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Abstract

Objectives—We examined the association between survival of infants with severe congenital 

heart defects (CHDs) and community-level indicators of socioeconomic status.

Methods—We identified infants born to residents of Arizona, New Jersey, New York, and Texas 

between 1999 and 2007 with selected CHDs from 4 population-based, statewide birth defect 
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surveillance programs. We linked data to the 2000 US Census to obtain 11 census tract–level 

socioeconomic indicators. We estimated survival probabilities and hazard ratios adjusted for 

individual characteristics.

Results—We observed differences in infant survival for 8 community socioeconomic indicators 

(P < .05). The greatest mortality risk was associated with residing in communities in the most 

disadvantaged deciles for poverty (adjusted hazard ratio [AHR] = 1.49; 95% confidence interval 

[CI] = 1.11, 1.99), education (AHR = 1.51; 95% CI = 1.16, 1.96), and operator or laborer 

occupations (AHR = 1.54; 95% CI = 1.16, 1.96). Survival decreased with increasing numbers of 

indicators that were in the most disadvantaged decile. Community-level mortality risk persisted 

when we adjusted for individual-level characteristics.

Conclusions—The increased mortality risk among infants with CHDs living in 

socioeconomically deprived communities might indicate barriers to quality and timely care at 

which public health interventions might be targeted.

Advances in medical and surgical care for individuals born with congenital heart defects 

(CHDs) has improved survival in recent years, yet despite this progress, mortality due to 

CHDs remains a significant public health issue.1,2 CHDs are the most common type of birth 

defect and are the leading cause of death among those born with birth defects.3,4 CHDs 

necessitate medical and often surgical intervention early in life, and timely detection and 

quality care can improve health outcomes.5,6 Medical factors such as low birth weight, 

preterm birth, severity of the condition, and the presence of comorbidities are well-

established risk factors for mortality, particularly during the neonatal period.7 Nonmedical 

factors (particularly race/ethnicity) also play an important role in the survival of infants with 

birth defects and potentially contribute significantly to unexplained survival differences.8 

Several factors that influence access to and use of care have been examined among cohorts 

of infants born with CHDs, but these have been limited to race/ethnicity,2,9–16 medical 

insurance,9,16–20 and distance to specialty care.10,17,21,22 Assessment of the potential impact 

of socioeconomic status (SES) on survival has been challenging, largely because SES has 

been defined and measured in many ways and is often unavailable in large, population-based 

data sets. SES has been investigated as a risk factor for the occurrence of different types of 

birth defects,23–28 but few published population-based studies have included SES as a risk 

factor for CHD-related mortality.

Community-level factors related to socioeconomic conditions have been associated with 

decreased access to pediatric subspecialty care and early mortality of infants with low birth 

weight,29,30 and they might provide evidence of contextual factors that could potentially 

influence the survival of infants with CHDs, who require timely medical intervention.31–33 

In this population-based study, we estimated the association of census tract–level indicators 

of SES with the survival of infants born with CHDs and examined the potential impact of 

communities on observed racial/ethnic disparities in infant survival.

METHODS

We used population-based data from 4 state-based birth defect surveillance programs 

(Arizona, New York, New Jersey, and Texas) to conduct a retrospective cohort study. The 
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study population included live-born infants delivered from 1999 to 2007 with a diagnosis of 

1 of the following 7 CHDs: common truncus arteriosus, transposition of the great vessels, 

tetralogy of Fallot, atrioventricular septal defect, aortic valve stenosis, hypoplastic left heart 

syndrome, and coarctation of the aorta. We selected these defects for inclusion in the 

analysis because of the high reliability with which they are ascertained by public health birth 

defect surveillance programs and because of the relatively high mortality associated with 

each defect. We classified infants as having one of the included CHDs by using a modified 

British Pediatrics Association (BPA) coding system34 for births in Arizona, New York, and 

Texas, and the International Classification of Diseases, Ninth Revision, Clinical 

Modification (ICD-9-CM)35 codes for births in New Jersey.

Variables

We matched infants with CHDs identified by state surveillance programs to state-specific 

linked birth-infant death files to determine vital status and to retrieve sociodemographic 

variables (state, county, and census tract number of the maternal residence at birth, maternal 

race, maternal nativity, maternal education, and maternal age) and clinical variables (infant’s 

birth weight, parity, and infant’s sex). Census tracts are small-area groupings (approximately 

4000 residents) consisting of relatively homogeneous population characteristics. We 

obtained census tract information by linking individual-level data to the 2000 US Census by 

the census tract number of the maternal residence, and then extracted the following 11 

census tract–level socioeconomic variables, selected through a literature review28,30: 

proportion of the population aged 18 years or older who did not graduate from high school, 

proportion of people aged 16 years or older who were unemployed, proportion of the 

population aged 16 years or older who had operator or laborer occupations (i.e., low-skill 

occupations), proportion of the noninstitutionalized population living below the federal 

poverty level, proportion of all occupied housing units with more than 1 person per room, 

proportion of all occupied housing units that were renter occupied, proportion speaking a 

language other than English at home, proportion of population foreign born, proportion 

Hispanic, proportion Black, and per capita income.36 For each census tract variable, we 

determined deciles on the basis of the distribution of values across all census tracts in the 4 

study states.

