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Abstract

Previous studies investigating the relationship between passive maternal smoking and pre-
term birth reveal inconsistent results. We conducted the current meta-analysis of observa-
tional studies to evaluate the relationship between passive maternal smoking and preterm
birth. We identified relevant studies by searching PubMed, EMBASE, and ISI Web of Sci-
ence databases. We used random-effects models to estimate summary odds ratios (SORs)
and 95% confidence intervals (Cls) for aforementioned association. For the analysis, we
included 24 studies that involved a total of 5607 women who experienced preterm birth.
Overall, the SORs of preterm birth for women who were ever exposed to passive smoking
versus women who had never been exposed to passive smoking at any place and at home
were 1.20 (95%Cl = 1.07-1.34,17 = 36.1%) and 1.16 (95%CI = 1.04—1.30,/? = 4.4%), respec-
tively. When we conducted a stratified analysis according to study design, the risk estimate
was slightly weaker in cohort studies (SOR = 1.10, 95%CI = 1.00-1.21,n = 16) than in
cross-sectional studies (SOR = 1.47, 95%Cl = 1.23—-1.74,n = 5). Additionally, the associa-
tions between passive maternal smoking and preterm birth were statistically significant for
studies conducted in Asia (SOR = 1.26, 95%Cl = 1.05-1.52), for studies including more
than 100 cases of preterm birth (SOR = 1.22, 95%CI = 1.05—1.41), and for studies adjusted
for maternal age (SOR = 1.27,95%ClI = 1.09—1.47), socioeconomic status and/or education
(SOR =1.28, 95%ClI = 1.10-1.49), body mass index (SOR = 1.33, 95%Cl = 1.04—1.71), and
parity (SOR = 1.27, 95%CI = 1.13-1.43). Our findings demonstrate that passive maternal
smoking is associated with an increased risk of preterm birth. Future prospective cohort
studies are warranted to provide more detailed results stratified by passive maternal smok-
ing during different trimesters of pregnancy and by different types and causes of preterm
birth.
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Introduction

Preterm birth, which is birth before 37 completed weeks of gestation, is a leading cause of neo-
natal death worldwide. Approximately 15% of preterm infants die within one month after
birth [1]. In most countries, the rates of preterm birth have been increasing in recent decades
and this represents a primary obstacle to the World Health Organization’s Millennium Devel-
opment Goal 4, which is to reduce childhood mortality [2-3]. Therefore, it is important to
identify modifiable risk factors that may lead to the primary prevention of preterm birth.

Active smoking is well-established as a contributing factor to preterm birth. There is
increasing scientific and regulatory concern for the role that passive smoking, which is the
exposure to environmental tobacco smoke or second-hand smoke, may play in preterm birth,
possibly due to the same biological mechanisms as active smoking [4-5]. However, evidence
from observational studies is conflicting [6-8]. Some studies provided evidence that passive
maternal smoking increased the risk of preterm birth, but others found no association. A recent
meta-analysis, which summarized the results of studies published prior to May 2009, found no
effect of passive maternal smoking on preterm birth (pooled risk estimate = 1.07, 95% confi-
dence interval (CI): 0.93-1.22) [8]. However, this meta-analysis focused not only on preterm
birth but also on other perinatal outcomes including birth weight, infant length, and congenital
anomalies. Therefore, the authors only reported summarized risk estimates of these outcomes
instead of conducting subgroup analyses to find the source of heterogeneity. Additionally, it is
not clear whether the findings of the study were robust in the subgroup and sensitivity analyses.
Several additional epidemiological studies of preterm birth and passive maternal smoking have
been published during the past 5 years [9-14]. For example, Qiu et al [9] conducted an analysis
in a birth cohort study including 10,095 non-smoking women who delivered a singleton live
birth in China; the findings supported a positive aforementioned association, especially very
preterm birth, which is birth between 28 and 31 weeks of gestation, regardless of whether the
preterm birth was medically indicated or spontaneous. Khader et al [12] conducted a cross-sec-
tional study of 8,490 women and demonstrated that exposure to passive smoking during preg-
nancy was significantly associated with an increased odds of preterm delivery. However,
Andriani et al [14] conducted the first national prospective longitudinal cohort study of passive
maternal smoking and preterm birth in Indonesia and found no significant associations.

