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Abstract: Background: To investigate the prevalence of maternal passive smoking during pregnancy in Shanghai 
following the implementation of an indoor places anti-smoking legislation, and to assess the impact of maternal 
passive smoking on the occurrence of pregnancy complications and neonatal outcomes. Methods: We conducted 
a cross-sectional study among pregnant women at the Shanghai First Maternity and Infant Hospital, China. A self-
administered questionnaire, distributed to women within 24 hours of delivery, was used to obtain demographic 
information and identify potential confounders. Information on pregnancy complications and neonatal outcomes 
was extracted from medical records. Logistic regression and linear regression models were used to estimate the risk 
of pregnancy complications and neonatal outcomes. Results: A total of 1063 women were included in this study. 
The prevalence of maternal passive smoking was 34.81%. Majority of passive smokers (77.38%) lived with family 
members consumed less than 5 cigarettes per day totally. We were unable to show any statistically significant corre-
lation between passive smoking and pregnancy complications or neonatal outcomes. Conclusions: In Shanghai, the 
prevalence of maternal passive smoking decreased following the implementation of an indoor places anti-smoking 
legislation. Based on the present prevalence, no significant effects on pregnancy complications or neonatal out-
comes were observed in short term.

Keywords: Passive smoking, neonatal outcomes, pregnancy complications, anti-smoking legislation

Introduction

As reported by the 2010 Global Adult Tobacco 
Survey, China, with over 300 million smokers, 
has the largest population of smokers world-
wide, with 53% of men and 2.4% of women 
being smokers and quit ratios being very low 
(<20% overall) [1]. As the smoking rate is evi-
dently higher among men than among women, 
passive smoking is the main source of smoke 
exposure for women. It reported that side-
stream smoke, the resource of passive smok-
ing, contains approximately three times more 
toxic per gram and two to six times more tumor-

igenic per gram than mainstream condensate 
[2]. Meta analyses shown that maternal sec-
ondhand smoke was related to fetal outcomes, 
such as still birth and congenital malformations 
and reduced mean birth weight by 33 g or more 
[3, 4], while the pathophysiology is not com-
pletely understood.

Many countries have taken a number of steps 
to reduce passive smoking through legislation 
and health education; however, findings on the 
effectiveness of these actions are not conclu-
sive among different countries or regions 
[5-11]. In China, the “Detailed Rules for the Im- 
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plementation of the Regulations on the Admi- 
nistration of Sanitation at Public Places” anti-
smoking legislation, which included a ban on 
smoking in any indoor public place, was issued 
in 2011. Although there have been studies on 
the effects of the anti-smoking legislation on 
smoking prevalence and human health [12, 
13], there have been less information on the 
impact of maternal passive smoking during 
pregnancy. Shanghai, as one of the largest cit-
ies and with a large “floating population”, is rep-
resentative of other cities in China with similar 
population patterns. Thus, we conducted a 
cross-sectional study in a tertiary maternal and 
infant hospital in Shanghai, to investigate the 
prevalence of maternal passive smoking and 
its impact on pregnancy complications and 
neonatal outcomes following the nationwide 
implementation of the indoor places anti-smok-
ing legislation.

Methods

This project was approved by the Scientific and 
Ethical Committee of Shanghai First Maternity 
and Infant Hospital. All participants provided 
written informed consent.

Study population

This cross-sectional study of postpartum wo- 
men was conducted at the Shanghai First 
Maternity and Infant Hospital, Shanghai, China. 
All women who delivered between December 
2012 and February 2013 were invited to par-
ticipate in the study. A total of 1232 women 
were enrolled. To meet the aim of this study, 
women meeting one or more of the following 
criteria were excluded: (1) active smoking 
before or during pregnancy (n = 17); (2) multiple 
pregnancies (n = 36); and (3) one or more pre-
existing chronic conditions, including chronic 
renal disease, type-1 diabetes, primary hyper-
tension, hyperthyroidism, and beta thalas-
semia (n = 123). Finally, 1063 women were 
included in the statistical analysis. 

Exposure measurements

After obtaining informed consent, a self-admin-
istered questionnaire was distributed to women 
within 24 hours of delivery. According to fre-
quency and dose of passive smoking exposure, 
two questions were set to ascertain passive 
smokers. The first was “how many cigarettes 

were smoked by your family members at home 
per day on average during your pregnancy”? If 
the answer was not “zero”, the patient was clas-
sified as a passive smoker. The second was 
“how many times you were in a smoking envi-
ronment for more than 15 minutes per day in a 
given week”. If the frequency was more than 
once a week, the subject was also classified as 
passive smoker. These criteria are commonly 
used in international studies on passive smok-
ing [14].