Data Analysis

Using the Kaplan-Meier product-limit method, we estimated survival probabilities for 

infancy (0–364 days) and for the neonatal (< 28 days) and postneonatal (28–364 days) 

periods.37 In estimating survival probabilities for the postneonatal period, we assumed 

survival through the first 27 days. We used Greenwood’s method to calculate the variance of 

the estimated survival probability and 95% confidence intervals.38 We used a log-rank test 

to determine whether the survival probabilities were significantly different between the 

highest and lowest deciles for each of the 11 socioeconomic indicators.39 We visually 

examined Kaplan–Meier curves to assess whether the proportional hazard assumption was 

met.

To examine the possibility that each community SES indicator was an observable measure 

of a common underlying risk factor, we estimated survival probabilities for an index score, 
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which was based on the cumulative number of indicators for which the infant’s census tract 

was in the lowest, or most disadvantaged, decile. On the basis of the distribution of the 

number of indicators in the most disadvantaged decile, we created levels 1 through 4 of the 

variable, consisting of infants who had 0, 1, 2 to 4, or 5 or more of the 11 socioeconomic 

indicators in the lowest decile, respectively.

For the census tract indicators that showed an association with survival and for which there 

was a corresponding individual-level variable (i.e., education, race/ethnicity), we stratified 

survival estimates by the individual-level variable to examine whether the magnitude of risk 

associated with the community-level variable was consistent across individual-level risk 

factors.

We used Cox proportional hazard regression models to estimate the effect of census tract–

level socioeconomic factors on mortality, controlling for individual-level variables that were 

statistically significant in the univariate analyses.39 We created separate models for each 

SES indicator and compared the lowest decile with the highest (i.e., least disadvantaged) 

decile (referent group). We assessed statistical interaction between all individual-level 

covariates and all census tract–level economic factors, and we stratified hazard models as 

appropriate.

We also used crude proportional hazard regression models to assess the relationship between 

maternal race/ethnicity and survival. We then adjusted these models with community 

measures of SES to examine whether the estimates of racial/ethnic disparities in survival 

were attenuated. All proportional hazard regression models for the postneonatal period 

assumed survival through the first 27 days. We performed computations using SAS version 

9.2 (SAS Institute, Cary, NC).

RESULTS

Overall, we identified 10 578 infants with at least 1 of the 7 selected CHDs from the 4 

population-based birth defect surveillance programs. Of those, 9853 infants (93%) had 

census tract information that could be used for linkage with the 2000 US Census. Maternal 

and infant characteristics of the final cohort by participating state are provided in Table A 

and infant mortality by CHD type are provided in Figure A (both available as supplements 

to the online version of this article at http://www.ajph.org).

Survival Probabilities

The overall infant survival was 80.3% (95% confidence interval [CI] = 79.5%, 81.1%) 

(Table 1). When we compared the lowest, or most socioeconomically disadvantaged, decile 

with the highest decile for each census tract indicator, infant survival was lower for the most 

disadvantaged decile for every indicator; however, data for the proportions of those foreign 

born, unemployed, or Black were not statistically significant (Table 1). The greatest 

disparity in infant survival among the socioeconomic indicators was for per capita income 

(76.3% for the most disadvantaged decile vs 85.2% for the least disadvantaged decile; P < .

001), the proportion of the population below the poverty level (76.3% vs 83.8%; P < .001), 

and the proportion of the population with less than a high school education (76.3% vs 
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85.2%; P < .001). The survival differences were greater and observed for more of the 

indicators during the postneonatal period compared with the neonatal period. The indicator 

with the greatest disparity in neonatal survival was the proportion of the population in an 

operator or laborer occupation (88.7% vs 92.9%; P = .004), and the indicator with the 

greatest disparity in postneonatal survival was the proportion of the population that was 

Hispanic (86.4% vs 92.7%; P < .001). Using the 4-level composite variable of SES, we 

found that infant survival was highest among infants with no socioeconomic indicators in 

the most disadvantaged decile (level 1) and lowest among infants with 5 or more indicators 

in that decile (level 4; 81.7% vs 76.0%; P < .001; Figure 1).

We stratified community indicators for race/ethnicity and education by the corresponding 

individual-level factor. Being born to a mother with less than a high school education was 

associated with poorer infant survival (P < .001; Table B, available as supplements to the 

online version of this article at http://www.ajph.org), and living in a census tract with a high 

proportion of residents with less than a high school education was associated with lower 

infant survival for all levels of the mother’s individual level of education, although statistical 

significance was not achieved for those with less than a high school education (Figure 2). 

Similarly, infant survival was higher among non-Hispanic White infants compared with 

Hispanic infants (P < .001; Table B), but non-Hispanic White infants experienced lower 

survival if they lived in a census tract in which a high proportion of the population was 

Hispanic (Figure 2).

Hazard Ratios

Individual-level covariates that were associated with survival were birth weight, infant’s sex, 

maternal age, maternal nativity, maternal education, parity, birth period, and state of 

residence. There were significant interactions between maternal age and 2 SES indicators: 

the proportion speaking a language other than English and the proportion foreign born; both 

were more strongly associated with infant mortality among older mothers. There were 

additional interactions between maternal race/ethnicity and 2 SES indicators: the proportion 

of the population in an operator or laborer occupation was more strongly associated with 

non-Hispanic White infants, and residential crowding was more strongly associated with 

Hispanic ethnicity. We also found an interaction between per capita income and infant birth 

weight. The greatest infant mortality risk was among Hispanic infants for residential 

crowding (adjusted hazard ratios [AHR] = 4.24; 95% CI = 1.56, 11.54; Table 2). We also 

observed an increased mortality risk among Hispanic infants for proportion of the 

population in an operator or laborer occupation (AHR = 2.03; 95% CI = 1.09, 3.77) and 

among infants with mothers older than 35 who lived in communities with the highest 

proportion of non-English-speaking residents (AHR = 2.28; 95% CI = 1.34, 3.87) or 

foreign-born residents (AHR = 2.75; 95% CI = 1.50, 5.06). The indicators for the proportion 

of the population below the poverty level and the proportion with less than a high school 

education were associated with a 46% increased infant mortality risk (Table 2).

