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Abstract

Background: The impact of socioeconomic status (SES) on congenital heart disease (CHD) 

related mortality in children is not well established. 

Objectives: We aimed to systematically review and appraise the existing evidence on the 

association between SES (including poverty, parental education, health insurance, income) and 

mortality among children with CHD.

Data sources: Seven electronic databases (Medline, Embase, Scopus, PsycINFO, CINAHL, 

ProQuest Natural and Biological Science Collections), reference lists, citations and key journals 

were searched. 

Study selection and data extraction: We included articles reporting original research on the 

association between SES and mortality in children with CHD if they were full papers published 

in the English language and regardless of 1) timing of mortality, 2) individual or area-based 

measures of SES, 3) CHD subtype; 4) age at ascertainment; 5) study period examined. 

Screening for eligibility, data extraction and quality appraisal were performed in duplicate. 

Synthesis: Meta-analyses was performed to estimate pooled ORs for in-hospital mortality 

according to health insurance status.

Results: Of 1 388 identified articles, 28 met the inclusion criteria. Increased area-based poverty 

was associated with increased odds/risk of post-operative (n=1), neonatal (n=1), post-discharge 

(n=1), infant (n=1) and long-term mortality (n=2). Higher parental education was associated 

with decreased odds/risk of neonatal (n=1) and infant mortality (n=5), but not with long-term 

mortality (n=1). A meta-analysis of four US articles showed increased unadjusted odds of in-

hospital mortality in those with government/public versus private health insurance (OR=1.40, 

95% CI: 1.24, 1.56). The association between area-based income and CHD-related mortality 

was conflicting, with three of eight articles reporting significant associations.
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Conclusions: This systematic review provides evidence that children of lower SES are at 

increased risk of CHD-related mortality. As these children are over-represented in the CHD 

population, interventions targeting socioeconomic inequalities could have a large impact on 

improving CHD survival.
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1   BACKGROUND

The World Economic Forum considers widening global income inequality as the second most 

significant trend of worldwide concern.1 Socioeconomic inequalities in health are established 

in all developed countries and have persisted over time.2 Socioeconomic status (SES) affects 

many aspects of health, influencing the risk of morbidity, mental health, disability free life-

years and life expectancy.3-5 Socioeconomic inequalities in health are estimated to cost $1.02 

trillion in the US and £980 billion in the European Union.6,7 

Congenital heart disease (CHD) is the most common group of congenital anomalies, 

affecting almost 1% of births.8,9 In western populations infant mortality is around 13%, but as 

high as 83% for subtypes such as hypoplastic left heart (HLH).10 Access and uptake of care are 

potentially important predictors of CHD survival, and may be influenced by SES.11,12 However, 

the overall association between SES and CHD-related mortality is rarely the focus of existing 

research, often being analysed as a secondary exposure or included only as potential 

confounding factor. Given that children of lower SES are over-represented amongst the CHD 

population,8,13 reducing socioeconomic inequalities in CHD-related treatment and care could 

have a large impact on survival. Summarising the existing evidence will build the foundation 

for future strategies to reduce CHD-related mortality in infants and children, which was 

specifically outlined as a US public health priority by Healthy People 2020.14 

The aim of this systematic review was to identify, summarise and appraise existing 

evidence on the association between SES and mortality among children with CHD.

Page 4 of 46Paediatric and Perinatal Epidemiology



For Review Only

5

2   METHODS

2.1   Search strategy

A comprehensive search strategy using the PICOS process15 was developed for the following 

databases from their inceptions until 8th January 2018: Medline, Embase, Scopus, PsycINFO, 

CINAHL, ProQuest Natural and Biological Science Collections. Each database was searched 

using key words (e.g. “socioeconomic” or “income”) and subject headings (e.g. exp Social 

Class/ and exp congenital heart disease/). Search terms are available in the supplementary 

materials. The titles and abstracts of identified citations were screened according to the 

inclusion criteria, and the eligible full articles were reviewed.

Key journals including Circulation, Congenital Heart Disease, Heart and Journal of the 

American Heart Association were searched using basic key words (e.g. “socioeconomic” and 

“congenital heart”). Citation searching of the reference lists and citing articles (via Google 

Scholar) of the included articles was performed to identify additional relevant articles. 

KEB conducted all searches and screened the titles and abstracts of all the identified 

citations, and other authors each screened a 10% sample of the citations. Any discrepancies 

(n=3) in the included studies were discussed amongst all authors and agreement reached. This 

systematic review has been registered on the PROSPERO database (CRD42017054493).

2.2   Eligibility Criteria

Articles reporting original research on the association between SES and mortality in children 

with CHD were included: 1) regardless of the timing of mortality; 2) regardless of individual 

(e.g. paternal/maternal education) or area-based measures (i.e. based on post or zip-codes of 

residence, e.g. poverty level) of SES; 3) irrespective of the CHD subtype; 4) regardless of age 

at ascertainment; 5) if they were full papers published in the English language; 6) regardless of 

the study period examined.
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Where articles were based on the same population and both articles reported the same 

outcomes (e.g. in-hospital mortality) and exposures (e.g. income), only the largest or most 

recent was included.

2.3   Data extraction

Information on the following study characteristics was extracted: study location, study period, 

type of mortality (e.g. in-hospital, post-operative), overall mortality rate, data sources (e.g. 

congenital anomaly register), type of SES (e.g poverty, income), measure of SES (e.g. census-

block score), CHD subtypes (e.g. all subtypes, HLH). Health insurance was categorised as 

private, public (e.g. “Medicaid”), managed or other, (see Table 2 footnotes for article-specific 

definitions). Adjusted and unadjusted Odds Ratios (ORs), and Hazard Ratios (HRs) were 

extracted with their corresponding 95% confidence intervals (CIs) according to level of SES. 

Where they were not reported, crude ORs were estimated from frequencies. However, ORs 

were not calculated when mortality occurred after infancy as this would not sufficiently allow 

for case censorship (i.e. for cases with incomplete survival information). Authors were 

contacted if it was not possible to extract or estimate ORs, or if further information was required 

(n=6). All data were extracted by KEB and the articles were divided for additional independent 

data extraction by each of the co-authors. Data were entered into piloted data extraction forms.

2.4   Statistical analysis

Where three or more articles reported ORs for a specific combination of exposure and outcome 

(e.g. insurance status and in-hospital mortality), meta-analysis was performed. Random effects 

were incorporated using the inverse variance method to better account for heterogeneity 

between studies.16 Heterogeneity between all studies was quantified using the I2 statistic, where 

I2>50% indicates significant heterogeneity.17 Unadjusted and adjusted ORs were included 
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separately in any meta-analyses. Where it was not possible to pool ORs in a meta-analysis, the 

data were summarised narratively.

2.5   Quality appraisal

The Critical Appraisal Skills Programme (CASP) checklist for observational studies was used 

to assess the quality of the included studies,18 although papers were not excluded based on these 

criteria. The CASP checklist consists of eight appraisal tools that are designed to be applied 

when reading and appraising research. The checklist includes questions on whether: the 

research is clearly focused, the cohort was recruited in an acceptable manner (e.g. no selection 

bias), the exposure was accurately measured, confounding factors were accounted for, the 

results are precise and believable, the results are applicable to the local population, the results 

fit with other studies, and there are implications for practice.

3   RESULTS

3.1  Search results

The literature search of electronic databases identified a total of 1 959 citations resulting in 1 

388 citations after the removal of 571 duplicates (Figure 1). The screening of titles and abstracts 

of 1 388 citations revealed 97 articles eligible for full text review. After further exclusion of 67 

articles (see reasons in Figure 1) and inclusion of articles identified in the reference lists of the 

included articles (n=1) or their citations (n=5), 36 articles met the inclusion criteria. Eight 

further articles were excluded because they were based on the same populations, leaving 28 

articles for data extraction and analysis. 

