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ABSTRACT
Objective To investigate the interrelationships between 
maternal socioeconomic status (SES), race and congenital 
heart diseases (CHD) among infants.
Design Retrospective cohort study.
Study setting Ontario, Canada.
Study population All singleton stillbirths and live births 
born in hospitals between 1 April 2012 and 31 March 2018 
in Ontario, Canada (n=804 292).
Outcome CHD.
Analysis Multivariable logistic regression models were 
performed to assess associations between maternal 
neighbourhood household income, education level, race 
and CHD while adjusting for maternal age at birth, assisted 
reproductive technology, obesity, pre- existing health 
conditions, substance use during pregnancy, maternal 
rural residence and infant’s sex.
Results Compared with infants whose mothers lived in 
the highest median household income neighbourhoods, 
infants whose mothers lived in the lowest median income 
neighbourhoods had a higher likelihood of having CHD 
(adjusted OR 1.15, 95% CI 1.06 to 1.24). Compared with 
infants whose mothers lived in neighbourhoods with more 
people with a university or higher degree, those infants 
whose mothers lived in neighbourhoods with less people 
with a university or higher degree had a higher chance of 
developing CHD (adjusted OR 1.26, 95% CI 1.16 to 1.36). 
Compared with white mothers, black mothers had a higher 
odds of giving birth to a child with CHD (adjusted OR 
1.40, 95% CI 1.27 to 1.54). No association was detected 
between White and Asian mothers and CHD among infants.
Conclusions Our study indicates that there are inequities 
in CHD burden by maternal SES and race in Ontario, 
Canada. Further investigation is needed to examine racial 
variation in CHD using more detailed ethnic data.

INTRODUCTION
Congenital heart disease (CHD) is a signifi-
cant cause of infant morbidity and mortality.1 
2 CHD accounts for 30%–45% of all congen-
ital anomalies and accounts for over one- third 
of infant deaths due to congenital anomalies 

in North America1–3. Global prevalence rates 
for CHD are estimated at 3.7–17.5 cases per 
1000 births.1–4 In comparison, CHD preva-
lence in Canada has been estimated at 12.3 
cases per 1000 births.4

It has been reported that certain factors 
are associated with CHD including parental 
history of CHD, advanced reproductive 
age, infection, environmental exposures, 
pre- pregnancy risk factors such as obesity, 
diabetes, assisted reproductive technology 
(ART), medications, substance and alcohol 
use, genetic factors, and infant sex.3–7 In 
addition, numerous studies have shown that 
CHD is associated with parental socioeco-
nomic status (SES).8 9 We previously reported 
the impact of maternal SES on the risk of 
CHD using a number of neighbourhood 
SES indicators and found low household 
income, poverty, lower maternal education 
level and unemployment are associated with 
CHD.10 These findings suggest inequities 
in maternal and child health in Ontario, 

Strengths and limitations of this study

 ► Median household income and the percentage of 
people with a university or higher degree to estimate 
maternal socioeconomic status status at the mater-
nal dissemination area (DA) level.

 ► The race of the mother was captured from the pre-
natal screening dataset in Ontario, Canada.

 ► Using population- based data to examine the com-
plex relationships between community- level house-
hold income and education level, the pregnant 
person’s race and congenital heart disease (CHD) 
after taking into account confounders present in the 
Canadian context.

 ► Further investigation is needed to examine racial 
variation in CHD using more detailed ethnic data.
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Canada.10 Furthermore, limited data suggest maternal 
race may also play an important role.11 12 One national 
population- based study including 5350 infants with CHD 
in the UK reported that Asian and black populations were 
at a higher risk of overall CHD than those in the white 
group.13 This group noted that the non- white populations 
resided in disadvantaged neighbourhoods.13 Another 
study including 8029 singleton infants with CHD in the 
USA found racial differences in certain CHD types.14

It is unknown whether race is an independent risk 
factor for CHD, reflecting historical patterns of adverse 
health outcomes and lower SES. Studies examining the 
relationship between race and CHD in Canada is perhaps 
distinct from other parts of the world due to the diver-
sity of its population, largely through immigration.13–15 
Simultaneously, racial poverty is rising among certain 
minority groups in Canada.16 Health equity research, 
specifically related to prenatal care and CHD in Canada, 
is lacking.17 Therefore, we conducted a study to examine 
the interrelationships between maternal SES, race, and 
CHD among infants using population data from the prov-
ince of Ontario, Canada.