To examine the increased mortality risk associated with extreme socioeconomic 

disadvantage, we modeled a composite socioeconomic variable, as described in Methods, to 

determine the increased risk of living in communities with more indicators of 
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socioeconomic disadvantage, adjusting for individual-level factors. Compared with infants 

living in a census tract with none of the indicators in the lowest decile, infants living in a 

census tract with 1 indicator, 2 to 4 indicators, and 5 or more indicators in the lowest decile 

had 10%, 15%, and 25% increased mortality risk, respectively, after adjustment for 

individual-level factors (Table 2).

The greatest observed racial disparity was in the postneonatal period, during which crude 

mortality risk was 86% higher for non-Hispanic Blacks and 57% higher for Hispanics 

compared with non-Hispanic Whites (data not shown). Statistical adjustment for individual-

level factors reduced the excess postneonatal mortality risk to non-Hispanic Blacks by 29% 

and the excess mortality risk to Hispanics by 23%. Adjustment for only the census tract–

level measures of socioeconomic factors that were associated with survival had no notable 

impact on the crude hazard ratio for non-Hispanic Blacks and Hispanics.

DISCUSSION

Socioeconomic disadvantage was adversely associated with the survival of infants born with 

CHDs. Survival varied by most but not all community indicators that we examined, and the 

statistical significance of the survival difference was stronger in the postneonatal period than 

in the neonatal period. The community factors most predictive of infant death were related 

to income, poverty, education, and occupation. Socioeconomic disadvantage related to these 

factors increased the infant mortality risk by up to 47%, and the associated mortality risk 

increased significantly in some subpopulations, such as those of Hispanic ethnicity. Among 

infants born to Hispanic mothers, those who lived in communities with high residential 

crowding had more than a fourfold increased infant mortality risk compared with those 

living in communities with the least residential crowding.

Because infants with severe CHDs require early and continued surgical and medical 

intervention, increased access to and use of specialized health care resources would be 

expected to improve the likelihood of survival; however, measuring access or barriers to 

care in population-based studies is challenging.5,29 Individual-level information on health 

insurance and SES is not frequently available in population-based data in the United States; 

therefore, a growing body of research has focused on determining appropriate community 

measures of SES that might serve as a proxy for unavailable individual-level information.40 

Previous studies observed an association between individual- and area-level SES and the 

etiology of birth defects,25,27,28,41,42 but population-based survival studies in the United 

States have yet to incorporate community measures of SES to better understand factors 

influencing survival among infants born with birth defects. Limited studies in Canada, 

which has universal health care coverage, found inconsistent evidence that neighborhood 

income was associated with survival of medically needy infants,43,44 but this association has 

not been thoroughly examined in the United States. On the basis of findings from previous 

work, our study included a range of measures to better understand the type of SES factors 

that might be associated with mortality in our study population.28,30,45

CHD subtypes can range in severity. Those included in this study are considered severe and 

were selected because of the reliability with which they are clinically diagnosed and 
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accurately detected by birth defect surveillance programs. Because of the severe nature of 

these conditions, infants require surgical intervention and appropriate follow-up care, with 

additional surgeries frequently required. The complexity of continued care might explain 

why the impact of SES was greater on postneonatal survival. Higher levels of education 

might be needed to understand and process sophisticated medical information and to 

research and make selection decisions about the physicians and institutions that might 

provide higher-quality care. Family income is associated with gradients in both children’s 

health and access to health care, and it might influence the ability to seek out and use high-

quality care, especially to overcome barriers presented by significant travel distances.46 

Teaching hospitals and institutions that conduct a high volume of pediatric cardiac surgeries 

have been shown to have better outcomes than low-volume hospitals, and the ability to 

control for differential patterns of referrals and for the risk-adjusted mortality of hospitals 

might elucidate the association between SES factors and survival.47–51

The finding that occupation influenced survival was interesting and potentially more 

difficult to explain. This variable might serve as a proxy for health literacy or family 

resources, although it was not highly correlated with the measures for income and education. 

It is more likely that occupation type is an indicator of the level of medical insurance 

coverage, which is often employer based. Unemployment was not associated with mortality; 

however, Medicaid eligibility might be higher in areas of high unemployment, with covered 

individuals having sufficient insurance coverage and access to care. Those more likely to be 

in operator or laborer occupations might have incomes too high to qualify for Medicaid but 

have no employer-provided coverage or have plan options that provide inadequate coverage. 

