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Abstract

Background: The risk of congenital heart disease (CHD) has been found to vary by maternal socioeconomic status
(SES) and rural-urban residence. In this study, we examined associations of CHD with two maternal SES indicators and
stratified the analysis by maternal rural-urban residence.

Methods: This was a population-based retrospective cohort study. We included all singleton stillbirths and live
hospital births from April 1,2012 to March 31,2018 in Ontario, Canada. We linked the BORN Information System and
Canadian Institute for Health Information databases. Multivariable logistic regression models were used to examine
associations of CHD with material deprivation index (MDI), social deprivation index (SDI), and maternal residence
while adjusting for maternal age at birth, assisted reproductive technology, obesity, pre-pregnancy maternal health
conditions, mental health illness before and during pregnancy, substance use during pregnancy, and infant’s sex. MDI
and SDI were estimated at a dissemination area level in Ontario and were categorized into quintiles (Q1-Q5).

Results: This cohort study included 798,173 singletons. In maternal urban residence, the p trend (Cochran—-Armitage
test) was less than 0.0001 for both MDI and SDI; while for rural residence, it was 0.002 and 0.98, respectively. Infants liv-
ing in the most materially deprived neighbourhoods (MDI Q5) had higher odds of CHD (aOR: 1.21, 95% Cl: 1.12-1.29)
compared to Q1. Similarly, infants living in the most socially deprived neighbourhoods (SDI Q5) had an 18% increase
in the odds of CHD (aOR: 1.18, 95% Cl: 1.1-1.26) compared to Q1. Rural infants had a 13% increase in the odds of CHD
compared to their urban counterparts. After stratifying by maternal rural-urban residence, we still detected higher
odds of CHD with two indices in urban residence but only MDI in rural residence.

Conclusion: Higher material and social deprivation and rural residence were associated with higher odds of CHD.
Health interventions and policies should reinforce the need for optimal care for all families, particularly underprivi-
leged families in both rural and urban regions. Future studies should further investigate the effect of social deprivation
on the risk of CHD development.
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Introduction

Congenital heart disease (CHD) is a major cause of
morbidity and mortality among neonates and infants
[1, 2]. The prevalence of CHD ranges from 3.7 to 17.5
cases per 1000 births and accounts for 30 to 45% of all
congenital anomalies (CAs) globally [1, 3-5]. In Can-
ada, the overall CHD prevalence rate has been esti-
mated to be 12.3 per 1000 total births [6, 7]. In North
America, it is estimated that 37% of deaths in infants
with CAs are due to CHD [1, 3, 8].

CHD risk has been linked to many factors including
genetic, environmental, and behavioural factors [9-11].
Certain social determinants of health have been shown
to be important risk factors in determining risk of CHD
and a number of other birth outcomes including pre-
term birth, low birth weight, and small-for-gestational-
age and congenital anomalies [12-14]. Specifically,
within Canada, recent decades have shown an increase
in social inequities, which include significant income
and wealth disparities between urban and rural resi-
dents [15]. Characterized by limited access to adequate
health care and greater exposure to environmental haz-
ards, rural residence has been gaining more attention in
recent years due to an increasing number of pregnant
people giving birth to infants with CHD [16, 17]. One
Canadian study further illustrates this point where the
authors showed a link between industrial pollution and
place of residence in Alberta, in which occurrences of
CHD seemed highest in rural postal codes that were
exposed to the highest level of air emissions (RR: 2.6;
95% CI: 1.03—7.0) [18].

In addition, numerous studies have reported that
CHD development is associated with maternal socio-
economic status (SES), which was measured by house-
hold income, poverty, parental or maternal education
level, maternal occupation, and employment status [14,
19-22]. A meta-analysis including data from 33 studies
found that lower levels of maternal education and fam-
ily income, and maternal exposure to certain occupa-
tions increased the risk of CHD by 11%, 5% and 51%,
respectively [22]. However, the results were not con-
sistent across all geographic areas and SES indicators
[22, 23]. The mechanism of this relationship remains
unclear. One possible explanation is that mothers with
a lower SES level often experience poverty and can only
afford to live in an area with disadvantaged environ-
mental living conditions and have less access to healthy

foods. In addition, poverty may increase stress levels,
which may lead to social drug use and alcohol con-
sumption [14, 20].

