0.72 [0.57, 0.92]

1.06 [0.68, 1.65]

OR [95% CI]

Non-Hispanic Black (n = 3,519)

0.019

0.011

0.000

0.000

0.011

0.000

0.000

0.001

0.441
0.000

0.006

0.000

0.174

0.136

0.009

0.789

P-value

b

3912 (94.4)

234 (5.6)

3885 (93.7)

261 (6.3)

597 (14.4)

607 (14.6)

2942 (71.0)

80 (17.7)

3117 (30.9)

1267 (25.4)

109 (20.2)

53 (19.9)
27 (17.1)

15 (25.9)

229 (20.7)

31 (22.3)

122 (21.6)

92 (21.1)

22 (20.0)

n (%a)

1.00

0.89 [0.75, 1.04]

1.00

0.84 [0.72, 0.98]

0.75 [0.67, 0.83]

0.85 [0.76, 0.95]

1.00

0.50 [0.39, 0.65]

0.72 [0.67, 0.78]

1.76 [1.61, 1.91]

0.58 [0.47, 0.73]

0.66 [0.48, 0.91]
0.43 [0.28, 0.65]

0.69 [0.38, 1.25]

0.76 [0.65, 0.89]

0.82 [0.53, 1.25]

0.67 [0.54, 0.83]

0.63 [0.49, 0.80]

0.66 [0.40, 1.08]

OR [95% CI]

Hispanic (n = 4,146)

0.151

0.026

0.000

0.003

0.000

0.000

0.000

0.000

0.012
0.000

0.218

0.001

0.355

0.000

0.000

0.097

P-valueb

Table 2 Number, percentage, odds ratios, 95% confidence intervals, and P-values for the association between congenital heart defects and maternal race/ethnicity, Florida Birth Defects
Registry, 1998–2003 (N = 14,888)
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435
566

Transposition of great vessels

Tetraology of Fallot

Pulmonary valve atresia/stenosis
Ebstein’s anomaly

539

Coarctation of aorta

Ventricular septal defect

14,888

451

10,087

c

b

a

Referent

Referent

Referent

Referent

Referent

Referent

Referent

Referent
Referent

Referent

Referent

Referent

Referent

1.7

1.8

1.6

1.9

1.2

0.9

2.2

1.8
0.7

2.0

1.8

2.7

2.8

[1.6, 1.9]

[1.1, 3.2]

[1.4, 1.8]

[1.6, 2.2]

[0.7, 2.2]

[0.3, 3.0]

[1.1, 4.3]

[1.4, 2.3]
[0.1, 7.0]

[0.8, 5.1]

[1.2, 2.9]

[1.5, 4.8]

[1.0, 7.6]

1.8

1.9

1.7

2.0

1.1

1.0

2.0

1.6
0.4

4.5

2.0

3.1

4.8

OR

OR

[1.6, 2.0]

[1.1, 3.5]

[1.5, 1.9]

[1.6, 2.3]

[0.6, 2.0]

[0.3, 3.4]

[1.0, 4.2]

[1.2, 2.2]
[0.03, 5.5]

[1.2, 16.2]

[1.2, 3.4]

[1.6, 5.9]

[1.4, 16.7]

[95% CI]

Adjusted

Unadjusted

OR [95% CI]
[95% CI]

Non-Hispanic Black (n = 3,519)

Non-Hispanic White (n = 7,223)

Numbers do not add up to 14,888 since an infant may have more than one CHD

Statistical significance level for Bonferroni adjusted P-value is P \ 0.002

All models adjusted for maternal education, maternal age, prenatal smoking, parity, infant sex, and number of defects

VOTO ventricular outflow tract obstructive defect

All hearts

Atrioventricular septal defect

Atrioventricular septal defect

Atrial septal defect

4,985

158

Aortic valve atresia/stenosis

Septal defects

267

Hypoplastic left heart

Left VOTO

139
1,108
58

Tricuspid valve atresia/stenosis

Right VOTO

110

nc

Common truncus

Conotruncal defects

Congenital heart defect

1.2
0.9

0.023

0.9

\0.002

1.1

\0.002

1.3

3.0

1.4

0.7
0.6

2.2

0.8

1.5

1.1

OR

\0.002

0.861

0.938

0.047

0.001
0.517

0.022

0.005

0.001

0.015

P-valueb

[0.9, 1.0]

