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BACKGROUND: Socioeconomic factors may lead to a disproportionate impact on health care usage and death among individuals 
with congenital heart defects (CHD) by race, ethnicity, and socioeconomic factors. How neighborhood poverty affects racial 
and ethnic disparities in health care usage and death among individuals with CHD across the life span is not well described.

METHODS AND RESULTS: Individuals aged 1 to 64 years, with at least 1 CHD-related International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) code were identified from health care encounters between January 1, 2011, 
and December 31, 2013, from 4 US sites. Residence was classified into lower- or higher-poverty neighborhoods on the basis 
of zip code tabulation area from the 2014 American Community Survey 5-year estimates. Multivariable logistic regression 
models, adjusting for site, sex, CHD anatomic severity, and insurance-evaluated associations between race and ethnicity, and 
health care usage and death, stratified by neighborhood poverty. Of 31 542 individuals, 22.2% were non-Hispanic Black and 
17.0% Hispanic. In high-poverty neighborhoods, non-Hispanic Black (44.4%) and Hispanic (47.7%) individuals, respectively, 
were more likely to be hospitalized (adjusted odds ratio [aOR], 1.2 [95% CI, 1.1–1.3]; and aOR, 1.3 [95% CI, 1.2–1.5]) and have 
emergency department visits (aOR, 1.3 [95% CI, 1.2–1.5] and aOR, 1.8 [95% CI, 1.5–2.0]) compared with non-Hispanic White 
individuals. In high poverty neighborhoods, non-Hispanic Black individuals with CHD had 1.7 times the odds of death com-
pared with non-Hispanic White individuals in high-poverty neighborhoods (95% CI, 1.1–2.7). Racial and ethnic disparities in 
health care usage were similar in low-poverty neighborhoods, but disparities in death were attenuated (aOR for non-Hispanic 
Black, 1.2 [95% CI=0.9–1.7]).

CONCLUSIONS: Racial and ethnic disparities in health care usage were found among individuals with CHD in low- and high-
poverty neighborhoods, but mortality disparities were larger in high-poverty neighborhoods. Understanding individual- and 
community-level social determinants of health, including access to health care, may help address racial and ethnic inequities 
in health care usage and death among individuals with CHD.
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Congenital heart defects (CHD) affect ≈1% of all 
births in the United States.1 Advances in surgery, 
technology, and perioperative care for children 

with CHD have improved survival to adulthood,2–8 re-
sulting in more adults than children with CHD in the 
United States.9,10 Between 1998 and 2005, the num-
ber of hospital admissions for adults with CHD more 
than doubled11 and death from CHD has decreased,12 
yet racial and ethnic and socioeconomic disparities in 
health care usage and death exist.

Social determinants of health are associated with 
racial and ethnic disparities in health care usage and 
death in the population, and disparities in outcomes 
have been described among children with CHD. 
Children with CHD within racial and ethnic minority 
groups, compared with White children with CHD, have 
been found to experience greater health care lapses 
among those who underwent CHD surgery,13 higher 
severity of illness scores,14 increased odds of compli-
cations,15,16 greater odds of surgery at lower-volume 
CHD surgical centers for those with hypoplastic left 
heart syndrome,8 and higher mortality rates.14,15,17–19 
The National Institute of Minority Health and Health 
Disparities Research Framework considers multiple 
domains and levels of influence to conceptualize health 

disparities, including the role of community environ-
ment and resources, and health care policies to better 
understand the relationship of structural discrimination 
and health disparities.20,21

Socioeconomic factors and neighborhood pov-
erty are key social determinants of health associated 
with health care usage and death among individuals 
with CHD. While previous studies have shown a de-
crease in death from CHD,12,22,23 studies have shown 
disparities in death by race, ethnicity, and type of 
health insurance.12,24 Among children undergoing CHD 
surgery, those with private insurance had improved 
outcomes,12,15,16,25,26 and those from low- compared 
with high-income neighborhoods had higher mortality 
rates.27 Similarly, among adolescents and adults with 
CHD in a Colorado cohort,28 poverty was associated 
with higher rates of hospitalization, emergency depart-
ment (ED) visits, and adverse cardiac outcomes.

Few studies have examined how social determi-
nants of health, including neighborhood poverty, me-
diate the relationship between race and ethnicity and 
health care usage and death among individuals, in-
cluding adults, with CHD. One study among individuals 
with CHD examined the modifying effect of neighbor-
hood household income on the relationship between 
race and death, finding that Black individuals had a 
longer length of stay and higher mortality rates com-
pared with their White counterparts, with death poten-
tiated by lower neighborhood income.29 A review by 
Richardson et al showed significant racial and ethnic 
disparity in health care usage among individuals with 
CHD, and socioeconomic factors mediated the risk.15 
To expand knowledge on this topic, this study aims 
to examine the association between race and ethnic-
ity and health care usage (outpatient visits, hospital-
izations, and ED visits) and death, by neighborhood 
poverty status, among individuals with CHD aged 1 to 
64 years. Study findings may help determine dispari-
ties in morbidity and death by race and ethnicity and 
neighborhood poverty status among people with CHD.

METHODS
Data Availability
The data that support the findings of this study are 
available from the Centers for Disease Control and 
Prevention (CDC). Restrictions apply to the availabil-
ity of these data, which were used under license for 
this study. Data are available with permission from the 
CDC. Contact Jill Glidewell at iyp0@cdc.gov.