Although numerous studies have been published
regarding socioeconomic inequities, geographic resi-
dence variation, and the risk of CHD, findings are
inconsistent [18, 22, 23]. The interrelationship between
rural-urban, socioeconomic status (SES), and CHD
remains unclear [18, 22, 23]. In the past, we have used
multiple SES indicators to measure maternal SES [14];
however, SES has multiple dimensions, and no single
SES indicator can represent all perspectives, which may
also lead to inconsistent findings regarding associations
between SES and CHD [27]. Canadian researchers have
developed Canada’s Deprivation Index (CDI), which
includes two composite SES indices, maternal depriva-
tion index (MDI) and social deprivation index (SDI), to
measure SES at a dissemination area (DA) level [28, 29].
Both MDI and SDI account for six social and economic
factors regarding education, employment, income and
family structure [29]. MDI focuses on material depriva-
tion such as poverty, while SDI reflects the social isola-
tion of an individual [28]. Canadian researchers have
recognized that a composite measurement may be more
representative of an individual’s SES rather than a single
SES indicator [30-32]. Researchers have demonstrated
that CDI can be a proxy of individual level SES measure-
ment and have adopted the indices to estimate SES in
public health research in Canada [28, 29, 31-33]. To our
knowledge, there are currently no studies that have used
these indices (MDI and SDI) to examine the association
between SES and CHD. As such, we aimed to fill this gap
by measuring the risk of CHD as it associates to SES and
urban versus rural status as per the criteria listed in the
SDI and MDL

Methods

In this study, we aimed to use multiple community SES
factors to examine associations of CHD with SES, using
a population-based retrospective cohort study with
Ontario data from April 1st, 2012 to March 31st, 2018 .

Study population

The study included late-stage terminations of sin-
gleton pregnancies (pregnancies terminated at ges-
tational age>20weeks or birthweight >500g) and
singleton births (live births and stillbirths) in Ontario
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hospitals from April 1st, 2012 to March 31st, 2018, with
birthweight >500g or gestation >20weeks. Records of
multiple births, and mothers or infants residing outside
of Ontario were excluded.

Data sources

We used the Better Outcomes Registry & Network
(BORN), Canadian Institute for Health Information
(CIHI)'s Discharge Abstract Database (DAD), and the
CIHI National Ambulatory Care Reporting System
(NACRS) databases to conduct this study. BORN col-
lects data on every pregnancy and birth in Ontario
through the BORN Information System (BIS) [34-36].
The BORN database captures maternal demographic
characteristics and health behaviours; pre-existing
maternal health problems; prenatal screening; obstetric
complications; intra-partum interventions; fetal anoma-
lies and birth outcomes in pregnancy; labour and birth,
and postpartum stages [34, 36]. The data is collected
by encounters but also aggregated into maternal preg-
nancy and infant datasets [34, 35]. Datasets in the BIS
were used to perform the analysis including aggregate
pregnancy, aggregate infant, antenatal specialty (AS) for
high-risk pregnant people clinics, prenatal screen, and
prenatal screening follow-up (PSFU) data [14]. BORN
continuously strives to ensure high data quality in the
BIS through an ongoing data validation process [24, 36],
quality checks, and formal training sessions for individu-
als entering data [35]. BORN data quality analysts moni-
tor the quality including timeliness, reliability, usability,
relevance, completeness, and accuracy of BORN data in
a dynamic manner [35, 36]. Several papers and reports
have been published using these data [34—37].
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The DAD and NACRS are maintained by CIHI. The
DAD contains inpatients’ demographic, administra-
tive, and clinical information from acute hospital dis-
charge abstracts in Canada, while the NACRS includes
health information data from emergency and ambula-
tory care facilities in Canada [25, 26]. Each year, BORN
receives CIHI-DAD and CIHI-NACRS maternal, new-
born, and child records (up to 1 year) from acute care
and emergency facilities in Ontario [36]. By using these
data sources in conjunction with the BIS, we were able to
identify infants who had a diagnosis of CHD in hospital
up to 1 year of age [14].

Data linkages and variable definitions

The baseline study cohort was obtained from the aggre-
gate infant data of birthdates in the BIS within the
required timeframe. This dataset was linked to the aggre-
gate pregnancy data to obtain maternal information
including maternal age at delivery, number of fetuses,
conception type, pre-pregnancy BMI, pre-pregnancy
weight and height, pre-pregnancy maternal health con-
ditions, mental health status before and during preg-
nancy, social drug intake, and alcohol consumption and
smoking status during pregnancy. Multiple birth records
(twins, triplets etc.) were excluded from the study cohort.
The cohort was further linked to the AS and PSOF to
obtain fetal CHD cases. Finally, additional CHD at birth
and within 1 year after birth were obtained from the
CIHI DAD and NACRS databases with the infant birth-
date in the same timeframe [14]. The MDI and SDI indi-
ces based on a DA level in Ontario were further linked
to the cohort using postal codes of maternal residence.
Please see the data linkage flowchart in Fig. 1.

