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Abstract

Objectives: To examine whether there is an association between neighborhood deprivation and
incidence of congenital heart disease (CHD), after accounting for family- and individual-level
potential confounders.

Methods: All children aged 0 to 11 years and living in Sweden (n = 748,951) were followed
between January 1, 2000 and December 31, 2010. Data were analysed by multilevel logistic
regression, with family- and individual-level characteristics at the first level and level of

neighborhood deprivation at the second level.

Results: During the study period, among a total of 748,951 children, 1499 (0.2%) were
hospitalised with CHD. Age-adjusted cumulative hospitalisation rates for CHD increased with
increasing level of neighborhood deprivation. In the study population, 1.8 per 1,000 and 2.2 per
1,000 children in the least and most deprived neighborhoods, respectively, were hospitalised
with CHD. Incidence of hospitalisation for CHD increased with increasing neighborhood-level
deprivation across all family and individual-level sociodemographic categories. The odds ratio
(OR) for hospitalisation for CHD for those living in high-deprivation neighborhoods versus those
living in low-deprivation neighborhoods was 1.23 (95% confidence interval (Cl) =1.04-1.46). In
the full model, which took account for age, paternal and maternal individual-level socioeconomic
characteristics, comorbidities (e.g. maternal type 2 diabetes, OR = 3.03; maternal hypertension,
OR =2.01), and family history of CHD (OR = 3.27), the odds of CHD were slightly attenuated
but did not remain significant in the most deprived neighborhoods (OR=1.20, 95% CI1=0.99-1.45,
p=0.057).

Conclusions: This study is the largest so far on neighborhood influences on CHD and the results

suggests that deprived neighborhoods have higher rates of CHD, which represents important



clinical knowledge. However, the association does not seem to be independent of individual- and

family-level characteristics.
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Introduction

Congenital heart disease (CHD) is a major health risk in childhood [1-4], affecting 1% of
children. The prognosis varies depending on type and severity of the CHD. Although the specific
mechanisms behind CHD are largely unknown, some of the known risk factors include familial
history of CHD [5, 6], ethnicity and migration [7], maternal obesity [8], smoking [9, 10],
diabetes [11, 12], hypertension [12], rubella infection and influenza during pregnancy [13],
phenylketonuria (PKU) [14], and maternal occupational exposure [15]. There is also a growing
body of evidence that suggests that individual-level socioeconomic status (SES) is a risk factor
for CHD [10, 16-20]. Low SES may influence the risk of CHD in multiple ways. For example,
exposure to harmful agents may result from residential, lifestyle or occupational factors, all of
which may be related to SES. These individual-level sociodemographic characteristics do not,
however, fully explain the disparities of SES in CHD risk that exist between different population
groups [19]. Efforts have therefore been made to study whether the socioeconomic environment
(e.g., deprivation, social capital) is associated with the risk of CHD. Neighborhood environments
have been shown to be an important independent risk factor for many congenital health problems
[21-28]. However, no previous studies have investigated whether neighborhood deprivation is

associated with CHD after accounting for family- and individual-level factors.

The present study had the following two aims: 1) to determine whether the relationship between
neighborhood deprivation and risk of hospitalisation for CHD remains significant after adjusting
for family- and individual-level factors; and 2) to examine possible cross-level interactions
between individual-level factors and neighborhood-level deprivation to determine whether
neighborhood-level deprivation has a differential effect on risk of CHD across subgroups of

families and individuals (effect modification).



Methods

Data used in this study were retrieved from a national database that contains information on the
entire population of Sweden for a period of 40 years. The dataset we used contains nationwide
information on parents and their offspring at the individual and neighborhood levels, including
comprehensive demographic and socioeconomic data. The information comes from several
Swedish national registers. The registers used in the present study were the Total Population
Register, the Multi-Generation Register, the Hospital Discharge Register, and the Out-Patient
Register. The Swedish nationwide population and health care registers have exceptionally high
completeness and validity [29]. Individuals (children and their parents) were tracked using the
personal identification numbers, which are assigned to each resident of Sweden. These
identification numbers were replaced with serial numbers to provide anonymity. The follow-up
period ran from January 1, 2000 until hospitalisation/out-patient treatment for CHD, death,
emigration or the end of the study period on December 31, 2010. In the study period, there were

1213 (0.16%) children who died and 16006 (2.1%) children who emigrated before the age of 11.