This retrospective study of children and adults 
with CHD used data from 4 sites (Georgia, North 
Carolina, New York, and Utah) participating in a col-
laborative CHD surveillance project funded by the 
CDC (CDC-RFA-DD15-1506). The CDC funded 5 sites 

CLINICAL PERSPECTIVE

What Is New?
•	 Non-Hispanic Black individuals with congeni-

tal heart defects who reside in higher-poverty 
neighborhoods have a higher mortality rate 
compared with non-Hispanic White individuals 
with congenital heart defects residing in high-
poverty neighborhoods, an effect mitigated in 
lower-poverty neighborhoods.

•	 Increased emergency department visits and 
hospitalizations were associated with race 
and ethnicity in both high- and low-poverty 
neighborhoods.

What Are the Clinical Implications?
•	 Providers should be aware of the adverse ef-

fects on outcomes of race, ethnicity and neigh-
borhood poverty and take steps to mitigate this 
risk.

Nonstandard Abbreviations and Acronyms

CDC	 Centers for Disease Control and 
Prevention

nHB	 non-Hispanic Black
nHW	 non-Hispanic White

mailto:iyp0@cdc.gov
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via a competitive mechanism on the basis of suitabil-
ity to conduct CHD surveillance activities. One site, 
Colorado, was unable to provide socioeconomic data 
necessary for the analysis; thus, data from this site 
were excluded from this analysis. Individuals with CHD 
were identified on the basis of at least 1 CHD-related 
International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) code within the 745.
xx to 747.xx range.30 These codes were identified from 
electronic administrative and clinical sources, state 
Medicaid claims, state vital records, and birth defect 
registries. Compilation and sharing of deidentified data 
with the CDC were approved by each site’s institu-
tional review board with complete Health Insurance 
Portability and Accountability Act waiver of consent. A 
detailed methodology of the parent project has been 
published.30

CHD Case Classification
CHD diagnostic codes, which are based on native 
CHD anatomy, were categorized into 1 of 5 mutually 
exclusive hierarchical CHD severity groupings similar 
to the Marelli et  al classification scheme,2 integrating 
both hemodynamic severity and basic anatomy: (1) 
severe; (2) shunt (excluding isolated 745.5 secundum 
atrial septal defect/patent foramen ovale); (3) valve; 
(4) shunt and valve lesions; and (5) “other” CHDs.30 
Severe CHD includes endocardial cushion defects 
(745.6/745.60/745.69), interrupted aortic arch (747.11), 
tetralogy of Fallot (745.2), total anomalous pulmonary 
venous return (747.41), tricuspid atresia (746.1), trans-
position complexes (745.1/745.10/745.11/745.12/74
5.19 ), truncus arteriosus (745.0), and univentricular 
hearts (745.3). Individuals with multiple CHD-related 
ICD-9-CM codes who had at least 1 severe code were 
classified as having a severe condition regardless of 
the number of nonsevere codes they had.

Inclusion and Exclusion Criteria
The 2011 to 2013 population included 72 433 individuals 
with ≥1 health care encounters during the surveillance 
period with a CHD-related ICD-9-CM code. Exclusions 
included those (1) whose age was <1 year or >64 years 
(n=10 181 excluded, where (10 181/72443=14.1% of 
total)), leaving 62 252; cases with age<1 year were ex-
cluded due to the known high rate of spontaneous 
closure of ventricular septal defect, atrial septal defect, 
and patent ductus arteriosus in early infancy,1 which 
could lead to inaccurate reporting of outcomes among 
the younger population in this study; (2) diagnosed with 
a 745.5 code in isolation (secundum atrial septal de-
fect/patent foramen ovale) or in combination with either 
746.89 (other specified anomalies of the heart) or 746.9 
(unspecified anomaly of the heart) (n=14 228 excluded, 
where 14 228/62252=22.8% of the remaining total, 

leaving 48 024); (3) diagnosed with only “other CHD” 
code (n=11 885 excluded, where 11 885/47520=25.0% 
of the remaining total, leaving 36 139), as these codes 
are known to have poor positive predictive value for 
CHD31,32; (4) with unknown sex (n=1 excluded, where 
1/36139 = <1.0% of the remaining total, leaving 36 138); 
(5) with unknown neighborhood income status (n=249 
excluded, where 249/36138=0.7% of the remaining 
total, leaving 35 889); (6) with unknown neighborhood 
poverty status (n=1 excluded, where 1/35889=<1.0% 
of the remaining total, leaving 35 888); and (7) with un-
known race and ethnicity (n=4346 excluded, where 
4346/35888=12.1% of the remaining total, leaving 
31 542) (Figure).