BIS Infant aggregated data with newborn infant birthdate April 1 2012 to
Mar 31 2018, hospital birth, (N=834,058 )

Infant's maternal information from

—e == Exclude missing number of fetuses and twins
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pregnancy aggregated data in BIS

or higher order multiples (N=29,653)

April 12012 to Mar 31

Singletons in BIS with newborn infant birthdate in

2018 (N=804,405)

CHD cases from CIHI DAD and NACRS | >

J
Canada's Deprivation Index >
(Census 2016)

Excluding gestational age at birth not met the
= = == = = == = = | riteria of livebirth or stillbirth (N=113)

Cohort, singletons, hospital births with SES exposure, CHD
outcome and covariates information (N=804,292 )

Excluding missing values of urban or rural
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Fig. 1 Flowchart of data sources and data linkage for study cohort
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Outcome

All prenatally captured CHD cases were identified from
AS and PSFU datasets in the BIS. Newborn diagnoses
for CHD were collected in the birth child and postpar-
tum child and neonatal intensive care encounters of the
BIS and have been aggregated into one infant dataset in
the BIS [14]. We also captured the newborn CHD from
the aggregate infant dataset. Additional newborn CHD
and CHD diagnosed during the first year of infancy were
identified from CIHI-DAD and CIHI-NACRS databases
[14]. In the BIS, CHD was coded in an anomaly picklist,
which was based on clinical diagnosis [14]. In CIHI data-
sets, CHD was coded using the International Statistical
Classification of Diseases and Related Health Problems,
10th Revision, Canadian adaptation (ICD-10-CA) [14].
We included most types of CHD cases and excluded very
minor lesions including patent foramen ovale and patent
ductus arteriosus. CHD definitions and categorizations
in BIS data and CIHI data can be found in the Additional
file 1.

Covariates

The linked BORN records were used to obtain maternal
information including maternal age at delivery, concep-
tion type, pre-pregnancy BMI, pre-pregnancy maternal
health conditions, mental health illness before or during
pregnancy, social drug intake, alcohol consumption and
smoking status during pregnancy and infant sex [14, 20].
The covariates were selected based on a literature review
and research team members’ clinical experience.

Exposures: CDI and maternal rural-urban residence

In this study, we used the CDI - Ontario province
(region) to estimate the maternal SES [38]. The CDI data-
set was developed and provided by the INSPQ (Public
Health Expertise and Reference Centre, Quebec Canada).
The latest version was based on the Canada Census 2016
data [38]. CDI has been demonstrated as a valid index to
measure SES when there is no individual level SES infor-
mation in population-based databases [15]. The CDI
includes two indices: MDI and SDI, which were calcu-
lated using an area-based principal component analysis
method and accounting for six SES indicators from the
Census data including proportion age 15+ with no high
school diploma, employment population ratio of people
age 15+, average income of people age 15+, propor-
tion of individuals age 15+ living alone, proportion of
individuals age 15+ who are separated, divorced or wid-
owed, and proportion of single-parent families [15, 29].
Both MDI and SDI were calculated using these same six
indicators and each indicator was assigned to a different
factor weight (a standardized scoring coefficient) [29].
MDI mostly represents material aspects of deprivation
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including a lower income, lower education level, and
lower employment to population ratio, while SDI focuses
on the social aspects of deprivation including being
separated, divorced, or widowed, and living alone or in
a single-parent family [29]. Quintiles of SDI and MDI at
a DA level in Ontario were calculated and were treated
as composite maternal neighborhood SES factors in two
dimensions [29]. DAs are the smallest geographical units
available in the 2016 census that are relatively homogene-
ous to measure SES [38]. CDI data (quintiles of MDI and
SDI) were linked to the study cohort using the unique DA
identification number.

Maternal rural-urban residence was defined in the
2016 Canadian Census and Postal Code Conversion File
Plus (PCCF+) version 7B [39]. We linked maternal postal
codes in the BIS to PCCF+ 7B to obtain this variable.
This variable was derived using a combination of popula-
tion size, contiguity, and density [39, 40].