Outcome variable: CHD

The outcome variable in this study was a hospital or out-patient diagnosis of CHD (age at
diagnosis 0 to 11 years) during the study period. Data on in-patient and out-patient diagnoses of
CHD were retrieved from the Hospital Discharge Register and Out-Patient Register, which
contain include information on all hospital visits, including diagnoses. We searched these two
registers for the International Classification of Diseases (ICD)-10 codes Q20-Q26, denoting
CHD as the main diagnosis during the study period. The serial numbers were used to ensure that
each individual appeared only once in the dataset, for his or her first diagnosis of CHD during

the study period.



Neighborhood-level deprivation

The home addresses of all Swedish individuals have been geocoded to small geographic units
with boundaries defined by homogeneous types of buildings. These neighborhood areas, called
small area market statistics or SAMS, each contain an average of 1,000 residents and were
created by the Swedish Government-owned statistics bureau Statistics Sweden. SAMS were used
as proxies for neighborhoods, as they were in previous research [30, 31]. Neighborhood of

residence is determined annually using the National Land Survey of Sweden register.

A summary index was calculated to characterise neighborhood-level deprivation. The
neighborhood index was based on information about female and male residents aged 20 to 64
because this age group represents those who are among the most socioeconomically active in the
population (i.e. a population group that has a stronger impact on the socioeconomic structure in
the neighborhood than children, younger women and men, and retirees do). The neighborhood
index was based on four items: low education level (<10 years of formal education), low income
(income from all sources, including interest and dividends, that is <50% of the median individual
income), unemployment (excluding full-time students, those completing military service, and
early retirees), and receipt of social welfare. The index of the year 2000 was used to categorise
neighborhood deprivation as low (more than one SD below the mean), moderate (within one SD

of the mean), and high (more than one SD above the mean) [32].

Individual-level sociodemographic variables
Sex of child: male or female.
Age ranged from 0 to 11 years and was divided into three categories: 0-4, 5-8, and 9-11-years.

Maternal marital status was categorized as (1) married/cohabitating or (2) never married,



widowed, or divorced.

Family income was calculated as annual family income divided by the number of people in the
family. The family income measure took into consideration the ages of the family members and
used a weighted system whereby small children were given lower weights than adolescents and
adults. The sum of all family members’ incomes was multiplied by the individual’s consumption
weight divided by the family members’ total consumption weight. The final variable was
calculated as empirical quartiles from the distribution.

Maternal and paternal education levels were categorised as completion of compulsory school or
less (<9 years), practical high school or some theoretical high school (10-12 years) and
completion of theoretical high school and/or college (>12 years).

Maternal and paternal country of birth was categorised as Sweden, European countries, and
others.

Maternal urban/rural status: this variable was included because access to preventive antenatal
care may vary according to urban/rural status. Mothers were classified as living in a large city, a
middle-sized town, or a small town/rural area. Large cities were those with a population of
>200,000 (Stockholm, Gothenburg and Malmd); middle-sized towns were towns with a
population of > 90,000 but <200,000; small towns were towns with a population of > 27,000 and
<90,000; and rural areas were areas with populations smaller than those of small towns. This
classification yielded three equally-sized groups.

Mobility: children were classified as length of time lived in neighborhood, i.e., <5 years (moved)
or > 5 years (not moved).

Maternal age at childbirth was classified as <20, 20-24, 25-29, 30-34, 35-39, 40-44, and >45
years) and paternal age at childbirth was classified as <20, 20-24, 25-29, 30-34, 35-39, 40-44,
45-49, and >50 years.

Maternal and paternal hospitalisations were defined separately as the first diagnosis of the



diseases in question from the Swedish Hospital Register during the follow-up period of: 1)
maternal type 2 diabetes (ICD-10 E11-E14), 2) maternal hypertension (ICD-10 110-115), 3)
paternal chronic obstructive pulmonary disease (COPD) (ICD-10 J40-J49), and 4) maternal
alcoholism and alcohol-related liver disease (ICD-10 F10 and K70).