The impact of medical insurance on infant survival among individuals born with CHDs has 

not been well examined, although several hospital-based studies found that infants with 

public insurance had higher postoperative mortality than infants covered by private 

insurance.18,19

The consistency with which we observed lower infant survival for the most disadvantaged 

decile across all the SES indicators raised the issue of whether each indicator was indicative 

of some common underlying factor associated with economic disadvantage. If that were the 

case, having multiple indicators in the lowest decile would not be expected to increase the 

risk above that associated with a single indicator; however, we found a decrease in infant 

survival with an increasing number of indicators that were in the most disadvantaged decile. 

This suggests that different community indicators of SES might be separable measures of 

differing underlying risks, and analyses limited to 1 community indicator might 

underestimate the impact of disadvantaged communities on health outcomes. Another 

unknown was whether the community indicators were simply reflecting an individual-level 

risk or if the community risk was independent of the individual risk. For the most direct test, 

we examined constructs for which both the individual and community variables were 

associated with survival. Low maternal education was associated with lower survival, but 

even infants born to mothers with higher education had significantly lower survival if they 

lived in a community with a high proportion of residents with a low level of education. In 

fact, the community effect associated with low education appeared to be larger than the 

individual-level effect. Similarly, even though non-Hispanic White infants had a survival 

advantage compared with Hispanic infants, non-Hispanic White infants in communities with 
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a high proportion of Hispanic residents experienced lower survival than non-Hispanic White 

infants living in communities with a low proportion of Hispanic residents, which is in 

notable contrast to the “Hispanic paradox” observed in the general population.52

The observed racial/ethnic disparities in mortality among infants with CHDs corroborate 

earlier findings that have not been well explained.2,9,14,41,53–55 Racial and ethnic disparities 

in survival were highest in the postneonatal period, and adjustment for community factors 

did not appreciably reduce racial and ethnic disparities, a finding contrary to previous ones 

based on other health outcomes.56 After adjustment for all individual- and community-level 

confounders, non-Hispanic Black and Hispanic infants still had a higher mortality risk than 

non-Hispanic White infants. Although we did not have information on the medical insurance 

status of infants, previous studies found that medical insurance explained some of the 

observed racial/ethnic disparities.16,57 Therefore, it is plausible that referral patterns and 

access to and use of advances in pediatric cardiac care may be important predictors of 

disparity in survival among infants with a CHD, and that addressing these issues might be an 

important step in reducing these disparities. Because survival estimates vary across CHD 

subtypes, there might be a concern that unequal distribution of subtypes by race/ethnicity 

could explain differences in survival by race and ethnicity; however, a previous study 

showed modest variation in birth prevalence by race/ethnicity.25 Data from that study 

showed that the CHD type with the highest mortality, hypoplastic left heart syndrome, was 

not higher among non-Hispanic Black infants (prevalence ratio [PR]=1.01) or Hispanic 

infants (PR=1.02) than among non-Hispanic White infants.

A strength of this study was that it combined data from several states to provide a larger 

study population size that was diverse racially and ethnically, regionally, and 

socioeconomically; however, a disproportionate number of infants were from urban 

communities. This large, diverse population reduced the level of random variability in the 

survival estimates and allowed evaluation of differences in these estimates across an array of 

factors that might influence survival of infants with CHDs. Birth defect surveillance 

programs use varying methodologies to identify and confirm cases of birth defects, and the 

programs from which these data were drawn are those that employ active or partially active 

case ascertainment, which provide more accurate clinical diagnoses and the most complete 

prevalence estimates.34,58 Despite the increased accuracy gained by use of medical records, 

some misclassification of CHD types may occur; however, our approach of grouping the 7 

severe CHDs reduces the impact of misclassification.

A potential limitation of this study was the lack of information on pregnancies affected by a 

CHD that resulted in fetal deaths, especially those that were elective terminations. 

Socioeconomic and other barriers to prenatal care can result in differential prenatal 

diagnosis by race and SES.15,59 Consequently, more severe defects could be detected and 

terminated at higher rates among those with greater access to care, which would artificially 

inflate the true mortality risk of disadvantaged populations.60–62 Another limitation was that 

infants who moved out of state and died might be assumed to be alive; however, many states 

have interstate agreements to share information on infant deaths.
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Although birth defects are a leading cause of infant death, public health strategies to address 

the overall burden of infant deaths have largely been concentrated on other causes such as 

preterm delivery, sudden infant death syndrome, and injuries.63 This lack of attention might 

be in part the result of the inaccessibility of quality data or because mortality associated with 

birth defects is perceived as dependent primarily on surgical intervention. Yet a growing 

number of population-based studies of birth defects have identified unexplained racial and 

socioeconomic disparities, which represent opportunities for strategic and targeted 

interventions. Although previous survival studies of infants with birth defects focused 

primarily on clinical factors associated with early mortality, this study provides evidence 

that community measures of SES are potentially useful predictors of survival patterns in 

infants born with CHDs and are more strongly associated with survival than other 

established individual-level sociodemographic risk factors. This population-based study 

provides evidence suggesting that public health interventions such as home visitation 

programs and early intervention services might more effectively identify infants with the 

highest risk of infant death if integrated with information on residential communities.

Acknowledgments

We thank Gang Liu, MS, for his invaluable contribution of obtaining the census tract data for all states. We also 
thank the entire staff of the New York State Congenital Malformations Registry within the New York State 
Department of Health; Mark Canfield, PhD, and the entire staff of the Texas Birth Defects Registry within the 
Texas Department of State Health Services; Timothy Flood, MD, and the entire staff of the Arizona Birth Defects 
Monitoring Program within the Arizona Department of Health Services; and Leslie Beres and the entire staff of the 
Special Child Health Services Registry within the New Jersey Department of Health. Without these agencies, these 
data could not have been obtained.