Statistical analysis

Distributions of exposure variables and covariates by
CHD was described first. The p trend Cochran-Armitage
test was used to assess the trend of association between
CDI and CHD. Multivariable logistic regression models
were performed to examine the relationships between
the MDI, SDI, rural-urban residence, and CHD. SDI
and MDI were estimated at a DA level and categorized
by quintiles. Adjustments were made for maternal age
at birth, assisted reproductive technology, obesity, pre-
existing maternal health conditions, mental health ill-
ness before and during pregnancy, substance use during
pregnancy, and infant’s sex. We did not rely on a statis-
tical significance to keep a variable in the multivariable
logistic regression models. As such, all covariables were
forced in the analyses [41]. The MDI, SDI and rural-urban
residence were in one multivariable model to estimate
the ORs and 95% confidence intervals (CI) while adjust-
ing for covariates. Interactions between rural-urban
residence with MDI and SDI on CHD were evaluated
in a multivariable regression model. The relationships
between MDI and SDI, and CHD were further assessed
by stratification of the maternal rural-urban residence.
All data linkages and analyses were performed using SAS
9.4 (SAS Institute Inc., Cary NC).

Results

The study cohort retrieved from the BIS infant aggre-
gated data consisted of 834,058 newborn infants born
between April 1, 2012 and March 31, 2018 (Fig. 1). Data
were subsequently linked with the infant’s maternal
information, which led to 29,653 being excluded due
to missing number of fetuses and twins or higher order
multiples. A resulting 804,405 singletons from the BIS
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went on to be evaluated for SES exposure, CHD out-
come and covariate information, which led to 113 being
excluded due to not meeting the criteria of live- or still-
birth. Another 6119 were excluded due to missing val-
ues for rural-urban areas. A total of 704,771 infants were
classified as livin g in an urban area and 93,402 in a rural
area. In total, 9649 CHD cases (1.21% of 798,173) were
identified in this cohort.

Table 1 shows the maternal and infant characteristics
of the study population. Individuals in urban residences
were found to have a lower maternal pre-pregnancy BMI
of 24.96kg/m* compared to 25.82kg/m? for mothers in
rural areas. Mothers in urban residences were also found
to be older (mean of 30.77years of age, with 38.93%
under 30years) compared to a mean of 29.07 years of
age (with 52.72% under 30years) for those living in rural
residence. Likewise, pregnant people living in an urban
residence had lower prevalence rates of obesity (14.72%
versus 19.20%), smoking / drug use / alcohol consump-
tion (10.95% versus 19.61%), a mental health illness in
pre-pregnancy or during pregnancy (14.15% versus
20.21%), and a pre-pregnancy maternal health conditions

Table 1 Maternal and infant characteristics of study population
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(18.38% versus 20.28%) when compared to pregnant peo-
ple living in rural residence. By contrast, they had higher
prevalence rates of ART conception (3.25%) com pared to
2.54% of mothers in rural residences. There was no signif-
icant difference between rural and urban in the number
of male and female babies observed.

Table 2 illustrates the associations between social and
material deprivation indices and rural or urban residence
by crude and adjusted ORs. The odds of CHD for infants
was highest in the fifth quintile, where the mothers lived
in the most deprived neighbourhoods, with an adjusted
OR of 1.21 (CI 95%; 1.12-1.29) compared to infants
whose mothers lived in the first quintile (least deprived)
neighbourhoods on the MDI. Similarly, the SDI showed
a comparable result with infants from the most deprived
(Q5) neighbourhoods at the highest odds of CHD (aOR
1.18; CI1 95% 1.1-1.26) compared to their counterparts in
the least deprived (Q1) neighbourhoods. Other variables
that were associated with CHD included rural residence
(aOR 1.13; CI 95% 1.06-1.21), maternal age of 35years
or older (aOR 1.27; CI 95% 1.2-1.34) compared to preg-
nant people 30years and younger, obesity (aOR 1.27; CI

Urban residence Rural residence P value
N % N %
Maternal pre-pregnancy body mass index (BMI) in kg/m? mean = SD 24.96 6.11 25.82 6.52 <0.0001
Maternal age at birth in years, mean £ SD 30.77 528 29.07 538 <0.0001
<30 274,378 3893 49,241 5272 <0.0001
30-34 260,082 36.90 29,610 31.70
35 and over 169,809 24.09 14,529 15.56
Obesity, BMI > 30kg/m?, yes, # (%)
Yes 103,747 14.72 17,929 19.20 <.0001
No 512,951 72.78 66,311 71.00
Missing 88,073 12.50 9162 9.81
ART derived pregnancy <.0001
No 681,891 96.75 91,025 97.46
Yes 22,880 325 2377 254
Maternal smoking or social drug use or alcohol consumption during preg- <.0001
nancy
Yes 77,164 10.95 18,313 19.61
No 608,983 86.41 74,565 79.83
Missing 18,624 2.64 524 0.56
All types of mental health illness in pre-pregnancy or during pregnancy <.0001
Yes 99,735 14.15 18,874 20.21
No 605,036 85.85 74,528 79.79
Pre-pregnancy health conditions , yes, # (%) <.0001
Yes 129,571 18.38 18,946 20.28
No 575,200 81.62 74,456 79.72
Infant sex 0.35
Male 361,547 51.30 48,053 5145
Female 342,519 48.60 45,225 4842
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Table 3 Associations between deprivation indices and congenital
heart disease by rural or urban residence