[0.6, 2.2]

[0.8, 1.0]

[0.9, 1.3]

[0.8, 2.3]

[1.2, 7.1]

[0.6, 3.1]

[0.5, 1.1]
[0.1, 2.3]

[0.3, 3.1]

[0.4, 1.3]

[0.8, 2.8]

[0.3, 3.8]

[95% CI]

Unadjusted

1.0

1.3

0.9

1.1

1.3

2.9

1.2

0.8
0.7

2.3

0.7

1.8

1.3

OR

[0.9, 1.1]

[0.7, 2.5]

[0.8, 1.0]

[1.0, 1.4]

[0.7, 2.4]

[1.0, 8.1]

[0.5, 2.8]

[0.5, 1.1]
[0.1, 5.1]

[0.5, 9.9]

[0.4, 1.2]

[0.8, 3.7]

[0.3, 5.6]

[95% CI]

Adjusted

Hispanic (n = 4,146)

0.835

0.434

0.216

0.157

0.349

0.043

0.712

0.165
0.688

0.254

0.207

0.134

0.737

P-valueb

Table 3 Unadjusted and adjusteda odds ratios and 95% confidence intervals from separate logistic regression models for risk of preterm birth among infants born with CHD by maternal race/
ethnicity, Florida Birth Defects Registry, 1998–2003 (N = 14,888)
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had a two- to fourfold increased risk of PTB compared to
NH-Whites. NH-Black infants with common truncus had
4.8 times increased risk of PTB (P = 0.015), those with
transposition of the great vessels 3.1 times the risk of PTB
(P = 0.001), and those with tetralogy of Fallot 2.0 times
the risk of PTB (P = 0.005) in comparison to NH-White
infants. Although not statistically significant and of a lesser
magnitude, a similar pattern of increased risk was seen
among Hispanics.
Right Ventricular Outflow Tract Obstructive CHDs
Risk of PTB was also increased among NH-Black infants
with right obstructive heart defects. NH-Black infants with
pulmonary valve atresia/stenosis had 1.6 times (P = 0.001)
the risk of PTB compared to NH-White affected infants.
Left Outflow Tract Obstructive CHDs
The only increased risk of PTB observed for NH-Blacks
with left obstructive CHD was for infants with hypoplastic
left heart syndrome (OR = 2.0, P = 0.047). We also found
that Hispanics had nearly three times higher risk of aortic
valve atresia/stenosis than NH-Whites (OR = 2.9,
P = 0.043).
Septation Congenital Heart Defects
We observed increased risk of PTB only among NH-Black
infants with septal defects. NH-Black infants with ventricular and atrial septal defects had increased risk of PTB
compared to NH-White infants.