Maternal smoking history was based on the mother’s smoking history during pregnancy and
divided into three groups: yes, no, and unknown.

Maternal body mass index (BMI) was calculated as weight(kg)/height?(m?), and was defined as
BMI <18.5, 18.5 <BMI <24.9, 25.0 < BMI <29.9, BMI > 30, and unknown.

Parental occupation was divided into six categories: 1) farmers, 2) self-employed, 3)
professionals, 4) white collar workers, (5) unskilled/skilled workers, and 6) others.

Because CHD is known to cluster in families, children were classified according to whether or
not they had a family history (parents or siblings) of CHD.

During the study period, there were 141 mothers diagnosed with influenza and no mothers
diagnosed with rubella during the pregnancy. There were 7 cases of phenylketonuria (PKU)
during the study period. However, there were no associations between these factors and CHD

and they were therefore not included as covariates.

Statistical analysis

The rate of hospitalisation for CHD was calculated for the total study population and for each
subgroup after assessment of neighborhood of residence for children. Multilevel (hierarchical)
logistic regression models were used to estimate odds ratios (ORs) and 95% confidence intervals
(CIs). The analyses were performed using MLwiN version 2.27. First, a null model was
calculated to determine the variance among neighborhoods. Then, to determine the crude odds of
CHD by level of neighborhood deprivation, a neighborhood model that included only

neighborhood-level deprivation was calculated. Next, a full model that included neighborhood-



level deprivation and sex, age and the family and individual-level variables, added
simultaneously to the model, was calculated (Aim 1). Finally, a full model tested for cross-level
interactions between the family- and individual-level sociodemographic variables and
neighborhood-level deprivation to determine whether the effects of neighborhood-level
deprivation on congenital incidence differed across the sociodemographic variables (Aim 2).
Random effects: the between-neighborhood variance was estimated both with and without a
random intercept. It was regarded to be significant if it was more than 1.96 times the size of the
standard error, in accordance with the precedent set in previous studies [33-35].

For comparison, we also calculated Cox regression models and logistic regression models using

the SAS statistical package (version 9.3; SAS Institute, Cary, NC, USA).

Ethical considerations

This study was approved by the Ethics Committee at Lund University.

Results

In the total study population (748,951 children), 20%, 62%, and 18% of children aged 0 to 11
years lived in low-, moderate- and high-deprivation neighborhoods, respectively. During the
follow-up period (January 1, 2000 to December 31, 2010), 1,499 children (0.2%) were diagnosed
with CHD (Table 1). CHD cumulative rates increased from 1.8 per 1,000 in neighborhoods with
low deprivation to 2.0 per 1,000 in neighborhoods with moderate deprivation and 2.2 per 1,000
in neighborhoods with high deprivation. A similar pattern of higher hospitalisation rates with
increasing neighborhood deprivation was observed across all family- and individual-level

sociodemographic categories and comorbidities.

The OR for CHD for children living in a high- versus low-deprivation neighborhoods in the



crude neighborhood-level model was 1.23 (95% CIl=1.04-1.46) (Table 2). Neighborhood-level
deprivation did not remain significantly associated with CHD odds after adjustment for age, sex,
and the family- and individual-level sociodemographic variables (OR=1.20, 95% CI1=0.99-1.45,
p=0.057) for high-deprivation versus low-deprivation neighborhoods but for moderate-
deprivation versus low-deprivation neighborhoods (OR =1.17, 95% CI = 1.01-1.35). The OR of
CHD was highest in children whose mothers had high BMI, were hospitalised for type 2 diabetes
or hypertension, those with advanced maternal age at childbirth, and those with a family history

of CHD.

A test for cross-level interactions between the individual-level sociodemographic variables and
neighborhood-level deprivation in the context of odds of CHD showed no meaningful cross-level

interactions or effect modification.

The between-neighborhood variance (i.e. the random intercept) was more than 1.96 times the
size of the standard error in all models, indicating that there were significant differences in CHD
incidence between neighborhoods after accounting for neighborhood deprivation and the
individual-level variables. Neighborhood deprivation explained 7% of the between-
neighborhood variance in the null model (see Table 2). After inclusion of the family- and

individual-level variables, the explained variance was 31%.

