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Objectives The objective of this study was to conduct a systematic review to provide
summarized evidence on the association between maternal exposure to particulate air
pollution and birth weight (BW) and preterm birth (PTB) after taking into consideration
the potential confounding effect of maternal smoking.

Methods We systematically searched all published cohort and case-control studies ex-
amining BW and PTB association with particulate matter (PM, less than or equal to 2.5
pm and 10.0 ym in diameter, PM,s and PM,,, respectively) from PubMed and Web of
Science, from January 1980 to April 2015. We extracted coefficients for continuous BW
and odds ratio (OR) for PTB from each individual study, and meta-analysis was used to
combine the coefficient and OR of individual studies. The methodological quality of in-
dividual study was assessed using a standard protocol proposed by Downs and Black.
Forty-four studies met the inclusion criteria.

Results In random effects meta-analyses, BW as a continuous outcome was negatively
associated with 10 pg/m? increase in PM,, (-10.31 g; 95% confidence interval [Cl], -13.57
to -3.13 g; I-squared=0%, p=0.947) and PM.; (-22.17 g; 95% Cl, -37.93 to -6.41 g; |-
squared=92.3%, p<0.001) exposure during entire pregnancy, adjusted for maternal
smoking. A significantly increased risk of PTB per 10 pg/m? increase in PM,, (OR, 1.23;
95% Cl, 1.04 to 1.41; I-squared =0%, p =0.977) and PM.; (OR, 1.14; 95% Cl, 1.06 t0 1.22;
I-squared =92.5%, p <0.001) exposure during entire pregnancy was observed. Effect size
of change in BW per 10 pg/m? increase in PM tended to report stronger associations af-
ter adjustment for maternal smoking.

Conclusions While this systematic review supports an adverse impact of maternal expo-
sure to particulate air pollution on birth outcomes, variation in effects by exposure peri-
od and sources of heterogeneity between studies should be further explored.
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Introduction

Maternal exposure to air pollution during pregnancy is associ-
ated with increased risk of adverse birth outcomes such as low
birth weight (BW) and preterm delivery [1-3]. These adverse
outcomes have been suggested to be associated with increased

neonatal morbidity and mortality as well as possible develop-

mental problems in childhood and risk of various diseases in-
cluding depression or other psychiatric conditions in adulthood
[4-6]. More than 20 million infants worldwide, representing
15.5% of all births, are born with low BW (<2500 g); preva-
lence in developing countries (16.5%) is more than double the
level in the developed regions (7%) [7]. Preterm birth (PTB) is

one of the reasons for low BW and is also regarded as an indirect
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cause of neonatal death. Risk factors of PTB include younger
maternal age, smoking, and poor housing, along with medical
factors such as induction, premature rupture of membranes, in-
fection, multiple pregnancy, intrauterine death, fetal and uterine
abnormalities, and chorioamnionitis [ 8].

Several case-control and cohort studies have revealed a posi-
tive association between maternal exposure to ambient air pol-
lution and a range of adverse pregnancy outcomes [9-11]; how-
ever, there are notable inconsistencies among the findings of
these studies [12-15]. Additionally, several reviews have been
published in the last decades [16-18], but they have generally
been based on a small number of studies, and only two have
provided pooled estimates of effect size (ES) for BW and PTB
[1,3]. These reviews provided the pooled effect estimates of
-16.77 g (95% confidence interval [CI], -20.23 to -13.31, 1980
to 2011) per 20 pg/m’ increase in particulate matter (PM) less
than or equal to 10 ym in diameter (PM,) for change in BW [3]
and the combined odds ratio (OR) of 1.02 (95% CI, 0.99 to
1.04, till July 2009) per 10 pg/m? increase in PM, for PTB dur-
ing entire pregnancy [1]. However, in several individual studies,
we could not rule out the consequences of specific biases which
may arise from differences in the methodological quality and
the study settings such as the demographic characteristics of the
study population, exposure periods (month, trimester, and oth-
er periods), study periods, and the degree of confounding
[13,14,16,19]. In addition, some individual studies were criti-

|dentified from searches,
duplicates removed
(n=3878)

Abstract review
(n=772)

Full-text reviewed

cized for inadequate control of smoking [20,21].