A large portion of women in the general population are exposed to passive smoking [15], so
even a small association between passive smoking and preterm birth may pose a substantial
public health burden [6]. We conducted a meta-analysis to obtain overall summary estimates
for associations between passive maternal smoking and preterm birth and to evaluate heteroge-
neity among the results.

Materials and Methods

Literature search

We performed a comprehensive search of articles published through February 28, 2015 by
searching PubMed, EMBASE, and Web of Science databases. The following terms were used in
the electronic search: (passive smoking, environmental tobacco smoke, second hand, cigarette)
and (preterm birth, prematurity). We also manually searched the references cited in the
retrieved articles. This meta-analysis was planned, conducted, and reported in adherence with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[16].
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Eligibility criteria

Studies were selected and excluded by 2 independent investigators (Q-JW and T-TG). Pub-
lished articles were included according to these selection criteria: 1) the study used an observa-
tional study design (e.g., cohort study, case-cohort, nested case-control, case-control, or cross-
sectional study); 2) the study provided information on passive maternal smoking (exposure at
home, work, or another place) as the exposure; 3) the study reported preterm birth (defined as
delivery before 37 completed weeks or 259 days of gestation from first day of the last menstrual
period) as the outcome; and 4) the study reported usable risk estimates between passive mater-
nal smoking and preterm birth.

Published articles were excluded according to the following criteria: 1) the study was a
review without original data, an ecological study, an editorial, or a case report; 2) the study
reported the risk estimates for the highest category relative to the lowest category of passive
maternal smoking instead of exposure to passive maternal smoking; and 3) the study investi-
gated passive maternal smoking in a certain trimester of pregnancy instead of the entire
pregnancy.

Data extraction and quality assessment

Two independent reviewers (Q-JW and T-TG) completed the data extraction using a prede-
fined sheet. Dissimilarities were resolved by discussion between the authors. The following
data were extracted from each included study: first author’s name, year of publication, country
of study, study design, period of exposure measurement, number of subjects with preterm
birth and sample size of the study, categories of exposure with corresponding risk estimates,
and potential confounders adjusted in the primary analysis.

We used the Newcastle-Ottawa Scale (NOS) [17-21] and Agency for Healthcare Research
and Quality (AHRQ) criteria [22] to assess the methodological quality of all studies included in
this meta-analysis. Quality scoring might conceal important information by combining dispa-
rate study features into a single score and introduce an arbitrary subjective element into the
analysis [23-25]; therefore, we evaluated the included studies on the basis of NOS and AHRQ
criteria instead of scoring and categorizing the studies as “high” or “low” quality.

Statistical analysis

Since the majority of included studies reported risk estimates as odds ratios (ORs) [9-14,26-
36] and the absolute risk of preterm birth is low, we interpreted all risk estimates as ORs for
simplicity. For studies [33,37] that reported risk estimates separately according to the level of
passive smoking instead of reporting “yes” or “no” for any exposure, the effective-count
method [38] was used to recalculate the ORs and 95% Cls. For a study [35] that reported risk
estimates separately by age, we used a random-effects model to calculate an overall combined
estimate before combining with the rest of the studies [39-40]. For studies [28-29,34,36,41-
44] that reported the necessary data instead of providing the risk estimates directly, we used
these data to calculate the crude ORs. For a study [10] that reported risk estimates separately
according to exposure location, we directly combined these results with the other studies. To
examine the aforementioned associations, we estimated SORs with 95% Cls by summarizing
the risk estimates of each included study using fixed-effects models [45] and random-effects
models [46] on the basis of heterogeneity. Heterogeneity between studies was evaluated with
Cochran Q and I statistics. For the Q statistic, a P-value less than 0.1 was considered to repre-
sent statistically significant heterogeneity. For the I” statistic, a value greater than 75% was con-
sidered to indicate significant heterogeneity; a value less than 25% indicated the absence of
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significant heterogeneity [45,47]. We summarized the study-specific ORs to compare women
who were exposed to passive smoking during pregnancy with women who were not.

