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Abstract

Previous studies have suggested that maternal active smoking can increase the risk of birth
defects, but evidence on second-hand tobacco smoke (SHS) is limited. We aimed to assess the
association between maternal exposure to SHS and birth defects in a Chinese population. The
data were based on a large-scale cross-sectional survey conducted in Shaanxi Province, China.
Considering the characteristics of survey design and the potential impact of confounding fac-
tors, we adopted propensity score matching (PSM) to match the SHS exposure group and the
non-exposure group to attain a balance of the confounders between the two groups.
Subsequently, conditional logistic regression was employed to estimate the effect of SHS
exposure on birth defects. Furthermore, sensitivity analyses were conducted to verify the
key findings. After nearest neighbor matching of PSM with a ratio of 2 and a caliper width
of 0.03, there were 6,205 and 12,410 participants in the exposure and control group, respec-
tively. Pregnant women exposed to SHS were estimated to be 58% more likely to have infants
with overall birth defects (OR = 1.58, 95% CI: 1.30–1.91) and 75% more likely to have infants
with circulatory system defects (OR = 1.75, 95%CI: 1.26–2.44).We also observed that the risk
effect of overall birth defects had an increasing trend as the frequency of exposure increased.
Additionally, sensitivity analyses suggested that our results had good robustness. These
results indicate that maternal exposure to SHS likely increases the risk of overall birth defects,
especially circulatory system defects, in Chinese offspring.

Introduction

Birth defects, also known as congenital abnormalities, are defined as structural or functional
abnormalities occurring during the development of the embryo or fetus. According to the
World Health Organization (WHO), an estimated 6% of babies are born with birth defects,
and 303,000 newborns worldwide die from birth defects each year1. Birth defects can cause
serious complications and even contribute to long-term disability, thereby significantly
impacting individuals, families, and societies. They have become one of the main causes of
the global burden of disease. China is a populous country with a high incidence of birth defects.
The report on Prevention and Treatment of Birth Defects in China According to the report on
prevention and treatment of birth defects in China (2012), the estimated incidence of birth
defects was about 5.6%, and the annual number of new birth defect cases was approximately
900,0002.

Unfortunately, the fundamental causes of birth defects are still unclear; however, there
are some genetic and environmental risk factors related to the occurrence of birth defects.
Examining environmental exposure factors that could be prevented and controlled is very
important for the prevention of birth defects. Epidemiological studies have found that
maternal exposure to tobacco during pregnancy might increase the risk of birth defects3-6.
However, most studies focused on active smoking in mothers due to the high rate of smoking
among women in western countries. According to the report by WHO7, the smoking rates in
2016 (with age standardized) of women over 15 years old in Europe and America were as
high as 20.7% and 12.4%, respectively. Unlike western countries, women in China have an
extremely low active smoking rate but a high second-hand tobacco smoke (SHS) rate. For
instance, the smoking rate in 2016 of women in China was only 1.9%7. Nevertheless, a study
based on a large population indicated that the rate of SHS exposure among Chinese adult
women was as high as 53.4%8, indicating that Chinese women are more affected by SHS than
active smoking.
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SHS includes sidestream smoke produced directly by burning
cigarettes and mainstream smoke exhaled by active smokers9.
SHS contains many noxious compounds10 such as nicotine, carbon
monoxide (CO), hydrocarbons, polycyclic aromatic hydrocarbons,
carbonyls, nitrosamines, and tar. For instance, nicotine, CO, and
polycyclic aromatic hydrocarbons are dangerous teratogens10.
Nicotine is easily transferred to the fetus, which could induce vaso-
constriction to possibly cause fetal hypoxia. CO could also result in
fetal hypoxemia and have a toxic effect on the development of the
nervous system of the fetus. Furthermore, the concentrations of
certain toxins in sidestream smoke are higher than those in main-
stream smoke, indicating that SHS may be more dangerous than
active smoking11. Hoyt et al. reported moderate positive associa-
tions between periconceptional second-hand smoke and several
types of birth defects based on the National Birth Defects
Prevention Study of America12. A meta-analysis indicated that
the exposure of pregnant women to SHS was more likely to asso-
ciate with neural tube defects compared with those who smoked
actively13. Considering the high SHS exposure among Chinese
women and its potentially serious hazards, it is important to deter-
mine what influence SHS has on birth defects, which would add
new evidence to field of maternal smoking and adverse birth out-
comes. Our study aimed to explore the association between mater-
nal exposure to SHS and birth defects in offspring among Chinese
women. Given that the data were derived from a large-scale pop-
ulation survey on birth defects with many confounding factors, we
adopted the propensity score matching (PSM) method to match
the SHS group and the no-SHS group, so as to balance the distri-
bution of confounders between the two groups.