We performed an additional analysis using logistic regression models and the results were almost
identical. In the full model, the OR for CHD was 1.20 (95% CI1=1.00-1.45) for children living in
the most deprived neighborhoods compared with those living in low deprivation neighborhoods
(Supplementary Table 1). We also performed an analysis using Cox regression models. In the

full model, the hazard ratio (HR) for CHD was 1.21 (95% CI=1.00-1.46) among children living
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in the most deprived neighborhoods compared with those living in low deprivation

neighborhoods (Supplementary Table 2).

Discussion

We found that living in a high deprivation neighborhood increased the odds of CHD by 23%. It
is noteworthy that we found these results in a country with a comparatively strong system of
universal health care and social welfare. Our finding that neighborhood deprivation is associated
with higher rates of CHD is consistent with the findings of a small number of previous studies
[19]. However, few previous neighbourhood researchers have had access to data enabling them
to use CHD as a specific outcome variable and the possibility to adjust for several family-and
individual-level covariates. For example, the strongest associations with CHD were found for
maternal diabetes type 2 and family history of CHD. Some of the family-and individual-level
covariates may have acted as confounders or mediators in the associations between

neighbourhood deprivation and CHD.

Level of neighborhood deprivation may influence risk of CHD through a number of general
mechanisms, including unfavourable health-related behaviours of women during pregnancy [36-
38], neighborhood social disintegration (i.e. criminality, high mobility or unemployment) [33],
low social capital [31, 39, 40], and neighborhood stress mediated by factors that can influence
immunological and/or hormonal stress reactions [41-43]. Consistent with this hypothesis are the
results of a U.S. study, which found that neighborhood socioeconomic disparities were

associated with adult CHD [44].

Living in deprived neighborhoods can cause isolation from health-promoting milieus (e.g. safe

places to exercise and decent housing) and services. In comparisons of wealthy nations,
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associations between neighborhood characteristics and different health outcomes were
inconsistent [45]. This implies that neighborhood determinants of health are complex. Such
determinants may include access to health care, education, and social services. Access to these
services is uneven in the U.S., where the effects of income inequalities on health are more

pronounced [46]. For example, low income is associated with high risk of CHD [18, 19].

Neighborhood-level inequities include unequal access to and quality of primary and secondary
health care services [47]. In Sweden, medical care is provided to all permanent residents, and
primary health care clinics and hospitals are equally distributed and located centrally in all types
of neighborhoods [47]. However, the actual number of health care professionals working in
primary health care clinics can vary considerably by neighborhood type. This is due to
difficulties in recruiting and retaining health care personnel in high-deprivation neighborhoods.
The uneven distribution of medical personnel across neighborhoods has also been documented in

Canada, another country with universal health care [19].

It is possible that infections are more easily spread in high deprivation neighborhoods. In
addition, rubella infection and influenza during pregnancy [13] have been reported to be
associated with CHD. In Sweden, however, rubella is very uncommon and no child with rubella

has been registered since 1985 [48].

The present study has several limitations. These include the possibility that some selective
factors operate in the process of hospitalisation to favour certain children being hospitalised.
Affordability of health care is not a selective factor in Sweden, nor is the likelihood of seeking
medical advice important because of equal access to primary and hospital care [47]. Itis,

however, possible that residual confounding exists because socioeconomic status cannot be fully

12



measured by family income and education level. The Swedish Hospital Discharge Register
contains no information about diagnostic procedures, which is a limitation, but any bias this
caused would be non-differential. However, with respect to CHD, the overall diagnostic validity

of the Hospital Discharge Register is close to 90% [49, 50].

The limitations of the study are countered by its strengths, which include: 1) the ability to
analyse data on a large national cohort of children aged 0 to 11 years; 2) the prospective design;
3) the completeness of the data (for example, only 1% of the data on maternal education level
and family income were missing); 4) the use of small, well-defined neighborhoods with an
average of 1,000 residents; and 5) the ability to adjust for a set of family- and individual-level
sociodemographic factors (e.g. age, sex, family income, maternal marital status, parental country
of birth, parental education level, urban/rural status, mobility, parental age, maternal and paternal
hospitalisation, and family history of CHD). Accounting for family income is particularly
important as it is a major confounder that can affect an individual’s choice of neighborhood.
Another strength is the possibility to generalise our results to other populations (external

validity), particularly to populations in industrialised societies.