After implementing the above exclusions, 31 542 in-
dividuals with probable CHD aged 1 to 64 years, who (1) 
had at least 1 health care encounter between January 
1, 2011, and December 31, 2013; (2) had at least 1 
ICD-9-CM CHD-related code documented30; and (3) 
resided in the 4 site-specific catchment areas were el-
igible and included in the analysis. Site-specific catch-
ment areas spanned the entire state for individuals who 
resided in North Carolina and Utah. For Georgia, data 
were collected from individuals residing within 1 of the 5 
metropolitan Atlanta counties (Clayton, Cobb, DeKalb, 
Fulton, and Gwinnett), and for New York, individuals re-
sided in 1 of 11 New York counties (Allegany, Bronx, 
Cattaraugus, Chautauqua, Erie, Genesee, Monroe, 
Niagara, Orleans, Wyoming, and Westchester). The ex-
cluded Colorado site had 6511 cases, of whom 1988 
were aged between 11 and 18 years, with no children 
aged <11 years. Of the Colorado cases, race was un-
known for 33.5%, 54% were White individuals and 3% 
were Black individuals.30 Details of the cohort from each 
site can be found in Glidewell et al.30

Study Variables
Health Care Usage (Outcome Variable)

Health care usage was categorized as outpatient vis-
its, hospitalizations, and ED visits. If an ED visit led to a 
hospitalization, the encounter was captured as a hos-
pitalization. Separately by encounter type, the number 
of encounters were calculated by combining overlap-
ping date ranges into a single encounter, summing 
encounters over the surveillance period, and dichoto-
mizing as 0 and ≥ 1. When dates of different encounter 
types overlapped, a hierarchical scheme was applied 
in the following order: (1) inpatient hospitalizations; (2) 
ED visits; and (3) outpatient visits.

Death (Outcome Variable)

Mortality status was determined by deterministically 
linking individuals to state-specific death certificates 
at each site. If the individual did not match to a death 
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record during the surveillance period, the person was 
considered alive.

Race and Ethnicity

Race and ethnicity were based on data recorded in 
the electronic health records and categorized as non-
Hispanic White (nHW), non-Hispanic Black (nHB), 
Hispanic, and other race (Asian, American Indian/
Native American, Native Hawaiian/Pacific Islander, and 
multiracial [excluding Black multiracial]). Individuals 
could have >1 race recorded. For this analysis, indi-
viduals with nHB race were categorized as nHB, even 
if they had other races recorded. All other individuals 
with multiple races recorded were categorized as mul-
tiracial (n=161/31542). For purposes of analysis, racial 
groups comprising a small percentage of the data set 
were combined into a category called “Other” because 
the sample sizes were too small.

Neighborhood Economic Status

Two metrics were used to examine neighborhood eco-
nomic status: (1) neighborhood median income and (2) 
neighborhood poverty status. Values for each metric 
were based on individuals’ zip code tabulation area 
from the 2014 American Community Survey 5-year 
estimates, estimated across the years 2010 to 2014.33 
Annual neighborhood median income in US dollars 
was classified into 3 groups: <$40 000, $40 000 to 

$75 000, and >$75 000. Neighborhood poverty status 
was defined as the percentage of households in the 
zip code tabulation area below 100% of the federal 
poverty level and was classified into low neighborhood 
poverty (≤25% of households below federal poverty 
level) and high neighborhood poverty (>25% of house-
holds below federal poverty level).

Other Co-Variables

Individual-level covariates were determined on the 
basis of literature review and included site, age, sex, 
CHD anatomic severity, and health insurance. Age 
in years was calculated by subtracting the individu-
al’s date of birth from the date of the individual’s first 
health care encounter during the 2011 to 2013 surveil-
lance period where an eligible CHD-related ICD-9-CM 
code appeared. Age was categorized into 4 groups: 
1 to 10 years, 11 to 18 years, 19 to 44 years, and 45 to 
64 years. Sex was classified as male or female. CHD an-
atomic severity was categorized as (1) severe, (2) shunt 
(excluding isolated 745.5 secundum atrial septal de-
fect/patent foramen ovale), (3) valve, and (4) shunt and 
valve lesions. Health insurance status was classified 
as (1) “any public” if health insurance was documented 
at any health care encounter as Medicaid or Medicare; 
(2) “private” if health insurance was documented at all 
health care encounters as a private company or other 
government, which includes military, Veterans Affairs, 
Tricare, and other federal employee insurance benefits 

Figure.  CHD Cohort construction.
*Case inclusion definition: individuals aged 1 to 64 y from 4 sites (Georgia, North Carolina, New York, 
and Utah) who (1) had at least 1 health care encounter between January 1, 2011 and December 31, 
2013; (2) had at least 1 ICD-9-CM CHD-related code30; and (3) resided in site-specific catchment areas. 
CHD indicates congenital heart defects; and ICD-9-CM, International Classification of Diseases, Ninth 
Revision, Clinical Modification.
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or other health insurance coverage; (3) “none” if all 
health care encounters indicated self-pay, uninsured, 
or “no insurance coverage”; and (4) “unknown” when 
health insurance status was unavailable.

Statistical Analysis
SAS version 9.4 (SAS Institute Inc., Cary, NC) was used 
for all analyses. Descriptive analyses were conducted 
to examine the frequency distributions and percent-
ages of individual characteristics by race and ethnic-
ity. Bivariate analyses were conducted to describe and 
compare the associations between race and ethnic-
ity, the covariables, and health care usage (inpatient 
hospitalizations, ED visits, and outpatient visits) and 
death, using 2-sided χ2 tests. P<0.05 was considered 
statistically significant. Effect modification was consid-
ered a priori by neighborhood poverty status. Adjusted 
odds ratios (aORs), 95% CIs and P values were esti-
mated using multivariable logistic regression analysis. 
Potential confounders were selected applying a 10% 
change-in-estimate criterion. Models were stratified by 
neighborhood poverty status.