Methods

Data and participants

The data were based on a large-scale cross-sectional survey
conducted in Shaanxi Province, China, from August to
December 2013. The women aged 15-49 who had been pregnant
between January 2010 and December 2013 as well as their chil-
dren born in this period were recruited as the participants.
Stratified multistage random sampling method was used to
obtain the sample. According to the proportion of rural to urban
residents, population size and fertility rate in Shaanxi of China,
twenty counties in rural areas and ten districts in urban areas
were randomly sampled. In each sampled county, six villages
each from six townships were randomly selected; in each
sampled district, six communities each from three streets were
randomly selected. In all, 30 and 60 participants were randomly
selected in each sampled village and community, respectively.
Initially, 32,400 participants were approached and 30,027 par-
ticipants agreed to be recruited in the survey, and 29,224 partic-
ipants were investigated finally. In our study, we excluded those
who failed to fill out the questionnaire (n = 293), those without
clear pregnancy outcomes (n = 86), and those with relevant
information missing (n = 1962). As the purpose of our study
was to investigate the effects of SHS, a few participants actively
smoking were also excluded (n = 186). After exclusion, 26,697
participants constituted the total sample size of our study.

The uniformly trained staff from the Xi’an Jiaotong University
was responsible for face-to-face field survey with a structured ques-
tionnaire designed by the research team and examined in pilot sur-
vey. The field-work quality was controlled based on three-level
checking as self-inspection, cross-inspection and inspection by

the person in charge, in order to ensure the accuracy and effective-
ness of the data. The questionnaire included questions on birth
defects, socio-demographic characteristics, life behavioral habits
during pregnancy (including smoking and drinking), history
of childbearing, family history, pesticide exposure, occupational
exposure, existing illnesses, prescribed medicines, and dietary
foods consumed from 3 months before pregnancy to the entire
pregnancy period. This study has been approved by the Medical
Bioethics Committee of Xi'an Jiaotong University Health
Science Center (No. 2012008). All participants were informed
of the study’s content and provided written informed consent
before the survey.

Exposure variable and outcome

The main exposure variable was maternal exposure to SHS, indi-
cating that pregnant women did not smoke actively but were
exposed to SHS from their family members or others who often
stay with them from 3months before pregnancy to the entire preg-
nancy period. The frequency of exposure was further defined as the
number of days pregnant women were exposed to SHS for more
than 15 minutes/day per week. The information on SHS was
recalled by the participants and collected based on the question
of “pregnant women did not smoke actively but were exposed to
SHS from their family members or others who often stay with them
from 3 months before pregnancy to the entire pregnancy period”
and corresponding frequency question of SHS exposure.

The main outcome was birth defects happened during 2010–
2013. The children with birth defects were reported by their moth-
ers, and then the trained doctors from township hospitals in rural
areas or community health centers in urban areas reviewed their
medical records including clinical diagnosis, physical examination,
ultrasound imaging report and medical history, which were
referred to ascertain birth defects under the supervision of senior
medical technicians from obstetrics and gynecology ultrasound
and pathology department of the First Affiliated Hospital of
Xi’an Jiaotong University. The birth defects were diagnosed
and confirmed by the hospitals which are part of a national birth
defect surveillance system. Birth defects information was col-
lected with the pre-code structured questionnaire according to
the International Classification of Diseases (ICD-10). When ana-
lyzing the association between exposure and outcome, we defined
two types of outcome. One was overall birth defects (binary var-
iable, “yes” vs “no”), and the other was systematic birth defects
(multi-categorical variable) based on main systematic birth
defects. Due to low overall incidence of birth defects, the number
of cases with defects found in our cross-sectional surveys was lim-
ited. Therefore, we only generated a general systematic classifica-
tion based on main birth defects. Such three selected systematic
birth defects as “circulatory system defects (Q20-Q28)”, “eyes,
ears, face, and neck defects (Q10-Q18)”, and “musculoskeletal
system defects (Q65-Q79)” were analyzed