To find the possible sources of heterogeneity of the primary results, we carried out the strati-
fied analyses according to the following study features for all studies: design of study (cohort,
cross-sectional, and case-control study), study location (Asia, North America, and Europe),
median number of cases (> 100, < 100, and unknown), time of exposure measurement (before
delivery and after delivery), and potential confounders adjusted in the analyses (maternal age,
body mass index, parity, and preeclampsia). Small study bias was assessed by visual inspection
of a funnel plot [18,48] and by testing with Egger’s test [49] and Begg’s test [50]. All statistical
analyses were conducted with Stata (version 12; StataCorp, College Station, TX).

Results
Literature search

The detailed article screening processes are outlined in Fig 1. Briefly, we identified 1474 articles
from the search of the 3 databases, after excluding duplicates. Of these articles, 1114 and 319
articles were excluded according to the exclusion criteria after reviewing the title and the
abstract, respectively. After reviewing the full text of the remaining 41 articles, 13 and 4 articles
were excluded for not reporting usable risk estimates or 95% Cls and for reporting the results
of interest using the same study populations as other studies, respectively. Finally, we included
a total of 24 articles that presented data on the relationship between passive maternal smoking
and risk of preterm birth in this meta-analysis [9-14,26-37,41-44,51-52].

Study characteristics and quality assessment

The characteristics of the 24 articles are described in Table 1. Together, the included studies,
which were published between 1986 and 2014, represent a total of 15,764 women who experi-
enced preterm birth. Briefly, we include 16 cohort studies [9-10,14,27-30,32,34-35,37,41~
44,52], 5 cross-sectional studies [12-13,31,33,51], and 3 case-control studies [11,26,36]. Of the
24 studies, 10 were conducted in Asia [9-12,14,28-31,42], 7 were conducted in North America
[13,34-37,44,51], and 7 were conducted in Europe [26-27,32-33,41,43,52]. Passive maternal
smoking was measured before delivery in 11 studies [10,28-30,34,37,41-42,44,51-52] and after
delivery in 13 studies [9,11-14,26-27,31-33,35-36,43]. Eleven studies [9-10,14,26-27,29,32—
33,36,42,52] provided risk estimates related to passive smoking exposure at home and 4 studies
[9-10,32,52] provided risk estimates of passive smoking exposure at work or another place.
Most of the included studies adjusted for maternal age (n = 13), socioeconomic status and/or
education (n = 12), and parity (n = 10). Few of the included studies adjusted for alcohol drink-
ing (n = 6), body mass index (n = 6), and preeclampsia (n = 2).

Characteristics related to study quality are summarized in Tables 2-4. Briefly, 6 cohort stud-
ies [9,14,27,32,35,43] were not assigned a star because preterm birth was not presented at the
start of study; 3 prospective studies [28,34,37] were not assigned a star because the follow-up
rate was less than 70%; 5 cohort studies [10,14,27,32,52] were assigned 2 stars because they
adjusted for several important confounders in the primary analyses; and 2 case-control studies
[11,36] were not assigned a star because the controls of their study did not come from the same
population as the study group. None of the cross-sectional studies [12-13,31,33,51] described
any assessments undertaken for ensuring quality assurance or clarifying the percentage of
patients for which data was incomplete.
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Fig 1. Flow-chart of study selection.

doi:10.1371/journal.pone.0147848.g001
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Table 2. Methodological quality of cohort studies included in the meta-analysis*.

First author Representativenessof Selection of Ascertainment Outcome of Control for Assessment  Adequacy of
(reference), the exposed cohort the of exposure interest not important of outcome follow-up of
publication unexposed present at factor or cohorts*
year cohort start of study additional
factor’

Andriani, 2014 3 y _
Qiu, 2014 " — A

Miyake, 2013

Wu, 2007 x — _
Wu, 2007 & " —

Ward, 2007 - " — Sk

Kim, 2005 & & —

Jaakkola, 2001 % * — st

Windham, 2000 S —
Pichini, 2000 * %« — "

Sadler, 1999 ; y ’ — 4 —
Ahluwalia, 1997 _ "
Mathai, 1992 ’ ’ ; _

Ahlborg, 1991 # " " " *
Lazzaroni, 1990 _ _

Martin, 1986 * - # e =

* A study could be awarded a maximum of one star for each item except for the item Control for important factor or additional factor. The definition/
explanation of each column of the Newcastle-Ottawa Scale is available from (http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.).