RESULTS
There were 31 542 individuals with CHD identified 
from 4 surveillance sites who were eligible for analysis. 
Overall, 57.6% were nHW individuals, 22.2% were nHB 
individuals, 17.0% were Hispanic individuals, and 3.2% 
were another race and ethnicity (Table 1). Distribution of 
all demographics and health care types (P<0.001) and 
mortality rate (P<0.001) differed by race and ethnicity. 
Among nHW individuals with CHD, 32.0% were 1 to 
10 years of age as compared with 51.3% among nHB 
individuals and 51.5% among Hispanic individuals with 
CHD. The proportion of individuals with CHD aged 45 
to 64 years was lower than all other age groups in all 
racial and ethnic groups. Among nHW individuals with 
CHD, 18.9% were aged 45 to 64 years as compared 
with 10.9% and 10.5% for nHB and Hispanic individu-
als, respectively. Additionally, ≈70% of nHB individuals 
(70.0%) and Hispanic individuals (69.1%) were aged 
between 1 and 18 years, compared with slightly >50% 
of nHW individuals (53.1%). Overall, median age was 
14.0 years. Among nHW individuals with CHD, valve 
lesions were the most common (44.8%), while shunt 
lesions were most prevalent among nHB (35.1%) and 
Hispanic (38.7%) individuals. Additionally, 33.9% of 
nHW individuals with CHD had public health insurance 
compared with 71.3% of nHB and 82.0% of Hispanic 
individuals. Similar patterns of neighborhood median in-
come and poverty status emerged, with <20% of nHW 
and close to half of nHB and Hispanic individuals liv-
ing in lower-income/higher-poverty neighborhoods. For 
all characteristics, values for individuals with “other” 

race and ethnicity generally mirrored those of nHB and 
Hispanic individuals or fell between those of nHW and 
nHB/Hispanic individuals. Among individuals with CHD, 
93.1% had at least 1 outpatient visit, 42.9% had at least 
1 inpatient hospitalization, and 34.2% visited the ED at 
least once (Table 1). All 3 encounter types differed signif-
icantly by race and ethnicity (P<0.001 for all). Outpatient 
care was the most frequent across all racial and ethnic 
groups. Overall, death of individuals with CHD during 
the surveillance period was 1.2%, ranging from 0.9% 
for Hispanic individuals to 1.6% for nHB individuals 
(P<0.001) (Table 1). Patterns in mortality among nHW, 
nHB, and Hispanic individuals were similar for younger 
(1–18 years; nHW, 0.5%; nHB, 0.8%, Hispanic, 0.6%; 
P<0.05) and older age groups (19–64 years; nHW, 1.8%; 
nHB, 3.5%, Hispanic, 1.7%;P<0.001), with nHB individu-
als having higher mortality rates than nHW and Hispanic 
individuals (data not shown).

Stratified results by neighborhood poverty status 
were examined in an effort to assess effect modifica-
tion (Table 2). Within high-poverty neighborhoods, nHB 
and Hispanic individuals together (62.5%; 33.0% nHB 
individuals and 29.5% Hispanic individuals) accounted 
for the largest proportion of individuals compared 
with nHW individuals (33.9%) or other races (3.7%), 
whereas in low-poverty neighborhoods, nHW individ-
uals (69.2%) comprised the majority compared with 
the 27.9% of nHB and Hispanic individuals combined 
(16.9% nHB individuals and 11.0% Hispanic individu-
als or other races [3.0%]; P<0.0001) (data not shown). 
Among those in high-poverty neighborhoods, nHB 
individuals (44.4%), Hispanic individuals (47.7%), and 
individuals of other race and ethnicity (55.0%), respec-
tively, had 1.2 (95% CI, 1.1–1.3; P<0.01), 1.3 (95% CI, 
1.2–1.5; P<0.001) and 1.7 (95% CI, 1.3–2.1; P<0.001) 
times higher odds of being hospitalized than nHW in-
dividuals (42.3%; referent), respectively, after adjusting 
for confounders. nHB individuals (38.9%; aOR, 1.3 
[95% CI, 1.2–1.5]; P<0.001) and Hispanic individuals 
(66.0%; aOR, 1.8 [95% CI, 1.5–2.0]; P<0.001) also had 
higher aOR of ED visits compared with nHW individuals 
(26.2%; referent). In addition, in high-poverty neighbor-
hoods, 1.1% of nHW individuals (referent), 1.9% of nHB 
individuals (aOR, 1.7 [95% CI, 1.1–2.7]; P<0.05), and 
0.9% of Hispanic individuals (aOR, 0.7 [95% CI, 0.4–
1.3]; P=ns) died during the surveillance period. Among 
those in low-poverty neighborhoods, associations be-
tween race and ethnicity and health care usage were of 
similar magnitude and direction as those observed in 
high-poverty neighborhoods, with the exceptions that 
Hispanic individuals (95.8%) had 1.4 (95% CI, 1.1–1.7; 
P<0.01) times higher aOR of outpatient visits compared 
with nHW (92.0%; referent), and associations between 
death and race and ethnicity between nHB (1.5%) and 
nHW individuals (1.1%) were attenuated (nHB: aOR, 1.2 
[95% CI, 0.9–1.7]; P=ns).
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Table 1.  Characteristics of Individuals With CHDs, Total and by Racial and Ethnic Group

Characteristics

Total N=31 542
Non-Hispanic White 
n=18 173 (57.6%)

Non-Hispanic Black 
n=6991 (22.2%)

Hispanic n=5365 
(17.0%)

Other* n=1013 
(3.2%)