Table2  Associations between deprivation indices and
congenital heart disease
Variable Crude OR Adjust OR
Material deprivation index
1 (lowest) Reference Reference
2 1.04 (0.96-1.12) 1.05(0.97-1.13)
3 1.11(1.03-1.19) 1.12 (1.04-1.20)
4 1.13(1.05-1.21) 1.15(1.07-1.23)
5 (highest) 1.20(1.12-1.28) 1.21(1.12-1.29)
Social deprivation index?
1 (lowest) Reference Reference
2 1.10(102—118) 1.08 (1-1.15)
3 1.07 (1- 1.04 (0.97-1.12)
4 1.14 (1.06- 122) 1.09 (1.02- 117)
5 (highest) 1.25(1.17-1.34) 1.18 (1.1-1.26)
Rural residence
Yes 1.12(1.06-1.2) 1.13(1.06-1.21)
No Reference Reference
Maternal age at birth
<30vyears Reference Reference
30-34years 0.94 (0.90-0.99) 1.00 (0.95-1.05)
>35years 122 (1.16-1.28) 1.27 (1.20-1.34)
Obesity
Yes 141 (1.33-148) 1.27 (1.20-1.34)
No Reference Reference
Unknown 1.1(1.03-1.18) 1.13(1.06-1.21)

ART derived pregnancy

Yes 1.25(1.12-1.39) 1.13(1.01-1.26)

No Reference Reference
Smoking, alcohol, or drug use during pregnancy

Yes 146 (1.38-1.54) 1.31(1.23-1.39)

No Reference Reference

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

Yes
No

1.45(1.37-1.53)
Reference

Pre-pregnancy maternal health conditions

1.23(1.17-1.30)
Reference

Yes 1.86 (1.77-1.94) 1.73 (1.65-1.82)

No Reference Reference
Infant sex

Male 1.10 (1.06-1.15) 1.10 (1.06-1.15)

Female Reference Reference

2 p trend (Cochran-Armitage test) <0.0001

Variable Urban residence Rural residence
Adjusted OR Adjusted OR
Material deprivation index?
1 (lowest) Reference Reference
2 1.07 (0.99-1.16) 0.93(0.77-1.13)
3 1.11(1.03-1.2) 1.17(0.97-1.47)
4 1.16 (1.07-1.25) 1.04 (0.84-1.28)
5 (highest) 120 (1.11-1.29) 130 (1.06-1.61)
Social deprivation index®
1 (lowest) Reference Reference
2 1.09 (1.00-1.18) 1.01 (0.86-1.19)
3 1.06 (0.98-1.15) 0.96 (0.81-1.14)
4 1.11(1.03-1.19) 1.00 (0.80-1.25)
5 (highest) 1.20 (1.11-1.29) 0.68 (0.37-1.24)
Maternal age at birth
<30years Reference Reference
30-34years 0.99 (0.94-1.05) 1.05(0.91-1.2)
>35years 1.25(1.18-1.33) 14 (1.20-1.64)
Obesity
Yes 1.29 (1.22-1.37) 1.15(0.99-1.32)
No Reference Reference
Unknown 1.13(1.06-1.22) 1.10 (0.90-1.34)
ART derived pregnancy
Yes 1.16 (1.03-1.30) 0.90 (0.62-1.32)
No Reference Reference
Smoking, alcohol or drug use during pregnancy
Yes 1.31(1.23-14) 1.25(1.08-1.44)
No Reference Reference
All types of mental health illness in pre-pregnancy or during pregnancy
Yes 1.22 (1.15-1.30) 1.26 (1.10-1.45)
No Reference Reference
Pre-pregnancy maternal health conditions
Yes 1.74 (1.66-1.83) 1.68 (1.48-1.92)
No Reference Reference
Infant sex
Male 1.09 (1.04-1.14) 21(1.07-1.36)
Female Reference Reference

