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Abstract 

Background  This study aims to evaluate the impact of socioeconomic status (SES) on the risk of congenital heart 
disease (CHD) since previous studies have yielded inconsistent results.

Methods  We conducted a population-based retrospective cohort study, including all singleton live and still births in 
Ontario hospitals from April 1, 2012, to March 31, 2018. We used linked records from the Better Outcomes Registry & 
Network Information System, the Canadian Institute for Health Information databases, and the Ontario Marginaliza-
tion Index (ON_Marg). ON_Marg was estimated at a dissemination area level using Canadian Census 2016 data and 
categorized into quintiles. Multivariable logistic regression models were performed to examine the relationships 
between four ON_Marg indices (material deprivation, dependency, ethnic concentration, residential instability), as 
proxies for maternal SES and the risk of infant CHD. We adjusted for maternal age at birth, assisted reproductive tech-
nology, obesity, pre-existing health conditions, substance use during pregnancy, mental health conditions before and 
during pregnancy, rural residence, and infant’s sex in the analysis.

Results  Among the cohort of 776,799 singletons, 9,359 infants had a diagnosis of CHD. Of those, 3,069 were severe 
CHD and 493 cases were single ventricle CHD. The prevalence of all infant CHD types was higher for males relative to 
females. Compared to mothers living in neighbourhoods with the lowest material deprivation, mothers with highest 
material deprivation had a 27% (adjusted OR = 1.27; 95% CI: 1.18–1.37) higher odds of having an infant diagnosed 
with CHD. Mothers living in neighbourhoods with the highest minority ethnic and immigrant concentration tend to 
have infants with 11% lower odds of CHD (adjusted OR = 0.89; 95% CI: 0.82–0.97) as compared to those living in the 
least ethnically diverse communities. Maternal dependency and residential stability quintiles were not significantly 
associated with the risk of CHD.

Conclusion  Higher maternal material deprivation was associated with increasing odds of infant CHD, whereas neigh-
bourhood minority ethnic concentration was inversely associated with the odds of infant CHD. Our study further 
confirms that poverty is associated with CHD development. Future investigations might focus on the causal pathways 
between social deprivation, immigrant status, ethnicity, and the risk of infant CHD.
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Introduction
Congenital heart disease (CHD) is a common type of 
birth defect that affects the heart’s structure [1] causing 
more than 180,000 deaths globally per year in infants 
younger than one year old [2] and is a major cause of life-
long disability. With a global prevalence of 15.9 to 19.9 
cases per 1,000 births [2], CHD accounts for 30 to 45% of 
all congenital anomalies [3, 4]. The global prevalence of 
CHD has steadily increased by 4.2% since 1990 [2] which 
can be partially attributed to improved prenatal screen-
ing and diagnosis of fetal CHD [5, 6]. In Canada, the 
CHD prevalence is 12.3 per 1,000 total births [7]; with an 
annual birth rate of around 358,000 births [8], this corre-
sponds to 4,400 infants born in Canada with CHD every 
year. Together with rising costs related to care of infants 
with CHD including hospitalization, the burden of CHD 
represents a major public health issue in Canada [9, 10].

Although various epidemiological studies have been 
conducted, the majority of CHDs are of unknown etiol-
ogy [1, 11–19]. Certain genetic, environmental and other 
factors contribute to the development of CHD [1, 11]. 
Known genetic factors include chromosomal aneuploi-
dies and single gene defects [11], whereas known non-
genetic factors include advanced maternal age [12, 15], 
rubella virus infection [12] and exposure to environmen-
tal hazards during pregnancy [3, 13, 15], pre-pregnancy 
maternal obesity [13], the use of assisted reproductive 
technology (ART) [13], maternal exposures to social 
drugs [13], cigarette smoking [13], alcohol [12, 13], and 
certain prescribed medications [12], and maternal pre-
existing and gestational diabetes [11–15]. In addition, 
studies have suggested that there may be sex variation in 
the risk of CHD, although the findings are inconsistent 
[13–16].

Furthermore, recent studies have identified dispari-
ties in the prevalence of CHD in infants by maternal race 
and socioeconomic status (SES) [17–20]. Specifically, 
studies have shown that lower household income, lower 
maternal education, unemployment status, social isola-
tion, and certain racial groups were associated with an 
increased risk of having an infant born with CHD [19–
22]. Similarly, in a retrospective cohort study conducted 
in the United Kingdom, it was observed that the CHD 
incidence rate ratio was significantly higher in infants of 
Asian (IRR = 1.5; 95% CI: 1.4–1.7) and Black (IRR = 1.4; 
95% CI: 1.3–1.6) ethnicities as compared to White 
infants; moreover, children of non-White race groups 
were more likely to live in deprived postal code regions 
compared to White children [23].

Researchers have also found other social factors to be 
associated with adverse maternal and birth outcomes 
[17]. For example, one prospective cohort study con-
ducted in the United States with 3,428 mother–infant 

pairs found that there were statistically significant asso-
ciations between severe housing insecurity during preg-
nancy and low birth weight and preterm birth (RR = 1.75 
95% CI: 1.28–2.32) [24].