P value†N (%) n (%)‡ n (%)‡ n (%)‡ n (%)‡

Site

Georgia 6070 (19.2) 2854 (15.7) 2415 (34.5) 522 (9.7) 279 (27.5) <0.001§

North Carolina 11 830 (37.5) 8033 (44.2) 2454 (35.1) 981 (18.3) 362 (35.7)

New York 10 240 (32.5) 4247 (23.4) 2091 (29.9) 3534 (65.9) 368 (36.3)

Utah 3402 (10.8) 3039 (16.7) 31 (0.4) 328 (6.1) <10 (−-)

Age¶, y

1–10 12 700 (40.3) 5815 (32.0) 3585 (51.3) 2765 (51.5) 535 (52.8) <0.001§

11–18 6251 (19.8) 3842 (21.2) 1311 (18.7) 943 (17.6) 155 (15.3)

19–44 7705 (24.4) 5076 (27.9) 1333 (19.1) 1096 (20.4) 200 (19.8)

45–64 4886 (15.5) 3440 (18.9) 762 (10.9) 561 (10.5) 123 (12.1)

Age, y

1–18 18 951 (60.1) 9657 (53.1) 4896 (70.0) 3708 (69.1) 690 (68.1) <0.001§

19–64 12 591 (39.9) 8516 (46.9) 2095 (30.0) 1657 (30.9) 323 (31.9)

Sex

Female 15 376 (48.8) 8295 (46.6) 3718 (53.2) 2834 (52.8) 529 (52.2) <0.001§

Male 16 166 (51.2) 9878 (54.4) 3273 (46.8) 2531 (47.2) 484 (47.8)

CHD anatomic severity

Severe 7815 (24.8) 4488 (24.7) 1829 (26.2) 1230 (22.9) 268 (26.5) <0.001§

Shunt 9067 (28.8) 4163 (22.9) 2452 (35.1) 2076 (38.7) 376 (37.1)

Valve 12 059 (38.2) 8145 (44.8) 2052 (29.3) 1601 (29.8) 261 (25.8)

Shunt and valve 2601 (8.2) 1377 (7.6) 658 (9.4) 458 (8.6) 108 (10.6)

Health insurance‖

Any public 16 071 (51.0) 6157 (33.9) 4987 (71.3) 4399 (82.0) 528 (52.1) <0.001§

Private 12 561 (39.8) 10 063 (55.4) 1440 (20.6) 700 (13.1) 358 (35.3)

None 310 (1.0) 148 (0.8) 87 (1.2) 67 (1.3) <10 (−-)

Unknown 2600 (8.2) 1805 (9.9) 477 (6.8) 199 (3.7) 119 (11.8)

Neighborhood median income, US$

<$40 000 10 003 (31.7) 3295 (18.1) 3313 (47.4) 3039 (56.7) 356 (35.1) <0.001§

$40 000–$75 000 17 031 (54.0) 11 142 (61.3) 3398 (48.6) 2035 (37.9) 456 (45.0)

>$75 000 4508 (14.3) 3736 (20.6) 280 (4.0) 291 (5.4) 201 (19.9)

Neighborhood poverty status

Low-poverty neighborhood 
(<25% households below FPL)

21 234 (67.3) 14 684 (80.8) 3587 (51.3) 2328 (43.4) 635 (62.7) <0.001§

High-poverty neighborhood 
(≥25% households below FPL)

10 308 (32.7) 3489 (19.2) 3404 (48.7) 3037 (56.6) 378 (37.3)

Health care usage

≥1 outpatient visits 29 352 (93.1) 16 730 (92.1) 6532 (93.4) 5175 (96.5) 915 (90.3) <0.001§

≥1 hospitalizations 13 523 (42.9) 7318 (40.3) 3099 (44.3) 2599 (48.4) 507 (50.1) <0.001§

≥1 emergency department 
visits

10 778 (34.2) 4827 (26.6) 2453 (35.1) 3226 (60.1) 272 (26.9) <0.001§

Death

Yes 374 (1.2) 197 (1.1) 115 (1.6) 50 (0.9) 12 (1.2) <0.001§

Cell sizes <10 are not displayed directly and are reported as “<10” per site-specific cell size suppression policy; this policy does not affect the reporting of 
cell size values of “0,” which are reported directly. CHD indicates congenital heart defect; and FPL, federal poverty level.

*Other racial and ethnic group includes Asian, American Indian/Native American, Native Hawaiian or Other Pacific Islander, and multiracial. Unknown race 
excluded from analyses.

†χ2 tests compare racial and ethnic groups; analysis does not include “Total” column.
‡Column percentages reported in cells. Cell sizes <10 are not displayed directly and are reported as “<10” per site-specific cell size suppression policy; cell 

size values of “0” are reported directly.
§Statistically significant adjusted odds ratio values are bolded.
¶Estimates for 1- to 10-year-olds are based on 3 sites: 5 counties in metropolitan Atlanta, Georgia; 11 counties in New York state; and statewide in North 

Carolina; estimates for 11- to 18-, 19- to 44-, and 45- to 64-year-olds are based on 4 sites: 5 counties in metropolitan Atlanta, Georgia; 11 counties in New York; 
and statewide in North Carolina and Utah. Overall, median age was 14.0 y.