This study aimed to conduct a systematic review to provide
summarized evidence of the associations between PM (less
than or equal to 2.5 pym in diameter. PM, s and PMio) and BW
and PTB, by providing summary estimates of effect by gesta-
tional period and taking into consideration the potential con-

founding effect of maternal smoking.

Materials and Methods

Inclusion Criteria and Search Strategy

We performed a systematic literature search in PubMed (www.
ncbi.nlm.nih.gov/ pubmed) and Web of Science (wwwi.isiknowl-
edge.com) to identify all published case-control and cohort stud-
ies (January 1980 and April 2015) that evaluated the association
between PM and BW and preterm delivery, by using the search
strategy described in Figure 1. Additional publications were
identified based on references citied within the published articles
and citation tract. Search terms included “air pollution” OR “par-
ticulate matter” OR “PM” OR “PMj,” OR “PM,;s” OR “TSP”
AND “low BW” OR “BW” OR “ preterm birth” OR “PTD” OR
“preterm delivery”OR intra-uterine growth-retardation” OR
“TUGR” Initial screening of the studies was based on titles/ab-
stracts. In general, studies that were not related to “air pollution”
and “birth outcomes” were excluded. Furthermore, daily time

series studies, case reports, case series, and studies available only

Records excluded after title
(n=3106)

Excluded after abstract review
(n=536)

Inclusion criteria

(n=236) —— |- Exposure to particulate matter (PM) of median
Included after additional records Einded ater il _ Hdlr?]mr?ﬁfvr <b1ir(’)[hpm’ 2.5 pm (PM1o PMzs)
identified through reference list xeluded arter fu u a. e )
o »|  textreview - Gestational age =20 weeks at birth
of identified papers X
(n=5) (n=197) - Outcome of preterm birth (<37 weeks

systemic review

Studies included in
(n=44)

Figure 1. Flow chart of selection of studies.
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in abstract form were excluded. Articles that passed the initial
screening were reviewed independently by two authors to evalu-
ate whether or not they should be considered for full review. A
disagreement between the two authors was resolved by consen-
sus. We carefully checked the references of each publication and
uploaded all relevant studies into Ref Works (ProQuest,

Kanagawa, Japan), and duplicate records were removed.

Data Extraction

After full review, data extraction from relevant studies was per-
formed independently by two investigators, using standard tem-
plate. The template included information on study design, loca-
tion, dates of data collection, data sources, sample size, descrip-
tive information on study subject characteristics, outcome fre-
quency, distribution of exposure, method of exposure character-
ization, statistical analysis methods, ES estimates, and covariates
examined jointly with air pollution. We extracted the smoking
adjusted and smoking unadjusted effect measures separately
from the original studies. As studies did not all include or ad-
justed for the same gaseous pollutants, single pollutant models
tully adjusted for other covariates were used. Data were analyzed
using Excel 2007 (Microsoft, Redmond, WA, USA) and Stata
version 13.0 (Stata Corp., College Station, TX, USA).

In meta-analyses, we selected the results that were based on
the larger number of observations for the same outcome, pollut-
ant, and population. We selected the study of Morello-Frosch et
al. [22] over those from Parker et al. [23] and Basu et al.[24] for
the results of PM, s because the former study covered a large
number of observations. Likewise, the results from Suh et al.
[25] (vs. Suh et al. [11]) for PMo and from Gray et al. [26] (vs.
Gray et al. [27]) for PM, s were selected for meta-analysis. In-
stead of including the study that reported sensitivity analyses
[28], we included study that reported the primary results [10].
Two studies of Jedrychowski et al. [29,30] that reported results
for PM, s and BW for different gestational periods were includ-
ed, whereas one other study only reported results based on cate-
gorical exposures [31].

Assessment of Quality

To assess the methodological quality of articles that were in-
cluded for the quality comparison across studies, we used the
checklist developed by Downs and Black [32]. The checklists
are applicable for any analytical study related to health care in-
tervention. The checklist consists of 27 items distributed in five
subscales, including reporting (10 items), external validity (3
items), bias (7 items), confounding (6 items), and power (1
item). Answers are generally scored 0 or 1, with the exception of

one item in the reporting subscale (score range, 0 to 2) and an-
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other item on power (score range, 0 to S). According to this
checKlist, a study can get maximum score of 32. Two reviewers
had independently reviewed each study included in the analysis,
and there were no substantial difference between the judgments
of these two reviewers regarding the quality of individual stud-
ies. The quality of a study was determined through comparing
its score with the median score calculated for all studies includ-
ed in meta-analysis. A relatively high quality study referred to a
score greater than or equal to the median; otherwise, the study

was considered as relatively low quality.