Discussion
We found that NH-Black infants with CHDs had increased
defect-specific risk of PTB compared to NH-Whites. Specifically, we observed increased risk of PTB for NH-Black
infants with conotruncal, right outflow tract obstructive,
and septation CHDs. The greatest risks observed were for
NH-Black infants with conotruncal CHDs. One potential
explanation for these findings is that the increased risks we
observed reflect the underlying increased risk of PTB
present between NH-Blacks and NH-Whites in the general
Florida population. While this may explain some of our
results, it does not fully explain the increased risk we
observe for some types of CHD. It is true that our overall
risk of PTB for NH-Black infants with CHDs compared to
affected NH-White infants was the same as the risk of PTB
observed for the general population of NH-Black infants
born to resident Florida women during the study period
(OR = 1.7). While the risk for NH-Black infants with
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septation CHDs and pulmonary valve atresia/stenosis had
risks of PTB similar to the risk in the general population,
the increased risk observed for NH-Black infants with
conotruncal CHDs, tricuspid valve atresia/stenosis, and
hypoplastic left heart syndrome was more than a twofold
increased risk (in some cases as high as a fourfold increase)
of PTB compared to NH-Whites, which is larger in magnitude than the 1.7 increased risk for NH-Black infants
observed in the general population. Although the increased
risk observed for NH-Black infants with common truncus
was not statistically significant at the conservative significance level of P \ 0.002, the magnitude of the increased
risk is consistent with the overall pattern of risk observed
for NH-Blacks with conotruncal defects.
It is unclear why NH-Black infants with these defects
are at much higher risk of PTB than NH-White infants or
NH-Black infants in the general population. A potential
explanation is that the prevalence of conotruncal CHDs and
tricuspid valve atresia/stenosis was higher among NHBlack infants than among NH-White infants. In contrast,
we found that NH-Black infants were less likely or had
similar rates of conotruncal CHD and a similar rate of
tricuspid valve atresia/stenosis compared to NH-Whites.
We also did not observe statistically significant differences
in rates of isolated CHDs, multiple CHDs, or multiple
defects or in rates of syndromes or trisomies between NHBlacks and NH-Whites with conotruncal CHDs or tricuspid
valve atresia/stenosis.
Another important finding in our study was the consistent increased risk of PTB for Hispanic infants with conotruncal CHDs, tricuspid valve atresia/stenosis, and
pulmonary valve atresia/stenosis. Unlike NH-Black infants,
there was no increased risk of PTB for Hispanics compared
to NH-Whites in the general Florida population, and it is
well established that Hispanic infants have similar or
slightly lower rates of PTB compared to NH-Whites in the
United States [36]. Thus, the increased risks we observed
are surprising. One potential explanation is that the proportion of Black Hispanics among cases is high enough to
account for the increase risk of PTB; however, of the 5,021
Hispanics in our study, only 2.3% were of Black race.
Although none of the increased risks we observed were
statistically significant at P \ 0.002, the consistency and
magnitude of the associations provide support for the main
findings of our study and further investigation is needed.
Differences in the prevalence of conotruncal CHDs,
tricuspid valve atresia/stenosis, and aortic valve atresia/
stenosis between Hispanic and NH-White infants also do
not explain our observations for Hispanics. Hispanic
infants were less likely or had similar rates of conotruncal
CHDs and a similar rate of tricuspid valve atresia/stenosis
and aortic valve atresia/stenosis compared to NH-Whites.
There were no statistically significant differences in rates
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of isolated CHDs, multiple CHDs, or multiple defects in
rates of syndromes or trisomies between Hispanics and
NH-Whites with conotruncal CHDs or tricuspid valve
atresia/stenosis.
Another concern might be that our results reflect only
differences in rates of iatrogenic PTB among racial/ethnic
groups rather than true differences in rates of spontaneous
PTB. However, no statistically significant racial/ethnic
differences in rates of inductions, cesarean sections, or
rates of iatrogenic PTB for each type of CHD were
observed.
The absence of prior published research on risk of PTB
for NH-Black or Hispanic infants with specific types of
CHDs precludes direct comparison of our results. Kramer
et al. reported no differences in the frequency of PTB for
CHD infants [34], whereas Shaw et al. and Tanner et al.
reported increased risk of PTB among infants with CHDs
[43, 46]. Even less is known about racial/ethnic differences
in PTB among infants with CHDs. We recently reported
increased risk of PTB among NH-Black SGA and AGA
infants with CHDs [37]. Due to the paucity of research in
this area, it is unclear whether the etiology of PTB among
infants with CHDs is similar to unaffected infants. Furthermore, in contrast to the plethora of studies on the
Black-White disparity in PTB among unaffected infants,
there is little knowledge about racial/ethnic differences in
risk of PTB among infants with birth defects; hence it is
unclear whether the risk factors associated with increased
risk of PTB for unaffected Black infants are the same for
increased risk of PTB for Black infants with CHDs. This
relationship is further complicated because some of the risk
factors associated with PTB in unaffected infants are
associated with increased risk of CHDs [2, 11, 14, 16, 17,
21, 26, 31, 47, 54] as well as PTB [20, 25, 27–29, 48].
Therefore it may be difficult to disentangle the complex