Pregnancy complications and neonatal out-
comes

Obstetric and neonatal data were obtained by 
reviewing the medical records, including gesta-
tional diabetes, pregnancy-induced hyperten-
sion, placenta previa, preterm delivery, polyhy-
dramnios, oligohydramnios, delivery mode, 
fetal growth restriction, small for gestational 
age, neonatal birth weight, head circumfer-
ence, and 1-minute and 5-minute Apgar scores. 
Small for gestational age was defined as neo-
natal birth weight below the 10th percentile for 
gestational age, as well the fetal growth restric-
tion by 3rd percentile for gestational age [15].

Covariates

Data on demographic characteristics, pregnan-
cy history, and vitamin supplementation were 
collected by the questionnaire. Body mass 
index (weight [Kg]/height [m]2) was calculated 
on the basis of height and weight measured at 
the first antenatal, which is very similar as 
before pregnancy. Data on the mothers’ high-
est level of education degree was also collect-
ed and were categorized as follows: (1) less 
than high school and (2) high school or higher. 
Spousal alcohol consumption was defined as 
the spouse drinking at least once a month for 1 
year before or during pregnancy.

Statistical analysis

Statistical analysis was performed using the 
SAS version 9.1 software package (SAS Insti- 
tute Inc., Cary, NC, USA). Differences in general 
characteristics were analyzed using the Chi-
square test. To explore the effects of passive 
smoking on maternal complications and neona-
tal outcomes, logistic regression models were 
used to estimate odds ratios (OR) and 95%  
confidence intervals (CIs) for dichotomous out-
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comes and generalized linear models models 
were used to estimate adjusted P-values for 
continuous outcomes. A two-sided P-value less 
than 0.05 was considered significant. We re-
ran our main model after excluding women who 

distribution was presented in Table 2. Among 
women exposed to passive smoking environ-
ment, majority of them (77.38%) lived with fam-
ily members consumed less than 5 cigarettes 
per day totally. The different frequency distrib-
uted equally among the subjects. Based on the 
definition of passive smoking used in this study, 
a total of 370 women were classified as pas-
sive smokers. Thus, the prevalence of passive 
smoking was 34.81% and 76.5% were from the 
home exposure. 

Table 3 presents the crude OR and adjusted OR 
for complications during pregnancy and catego-
rized neonatal outcomes. After taking educa-
tion, gravidity, spousal alcohol consumption, 
and vitamin supplementation into account, we 

Table 1. Demographic and social characteristics of passive 
and non-passive smokers

Non-passive 
smoker  

(n = 693)

Passive 
smoker  

(n = 370) P value

N % N %
Economic status (CNY)
    <5000 163 23.94 102 27.64 0.53
    5000-10000 269 39.50 141 38.21
    ≥10000 249 36.56 126 34.15
Education (years)
    Less than high school 71 10.43 72 19.51 <0.01
    High school or higher 610 89.57 297 80.49
BMI (kg/m2)
    <18.5 147 21.59 79 24.41 0.99
    18.5-24 486 71.37 264 71.54
    ≥24 48 7.05 26 7.05
Gravidity
    Nulligravidity 451 66.23 224 60.70 0.07
    Multigravidity 230 33.77 145 39.30
Regular antenatal examination
    Yes 671 98.53 365 98.20 0.61
    No 10 1.47 4 1.08
Vaginal bleeding
    Yes 184 27.02 111 30.08 0.31
    No 497 72.98 258 69.92
Vitamin supplementation
    Yes 567 83.26 319 86.45 0.18
    No 114 16.74 50 13.55
Spousal alcohol consumption
    Yes 149 21.88 121 32.79 <0.01
    No 532 78.12 248 67.21
BMI, body mass index.

conceived by ovulation induction 
or in vitro fertilization 

Results

The average age of women in this 
study was 30.17 ± 3.76 years, 
ranging from 17 to 44 years. The 
average length of gestation was 
39.26 ± 1.34 weeks. Subject char-
acteristics classified according to 
passive smoking status are shown 
in Table 1. Passive smokers were 
more likely to have a husband  
who consumed alcohol (32.79% 
vs. 22.22%, P<0.05) and to have 
attained less than a high school 
education (19.46% vs. 11.54%, 
P<0.05) than non-passive smok-
ers. However, both groups were 
comparable with respect to eco-
nomic status, BMI, vaginal bleed-
ing episodes, and vitamin supple-
mentation during pregnancy.