References

1. Boneva RS, Botto LD, Moore CA, Yang Q, Correa A, Erickson JD. Mortality associated with 
congenital heart defects in the United States: trends and racial disparities, 1979–1997. Circulation. 
2001; 103(19):2376–2381. [PubMed: 11352887] 

2. Gilboa SM, Salemi JL, Nembhard WN, Fixler DE, Correa A. Mortality resulting from congenital 
heart disease among children and adults in the United States, 1999 to 2006. Circulation. 2010; 
122(22):2254–2263. [PubMed: 21098447] 

3. Yang Q, Chen H, Correa A, Devine O, Mathews TJ, Honein MA. Racial differences in infant 
mortality attributable to birth defects in the United States, 1989–2002. Birth Defects Res A Clin 
Mol Teratol. 2006; 76(10):706–713. [PubMed: 17022030] 

4. Broussard CS, Gilboa SM, Lee KA, Oster M, Petrini JR, Honein MA. Racial/ethnic differences in 
infant mortality attributable to birth defects by gestational age. Pediatrics. 2012; 130(3):e518–e527. 
[PubMed: 22908111] 

5. Ferencz, C.; Rubin, JD.; Loffredo, CA.; Magee, CM., editors. Epidemiology of Congenital Heart 
Disease. Futura Publishing Co; Mount Kisco, NY: 1993. Ventura HO, Mehra MR. Perspectives in 
Pediatric Cardiology. 4

6. Jenkins KJ, Newburger JW, Lock JE, Davis RB, Coffman GA, Iezzoni LI. In-hospital mortality for 
surgical repair of congenital heart defects: preliminary observations of variation by hospital 
caseload. Pediatrics. 1995; 95(3):323–330. [PubMed: 7862467] 

7. Miller A, Siffel C, Lu C, Riehle-Colarusso T, Frias JL, Correa A. Long-term survival of infants with 
atrioventricular septal defects. J Pediatr. 2010; 156(6):994–1000. [PubMed: 20227717] 

8. Kucik JE, Shin M, Siffel C, Marengo L, Correa A. Congenital Anomaly Multistate Prevalence and 
Survival Collaborative. Trends in survival among children with Down syndrome in 10 regions of 
the United States. Pediatrics. 2013; 131(1):e27–e36. [PubMed: 23248222] 

Kucik et al. Page 9

Am J Public Health. Author manuscript; available in PMC 2015 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9. Benavidez OJ, Gauvreau K, Jenkins KJ. Racial and ethnic disparities in mortality following 
congenital heart surgery. Pediatr Cardiol. 2006; 27(3):321–328. [PubMed: 16565899] 

10. Fixler DE, Nembhard WN, Xu P, Ethen MK, Canfield MA. Effect of acculturation and distance 
from cardiac center on congenital heart disease mortality. Pediatrics. 2012; 129(6):1118–1124. 
[PubMed: 22566422] 

11. Ingaramo OA, Khemani RG, Markovitz BP, Epstein D. Effect of race on the timing of the Glenn 
and Fontan procedures for single-ventricle congenital heart disease. Pediatr Crit Care Med. 2012; 
13(2):174–177. [PubMed: 21666532] 

12. Mah D, Singh TP, Thiagarajan RR, et al. Incidence and risk factors for mortality in infants 
awaiting heart transplantation in the USA. J Heart Lung Transplant. 2009; 28(12):1292–1298. 
[PubMed: 19782580] 

13. Nembhard WN, Pathak EB, Schocken DD. Racial/ethnic disparities in mortality related to 
congenital heart defects among children and adults in the United States. Ethn Dis. 2008; 18(4):
442–449. [PubMed: 19157248] 

14. Oster ME, Strickland MJ, Mahle WT. Racial and ethnic disparities in post-operative mortality 
following congenital heart surgery. J Pediatr. 2011; 159(2):222–226. [PubMed: 21414631] 

15. Peiris V, Singh TP, Tworetzky W, Chong EC, Gauvreau K, Brown DW. Association of 
socioeconomic position and medical insurance with fetal diagnosis of critical congenital heart 
disease. Circ Cardiovasc Qual Outcomes. 2009; 2(4):354–360. [PubMed: 20031861] 

16. Kucik JE, Cassell CH, Alverson CJ, et al. Role of health insurance on the survival of infants with 
congenital heart defects. Am J Public Health. 2014; 104(9):e62–e70. [PubMed: 25033158] 

17. Chang RK, Chen AY, Klitzner TS. Factors associated with age at operation for children with 
congenital heart disease. Pediatrics. 2000; 105(5):1073–1081. [PubMed: 10790465] 

18. DeMone JA, Gonzalez PC, Gauvreau K, Piercey GE, Jenkins KJ. Risk of death for Medicaid 
recipients undergoing congenital heart surgery. Pediatr Cardiol. 2003; 24(2):97–102. [PubMed: 
12360394] 

19. Erickson LC, Wise PH, Cook EF, Beiser A, Newburger JW. The impact of managed care insurance 
on use of lower-mortality hospitals by children undergoing cardiac surgery in California. 
Pediatrics. 2000; 105(6):1271–1278. [PubMed: 10835068] 