1 A maximum of 2 stars could be awarded for this item. Studies that controlled for maternal age received one star, whereas studies that controlled for
other important confounders such as body mass index, parity received an additional star.

I A cohort study with a follow-up rate >70% was assigned one star.

doi:10.1371/journal.pone.0147848.1002

Passive maternal smoking exposure

Overall, compared to women who were never exposed to passive smoking during pregnancy,
women who had ever been exposed had a significantly increased risk of preterm birth

Table 3. Methodological quality of case-control studies included in the meta-analysis*.

First author Adequate Representativeness Selection Definition Control for Exposure Same method of Non-
(reference), definition of cases of control of control important assessment ascertainment response
publication of cases subjects subjects factor or for all subjects Rate*
year additional
factor®

Luo, 2012 # # —

Fantuzzi, 2007 £ e =

Ewko, 1993 4 =

* A study could be awarded a maximum of one star for each item except for the item Control for important factor or additional factor. The definition/
explanation of each column of the Newcastle-Ottawa Scale is available from (http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.).

1 A maximum of 2 stars could be awarded for this item. Studies that controlled for maternal age received one star, whereas studies that controlled for
other important confounders such as body mass index, parity received an additional star.

I One star was assigned if there was no significant difference in the response rate between control subjects and cases by using the chi-square test
(P>0.05).

doi:10.1371/journal.pone.0147848.1003
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Table 4. Methodological quality of cross-sectional studies included in the meta-analysis*.

ltem/Study

1) Define the source of information
(survey, record review)

2) List inclusion and exclusion criteria
for exposed and unexposed subjects
(cases and controls) or refer to
previous publications

3) Indicate time period used for
identifying patients

4) Indicate whether or not subjects
were consecutive if not population-
based

5) Indicate if evaluators of subjective
components of study were masked to
other aspects of the status of the
participants

6) Describe any assessments
undertaken for quality assurance
purposes (e.g., test/retest of primary
outcome measurements)

7) Explain any patient exclusions from
analysis

8) Describe how confounding was
assessed and/or controlled.

9) If applicable, explain how missing
data were handled in the analysis

10) Summarize patient response rates
and completeness of data collection

11) Clarify what follow-up, if any, was
expected and the percentage of
patients for which incomplete data or
follow-up was obtained

Yes No Unclear

v
v

Khader, 2011

Ashford, 2010 Goel, 2004 Hanke, 1999 Eskenazi, 1995

Yes No Unclear Yes No Unclear Yes No Unclear Yes No Unclear

v Y v Y
v v v v
v v v v
v v v v
v v v v
v v v v v
v v v v v
v v v v
v v v v
v v v Y
v v Y, v v

* The definition/explanation of each column of the Agency for Healthcare Research and Quality is available from (http://www.ahrg.gov/research/findings).

doi:10.1371/journal.pone.0147848.t004

(SOR =1.20, 95% CI: 1.07-1.34), with moderate heterogeneity (I? =36.1%, P = 0.038) (Table 5
and Fig 2). Publication bias was not observed according to Egger’s test (P = 0.51) or Begg's test
(P =0.91), and no asymmetry was noted in the funnel plot upon visual inspection (Fig 3).
When the association was examined according to exposure location (Fig 4), a significantly
increased risk of preterm birth was associated with exposure to passive smoking at home
(SOR = 1.16, 95% CI: 1.04-1.30), with little heterogeneity (P> = 4.4%, P = 0.401). We found no
significant association between passive smoking at work or another place and preterm birth.

Subgroup and sensitivity analyses

The results of stratified analyses according to study characteristics and adjustments for poten-
tial confounders are presented in Table 5. When stratified by study design, the SORs for cohort,
cross-sectional, and case-control studies were 1.10 (95% CI = 1.00-1.23, 1% = 0%), 1.47 (95%
CI=1.23-1.74, > = 1.3%), and 1.45 (95% CI = 0.87-2.41, I* = 83.4%), respectively (Fig 2). A
significant positive association between passive smoking and preterm birth was observed for
studies conducted in Asia, with an SOR of 1.26 (95% CI = 1.05-1.52). In the subgroup analysis
stratified by the time of exposure measurement, we observed a significant association in studies
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Table 5. Summary risk estimates of the associations between passive maternal smoking and preterm birth.

