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Background: Limited studies have evaluated the risk fac-
tors for congenital heart defects (CHDs) in China and com-
pared them for different types of CHDs. This study examined 
risk factors between isolated and multiple CHDs as well as 
among CHDs subtypes in Guangdong, Southern China. 
Methods: This population-based case–control study 
included 4,034 pairs of case and control infants enrolled in the 
Guangdong Registry of CHD study, 2004–2013. Multivariate 
logistic regression was used to compute adjusted odds ratios 
(ORs) while simultaneously controlling for confounders. 
results: Multiple maternal environmental exposures, includ-
ing living in newly renovated rooms, residential proximity to 
main traffic, paternal smoking, and maternal occupation as 
manual worker, were significantly associated with CHDs with 
ORs ranging 1.30–9.43. Maternal perinatal diseases (including 
maternal fever, diabetes, influenza, and threatened abortion), 
maternal medication use (antibiotic use), advanced maternal 
age, low socioeconomic status, and paternal alcohol intake 
were also significantly associated with CHDs, with ORs ranging 
1.60–3.96. Isolated CHDs and multiple defects have different 
profiles of risk factors, while subtype of CHD shares common 
risk factors. 
conclusion: These results suggest that maternal environ-
mental exposures/occupation and perinatal diseases/medica-
tion use were dominant risk factors associated with CHDs in 
Southern China. Isolated and multiple CHDs may have differ-
ent etiologic factors.

INTRODUCTION
Congenital heart defects (CHDs) are one of the most common 
abnormalities, with an estimated incidence of 6–12 per 1,000 
live births globally. This defect remains the leading cause of 
birth defect-associated morbidity, mortality, and disability. It 
greatly impairs the life quality of sufferers and involves huge 
medical expenditures for the family and society (1). Therefore, 
it is important to better understand the etiological factors 

for these malformations, especially the modifiable ones, 
which may be a crucial step leading to optimal strategies for 
prevention.

Over the past decade, there have been major breakthroughs 
in the understanding of inherited causes of congenital heart 
disease, including the identification of specific genetic abnor-
malities for some types of malformations (2). Additionally, a 
growing body of epidemiological literature has shown that a 
multitude of noninherited modifiable risk factors were asso-
ciated with an increased risk of CHDs, including maternal 
illnesses, maternal therapeutic and nontherapeutic drug expo-
sures, environmental exposures, and paternal exposures (1). 
Some known risk factors include maternal rubella; phenylke-
tonuria; pregestational diabetes; exposure to thalidomide, vita-
min A congeners, or retinoids; and indomethacin tocolysis (1). 
On the other hand, periconceptional multivitamin or folic acid 
intake may reduce the risk of CHDs in the fetus (1).

However, large and comprehensive studies of CHDs were 
lacking in China. Due to the rapid industry and economic 
growth in Guangdong, China during the past few decades, 
living standards, physical environments, and lifestyles have 
undergone significant changes, which may lead to the emer-
gence of novel risk factors for CHDs in this population. On 
the other hand, CHDs as a general category are heterogeneous 
and can be highly complex. Different risk factors may apply to 
isolated or multiple defects. Because a specific exposure is not 
expected to increase the risk for CHD in general, it is therefore 
important to create homogeneous groups (3), but few studies 
have assessed risk factors for these different groups of CHDs.

To address the research gaps using the data from the 
Guangdong Registry of Congenital Heart Disease (GRCHD) 
during the years 2004–2013, we assessed the risk factor spec-
trum of CHD subtypes in Guangdong, China. To the best 
extent possible, we differentiated CHD groups into isolated 
CHD and multiple defects, and specific subtype, to explore 
and compare the risk factors in these different homogeneous 
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groups. Through these efforts, we aimed to better understand-
ing the etiology for CHDs in Guangdong, China.

RESULTS
From the original study population of 6,999 cases, which were 
included in GRCHD during 1 January 2004–31 December 
2013, we excluded 45 cases with syndromes caused by gene 
mutations or chromosomal aberration as the current study 
focused on modifiable factors. We also excluded 45 nonsin-
gleton cases (because nonsingletons tend to have more birth 
defects), 662 cases prenatally diagnosed with atrial septal 
defect (ASD, likely to disappear postnatally), and 369 preterm 
infants with patent ductus arteriosus (because preterm infants 
tend to have more patent ductus arteriosus) and 1,844 cases 
without matched controls. The final analysis included 4,034 
cases and their corresponding 4,034 controls.

Among the eligible cases, a total of 3,856 isolated CHDs 
(96%) with only cardiac defect (3) and 178 multiple defects 
(4%) consisting of cardiac defects and extracardiac defects 
were identified. Distribution of maternal age and infant birth 
weight were significantly different between cases and controls 
(Table 1). Among all the eligible cases, 9.5% were diagnosed 
prenatally at a median time of 27 gestational week, while 
87.2% were diagnosed postnatally at a median of 5 d after 
birth. Interviews were conducted within 1 y after birth, with 
a median of 22 and 32 d in cases and controls, respectively 
(Table 1). The participation rate is 76% for cases and 60% for 
controls.