20. Perlstein MA, Goldberg SJ, Meaney FJ, Davis MF, Zwerdling Kluger C. Factors influencing age at 
referral of children with congenital heart disease. Arch Pediatr Adolesc Med. 1997; 151(9):892–
897. [PubMed: 9308866] 

21. Davidoff MJ, Petrini J, Damus K, Russell RB, Mattison D. Neural tube defect-specific infant 
mortality in the United States. Teratology. 2002; 66(suppl 1):S17–S22. [PubMed: 12239739] 

22. Mayer ML, Skinner AC, Slifkin RT, National Survey of Children With Special Health Care Needs. 
Unmet need for routine and specialty care: data from the National Survey of Children With 
Special Health Care Needs. Pediatrics. 2004; 113(2):e109–e115. [PubMed: 14754979] 

23. Carmichael SL, Ma C, Shaw GM. Socioeconomic measures, orofacial clefts, and conotruncal heart 
defects in California. Birth Defects Res A Clin Mol Teratol. 2009; 85(10):850–857. [PubMed: 
19645048] 

24. Carmichael SL, Nelson V, Shaw GM, Wasserman CR, Croen LA. Socio-economic status and risk 
of conotruncal heart defects and orofacial clefts. Paediatr Perinat Epidemiol. 2003; 17(3):264–271. 
[PubMed: 12839538] 

25. Kucik JE, Alverson CJ, Gilboa SM, Correa A. Racial/ethnic variations in the prevalence of 
selected major birth defects, metropolitan Atlanta, 1994–2005. Public Health Rep. 2012; 127(1):
52–61. [PubMed: 22298922] 

26. Meyer RE, Siega-Riz AM. Sociodemographic patterns in spina bifida birth prevalence trends—
North Carolina, 1995–1999. MMWR Recomm Rep. 2002; 51(RR-13):12–15. [PubMed: 
12353507] 

27. Vrijheid M, Dolk H, Stone D, Abramsky L, Alberman E, Scott JE. Socioeconomic inequalities in 
risk of congenital anomaly. Arch Dis Child. 2000; 82(5):349–352. [PubMed: 10799420] 

28. Wasserman CR, Shaw GM, Selvin S, Gould JB, Syme SL. Socioeconomic status, neighborhood 
social conditions, and neural tube defects. Am J Public Health. 1998; 88(11):1674–1680. 
[PubMed: 9807535] 

Kucik et al. Page 10

Am J Public Health. Author manuscript; available in PMC 2015 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



29. Mayer ML. Disparities in geographic access to pediatric subspecialty care. Matern Child Health J. 
2008; 12(5):624–632. [PubMed: 17879148] 

30. Sparks PJ, McLaughlin DK, Stokes CS. Differential neonatal and postneonatal infant mortality 
rates across US counties: the role of socioeconomic conditions and rurality. J Rural Health. 2009; 
25(4):332–341. [PubMed: 19780912] 

31. Berkman LF. Social epidemiology: social determinants of health in the United States: are we 
losing ground? Annu Rev Public Health. 2009; 30:27–41. [PubMed: 19705554] 

32. Diez Roux AV. Investigating neighborhood and area effects on health. Am J Public Health. 2001; 
91(11):1783–1789. [PubMed: 11684601] 

33. Krieger N. Epidemiology and the web of causation: has anyone seen the spider? Soc Sci Med. 
1994; 39(7):887–903. [PubMed: 7992123] 

34. Correa A, Cragan JD, Kucik JE, et al. Reporting birth defects surveillance data, 1968–2003. Birth 
Defects Res A Clin Mol Teratol. 2007; 79(2):65–186. [PubMed: 17278144] 

35. International Classification of Diseases, Ninth Revision, Clinical Modification. National Center for 
Health Statistics; Hyattsville, MD: 1980. DHHS publication PHS 80–1260

36. 2000 Census of Population and Housing, Summary File 3: Technical Documentation. US Census 
Bureau; Washington, DC: 2002. 

37. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc. 
1958; 53(282):457–481.

38. Greenwood M. The natural duration of cancer. Rep Public Health Med Subj (Lond). 1926; 33:1–
26.

39. Cox, DR.; Oakes, D. Analysis of Survival Data. Chapman & Hall; London, UK: 1984. 

40. Krieger, N.; Waterman, PD.; Chen, JT.; Rehkopf, DH.; Subramanian, SV. Geocoding and 
Monitoring US Socioeconomic Inequalities in Health: An Introduction to Using Area-Based 
Socioeconomic Measures. The Public Health Disparities Geocoding Project Monograph. Harvard 
School of Public Health; Boston, MA: 2004. 

41. Correa-Villasenor A, McCarter R, Downing J, Ferencz C, The Baltimore–Washington Infant Study 
Group. White–black differences in cardiovascular malformations in infancy and socioeconomic 
factors. Am J Epidemiol. 1991; 134(4):393–402. [PubMed: 1877600] 

42. Smith LK, Manktelow BN, Draper ES, Springett A, Field DJ. Nature of socioeconomic inequalities 
in neonatal mortality: population based study. BMJ. 2010; 341:c6654. [PubMed: 21127118] 

43. Wang C, Guttmann A, To T, Dick PT. Neighborhood income and health outcomes in infants: how 
do those with complex chronic conditions fare? Arch Pediatr Adolesc Med. 2009; 163(7):608–615. 
[PubMed: 19581543] 