Conclusions

This prospective nationwide study is the largest so far on neighborhood influences on CHD and
the results suggests that deprived neighborhoods have higher rates of CHD, which represents
important clinical knowledge. However, the association does not seem to be independent of

individual- and family-level characteristics.
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Table 1. Distribution of population, number of congenital heart disease (CHD) events, and age-standardized incidence (per 1000) by neighborhood-level deprivation

Population distribution CHD events Neighborhood deprivation
No. (%) No. % Low Moderate High
Total population (%) 748951 148871 (20%) 464075 (62%) 136005 (18%)
Total number of CHD events 1499 1.8 2.0 2.2
Gender
Males 384376 51.3 807 53.8 1.8 24 24
Females 364575 48.7 692 46.2 1.8 2.0 2.0
Age (years)
0-4 261589 34.9 805 53.7 2.8 3.2 3.1
5-8 265903 35.5 404 27.0 1.2 1.5 1.9
9-11 221459 29.6 290 19.3 1.2 1.3 1.4
Family income
Low income 188108 25.1 375 25.0 1.8 1.9 2.1
Middle—low income 187488 25.0 382 25.5 1.7 2.2 2.2
Middle-high income 186308 24.9 330 22.0 1.8 1.7 2.1
High income 187047 25.0 412 275 1.8 2.3 2.7
Marital status
Married/cohabiting 422188 56.4 808 53.9 1.7 2.0 2.2
Never married, Widowed, or divorced 326763 43.6 691 46.1 1.9 2.0 2.2
Maternal country of birth
Sweden 645287 86.2 1283 85.6 1.8 2.0 2.3
European countries 45240 6.0 90 6.0 2.1 2.2 17
Other countries 58424 7.8 126 8.4 1.6 1.8 2.3
Paternal country of birth
Sweden 644169 86.0 1268 84.6 1.7 2.0 2.2
European countries 49170 6.6 98 6.5 2.0 2.3 1.7
Other countries 55612 7.4 133 8.9 2.4 2.0 25
Maternal educational attainment
<9 years 242702 324 564 37.6 2.0 2.1 2.2
10-12 years 278492 37.2 494 33.0 1.6 1.9 2.2
> 12 years 227757 30.4 441 294 1.8 2.0 24
Paternal educational attainment
<9 years 246843 33.0 547 36.5 2.0 2.2 2.2
10-12 years 288912 38.6 541 36.1 1.7 1.9 2.3
> 12 years 213196 28.5 411 27.4 1.7 2.0 24
Urban/rural status
Large cities 225046 30.0 481 32.1 1.8 2.2 2.3
Middle-sized towns 299847 40.0 576 38.4 1.8 1.9 2.0
Small towns/rural areas 224058 29.9 442 29.5 1.6 2.0 2.3
Mobility
Not moved 429024 57.3 733 48.9 1.8 1.8 2.1
Moved 319927 42.7 766 51.1 1.6 2.3 2.3
Maternal age at child birth
<30 421981 56.3 802 53.5 1.6 2.0 2.0



30-39
>40

Paternal age at child birth
<30
30-39
>40

Maternal occupation
Farmers
Self-employed
Professionals
White collar workers
Unskilled/skilled workers
Others

Paternal occupation
Farmers
Self-employed
Professionals
White collar workers
Unskilled/skilled workers
Others