In Table 2, multivariate analysis showed that maternal fever 
and paternal alcohol intake were risk factors for both isolated 
CHDs and multiple defects, with the odds ratios (ORs) much 
higher for multiple defects than for isolated CHDs. Other fac-
tors including maternal education less than high school level, 
previous pregnancies with still birth, living in newly renovated 
rooms, residential proximity to main traffic, maternal occupa-
tion as manual worker, and maternal diabetes also tended to be 
associated with these two types of defects, although they were 
not statistically significant for multiple defects due to small 
sample size. Advanced maternal age, low household income, 
chemical contact, paternal smoking, maternal occupation as 
service industry/housekeeper, influenza, threatened abortion, 
and antibiotics were specifically associated with isolated CHDs. 
Meanwhile, passive smoking was specifically associated with 
multiple defects. Among six environmental factors included in 
the regression model, five of them (chemical contact, pater-
nal smoking, newly renovated rooms, residential proximity 
to traffic, and maternal occupation as manual worker/service 
industry/housekeeper) were statistically associated with iso-
lated CHDs with ORs ranging from 1.30 to 9.43. Passive smok-
ing was statistically associated with multiple defects with an 
OR of 7.95 (95% confidence interval (CI): 1.03, 61.39), while 
three other environmental factors (newly renovated rooms, 
proximity to main traffic, and maternal occupation as manual 
worker/scientist and technician) showed elevated ORs of mul-
tiple defects ranging from 1.71 to 6.18 but were not statistically 
significant due to very small sample size. Multiple maternal 

perinatal diseases and medication use were also associated 
with isolated CHDs (including factors of maternal fever, dia-
betes, influenza, threatened abortion, and antibiotic use) and 
multiple defects (including maternal fever), with ORs ranging 
from 1.60 to 3.96 in isolated CHDs, and being 46.88 in mul-
tiple defects.

We also examined whether multiple factors of maternal envi-
ronmental exposure and perinatal diseases/medication showed 
a dose–response effect on the occurrence of isolated CHDs. As 
shown in Figure 1a, and for the five significant environmen-
tal factors associated with isolated CHDs (chemical contact, 
paternal smoking, living in newly renovated rooms, residential 
proximity to main traffic <50 m, and maternal occupation as 
manual worker), maternal exposure to any one of these fac-
tors tended to increase the risk of isolated heart defects with an 
average OR of 1.97 (95% CI: 1.68, 2.32), while exposure to two 
or more of these factors showed an average OR of 4.87 (95% 
CI: 3.59, 6.62). Trend test showing a dose–response effect is 
significant, i.e., the higher number of maternal environmental 
exposure, the higher risk of isolated CHDs. In Figure 1b, for 
the five perinatal diseases/medication use factors that had sta-
tistically significant association with isolated CHDs (maternal 
fever, diabetes, influenza, threatened abortion, and antibiotic 
use), exposure to any one of these five factors increased the 
risk of isolated heart defects with an average OR of 2.64 (95% 
CI: 2.07, 3.36), while exposure to two or more factors increased 
risk with an average OR of 2.72 (95% CI: 1.66, 4.45). However, 
no significant dose–response association was detected between 
the number of perinatal diseases/medication use factors and 
the risk of isolated CHDs.

We further looked into the risk factors for CHDs by sub-
types (Table 3). Maternal chemical contact is the strongest risk 
factor for ventricular septal defect (VSD; OR: 11.71, 95% CI: 
4.01, 34.24), ASD (OR: 9.98, 95% CI: 1.15, 86.81), and con-
genital pulmonary stenosis (OR: 18.01, P  >  0.05). Other top 
risk factors significantly associated with VSD were antibiotic 
use (OR: 3.39, 95% CI: 1.23, 9.36), maternal fever (OR: 2.94, 
95% CI: 1.36, 6.35), previous pregnancies with still birth (OR: 
2.90, 95% CI: 1.98, 4.25), and living in newly renovated rooms 
(OR: 2.85, 95% CI: 1.41, 5.77). While many similar risk fac-
tors of VSD were found for ASD as well, the top five risk fac-
tors for ASD include chemical contact (OR: 9.98, 95% CI: 1.15, 
86.81), diabetes (OR: 6.18, 95% CI: 1.82, 20.95), newly reno-
vated rooms (OR: 4.64, 95% CI: 1.30, 16.60), paternal alcohol 
intake (OR: 3.39, 95% CI: 1.96, 5.84), and residential proxim-
ity to traffic <50 m (OR: 3.29, 95% CI: 2.01, 5.38). Pulmonary 
stenosis was significantly associated with maternal occupation 
as manual worker (OR: 6.58, 95% CI: 1.35, 32.07), household 
income <1,000 (OR: 5.51, 95% CI: 1.50, 20.21), proximity to 
heavy traffic (OR: 3.95, 95% CI: 1.00, 15.81), still birth history 
(OR: 3.89, 95% CI: 1.02–14.81), and less than high school edu-
cation (OR: 3.46, 95% CI: 1.44, 8.29). Congenital transposi-
tion of great artery were significantly associated with paternal 
smoking, living in newly renovated rooms, residential proxim-
ity to main traffic, and threatened abortion with very wide CI 
due to low exposure cases.
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DISCUSSION
In the current study, we found that environmental exposures 
are the most important risk factors that were associated with 
all types of CHDs. Additionally, we found a significant dose–
response effect, i.e., the higher number of maternal environ-
mental exposures, the higher risk of isolated CHDs. Among the 
environmental factors assessed, all of them were significantly 
associated with two to three subtypes of CHDs and traffic 
exposure was significantly associated with all four subtypes of 
CHDs. Contacting with harmful chemicals including organic 
solvents and pesticides had the highest risk for CHDs with 
almost 9–11-folds of risk increase for different types of CHDs. 
This finding is consistent with previous compelling evidence 
on the associations between maternal exposure to organic sol-
vents and cardiac defects (4–6). Specifically, the US National 
Birth Defects Prevention Study (NBDPS) found positive 
associations between occupational exposure to solvents and 
several types of simple isolated CHDs (5), and the Baltimore-
Washington Infant Study documented maternal reports of 
potential exposure to pesticides being associated with CHDs 
(7). These studies revealed ORs ranging from 1.5 to 2.1 for 