3.2  Characteristics of included studies
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The following types of mortality were analysed: in-hospital (n=10),19-28 infant (≤1 year, 

n=6),21,29-33 neonatal (<28 days, n=2),34,35 post-operative (n=2),36,37 post-discharge (n=3),24,25,38 

intra-stage (n=2)39,40 and long-term (>1 year, n=6)41-46 (see Table 1 for study-specific 

definitions). Four measures of SES were reported in the included studies: area-based poverty 

(n=13),21,29,30,32,35-41,43,44 parental (maternal29,31,34,42,45,46 or paternal33) or area-based32,43 

education (n=9), individual health insurance status (n=8),20,23-29 and area-based income 

(n=8).19,22,24,25,28,29,32,43 The definitions for SES measures used in individual studies are given in 

Table 2. The included articles were based on US (n=22),19,20,22-35,37,39,40,44-46 UK (n=5)21,36,38,41,43 

and Panama (n=1)42 populations. Most articles included all CHD subtypes combined (n=21),19-

29,31-33,36,38,41-43,45,46 with the rest including cases of HLH or single ventricle (SV) defects 

(n=5),30,35,37,39,40 atrioventricular septal defect (AVSD, n=1),44 and a composite group of 

“critical” subtypes (n=1).34 Cases were ascertained from congenital anomaly registers (n=11), 

29-35,41,44-46 the Kids Inpatient Database (KIDS, n=4),22,23,27,28 the SV Reconstruction (SVR) trial 

(n=2),37,39 clinical databases (n=2),21,38 the Pediatric Health Information system (n=2),19,20 

medical records or hospital discharges (n=7).24-26,36,40,42,43 Many articles ascertained cases post-

operatively (n=17),19-28,30,36-40 with these tending to ascertain cases from medical records. All 

but one article ascertained cases in childhood.43 Articles were published between 199933 and 

2019,21 28,36whilst cases were ascertained between 197935and 2015.19,20,36

3.3   Association between SES measures and CHD-related mortality

3.3.1  Area-based poverty

Four of five articles that considered all CHD subtypes combined 32,36,38,41,43 reported significant 

associations between area-based poverty and post-operative,36 neonatal,32 post-discharge,38 

infant,32 and long-term mortality41,43 (Table 2). The five UK studies21,36,38,41,43 measured poverty 

using the English Index of Multiple Deprivation (IMD), a measure based on seven domains: 
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income, employment, health and disability, education, crime, barriers to housing and services 

and living environment, which is assigned based on postcode.47 Both articles that analysed IMD 

as a continuous variable reported significant positive associations between poverty level and 

mortality (OR=1.0636 and OR=1.1343). Two articles that analysed IMD as a categorical variable 

(quintiles38 and tertiles41) reported significant differences in long-term and post-operative 

mortality but between the most and least deprived categories only (HR=1.2241 and OR=1.7238). 

However one UK article reported no significant association between infant mortality and IMD 

quintile. The US article measured poverty using census-based score, assigned based on census 

block tract and derived from six measures: income, housing and occupational factors.32 This 

article compared only the most versus least deprived decile finding statistically significant 

associations with neonatal, post-neonatal (after one month of age) and infant mortality (ORs= 

1.48, 1.67 and 1.61, respectively).32 Articles that reported ORs and HRs estimated from 

multivariable models generally reported slightly attenuated effect sizes (Table 2). 

Six articles examined the association between poverty and mortality among cases of HLH 

or HLH and SV phenotypes.29,30,35,37,39,40 Significant associations were reported between 

poverty and one year post-operative mortality37 and intra-stage mortality.39,40 While the risk of 

infant mortality was significantly increased for cases of HLH (OR=1.84), there was no 

significant association reported in another article for cases of critical univentricular CHD 

(p=0.76)30 (Table 2). All of these articles were based on US populations and therefore measured 

poverty using US census-based scores. Two articles showed an increased odds of neonatal 

mortality in cases of HLH in those born in census block areas with <20% vs ≥20% of residents 

in poverty (ORs=1.6430 and 1.2135), although neither reached statistical significance. A further 

article showed no evidence of an association between late phase HLH mortality and census-

based poverty, despite showing an early-phase association.37 One article examined AVSD only, 

identifying monotonically increasing long-term mortality rates with increasing poverty levels, 
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but this was not statistically significant (p=0.51).44 Lastly, one article reported mortality rates 

for cases of critical biventricular and non-critical biventricular CHD; with a borderline 

significant association between infant mortality and area-based poverty being observed only for 

critical biventricular CHD (p=0.05 and 0.42, respectively).

3.3.2   Parental or area-based education

Articles that analysed all CHD subtypes combined reported significant associations between 

parental education with neonatal32 and infant mortality, 29,31-33,42 but not with long-term 

mortality43 (Table 2). One of those articles measured area-based education using the census 

score, reporting a stronger effect with infant mortality than in neonatal mortality (OR=1.75 vs 

1.49).32 Another article measured area-based education using the IMD, finding no significant 

effect with long-term mortality on the continuous scale.43 The remaining articles measured 

individual-level parental education (maternal: n=329,31,42 and paternal: n=133); all using different 

categorisations. Three of these articles reported significant effects in each category 31,33,42 and 

one reported significant effects for biventricular CHD but not for univentricular CHD, which 

had a smaller sample size.29 An additional article reported decreasing mortality rates with 

increasing years of maternal education (<12, 12 and >12 years: 9.7%, 9.6% and 8.1%, 

respectively) but did not conduct a formal hypothesis test.45 One article that analysed “critical” 

CHD reported no association between (individual-level) maternal education and neonatal 

mortality.34 Another article reported no significant associations between maternal education 

and long-term mortality in cases of transposition of the great arteries, tetralogy of Fallot, HLH 

and coarctation of aorta, but the HRs provided were adjusted for mediators of the association 

(maternal age and birth weight for gestational age) which likely blocked the total effect of SES 

on mortality.46 Indeed, log-rank tests showed significant differences in survival according to 

years of maternal education for transposition of the great arteries (p=0.002), and coarctation of 

aorta (p=0.046), but not for HLH (p=0.089) or tetralogy of Fallot (p=0.379).
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3.3.3 Health insurance status

The unadjusted odds of in-hospital mortality were significantly greater with public compared 

to private health insurance in four articles,20,25,26,28 although in one of these articles a significant 

effect was reported in neonatal but not post-neonatal mortality.28 Pooling the ORs from these 

four articles, a meta-analysis showed a 40% significant increased odds of in-hospital mortality 

in those with government/ public compared to private health insurance (OR=1.40, 95% CI 1.24, 

1.56) (Figure 2), with variation between the studies being low/medium (I2=37.8%). After 

controlling for demographic and clinical factors, two20,27 of three 20,23,27articles reported 

significant increased odds of in-hospital mortality}  Pooling the adjusted ORs in a meta-analysis 

there was a 13% increased odds of in-hospital mortality (OR=1.13, 95% CI: 0.98, 1.28; 

I2=60.0%), which did not quite reach statistical significance.