Confounding factors

According to previous studies14-19, some socio-demographic and
environmental exposure factors might affect the occurrence of
birth defects. Combining the literature and the content of our sur-
vey, we included 14 confounding factors as adjustment variables
which were from three aspects: 1) socio-demographic characteris-
tics, including maternal age (continuous variable), maternal resi-
dence (binary variable, “urban” vs “rural”), maternal occupation
(binary variable, “peasantry” vs “others”), maternal education
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(three-categorical variables variable, “ ≥ College” vs “Senior high”
vs “≤ Junior high”), and paternal education (three-categorical var-
iables variable, “≥College” vs “Senior high” vs “≤ Junior high”); 2)
reproductive and family history, including history of parturition
(binary variable, “yes” vs “no”), history of abortion (binary varia-
ble, “yes” vs “no”), and family history of birth defects (binary var-
iable, “yes” vs “no”); 3) maternal health and exposure factors from
3 months before pregnancy to the entire pregnancy period, includ-
ing suffering from illness (binary variable, “yes” vs “no”), taking
medicine (binary variable, “yes” vs “no”), taking folic acid (binary
variable, “yes” vs “no”), environmental risk exposure (binary var-
iable, “yes” vs “no”), occupational risk exposure (binary variable,
“yes” vs “no”), and exposure to pesticides (binary variable, “yes”
vs “no”). Among them, “history of abortion” included history of
spontaneous, induced, and medical abortion; “suffering from ill-
ness” was defined as pregnant women suffered from colds, fever,
genital tract infections, urinary system infections, pregnancy-
induced hypertension, diabetes, anemia, hyperthyroidism, hypo-
thyroidism, viral hepatitis, acute fatty liver of pregnancy, cholesta-
sis, TORCH infection or other diseases from 3 months before
pregnancy to the entire pregnancy period; “taking medicine”
meant that pregnant women had taken antibiotics, anti-
depressants, anticancer drugs, hormone drugs, antituberculosis
drugs, antithyroid drugs, antihypertensive drugs, hypoglycemic
drugs and other drugs from 3 months before pregnancy to the
entire pregnancy period; “taking folic acid” indicated that pregnant
women had taken folic acid during at least one of the following
periods: hree months before pregnancy, first trimester of preg-
nancy, second trimester of pregnancy, or third trimester of preg-
nancy; “environmental risk exposure” meant that there were
collieries, paper mills, cement plants, chemical fertilizer plants,
power plants, and other factories and mines within 2 km near
the residence from 3 months before pregnancy to the entire preg-
nancy period; “occupational risk exposure”was defined as occupa-
tional exposure to biological risk (pathogenic microorganism or
parasite), physical risk (high temperature environment, low tem-
perature environment, high humidity environment, high pressure
environment, high/low pressure environment, noise, ultraviolet,
infrared, radiation, microwave, etc), chemical risk (lead, mercury,
benzene, chlorine, carbon monoxide, productive dust) and other
harmful factors from 3 months before pregnancy to the entire
pregnancy period. “exposure to pesticides” meant that pregnant
women had been exposed to pyrethroids, carbamates, organophos-
phorus, organochlorine, organofluorine, carbendazim, herbicides,
rodenticides, and other pesticides from 3months before pregnancy
to the entire pregnancy period.

Statistical analysis

Mean and standard deviation were employed for the description of
continuous variables and the percentage for categorical variables.
The χ2 test or t-test was used to compare the values of categorical or
continuous variables between the groups of interest. The propen-
sity score (PS) indicated the conditional probability that one sub-
ject was assigned to a specific treatment/exposure group or control
group under the given covariate conditions20. It represents the joint
effect of multiple covariates. Based on the PS value, stratification,
matching, regression (PS-adjusted), or weighted analysis was con-
ducted to balance the distribution of covariates between groups21.
Among them, PSM is widely used in medical research, which
selects individuals from the control group with same or similar
PS values as the treatment/exposure group for matching. In our