Despite multiple studies examining the association 
between maternal SES and CHD, results were inconsist-
ent across the different geographical areas and various 
study populations. For example, one meta-analysis of two 
ecological, seven case–control, and two cohort studies 
did not find any significant associations between neigh-
borhood SES variables and the risk of CHD [25]. Reasons 
for these observed inconsistencies could be linked to 
the use of different SES indicators to measure maternal 
SES in different populations and geographical areas [26, 
27]. However, this may be expected as SES is a multi-
dimensional construct, and no single SES indicator can 
capture all aspects of one individual’s socioeconomic 
position [26]. In addition, SES factors may intersect with 
each other to depict a person’s social position at a specific 
point in the lifespan [26], therefore, composite SES indi-
cators might be a better proxy of SES measurement [28, 
29]. When individual-level data is unknown, area-based 
deprivation indices can be proxies of individual SES indi-
cators [27–30].

Ontario researchers have developed the Ontario 
Marginalization Index (ON_Marg), which includes 
four composite SES dimensions: material deprivation, 
dependency, residential instability, and ethnic concen-
tration [31]. ON_Marg can be used for surveillance and 
research surrounding health inequities [32]. To date, 
over 70 studies have used ON_Marg to evaluate social 
determinants of health by geographical area and the 
relationship with a wide range of health outcomes and 
health system inefficiencies in Ontario [33, 34]. While the 
ON_Marg has been used to assess inequities in mater-
nal and childcare research [35, 36], no studies have used 
the index to explore its association with congenital birth 
defects, in particular the association between maternal 
SES and infant CHD. In this study, we aim to use multi-
ple area level SES factors to further examine the relation-
ships between the various dimensions of maternal SES 
and the risk of CHD and to explore the sex variation in 
these associations.

Methods
Study aim
This study aims to examine the association between 
maternal SES and the risk of CHD among infants.

Study design
This was a population based retrospective cohort study 
analyzing population-level data from Ontario between 
April 1st, 2012, to March 31st, 2018.
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Study population
This study cohort consisted of all singleton live births, 
stillbirths, and late-stage pregnancy terminations with 
birthweight ≥ 500  g or a gestational age ≥ 20  weeks that 
occurred in Ontario hospitals. We excluded multiple ges-
tational births and births where the maternal residence 
was outside of Ontario, Canada.

Data sources and data linkage
BORN databases: Better Outcomes Registry & Network 
(BORN) is a registry that collects data on every preg-
nancy and birth in Ontario through the BORN Informa-
tion System (BIS) [37–39]. The BORN prenatal databases 
capture maternal demographic characteristics and health 
behaviors; pre-existing maternal health problems; pre-
natal screening; obstetric complications; intra-partum 
interventions; fetal anomalies and birth outcomes in 
pregnancy; labour and birth, and postpartum stages 
[37, 39]. The data is collected by individual encounters 
but also aggregated into maternal pregnancy and infant 
‘course of care’ datasets for individuals [37, 40]. Datasets 
in the BIS were used to perform the analysis including 
aggregate pregnancy, aggregate infant, antenatal spe-
cialty (AS) for high-risk pregnant women clinics, prena-
tal screen, and prenatal screening follow-up (PSFU) data 
[22]. BORN has strived to ensure high data quality in the 
BIS through an ongoing data validation process [39, 41], 
quality checks, and formal training sessions for individu-
als entering data [40]. A number of papers and reports 
have been published using these data [37–41].

Canadian Institute for Health Information (CIHI): The 
Discharge Abstract Database (DAD) and the National 
Ambulatory Care Reporting System (NACRS) are run 
and maintained by CIHI [42, 43]. Each year, BORN 
receives CIHI-DAD and CIHI-NACRS maternal, new-
born, and child (up to one year of age) records from acute 
care and emergency facilities in Ontario [39]. By using 
these data sources in conjunction with the BIS, we are 
able to identify infants who had a diagnosis of CHD in 
hospital up to one year of age [22].

The ON_Marg was developed by Public Health Ontario 
in collaboration with MAP Centre for Urban Health 
Solutions and St. Michael’s Hospital [31]. Following a lit-
erature review of the 2001 Canadian Census of Popula-
tion, 42 preliminary variables related to marginalization 
and health inequities were selected [31]. Subsequently, 
a principal component factor analysis was conducted 
(Eigenvalues > 1) to reduce it to 18 indicators spread 
across four dimensions of marginalization: material dep-
rivation, dependency, residential instability, and ethnic 
concentration [31]. The 2016 Index was created from 
2016 Census data on 20,640 dissemination areas (DAs) 

[31]. Within each dimension, factor loading was used to 
create an asymmetrically standardized index and each 
dimension of marginalization was sorted and broken 
down into five equal sized quintiles (Q1 = least marginal-
ized, Q5 = most marginalized) [31].

The Postal Code Conversion File Plus (PCCF +) version 
7B was developed by Statistics Canada, and it contains 
the most updated postal codes and their correspond-
ing geographic DAs, the smallest standard geographi-
cal area in Canada from Canada Census 2016 [44, 45]. 
By linking the study cohort and PCCF + using maternal 
residential postal codes, and then linking the cohort with 
ON_MARG data using unique DA IDs, we can obtain 
maternal neighborhood level ON_Marg at a DA level.

We started to perform the linkage process within the 
BIS system. The study cohort was obtained from the 
aggregate infant data of birthdates within the inclu-
sion timeframe. This dataset was linked to the aggregate 
maternal pregnancy data to obtain maternal informa-
tion. The cohort was further linked to the AS and PSOF 
encounter data in the BIS, CIHI-DAD and CIHI-NACRS 
databases to define the outcome, CHD. The outcome of 
CHD, ON_MARG (composite SES indicators exposures) 
and covariates were obtained from multiple data sources. 
Please see Fig. 1 for the data linkage flow chart.