No. of
Study
Overall 24
Exposed at home 11
Exposed at work or other places 4
Subgroup Analyses
Study Design
Cohort study 16
Cross-sectional study 5
Case-control study 3
Study Location
Asia 10
North America 7
Europe 7
Number of Cases
>100 12
<100 9
Unknown 3
Time of Exposure Measurement
Before delivery (all studies) 11
After delivery (all studies) 13
Before delivery (cohort studies) 10
After delivery (cohort studies) 6
Adjustment for Potential Confounders
Maternal Age
Yes 13
No 11
SES/Education
Yes 12
No 12
Alcohol Drinking
Yes 6
No 18
Body Mass Index
Yes 6
No 17
Parity
Yes 10
No 13
Preeclampsia
Yes 2
No 21

Cl, confidence interval; SES, socioeconomic status; SOR, summarized odds ratio.

T P value for heterogeneity within each subgroup.

doi:10.1371/journal.pone.0147848.t005

SOR

1.20
1.16
1.00

1.10
1.47
1.45

1.26
1.18
1.10

1.22
1.21
1.02

1.02
1.33
1.01
1.16

1.27

1.06

1.28
1.08

1.07
1.25

1.33
1.18

1.28
1.16

1.07
1.23

95%ClI

1.07-1.34
1.05-1.29
0.78-1.26

1.00-1.21
1.24-1.74
0.87-2.41

1.05-1.52
0.99-1.41
0.94-1.29

1.05-1.41
0.97-1.51
0.78-1.34

0.87-1.18
1.15-1.53
0.87-1.18
1.03-1.31

1.09-1.47

0.91-1.25

1.10-1.49
0.94-1.25

0.90-1.26
1.10-1.43

1.04-1.71
1.08-1.29

1.15-1.43
0.96-1.40

0.92-1.25
1.09-1.39

Q

statistics

37.6
10.5
2.1

9.6
4.1
121

23.3
7.4
4.2

27.2
2.0
6.6

7.0
23.1
7.0
0.9

27.7

6.3

23.9
10.1

5.2
29.4

11.5
242

10.7
25.0

2.0
32.3

I2
(%)

36.1
4.4

1.3
83.4

57.1

18.9

55.9
0.2

53.1

49.8

42.2

47.6
29.9

6.9
48.0

49.7
31.8

P!

0.038
0.401
0.546

0.885
0.399
0.002

0.010
0.285
0.647

0.007
0.367
0.581

0.803
0.027
0.730
0.967

0.010
0.789

0.021
0.525

0.524
0.031

0.076
0.113

0.378
0.023

0.158
0.073

that measured passive smoking exposure after delivery, but not in those that measured passive

smoking before delivery. Additionally, the significant association between passive maternal
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Study

Cohort study
Andriani et al
Qu et al
Miyake et al
Mivake et al
Ward et al
Wu et al

Wu et al

Kim et al
Jaakkola et al
Pichini et al
Windham et al
Sadler et al
Ahluwalia et al
Mathai et al
Ahlborg et al
Lazzaroni et al
Martin et al

Year

2014
2014
2013
2013
2007
2007
2007
2005
2001
2000
2000
1999
1997
1992
1991
1990
1986

Exposure
location

Home
Any place
Home
Work
Home
Any place
Home
Any place
Any place
Any place
Any place
Any place
Any place
Home
Any place
Any place
Any place

Subtotal (I-squared = 0.0%, p = 0.885)

Case-control study

Luo et al
Fantuzzi et al
Ewko et al

2012
2007
1993

Any place
Home
Home

Subtotal (I-squared = 83.4%, p =0.002)

Cross-sectional study

Khader et al
Ashford et al
Goel et al
Hanke et al
Eskenazi et al

2010
2010
2004
1999
1995

Any place
Any place
Any place
Home

Any place

Subtotal (I-squared =1.3%. p =0.399)

Overall (I-squared =36.1%, p =0.038)

4

L 3

Risk estimate (95% CI)