‖Insurance categorization: public defined as Medicaid or Medicare; private defined as private, other government, or other insurance; none defined as self-pay/
uninsured; and unknown defined as unavailable, unknown, or no insurance indicated.
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We conducted separate stratified analyses for 
younger (aged 1–18 years) and older (aged 19–64 years) 
individuals with CHD (Table S1). Among both younger 
and older age groups, all 3 encounter types differed 
significantly by race and ethnicity (P<0.001 for each). 
Among both the younger and older age groups, nHB 
and Hispanic individuals had the highest point preva-
lence estimates for outpatient visits (younger: 93.7% 
nHB individuals and 96.6% Hispanic individuals; older: 
92.9% nHB individuals and 96.1% Hispanic individu-
als), hospitalizations (younger: 38.3% nHB individuals 
and 42.5% Hispanic individuals; older: 58.4% nHB in-
dividuals and 61.9% Hispanic individuals), and ED visits 
(younger: 31.9% nHB individuals and 56.7% Hispanic 
individuals; older: 42.6 nHB individuals and 67.8% 
Hispanic individuals).

Table  S2 presents stratified results by age and 
neighborhood poverty status in an effort to exam-
ine effect modification more closely. Among adults 
in high-poverty neighborhoods, nHB (aOR, 1.6 [95% 
CI, 1.1–2.3]; P<0.05), and Hispanic adults (aOR, 1.8 
[95% CI, 1.1–3.0]; P<0.05) had higher prevalence of 
outpatient visits than nHW adults. However, asso-
ciations were in the opposite direction for children, 
where nHB (aOR, 0.7 [95% CI, 0.5–0.9]; P<0.01) 
and Hispanic children (aOR, 0.8 [95% CI, 0.6–1.1]; 
P=ns) had lower prevalence of outpatient visits than 
their nHW counterparts. In higher-poverty neighbor-
hoods, racial and ethnic differences were revealed 
for hospitalizations for children with CHD but not for 
adults with CHD. After adjusting for confounders, the 

odds of hospitalization among nHB (aOR, 1.2 [95% 
CI, 1.0–1.3]; P<0.05) and Hispanic children (aOR, 1.4 
[95% CI, 1.2–1.6];, P<0.001) was higher compared 
with nHW children, while the likelihood of hospi-
talization did not differ for nHB (aOR, 1.0 [95% CI, 
0.8–1.2]; P=ns) or Hispanic adults (aOR, 1.1 [95% CI, 
0.9–1.4]; P=ns) compared with nHW adults. No sub-
stantial racial and ethnic differences were revealed 
between younger or older individuals with CHD living 
in either high- or low-poverty neighborhoods for ED 
visits or death.

DISCUSSION
In this 3-year multistate health administrative data-
based study of racial and ethnic disparities in health 
care usage and death among children and adults 
with CHD aged 1 to 64 years, we found that nHB and 
Hispanic individuals were significantly more likely to 
have hospitalizations and ED visits compared with 
nHW individuals, irrespective of their neighborhood 
poverty status. However, when examining the mor-
tality rate, nHB individuals in high-poverty neighbor-
hoods had a nearly 2 times higher odds of death 
compared with nHW individuals, but this disparity in 
mortality rate was attenuated for those living in low-
poverty neighborhoods. This study not only adds to 
the current understanding of the role of neighborhood 
poverty contributing to racial and ethnic disparities in 
health care usage among individuals with CHD in the 

Table 2.  Associations Between Race and Ethnicity and Health Care Usage and Death, by Neighborhood Poverty Status 
Among Individuals With CHDs

Outpatient visits* Hospitalizations*
Emergency department 
visits* Death

n (%) aOR (95% CI) n (%) aOR (95% CI) n (%) aOR (95% CI) n (%) aOR (95% CI)

High-poverty neighborhood (≥25% households below federal poverty level†)

Non-Hispanic White 3221 (92.3) 1.0 (referent) 1475 (42.3) 1.0 (referent) 914 (26.2) 1.0 (referent) 38 (1.1) 1.0 (referent)

Non-Hispanic Black 3207 (94.2) 0.9 (0.7–1.1) 1511 (44.4) 1.2 (1.1–1.3)‡ 1325 (38.9) 1.3 (1.2–1.5)‡ 63 (1.9) 1.7 (1.1–2.7)‡

Hispanic 2944 (96.9) 1.0 (0.7–1.3) 1449 (47.7) 1.3 (1.2–1.5)‡ 2004 (66.0) 1.8 (1.5–2.0)‡ 27 (0.9) 0.7 (0.4–1.3)

Other§ 342 (90.5) 0.6 (0.4–0.9)‡ 208 (55.0) 1.7 (1.3–2.1)‡ 119 (31.5) 0.7 (0.5–0.9)‡ <10 – 1.0 (0.4–3.0)

Low-poverty neighborhood (<25% households below federal poverty level†)

Non-Hispanic White 13 509 (92.0) 1.0 (referent) 5843 (39.8) 1.0 (referent) 3913 (26.7) 1.0 (referent) 159 (1.1) 1.0 (referent)

Non-Hispanic Black 3325 (92.7) 0.9 (0.8–1.0) 1588 (44.3) 1.2 (1.1–1.3)‡ 1128 (31.5) 1.6 (1.5–1.8)‡ 52 (1.5) 1.2 (0.9–1.7)

Hispanic 2231 (95.8) 1.4 (1.1–1.7)‡ 1150 (49.4) 1.5 (1.3–1.6)‡ 1222 (52.5) 2.0 (1.8–2.2)‡ 23 (1.0) 0.7 (0.5–1.2)

Other§ 573 (90.2) 0.9 (0.7–1.2) 299 (47.1) 1.4 (1.2–1.7)‡ 153 (24.1) 1.0 (0.8–1.2) <10 – 1.4 (0.7–2.9)

Cell sizes <10 are not displayed directly and are reported as “<10” per site-specific cell size suppression policy; cell size values of “0” are reported directly. 
aOR indicates adjusted odds ratio; and CHD, congenital heart defect.