SES measurement using Ontario Marginalization Index
The ON_Marg, derived from 2016 Canada Census, 
includes four dimensions, which are material depriva-
tion, dependency, residential instability and ethnic con-
centration [31]. Each index was categorized into quintiles 
on a DA level in Ontario [31]. DA is a small geographi-
cal area, which has been considered to be relatively stable 
[46]. The average population of a DA ranges from 400 to 
700 persons [46]. Material deprivation represents poverty 
and the (in)ability to purchase basic material needs [31]. 
This index was developed from five Census variables: per-
centage of single parent families, percentage of individu-
als below the low-income cut-off and who receive income 
from government transfer payments, percentage of hous-
ing that needs major repair, percentage of unemploy-
ment of those aged 15 + , and percentage of individuals 
aged 25 + who do not have a secondary or postsecond-
ary degree [31]. Dependency calculates the proportion of 
individuals who do not receive an income from employ-
ment and who rely on the income of others [31]. This 
index was calculated using three indicators: percentage 
of seniors aged 65 or older, dependency ratio, and labour 
force participation from those aged 15 + . Residential 
instability is closely tied to housing and family instabil-
ity [31]. This index was developed based on seven Census 
variables: percentage of individuals living alone, average 
number of persons per dwelling, percentage of single/



Page 4 of 13Miao et al. BMC Public Health          (2023) 23:790 

divorced/widowed, percentage of dwelling not owned, 
percentage of multi-unit housing, percentage of non-
youth populations, and percentage of residential mobility 
[31, 46]. Ethnic concentration measures populations who 
may experience marginalization [31] and includes two 
indicators: recent immigrants and percentage of visible 
minorities living within an area [31]. Refer to Appendix 
A to see the detailed table describing the indicators for 
each index.

Outcomes
All CHD cases captured in the prenatal stage were identi-
fied from the AS and PSFU datasets. Newborn diagno-
ses for CHD are collected in the birth child, postpartum 
child, and neonatal intensive care encounters of the BIS, 
and are aggregated into one infant dataset, which is the 
one we used to capture newborn CHD. To capture addi-
tional newborn CHD and CHD diagnosed during the 
first year of infancy we used the CIHI-DAD and CIHI-
NACRS databases. In the BIS, CHD was coded in an 
anomaly picklist based on clinical diagnosis. In CIHI 
datasets, CHD was coded using the International Statis-
tical Classification of Diseases and Related Health Prob-
lems, 10th Revision, Canadian adaptation (ICD-10-CA). 
CHD was divided into three types of outcomes: overall 
CHD (yes vs. no), severe CHD (yes vs. no) and single ven-
tricle CHD (yes vs. no). Single ventricle CHD is a type of 
CHD but is more severe. Please see details on CHD clas-
sifications and grouping of CHD types in Appendix B.

Covariates
The covariates included maternal age at delivery, ART 
conception, obesity, pre-existing maternal health con-
dition during pregnancy, mental health status illness in 
pre-pregnancy and during pregnancy, social drug intake, 
alcohol consumption and smoking status during preg-
nancy, maternal residence in urban or rural area and 
infant sex [19, 22].

Statistical analysis
We conducted a descriptive analysis showing the distri-
butions of maternal and infant characteristics by overall 
CHD, severe CHD, single ventricle CHD and all study 
population. Multivariable logistic regression models 
were performed to examine the relationships between 
the maternal ON_Marg and the risk of overall CHD 
while considering covariates including maternal age at 
birth, ART, obesity, pre-existing health conditions, sub-
stance use during pregnancy, mental health status illness 
in pre-pregnancy and during pregnancy, rural or urban 
maternal residence, and infant’s sex. An interaction test 
was performed to evaluate the effects of infant sex on 
the relationships between four ON_Marg indices and the 
risk of overall CHD infants. The crude and adjusted odds 
ratios (OR) and 95% confidence intervals (CI) were calcu-
lated. Since CHD is a rare disease (less than 10% of prev-
alence), ORs were used to estimate RRs. Further analysis 
was conducted including types of CHD prevalence and 
the associations of ON_Marg index with the risk of infant 

Fig. 1  Flowchart of data sources and data linkage for study cohort (April 1 2012—March 31 2018)
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CHD. We used SAS 9.4 (SAS Institute Inc., Cary NC) to 
perform all data linkages, data management, and data 
analysis.

Results
A total of 776,799 singleton births born in Ontario hospi-
tals from April 1st, 2012, to March 31st, 2018, were iden-
tified and included in the final analysis. Among them, 
9,359 (12.1 per 1,000 births) infants were diagnosed as 
CHD, 3,069 (4 per 1,000 births) as severe CHD and 493 
cases (0.6 per 1,000 births) as single ventricle CHD.