With the exception of one article,25 there were no significant associations (adjusted or 

unadjusted) between in-hospital mortality and “other” versus private health insurance.23,26-28 

But, pooling the unadjusted ORs in a meta-analysis, there was a 48% significant increased odds 

of in-hospital mortality in “other” versus private health insurance (OR=1.48, 95% CI 1.19, 1.77; 

I2=5.2%).25,26,28

One article reported a significant increased odds of infant mortality in those insured with 

Medicaid versus those not insured with Medicaid (OR=1.16, 95% CI:1.03, 1.3), although the 

effect was not observed in cases of critical univentricular CHD (OR=1.00, 95% CI:0.72, 1.41).29 

Additionally there was no effect once the analysis was controlled for maternal age, maternal 

education, maternal race and/ or ethnicity, marital status. One article reported no significant 

associations between type of health insurance status and post-discharge mortality.24
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3.3.4   Area-based income

Two articles reported decreasing in-hospital mortality rates with increasing area-based income: 

one reported significant increased odds associated with area-based incomes of ≤$32 808, $32 

808– 41 437, $41 437– 53 982 versus >$53 982 (ORs= 1.57, 1.37, 1.29, respectively)19 while 

the other reported a significant increased odds associated with area-based income of <$20k 

versus >$60k (OR=1.64) only.25 Two articles reported no association between income and in-

hospital mortality.22,28 One article reported significant increased odds of neonatal and infant 

mortality (OR=1.41 and 1.78, respectively) in those living in areas associated with the most 

versus least disadvantaged decile of income.32 While another article reported decreasing infant 

mortality rates over increasing categories of income for cases of critical CHD, there were no 

statistically significant associations reported.29 The same article reported similar findings for 

non-critical CHD, but the mortality rate was greatest in the highest income category (7.4%).29 

In one article, ORs for post-discharge mortality decreased monotonically as income increased, 

but comparing even the lowest income category to the highest was not statistically significant.24 

One article examined survival five years after clinic appointments in adults in London, finding 

a non-significant decrease in mortality as income z-score increased.43

3.4   Quality assessment

All included articles addressed clearly focussed issues. Cohorts were always recruited in an 

acceptable way, generally using hospital records or congenital anomaly register data. These 

data sources were also used to accurately ascertain information on the exposure (SES). National 

death registrations and hospital records were used to adequately ascertain deaths in the included 

studies. Four articles that adjusted for ethnicity/nativity were deemed to satisfy the CASP’s 

criteria for accounting for important confounding factors. Studies that adjusted for variables 

such as CHD severity, extra-cardiac anomalies, and gestational age at delivery were not deemed 
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to satisfy these criteria as these are mediators not confounders. All studies had adequately 

complete follow-up and appropriate follow-up times for the type of exposure (e.g. in-hospital 

mortality). Three articles did not report 95% CIs and so it was not possible to assess the 

precision of their effect estimates.22,44,45 The remaining studies had acceptable levels of 

precision, although three articles had wider 95% CIs than other studies due to the relative rarity 

of their outcomes of interest (Table 1).24,38,39

4   COMMENT

4.1   Main findings

This systematic review and meta-analysis identified 28 articles that reported the association 

between SES and CHD-related mortality. There was consistent evidence that higher levels of 

area-based poverty, lower levels of parental/area-based education and public as opposed to 

private health insurance were associated with an increased risk of CHD-related mortality. The 

evidence regarding the association between area-based income and CHD-related mortality was 

less consistent. Socioeconomic inequalities were found in: post-operative, in-hospital, intra-

operative, neonatal, post-discharge, infant and long-term mortality, although there was some 

indication that there was a stronger effect in early versus later phase mortality. This systematic 

review will build the foundation for future strategies to reduce CHD-related mortality in infants 

and children, addressing public health strategic plans to tackle health inequalities, including a 

Strategic Review of Health inequalities in England3 and an US public health priority by Healthy 

People 2020.14 

4.2   Interpretation

Socioeconomic inequalities in CHD-related mortality were found in: overall, in-hospital, intra-

stage and post-discharge mortality which suggests that there are several potential mechanisms. 

Differences in case mix between the most versus least deprived are one possible mechanism. 

Page 13 of 46 Paediatric and Perinatal Epidemiology



For Review Only

14

In some populations, prenatal diagnosis of CHD is less common in those living in higher 

poverty.48 This may affect case mix if severe cases are undiagnosed and therefore more likely 

to continue to term in those of lower compared to higher SES. Moreover, there is some evidence 

that UK women of lower SES are less likely to terminate a pregnancy after a prenatal diagnosis 

of a congenital anomaly.49 However, in a recent French cohort, there was little evidence of an 

association between maternal occupation and prenatal diagnosis or termination of pregnancy 

following a prenatal diagnosis of CHD. 50 Additionally, several of the included articles reported 

socioeconomic inequalities in CHD-related mortality for single CHD subtypes, which suggests 

the associations existed independently of case mix.30,37

Two articles reported stronger effect sizes in infant compared to neonatal mortality, which 

may suggest that socioeconomic inequalities in CHD survival increase with child’s age.30,32 

This may indicate that there is a larger deprivation gap in post-discharge mortality, given that 

most operations occur within infancy.12 However, Peterson et al (2017) reported a slightly 

smaller effect size in post-neonates versus neonates and Twedell et al (2012) reported an effect 

in early but not late phase mortality.37 Two articles reported smaller effect sizes in their 

association between maternal education and long-term mortality, than in the other studies that 

examined early-life mortality.45,46 The lack of consensus indicates a need for more research to 

pinpoint exactly where on the care pathway socioeconomic inequalities in CHD-related 

mortality occur.

Due to delays in seeking treatment and being referred to pediatric cardiology, children 

with CHD on Medicaid are more likely to experience delayed diagnosis and treatment,11,12 

which may increase the risk of emergency as opposed to elective admission, and therefore the 

risk of in-hospital mortality. It is not clear whether these mechanisms (delays in diagnosis and 

treatment) are related to insurance status specifically, or another domain of SES captured by 

the insurance status variable. Given that inequalities in mortality were also observed in two UK 
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studies, where universal access to healthcare is enabled via the National Health Service, and 

with other proxies of SES, the association may not to be solely related to the insurance status.

Loss to follow-up or non-attendance at clinics increases the risk of mortality in adults 

with CHD,43 and occurs more commonly in those of lower SES.43 There is less research 

regarding attendance at clinics for CHD in childhood, although research in Canada suggests 

loss to follow-up increases with age.51 Failure to attend follow-up and clinical appointments 

could therefore drive inequalities in post-discharge and longer-term mortality. Further research 

investigating why children with CHD get lost in follow-up is necessary in order to develop 

interventions to improve follow-up, which is potentially one of few modifiable risk factors for 

mortality. The majority of studies included in this review examined early outcomes in children 

with CHD, but there is an emerging population of adults with CHD. Socioeconomic inequalities 

in CHD-related mortality need to be further investigated in adults. 

4.3   Strengths of the review

A major strength of this systematic review was the use of a rigorous search strategy to identify 

relevant articles. The search strategy was developed and pre-tested using Medline, refined and 

retested until the authors were confident that it was appropriately inclusive. We also searched 

the reference lists of all included articles, articles that had cited the included article and core 

journals in the field, which is proven to increase the ascertainment of relevant articles.52 A 

sample of citations was screened by all authors to ensure consistency in study inclusion. All 

data was double extracted to ensure accuracy in the reported results. Authors were contacted 

where more information was required during data extraction. Four measures of SES (regardless 

of variable categorisation), six types of mortality and any combination of CHD subtypes were 

included in order to incorporate all available evidence. We also used an established quality 

assessment tool as part of the critical appraisal process.
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4.4   Limitations of the review

There were several limitations in this systematic review resulting from limitations in the 

available evidence. With one exception, all studies were performed in high income western 

countries (22/28 in the USA), meaning the findings are not likely to be generalizable to lower-

income populations. The associations between CHD-related mortality and health insurance and 

maternal education in particular may not directly apply to non-US populations with different 

health services and education systems. However, these variables act as proxy measures of SES, 

representing several domains, and are still meaningful when investigating socioeconomic 

inequalities.