Relative Risk

1.16 (0.78.1.71)
1.12(0.95,1.32)
0.91 (0.48, 1.65)
0.97 (0.36, 2.23)
1.21(0.96. 1.51)
1.13(0.37.3.42)
1.19 (0.75, 1.87)
0.80 (0.50, 1.20)
1.95(0.48,.791)
0.91(0.32,2.59)
1.19(0.86, 1.63)
0.67 (0.35, 1.30)
1.28 (0.64, 2.58)
1.56 (0.86, 2.83)
0.84 (0.53,1.33)
1.08(0.47.2.49)
1.00 (0.68. 1.47)
1.10(1.00, 1.21)

QOdds Ratio

2.20(1.56,3.12)
0.92 (0.65, 1.31)
1.50(1.03, 2.19)
1.45(0.87.2.41)

Odds Ratio

1.61(1.30,1.99)
2.30(0.96, 5.96)
1.15(0.69. 1.92)
1.27(0.84,1.94)
1.02 (0.51, 2.03)
147(1.24.1.74)

1.20 (1.07. 1.34)

Risk Estimates

Fig 2. Forest plots (random effect model) of meta-analysis on the relationship between passive maternal smoking and preterm birth by study
design. Squares indicate study-specific risk estimates (size of the square reflects the study-specific statistical weight); horizontal lines indicate 95% Cls;

diamond indicates the summary risk estimate with its 95% CI.

doi:10.1371/journal.pone.0147848.9002
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Fig 3. Funnel plot corresponding to the random-effects meta-analysis of the relationship between passive maternal smoking and preterm birth.

doi:10.1371/journal.pone.0147848.9003

smoking and increased risk of preterm birth was consistently observed in studies with more
than 100 cases of preterm birth and in studies adjusted for maternal age, socioeconomic status
and/or education, body mass index, and parity (Table 5).

Fig 5 visually depicts the results of the sensitivity analysis. The SORs ranged from 1.16 (95%
CI = 1.05-1.29, I = 22.9%) after omission of the study by Khader et al [12] to 1.24 (95%
CI = 1.11-1.38, I” = 33.9%) after omission of the study by Kim et al [30]. Additionally, we
excluded 2 studies [33,37] in which risk estimates were recalculated by the effective-count
method proposed by Hamling et al [38]; this result was robust (SOR = 1.21, 95% CI = 1.07-
1.37, P = 42.6%). Lastly, we excluded 8 studies [28-29,34,36,41-44] that provided crude risk
estimates without adjustment for any potential confounders; this result was also robust
(SOR = 1.23,95% CI = 1.07-1.42, I* = 50.9%).

Discussion

The rate of preterm birth has increased in most countries in the past decade and it represents
an important public health issue. A previous meta-analysis of studies published prior to 2009
found no significant association between passive maternal smoking and risk of preterm birth

PLOS ONE | DOI:10.1371/journal.pone.0147848 January 25, 2016 11/18
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Study Year Risk estimate (95% CI)
Home :
Andrnianietal 2014 —_—— 1.16 (0.78, 1.71)
Qiu et al 2014 == 1.17 (0.98, 1.41)
Miyake etal 2013 — 0.91 (0.48, 1.65)
Fantuzzietal 2007 - 0.92 (0.65, 1.31)
Ward et al 2007 == 1.21 (0.96, 1.51)
Wu et al 2007 = 1.19 (0.75, 1.87)
Jaakkolaetal 2001 € —h 0.65 (0.06, 6.81)
Hanke et al 1999 S 1.27 (0.84, 1.94)
Ewkoetal 1993 n m 1.50 (1.03, 2.19)
Mathaietal 1992 T 1.56 (0.86, 2.83)
Ahlborg etal 1991 . : 0.49 (0.23, 1.06)
Subtotal (I-squared = 4.4%, p = 0.401) O 1.16 (1.05, 1.29)
I
Work or other place :
Qiu et al 2014 — 0.92 (0.70, 1.22)
Miyake etal 2013 i 0.97 (0.36, 2.23)
Jaakkola et al 2001 : * 2.35(0.50, 11.10)
Ahlborgetal 1991 —_— 1.27 (0.70, 2.31)
Subtotal (I-squared = 0.0%, p = 0.546) <:'.> 1.00 (0.78, 1.26)
I
Overall (I-squared = 0.0%, p =0.453) '¢ 1.13 (1.03, 1.25)
l
| T