Table 1 displays maternal and infant characteristics of 
this study cohort of the entire population and by CHD 
status (overall CHD, severe CHD, and single ventricle 
CHD). There were higher percentages of obesity, mater-
nal age ≥ 35, ART derived pregnancy, smoking, alcohol 
consumption and recreational drug use during preg-
nancy, pre-pregnancy maternal health conditions, and 
mental health illness in pre-pregnancy and during preg-
nancy in mothers of infants with CHD compared to those 
in the entire study population. The percentages of preg-
nant people with pre-existing maternal health conditions 

Table 1  Distributions of maternal characteristics among different types of CHD and overall populations

a  % calculation represents the column percentage
b  Missing values were excluded for % calculation
c  Include fetal deaths due to spontaneous loss or termination at ≥20 gestational weeks or fetus birth weight ≥500 grams

Overall CHD Severe CHD Single ventricle CHD All population

N Col %a N Col %a N Col %a N Col %a

Maternal pre-pregnancy body mass 
(mean ± SD) index (BMI) in kg/m2, 
mean ± SD

25.05 ± 6.16 25.98 ± 6.71 26.10 ± 6.29 26.08 ± 6.87

Maternal age at birth in years, mean ± SD 30.94 ± 5.73 31.16 ± 5.77 30.76 ± 5.87 30.62 ± 5.29

   < 30 3663 39.18 1160 37.82 204 41.46 312,222 40.22

  30–34 3101 33.17 1015 33.90 159 32.32 283,473 36.52

  35 +  2584 27.64 892 29.08 129 26.22 180,591 23.26

Obesity, BMI ≥ 30 kg/m2

  No 6310 67.42 614 68.72 99 70.59 565,731 72.83

  Yes 1857 19.84 2109 20.01 348 20.88 118,179 15.21

  Missing 1192 12.74 346 11.27 46 9.33 92,889 11.96

ART derived pregnancy
  No 8983 95.98 125 95.93 20 95.94 752,106 96.82

  Yes 376 4.02 2944 4.07 473 4.06 24,693 3.18

Maternal smoking or social drug use or alcohol consumption during pregnancyb

  Yes 1444 16.06 454 15.48 69 14.84 89,496 11.81

  No 7545 83.94 2479 84.52 396 85.16 668,438 88.19

  Missing 370 136 28 18,865

All types of mental health illness in pre-pregnancy or during pregnancy
  Yes 1831 19.56 595 19.39 102 20.69 114,373 14.72

  No 7528 80.44 2474 80.61 391 79.31 662,426 85.28

Pre-pregnancy health conditions
  Yes 2772 29.62 1059 34.51 184 37.32 143,977 18.53

  No 6587 70.38 2010 65.49 309 62.68 632,822 81.47

Pregnancy outcome
  Stillbirthc 353 3.77 242 7.89 100 20.28 4710 0.61

  Livebirth 9006 96.23 2827 92.11 393 79.72 772,089 99.39

Termination
  Yes 289 3.09 210 6.84 95 19.27 1537 0.20

  No 9070 96.91 2859 93.16 398 80.73 775,262 99.80

Rural residence
  Yes 1098 11.73 331 10.79 50 10.14 84,346 10.86

  No 8261 88.27 2738 89.21 443 89.86 692,453 89.14
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and mental health illnesses in pre-pregnancy or during 
pregnancy were higher in mothers of infants born with 
severe CHD and single ventricle CHD as compared to 
overall CHD status.

Table  2 shows distributions of the ON_MARG’s four-
dimension quintiles among types of CHD and overall 
infant populations. For the material deprivation, a higher 
percentage of infants with CHD had mothers living in the 
most materially deprived neighbourhoods (Q5) as com-
pared to other quintiles. Similarly, there was a higher 
percentage of infants with CHD whose mother lived in 
the most ethnically diverse neighbourhoods (Q5) as com-
pared to other quintiles. Lastly, for the dependency indi-
cator, an opposite trend was observed. There was a lower 
percentage of infants with CHD born to mothers who 
were in the most dependent neighbourhoods (Q5) com-
pared to other quintiles.

To determine the association between each dimension 
of the ON_Marg index and risk of CHD among infants, 
the crude and adjusted ORs were calculated and pre-
sented in Table 3 with quintile 1 (Q1) being the reference 

group. Compared to the least materially deprived area, 
mothers with the highest material deprivation had 27% 
higher odds of having infants born with CHD. On the 
contrary, mothers living in neighbourhoods with the 
highest ethnic concentration had 11% lower odds of hav-
ing a baby with CHD as compared to the least ethnic 
concentrated areas. As for the other two indices, depend-
ency and residential instability, there was a slightly higher 
crude odds of having an infant with CHD in mothers 
living in the most dependent and residentially unstable 
neighbourhoods (Q5) as compared to the lowest quintile 
(Q1); however, after adjusting for other maternal covari-
ates, there were no statistically significant differences.

Adding interaction terms in the multivariable regres-
sion model showed that the associations between ON_
Marg indices and overall CHD were not significantly 
different by infant sex (interaction test: p = 0.79 for mate-
rial deprivation, p = 0.06 for dependency, p = 0.80 for 
ethnic concentration, and p = 0.55 for residential insta-
bility). Table 4 displays CHD prevalence by type of CHD 
and infant sex. For all CHD types, the prevalence of CHD 

Table 2  Distributions of Ontario Marginalization Index among different types of CHD and all infant populations

a  Col % represents the column percentage

Overall CHD Severe CHD Single ventricle CHD All population

N Col %a N Col %a N Col %a N Col %a

Ontario Marginalization Index
Material Deprivation
  1 (least) 1729 18.47 575 18.74 74 15.01 162,581 20.93