Despite relatively large sample sizes, the power of some studies to identify a significant 

association was decreased due to the relative rarity of specific types of mortality. Furthermore, 

CHD among live births are over-represented in more deprived groups,8,13 which means that the 

comparison group can consist of lower numbers, again reducing power. Additional meta-

analyses for poverty levels, parental education and area-based income may have increased the 

power and detected significant associations. However, it was not possible to perform because 

the categorisations of these exposure variables were not directly comparable between studies. 

The included articles used area-based as opposed to individual-based measures of poverty 

and income, which can result in ecological fallacy; the area-based measures assume that all 

individuals living in a small area (approximately 1500 people) have the same level of 

deprivation, but in reality, variation in deprivation exists even in small areas. Additionally, more 

rural areas with combinations of high and low levels of deprivation may be coded as mid-

ranking deprivation, which is then unrepresentative of the majority of individuals within that 

area.53 Articles that used individual-level measures of SES (education and insurance status) had 

more consistent findings than studies investigating area-level income as an exposure. Although 

poverty was also measured on the area level, the reviewed studies tended to compare only the 
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most and least deprived (e.g. <20% vs ≥20% in poverty) which perhaps resulted in fewer 

misclassifications compared to the studies on income, which used multiple categories. We 

cannot rule out however, that area-based income is a less important factor in socioeconomic 

inequalities in CHD survival.

5   CONCLUSIONS

This systematic review provides evidence of socioeconomic inequalities in CHD-related 

mortality. Higher degree of poverty, lower level of parental education and public as opposed to 

private health insurance were associated with an increased the risk of CHD-related mortality. 

Given that individuals of lower SES are over-represented amongst those with CHD, it is 

important to understand why these inequalities occur in order to develop evidence-based 

interventions to target the deprivation gap. Further research is also required to pinpoint exactly 

when in the care pathway socioeconomic inequalities in CHD-related mortality occur. 

Ultimately, this may reduce CHD-related mortality and decrease health care costs.
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Figure legends

FIGURE 1 PRISMA Flow diagram of study selection

FIGURE 2 Forest plot showing association between public vs private health insurance and in-

hospital mortality

FIGURE 3 Forest plot showing association between “other” vs private health insurance and 

in-hospital mortality.
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eTable 1 Search strategy
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TABLE 1 Description of included articles

Author Study location Study period Deaths/ 
Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

Anderson 
et al 201819

27 US states Cardiac 
procedures 
between 2005 
and 2015

2933/86 
104 (3.4%)

In-hospital Surgical cases only 
(cardiac 
transplantation 
excluded)

All CHD subtypes

Cases aged ≤18 years

Pediatric Health 
Information 
System database 
and the US 
Census Bureau

Income ORs unadjusted and 
adjusted for age 
category, sex, 
prematurity, other 
comorbid chronic 
condition, RACHS-1 
category, hospital, 
patient, year, race, 
payer, state, and urban 
designation.

Benavidez 
et al 200622

19 states in USA 
(AZ, CA, CO, CT, 
FL, HI, KS, MA, 
MD, MO, NJ, NY, 
PA, SC, TN, TX, 
UT, VA, and WI)

Hospital 
discharges in 
2000

348/8483 
(4.1%)

In-hospital Surgical cases only

All CHD subtypes

Cases aged ≤18 years

Kids Inpatient 
Database

Income ORs unadjusted and 
adjusted for (RACHS-
1) risk category, age 
category, prematurity, 
non-cardiac structural 
anomalies, and 
multiple cardiac 
procedure.
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Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

Benavidez 
et al 200723 

19 states in USA 
(AZ, CA, CO, CT, 
FL, HI, KS, MA, 
MD, MO, NJ, NY, 
PA, SC, TN, TX, 
UT, VA, and WI)

Hospital 
discharges in 
2000

416/10 032 
(4.1%)

In-hospital Surgical cases only

All CHD subtypes

Cases aged ≤18 years

Kids Inpatient 
Database

Health insurance OR adjusted for 
RACHS-1, gender, 
race and volume.

Best et al 
201741

North of England Births between 
1985-2003

652/5070 Long-term 
(before 
2008)

All cases

All CHD subtypes

Northern 
Congenital 
Abnormality 
Survey 

Poverty (Index 
of Multiple 
Deprivation)

HRs unadjusted and 
adjusted for year of 
birth, gestational age 
at delivery, birth 
weight, extra-cardiac 
anomalies, maternal 
age at delivery, sex, 
plurality, CHD 
severity.

Castro et al 
201642

Panama, Central 
America

Cases born 
between 2010 
and 2014

284/954 
(29.8%)

Long-term 
(up to age 
five)

All cases

All CHD subtypes

Medical records

National 
database of 
mortality 

Maternal 
education

OR unadjusted and 
adjusted for ethnicity, 
maternal age, delivery 
institution type, Non-
cardiac anomalies, 
severity of defect.
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Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

Chan et al 
201527

USA Hospital 
discharges in 
2003, 2006 or 
2009

1147/38801 
(3.0%)

In-hospital Surgical cases only

All CHD subtypes

Cases ≤18 years old

Kids Inpatient 
Database

Health insurance OR adjusted for sex, 
age category, surgical 
complexity, 
prematurity, non-
cardiac structural 
defects, emergent 
admission, and year.

Chan et al 
201820

27 US states Cardiac 
procedures 
between 2004 
and 2015

4254/ 
130,860 
(3.3%)

In-hospital Surgical cases only 

All CHD subtypes

Cases aged ≤18 years

Pediatric Health 
Information 
System database 
and the US 
Census Bureau

Health insurance ORs unadjusted and 
adjusted for sex, age, 
surgical complexity, 
surgical era, 
prematurity, complex 
chronic conditions, 
hospital surgical 
volume, preoperative 
mechanical ventilation 
and medications, and 
pre- and postoperative 
cardiopulmonary 
resuscitation

Chang et al 
200624

California, USA Hospital 
discharge data 
between 1989 
and 1999

148/23 897 
(0.6%)

In-hospital, 
Post-
discharge 
(within 1 
year) 

Surgical cases only

All CHD subtypes

Cases ≤18 years old

State-wide 
hospital 
discharge data 

Death 
registration data

Income, health 
insurance

OR unadjusted
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Author Study location Study period Deaths/ 
Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

Crowe et al 
201638

England & Wales Cardiac 
procedures 
between 2005 
and 2010

246/7643 
(3.2%)

Post 
discharge 
(within 1 
year)

Surgical cases only

All CHD subtype

National 
Congenital 
Heart Disease 
Audit and 
Pediatric 
Intensive Care 
Network

Poverty (Index 
of Multiple 
Deprivation)

OR unadjusted

DeMone et 
al 200326

California, Illinois, 
Washington, 
Pennsylvania, 
Massachusetts, 
USA

Hospital 
discharges in 
1996

227/4729 
(4.8%)

In-hospital Surgical cases only

All CHD subtypes

Cases ≤18 years old

Hospital 
discharge data

Health insurance OR unadjusted and 
adjusted for risk 
category and age 
category, prematurity, 
non-cardiac anomalies.

Fixler et al 
201434

Texas, USA Cases born 
between 1996-
2007

69/178 
(38.8%)

Neonatal All cases

Cases of critical CHD

Texas birth 
defects registry

state birth and 
death records

Maternal 
education

OR unadjusted and 
adjusted for maternal 
ethnicity, maternal 
age, diagnosis, gender, 
birth weight, gestation 
age, birth era, extra-
cardiac defects 
prenatal diagnosis.
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Author Study location Study period Deaths/ 
Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

Ghanayem 
et al 201239

North America Norwood 
procedure 
between May 
2005 to Dec 
2008

50/426 
(11.7%)

Intra-stage Surgical cases only

HLH

Subjects 
randomized in 
the multicentre 
SVR trial who 
survived to 
discharge from 
the hospital after 
the Norwood 
procedure are 
included in this 
analysis.

Poverty (US 
census based 
score)

OR unadjusted and 
adjusted for site.