*Zero counts for visit types are not included; health care usage visit categories are not mutually exclusive.
†Assessed on the basis of individuals’ zip code tabulation area from the 2014 American Community Survey 5-year estimates, estimated across years 2010 

to 2014 (US Census Bureau, 2014).
‡Statistically significant aOR values are bolded.
§Other racial and ethnic group includes Asian, American Indian/Native American, Native Hawaiian or Other Pacific Islander, and multiracial. Unknown race 

excluded from analyses.
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United States but also extends the understanding of 
how neighborhood poverty status modifies those as-
sociations. Findings from the study are representative 
of the populations that use health care services living in 
regions with similar socioeconomic and demographic 
profiles.

We did not find any previous studies that exam-
ined the association between race and ethnicity 
and health care usage or death for adults up to age 
64 years with CHD, stratified by neighborhood pov-
erty status. A study using data from the Pediatric 
Health Information System among individuals aged 
<26 years29 found the association between race and 
ethnicity and mortality rate to be significant among 
those with low median neighborhood income (a mea-
sure often considered equivalent to neighborhoods 
of higher poverty),29 similar to our finding showing a 
significant association between race and ethnicity 
and mortality rate among people with CHD residing 
in high-poverty neighborhoods. In our study among 
individuals aged 1 to 64 years, the racial and ethnic 
disparity in mortality rate was attenuated for those 
living in low-poverty neighborhoods. While findings 
are similar, the studies are not directly comparable 
due to differences in the age of individuals in the 2 
studies, where the prior study limited their individu-
als to age<26 years,29 while our study sample con-
sisted of individuals aged 1 to 64 years.

Similar to findings from other studies,12,34 the mor-
tality was lower for Hispanic individuals compared to 
nHW individuals and higher for nHB individuals com-
pared with nHW individuals in our study. Our study 
was one of the first to adjust for CHD anatomic se-
verity along with age, sex, surveillance site, and in-
surance status, and stratify by neighborhood poverty 
status. Our analysis did not look at death before age 
1 year. Karamlou et al showed increased death among 
nHB neonates compared with neonates of other ra-
cial and ethnic groups including nHW, Hispanic, Asian, 
American Indian, and Pacific Islander individuals, and 
the association was modified by neighborhood house-
hold income.29 Our study found that racial and ethnic 
differences in mortality rate for people with CHD per-
sist beyond the first year of life, particularly in higher-
poverty neighborhoods.

Our study found that in high-poverty neighbor-
hoods, both nHB and Hispanic individuals with CHD 
experienced higher ED use compared with nHW 
individuals. In a recent study by Benavidez et  al, 
individuals of Hispanic ethnicity with CHD were 
significantly more likely to experience hospital re-
admissions compared with individuals who do not 
identify as Hispanic.35 Postoperative death by race 
was not predicted by accessing care alone. In a re-
view of congenital heart surgery outcomes, socio-
economic disparities were noted to be a factor in 

worse outcomes following congenital surgery in chil-
dren of nHB and Hispanic families.15 Barriers impact-
ing health care access or long gaps in care are often 
associated with complications for selected types of 
CHDs.7,36 While rates of health insurance have im-
proved for adults with CHD since the Affordable Care 
Act was implemented,37 gaps in care usage persist, 
with about 50% of adolescents with CHD experienc-
ing barriers to transitioning from pediatric to adult 
CHD specialty care.5 Future studies could examine 
the effects of Affordable Care Act on individuals with 
CHD and their access to care.

While gaps in CHD specialty care have been as-
sociated with adverse outcomes,5,38 our data show 
increased hospitalizations and ED visits among nHB 
and Hispanic individuals in both low- and high-
poverty neighborhoods. In addition, no difference 
by race and ethnicity in outpatient visits in high-
poverty neighborhoods were revealed, while in low-
poverty neighborhoods, Hispanic individuals had 
higher outpatient usage. We were not able to de-
termine the provider specialty for outpatient visits; 
thus, while there was little difference in having ≥1 
outpatient encounters by race and ethnicity, there 
may be differences in the number of outpatient visits 
and in the number of congenital cardiology outpa-
tient encounters. It is possible that individuals with 
complications due to CHD may present to the ED in 
a more advanced disease state that could contrib-
ute to an increased mortality rate. Surgical compli-
cations are an additional factor associated with high 
health care usage in terms of hospital readmissions; 
efforts to reduce such complications have been pro-
posed to decrease health care usage and associ-
ated costs.39,40