2 p trend (Cochran-Armitage test) is 0.002 for rural area and <0.0001 for urban

area

b p trend (Cochran—Armitage test) is 0.98 for rural area and <0.0001 for urban

area

95% 1.2—1.34), use of ART (aOR 1.13; CI 95% 1.01-1.26),
smoking/alcohol/drug use during pregnancy (aOR 1.31;
CI 95% 1.23-1.39), presence of a mental health illness
before or during pregnancy (aOR 1.23; CI 95% 1.17-1.3),
presence of a pre-pregnancy maternal health condition
(aOR 1.73; CI 95% 1.65-1.82), and male infant sex (aOR
1.1; CI 95% 1.06-1.15). The p trend (Cochran-Armitage
test) was <0.0001 for both MDI and SDI. The interaction

tests between rural-urban residence with MDI and SDI
were not statistically significant. The p values of the inter-
action test between rural-urban residence and MDI and
between rural-urban residence and SDI were 0.11 and
0.34, respectively.

Table 3 shows the associations between social and
material deprivation indices by rural or urban residence.
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The odds of CHD for infants was highest in the most
deprived neighbourhoods for mothers living in both
urban (aOR 1.20; CI 95% 1.11-1.29) and rural (aOR
1.30; CI 95% 1.06-1.61) residences compared to their
more privileged counterparts when the material depri-
vation index was used. In contrast, the SDI showed dif-
ferent results where the odds of CHD was significant in
the most deprived neighbourhoods for mothers in urban
residences (aOR 1.20; CI 95% 1.11-1.29), but not those
living in rural residences (aOR 0.68; CI 95% 0.37-1.24)
compared to the least deprived neighbourhoods.

Other variables associated with CHD for infants with
mothers living in urban residences include maternal age
of 35years or older (aOR 1.25; CI 95% 1.18-1.33), obesity
(aOR 1.29; CI 95% 1.22-1.37), ART derived pregnancy
(aOR 1.16; CI 95% 1.03-1.3), smoking/alcohol/drug use
during pregnancy (aOR 1.31; CI 95% 1.23-1.4), mental
health illness (aOR 1.22; C1 95% 1.15-1.3), pre-pregnancy
maternal health conditions (aOR 1.74; CI 95% 1.66—1.83),
and male infant sex (aOR 1.09; CI 95% 1.04—1.14).

Similarly, for mothers living in rural residences, mater-
nal age of 35years or older (aOR 1.40; CI 95% 1.2-1.64),
smoking/alcohol or drug use during pregnancy (aOR
1.25; CI 95% 1.08-1.44), mental health illness (aOR
1.26; CI 95% 1.1-1.45), pre-pregnancy health conditions
(aOR 1.68; CI 95% 1.48-1.92), and male infant sex (aOR
1.21; CI 95% 1.07-1.36) were also found to be associ-
ated with CHD in infants. However, obesity (aOR 1.15;
CI 95% 0.99-1.32) and ART derived pregnancy (aOR
0.90; CI 95% 0.62—-1.32) were not found to be associated
with CHD in infants with mothers in rural residences.
The p-trend (Cochran-Armitage test) was 0.002 for rural
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area and <0.0001 for urban area when considering MDI
alone. However, when SDI was used instead, the p-trend
(Cochran-Armitage test) turned out to be 0.98 for rural
area and < 0.0001 for urban area.

Table 4 shows the prevalence of congenital heart dis-
ease by material deprivation index and s ocial depriva-
tion index and maternal residence. The highest rates
of CHD were found when using the MDI in the most
deprived rural neighbourhoods at 1.62%, compared to
only 1.29% for the most deprived urban neighbourhoods.
In contrast, when using the SDI, the most deprived urban
neighbourhoods had a prevalence rate of 1.34%, com-
pared to 1.05% for the most deprived rural residences. Of
note is the smaller number of infants found with CHD in
the rural population compared to the urban population.
Overall, however, both urban and rural infants experi-
enced a similar trend of increasing CHD with increas-
ing neighbourhood deprivation, with the only exception
being found in SDI's most deprived rural neighbourhood
where only 11 cases of CHD were found for a prevalence
rate of 1.05%. Prevalence rates for Q1 to Q4 for SDI rural
residence were found to be higher than the ones observed
in the urban sample.