Maternal smoking history
Yes
No
Unknown

Maternal BMI
<18.5
18.5-24.9
25.0-29.9
>30
Unknown

Maternal hospitalization for alcoholism and alcohol related diseases

No
Yes

Maternal hospitalization for type 2 diabetes

No
Yes

Maternal hospitalization for hypertension

No
Yes

Paternal hospitalization for chronic lower respiratory disease

No
Yes

Family history of congenital heart disease

No
Yes

308621
18349

282860
386357
79734

1249
7260
28769
177987
270017
263669

7168
22336
52296

131952
338277
196922

138922
545998
64031

11594
270731
93812
42805
330009

742097
6854

745039
3912

741488
7463

743902
5049

745262
3689

41.2
2.4

37.8
51.6
10.6

0.2
1.0
3.8
23.8
36.1
35.2

1.0
3.0
7.0
17.6
45.2
26.3

18.5
72.9
8.5

1.5
36.1
12.5

5.7
44.1

99.1
0.9

99.5
0.5

99.0
1.0

99.3
0.7

99.5
0.5

643
54

520
803
176

66
311
497
614

13
31
94
221
654
486

239
1089
171

20
548
218
133
580

1489
10

1472
27

1470
29

1490

1471
28

42.9
3.6

34.7
53.6
11.7

0.2
0.5
4.4
20.7
33.2
41.0

0.9
2.1
6.3
14.7
43.6
324

15.9
72.6
114

13
36.6
145

8.9
38.7

99.3
0.7

98.2
1.8

98.1
1.9

99.4
0.6

98.1
1.9

1.8
3.4

1.5
1.8
2.2

0.0
1.6
2.0
1.7
1.8
1.7

2.6
2.2
2.1
1.5
1.6
2.0

1.4
1.7
2.8

1.8
1.3
1.0
2.3
2.3

1.8
1.6

1.8
8.7

1.7
4.9

1.8
1.3

1.7
8.8

1.9
2.6

1.9
21
1.9

1.6
0.8
2.6
1.9
1.9
2.2

1.8
1.2
1.9
1.8
2.0
2.3

1.9
1.9
3.1

1.0
14
1.6
2.8
2.5

2.0
1.8

2.0
53

2.0
4.3

2.0
24

2.0
4.7

2.5
2.8

21
21
2.6

4.7
3.4
6.7
21
21
2.3

1.6
1.9
1.7
2.9
2.0
2.3

1.9
2.3
2.2

14
1.6
21
24
21

2.2
1.2

21
9.3

2.2
5.7

2.2
1.0

21
11.0




Table 2. Odds ratios (OR) and 95% confidence intervals (CI) for congenital heart disease; Results of multi-level logistic regression models

Model 1 Model 2 Model 3
OR  95% CI OR  95% CI OR 95% ClI P-value
Neighborhood-level variable (ref. Low)
Moderate 113 098 130 113 098 1.30 117 101 135 0.036
High 123 104 146 119 100 141 120 099 145 0.057
Age 0.88 0.86 0.89 087 0.85 0.88 <0.001
Gender to males (ref. Females) 111 100 1.22 111 100 122 0.057
Family income (ref. High income)
Middle-high income 082 071 0.96 0.012
Middle-low income 095 082 1.10 0.484
Low income 083 071 0.98 0.021
Marital status (ref. Married/co-habiting)
Never married, widowed, or divorced 101 091 113 0.842
Maternal country of birth (ref. Born in Sweden)
European countries 096 075 124 0.764
Others 079 0.61 1.03 0.089
Paternal country of birth (ref. Born in Sweden)
European countries 093 073 1.18 0.549
Others 117 091 151 0.230
Maternal education attainment (ref. > 12 years)
<9 years 099 083 117 0.889
10-12 years 096 083 112 0.617
Paternal education attainment (ref. > 12 years)
<9 years 1.01 085 1.18 0.920
10-12 years 097 083 1.13 0.689
Urban/rural status (ref. Large cities)
Middle-sized towns 091 081 1.04 0.162
Small towns/rural areas 090 079 1.03 0.134
Mobility (ref. Not moved) 1.06 095 1.19 0.271
Maternal age at child birth (ref. <30 years)
30-39 098 086 111 0.764
> 40 131 09 178 0.089
Paternal age at child birth (ref. <30 years)
30-39 1.07 094 122 0.317
> 40 1.06 086 130 0.549
Maternal socioeconomic status (ref. Professionals)
Farmers 126 037 4.25 0.689
Self-employed 053 025 112 0.089
White collar workers 0.76 058 1.00 0.057

Blue collar workers 0.78 058 1.04 0.089



Others
Paternal socioeconomic status (ref. Professionals)
Farmers
Self-employed
White collar workers
Blue collar workers
Others
Maternal smoking history (ref. No)
Yes
Unknown
Maternal BMI (ref. 18.5-24.9)
Unknown
<18.5
25.0-29.9
>30
Maternal hospitalization for alcoholism and alcohol related diseases (ref. No)
Maternal hospitalization for type 2 diabetes (ref. No)
Maternal hospitalization for hypertension (ref. No)
Paternal hospitalization for chronic lower respiratory disease (ref. No)
Family history of congenital heart disease (ref. Without family history)