issue of excess risk of PTB for infants with CHDs born to
Black women.
Major strengths of our study include our large, population-based, ethnically diverse sample and inclusion of the
most prevalent types of CHDs with a major impact on
infant morbidity and mortality. We also adjusted for the
potential effects of important covariates and examined the
role of effect modification between intrauterine fetal
growth and race/ethnicity.
Despite these strengths, some potential limitations
should be addressed. First, we used the FBDR, a passive
surveillance system, to ascertain cases of CHD. Compared
to active surveillance systems, which ascertain cases from
medical record abstraction, passive systems usually
underestimate the number of infants with birth defects,
particularly CHDs. Thus it is probable that our data
underestimate the true number of CHD cases in Florida.
Another possible criticism of our data is that, in general,
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birth defects registries which limit case ascertainment to
the first year of life usually exclude infants who die shortly
after birth without an autopsy, whose CHD is not diagnosed until after hospital discharge, or who are diagnosed
later in childhood or adulthood. Another related issue is the
possibility that infants born to NH-Black women may be
more likely to have their CHD diagnosed since NH-Black
infants are more likely to be born preterm and those infants
may have more diagnostic procedures and examinations at
the neonatal intensive care unit, etc. (more opportunity to
have CHD diagnosed) than NH-Whites. But, there is no
evidence to support that there are racial/ethnic differences
in age at diagnosis, i.e., differential ascertainment of CHD
by maternal race/ethnicity [22, 23]. Another important
potential limitation is our method for determining gestational age (PTB). Misclassification of PTB can occur,
depending on the source of the estimation of gestational
age [53] and pattern of missing data in the study population
[4, 9, 50–52]. In our study, only 6.9% of the study population had missing data on LMP and there were no differences in the missing pattern by maternal race/ethnicity.
To assess the bias injected into our study by substitution of
CEG for LMP, we compared gestational age data obtained
by using the CEG and the LMP for infants who had both
measures available and found that using the CEG as the
gestational age determinant for all analyses would not have
affected our results. Another possible criticism of our study
is lack of information on potentially important clinical
factors such as subclassification, case confirmation, and
severity of CHD.
Nevertheless, despite these potential limitations, we
found racial/ethnic differences in risk of PTB for infants
with specific types of CHD and our findings have several
implications for future clinical research. While it is clear
from this analysis that the presence of CHD, particularly of
a complex nature, in the fetus confers a significant risk for
PTB, the reasons for this are unknown. Ultimately, of most
interest is whether the increased risk of PTB we observed
for NH-Black and Hispanic infants with specific CHD
translates into increased risk of morbidity and mortality
during infancy and childhood. Infants born with CHD
require intensive surgical and medical interventions to
repair malformations of the heart. In the infant with CHD,
the added complication of PTB has serious consequences.
Preterm infants have immature respiratory structures and
other vital organ systems, which pose cardiorespiratory
challenges for the preterm infant. Complications associated
with concomitant morbidities of PTB such as hyaline
membrane disease, necrotizing enterocolitis, and intraventricular hemorrhage add further complexity to management
of infants with CHD born preterm. Some debate persists as
to whether early surgical intervention or medical therapy is
the best course of management for these infants [1, 10, 13,
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15, 19, 38, 40, 41]. Notwithstanding, compared to infants
with CHD born at term or preterm infants without CHD,
infants with CHD born preterm have higher morbidity and
mortality rates [18, 39, 49]. At present racial/ethnic differences in risks of morbidity and mortality for these infants is
unknown. If racial/ethnic differences are present, minority
infants will require more invasive procedures, which may
necessitate longer hospital stays, generating increased
demand on the healthcare system and greater medical costs.
With the disparity in PTB rates increasing between Whites
and Blacks in the United States, our findings may have
serious consequences for the health-care system if
increasing trends in PTB are also present for infants with
CHD. Further research is needed to evaluate trends in PTB
among infants with CHD, as well as to determine if racial/
ethnic differences are present in these trends. Furthermore,
this study underscores the importance of heightened surveillance of pregnancies known or suspected to be affected
with CHD by high-risk perinatologists and perinatal/pediatric cardiologists. This would be particularly important in
those ethnic groups at greatest risk. Further investigation
will be instrumental in working toward identifying causative factors leading to preterm birth in neonates with CHD.
Our increased understanding of these risk factors potentially
may offer means by which to reduce this significant contributor to infant morbidity and mortality.
In summary, we found that NH-Black infants with CHD
have increased risk of PTB compared to NH-White infants
and that the risk varies by type of CHD. At present, the
consequences of these findings on morbidity and mortality
are unclear. Future studies should investigate the etiologic
factors underlying and the consequences of this complex
association observed among infants with CHD.
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