study, PS of each participant was estimated using a multivari-
able logistic regression model, in which the SHS group (SHS
vs no-SHS) was modeled using 14 selected covariates because
they were regarded to be associated with the occurrence of birth
defects14-19. Next, nearest neighbor matching of PSM without
replacement was performed to balance the distribution of cova-
riates between the SHS group and the no-SHS group. The
matching ratio was 2, that is, one individual from the SHS group
matched with two individuals from the no-SHS group with the
nearest PS value. Meanwhile, the caliper width was set to 0.03 to
optimize the performance for effect estimation22. Subsequently,
we calculated absolute standardized differences to compare the
balance of covariates between the groups before and after
matching23 to check matching performance. It is generally
believed that the balance of covariates between groups is good
when the absolute standard difference is less than 0.124. After
matching, conditional logistic regression was employed to esti-
mate the odds ratio (OR) and 95% confidence interval (CI) for
the effect of exposure – both the main effect of occurrence and
dose-effect based on frequency of occurrence. Considering that
PSM only involved the matched sample, sensitivity analysis with
a series of other statistical methods for the total sample was con-
ducted to confirm the key findings. Firstly, several other meth-
ods based on the PS, i.e., PS-adjusted, inverse probability
treatment weighting (IPTW), and standardized mortality ratio
weighting (SMRW), were employed as supplementary analyses
of the PS methods. Secondly, traditional logistic regression with
confounders unadjusted and adjusted was performed as a con-
ventional method for comparison with the key findings.
Furthermore, given that folic acid supplementation has been
identified as having a protective effect on birth defects, we per-
formed PSM between the two subgroups – either taking folic
acid or not and then estimated the effects again to assess
whether the effects remained robust in the subgroups.

Epidata version 3.1 (EpiData Association, Denmark) was used
for the double-entry of data and the establishment of databases.
R version 3.6.2 (R Development Core Team, Vienna, Austria)
was used for PSM and subsequent analysis. It should be noted that
PSM was carried out by the “MatchIt” package of R25. The
differences were considered statistically significant at p< 0.05.

Results

Participants and characteristics

A total of 26,697 participants constituted the total sample size for
analysis in our study. Among them, 6,615 subjects (24.78%) were
exposed to SHS, while the remaining 20,082 (75.22%) subjects
were not. Incidence of overall birth defects was 3% for the partic-
ipants with SHS and 1.8% for those without SHS. After nearest
neighbor matching of PSM with a ratio of 2 and a caliper width
of 0.03, 6,205 participants remained in the exposure group and
12,410 participants remained in the control group. Table 1 shows
the covariate characteristics between the two groups before and
after PSM. Every characteristic varied significantly between the
two groups of the total sample before matching. After PSM, there
were no statistical differences in each characteristic between the
two groups of the matched sample. As shown in Fig. 1, the abso-
lute standardized differences of each covariate were far less than
0.1 after matching, indicating that all covariates reached a balance
between the two matched groups. The specific distribution of PS
between the two groups before and after matching is demon-
strated in Fig. S1.
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Exposure to SHS and birth defects

Among the matched sample of 18,615 subjects, there were 428
cases (2.30%) suffering from birth defects. In the system classifica-
tions based on the ICD-10, the systems defect with the top three
incidence rates involved the circulatory system; eyes, ears, face,
and neck; and the musculoskeletal system, whose numbers of cases
were 141 (0.76%), 53 (0.28%), and 50 (0.27%), respectively. The
results of effects estimated by conditional logistic analysis are dis-
played in Table 2. Pregnant women exposed to SHSwere 1.58 times
more likely to have birth defects in offspring than those not
exposed (OR= 1.58, 95% CI: 1.30–1.91). As for the three types
of birth defects, the estimated effect of circulatory system defects
was statistically significant, that is, the risk of circulatory system
defects in offspring of women exposed to SHS was 1.75 times that
of those not exposed (OR= 1.75, 95% CI: 1.26–2.44). Although the
other two types had no statistical significance, their effects still had
the same risk trend. Regarding the association between frequency
of exposure and birth defects, we observed a trend of a dose–
response relationship, which showed an increasing trend as the fre-
quency of exposure increased.