  2 1708 18.25 553 18.02 96 19.47 150,880 19.42

  3 1797 19.2 592 19.29 97 19.68 146,331 18.84

  4 1788 19.1 592 19.29 92 18.66 144,239 18.57

  5 (Most) 2337 24.97 757 24.67 134 27.18 172,768 22.24

Dependency
  1 (least) 3053 33 1004 32.71 150 30.43 261,226 33.63

  2 2006 21.43 659 21.47 121 24.54 168,196 21.65

  3 1552 16.58 538 17.53 69 14.00 131,924 17.00

  4 1390 14.85 451 14.70 69 14.00 114,533 14.74

  5 (Most) 1358 14.51 417 13.59 84 17.04 100,920 12.99

Ethnicity Concentration
  1 (least) 1306 13.95 376 12.25 65 13.18 99,570 12.82

  2 1558 16.65 514 16.75 93 18.86 111,106 14.30

  3 1581 16.89 531 17.30 70 14.20 129,421 16.66

  4 1869 19.97 626 20.40 89 18.05 165,936 21.36

  5 (Most) 3045 32.54 1022 33.30 176 35.70 270,766 34.86

Residential Instability
  1 (least) 1922 20.54 614 20.01 93 18.86 170,440 21.94

  2 1601 17.11 512 16.68 80 16.23 137,597 17.71

  3 1606 17.16 541 17.63 93 18.86 135,740 17.47

  4 1832 19.57 595 19.39 95 19.27 142,329 18.32

  5 (Most) 2398 25.62 807 26.30 132 26.77 190,693 24.55
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among male infants was significantly higher than for 
female infants.

The analysis results of the associations between ON_
Marg indices and risk of CHD stratified by infant sex 
are shown in Table 5. Mothers living in the most mate-
rially deprived neighbourhoods (Q5) was associated 
with 30% and 25% higher odds of having an infant with 
CHD (among the male and female infant populations 
respectively) as compared to mothers living in the least 
deprived neighbourhoods (Q1). On the other hand, 
with regard to ethnic concentration, only the female 
infant specific adjusted odds of CHD remained statisti-
cally significant. Male and female infants with mothers 
living in the most ethnically concentrated neighbour-
hoods (Q5) had 8% and 14% lower odds of having CHD 
respectively as compared to infants with mothers living 
in the least ethnically concentrated neighbourhoods 
(Q1); the stratum-specific adjusted odds were simi-
lar. Sex-stratified adjusted odds of CHD for maternal 
dependency and residential instability remained statisti-
cally insignificant.

Discussion
In this study, we found the prevalence of CHD in infants 
as 1.2%. Of the 9,359 infants born with CHD, 32.8% were 
categorized as severe CHD and 5.27% were diagnosed 
with single ventricle CHD. The ranges of prevalence on 
overall CHD, severe CHD and single ventricle CHD were 
consistent with published reports [4, 47–50].

The material deprivation, and minority ethnic and 
immigrant concentration indices of the ON_Marg 
were associated with CHD after adjusting for covari-
ates. Infants with mothers living in the most materi-
ally deprived communities (Q5) were associated with 
a 27% higher risk of CHD as compared to infants with 
mothers living in the least materially deprived quintile 
(Q1). On the other hand, infants with mothers living in 
the most ethnically diverse neighbourhoods (Q5) were 
associated with a 11% reduce risk of CHD as compared 
to infants with mothers living in the least ethnically 

Table 3  Associations between maternal Ontario Marginalization 
Index and the risk of congenital heart diseases among infants

A multivariable logistic regression model was performed to calculate adjusted 
ORs. All variables are in one model

Variable Crude OR (CI) Adjust OR (CI)

Ontario Marginalization Index

Material Deprivation

  1 (least) Reference Reference

  2 1.06 (0.99–1.13) 1.06 (0.99–1.13)

  3 1.14 (1.07–1.22) 1.15 (1.07–1.23)

  4 1.16 (1.09–1.24) 1.17 (1.09–1.26)

  5 (Most) 1.27 (1.19–1.36) 1.27 (1.18–1.37)

Dependency

  1 (least) Reference Reference

  2 1.02 (0.97–1.09) 0.95 (0.89–1.01)

  3 1.02 (0.96–1.09) 0.91 (0.85–0.97)

  4 1.05 (0.99–1.12) 0.93 (0.86–1)

  5 (Most) 1.17 (1.09–1.24) 0.99 (0.92–1.07)

Ethnicity Concentration

  1 (least) Reference Reference

  2 1.07 (0.99–1.15) 1.1 (1.02–1.19)

  3 0.94 (0.87–1.01) 0.98 (0.9–1.07)

  4 0.85 (0.79–0.92) 0.9 (0.82–0.98)

  5 (Most) 0.84 (0.79–0.9) 0.89 (0.82–0.97)

Residential Instability

  1 (least) Reference Reference

  2 1.03 (0.96–1.1) 0.97 (0.9–1.04)

  3 1.05 (0.98–1.12) 0.95 (0.88–1.02)

  4 1.15 (1.08–1.23) 0.98 (0.91–1.06)

  5 (Most) 1.13 (1.06–1.2) 0.99 (0.93–1.07)

Maternal age at birth

   < 30 years Reference Reference

  30–34 years 0.94 (0.89–0.98) 0.99 (0.95–1.05)

   > 35 years 1.22 (1.16–1.29) 1.28 (1.21–1.35)

Obesity (BMI ≥ 30 kg/m2)

  Yes 1.4 (1.33–1.48) 1.26 (1.19–1.33)

  No Reference Reference

  Missing 1.09 (1.02–1.17) 1.13 (1.06–1.21)

ART derived pregnancy

  Yes 1.27 (1.14–1.41) 1.15 (1.03–1.28)