Discussion

In this study, we found that both MDI and SDI were
associated with CHD. After adjusting for covariates of
maternal age at birth, assisted reproductive technol-
ogy, obesity, pre-existing maternal health conditions,
mental health illness before and during pregnancy, sub-
stance use during pregnancy, rural or urban residence,
and infant’s sex, we found that both higher material and

Table 4 Prevalence of congenital heart disease by material deprivation index and social deprivation index and maternal residence

Variable Urban residence Rural residence
Total number Number of CHD % Total number Numberof CHD %
Material deprivation index
Q1 (lowest) 113,227 1195 1.06 14,708 183 124
Q2 120,209 1373 1.14 22,347 255 1.14
Q3 129,567 1527 1.18 22,354 327 146
Q4 142,087 1757 1.24 14,986 189 1.26
Q5 (highest) 170,406 2198 1.29 13,494 218 1.62
Missing 29,275 433 5513 6.27
Social deprivation index
Q1 (lowest) 127,768 1349 1.06 20,921 276 132
Q2 109,178 1245 1.14 32,581 441 135
Q3 125,233 1442 1.15 24,865 324 1.30
Q4 152,558 1863 122 8475 120 142
Q5 (highest) 160,759 2151 1.34 1047 11 1.05
Missing 29,275 433 5513 6.27

CHD Congenital heart disease
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social deprivation indices and maternal rural residence
likely increased the odds of CHD. When the cohort was
stratified by maternal rural and urban residence, we
still found that MDI and SDI in urban residence and
MDI in rural residence were associated with higher
odds of CHD; however, the data did not sufficiently
support that SDI was associated with CHD in mater-
nal rural residence. In maternal urban residential areas,
both material and social deprivation indices showed a
significant linear trend (“dose response”) of association
with CHD. In maternal rural residential areas, only the
MDI showed a linear relationship with CHD.

SDI and MDI are two composite in dices that are rep-
resentative of SES in two perspectives [29, 42, 43]. The
material disadvantages (or deprivation) mainly reflect
lower education, poverty, and a lower employment rate,
which suggests financial disadvantages, whereas social
disadvantages (or deprivation) reflect marital separa-
tion, divorced or widowed marital status, living alone
or living in a single-parent family. These social disad-
vantages imply social fragmentation and social isola-
tion [29, 44]. Many studies have discussed the potential
mechanism that people who lack financial resources
tend to reside in areas with disadvantaged living envi-
ronments, consume low quality food, and have higher
stress levels, which could increase the risk of CHD [3,
6, 11, 14, 15, 19, 21]. Although very few studies have
been done on the association between social depriva-
tion and CHD, previous studies have reported that
social support during pregnancy could reduce stress
and anxiety, which could potentially decrease the risk
of adverse birth outcomes [45]. As such, these indices
help to delineate which aspects of SES may influence
the development of CHD and help to propose potential
mechanisms that may be underlying its etiology.

Overall, the findings of this study where MDI and SDI
were used are consistent with other studies that used dif-
ferent SES indicators [14, 46]. In our previously published
study, we found that infants whose mothers lived in the
lowest income neighbourhoods had a higher likelihood of
developing CHD (adjusted OR: 1.29, 95% CI: 1.20-1.38)
when compared to infants with mothers who lived in a
more affluent neighbourhood. Similarly, infants whose
mothers lived in the neighbourhoods with the lowest
percentage of people with a university or higher degree
had a higher chance of CHD (adjusted OR: 1.34, 95% CI:
1.24-1.44) when compared to those living in the neigh-
bourhoods with the highest percentage of people with a
university of higher degree [14]. Studies from other coun-
tries showed similar results [22, 23]. One recent study
conducted in the United States found the incidence of
CHD among infants to be higher in the most socially and
economically disadvantaged neighbourhoods (quartile
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4) compared to the least disadvantaged neighbourhoods
(quartile 1) (adjusted OR 1.31, 95% CI: 1.21-1.41) [46).

Our study also suggests that living in rural residences
might slightly increase the odds of CHD. The mecha-
nism is unclear since there is lack of research regarding
the association between rural-urban residency and CHD.
Nevertheless, previous research has shown that rural iso-
lation and limited access to healthcare services may be
a potential reason behind rural-urban maternal health
inequities [13, 47—49]. One study in the Canadian prov-
ince of British Columbia looked at various perinatal out-
comes among expecting mothers in both rural and urban
areas and found that rural areas have higher rates of
severe maternal morbidity (aOR 1.15, 95% CI; 1.03—1.28)
and severe neonatal morbidity (aOR 1.14, 95% CI; 1.02—
1.29) [50]. Similarly, a U.S. study reported a 9% greater
probability of severe maternal morbidity and mortality
among rural residents when compared to urban residents
[51]. More studies are needed to explore the mechanism
in the future.