exposures to chemicals such as solvent, dyes, pigments, and 
insecticides. Our study showed a greater magnitude of risk for 
harmful chemical contact, which may be attributed to higher 
environmental exposures in China than in the United States, 
different classification of CHDs or chemical exposures, or dif-
ferent populations from the previous studies. As Guangdong 
is a rapidly developing industrial province in China, various 
industrials including printing houses, shoe factories, electron-
ics manufacturing, chemical plants, dyes and dyeing factories, 
tannery, etc. are pollution sources in Guangdong, especially 
the Pearl River Delta region. Mothers lived in this region may 
have more occupational or nonoccupational exposures to 
harmful chemicals than those in the United States.

Living in newly renovated rooms was also a strong risk fac-
tor in this study for all subtypes of CHD, with the ORs rang-
ing from 2.85 to 22.70 borderline with large 95%. Our finding 
supported another report by Liu et al. (8) in China that dem-
onstrated a significant association between maternal exposure 
to housing renovations with CHD in offspring (OR: 1.89, 95% 
CI: 1.29, 2.77), and there were similar risks for cardiac defects 
with or without extracardiac malformations (OR of 2.65 and 

table 1. Characteristics of case and control participants, Guangdong, China, 2004–2013

Case participants  
(N = 4,034), n (%)

Control participants 
(N = 4,034), n (%)

cORs  
(95% CI)

Maternal age (y)a

  30–34 763 (19.90%) 727 (18.69%) 1.11 (0.99, 1.25)

  35–40 274 (7.15%) 217 (5.58%) 1.33 (1.10, 1.61)

  >40 59 (1.54%) 29 (0.75%) 2.30 (1.46, 3.63)

  <30 2,738 (71.41%) 2,916 (74.98%) 1

Maternal ethnicity

  Minorities 68 (1.69%) 60 (1.49%) 1.01 (0.99, 1.04)

  Han 3,966 (98.31%) 3,974 (98.51%) 1

Total previous live births

  0 3,911 (96.95%) 3,927 (97.35%) 1.25 (0.90, 1.75)

  ≥1 123 (3.05%) 107 (2.65%) 1

Infant sex 

  Male 2,293 (56.84%) 2,310 (57.26%) 1.27 (0.81, 2.02)

  Female 1,692 (41.94%) 1,685 (41.77%) 1

Birth weight (g)a

  Low birth weight (<2,500) 1,095 (21.16%) 284 (6.80%) 4.69 (3.94, 5.58)

  Normal or macrosomic (≥2,500) 4,081 (78.84%) 3,891 (93.20%) 1

Diagnosis period

  Prenatal diagnosis 384 (9.5%)

  Postnatal diagnosis 3,518 (87.2%)

Infant age at diagnosis

  Prenatal diagnosis (gestational week) 27 (17–41)

  Postnatal diagnosis (days after birth) 5 (0–365)

Age at interview (days after birth) 22 (0–365) 32 (0–365)

CI, confidence interval; cORs, crude odds ratios.
aSignificant difference between cases and controls based on univariate logistic regression (P < 0.05).
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1.76, respectively). Our study displayed much higher ORs for 
all kinds of CHDs than those in the other study. The difference 
may stem from the different regions covered. The previous 
study recruited participants from four tertiary maternal and 
child hospitals (Guangdong, Fujian, Henan, and Hubei prov-
inces) in China, while our study concentrated on Guangdong 

Province and has a much larger sample that could provide reli-
able evidence. In addition, Liu et al. (8) defined living in newly 
renovated rooms as the pregnant woman moving into a new 
house within 1 mo after decoration, while our study defined 
it within 6 mo after decoration. The increased risks for CHD 
occurrence from exposure to renovation activity may be due 

table 2. Multivariate analysis for parental risk factors related to CHDs by isolated heart defects and multiple defects, Guangdong, China, 2004–2013

Isolated CHD (n = 3,856) Multiple defects (n = 178)

N (%) aORs (95% CI)a N (%) aORs (95% CI)a

1. Sociodemographic factors

  Maternal age (compared to age <30 y)

    30–34 732 (19.98) 1.05 (0.91, 1.21) 31 (18.24) 1.41 (0.47, 4.19)

    35–40 266 (7.26) 1.24 (0.98, 1.56) 11 (6.47) 0.53 (0.18, 1.59)

    >40 58 (1.58) 1.94 (1.12, 3.34)* 3 (1.76) –

   Household income, CNC/mo/person (compared to ≥1,000)

    <1,000 658 (13.47) 2.27 (1.67, 3.03)* 16 (5.27) 0.93 (0.10, 9.09)

   Maternal education (compared to equal or more than high school)

    Less than high school 2,256 (57.73) 1.47 (1.28, 1.69)* 113 (62.86) 1.96 (0.83, 4.55)