Hirsch et al 
201130

Michigan, USA Cases born 
between 1992 
and 2005

111/406 
(27.3%)

Infant Surgical cases only

HLH

Michigan birth 
defects registry

Death Statistics 
Master File that 
includes state 
mandated 
reporting of all 
deaths

Poverty (US 
census based 
score)

OR unadjusted

Kempny et 
al 201643

London, UK Hospital 
follow up 
between 1991 
and 2008

366/4461 
(8.2%)

Long-term 
(between 
2008 to 
2013)

All cases

All CHD subtypes

Adult patients

CHD at a 
tertiary centre

Poverty: Index 
of Multiple 
Deprivation 
(IMD, z score), 
IMD score, IMD 
income, IMD 
employment

HR unadjusted
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Author Study location Study period Deaths/ 
Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

IMD health, 
IMD education

Kempny et 
al 201736

England, UK Cardiac 
surgery 
between 1997-
2015

2423/57293 Post-
operative 
(within 6 
months)

Surgical cases only

All CHD subtypes

All ages included

Hospital episode 
statistics

Poverty (Index 
of Multiple 
Deprivation 
(IMD, z score))

OR unadjusted

Klitzner et 
al 200625

California, USA Hospital 
discharges 
between 1989 
and 1999

1505/25402 
(5.9%)

In-hospital, 
post-
discharge 
(within 30 
days)

Surgical cases only

All CHD subtypes

Cases <18 years old at 
death

Hospital notes

Death registry 
data

Income, health 
insurance

OR unadjusted
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Author Study location Study period Deaths/ 
Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

Knowles et 
al 201921

England and Wales Cases born 
between 2006 
to 2009.

449/5350 
(8.4%)

In-hospital, 
Infant

Surgical cases only

All CHD subtypes

National CHD 
Audit and 
Paediatric 
intensive care 
unit admission 
records

Poverty (Index 
of Multiple 
Deprivation)

OR adjusted for 
ethnicity, sex, 
gestation, prenatal 
diagnosis, CHD 
subtype, extra-cardiac 
anomalies, weight at 
admission, age at 
admission,

Kucik et al 
2014b32

Arizona, New 
Jersey, New York, 
Texas, USA

Cases born 
between 1999 
and 2007

1942/9853 
(19.7%)

Infant All cases

Common truncus 
arteriosus, 
transposition of the 
great vessels, tetralogy 
of Fallot, 
atrioventricular septal 
defect, aortic valve 
stenosis, HLH, and 
coarctation of the aorta 
notified to four birth 
defect registries

Four birth defect 
registries

State-specific 
birth-infant 
death files

Income, poverty 
(US census 
based score), 
maternal 
education

OR unadjusted

Kucik et al 
201431

Florida, USA Cases born 
between 1998 
and 2007

1443/43411 
(3.3%)

Infant All cases

All CHD subtypes

Florida Birth 
Defects Registry 
Death 
certificates

Maternal 
education, 
health insurance

OR unadjusted and 
adjusted for 
community-level 
indicator and adjusted 
for birth weight, sex, 
maternal age, maternal 
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Author Study location Study period Deaths/ 
Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

nativity, maternal 
education, parity, state, 
and birth period.

Kuehl et al 
199933

Baltimore and 
Washington, USA

Cases born 
between 1981 
and 1989

800/4390 
(18.2%)

Infant All cases

All CHD subtypes

The Baltimore 
Washington 
infant study

Paternal 
education

OR unadjusted

Miller et al 
201044

Metropolitan 
Atlanta, USA

Cases born 
between 1979 
and 2003

111/338 
(32.8%)

Long-term 
(age 25)

All cases

Atrioventricular septal 
defect

Metropolitan 
Atlanta Birth 
Defects Program

National death 
index records

Poverty (US 
census based 
score)

Mortality rate only 
(unadjusted)

Morris et al 
201435

Texas, USA Cases born 
between 1999 
and 2007

/463 Neonatal All cases

HLH

Cases & deaths: 
Texas Birth 
Defects Registry 
and Texas vital 
records

Poverty, 
maternal 
education

OR unadjusted

Nembhard 
et al 201345

Texas, USA Cases born 
between 1999 
and 2007

2767/30015 
(9.2%)

Long-term 
(age 10)

All cases

All CHD subtypes

Texas Birth 
Defect Registry 
and vital 
statistics

Maternal 
education

Mortality rate only 
(unadjusted)
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Author Study location Study period Deaths/ 
Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

Pace et al 
201829

North Carolina, 
USA

Cases born 
between 2004 
and 2013

1307/15533
(8.4%)

Infant All cases

All CHD subtypes

Age<1 at diagnosis

North Carolina 
Birth Defects 
Monitoring 
Program

Maternal 
education, 
health 
insurance, 
Income, poverty

OR unadjusted and HR 
adjusted for maternal 
age, maternal 
education, maternal 
race and/ or ethnicity, 
marital status, health 
insurance

Peterson et 
al 201728

USA (44 states) CHD 
discharges 
2012

391/13130 In-hospital Surgical cases only

All CHD subtypes

Age< 18 years

Kids Inpatient 
database

Income, health 
insurance

OR- not clear if 
adjusted

Taylor et al 
201640

Michigan, USA Cases born 
between Jan 
2000 and June 
2009

32/273 
(11.7%)

Intra-stage Surgical cases only

HLH, single right 
ventricle 
malformations

Cases & deaths: 
Medical records

Poverty (US 
census based Z 
score)

OR unadjusted
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Author Study location Study period Deaths/ 
Cases

Type of 
mortality

Inclusion criteria 
Surgical/ all, CHD 
subtypes, age

Data sources Measure of 
Socioeconomic 
status

Information on 
Unadjusted & 
Adjusted results

Tweddell et 
al 201237

15 centres in USA Norwood 
procedure 
between May 
2005 and July 
2008

178/547 
(32.5%)

Post-
operative 
(“early” 
within 1 
year and 
“late” 
within 1-4 
years)

Surgical cases only

HLH and single right 
ventricle

Cases & deaths: 
multicentre SVR 
trial who 
survived to 
discharge from 
the hospital after 
the Norwood 
procedure are 
included in this
analysis.

Poverty (US 
census based 
score)

HR adjusted for 
phenotype, gestational 
age at delivery, genetic 
syndrome.

Wang et al 
201346

New York State, 
USA

Cases born 
between 1983 
and 2006

/8181 Long-term 
(before 
January 1st 
2008)

All cases

HLH, coarctation of 
aorta, tetralogy of 
Fallot, transposition of 
the great vessels

New York State 
Congenital 
Malformations 
Registry and  
death certificate 
data

Maternal 
education

OR unadjusted
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Infant= <1 year, Neonatal = <28 days, Intra-stage=after Norwood procedure discharge and before the stage II procedure, OR=Odds ratio, HR-hazard ratio. CHD=congenital heart disease, 

RACHS-1=Risk adjustment in Congenital Heart Surgery (a risk adjusted method comprised of: cardiac procedures grouped into six risk categories, age, gestational age and non-cardiac 

anomalies54). AZ=Arizona, CA=California, CO=Colorado, CT=Connecticut, FL=Florida, HI=Hawaii, KS= Kansas, MA=Metropolitan Atlanta, MD=Maryland, MO=Missouri, NJ=New Jersey, 

NY=New York, PA=Philadelphia, SC=South Carolina, TN=Tennessee, TX=Texas, UT=Utah, VA=Virginia, and WI=Wisconsin. 
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TABLE 2  Effect estimates for association between CHD-related mortality and area-based poverty, parental education, health insurance status and 

area-based income

Author CHD 
subtypes

Mortality type Exposure categories % 
Mortality

OR (95% CI) Adjusted OR (95% 
CI)