METHODS
This study was one part of a larger study on SES and 
CHD.10 The title is ‘Neighbourhood maternal socio-
economic status indicators and risk of congenital heart 
disease’. Here, we summarise our methods, which were 
previously reported.10

Study design, setting and study population
This was a population- based retrospective cohort study. 
The cohort included singleton births (live births and 
still births) that occurred in Ontario hospitals (birth-
weight ≥500 grams or gestational age ≥20 weeks), as well 
as late stage pregnancy terminations (terminated at gesta-
tional age ≥20 weeks or birthweight ≥500 g) from 1 April 
2012 to 31 March 2018. We excluded records where the 
pregnant individuals resided outside of Ontario.

Data sources
As a prescribed registry, the Better Outcomes Registry & 
Network (BORN) Ontario collects data on every birth in 
Ontario.18 19 The database, called the BORN Information 
System (BIS), includes many important data elements, 
such as maternal demographic characteristics and health 
behaviours; pre- existing mental health problems; obstetric 
complications; prenatal screening; intrapartum interven-
tions; fetal and newborn anomalies; birth outcomes; and 
other data from labour, birth and postpartum stages.10 
The data are collected by encounters, but also aggregated 
into maternal pregnancy and infant datasets.10 18–22 Our 
analysis used multiple datasets from the BIS including: 
aggregate pregnancy, aggregate infant, antenatal 
specialty (AS) for high- risk pregnant individuals, prenatal 
screening, and prenatal screening follow- up (PSFU) data. 
High- quality data are maintained in the BIS through in 

depth training for data entry personnel, ongoing data 
validation and quality checks.10 18–22

The Canadian Institute for Health Information (CIHI) 
maintains the Discharge Abstract Database (DAD) 
and the National Ambulatory Care Reporting System 
(NACRS), which BORN receives data from on an annual 
basis.23 These CIHI data include maternal, newborn, and 
child (up to 1 year of age) records from acute care and 
emergency facilities in Ontario.23 We used this CIHI data 
together with data from the BIS to identify infants (up to 
age 1 year) who had a diagnosis of CHD in hospitals.

The 2016 Canadian Census and Postal Code Conver-
sion File Plus (PCCF+) version 7B: Statistics Canada 
and Canada Post collaboratively developed PCCF+ 
that contains postal codes matched with dissemination 
areas (DA), from the latest Canada- wide 2016 Census 
data.23 24 By linking the PCCF+ and the Census data to 
the study cohort using maternal residence postal codes, 
we obtained maternal neighbourhood median household 
income and education at a DA level.

Data linkages
We first obtained the baseline study population from 
the aggregate infant dataset in the BIS. We then linked 
multiple data sources to obtain SES and race variables 
(exposures) and the outcome of CHD, and covariates 
(please see the data linkage flow chart in online supple-
mental appendix A).

Exposures
At the maternal DA level, we used median household 
income to estimate family income and the percentage of 
people aged 25–64 with a university or higher degree to 
estimate maternal education level, which were obtained 
from the 2016 Census and categorised into quintiles 
[quintile 1 (Q1) − quintile 5 (Q5)].

The race of the mother was captured from the prenatal 
screening dataset in the BIS. Race categories were 
predefined on the prenatal screening requisition forms 
including ‘white’, ‘Asian’, ‘black’, ‘Indigenous people’, 
‘Others’ and ‘Unknown (non- prenatal screening)’. Due 
to the privacy policy for Indigenous people in Canada, 
we combined Indigenous people into the ‘Others’ cate-
gory. The ‘Others’ group also included individuals who 
were of mixed races. In our study cohort, around 65% of 
pregnant individuals participated in prenatal screening 
tests, and most of these individuals had complete race 
data entered on their screening requisition form (>99%). 
Approximately 35% of individuals in this birth cohort did 
not participate in prenatal screening, therefore, we were 
not able to identify these pregnant people’s race; these 
subjects are included in the ‘Unknown’ group.25

Outcomes
We linked the baseline cohort to the BIS data (AS and 
prenatal screening follow- up) and CIHI data (DAD and 
NACRS) to obtain CHD cases. Specifically, we used the 
BIS to identify fetal and newborn CHD cases from the 
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anomaly dropdown list. We used CIHI data to obtain CHD 
cases ascertained at birth or within 1 year of life, which 
was coded using the International Statistical Classification 
of Diseases and Related Health Problems, 10th Revision, 
Canadian adaptation (ICD- 10- CA). The BIS CHD pick-
list values were matched with the CHD diagnoses in the 
CIHI data using the ICD- 10- CA manual. Please refer to 
the CHD definitions in online supplemental appendix B.