Variance (S.E.)
Explained variance (%)

0.103 (0.054)
7

0.097 (0.054)
13

0.80

1.06
0.88
0.95
1.09
1.10

0.95
1.23

1.40
0.88
1.08
1.38
0.74
3.03
2.01
0.91
3.27

059 107
057 1.96
057 1.34
074 122
0.84  1.40
085 1.43
082 1.10
103 147
121 1.60
056 1.38
092 127
114 167
039 1.38
205 447
138 293
047 1.76
223 4580
0.077 (0.053)
31

0.134

0.842
0.549
0.689
0.549
0.484

0.484
0.021

<0.001
0.617
0.317
0.003
0.368
<0.001
<0.001
0.764
<0.001

Model 1: crude model; model 2: adjusted for age and gender; model 3: full model.



Supplementary Table 1. Odds ratios (OR) and 95% confidence intervals (CI) for congenital heart disease; Results of logistic regression models

Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI P-value
Neighborhood-level variable (ref. Low)
Moderate 1.14 0.99 1.30 1.14 0.99 1.30 1.18 1.02 1.36 0.026
High 124 1.05 1.46 119 101 141 1.20 1.00 1.45 0.056
Age 0.88 0.86 0.89 0.87 0.85 0.88 <.0001
Gender to males (ref. Females) 1.11 100 1.22 111 1.00 1.23 0.999
Family income (ref. High income)
Middle-high income 1.01 0.85 1.19 0.950
Middle-low income 095 0.82 1.10 0.491
Low income 0.83 0.71 0.98 0.024
Marital status (ref. Married/co-habiting)
Never married, widowed, or divorced 1.01 0.91 1.13 0.810
Maternal country of birth (ref. Born in Sweden)
European countries 096 0.75 1.24 0.767
Others 0.79 0.61 1.03 0.085
Paternal country of birth (ref. Born in Sweden)
European countries 0.93 0.73 1.19 0.557
Others 117 091 151 0.220
Maternal education attainment (ref. > 12 years)
<9 years 0.99 083 117 0.888
10-12 years 0.96 0.83 1.12 0.635
Paternal education attainment (ref. > 12 years)
<9 years 1.01 085 119 0.950
10-12 years 097 0.83 1.13 0.671
Urban/rural status (ref. Large cities)
Middle-sized towns 091 0.81 1.03 0.154
Small towns/rural areas 0.90 0.79 1.03 0.131
Mobility (ref. Not moved) 1.06 095 1.19 0.296
Maternal age at child birth (ref. <30 years)
30-39 098 0.86 1.11 0.755
> 40 131 096 1.78 0.086
Paternal age at child birth (ref. <30 years)
30-39 1.07 094 1.22 0.310
> 40 1.06 0.86 1.30 0.582
Maternal occupation (ref. Professionals)
Farmers 126 0.37 4.25 0.714
Self-employed 053 025 112 0.097
White collar workers 0.76 058 1.01 0.055

Blue collar workers 0.78 0.59 1.04 0.094



Others
Paternal occupation (ref. Professionals)
Farmers
Self-employed
White collar workers
Blue collar workers
Others
Maternal smoking history (ref. No)
Yes
Unknown
Maternal BMI (ref. 18.5-24.9)
Unknown
<18.5
25.0-29.9
>30
Maternal hospitalization for alcoholism and alcohol related diseases (ref. No)
Maternal hospitalization of type 2 diabetes (ref. No)
Maternal hospitalization of hypertension (ref. No)
Paternal hospitalization of chronic lower respiratory disease (ref. No)
Family history of congenital heart disease (ref. Without family history)

0.80

1.11
0.93
1.06
1.14
1.16

0.95
1.23

1.40
0.88
1.08
1.38
0.74
3.03
2.01
0.91
3.37

0.59

0.61
0.63
0.82
0.96
0.96

0.82
1.03

1.22
0.56
0.92
1.14
0.40
2.05
1.38
0.47
2.31

1.06

2.01
1.36
1.35
1.36
1.40

1.10
1.47

1.60
1.38
1.27
1.67
1.38
4.47
2.93
1.76
4.91

0.123

0.729
0.688
0.673
0.122
0.129

0.481
0.024

<.0001
0.585
0.325
0.001
0.346
<.0001
0.000
0.785
<.0001

Model 1: crude model; model 2: adjusted for age and gender; model 3: full model.