  No Reference Reference

Maternal smoking or social drug use or alcohol consumption during pregnancy

  Yes 1.44 (1.36–1.52) 1.28 (1.2–1.36)

  No Reference Reference

All types of mental health illness in pre-pregnancy or during pregnancy

  Yes 1.44 (1.37–1.52) 1.21 (1.15–1.28)

  No Reference Reference

Pre-pregnancy health conditions

  Yes 1.85 (1.77–1.94) 1.72 (1.65–1.81)

  No Reference Reference

Baby sex

  Male 1.1 (1.06–1.15) 1.1 (1.06–1.15)

  Female Reference Reference

Residence in rural area

  Yes 1.1 (1.03–1.17) 1.04 (0.96–1.12)

  No Reference Reference

Table 4  Types of CHD prevalence by infant sex

Of the total population (n = 776,799), 792 records had an indeterminate infant 
sex reported or no infant sex reported, P-value from Chi-square test
a Prevalence refers to the number of cases per 1,000 births

Female 
(n = 377,395)

Male (n = 398,612)

Type of CHD N Prevalencea N Prevalencea P value

Overall CHD 4300 11.4 4996 12.5  < 0.0001

Severe CHD 1388 3.7 1664 4.2 0.005

Single ventricle 212 0.6 275 0.7 0.0243
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concentrated quintiles (Q1). As for the other two ON_
Marg dimensions, dependency and residential instabil-
ity, no statistically significant differences were observed 
between the highest and lowest quintiles and the risk of 
infant CHD after adjusting for other maternal covari-
ates. However, the crude OR for both dependency and 
residential instability were significant and both dimen-
sions indicated that infants with mothers residing in the 
highest quintile (Q5) had a slightly higher odds of CHD 
than those in the lowest quintile (Q1). Furthermore, a 
higher prevalence of CHD among infants was observed 
amongst mothers in the highest residential instability 
quintile (Q5) and the lowest dependency quintile (Q1). 
After stratifying the association between each dimen-
sion of maternal SES and CHD by infant sex, the results 
resembled the unstratified adjusted odds.

Material deprivation, an indicator of area-based pov-
erty, refers to an individual’s (in)ability to access and 
obtain basic material needs [31]. It was derived from mul-
tiple factors including income, educational attainment, 

and family structure [31]. The observed link between low 
maternal material deprivation and higher risk of infant 
CHD identified in this study is congruent with previous 
studies conducted in Canada and United States that used 
other area-based deprivation indicators to examine the 
relationship between maternal poverty and infant CHD 
[17, 22, 51, 52]. In our recently published studies, which 
used birth registry data from BORN Ontario, Canada, 
lower maternal SES, as indicated by lower educational 
attainment level, higher unemployment status, and lower 
household income were positively associated with a 34% 
(aOR: 1.34; 95% CI [1.24–1.44]), 18% (aOR: 1.18; 95% CI 
[1.10–1.26]), and 29% (aOR = 1.29; 95% CI [1.20–1.38]) 
increased risk of having an infant with CHD, respectively 
[22]. These maternal SES inequities on the impact of risk 
of CHD were observed in international studies as well 
[23, 53]. In a population-based cohort study in California, 
United States, it was found that the incidence of CHD 
was significantly higher among infants born to mothers 
who had the lowest neighbourhood SES (OR = 1.31; 95% 

Table 5  Associations between maternal Ontario Marginalization Index and the risk of congenital heart diseases by infant sex

a Prevalence refers to the number of cases per 1,000 births

Female Male

Ontario 
Marginalization 
Index

Overall CHD Crude OR (95% CI) Adjust OR (95% CI) Overall CHD Crude OR (95% CI) Adjust OR (95% CI)

N Prevalencea N Prevalencea

Material Deprivation
  1 (least) 810 10.2 Reference Reference 905 10.9 Reference Reference

  2 774 10.6 1.01 (0.92–1.12) 1.02 (0.92–1.13) 923 11.9 1.09 (1–1.2) 1.09 (0.99–1.2)

  3 816 11.5 1.1 (1–1.22) 1.11 (1–1.23) 964 12.8 1.18 (1.08–1.3) 1.18 (1.07–1.29)

  4 823 11.8 1.13 (1.02–1.24) 1.13 (1.02–1.26) 957 12.9 1.19 (1.09–1.31) 1.2 (1.09–1.33)

  5 (Most) 1077 12.8 1.25 (1.13–1.37) 1.25 (1.12–1.39) 1247 14.1 1.3 (1.19–1.42) 1.3 (1.17–1.44)

Dependency
  1 (least) 1408 11.1 Reference Reference 1618 12.1 Reference Reference

  2 926 11.3 1.03 (0.94–1.12) 0.96 (0.88–1.05) 1062 12.3 1.02 (0.94–1.11) 0.94 (0.87–1.03)

  3 727 11.3 1.03 (0.94–1.13) 0.92 (0.83–1.02) 818 12.1 1.01 (0.93–1.1) 0.9 (0.82–0.99)

  4 590 10.6 0.97 (0.88–1.07) 0.85 (0.77–0.95) 793 13.4 1.12 (1.03–1.22) 0.99 (0.9–1.09)

  5 (Most) 649 13.3 1.22 (1.11–1.34) 1.03 (0.93–1.16) 705 13.6 1.12 (1.02–1.22) 0.96 (0.86–1.06)

Ethnic Concentration
  1 (least) 593 12.3 Reference Reference 705 13.7 Reference Reference