Area-based povertyc

Knowles et al (2019)21 All In-hospital Q1 (most deprived)
Q2
Q3
Q4
Q5 (least deprived)

1.18 (0.77, 1.80)
1.58 (1.03, 2.42)
0.88 (0.53, 1.45)
1.01 (0.61, 1.67)
1 (ref)

0.94 (0.60, 1.48)
1.33 (0.86, 2.06)
0.87 (0.52, 1.46)
1.04 (0.63, 1.71)

1 (ref)
Kempny et al (2017)36 All IMD rank (continuous) - 1.06 (1.02, 1.11)b -
Twedell et al (2012)37

(late phase)
HLH & right 
SV

Census-based score (continuous- 
per 5 points)

- 0.88 (0.57, 1.35) -

Twedell et al (2012)37

(early phase)
HLH & right 
SV

Post-operative

Census-based score (continuous- 
per 5 points)

- 1.27 (1.07, 1.51)a 1.28 (1.06, 1.56)a

Hirsch et al (2011)30 HLH ≥20% in poverty
<20% in poverty

26.0
17.6

1.64 (0.9, 3.0)
1 (ref)

-

Morris et al (2014)35 HLH ≥20% in poverty 
<20% in poverty

25.4
29.2

1.21 (0.78, 1.87)
1 (ref)

-

Kucik et al (2014b)32 All

Neonatal

D1 (most deprived)
D10 (least deprived)

13.3
9.4

1.48 (1.08, 2.02)
1 (ref)

1.43 (1.00, 2.06)a

1 (ref)
Kucik et al (2014b)32 All Post-neonatal D1 (most deprived)

D10 (least deprived)
12.0
7.5

1.67 (1.17, 2.39)
1 (ref)

1.62 (1.06, 2.47)a

1 (ref)
Crowe et al (2015)38 All Post-discharge Q1 (most deprived)

Q2
Q3
Q4
Q5 (least deprived)

3.6
3.3
3.3
3.5
2.1

1.72 (1.08, 2.73) b

1.56 (0.95, 2.55) b

1.58 (0.94, 2.63) b

1.69 (1.0, 2.84) b

1 (ref)

-

Ghanayem et al (2012)39 HLH Intra-stage ≥13% in poverty
5.4-13% in poverty
<5.4% in poverty

12.4
16.9
3.7

3.71 (1.37, 10.0) b

5.33 (2.03, 14.0) b

1 (ref)

-
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Taylor et al (2016)40 HLH, SV Census-based Z score 
(continuous)

- 1.11 (1.0, 1.11) b -

Hirsch et al (2011)30 HLH ≥20% in poverty
<20% in poverty

45.3
31.0

1.84 (1.17, 2.91)
1 (ref)

-

Knowles et al (2019) 21 All Q1 (most deprived)
Q2
Q3
Q4
Q5 (least deprived)

1.30 (0.96, 1.76)
1.54 (1.13, 2.11)
0.99 (0.69, 1.42)
1.21 (0.86, 1.72)
1 (ref)

1.08 (0.78, 1.49)
1.33 (0.97, 0.83)
1.07 (0.75, 1.53)
1.27 (0.90, 1.79)
1 (ref)

Kucik et al (2014b)32 All

Infant

D10 (most deprived)
D1 (least deprived)

16.2
23.7

1.61 (1.25, 2.06)
1 (ref)

1.51 (1.15, 2.00)
1 (ref)

Pace et al (2018)29 Critical 
Univentricular

Q1 (least deprived)
Q2
Q3
Q4 (most deprived)

38.6
36.6
39.3
39.2

- -

Pace et al (2018)29 Critical 
Biventricular

Q1 (least deprived)
Q2
Q3
Q4 (most deprived)

12.7
17.0
18.0
18.0

- -

Pace et al (2018)29 Noncritical 
Biventricular

Q1 (least deprived)
Q2
Q3
Q4 (most deprived)

5.7
5.8
6.2
6.0

- -

Miller et al (2010)44 AVSD ≥20% in poverty
10-19.9% in poverty
5-9.9% in poverty
0-4.9% in poverty

62.3
60.4
57.9
56.9

- -

Kempny et al (2016)43 All IMD score (continuous/ SD) - 1.13 (1.10, 1.17) -
Best et al (2017)41 All

Long-term

T1 (most deprived)
T2 
T3 (least deprived)

- 1.22 (1.01, 1.45) a,b

1.12 (0.89, 1.28) b

1 (ref)

1.19 (0.98, 1.45) a,b

1.08 (0.90, 1.28) b

1 (ref)
Parental education

Fixler et al (2014)34 “Critical” 
CHD

Neonatal <12 years
12 years
>12 years

- 0.89 (0.74, 1.08) b

1 (ref)
0.80 (0.67, 1.01) b

0.96 (0.78, 1.23) b

1 (ref)
0.91 (0.69, 1.21) b
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Kucik et al (2014b)32 All D1 (least educated)
D10 (most educated)

- 1.49 (1.0, 2.03)
1 (ref)

1.34 (0.93, 1.92)a

1 (ref)
Castro et al (2016)42 All <6 years

≥6 years
- 1.78 (1.38, 2.29)a

1 (ref)
1.95 (1.45, 2.62)a

1 (ref)
Kucik et al (2014)31 All <12 years

12 years
>12 years

- 1.26 (1.10, 1.44)
1 (ref)
0.75 (0.66, 0.84)

-

Kuehl et al (1999)33

(Paternal)
All <12 years

≥12 years
- 1.62 (1.2, 2.1)

1 (ref)
-

Kucik et al (2014b)32 All

Infant

D1 (least educated)
D10 (most educated)

- 1.75 (1.38, 2.26)
1 (ref)

1.51 (1.15, 2.00)a

1 (ref)
Pace et al (2018)29 Critical 

Univentricular
<12 years
12 years
>12 years

40.7
38.9
37.7

1.13 (0.72, 1.77)
1.05 (.69, 1.59)
1 (ref) (ref)

0.90 (0.59, 1.37)a

0.96 (0.67, 1.37) a

1 (ref)
Pace et al (2018)29 Critical 

Biventricular
<12 years
12 years
>12 years

19.4
17.4
13.9

1.49 (1.04, 2.14)
1.31 (0.93, 1.84)
1 (ref)

1.36 (0.91, 2.03) a

1.25 (0.88, 1.78) a

1 (ref)
Pace et al (2018)29 Noncritical 

Biventricular
<12 years
12 years
>12 years

6.8
7.2
5.0

1.38 (1.15, 1.67)
1.47 (1.24, 1.76)
1 (ref)

1.21 (0.96, 1.51) a

1.33 (1.10, 1.60) a

1.0 (ref)
Pace et al (2018)29 All CHD <12 years

12 years
>12 years

9.2
9.4
7.1

1.33 (1.14, 1.55)
1.36 (1.18, 1.57)
1 (ref)

-

Wang et al (2013)46 TGA <12 years
12 years
>12 years

30.5
36.3
27.6

- 0.95 (0.79, 1.14)a

1 (ref)
0.99 (0.81, 1.21)a

Wang et al (2013)46 ToF <12 years
12 years
>12 years

21.6
21.2
19.1

- 1.09 (0.88, 1.36)a

1 (ref)
1.00 (0.82, 1.22)a

Wang et al (2013)46 HLH <12 years
12 years
>12 years

61.5
71.3
65.7

- 1.04 (0.86, 1.25)a

1 (ref)
0.99 (0.84, 1.16)a

Wang et al (2013)46 CoA

Long-term

<12 years
12 years
>12 years

25.0
25.6
21.2

- 1.07 (0.86, 1.34)a

1 (ref)
0.86 (0.7, 1.06)a
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Nembhard et al (2013)45 All <12 years
12 years
>12 years