Of the 1063 participants, 382 
(36.12%) women had a husband 
who smoked-319 who currently 
smoked and 63 who had ever 
smoked-with only 183 (17.22%) 
husbands smoking at home. A total 
of 283 (26.62%) women lived with 
family members including hus-
bands. In addition, 155 (14.58%) 
women were exposed to a smoking 
environment for over 15 minutes 
per day more than once a week. 
The exposure frequency and dose 

Table 2. The distribution of passive smoking 
exposure frequency and dose
Dose* (cigarettes/day) Frequency (times/week)
Categories N % Categories N %
0 766 73.02 0 896 84.29
1-5 219 20.88 1 50 4.70
6-20 61 5.82 2-3 60 5.64
>20 3 0.29 >4 57 5.36
*: Only regarding to exposure at home.
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found that passive smoking was associated 
with a higher risk of oligohydramnios, while with 
a lower risk of the other complications. However, 
none of these associations were statistically 
significant.

The results of detailed analyses regarding neo-
natal outcomes are presented in Table 4. 
Differences in neonatal outcome parameters 
between passive and non-passive smokers 
were small and not statistically significant. The 
model was re-run after the exclusion of women 
who underwent ovulation induction or in vitro 
fertilization. The results obtained were in line 
with those with the original model (Supple- 
mentary Tables 1 and 2).

Discussion

In this cross-sectional study, the prevalence of 
maternal passive smoking during pregnancy 
was lower than that reported in studies from 
other countries or other regions of China [16, 
17]. However, the sources of exposure to smok-

pregnancy complications or short-term neona-
tal outcomes.

In response to the “one child one family” family 
planning policy in China, couples planning a 
baby do their best to avoid known risk factors, 
improve diet and nutrition, and make use of 
health care products such as multi-vitamins, 
which may attenuate the negative effects of 
passive smoking. In addition, although self-
reported smoking exposure has been proven to 
be consistent with biomarker evaluation [18], it 
may be overestimated in this study owing to 
altered smoking habits of family members. For 
instance, family members may smoke on a bal-
cony, or in another room, to prevent exposure of 
pregnant women to smoke. This may partly 
explain why we failed to find an association 
between passive smoking and pregnancy com-
plications and neonatal outcomes.

To the best of our knowledge, this report is the 
first study of passive smoking in pregnant 
women to determine its effects on pregnancy 

Table 3. Odds ratios of pregnancy complications for passive and non-passive smokers

Passive smoker Non-passive 
smoker OR (95% CI) ORa (95% CI)

N % N %
Gestational diabetes 46 12.43 98 14.14 0.86 (0.59-1.25) 0.89 (0.60-1.31)
Pregnancy hypertension 16 4.32 43 6.20 0.68 (0.38-1.23) 0.65 (0.34-1.19)
Placenta previa 10 2.70 21 3.03 0.89 (0.41-1.91) 0.93 (0.43-2.03)
Preterm delivery 14 3.78 31 4.47 0.84 (0.44-1.60) 0.78 (0.40-1.51)
Cesarean delivery 173 46.76 315 45.45 1.05 (0.82-1.36) 0.97 (0.75-1.26)
Polyhydramnios 4 2.84 10 3.57 0.79 (0.24-2.56) 0.72 (0.22-2.39)
Oligohydramnios 17 12.06 23 8.21 1.53 (0.79-2.97) 1.49 (0.75-2.96)
Small for gestational age 6 1.62 23 3.23 0.48 (0.19-1.19) 0.52 (0.21-1.29)
Fetal growth restriction 1 0.27 13 1.88 0.14 (0.02-1.09) 0.14 (0.02-1.09)
OR, odds ratio; ORa, odds ratios adjusted for education, gravidity, spousal alcohol consumption, and vitamin supplementation; 
CI, confidence interval.