Covariates
Next, we linked the dataset to the BIS aggregate preg-
nancy data to obtain information including maternal age 
at delivery, conception type, pre- pregnancy body mass 
index (BMI), pre- existing health conditions including 
physical and mental health status, social drug intake, 
alcohol consumption and smoking status during preg-
nancy, rural or urban maternal residence and infant sex.

Statistical analysis
We first performed descriptive analyses on the distribu-
tions of demographic, maternal medical and obstetric 
history and behaviour factors and evaluated the patterns 
of distributions of the aforementioned characteristics by 
quintiles of the maternal neighbourhood SES indicators 
(median household income and education level) at a DA 
level. Then, we conducted multivariable logistic regres-
sion models to evaluate interrelationships between the 
maternal neighbourhood household income, education 
level, maternal race and CHD after accounting for covari-
ates including maternal age at birth, ART, obesity, pre- 
existing health conditions including physical and mental 
health status, substance use during pregnancy, rural or 
urban maternal residence and infant’s sex. Since the vari-
ables of obesity (derived variable from BMI) and race had 
more than 10% of values either missing or unknown, we 
categorised missing values into a separate non- reference 
level. We excluded several potential confounders 
including maternal parity, folic acid consumption and 
previous caesarean section since the OR changes of these 
variables were less than 10% in the multivariable regres-
sion models.26 Since CHD is a rare outcome (<10%), ORs 
were used to estimate risk ratios in this study. Sensitivity 
analysis was performed to evaluate associations between 
SES, race and severe or single ventricle CHD in multi-
variable logistic regression models. All data linkages and 
analysis were performed using SAS V.9.4 (SAS Institute).

Patient involvement
Patients and their families were not involved in the 
research question, study design, the outcome measures, 
and analysis and reporting. We used registry, administra-
tive and census data to conduct this study.

RESULTS
Among the cohort of 804 292 singletons, we identified 
9731 (1.21%) infants with CHD; 3231 (0.40%) cases were 
severe CHD and 532 cases were single ventricle CHD. 

Figure 1 shows overall CHD, severe CHD and single 
ventricle CHD prevalence by race. Both the overall and 
severe CHD prevalence rates were highest among the 
Black group and lowest among the Asian group, while the 
single ventricle CHD prevalence rate was highest among 
the Unknown group and lowest among the Asian group.

Tables 1–3 present the distributions of demographic 
characteristics and medical history by the pregnant 
person’s median household income quintiles, educa-
tion level quintiles and race, respectively. Tables 1 and 2 
show that the mean maternal BMI and the percentage of 
pregnant individuals living in the neighbourhoods who 
had obesity decreased from Q1 neighbourhoods to Q5 
neighbourhoods. The proportion of pregnant individuals 
who used tobacco, social drugs or alcohol during preg-
nancy also demonstrated a decreasing trend from Q1 to 
Q5 neighbourhoods by maternal education level. The 
percentage of mothers with mental health conditions, or 
medical and obstetrical conditions were more prevalent 
among neighbourhoods with a lower education level. 
The Cochran- Armitage test showed the statistical signif-
icance of these trends (p<0.0001). Table 3 shows that 
the percentage of pregnant individuals who had obesity 
prior to pregnancy was highest among the black group 
(25.94%) and lowest among the Asian group (8.09%). 
The percentage of people who used tobacco, social 
drugs or alcohol during pregnancy was highest among 
the white group (13.25%) and lowest among the Asian 
group (1.92%).The percentages of pregnant individ-
uals who had mental health conditions and a history of 
maternal and health conditions was highest among the 
white group and lowest among the Asian group. Online 
supplemental appendix C table 1 shows the distribution 
of maternal household income and education level at a 
DA level by maternal race. The percentage of pregnant 
individuals who resided in the poorest neighbourhoods 
was highest among the black group (38.4%) and lowest 
among the white group (17.5%). The percentage of 
pregnant individuals who resided in the least educated 
neighbourhoods was highest among the unknown (non- 
prenatal- screening) group (24.2%) and lowest among the 
Asian group (2.9%).