Statistical Analysis

In order to facilitate comparisons of ES from different studies,
all risk estimates were converted to a common exposure unit of
10 pg/m’ increase in PMyo or PM, 5. Effect estimates were
grouped by gestational period (trimester-specific and whole
pregnancy). Most effect estimates relating to PTB were expressed
as adjusted OR, however, when relative risks were reported, we
converted these to ORs using the approximation approach de-
scribed by Zhang and Yu [33]. The systematic review was con-
ducted in accordance with Meta-analysis of Observational Stud-
ies in Epidemiology guidelines [34]. The pooled effect measures
were estimated based on a random effect model [35], quantify-
ing heterogeneity among estimates from primary studies suing
the I-squared statistic (25%, 50%, and 75% were used as rules of
thumb for low, moderate, and high heterogeneity) [36]. A poten-
tial publication bias across the included studies was examined us-
ing contour-enhanced funnel plot and Egger’s test.

We performed sensitivity analyses and subgroup analyses to
evaluate potential sources of heterogeneity across the included
studies. Sensitivity analyses were performed by removing each
study one-by-one. Subgroup analyses were based on the possi-
ble confounding effects of smoking and the methodological
quality of the studies (high or low).

Results

Study Characteristics

Table 1 summarizes the main characteristics of individual
studies. A total of 44 articles that met the inclusion criteria were
included in this review. Most studies employed a retrospective
cohort design using administrative birth data, while four were
case-control studies. Individual studies were based on as few as
235 and as many as 3303834 births. More than half of the stud-
ies (n=25) were from North America, followed by Asia (n=7),
Europe (n=6), Australia (n=4), and South America (n=2).
The majority of studies (n=32) used central monitoring data

for the assessment of exposure. Three studies employed person-
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Smoking
adjusted

Exposure range (ug/m°)
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Table 1. Continued from the previous page
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studies assessed potential confounding bias and provided a clear

> & al monitoring, while nine modeled exposures using pollutant
o888 88888e22 =228 5= ’
= = = = = - . . . .
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o 2 5 . . .
. = =2 for mother’s age, education, gestation, parity, gender, and/or so-
= : N s . . . .
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ing; f, first trimester; s, second trimester; t, third trimester. h, group with higher exposure levels; IQR, interquartile range; SD, standard deviation; Min, minimum; Max, maximum.
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low-up procedures.
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Quantitative Data Synthesis
The results of the pooled analyses are illustrated in Figures 2-4,
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= 3 55 .5 = é— % = forest plots showing effect estimate from individual studies for
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SS2 22828888 £ g (95% CI, -15.70 to -12.06 g) with a moderate heterogeneity
among studies (I-squared =57.5%, p=0.064) (Figure S1A).
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Table 2. Summary of pooled estimates of effect for change in birth weight (BW) and preterm birth (PTB) in association with a 10 pg /m® increase in mater-

nal exposure to PMso and PMz s

Meta-analysis PMio PM25s
Change in BW (g)
Unadjusted (95% Cl) -8.17 (-10.99, -5.36) NS
n (I-squared, %) 3(35.2)
Adjusted for smoking (95% Cl) -10.31 (-13.57, -7.05) -22.17 (- 37 93, -6.41)
n (I-squared, %)* 5(0.0) 7(92.3)
Combined studies (95% Cl) -6.50 (-10.94, -2.5) -13.88 (-15.7,-12.06)
n (I-squared, %)* 8 (76.4) 8 (47.5)
Odds ratio for PTB
Unadjusted (95% Cl) 1.04 (1.02,1.06)° NS
n (I-squared, %)? 4(0.0)
Adjusted for smoking (95% Cl) 0.97 (0.86, 1.08)° 1.13 (0. 98, 1.28)
n (I-squared, %) 3(7.9 5(93.0)
Combined studies (95% Cl) 1.23 (1.04,1.41) 1.14 (1.06, 1.22)
n (I-squared, %)? 3(0.0) 7(92.5)

PM, particulate matte; PM+o, PM less than or equal to 10 um in diameter; PM2s, PM less than or equal to 2.5 um in diameter; Cl, confidence interval; n, number of
studies to conduct a meta-analysis; NS, not sufficient number of studies to conduct a meta-analysis.