2.  Maternal pregnancy history (compared to none exposure)

  Family history of birth defect 45 (1.17) 1.13 (0.62, 2.07) 7 (3.93) 1.22 (0.08, 18.99)

  Previous pregnancies with still birth 363 (9.41) 2.08 (1.65, 2.62)* 27 (15.17) 2.71 (0.79, 9.30)

3.  Maternal environmental risk exposures/occupation (compared to none exposure)

  Chemical contact 84 (2.18) 9.43 (3.94, 22.58)* 9 (5.06) –

  Passive smoking 340 (8.82) 1.11 (0.84, 1.47) 22 (12.36) 7.95 (1.03, 61.39)*

  Paternal smoking 512 (13.28) 1.76 (1.40, 2.21)* 25 (14.04) 1.10 (0.32, 3.75)

  Living in newly renovated rooms 129 (3.35) 2.99 (1.89, 4.73)* 11 (6.18) 6.18 (0.78, 49.21)

  Residential proximity to main traffic <50 m 607 (15.75) 2.00 (1.62, 2.60)* 56 (31.46) 2.95 (0.85, 10.25)

Maternal occupation (compared to farmer)

  Manual worker 613 (15.90) 1.72 (1.34, 2.21)* 29 (16.29) 1.71 (0.41, 7.14)

  Office staff 30 (0.78) 1.24 (0.67, 2.30) 1 (0.56) –

  Science and technology 198 (5.13) 1.18 (0.85, 1.63) 6 (3.37) 2.33 (0.27, 20.32)

  Service industry 773 (20.05) 1.30 (1.03, 1.64)* 35 (19.66) 0.36 (0.07, 1.79)

  Housekeeper 378 (9.80) 1.34 (1.01, 1.76)* 22 (12.36) 0.81 (0.15, 4.56)

  Unemployed 928 (24.07) 0.77 (0.63, 0.95)* 40 (22.47) 1.80 (0.43, 7.55)

4.  Maternal perinatal diseases and medication use at 1st trimester (compared to none exposure)

  Maternal fever 128 (3.32) 2.78 (1.74, 4.44)* 9 (5.06) 46.88 (1.55, ∞)*

  Virus infection 198 (5.14) 1.39 (0.94, 2.06) 15 (8.43) 1.43 (0.09, 21.65)

  Diabetes 60 (1.56) 2.38 (1.32, 4.28)* 6 (3.37) 6.39 (0.56, 73.34)

  Syphilis 13 (0.34) 8.17 (0.92, 72.95) 1 (0.56) –

  Influenza 243 (6.30) 1.60 (1.10, 2.32)* 13 (7.30) 1.19 (0.10, 14.76)

  Infection of rubella 6 (0.16) – 1 (0.56) –

  Threatened abortion 184 (4.78) 1.77 (1.26, 2.50)* 14 (7.87) 1.45 (0.33, 6.31)

  Antibiotic 53 (1.37) 3.96 (1.78, 8.79)* 1 (0.56) –

  Chinese medicinal herbs 56 (1.45) 1.72 (0.93, 3.18) 3 (1.69) –

5.  Paternal exposure before pregnancy (compared to none exposure)

  Paternal alcohol intake 412 (10.68) 2.14 (1.64, 2.80)* 28 (15.73) 4.99 (1.34, 18.52)*

aORs, adjusted odds ratios; CHD, congenital heart defect; CI, confidence interval; CNC, Chinese currency.
aMultivariate logistic regression was used to compute adjusted ORs while simultaneously controlling for other confounders listed in the above table. *Statistically significant (P < 0.05).
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to the harmful substances being released from the decoration 
materials like benzene, trichloroethylene, formaldehyde, etc., 
which were reported to increase the prevalence of CHD in 
offspring of exposed mothers (8–10). Another consideration 
is that renovated house may be a marker for socioeconomic 
status (SES), because low SES family tended to use cheap and 
nonenvironment-friendly decoration materials, and they 
may not be well educated to know the hazards of renovated 
materials.

Our study also found that proximity to main traffic was a 
potential risk factor for isolated CHDs, VSD, ASD, pulmo-
nary stenosis, and transposition of great artery. Prior studies 
in this area are very limited, and proximity to main traffic is a 
marker of exposure to air pollution (11). Our study appears to 
support two recent studies, conducted in southern California 
and in seven Texas counties, respectively, that reported pos-
sible effect of ambient air pollutants on any CHDs and some 
specific isolated CHDs (12,13). Additionally, Yorifuji et  al. 
reported that living within 200 m of a major road increased 
the risk of adverse birth outcomes including low birth weight 
as well as preterm birth (14) and caused higher placenta/birth 
weight ratio (11).

The exact biological mechanism how maternal exposures to 
the above environmental risk factors on CHDs is unknown. 
One potential mechanism may be through oxidative stress. 
Emerging evidence showed that redox-sensitive signal trans-
duction pathways are critical for developmental processes, 
including proliferation, differentiation, and apoptosis (15). 
Teratogens (organic solvent, pesticides, rodenticides, formalde-
hyde, heavy metal, and tobacco smoke) and other factors like 
air pollution may induce teratogenesis via inducing oxidative 
stress and then misregulation of normal pathway (11,14,15). In 
addition, air pollution could lead to inflammation, coagulation, 
impaired endothelial function, and hemodynamic responses 
that may impaired placental oxygen and nutrient transport 
function, thus interfere with the embryo organogenesis (16).