9.7
9.6
8.1

- -

Kempny et al (2016)43 All IMD Education score (continuous) - 0.97 (0.87, 1.08)a

Insurance statuse

Chan et al (2015)27 All In-hospital Private
Public 
Other

- - 1 (ref)
1.24 (1.08, 1.43)
1.30 (0.97, 1.75)

Chan et al (2018)20 All Private
Public

2.6
3.8

1 (ref)
1.48 (1.38, 1.58)

1 (ref)
1.17 (1.08, 1.27)

Benavidez et al (2007)23 All Private
Public 
Other

- - 1 (ref)
0.9 (0.7, 1.2)
0.8 (0.5, 1.2)

DeMone et al (2003)26 All Private
Public
Managed
Other

3.8
6.4
3.8

1 (ref)
1.72 (1.21, 2.45)
0.98 (0.66, 1.47)
1.31 (0.84, 2.05)

1 (ref)
1.67
1.06

Klitzner et al (2006)25 All Private
Public 
Managed
Other

5.2
6.5
5.2
8.8

1 (ref)
1.22 (1.03, 1.44)
1.06 (0.89, 1.26)
1.75 (1.37, 2.24)

-

Peterson et al (2017)
(neonates only)28

All Private
Public
Other 

- 1 (ref)
1.51 [1.13, 2.03]
1.49 [0.94, 2.36]

-

Peterson et al (2017)
(post-neonates only)28

All Private
Public (
Other

- 1 (ref)
1.24 [0.82, 1.89]
1.09 [0.62, 1.92]

-

Klitzner et al (2006)25 All In-hospital & post-
discharge

Private
Public
Managed
Other

- 1 (ref)
1.22 (1.03, 1.44)
1.79 (1.37, 1.80)
1.07 (0.9, 1.27)

-

Chang et al (2006)24 All Post-discharge Private
Public
Managed
Other

0.72
0.57
0.63
0.79

1 (ref)
0.78 (0.51, 1.21)
0.87 (0.55, 1.37)
1.09 (0.44, 2.74)

-

Page 38 of 46Paediatric and Perinatal Epidemiology



For Review Only

5

Pace et al (2018)29 Critical 
Univentricular

Infant Public (Medicaid)
Not Medicaid

38.5
38.4

1.00 (0.72, 1.41)
1 (ref)

0.85 (0.61, 1.19)a

1 (ref)
Pace et al (2018)29 Critical 

Biventricular
Public (Medicaid)
Not Medicaid

18.4
14.3

1.35 (1.03, 1.78)
1 (ref)

0.99 (0.73, 1.36) a

1 (ref)
Pace et al (2018)29 Noncritical 

Biventricular
Public (Medicaid)
Not Medicaid

6.3
5.5

1.15 (1.00, 1.33)
1 (ref)

0.98 (0.83, 1.16) a
1 (ref)

Pace et al (2018)29 All CHD Public (Medicaid)
Not Medicaid

8.7
7.6

1.16 (1.03, 1.30)
1 (ref)

Area-based incomefb

Kucik et al (2014b)32 All Neonatal D1 (most disadvantaged)
D10 (least disadvantaged)

12.0
8.2

1.41 (1.00, 1.98)
1 (ref)

1.39 (0.93, 2.07)a

1 (ref)
Anderson et al (2018)19 All In-hospital ≤$32 808

$32 808– 41 437
$41 437– 53 982
>$53 982

3.5
3.0
2.9
2.2

1.57 (1.37, 1.79)
1.37 (1.21, 1.53)
1.29 (1.15, 1.46)
1 (ref)

1.15 (1.01, 1.31) 
1.12 (0.99, 1.27)
1.10 (0.98, 1.24)
1 (ref)

Benavidez et al (2006)22 All <$25k
$25-34.9k
$35-44k
≥$45kk

- 0.72
1.2
1.06
1 (ref)

0.65
1.03
0.96
1 (ref)

Klitzner et al (2006)25 All <$20k
$20-40k
$40-60k
>$60k

7.1
6.0
5.5
4.5

1.64 (1.14, 2.36)
1.36 (0.98, 1.88)
1.23 (0.88, 1.73)
1 (ref)

-

Peterson et al (2017) (neonates 
only)28

All <$38.9k
$39-47.9k
$48-62.9k
≥$63k

- 1.06 [0.68, 1.63]
0.92 [0.62, 1.36]
0.68 [0.42, 1.11]
1 (ref)

-

Peterson et al (2017)
(post-neonates only)28

All <$38.9k
$39-47.9k
$48-62.9k
≥$63k

- 1.23 [0.59, 2.56]
1.43 [0.76, 2.68]
1.63 [0.86, 3.08]
1 (ref)

-

Chang et al (2006)24 All Post-discharge <$20k
$20-40k
$40-60k
>$60k

0.8
0.7
0.5
0.1

6.97 (0.92, 52.8)
5.80 (0.81, 41.6)
4.25 (0.58, 31.2)
1 (ref)

-
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IMD=Index of Multiple Deprivation, T=tertile, Q=Quintile, D=Decile, HLH=hypoplastic left heart, SV=Single Ventricle, AVSD=atrioventricular septal defect, 
CoA= Coarctation of Aorta, ToF=Tetralogy of Fallot, TGA= Transposition of the Great Arteries, SD= standard deviation, Neonatal= <28 days, Post-neonatal= 
≥28 days, Infant= ≤1 year, Post-operative, Post-discharge and Long-term mortality were defined separately by each of the included studies (for specific 
definitions refer to Table 1).

Estimates in italics were not reported in the article but were estimated from the raw data provided.
a Hazard ratio as opposed to Odds ratio.
bOdds Ratios/ Hazard Ratios were inverted to be interpreted as odds of mortality with increasing levels of deprivation.
c All US studies (n=7) used the census-based score to measure area-based poverty level, a measure of poverty assigned based on census block tract and derived 
from six measures: income, housing and occupational factors30,32,35,37,39,40,44. A higher census-based score indicates higher level of deprivation,37 whereas a higher 
census-based Z score indicates a greater level of deprivation40. All of the UK articles (n=5)36,38,41,43 21 used the English Index of Multiple Deprivation (IMD), a 
measure based on seven domains: income, employment, health and disability, education, crime, barriers to housing and services and living environment, which is 
assigned based on postcode47. A higher IMD score indicates higher level of deprivation, whereas a lower IMD rank indicates a greater level of deprivation. ORs 
corresponding to IMD rank and census Z score were therefore inverted to be interpreted on the same scale as IMD score and census score. 
d Area-based education was analysed as a continuous variable (n=1, derived from the education domain of the English IMD)43 or categorised into deciles (n=1, 
derived from the US census-based score)32. Individual level education was categorised into maternal years in education (n=4)29,31,34,42,45,46 or categorised into 
paternal years in education (n=1)33. 