Ongoing regular care with a congenital cardiologist 
reduces death2,38 and improves outcomes across the 
CHD anatomic severity levels.41 Individuals may be out 
of routine congenital cardiology care for a variety of 
socioeconomic reasons, including limited access to 
transportation to centralized tertiary care centers, lack 
of insurance access, language barriers, lack of paid 
sick leave, inability to take time off work, economic 
constraints, and limited understanding of the pur-
pose and benefits of routine surveillance care for their 
CHD.5 Thus, individuals who are out of specialty care 
may seek care through the ED at a higher rate and in a 
sicker state than those individuals who have remained 
in congenital cardiology care. Individuals who identify 
as nHB or as Hispanic may be more likely to live in 
higher-poverty neighborhoods and experience factors 
that impact access to outpatient CHD specialty care, 
which may contribute to higher inpatient and ED usage 
and adverse outcomes. Those living in higher-poverty 
neighborhoods may experience additional challenges 
accessing congenital cardiology care due to school/
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work environment, availability and quality of health care 
services, insurance coverage, health literacy, and com-
munity resource constraints.20,21 Our study also ap-
pears to demonstrate disparities by age and race and 
ethnicity in individuals who have had any type of health 
care encounter. It has been reported that children with 
CHD who identify as Black or Hispanic are less likely 
to have cardiology follow-up and remain in cardiology 
care,13,42 which may be related to a variety of issues 
impacting access to care such as health insurance, 
transportation, language barriers, implicit bias in the 
health care system, and other social determinants.

Recent recommendations with policy implications 
for improving health care delivery for individuals with 
CHD recognize the role of individuals’ socioeconomic 
factors, in addition to health care delivery and work-
force improvements.43 A framework focusing on ac-
cess to care, affordability, and accessibility for all 
populations with CHD has been proposed as a vision 
for 2030, along with engaged leaders and identifica-
tion of areas of improvement, training future workforce, 
and addressing barriers to care.43 Our findings support 
the complex interplay between race and ethnicity and 
neighborhood poverty status in health care usage and 
death among individuals with CHD. Addressing these 
would require solutions related to expanded accessi-
bility for lifelong CHD care, improved Medicaid fund-
ing or universal health care, and understanding issues 
related to patients, as recommended by Chowdhury 
et al.43 Mainly, our study supports efforts highlighted by 
Chowdhury et al for addressing and assessing health 
care disparities, including consistency in care and re-
sources available for minority populations.

Our analysis is strengthened by the large study 
size spanning multiple geographic regions within 
the United States and diverse health administration 
data sources and vital records. We included both 
pediatric and adult health care systems and a broad 
age spectrum. Similar to other studies of CHD using 
administrative data, our data set may contain indi-
viduals without CHD and may miss individuals with 
CHD, although in contrast to other studies using ad-
ministrative data, we constrained our CHD codes to 
those with higher positive predictive value. We could 
examine CHD anatomic grouping as a covariable in 
understanding racial and ethnic disparities by neigh-
borhood poverty status for different types of health 
care usage and death. However, there are some key 
limitations. Overall, 12% of individuals were excluded 
who met the diagnostic criterion, but who did not have 
information on their race and ethnicity. We conducted 
separate analyses by including those individuals with 
“unknown” race and ethnicity (Table  S3), and while 
the majority of findings did not change remarkably 
from the current analysis, for individuals with “un-
known” race residing in either high- or low-poverty 

neighborhoods, the odds of having a hospitalization 
or having an emergency room visit was less com-
pared with White individuals (Table S4). However, het-
erogeneity of measurement, aggregation of multiple 
racial groups into the “other” category, and missing 
data issues on race and ethnicity pose challenges 
when ascertaining and interpreting our findings on 
health care usage disparities in select minority pop-
ulations.44 Limited availability of racial and ethnic 
data not only affects the current analysis but also is 
necessary to the measurement, identification, under-
standing, and, ultimately, the elimination of disparities 
in health as well as to the improvement of the qual-
ity of health care in a standardized way for all indi-
viduals.45–48 We used electronic health record data, 
which misses individuals who did not seek medical 
care. We did not have data on type of outpatient visit 
(eg, receipt of congenital cardiology care), limiting our 
ability to examine variability in the type of outpatient 
care individuals received. Death among individuals 
with CHD was based on state-specific vital records at 
each site, rather than on National Death Index data, 
and was limited to the 3-year surveillance period. Our 
reliance on state death certificates may have under-
estimated the mortality rate over the surveillance pe-
riod, especially if some deaths occurred outside the 
catchment regions. Additionally, a longer longitudinal 
analysis of health care usage and survival in this pop-
ulation would enhance our understanding of health 
care usage and its effect on the risk of death. In addi-
tion, there could be multiple reasons for hospitaliza-
tions among individuals with CHD, and these reasons 
can be age specific.39 Four age groups were exam-
ined in the current study, including children (aged 
1–10 years), adolescents (aged 11–18 years), and 2 
groups of adults: 19 to 44 years and 45 years. While 
these groupings allow us to examine age-related 
effects, more granular analysis of age by race and 
ethnicity would be possible with larger sample sizes, 
specifically among older age categories.

Future research opportunities to address gaps in 
the current study include understanding access to pri-
mary care, congenital cardiology practices, and other 
subspecialty care. Understanding the primary reason 
for ED visits and hospitalizations would further improve 
the understanding of racial and ethnic differences in 
health care usage among people with CHD.

In conclusion, our study showed that health care 
usage was associated with race and ethnicity among 
individuals with CHD in both low- and high-poverty 
neighborhoods, and with death in high-poverty neigh-
borhoods. Assessing community-level social determi-
nants of health, along with access to health care, may 
help close the gaps in racial and ethnic inequities in 
health care usage and death among individuals with 
CHD.
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