) 1 2

Risk Estimates

Fig 4. Forest plots (random effect model) of meta-analysis on the relationship between passive maternal smoking and preterm birth by exposure
location. Squares indicate study-specific risk estimates (size of the square reflects the study-specific statistical weight); horizontal lines indicate 95% Cls;
diamond indicates the summary risk estimate with its 95% CI.

doi:10.1371/journal.pone.0147848.g004

[8]. For this report, we conducted an updated meta-analysis, which indicates that exposure to
passive maternal smoking at any place and at home increases the risk of preterm birth by 20%
and 16%, respectively. These findings were robust among cohort and cross-sectional studies.
Additionally, significant associations between passive maternal smoking and preterm birth
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Goel et al
Jaakkola et al
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Fig 5. Sensitivity plot corresponding to the relationship between passive maternal smoking and preterm birth.

doi:10.1371/journal.pone.0147848.g005

were observed in studies conducted in Asia and in studies adjusted for maternal age, socioeco-
nomic status and/or education, body mass index, and parity (Table 5).

When passive smoking and preterm birth were examined according to exposure location, a
statistically significant association was found only for passive smoking exposure at home
(Table 5). Since only 4 studies [9-10,32,52] that provided risk estimates of exposure to passive
maternal smoking at work or another place were included in this analysis, the results of the
current meta-analysis partly support the hypothesis that, compared with exposure to smoke
from people at work or another place, there is a greater risk of preterm birth associated with
exposure to smoke from family members at home. However, only 2 of the included studies
evaluated the dose-dependent association between passive smoking and preterm birth in their
primary analyses [9,14]. Specifically, Andriani et al [14] found that, in both urban and rural
areas, the risk estimates for preterm birth of infants born after paternal smoking exposure were
stronger with the increasing number of cigarettes consumed by the father [9].

In the subgroup analyses stratified by study design, we found that the point estimate of the
relationship between preterm birth and passive smoking was slightly stronger among cross-
sectional studies and weaker among cohort studies. Compared with cross-sectional or retro-
spective studies, prospective studies had fewer biases due to their prospective nature. However,
we observed non-significant associations between passive smoking and preterm birth among
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studies that collected exposure information before delivery. This same pattern was observed
when we restricted the stratified analysis to cohort studies (Table 5). This issue might be attrib-
uted to the difference between study design and the time of data collection of several included
studies. For example, Qiu et al [9] conducted a birth cohort study from 2010 to 2012. Neverthe-
less, trained study interviewers conducted in-person interviews to the majority of women
(84%) within 1 to 3 days after delivery using a standardized and structured questionnaire. Simi-
lar procedures were used in several included cohort studies [14,27,32,35,43]; although the
authors conducted prospective studies of newborns, information regarding passive maternal
smoking was collected after the preterm birth regardless of the period between data collection
and outcome. By comparison, Miyaka et al [10] reported the relationship between passive
maternal smoking and preterm birth on the basis of a prospective pre-birth cohort study in
Japan. The data of passive maternal smoking was collected with the first questionnaire, which
was completed before delivery. Thus, recall bias could be largely ruled out in this study. Future
prospective cohort studies that collect exposure data at the first prenatal visit are warranted to
confirm these findings.

A significant association between passive maternal smoking at any place and preterm birth
risk was only observed in studies from Asia (Table 5), which could be attributed to higher rates
of passive smoking exposure and preterm birth in these populations. The mean preterm birth
rates in cohort and cross-sectional studies of the included studies were 9.1%, 8.3%, and 4.8%
for Asia, North America, and Europe, respectively. The mean passive maternal smoking expo-
sure rates in epidemiologic studies were 44%, 26.4%, and 37.4% for Asia, North America, and
Europe, respectively. The significant associations we observed could be the result of the larger
sample sizes of the studies in Asia (n = 2768) compared with the studies in North America
(n=1101) and Europe (n = 1738).