Sensitivity analysis

Among 26,697 participants, there were 569 participants (2.13%)
having children with birth defects in the last pregnancy. The three
most common system defects were the same as those mentioned

previously, and the numbers of occurrence were 190 (0.71%), 67
(0.25%), and 64 (0.24%). Table 3 shows the sensitivity analyses
conducted by different methods for the total sample. The results
of association between the exposure to SHS and overall birth
defects were similar to our main analysis, indicating good robust-
ness. As for the effect of frequency, the sensitivity analyses had an
unclear dose–response relationship. The OR of the 4–6 days/week
group was a low, which might have been related to the structural
characteristics of the total sample. In terms of subgroup analysis, it
was found that the direction of effects between the two subgroups
was consistent with our main analysis (Table S1). Based on differ-
ent sensitivity analyses, our results were robust.

Discussion

Our analysis based on the PSM method revealed that maternal
exposure to SHS could increase the risk of giving birth to infants
with overall birth defects, and the risk effect was more obvious for
circulatory system defects. Furthermore, the risk effect of SHS
exposure on overall birth defects tended to increase with the fre-
quency of exposure. In addition, sensitivity analyses using both tra-
ditional logistic regression and other PS methods demonstrated a
robust association between maternal exposure to SHS and birth
defects. The exploratory analysis between the two subgroups also
illustrated the stability of the association. Therefore, such analysis
based on a large-scale population survey further confirmed adverse

Fig. 1. Absolute standardized differences of the covariates before and after matching.
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Table 1. Covariate characteristics between the two groups before and after PSM

Covariates

Before PSM After PSM

SHS No-SHS

p

SHS No-SHS

p(n= 6615) (n= 20,082) (n= 6205) (n= 12,410)

Socio-demographic characteristics

Maternal age 27.3 ± 5.1 27.1 ± 4.7 0.036 27.2 ± 5.0 27.2 ± 4.8 0.942

Maternal residence

Urban 996 (15.1) 4486 (22.3) <0.001 979 (15.8) 1923 (15.5) 0.617

Rural 5619 (84.9) 15,596 (77.3) 5226 (84.2) 10,487 (84.5)

Maternal occupation

Peasantry 1888 (28.5) 7795 (38.8) <0.001 1862 (30.0) 3694 (29.8) 0.734

Others 4727 (71.5) 12,287 (61.2) 4343 (70.0) 8716 (70.2)

Maternal education

≥ College 764 (11.5) 4170 (20.8) <0.001 763 (12.3) 1439 (11.6) 0.377

Senior high 1135 (17.2) 4267 (21.2) 1126 (18.1) 2268 (18.3)

≤ Junior high 4716 (71.3) 11,645 (58.0) 4316 (69.6) 8703 (70.1)

Paternal education

≥ College 821 (12.4) 4537 (22.6) <0.001 820 (13.2) 1606 (12.9) 0.870

Senior high 1186 (17.9) 4379 (21.8) 1174 (18.9) 2361 (19.0)

≤ Junior high 4608 (69.7) 11,166 (55.6) 4211 (67.9) 8443 (68.1)

Reproductive history and family history

History of parturition

No 3264 (49.3) 12,396 (61.7) <0.001 3219 (51.9) 6421 (51.7) 0.860

Yes 3351 (50.7) 7686 (38.3) 2986 (48.1) 5989 (48.3)

History of abortion

No 5395 (81.6) 17,146 (85.4) <0.001 5128 (82.6) 10,298 (83.0) 0.563

Yes 1220 (18.4) 2836 (14.6) 1077 (17.4) 2112 (17.0)

Family history of birth defects

No 6536 (98.8) 19,905 (99.1) 0.024 6136 (98.9) 12,280 (99.0) 0.687

Yes 79 (1.2) 177 (0.9) 69 (1.1) 130 (1.0)

Maternal health and exposure factors from 3 months before pregnancy to whole pregnancy period

Suffering from sickness

No 2764 (41.8) 9997 (49.8) <0.001 2693 (43.4) 5416 (43.6) 0.754

Yes 3851 (58.2) 10,085 (50.2) 3512 (56.6) 6994 (56.4)