Figure 1 CHD prevalence by race. ‘Unknown’ group in race 
represents non- prenatal- screening population.
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The interaction between median household income 
and race on CHD was close to statistical significance 
(p=0.06). Table 4 shows the associations between maternal 

neighbourhood household income, neighbourhood 
education level and mother’s race while adjusting for 
covariates. Compared with infants whose mothers lived in 
the highest median household income neighbourhoods, 
infants whose mothers lived in the lowest median income 
neighbourhoods had a higher likelihood of having CHD 
(adjusted OR 1.15, 95% CI 1.06 to 1.24). Compared with 
infants whose mothers lived in neighbourhoods with 
higher levels of postsecondary education, those infants 
from neighbourhoods with lower education levels had 
a higher chance of developing CHD (adjusted OR 1.26, 
95% CI 1.16 to 1.36). Compared with the white pregnant 
individuals, black pregnant individuals had higher odds 
of giving birth to a child with CHD (adjusted OR 1.40, 
95% CI 1.27 to 1.54). Compared with female infants, male 
infants had higher odds of developing CHD (adjusted OR 
1.10, 95% CI 1.06 to 1.15).

Since the interaction between median household 
income and race on CHD was close to statistical signifi-
cance, we performed further multivariable analysis strati-
fied by race groups. The results of the associations between 
household income and CHD were similar among white 
(online supplemental appendix C table 2) and Asian 
pregnant individuals (online supplemental appendix C 
table 3). Compared with infants whose mothers lived in 
the highest median household income neighbourhoods, 
adjusted ORs of infants whose mothers lived in the lowest 
median income neighbourhoods were 1.15 (95% CI 1.01 
to 1.30) (white) (online supplemental appendix C table 
2), 1.12 (95% CI 0.94 to 1.34) (Asian) (online supple-
mental appendix C table 3), and 1.73 (95% CI 1.16 to 
2.56) (black) pregnant individuals (online supplemental 
appendix C table 4).

Sensitivity analyses in online supplemental appendix 
C table 5 and 6 show the crude ORs and adjusted ORs 
between maternal median household income, education 
level and race and severe CHD or single ventricle CHD. 
There was no significant difference between race groups 
on CHD.

DISCUSSION
Overall, severe and single ventricle CHD prevalence rates 
varied by race. Infants from communities with lower 
median household income and lower education level had 
a higher likelihood of developing CHD after adjusting 
for potential confounders. No statistically significant 
difference was found in the risk of CHD in children 
born to Asian individuals compared with White individ-
uals. However, there was a higher likelihood of CHD in 
children born to black individuals compared with white 
individuals.

After taking account of maternal health conditions 
and behavioural factors in the multivariable regres-
sion models, we still detected the effects of maternal 
income and education level on CHD among infants. 
The impact of education level on CHD was greater than 
that of household income on CHD. The only association 

Table 4 Associations between household income and 
education and race to the risk of developing CHD
Variable Crude OR Adjusted OR

Median household income after tax at a DA level

  1 (lowest) 1.36 (1.27–1.46) 1.15 (1.06–1.24)

  2 1.18 (1.1–1.26) 1.03 (0.95–1.11)

  3 1.11 (1.03–1.19) .99 (0.92–1.07)

  4 1.10 (1.03–1.18) 1.04 (0.96–1.12)

  5 (highest) Reference Reference

Percentage of people aged 25–64 had a degree of university or higher at a DA level

  1 (lowest) 1.45 (1.35–1.55) 1.26 (1.16–1.36)

  2 1.31 (1.22–1.4) 1.20 (1.11–1.29)

  3 1.25 (1.17–1.34) 1.20 (1.12–1.29)

  4 1.11 (1.04–1.18) 1.09 (1.02–1.16)

  5 (highest) Reference Reference

Maternal race

  White Reference Reference

  Asian .83 (0.78–0.88) .97 (0.91–1.04)