Kucik et al (2014b)32 All Infant D1 (most disadvantaged)
D10 (least disadvantaged)

23.7
14.8

1.78 (1.37, 2.31)
1 (ref)

1.49 (1.11, 1.99)a

1 (ref)
Pace et al (2018)29 Critical 

Univentricular
<$35k
$35–69 9k
$70–99.9k
≥$100 000

41.1
38.8
29.2
14.3

1 (ref)
0.91 (0.63, 1.31)
0.59 (0.30, 1.17)
0.24 (0, 1.56)

Pace et al (2018)29 Critical 
Biventricular

<$35k
$35–69 9k
$70–99.9k
≥$100 000

17.9
16.2
11.7
18.5

1 (ref)
0.89 (0.66, 1.20)
0.61 (0.34, 1.10)
1.04 (0.40, 2.76)

Pace et al (2018)29 Noncritical 
Biventricular

<$35k
$35–69 9k
$70–99.9k
≥$100 000

6.5
5.8
4.7
7.4

1 (ref)
0.89 (0.76, 1.04)
0.71 (0.51, 0.98)
1.18 (0.71, 1.96)

Kempny et al (2016)43 All Long-term IMD income score (/SD) - 0.9 (0.8, 1.01)a
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e The following definitions of health insurance categories were provided: Chan et al (2018):“Public” insurance was defined as government insurance.20 DeMone 
et al (2003): “Private” insurance (referred to in the article as commercial insurance) included Blue Cross/Blue Shield, non-Blue Cross/Blue Shield commercial 
carriers, and self-insurance. “Public” insurance (referred to in the article as Medicaid) included Medi-Cal, Medicaid, Medicaid managed care, and Medicaid 
health maintenance organization/ preferred provider organization. “Managed” insurance included any health maintenance organization, preferred provider 
organization, or preferred health provider not associated with Medicaid (but included those associated with Blue Cross/commercial and employer funded). 
“Other” insurance included Medicare, self-pay, free-care, health care service contractors, and other employer-funded sources.26 Klitzner et al (2006):“Private” 
insurance was defined as traditional indemnity insurance, “Public” insurance included Medicaid and other government-sponsored programs, “Managed” care 
included health maintenance organizations and preferred provider organizations, and others.25 Chan et al (2015): “Private” insurance included both fee-for-service 
and managed care; “Public” insurance (referred to in the article as Medicaid) included both fee-for-service and Medicaid managed care. “Other” insurance was 
defined as other forms of payment, including Medicare and self-pay.27 Peterson et al (2017): Public insurance (referred to in the article as Medicaid) included 
Medicare combined with Medicaid. “Other” insurance was defined as self-pay, no charge and other types of insurance.28 Pace et al (2018): “Public” insurance 
was referred to in the article as Medicaid.29 Chang et al (2006) “Private” insurance was defined as traditional indemnity insurance, “managed” care included 
health maintenance organization and preferred provider organization, “public” insurance included Medicaid and other government-sponsored programs. “Other” 
insurance was not defined.24

f All US articles (n=6) used the census-based score to measure average area-based income.19,22,24,25,29,31 The UK article analysed the income z-score derived from 
IMD43 where a higher score indicates higher average income
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Supplementary material 

eTable 1  Search strategy

Database Operator Search terms
Embase exp Social Class/ or exp Socioeonomic Factors/ or exp 

Income. Or exp Poverty/ or (socio-economic or 
socioeconomic).ti,ab or sociodemographic.ti,ab or (inequalit* 
or inequit*).ti,ab or disparit*.ti,ab or deprivation.ti,ab.

AND exp congenital heart disease/ or exp congenital heart 
malformation/ or (congenital and (heart or cardiac or 
cardiovascular)).ti,ab.

AND exp perinatal mortality/ or exp fetus mortality/ or exp 
mortality/ or exp mortality risk/ or exp premature mortality/ 
or exp surgical mortality/ or exp embryo mortality or exp 
mortality rate/ or exp hospital mortality/ or exp newborn 
mortality/ or exp prenatal mortality/ or exp infant mortality/ 
or exp survival rate/ or exp survival index/ or exp short term 
survival/ or exp survival time/ or exp survival prediction/ or 
exp survival/ or exp long term survival/ or exp morbidity/ or 
exp perinatal morbidity/ or exp newborn morbidity or 
(survival or mortalit* or death* or complication* or 
outcome*).ti,ab. or exp death/ or exp perinatal death/ or exp 
fetus death/ or exp embryo death/ or exp newborn death/ or 
exp catheter complication/ or exp peroperative complication/ 
or exp postoperative complication/ or exp preoperative 
complication or exp complication/

AND Limit to humans and English language
Medline exp Social Class/ or exp Socioeconomic Factors/ or exp 

Income/ or exp Poverty/ or (socio-economic or 
socioeconomic).ti,ab or sociodemographic.ti,ab or (inequality 
or inequit&).ti,ab or disparit*.ti,ab or deprivation.ti,ab

AND exp Heart Defects, Congenital/ or (congenital and (heart or 
cardiac or cardiovascular)).ti,ab

AND exp Death/ or exp Perinatal Death/ or exp Fetal Death/ or exp 
Infant Death/ or exp Survival/ or exp Surviva Rate/ or exp 
intraoperative Complications/ or Postoperative 
Complications/ or (survival or mortalit* or death*).ti,ab or 
(complication* or outcome*).ti,ab or exp Morbidity/ or exp 
Mortality, Prematyre/ or exp Fetal Mortality/ or exp Child 
Mortality/ or exp Infant Mortality/ or exp Hospital Mortality/ 
or exp Mortality/

AND Limit to humans and English language
Scopus (((social class) OR (socioeconomic factors) OR poverty OR 

sociodemographic OR inequality* or disparit* of deprivation 
of depriv*) AND ((congenital) AND (heart OR cardiac or 
cardiovascular) AND (mortality OR survival OR death* OR 
complication))

Psychinfo exp Social Class/ or exp Sociocultural Factors/ or exp Family 
Socioeconomic Level/ or exp Socioeconomic Status/ or expl 
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income level/ or exp upper income level/ or exp 
“income(economic)”/ or exp middle income level/ or exp 
lower income level/ or exp poverty areas/ or exp poverty/ or 
(socio-economic or socioeconomic).ti,ab or 
sociodemographic.ti,ab. or (inequalit*or inequit*).ti,ab or 
disparit*.ti,ab or deprivation.ti,ab 

AND (congenital and (hear or cardiac or cardiovascular)).ti,ab
AND exp “Death and Dying”/ or exp Mortality Rate/ or exp 

morbidity/ or exp postsurgical complications/ or treatment 
outcomes/ or (survival or mortalit* or death* or 
complication* or outcome*).ti,ab

ProQuest 
Natural Science 
Collection and 
Proquest 
Biological 
Science 
Collection

All((social class OR socioeconomic factors or income or 
poverty or cosmographic or inequality or disparit or 
deprivation or depriv*) and ((congenital) and (heart or cardiac 
or cardiovascular)) and mortality or survival or death* or 
complication*))

AND Limit to conference papers & proceedings, dissertations & 
theses, Reports, Scholarly Journals, Working Papers, Annual 
Report, Article, Commentary, Conference Paper Conference 
Proceeding Correction/ Retraction, Editorial, Essay, Evidence 
Based Healthcare, Feature, General Information, Government 
and Official Document, Industry Report, Letter to the Editor , 
Literature Review. Reference Document, Report, Review, 
Statistics/ Data Report, Technical Report, Working Paper/ 
Pre-Print, English Language.

CINAHL (MH "Social Class+") OR (MH "Socioeconomic Factors+") 
OR (MH "Health Status Disparities+") (MH "Income+") OR 
(MH "Poverty+") OR (MH "Poverty Areas+") OR socio-
economic OR socioeconomic OR income OR 
sociodemographic OR inequalit* OR inequit* OR disparit* 
OR depriv*

AND (Congenital AND (heart OR cardiac OR cardiovascular)) OR 
(MH "Heart Defects, Congenital+")

AND (MH "Infant Mortality+") OR (MH "Child Mortality+") OR 
(MH "Hospital Mortality+") OR (MH "Mortality+") OR (MH 
"Survival+") OR (MH "Survival Analysis+") OR (MH 
"Survivors+") OR (MH "Death+") OR (MH "Perinatal 
Death+") OR (MH "Morbidity+") OR (MH "Treatment 
Complications, Delayed+") OR (MH "Postoperative 
Complications+") OR (MH "Intraoperative Complications+") 
OR (MH "Catheter-Related Complications+") OR (MH 
"Outcomes (Health Care)+") OR (survival or mortalit* OR 
death* OR complication* OR outcome*)
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