We also found that maternal perinatal diseases (including 
fever, diabetes, influenza, threatened abortion) and antibiotics 
use at first trimester were associated with CHDs. Among these 
factors, antibiotic use was observed to have the highest OR of 
~4.0 for CHDs. Our findings supported the previous studies by 
Hernandez-Diaz et al. (17) and Czeizel et al. (18), which consis-
tently demonstrated that maternal exposure to trimethoprim–
sulfonamide treatment during the first trimester was associated 
with 2–3-folds of the risk of CHD. It has been suggested that 
trimethoprim–sulfonamide as folate antagonists works by 
inhibiting dihydrofolate reductase, with a similar mode of 
action to that of the recognized teratogenic drug methotrex-
ate, is suspected of inducing malformations when given dur-
ing the critical period (19,20). Maternal self-reported exposure 
to trimethoprim–sulfonamide is very low in this study (only 
two in cases and zero in controls), and a couple of mothers 
did not report or remember the exact name of the antibiotics. 
Therefore, the association of each type of antibiotics and CHDs 
need to be further assessed. Other studies have not shown a 
statistically significant association between the use of other 

types of antibiotics—including ampicillin/penicillin and mater-
nal vaginal metronidazole—and CHD (21–23). Mechanisms 
for the effect of other antibiotics on birth defect are not clear. 
Besides direct effects of antibiotics on CHD, the underlying 
infection of urogenital tract or other area should also be taken 
into consideration when interpreting the finding for antibiotics. 
In China, frequent and inappropriate use of antibiotics in pri-
mary healthcare settings is a serious problem. Antibiotics were 
prescribed for 78.0% of colds and 93.5% of cases of acute bron-
chitis (24). In addition, people can purchase antibiotics over the 
counter without a prescription and had a high rate of self-med-
ication (25). This implies that widely antibiotics use may have 
an important public health impact on the whole population in 
China, especially among pregnant women.

Maternal fever was found as a risk factor for various CHDs 
with a range of ORs from 1.83 to 3.91 (OR of 46.88 for multiple 
defects with a wide CI) in the current study. Our results are 

Figure 1. Association between the number of maternal exposure factors 
and the risk of isolated CHDs, Guangdong, China, 2004–2013. (a) Maternal 
environmental risk factors: chemical contact, paternal smoking, living 
in newly renovated rooms, residential proximity to main traffic <50 m, 
maternal occupation as manual worker. The association between the num-
ber of total environmental factors and isolated CHDs was assessed using 
multivariate analysis while simultaneously controlling for the other con-
founders. *OR is statistically significant compared to “0” exposure group; 
†OR is statistically significant compared to “1” exposure group. (b) Maternal 
diseases/medication use: maternal fever, diabetes, influenza, threatened 
abortion, and antibiotic use. The association between the number of 
maternal diseases/medication use and isolated CHDs was assessed using 
multivariate analysis while simultaneously controlling for the other con-
founders. *OR is statistically significant compared to “0” exposure factor. 
CHD, congenital heart defect; OR, odds ratio.
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consistent with prior studies that suggest that maternal febrile 
illnesses during the first trimester of pregnancy may be associ-
ated with elevated risk for certain heart defects, including heart 
defects as a whole (OR: 1.8–2.9) (7,26,27), conotruncal defects 
(OR: 1.55) (28), VSD (OR: 1.8) (29), etc. The mechanism by 

which maternal febrile illnesses may result in malformations 
is unclear. One possibility is apoptosis, which is known to 
be involved in cardiac morphogenesis and can be altered by 
both fever and infection (30,31). Another possibility is the 
direct effect of the underlying infection causing fever, such as 

table 3. Multivariate analysis for parental risk factors related to congenital heart defects by different subtype, Guangdong, China, 2004–2013

VSD (n = 1,566) ASD (n = 1,028) PS (n = 212) TGA (n = 143) TOF (n = 124)

aORs (95% CI)a

1. Sociodemographic factors

  Maternal age (compared to age <30 y)

    30–34 1.12 (0.88, 1.42) 0.95 (0.71, 1.28) 3.45 (1.43, 8.34)* 1.87 (0.72, 4.87) 0.94 (0.26, 3.40)

    35–40 1.36 (0.92, 2.03) 1.37 (0.86, 2.20) 1.60 (0.41, 6.27) 0.95 (0.19, 4.87) 0.55 (0.04, 6.96)

    >40 1.45 (0.61, 3.44) 1.65 (0.63, 4.33) 2.49 (0.28, 22.03) 0.26 (<0.001, 191.54) –

  Household income, CNC/mo/person (compared to ≥1,000)

    <1,000 2.03 (1.31, 3.14)* 1.47 (0.89, 2.45) 5.51 (1.50, 20.21)* 0.60 (0.05, 6.83) –

   Maternal education (compared to equal or more than high school)

    Less than high school 1.86 (1.48, 2.33)* 1.93 (1.47, 2.54)* 3.46 (1.44, 8.29)* 2.34 (0.90, 6.08) –

2.  Maternal pregnancy history (compared to none exposure)

  Family history of birth defect 0.82 (0.34, 2.00) 0.83 (0.28, 2.47) 1.14 (0.13, 10.33) – 0.94 (0.26, 3.40)

  Previous pregnancies with still birth 2.90 (1.98, 4.25)* 2.28 (1.40, 3.71)* 3.89 (1.02, 14.81)* 1.84 (0.50, 6.79) –