  2 722 13.4 1.08 (0.97–1.21) 1.1 (0.98–1.24) 827 14.5 1.06 (0.95–1.17) 1.11 (1–1.23)

  3 743 11.8 0.97 (0.87–1.08) 0.97 (0.86–1.1) 836 12.6 0.92 (0.83–1.02) 0.99 (0.88–1.11)

  4 843 10.4 0.83 (0.75–0.93) 0.85 (0.74–0.96) 1017 12.0 0.87 (0.79–0.96) 0.94 (0.84–1.06)

  5 (Most) 1399 10.6 0.85 (0.77–0.93) 0.86 (0.76–0.98) 1611 11.6 0.83 (0.76–0.91) 0.92 (0.82–1.04)

Residential Instability
  1 (least) 866 10.5 Reference Reference 1039 11.9 Reference Reference

  2 727 10.9 1.04 (0.94–1.15) 0.99 (0.89–1.1) 864 12.2 1.01 (0.93–1.11) 0.95 (0.87–1.05)

  3 722 10.9 1.04 (0.94–1.15) 0.94 (0.85–1.05) 872 12.6 1.06 (0.96–1.16) 0.95 (0.86–1.05)

  4 857 124 1.19 (1.08–1.31) 1.02 (0.91–1.13) 967 13.2 1.12 (1.02–1.22) 0.95 (0.86–1.05)

  5 (Most) 1128 12.2 1.18 (1.07–1.29) 1.03 (0.93–1.14) 1254 12.8 1.09 (1–1.18) 0.96 (0.88–1.06)
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CI [1.21–1.41]) as compared to those with the highest 
SES [53]. Similarly, in a population-based retrospective 
cohort study conducted in Sweden, it was observed that 
children living in the most deprived neighbourhoods had 
20% increase in odds of CHD (adjusted OR = 1.20, 95% 
CI = 0.99–1.45, p = 0.057), compared to those living in 
the least deprived areas [52].

The finding reinforces the association between fami-
lies living in poverty and adverse birth outcomes, even 
in a province with universal healthcare access. Universal 
access to healthcare does not mean universal use of ser-
vices in a timely and appropriate manner [54, 55]. Indi-
vidual and contextual factors influence use and certain 
families who are deprived, living in poverty, have lower 
education levels, lack resources, and are under stress 
may not seek health care for prevention, assessment, 
and treatment of issues [55]. Poverty reduces the pur-
chasing power of families, which can result in purchas-
ing unhealthy foods, living in poor quality environments, 
facilitating unfavourable health-related behaviours such 
as physical inactivity, and underutilizing preventative 
healthcare services, thereby increasing the risk of CHD 
[56, 57]. Furthermore, poverty can increase the mother’s 
stress level and precariousness which might also mediate 
the risk of CHD through a variety of pathways [57].

The dependency index represents population work-
force eligibility (proportion of unemployment) [31]. 
There is a limited number of studies that have used the 
ON_Marg dependency index to investigate its link with 
adverse health outcomes; however, maternal unemploy-
ment has been shown to increase the risk of infants 
born with CHD due to elevated psychological stress and 
reduced financial capabilities [22, 58, 59]. In contrast to 
previous findings, no statistically significant relationship 
between maternal dependency and risk of infant CHD 
was found in this study after adjusting for other maternal 
covariates [22]. This could be explained as the depend-
ency index includes the proportion of the population 
that is 65 years and older; however, mothers are typically 
between the age of 20 to 40 years old [60]. Therefore, this 
dimension of the ON_Marg may not reflect maternal SES 
accurately.

Residential instability quantifies family and hous-
ing (in)stability (spatial mobility) and is important as it 
relates to neighbourhood quality, cohesiveness, and sup-
port [31]. As explained by the concept of spatial behav-
ior, individual actions are shaped by where they live [61], 
so, neighborhood quality is closely tied to employment 
opportunities and prospects of social mobility and per-
ceived social support [62]. The physical environment is 
an important physical determinant of health, and poor 
housing conditions have been shown to negatively impact 
birth outcomes due to greater exposure to environmental 

toxins [53, 63–65]. Furthermore, a longitudinal study in 
the United States found that mothers living in or moving 
to a disadvantaged neighbourhood had lower instrumen-
tal support and perceived social support [62]. However, 
length of residency in a neighbourhood could improve 
social support because an individual has more time to 
form meaningful social connections. Despite this, in 
Canada, the majority of those living in housing below 
standards are more likely to be from the lowest income 
groups, unemployed adults, new immigrants, and those 
belonging to a visible minority group [66]. Furthermore, 
with inflated housing prices, it forces these underprivi-
leged persons to relocate often which can impair ade-
quate prenatal care and perpetuate social deprivation 
[67]. This indicates that other SES indicators such as 
race, income, and employment are potential mediators 
between residential stability and adverse health outcomes 
[68]. This was further supported by our study results as 
no significant differences were found between infants 
with mothers residing in the highest and lowest quintile 
of residential instability and risk of CHD after adjust-
ing for other maternal factors; however, an increasing 
prevalence of CHD and high residential instability was 
observed. Moving forward, it is important to evaluate 
which components of the residential instability index 
may influence infant CHD outcomes.