  Black 1.36 (1.24–1.5) 1.40 (1.27–1.54)

  Mix/other 1.14 (1.01–1.28) 1.14 (1.02–1.28)

  Unknown (non- prenatal- screening 
group)

1.07 (1.02–1.13) 1.08 (1.03–1.13)

Maternal age at birth

  <30 years Reference Reference

  30–34 years .93 (0.89–0.98) 1.02 (0.97–1.07)

  ≥35 years 1.22 (1.16–1.29) 1.31 (1.24–1.38)

Obesity

  Yes 1.4 (1.33–1.47) 1.23 (1.16–1.3)

  No Reference Reference

  Missing 1.1 (1.03–1.18) 1.12 (1.05–1.2)

ART derived pregnancy

  Yes 1.26 (1.14–1.4) 1.16 (1.05–1.3)

  No Reference Reference

Smoking, alcohol or drug use during pregnancy

  Yes 1.46 (1.39–1.55) 1.29 (1.21–1.37)

  No Reference Reference

Mental health condition

  Yes 1.45 (1.38–1.53) 1.22 (1.16–1.29)

  No Reference Reference

Prematernal health condition

  Yes 1.85 (1.77–1.94) 1.73 (1.65–1.81)

  No Reference Reference

Infant sex

  Male 1.10 (1.06–1.15) 1.10 (1.06–1.15)

  Female Reference Reference

Residence in rural area

  Yes 1.12 (1.05–1.19) 1.04 (0.97–1.12)

  No Reference Reference

Education: Percentage of people aged 25–64 who had a degree of university or higher at a DA 
level. All variables were in one multivariable logistic regression model to calculate adjusted ORs. 
Interaction between median household income and race on CHD was 0.06. Interaction between 
education and race on CHD was 0.72. There were 86 152 missing values for obesity.
ART, assisted reproductive technology; CHD, congenital heart disease; DA, dissemination area.
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between household income and CHD was found when 
the comparison was conducted between infants whose 
mothers lived in the highest income neighbourhoods 
(Q5) and infants whose mothers lived in the lowest 
income neighbourhoods (Q1). On the other hand, asso-
ciations between education level and CHD were found 
across all quintile groups. Additionally, the strength of 
association decreased from lower educated neighbour-
hoods to higher educated neighbourhoods. These find-
ings are consistent with another Canadian study regarding 
adverse birth outcomes by income and education.27

The impact of household income on birth outcomes 
can be related to environmental factors such as quality 
of nutrition or exposure to environmental toxins.10 28 In 
addition, poorer financial conditions may elevate stress 
levels, which may lead to an increase of psychosocial 
impact on the risk of CHD.29 Furthermore, lower educa-
tion level may be a limitation in maintaining a healthy life-
style, which we were not able to measure in this study due 
to data limitations.30 Although education level is usually 
positively related with household income, we found the 
positive impact of education level was more profound 
when both household income and education variables 
were adjusted in one multivariable model. A possible 
explanation for this finding is that Canada has a universal 
healthcare system which may reduce some of the financial 
burden.31 On the other hand, education level may play a 
more important role, as education level may impact the 
ability to achieve a healthy lifestyle and take precautions 
to prevent CHD and other adverse health outcomes.30

Similar to previous studies, we found evidence of racial 
variation in the overall prevalence of CHD.13 14 The study 
conducted in the UK found that the overall CHD inci-
dence rates among all non- white children were signifi-
cantly higher than those in the White group.13 In addition, 
non- white children tended to live in more disadvantaged 
environments.13 In our study, the overall CHD prev-
alence was the lowest among the infants born to Asian 
individuals, while the highest CHD rate was found among 
infants born to black individuals. In our study, there was 
a higher percentage of non- white pregnant individuals 
who lived in the poorest neighbourhoods; specifically, 
the percentage of black pregnant individuals living in 
the poorest neighbourhoods was more than double the 
percentage of white pregnant individuals living in the 
poorest neighbourhoods. Interestingly, the percentage of 
non- white individuals (black, Asian, mixed or other) living 
in the least educated neighbourhoods were all lower than 
the percentage of white people. These findings suggest 
that the relationships between racial groups and SES are 
complex in Canada, probably partially due to the hetero-
geneity of the non- white group. Unlike the USA, most 
racialised people in Canada are newcomers who tend 
to have postsecondary education before immigrating to 
Canada.32 33 Furthermore, newcomers to Canada may 
have better health status than those in the general popu-
lation from their countries of origin. This ‘healthy immi-
grant’ effect may be due to the Canadian government’s 

immigration policies.34 In addition, newcomers to Canada 
may have lower rates of substance use and higher rates of 
health preventative activities and diet. 29 34