3.  Maternal environmental risk exposures/occupation (compared to none exposure)

  Chemical contact 11.71 (4.01, 34.24)* 9.98 (1.15, 86.81)* 18.01 (0.27, ∞) –

  Passive smoking 1.13 (0.73, 1.73) 1.34 (0.71, 2.51) 0.99 (0.23, 4.18) 0.05 (<0.001, 2.30) –

  Paternal smoking 1.69 (1.19, 2.39)* 2.48 (1.47, 4.18)* 3.64 (0.98, 13.51) 28.34 (1.59, 505.38)* –

  Living in newly renovated rooms 2.85 (1.41, 5.77)* 4.64 (1.30, 16.60)* 16.28 (0.45, 584.44) 22.70 (1.00, 519.55)* –

  Residential proximity to main traffic <50 m 1.89 (1.32, 2.69)* 3.29 (2.01, 5.38)* 3.95 (1.00, 15.81)* 32.49 (1.54, 686.44)* –

Maternal occupation (compared to farmer)

  Manual worker 1.59 (1.07, 2.36)* 1.67 (1.00, 2.80)* 6.58 (1.35, 32.07)* 1.53 (0.23, 10.30) –

  Office staff 1.18 (0.44, 3.16) 1.26 (0.43, 3.72) – – –

  Science and technology 1.25 (0.74, 2.11) 0.87 (0.46, 1.64) 1.56 (0.27, 9.12) 0.31 (0.02, 4.24) –

  Service industry 1.11 (0.75, 1.64) 1.31 (0.81, 2.13) 1.66 (0.53, 5.20) 0.27 (0.04, 1.96) 1.34 (0.06, 30.87)

  Housekeeper 1.47 (0.94, 2.29) 1.05 (0.62, 1.80) 0.52 (0.13, 2.16) 0.36 (0.06, 2.33) 0.10 (0.00, 4.15)

  Unemployed 0.78 (0.55, 1.11) 0.84 (0.54, 1.31) 1.38 (0.47, 4.06) 0.35 (0.05, 2.30) 0.28 (0.04, 2.09)

4.  Maternal perinatal diseases and medication use at 1st trimester (compared to none exposure)

  Maternal fever 2.94 (1.36, 6.35)* 1.83 (0.79, 4.24) 0.94 (0.09, 10.07) 3.91 (0.31, 49.35) –

  Virus infection 1.61 (0.90, 2.89) 1.35 (0.60, 3.05) 18.37 (0.76, 445.16) 2.46 (0.22, 27.73) 2.33 (–)

  Diabetes 1.40 (0.62, 3.16) 6.18 (1.82, 20.95)* 5.65 (0.50, 63.69) – 5.46 (0.07, 456.70)

  Syphilis 0.61 (0.06, 6.76) – – – –

  Influenza 1.19 (0.71, 1.99) 2.72 (1.17, 6.33)* 0.62 (0.07, 5.66) 1.15 (0.07, 19.55) –

  Infection of rubella – – – – –

  Threatened abortion 1.60 (1.00, 2.56)* 2.15 (1.00, 4.60)* 0.87 (0.18, 4.25) 389.01 (2.13,∞)* –

  Antibiotic 3.39 (1.23, 9.36)* 2.83 (0.58, 13.87) – – 4.53 (0.01, ∞)

  Chinese medicinal herbs 1.98 (0.85, 4.64) 1.09 (0.37, 3.22) – –

5.  Paternal exposure before pregnancy (compared to none exposure)

  Paternal alcohol intake 1.75 (1.16, 2.64)* 3.39 (1.96, 5.84)* 1.65 (0.44, 6.18)  0.13 (0.01, 2.16) –

aORs, adjusted odds ratios; ASD, atrial septal defect; CNC, Chinese currency; PS, pulmonary stenosis; TGA, transposition of great artery; TOF, tetralogy of Fallot; VSD, ventricular septal 
defect.
aMultivariate logistic regression was used to compute adjusted ORs while simultaneously controlling for other confounders listed in the above table. *Statistically significant (P < 0.05).
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maternal rubella infection. However, we are usually unable to 
distinguish between the independent and joint effects between 
maternal fever and infection. In our study, an association was 
found between maternal fever as well as influenza with CHDs, 
but not for other viral infections.

Threatened abortion is another risk factor in our study pop-
ulation, for which prior literature is limited. In China, many 
pregnant women who have threatened abortion take medicine 
such as progesterone (32), Chinese patented drugs, or Chinese 
herbs (33) to prevent miscarriage. The current study has iden-
tified a trend (not statistically significant) of elevated risks for 
isolated CHDs and VSD relation to maternal use of Chinese 
herbs. Therefore, it is unclear whether the threatened abortion 
itself or the drugs used to prevent miscarriage disturbed the 
development of the heart.

Additionally, we found advanced maternal age, low maternal 
SES, including low household income and education and moth-
er’s occupation as manual worker, and paternal alcohol intake 
were statistically associated with several types of CHDs, which 
are consistent with the findings of Miller et al. (34), Yang et al. 
(35), and Abel (36). Miller et al. (34) postulated that advanced 
maternal age may be associated with the use of assisted repro-
ductive technology and increased incidence of maternal comor-
bidities such as diabetes, obesity, hypertension, and medication 
use, which may help explain the association between advanced 
maternal age and CHD (34). Yang et al. (35) stated that educa-
tion, occupation, and income are three common measures of 
SES. Abel (36) reported paternal alcohol consumption has been 
associated with abnormalities in offspring such as increases in 
VSD and speculated that paternal exposure to risk factors may 
act directly through induction of male germ cell mutation or 
interference with epigenetic pathways.