44. Ko G, Shah P, Kovacs L, et al. Neighbourhood income level and outcomes of extremely preterm 
neonates: protection conferred by a universal health care system. Can J Public Health. 2012; 
103(6):e443–e447. [PubMed: 23618025] 

45. Root ED, Meyer RE, Emch M. Socioeconomic context and gastroschisis: exploring associations at 
various geographic scales. Soc Sci Med. 2011; 72(4):625–633. [PubMed: 21216059] 

46. Larson K, Halfon N. Family income gradients in the health and health care access of US children. 
Matern Child Health J. 2010; 14(3):332–342. [PubMed: 19499315] 

47. Berry JG, Cowley CG, Hoff CJ, Srivastava R. In-hospital mortality for children with hypoplastic 
left heart syndrome after stage I surgical palliation: teaching versus nonteaching hospitals. 
Pediatrics. 2006; 117(4):1307–1313. [PubMed: 16585328] 

48. Hirsch JC, Birkmeyer JD. Growing pains: the challenges of managing congenital heart disease 
after childhood. Circulation. 2008; 118(23):2321–2322. [PubMed: 19047589] 

49. Howell EA. Racial disparities in infant mortality: a quality of care perspective. Mt Sinai J Med. 
2008; 75(1):31–35. [PubMed: 18306240] 

50. Howell EA, Hebert P, Chatterjee S, Kleinman LC, Chassin MR. Black/white differences in very 
low birth weight neonatal mortality rates among New York City hospitals. Pediatrics. 2008; 
121(3):e407–e415. [PubMed: 18267978] 

Kucik et al. Page 11

Am J Public Health. Author manuscript; available in PMC 2015 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



51. Jenkins KJ, Newburger JW, Lock JE, Davis RB, Coffman G, Iezzoni LI. In-hospital mortality for 
surgical repair of congenital heart defects: preliminary observations of variation by hospital 
caseload. Pediatrics. 1995; 95(3):323–330. [PubMed: 7862467] 

52. Shaw RJ, Pickett KE. The health benefits of Hispanic communities for non-Hispanic mothers and 
infants: another Hispanic paradox. Am J Public Health. 2013; 103(6):1052–1057. [PubMed: 
23597369] 

53. Gonzalez PC, Gauvreau K, Demone JA, Piercey GE, Jenkins KJ. Regional racial and ethnic 
differences in mortality for congenital heart surgery in children may reflect unequal access to care. 
Pediatr Cardiol. 2003; 24(2):103–108. [PubMed: 12360393] 

54. Nembhard WN, Salemi JL, Ethen MK, Fixler DE, Dimaggio A, Canfield MA. Racial/ethnic 
disparities in risk of early childhood mortality among children with congenital heart defects. 
Pediatrics. 2011; 127(5):e1128–e1138. [PubMed: 21502234] 

55. Wang Y, Liu G, Druschel CM, Kirby RS. Maternal race/ethnicity and survival experience of 
children with congenital heart disease. J Pediatr. 2013; 163(5):1437–1442. [PubMed: 23932315] 

56. Krieger N, Chen JT, Waterman PD, Rehkopf DH, Subramanian SV. Painting a truer picture of US 
socioeconomic and racial/ethnic health inequalities: the Public Health Disparities Geocoding 
Project. Am J Public Health. 2005; 95(2):312–323. [PubMed: 15671470] 

57. Zlotnick C. Community- versus individual-level indicators to identify pediatric health care need. J 
Urban Health. 2007; 84(1):45–59. [PubMed: 17146711] 

58. Parker SE, Mai CT, Canfield MA, et al. Updated national birth prevalence estimates for selected 
birth defects in the United States, 2004–2006. Birth Defects Res A Clin Mol Teratol. 2010; 88(12):
1008–1016. [PubMed: 20878909] 

59. Kuppermann M, Learman LA, Gates E, et al. Beyond race or ethnicity and socioeconomic status: 
predictors of prenatal testing for Down syndrome. Obstet Gynecol. 2006; 107(5):1087–1097. 
[PubMed: 16648415] 

60. Allan LD. The outcome of fetal congenital heart disease. Semin Perinatol. 2000; 24(5):380–384. 
[PubMed: 11071379] 

61. Boldt T, Andersson S, Eronen M. Outcome of structural heart disease diagnosed in utero. Scand 
Cardiovasc J. 2002; 36(2):73–79. [PubMed: 12028868] 

62. Fesslova V, Nava S, Villa L, Fetal Cardiology Study Group of the Italian Society of Pediatric 
Cardiology. Evolution and long term outcome in cases with fetal diagnosis of congenital heart 
disease: Italian multicentre study. Heart. 1999; 82(5):594–599. [PubMed: 10525516] 

63. Centers for Disease Control and Prevention. CDC Grand Rounds: public health approaches to 
reducing US infant mortality. MMWR Morb Mortal Wkly Rep. 2013; 62(31):625–628. [PubMed: 
23925172] 

Kucik et al. Page 12

Am J Public Health. Author manuscript; available in PMC 2015 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. One-year survival probabilities for infants born with congenital heart defect, by 
number of census tract–level indicators (n = 11) of socioeconomic status (SES) in the most 
disadvantaged decile: Arizona, New Jersey, New York, and Texas birth defects surveillance 
programs, 1999–2007
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FIGURE 2. Interaction between census tract–level and individual-level variables on 1-year 
survival of infants with congenital heart defect by (a) education level and (b) ethnicity: Arizona, 
New Jersey, New York, and Texas birth defect surveillance programs, 1999–2007
Note. Individual-level variables are level of education and ethnicity. Census tract–level 

variables are most and least advantages deciles.
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TABLE 2
Adjusted Hazard Ratios for Infant Death for Census Tract–Level Indicators of 
Socioeconomic Status: Arizona, New Jersey, New York, and Texas Birth Defect 
Surveillance Programs, 1999–2007