Among black pregnant people, we detected the highest 
CHD rate for all racial groups. In the multivariable 
analysis, we found that compared with white pregnant 
people, black pregnant people had a higher likelihood 
of giving birth to a child with CHD, after adjusting for 
household income, education level and other covariates. 
The reasons for the association between race and CHD 
remain unknown and require further study.

Our results also indicate that there was a potential inter-
action of household income and race on CHD. When 
conducting stratification analysis by race, the magnitude 
of effect of maternal household income on CHD among 
black pregnant people was greater compared with other 
races. This finding suggests that household income may 
have greater impact on CHD among Black people than 
that in other racial groups. However, in the sensitivity anal-
ysis of associations between race, SES and the outcomes 
of severe and single ventricle CHD, the odds of CHD 
among infants whose mothers were black did not differ 
from white mothers (online supplemental appendix C 
tables 5 and 6).

This study had several strengths. To our knowledge, this 
was the first study to examine the complex relationships 
between community- level household income and educa-
tion level, the pregnant person’s race and CHD after 
taking into account confounders present in the Canadian 
context. Another strength is the large sample size, which 
improved the precision of the study results. Furthermore, 
the CHD cases were ascertained by linking multiple data 
sources including those identified in prenatal, postnatal 
or birth records and those identified up to 1 year of 
infancy. Finally, since our cohort included the entire birth 
population in Ontario, the findings of this study can be 
generalised to all of Canada.

There were several limitations of this study. First, due 
to data limitations, we used pregnant persons’ residential 
neighbourhood median household income and educa-
tion level to estimate the individual family’s household 
income and the mother’s education level, respectively, 
which creates the potential for misclassification bias. In 
addition, adjusting for the neighbourhood SES levels in 
multivariable regression models could lead to residual 
confounding bias. In Canada, neighbourhood SES 
factors are based on the DA level (a small geographic 
area) and have been considered as acceptable proxies 
of individual- level maternal SES factors.27 Second, all 
CHD records were derived from administrative data 
without our specific study design and variables in mind, 
which could have resulted in misclassification of CHD 
outcome. Third, all racial information was derived from 
the prenatal screening follow- up data in the BIS, in which 
35% of pregnant people were categorised as ‘Unknown’, 
which represents the non- prenatal screening population. 
The heterogeneity of this group may have potentially 
impacted our results. Another limitation of our data is 

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-051020 on 1 F

ebruary 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2021-051020
https://dx.doi.org/10.1136/bmjopen-2021-051020
http://bmjopen.bmj.com/


9Miao Q, et al. BMJ Open 2022;12:e051020. doi:10.1136/bmjopen-2021-051020

Open access

that all racial information was based on screening requi-
sitions completed by heath care providers asking patients 
to self- identify or basing the data entered on their own 
judgement (personal communications with prenatal 
screening experts). This may have led to inconsistencies 
in racial classification. Furthermore, due to data limita-
tions, we were not able to differentiate people from South 
Asia, West Asia and Southeast Asia. Future studies should 
focus on improving CHD ascertainment, as well as use a 
systemic and respectful approach to race and ethnicity 
self- determination and data collection. Lastly, variation in 
newcomer status (recent immigrants, refugee status and 
years of immigration) may potentially impact the results.

CONCLUSIONS
The findings of this study suggest that there are inequi-
ties in CHD burden by maternal SES and race in Ontario, 
Canada. CHD surveillance and interventions should be 
targeted towards vulnerable groups. The results of this 
study could have important implications for health policy 
to minimise the equity gap and reduce the burden of 
disease in populations at risk. Further investigation is 
needed to examine racial variation in CHD using more 
detailed racial data and increased sample size to examine 
the relationships between SES, race and severe and single 
ventricle CHD.
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