Supplementary Table 2. Hazards ratios (OR) and 95% confidence intervals (Cl) for congenital heart disease; Results of cox regression models

Model 1 Model 2 Model 3
HR  95% CI HR  95% ClI HR  95% CI P-value
Neighborhood-level variable (ref. Low)
Moderate 114 100 131 114 099 131 118 1.03 1.37 0.021
High 125 1.06 1.47 1.20 1.02 1.42 121 1.00 1.46 0.048
Age 0.88 0.86 0.89 0.87 0.85 0.88 <.0001
Gender to males (ref. Females) 1.10 1.00 1.22 111 1.00 1.22 0.055
Family income (ref. High income)
Middle-high income 0.82 0.70 0.95 0.008
Middle-low income 095 0.82 1.10 0.470
Low income 0.83 0.71 0.98 0.025
Marital status (ref. Married/co-habiting)
Never married, widowed, or divorced 1.01 0.90 1.12 0.907
Maternal country of birth (ref. Born in Sweden)
European countries 095 0.74 1.23 0.716
Others 0.78 0.60 1.02 0.068
Paternal country of birth (ref. Born in Sweden)
European countries 092 0.72 1.18 0.514
Others 1.17 0.90 1.50 0.238
Maternal education attainment (ref. > 12 years)
<9 years 0.99 0.83 1.17 0.883
10-12 years 096 0.82 1.11 0.563
Paternal education attainment (ref. > 12 years)
<9 years 1.01 0.86 1.19 0.918
10-12 years 096 0.83 1.12 0.633
Urban/rural status (ref. Large cities)
Middle-sized towns 091 0.80 1.03 0.134
Small towns/rural areas 091 0.79 1.03 0.145
Mobility (ref. Not moved) 1.07 0.96 1.20 0.220
Maternal age at child birth (ref. <30 years)
30-39 098 0.86 1.11 0.715
> 40 1.30 0.96 1.77 0.091
Paternal age at child birth (ref. <30 years)
30-39 1.08 095 1.22 0.265
> 40 1.07 0.87 1.32 0.504
Maternal occupation (ref. Professionals)
Farmers 1.25 0.37 4.22 0.719
Self-employed 054 0.26 1.13 0.100
White collar workers 0.76 0.58 1.00 0.053
Blue collar workers 0.78 0.59 1.04 0.096
Others 0.80 0.59 1.06 0.123

Paternal occupation (ref. Professionals)



Farmers
Self-employed
White collar workers
Blue collar workers
Others
Maternal smoking history (ref. Yes)
Yes
Unknown
Maternal BMI (ref. 18.5-24.9)
Unknown
<185
25.0-29.9
>30
Maternal hospitalization for alcoholism and alcohol related diseases (ref. No)
Maternal hospitalization of type 2 diabetes (ref. No)
Maternal hospitalization of hypertension (ref. No)
Paternal hospitalization of chronic lower respiratory disease (ref. No)
Family history of congenital heart disease (ref. Without family history)

1.11
0.90
1.06
1.15
1.17

0.95
1.24

1.40
0.89
1.08
1.38
0.74
3.02
2.01
0.91
3.36

0.62
0.61
0.83
0.97
0.97

0.82
1.04

1.22
0.57
0.92
1.14
0.40
2.05
1.38
0.47
2.31

2.01
1.32
1.36
1.36
1.42

1.10
1.49

1.61
1.38
1.26
1.67
1.38
4.44
2.92
1.76
4.88

0.725
0.590
0.648
0.115
0.106

0.492
0.019

<.0001
0.593
0.374
0.001
0.342
<.0001
<0.001
0.785
<.0001

Model 1: crude model; model 2: adjusted for age and gender; model 3: full model.