When comparing the profile of risk factors by different types 
of CHD, we found that these risk factors differed significantly 
between isolated heart defects and multiple defects, which sug-
gests that these factors may have organic specific effects, and 
be likely to affect the development of fetal heart via epigen-
etic mechanism for regulating gene transcription (37,38). On 
the other hand, most risk factors identified among subtypes 
of CHDs are common and exerted similar strength of effects, 
which implies that these factors might influence the develop-
mental pathway for a part of the heart or a common pathway 
for several parts of the heart at the same time. Most risk factors 
were not significantly related to multiple defects which may 
be due to the small sample size in multiple defects (the 95% 
CIs were very large and overlapping for all factors for multiple 
defects). Future studies with larger sample size may be needed.

Among the few existing studies on this subject, this is the 
largest one attempting to explore the association of multiple 
potentially modifiable environmental, demographic, and clini-
cal factors and congenital heart malformations in Guangdong, 
South of China. In addition, to our knowledge, ours is the first 
population-based study to assess the associations between var-
ious risk factors and different classification of CHDs.

However, one major concern is CHD’s heterogeneity by 
lumping all the CHDs together or even grouping them to 

isolated/multiple defects in analysis. To address this issue, we 
have examined the risk factors of more specific defects like 
isolated VSD, ASD, pulmonary stenosis, and transposition of 
great artery, in order to generate more “homogeneity.” Recall 
bias is always a concern for case–control studies, since inter-
views were conducted up to a year after the birth or termina-
tion of the child, and mother of a case may recall and report 
exposures more completely than mothers of control subjects. 
To minimize this bias, a pregnancy calendar was used in con-
junction with specific questions, helping to remind mothers of 
major milestones of pregnancy, especially in the first trimes-
ter. A multilevel structured questionnaire and detail about the 
questions (e.g., timing, specific exposure) was also used to help 
remind mothers of specific exposures. Additionally, a control 
subject was always interviewed after his/her matched case, and 
the difference in the conception times of a case and matched 
control was no more than 3 mo. The cases and controls there-
fore had similar intervals between interviews and birth. Also, 
we matched the controls to cases by infant sex, time of concep-
tion (fluctuating within 3 mo), and parents’ residence to make 
them more comparable except for the potential risk factors 
studied.

Selection bias may also be a concern for case–control stud-
ies. However, in this study, the total response rate was ~70%, 
which lessens this concern. A major limitation is the lack of 
detailed information on frequency or dosage of chemical con-
tact, passive smoking, antibiotic use, Chinese herbs use, and 
paternal alcohol intake and smoking, which limited our ability 
to assess these factors. However, we plan to collect this infor-
mation in our new cohort. Another unavoidable problem is 
that some exposures are quite rare in the population, such as 
the rate of exposure to organic solvents and farm chemicals. 
These occurred in only 0.15% of the control babies and 1.23% 
of the entire study population. Also, since some chemical spe-
cies or organic solvents are difficult to be named or separated 
by pregnant women, we combined small grouping of chemi-
cals together, making these variables less specific, but easy to 
be understood by public to avoid underreporting. Even by 
doing so, the CI for OR for harmful chemical contact was still 
very broad in the study due to small sample size. These in turn 
may induce exposure misclassification. Living in newly reno-
vated room may be a surrogate for environmental exposure 
and SES marker.

In conclusion, this study found that maternal chemical con-
tact, living in newly renovated rooms, residential proximity to 
main traffic <50 m, paternal smoking, and maternal occupation 
as manual worker were significantly associated with CHDs in 
Guangdong population. Additionally, perinatal diseases/medi-
cation factors, including antibiotic use, maternal fever, diabe-
tes, influenza, and threatened abortion, were also risk factors 
of CHDs. Also, advanced maternal age, low SES (low house-
hold income, education, and occupation), and paternal alco-
hol intake were associated with most CHDs subtypes. Isolated 
heart defects and multiple defects have different etiologic fac-
tors, but different subtypes of CHD share similar risk factors. 
Environmental factors seem to be the strongest risk factors.
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METHODS
Design and Population
This is a population-based matched case–control study. We iden-
tified live-born infants and stillborn fetuses (over 17 wk gesta-
tion) diagnosed with CHDs (1 January 2004–31 December 2013) 
using data from GRCHD, which is an ongoing population-based 
CHD surveillance system established in 2004. The GRCHD 
included 39 collaborative hospitals, covering 20 cities actively 
reporting birth defects and conducted surveys for risk factors 
among mothers who had been living in the monitored district 
of Guangdong Province for more than 6 mo before becoming 
pregnant. All the CHD cases were confirmed by B-mode echo-
cardiography, cardiac catheterization, surgery, or autopsy.

Inclusion criteria. To minimize recall bias of exposure by 
mothers to the greatest extent, all cases and controls were 
recruited when they were younger than 1 y. Cases from mis-
carriages and terminations of pregnancy after prenatal diagno-
sis were also included.