Taking medicine

No 5268 (79.6) 16,908(84.2) <0.001 5010 (80.7) 10,089 (81.3) 0.361

Yes 1347 (20.4) 3174 (15.8) 1195 (19.3) 2321 (18.7)

Taking folic acid

No 2634 (39.8) 5736 (28.6) <0.001 2288 (36.9) 4583 (36.9) 0.940

Yes 3981 (60.2) 14,346 (71.4) 3917 (63.1) 7827 (63.1)

Environmental risk exposure

No 4570 (69.1) 14,866 (74.0) <0.001 4344 (70.0) 8685 (70.0) 0.973

Yes 2045 (30.9) 5216 (26.0) 1861 (30.0) 3725 (30.0)

(Continued)
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impact of maternal exposure to SHS on birth defects among
Chinese to great extent.

Based on previous studies, it has been well-established that
active smoking is one of the major environmental risk factors lead-
ing to birth defects3-6. By contrast, there are few studies focusing on
SHS. The National Birth Defects Prevention Study of America
observed moderate positive associations between periconceptional
second-hand smoke and several types of birth defects12. A meta-
analysis exploring SHS and adverse birth outcomes found that
pregnant women exposed to SHS were estimated to be 13% more
likely to have children with congenital malformations26. Another
meta-analysis also found that SHS exposure can increase the risk
of overall and several organ-system malformations27. Our findings
were consistent with the aforementioned studies and added new
evidence based on a different population. The risk of Chinese preg-
nant women exposed to SHS having offspring with overall birth
defects increased to 58% compared with those not exposed. It is
worthy to note that the risk effect of SHS on circulatory system
defects was significant (OR = 1.75), consistent with previous
studies on congenital heart defects. Forest et al. observed a risk

association between maternal tobacco exposure (both active and
passive) during the periconceptional period and congenital heart
defects28. Deng et al. reported that periconceptional paternal
smoking might increase the risk of certain subtypes of congenital
heart defects29. However, the results of the other two system
defects, namely, eyes, ears, face and neck and the musculoskeletal
system in our analysis were not statistically significant, which
might have been due to the fact that their sample sizes were too
small to arrive at a conclusion.

The teratogenic mechanism of SHS remains inconclusive, but
there are some related studies proposing possible theoretical mech-
anisms. An early animal study reported that intrauterine exposure
to SHS could increase the sensitivity of the aortic ring to phenyl-
ephrine but reduce the sensitivity to acetylcholine and nitroglyc-
erin, indicating that SHS has a detrimental role on neonatal
vascular smooth muscle function30. Another study observed that
passive exposure to side stream could cause widespread ossifica-
tion retardation in newborn rats, adversely affecting the fetal devel-
opment of skeletal system31. In addition, some components
contained in SHS, e.g., nicotine and CO, are believed to have cer-
tain teratogenic effects. Nicotine is easily transferred to the fetus
and considered to have the following possible teratogenic impacts:
1) it can cause structural changes in the lungs, such as hypoplasia,
reduce elastin in the parenchyma, and change lung function such
as increase airway resistance and decrease expiratory flow rate32;
2) it can induce vasoconstriction and decrease the placental blood
flow, possibly causing fetal hypoxia, which may have a negative
effect on vascular development in the fetus33; 3) it can behave
as a developmental neurotoxicant, leading to long-term alterations
in brain development such as brain cell damage, apoptosis, and
synaptic activity impairment34. CO was also found to have a toxic
effect on the development of the nervous system in the fetus35.
Furthermore, CO can easily cross the placenta and combine with
hemoglobin to form carboxyhemoglobin, resulting in fetal hypo-
xemia36. In addition to these two compounds, other harmful
chemical components in SHS might also have varying degrees of
detrimental influence37.