Variable
Neonatal,

AHR (95% CI)
Postneonatal,

AHR (95% CI)
Infant, AHR

(95% CI)

Per capita income 1.39 (0.93, 2.07) 1.61 (1.05, 2.47) 1.49 (1.11, 1.99)

Birth weight, g

 <2500 1.37 (0.74, 2.57) 1.13 (0.58, 2.21) 1.28 (0.81, 2.01)

 ≥ 2500 1.35 (0.79, 2.28) 2.06 (1.18, 3.57) 1.65 (1.13, 2.42)

Poverty
a 1.43 (1.00, 2.06) 1.62 (1.06, 2.47) 1.51 (1.15, 2.00)

Education
b 1.34 (0.93, 1.92) 1.72 (1.18, 2.51) 1.51 (1.16, 1.96)

Operator/laborer occupation
c 1.53 (1.06, 2.21) 1.54 (1.04, 2.28) 1.54 (1.17, 2.01)

 Non-Hispanic White 2.09 (1.23, 3.54) 1.45 (0.81, 2.60) 1.78 (1.21, 2.63)

 Non-Hispanic Black 0.75 (0.27, 2.15) 0.73 (0.27, 2.00) 0.73 (0.36, 1.51)

 Hispanic 1.44 (0.66, 3.18) 3.08 (1.11, 8.52) 2.03 (1.09, 3.77)

Non-English speaking
d 1.05 (0.78, 1.41) 1.23 (0.89, 1.71) 1.13 (0.91, 1.40)

 Maternal age < 25 y 1.10 (0.67, 1.80) 1.16 (0.69, 1.94) 1.12 (0.78, 1.59)

 Maternal age 25-34 y 0.81 (0.56, 1.32) 1.00 (0.62, 1.62) 0.91 (0.66, 1.26)

 Maternal age ≥ 35 y 1.83 (0.91, 3.68) 3.20 (1.38, 7.39) 2.28 (1.34, 3.87)

Residential crowding
e 1.33 (0.86, 2.01) 1.46 (0.96, 2.22) 1.39 (1.04, 1.86)

 Non-Hispanic White 0.72 (0.38, 1.35) 1.38 (0.72, 2.64) 0.99 (0.63, 1.54)

 Non-Hispanic Black 2.43 (0.44, 13.33) 1.16 (0.38, 3.55) 1.42 (0.56, 3.60)

 Hispanic 3.99 (0.97, 16.56) 4.42 (1.07, 18.25) 4.24 (1.56, 11.54)

Foreign-born 1.28 (0.93, 1.78) 1.11 (0.76, 1.63) 1.20 (0.94, 1.54)

 Maternal age < 25 y 1.28 (0.74, 2.21) 0.91 (0.50, 1.63) 1.09 (0.73, 1.62)

 Maternal age 25-34 y 1.20 (0.75, 1.94) 0.84 (0.48, 1.56) 1.05 (0.72, 1.53)

 Maternal age ≥ 35 y 2.22 (0.97, 5.04) 4.24 (1.62, 11.12) 2.75 (1.50, 5.06)

Unemployed
f 1.37 (0.86, 1.22) 0.90 (0.62, 1.30) 1.10 (0.85, 1.44)

Rental units
g 1.17 (0.76, 1.79) 1.14 (0.72, 1.79) 1.15 (0.84, 1.57)

Proportion Black 1.05 (0.74, 1.49) 0.95 (0.66, 1.38) 1.00 (0.78, 1.29)

Proportion Hispanic 1.07 (0.78, 1.49) 1.44 (0.99, 2.10) 1.22 (0.95, 1.55)

No. of indicators in most disadvantaged decile

 0 (Ref) 1.00 1.00 1.00

 1 1.24 (1.04, 1.48) 0.94 (0.78, 1.15) 1.10 (0.97, 1.26)

 2–4 1.33 (1.08, 1.63) 1.00 (0.80, 1.25) 1.15 (0.99, 1.34)

 ≥5 1.36 (1.11, 1.68) 1.17 (0.95, 1.45) 1.25 (1.08, 1.45)

Note. AHR = adjusted hazard ratio; CI = confidence interval. Models compared lowest decile (most disadvantaged) to highest decile (least 
disadvantaged). Models were created separately for each community-level indicator and adjusted for birth weight, sex, maternal age, maternal 
nativity, maternal education, parity, state, and birth period. Stratified adjusted hazard ratios are presented when there was statistically significant 
interaction between the census tract indicator and an individual-level covariate.
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a
Proportion of the noninstitutionalized population living below the federal poverty level.

b
Proportion of the population aged 18 years or older who did not graduate from high school.

c
Proportion of population aged 16 years or older who had operator/laborer occupations.

d
Proportion who spoke a language other than English at home.

e
Proportion of all occupied housing units with more than 1.0 persons per room.

f
Proportion of population aged 16 years or older who were not employed.

g
Proportion of all occupied housing units that were renter occupied.
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