Exclusion criteria. Cases with syndromes caused by gene 
mutations or chromosomal aberrations with preconception 
origin and nonsingleton cases were excluded from the study. 
ASD cases diagnosed prenatally, and preterm infants (<38 wk 
gestation) with patent ductus arteriosus as an isolated heart 
defect were also excluded because patent ductus arteriosus is 
likely to disappear postnatally.

Definition of Cases and Controls
The defects were coded using a modified code from the 
International Classification of Diseases (ICD), 10th Revision 
(Q20.000–Q28.000) and classified according to the criteria 
of US NBDPS (3). Isolated heart defects and multiple defect 
cases were distinguished depending on whether extracardiac 
anomalies were absent or present, respectively. Controls were 
randomly chosen singleton newborn infants without any mal-
formation, born in the same hospital as the cases, and matched 
at the rate of 1:1 by infant sex, time of conception, and parents’ 
residence.

Data Sources
All forms of CHD cases were mandatory to be reported by 
obstetricians, ultrasound physicians, and pediatricians to the 
national registry system and GRCHD (in detailed informa-
tion). Case reporters routinely collected information on demo-
graphics (maternal age, parity, gestational age, birth weight, 
maternal race/ethnicity, and infant sex) and clinical informa-
tion (structural heart defects, chromosomal abnormalities, 
and syndromes) from medical files including records from 
hospital, ultrasound, surgery, autopsy, and genetic or chromo-
somal examination for CHDs and control babies. CHDs and 
extracardiac defects are coded by two trained cardiovascular 
epidemiologists.

Face-to-face interviews were conducted during the moth-
er’s stay in inpatient or outpatient departments when the 
babies were younger than 1 y. A structured, standardized 

questionnaire obtained information during pregnancy on: 
(i) sociodemographic factors (maternal age, family income, 
maternal education); (ii) maternal pregnancy history (parity, 
family history of heart defects, previous pregnancies with still 
birth); (iii) maternal environmental factors (living near Pearl 
River, chemicals contact, passive smoking, paternal smoking, 
living in newly renovated rooms, residential proximity to traf-
fic, pet contact) and occupation; (iv) maternal perinatal dis-
eases and medication use during the first trimester (maternal 
perinatal diseases: fever, viral infection, diabetes, threatened 
abortions, stress, other infections, etc. Medication use dur-
ing pregnancy includes antibiotics, contraceptive medicine, 
and Chinese herbs); and (v) paternal alcohol intake before 
pregnancy.

All cases from the complete network were screened and 
duplicates checked. If a case was diagnosed both prenatally 
and postnatally, we used the postnatal diagnosis. The question-
naires and clinical results for all the cases and controls were 
examined by the two experienced cardiovascular epidemiolo-
gists. Case–control matching was also double checked. For this 
study, only those cases that were reported within the first year 
after birth or pregnancy termination were selected.

Definition of Potential Risk Factors
Maternal age at birth was grouped as 30–34, 35–40, and >40 
y by compared to <30 y as the reference. Household income 
of <1,000 yuan/mo/person was compared to ≥1,000 yuan 
(as the reference). Maternal education less than high school 
was compared to high school or above (reference group). 
Other variables were classified by a dichotomous yes or no 
response.

All exposures were asked if they occurred during the criti-
cal period, i.e., from 3 mo before pregnancy through the 
first trimester, as the defined exposure window of this study. 
Chemical contact was defined as occupational or long-term 
use of any of the harmful chemicals comprising any organic 
solvent or farm chemicals (including Herbicides, Pesticides, 
and Rodenticides). The mothers were given a list of general 
names and scientific names of possible hazardous chemicals 
and were asked to supplement ones that have not been listed 
in the questionnaire. Passive smoking was defined as mater-
nal self-reported exposure to environmental tobacco smoke at 
home, workplace, or both. Living in newly renovated rooms 
means mother moving into a new house within 6 mo after 
decoration. Manual worker was defined as people working in 
handicraft industry, working by hand, or operating machine in 
manufactory. Unemployed means that mother lost job during 
the critical period. Maternal diabetes included pregestational 
and gestational, type I and type II diabetes. Paternal smoking 
was defined as smoking on average at least one cigarette per 
day. Threatened abortion means experiencing symptoms of 
miscarriage like vaginal bleeding from the first 20 wk of preg-
nancy to pregnancy end. Antibiotic use was defined as using 
any type of antibiotics at least 1 d. Alcohol intake means a 
reported alcohol intake of on average at least 50 ml/d without 
specifying wine.
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Statistical Analysis Methods
A matched case–control analysis was performed to assess 
the potential risk factors of CHD by computing and compar-
ing the exposure ratios overall and within different groups of 
CHD. Potential risk factors were first screened and chosen by 
bivariate analysis. Those variables significant in bivariate anal-
yses (P < 0.05) were then put into a full model of multivari-
ate logistic regression analysis. The adjusted ORs for different 
groups of CHD and their 95% CI were assessed using the full 
model while simultaneously controlling for other potential 
risk factors. Comparison of risk factors and their ORs were 
also conducted between isolated CHDs and multiple defects 
and different subtypes of CHDs. We used SAS-PC for compu-
tation (9.3 v, SAS Institute, Raleigh, NC).

Ethics Issue
GRCHD was granted authority to conduct CHD surveil-
lance and risk factors investigation in Guangdong Province. 
The study was approved by the Guangdong General Hospital 
Human subjects committee. Informed consent was obtained 
from the parents of the study population.
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