The finding regarding the relationship between living in 
higher ethnic concentration neighbourhoods and lower 
risk of infant CHD is consistent with the results of prior 
studies that have found a positive association between 
immigration and minority status and the risk of CHD 
among infants [22, 69]. The domain of ethnic concentra-
tion measures the concentration of people living in an 
area who are immigrants and/or who identify as a part 
of a visible minority group [31]. According to a recent 
report, over 3.8 million Ontarians (29.3%) were identified 
as a member of a visible minority group and the major-
ity of visible minorities (2.3 millions of these 3.8 million) 
were immigrants between 2001–2016 [70]. As such, it 
is highly likely that this observed relationship is at least 
partly due to the healthy immigrant effect, which states 
that recent immigrant populations tend to be healthier 
compared to the populations born in Canada [71–73]. 
In addition, an American study found that the overall 
incidence rate of CHD amongst infants born to mothers 
belonging to racial minority groups was higher compared 
to White mothers [23]. The heterogeneity of different 
racial minority groups may also play a role as previous 
studies have shown that the risk of CHD varies accord-
ing to the different minority groups even after adjust-
ing for SES factors and other covariates [17, 19, 23]. For 
instance, we previously found that the overall CHD inci-
dence rate was lower among Asian infants as compared 
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to Black infants in Ontario [19]. However, we were not 
able to differentiate the effects of race and immigrants 
in this study since we used a community level composite 
measurement. More studies are needed to examine preg-
nant people’s immigrant status and race with regard to 
CHD in order to fully understand the mechanism.

Comparably, sex-differences have been previously iden-
tified in relation to CHD severity and mortality rates [15, 
74, 75]. Some studies have shown that male infants have 
a 5% higher risk of mortality compared to female infants 
[74, 76]. This finding has provided more evidence to sup-
port other researchers’ hypothesis that, compared to 
female infants, male infants are born with more severe 
types of CHD that require early surgical interventions 
[74, 75]. Despite the sex-disparity in CHD prevalence, 
we did not find that infant sex significantly modified 
the association between each of the four dimensions of 
maternal SES and risk of CHD.

In this study, we found that there were higher termi-
nation rates among fetuses diagnosed with CHD. The 
higher termination rate may be a result of the prenatal 
diagnosis of CHD. Disadvantaged pregnant individuals 
might experience barriers to accessing optimal Ontario 
prenatal health care, including prenatal ultrasound and 
referral to fetal echocardiography, if the healthcare pro-
fessionals suspect fetal CHD. Furthermore, some ethnic/
religious groups may be less likely to pursue the possibil-
ity of pregnancy termination due to cultural and/or reli-
gious reasons. Thus, these groups of pregnant individuals 
in this population may give birth to more infants with 
CHD compared to their more advantaged peers. Future 
researchers should study the associations between CHD, 
prenatal care, and pregnancy termination.

Furthermore, we also observed that mothers with 
obesity had higher odds of having an infant with CHD 
compared to mothers without obesity. This finding may 
suggest that maternal obesity is associated with gesta-
tional diabetes and may increase the risk of congenital 
heart disease in the fetus/offspring. This disparity on the 
incidence of congenital heart disease between disadvan-
taged and more advantaged pregnant individuals needs 
further investigation as well.

There were many strengths to this study. This is the 
first study that used the ON_Marg as a proxy for mater-
nal SES to further examine the relationship between 
SES and risk of infant CHD. The ON_Marg incorpo-
rated four different perspectives of SES to better capture 
the complexity of SES and allowed for a more detailed 
exploration of which SES factors are more closely tied 
to a higher risk of CHD development. Furthermore, all 
singleton births from 2012 to 2018 in Ontario, Canada 
were included to produce a large sample size to improve 

the precision of the study results and reduce the chance 
of selection bias and random errors. Lastly, this study 
controlled for many known confounders between the 
maternal SES and infant CHD pathway such as mater-
nal age, pre-existing maternal conditions, and rural 
residency to better analyze the associations between 
specific SES factors and infant CHD outcomes.

Despite these strengths, there were also a few limita-
tions to this study. First, approximately 10% of the data 
from the ON_Marg index was missing [31]. Moreover, 
data for pregnancy termination or spontaneous loss 
before gestational age of 20  weeks is not available in 
the BORN database and was therefore not included. 
In addition, there may be potential misclassification 
of CHD diagnosis as the data was gathered through 
passive surveillance. Furthermore, despite controlling 
for many confounders, residual confounding remains 
within our analysis since data on the family history of 
CHD and genetic factors were not considered due to 
limitations of the data. Lastly, the ON_Marg used a 
small area DA-based SES indicators; there is a potential 
for misclassification of SES although DA-based SES has 
been widely used to estimate individual SES when indi-
vidual SES information is lacking [20]. Generalisability 
may also be limited as structural factors contributing 
to area level measures, such as percent unemployed 
or literacy, may vary across jurisdictions and reflect 
policy matters. Moreover, the use of composite area 
level exposures, while providing evidence of commu-
nity factors related to CHDs, is limited for identify-
ing specific causal pathways and preventive strategies. 
Hence, future studies should investigate both individual 
and community level SES indicators and evaluate the 
impacts on the CHD burden.

Conclusions
In summary, this study found that residing in areas of 
high material deprivation and low ethnic concentra-
tion can increase the risk of infant CHD. This suggests 
that health and public health interventions and poli-
cies should be aimed towards families living in poverty 
to decrease the perpetuating SES inequity gap. Fur-
ther research is required to investigate the mechanisms 
behind the protective effect observed with immigration 
and visible minority status and SES.

Disclaimer
Parts of this material are based on data and information 
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