There are inconsistent findings regarding inequities
between rural and urban residence, with varying dimen-
sions of SES being noted in the literature [32, 52, 53]. Our
study showed that the association between the MDI and
CHD is similar between urban and rural residence, while
no association was detected between SDI and CHD in
rural area (Table 3). The mechanism is unknown. Com-
pared to social deprivation or family isolation, unavail-
ability of health care resources or distance from a tertiary
maternal and fetal care center in rural areas might be a
more dominant risk factor for CHD in rural residences.
However, the ORs regarding association between MDI
and CHD presented for rural residence had much wider
confidence intervals compared to their urban counter-
parts, which may indicate less certainty with these results
due to a much smaller sample size in rural areas (Tables 3
and 4), especially considering there were only 11 CHD
cases in the Q5 category of SDI. As such, the lack of pre-
cision makes it difficult to ascertain whether there are
significant differences between rural or urban residences.

This study has several strengths. We included all data
from singleton births from the 2012-2013 fiscal year
to the 2017-2018 fiscal year in Ontario, Canada, which
helped provide a larger sample to improve the precision
of the results. As well, the CHD cases were determined
by linking multiple data sources including those identi-
fied in prenatal, postnatal, or birth records and those
identified up to 1 year of infancy to obtain more complete
information. Moreover, our stratification of the data by
rural and urban residence helped to further elucidate the
effect of geography on covariate associations with CHD,
which, to our knowledge, has been lacking in the litera-
ture. Furthermore, an individual’s SES is complex with
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multiple dimensions, and a single SES indicator may not
reflect a person’s SES in multiple dimensions. As such, a
strength of our study was the use of two composite indi-
ces, MDI and SDI.

Nevertheless, there were some limitations that need
to be considered. Both MDI and SDI were estimated
at a small area (DA) level. As such, there was potential
misclassification of SES measurements. However, DAs
are the smallest geographic unit with around 400-700
people per DA in Canada [14]. MDI and SDI measure-
ment at a DA level have been considered as good prox-
ies when individual level SES information is not available
[29]. In addition, literature shows that environmental
hazards and unhealthy diet may also increase the risk of
CHD [1, 3]. However, due to data limitations, we were
not able to account for these potential confounders in
the multivariable regression analysis. Another impor-
tant note is that the data obtained from the birth regis-
try and health administrative data are not used solely for
specific research projects, and so, there is a potential that
some CHD outcomes were misclassified. However, it is
likely non-differential, which would decrease the effect
size observed. Furthermore, the outcome group CHDs
might represent an etiologically heterogeneous collec-
tion of various CHD related phenotypes and genotypes
[54]. However, due to a small sample size and data limi-
tations, we were not able to conduct a study to examine
associations between SES and certain types of CHD. In
our future studies, when there is sufficient data and sam-
ple size, we will consider developing a study to examine
relationships between CHD subtypes and SES. Moreover,
we might have missed the CHD cases that were diag-
nosed after 1 year of age [55]. For example, some ventric-
ular septal defects and atrial septal defect cases or mild
lesions can present later in life. As such, we may under-
report the CHD cases and prevalence rate [55]. Finally,
this study did not include terminations before 20 weeks
gestation due to BORN data limitations, which decreased
the reported prevalence rate of CHD in this study. In
the future, after we capture more complete data, we will
include those early termination records to examine the
association between SES and the risk of CHD, and to
compare CHD prevalence rates and early terminations
in the rural-urban environment. This may help to explain
to some extent why the CHD rates are higher in rural
residences.

Conclusions

In summary, we found that both MDI and SDI showed a
trend of association with CHD. After adjusting for covar-
iates such as maternal age at birth, assisted reproductive
technology, obesity, pre-existing maternal health condi-
tions, mental health illness before and during pregnancy,
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rural or urban residence, and infant’s sex, we found that
both higher material and social deprivation indices and
maternal rural residence likely increased the odds of
CHD. When the cohort was stratified by maternal rural
and urban residence, we still found that MDI and SDI in
urban residence and MDI in rural residence were associ-
ated with higher odds of CHD; however, the data did not
sufficiently support that SDI was associated with CHD
in maternal rural residence. Health interventions and
policies should reinforce the need for optimal care for
all families, particularly underprivileged families in both
rural and urban regions. It might be difficult to change an
individual’s SDI (family isolation); however, public health
care decision makers could instead aim to change an indi-
vidual’s MDI to minimize SES gaps for CHD interven-
tions. Future studies should investigate further the effect
of social deprivation on the risk of CHD development.
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