Our study had several strengths. The data was based on amulti-
stage stratified sampling survey of birth defects with a large sample
size, which increased the results reliability and extrapolative value.
In terms of the analysis strategy, we used the PSM method to

Table 1. (Continued )

Covariates

Before PSM After PSM

SHS No-SHS

p

SHS No-SHS

p(n= 6615) (n= 20,082) (n= 6205) (n= 12,410)

Occupational risk exposure

No 5977 (90.4) 18,568 (92.5) <0.001 5657 (91.2) 11,335 (91.3) 0.700

Yes 628 (9.6) 1514(7.5) 548 (8.8) 1075 (8.7)

Exposure to pesticide

No 6475 (97.9) 19,941 (99.3) <0.001 6142 (99.0) 12,278 (98.9) 0.760

Yes 140 (2.1) 141 (0.7) 63 (1.0) 132 (1.1)

Overall birth defects

No 6415 (97.0) 19,713 (98.2) <0.001 6016 (97.0) 12,171 (98.1) <0.001

Yes 200 (3.0) 369 (1.8) 189 (3.0) 239 (1.9)

Table 2. Associations between exposure to SHS and birth defects after PSM

Case, n (%) * OR (95%CI) # P

Exposure to SHS

Overall birth defects 428 (2.30) 1.58 (1.30, 1.91) <0.001

Circulatory system 141 (0.76) 1.75 (1.26, 2.44) <0.001

Eyes, ears, face, and neck 53 (0.28) 1.66 (0.96, 2.84) 0.068

Musculoskeletal system 50 (0.27) 1.31 (0.75, 2.42) 0.244

Frequency of exposure to SHSa

None 239 (1.28) 1.00

≤3days/week 60 (0.32) 1.38 (0.99, 1.92) 0.055

4–6days/week 17 (0.09) 1.59 (0.84, 3.00) 0.151

7days/week 97 (0.52) 1.63 (1.24, 2.12) <0.001

*The matched sample size was 18,615.
#The ORs and 95%CIs were estimated by conditional logistic regression.
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balance the covariates, so that the observation data could be close
to the randomized data, thereby making the estimated effect more
accurate. Additionally, abundant sensitivity analyses were con-
ducted to verify the main results. On the one hand, we adopted
different analysis methods to re-evaluate the effects. On the other
hand, we performed PSM between the two subgroups taking folic
acid or not and then estimated the effects again, given that folic
acid supplementation had a relatively certain protective effect on
birth defects. Nevertheless, there remained some limitations in
our research. Firstly, the survey was retrospective, and there inevi-
tably remained a certain degree of recall bias, especially for such life
behaviors as second-hand smoking. Secondly, the exposure time of
SHS in the questionnaire was from 3 months before pregnancy to
the entire pregnancy period. The specific exposure period was not
subdivided, and the cumulative exposure time was not collected,
probably making our analysis insufficiently detailed. Besides,
due to the limitation of the questionnaire items, we did not distin-
guish the indoor and outdoor exposure in the SHS measure.
Thirdly, in the questionnaire some covariates were regarded as cat-
egorical variables rather than quantitative ones, such as “environ-
mental risk factors”, which would affect the accuracy of indicators
inevitably. Fourthly, although considerable efforts had been made
to control the impact of the confounders, there were still some
uncollected potential confounding variables that were not consid-
ered. For instance, environmental pollutants during the pregnancy
period, such as particulate matter and nitric oxide, were not moni-
tored, so we did not include them in our analysis. Moreover, mater-
nal BMI was not controlled in data analysis due to lack of data on
maternal weight so we are limited to assess howmaternal obesity or
leanness influences the effects of SHS on the fetus. The previous
study in China implied that maternal periconceptional obesity
may increase risk of spina bifida but the underweight may increase
risk of anencephaly.38 Therefore, our results could be potentially
confounded by the bias of such uncollected covariates and should
be interpreted with caution. Finally, due to the low total incidence
of birth defects, the sample size found by our cross-sectional sur-
veys was small, which had limited power to explore the various
types of birth defects. Therefore, we only generated a general sys-
tematic classification of birth defects and analyzed several

categories with higher incidence among them. Further, because
of nature of retrospective survey, not all affected fetuses such as
abortion that did not survive were included in the study. And some
birth defects are only found with sufficient follow-up time but the
duration of follow-up of the children varied in our study.
Consequently, the incidence of birth defects would be underesti-
mated and selection bias may occur.

In conclusion, maternal exposure to SHS likely increases the
risk of overall birth defects, especially circulatory system defects,
in Chinese offspring. Our study provides data to suggest that
avoiding exposure to SHS during pregnancy should be recom-
mended in the practice of maternal and child health care.
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