Table 4. Comparison of neonatal outcomes between passive and non-
passive smokers

Neonatal outcomes
Passive  
smoker

Non-passive 
smoker P 

value
P  

valuea

Mean ± SD Mean ± SD
Gestational days 275.08 ± 8.17 274.69 ± 9.75 0.92 0.35
Birth weight (g) 3415.35 ± 402.12 3381.55 ± 461.38 0.13 0.39
Head circumference (cm) 34.8 ± 1.23 34.72 ± 1.21 0.30 0.59
1-minute Apgar score 9.81 ± 0.57 9.81 ± 0.68 0.50 0.99
5-minute Apgar score 9.98 ± 0.24 9.96 ± 0.27 0.29 0.40
a, adjustment for education, gravidity, spousal alcohol consumption, and vitamin supple-
mentation; SD, standard deviation.

ing were mainly from 
home, which was in line 
with the other studies 
conducted in China [18, 
19]. Majority of mothers 
exposed a relative mild 
passive smoking enviro- 
nment, which was also 
consistence with Swe- 
den data [20]. We failed 
to find a statistically sig-
nificant association bet- 
ween passive smoking 
during pregnancy and 
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following the introduction of the legislation 
against indoor smoking as part of the nation-
wide anti-smoking legislation in China. We eval-
uated a variety of perinatal outcomes not com-
mon in previous studies, including the polyhy-
dramnios and oligohydramnios. The study had 
two limitations. First, over half of the subjects 
came from a single large city in China, and 80% 
of subjects from other regions had also lived in 
this city for many years. As the prevalence of 
smoking among men in China is reported to be 
higher in rural than in urban areas, this might 
have led to an underestimation of the preva-
lence of pregnant women’s passive smoking at 
a national level [21]. Second, the cases for 
some pregnancy complications were too small 
to yield statistically significant results, even 
though the total study population was over 
1000.

The reliance on survey data may have led to 
inaccurate assessments, and thus more exten-
sive evaluations would be useful in understand-
ing how change can and does occur. Some 
studies have reported that maternal smoking is 
associated with attention disorders and other 
diseases in children [22-25]; thus, the long-
term effects of passive smoking on health, 
such as on diseases of the respiratory system 
and asthma, should also be further explored in 
a large-scale follow-up study.

In summary, the prevalence of passive smok-
ing in pregnant women is lower than that before 
the introduction of the anti-smoking legislation 
banning smoking in indoor public places in 
Shanghai. However, our results show no asso-
ciation between the level of passive smoking 
and complications during pregnancy or neona-
tal outcomes, over the short term. 
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Supplementary Table 1. Comparison of pregnancy complications and neonatal 
outcomes between passive and non-passive smokers among women with natu-
ral conception

Passive 
smoker

Non-passive 
smoker OR (95% CI) ORa (95% CI)

N % N %
Gestational diabetes 42 12.07 90 13.8 0.86 (0.58-1.27) 0.89 (0.60-1.33)
Pregnancy hypertension 16 4.60 38 5.83 0.78 (0.43-1.41) 0.71 (0.39-1.31)
Placenta previa 9 2.59 20 3.07 0.84 (0.38-1.86) 0.89 (0.40-2.00)
Preterm delivery 13 3.74 29 4.45 0.83 (0.43-1.63) 0.76 (0.38-1.50)
Cesarean delivery 159 45.69 288 44.17 1.06 (0.82-1.38) 1.00 (0.77-1.31)
polyhydramnios 4 3.05 9 3.50 0.87 (0.26-2.87) 0.87 (0.26-2.93)
oligohydramnios 15 11.45 21 8.17 1.45 (0.72-2.92) 1.45 (0.70-2.99)
Small for gestational age 5 1.44 21 3.22 0.44 (0.16-1.17) 0.48 (1.18-1.29)
Fetal growth restriction 1 0.29 11 1.69 0.17 (0.02-1.31) 0.18 (0.02-1.39)
a, adjustment for education, gravidity, spousal alcohol consumption, and vitamin supplementation; 
SD, standard deviation.

Supplementary Table 2. Comparison of neonatal outcomes between passive 
and non-passive smokers among women with natural conception

Passive  
smoker

Non-passive 
smoker P value P valuea

Mean ± SD Mean ± SD
Gestational days 275.25 ± 8.73 274.86 ± 9.88 0.49 0.32
Birth weight (g) 3417.70 ± 395.19 3385.13 ± 454.58 0.16 0.24
Head circumference (cm) 34.78 ± 1.20 34.71 ± 1.18 0.20 0.42
1-minute Apgar score 9.80 ± 0.58 9.81 ± 0.69 0.41 0.94
5-minute Apgar score 9.99 ± 0.24 9.96 ± 0.27 0.21 0.34
a, adjustment for education, gravidity, spousal alcohol consumption, and vitamin supplementation; 
SD, standard deviation.