Several potential biological mechanisms have been suggested to explain the positive associa-
tion between passive maternal smoking and preterm birth. Passive smoke contains several
toxic chemicals, including nicotine, carbon monoxide, and DNA adducts [53-55]. Previous
experimental studies suggested that nicotine and carbon monoxide in the blood not only
decrease blood flow between the uterus and the placenta but also influence the development of
the fetus and the placenta [53-55]. Carbon monoxide is a potent vasoconstrictor of placental
vessels and it can integrate with oxygen to form carboxyhemoglobin, which may restrict the
amount of oxygen supplied to the fetus and cause low fetal tissue oxygenation [14]. Moreover,
Jauniaux et al [56] demonstrated that the toxic chemicals in passive smoke could regulate pro-
tein metabolism and enzyme activity through interfere with the trophoblastic and biological
functions of fetal cells, which may lead to restricted fetal growth and preterm birth. These
mechanisms may be the foundation of the association between passive maternal smoking and
risk of preterm birth.

Our current meta-analysis has several strengths. First, to the best of our knowledge, this is
the most comprehensive and current meta-analysis for evaluating the association between pas-
sive maternal smoking and preterm birth. Second, our meta-analysis included 24 observational
studies, 16 of which were cohort studies, that involved 5607 patients from a total population of
approximately 88,200 participants; this provided sufficient power to detect modest associa-
tions. Third, compared with previous meta-analyses [8,57], we conducted more subgroup and
sensitivity analyses to explore the heterogeneity among results and to validate the findings of
this study.

Several potential limitations of this meta-analysis should be acknowledged. First, consider-
ing the nature of observational studies, we could not fully rule out the possibility of residual
confounding. When we assessed the quality of the included studies, only 5 cohort studies
[10,14,27,32,52] adjusted for more than 2 important potential confounders. The results were
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robust after excluding these studies [28-29,34,36,41-44], which provided crude risk estimates
without adjustment for any potential confounders, but these studies accounted for one-third of
all included studies. We did not have access to the primary data for these studies. Future pro-
spective cohort studies are necessary to fully adjust for the potential confounders and report
analyses stratified by possible risk factors to rule out residual confounding. Second, self-
reported passive maternal smoking during pregnancy was not validated by objective measure-
ments such as serum cotinine levels or nicotine levels in the hair, which might result in misclas-
sification. For example, DeLorenze et al [58] suggested that self-administered questionnaires
could underestimate low levels of passive maternal smoking. Additionally, after prospectively
investigating 94 mother-infant pairs, Eliopoulos et al [59] provided evidence that cotinine con-
centrations in newborn hair might be a validated biomarker for determining the intensity of
passive maternal smoking. However, Pickett et al [60] suggested that there was a high correla-
tion between urinary cotinine measurements and the self-reported number of cigarettes to
which pregnant women in the United States were exposed at any given time point, which sug-
gests that it is reasonable to use self-reported data. Only 2 studies included in our meta-analysis
provided both self-reported and biochemically validated exposure data (serum cotinine or nic-
otine in hair) in the primary analysis, but the results were inconsistent between passive mater-
nal smoking and preterm birth [11,32]. For example, when the serum cotinine cut-off level was
set at 3 ng/ml, relatively high concordance between self-reported passive smoking and serum
cotinine was reported in the study of Luo et al (Kappa-value = 0.75) [11]. Additionally, the
results of Jaakkola et al [32] showed that the concentrations of nicotine in the hair of women
whose spouse was a current smoker were substantially higher than in women who reported no
exposure either at home or at work (medians concentrations: 1.32 vs. 0.61 pg/g). Therefore,
future prospective cohort studies should use both self-reported and validated biomarkers to
confirm our findings. Third, several included studies performed stratified analyses according
to the subtype of preterm birth (medically indicated or spontaneous) [9,30], the time of pre-
term birth (extremely, very, or moderate) [9,37], the period of passive smoking exposure dur-
ing pregnancy (first, second, or third trimester) [9-10,32], and the dose-response analysis of
passive maternal smoking. However, since few studies provided this information, we did not
perform subgroup analyses according to these variables.

In conclusion, in this updated and comprehensive meta-analysis, we found that women
who had ever been exposed to passive maternal smoking at any place or at home had a signifi-
cantly higher risk of preterm birth than women who had never been exposed to passive smok-
ing. Future prospective cohort studies are warranted to examine potential confounders of this
association and to provide more detailed results that are stratified by passive maternal smoking
in different trimesters and by different types and causes of preterm birth.
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(DOC)
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