“The percentage of variability due to heterogeneity between studies.

®Based on the third trimester exposure. All other estimates are based on entire pregnancy exposure.

PM., by gestational period. We found the pooled smoking-ad-
justed ES during pregnancy (ES, -10.31 g; 95% CI, -13.57 to
-7.05 g; I-squared =0.0%, p=0.947) (Figure 2A) was larger
than that without adjustment for smoking (ES, -8.17 g; 95% CI,
-10.99 to -5.36 g; I-squared=35.2%, p=0.214) (Figure 2B).
Pooled ES were generally of greatest magnitude based on expo-
sure over the whole pregnancy (Figure 2). Combination of the
eight better quality studies demonstrated a pooled overall ES of
-6.07 (95% CI, -8.61 to -3.54) with higher heterogeneity (I-
squared =53.8%, p=0.002) (Figure 3A); the pooled ES for
eight studies with relatively low quality was -1.03 g (95% CI,
-2.90 to 0.84 g; I-squared =93.5%, p < 0.001) (Figure 3B). Simi-
larly, compared to the low quality studies, the pooled estimate of
relatively high quality was greatest for the entire pregnancy
(pooled ES, -10.59 g; 95% CI, -13.24 to -7.94 g) with no hetero-
geneity (I-squared = 0%, p=0.939).

A forest plot for PTB associated with a 10 pg/ m?® increment in
PM, is presented in Figure 4. We estimated decreased odds of
PTB for the first (combined OR, 0.98; 95% CI, 0.94 to 1.03)
and second trimesters (combined OR, 0.97; 95% CI, 0.95 to
0.99), and increased odds for the third trimester (combined
OR, 1.03; 95% CIJ, 1.01 to 1.05) and the entire pregnancy
(combined OR, 1.23; 95% CI, 1.04 to 1.41). Heterogeneity
among estimates was low, except for the first trimester, where it
was high. Combination of studies that were based on method-
ological quality and confounding effect of smoking for PTB in-
dicated mixed associations (Figures S3 and S4). We found the
pooled smoking-adjusted OR (0.97; 95% CI, 0.86 to 1.08; I-
squared = 57.9%, p=0.093) was smaller than that without ad-
justment for smoking (pooled OR, 1.04; 95% CI 1.02 to 1.06; I-
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squared =0.0%, p=0.449) for the third trimester of exposures
(Table 2), suggesting that a residual confounding of around
6.73% (1-0.97/1.04) was likely from smoking. Furthermore, we
analyzed the studies by using the combination of third trimester
or entire pregnancy into single group and stratified by smoking
adjusted vs. smoking unadjusted categories, revealing the pooled
OR of 1.03 (95% CI, 1.01 to 1.05) for smoking-unadjusted
studies and 1.01 (95% CI, 0.90 to 1.13) for smoking-adjusted
studies (Figure S5), indicating a residual confounding of around
2%. However, in other gestational periods, we could not compare
the confounding effects of smoking due to lack of sufficient num-
ber of studies. Furthermore, we estimated that each 10 pg/m’ in-
crease in PM, s exposure during pregnancy increase the risk of
PTB by 14% (95% CI, 1.06 to 1.22) (Table 2).

Sensitivity Analyses and Publication Bias

With some noted exception, overall, we observed that meta-
analysis estimates were stable, excluding a particular study did
not change the summary point estimates much. For example,
the pooled estimated reduction in smoking adjusted BW during
pregnancy with a 10 pg/m’ increase in PMj increased from
-6.46 g (95% CI, -14.20 to 1.28 g) to -10.31 g (95% CIL, -13.57
to -7.0S g) after removing the study by Geer et al. [15]. Like-
wise, removing the study by Medeiros and Gouveia [57] in
smoking unadjusted BW during the third trimester was resulted
in negative association with BW, changing ES from 1.36 g (95%
CI, -4.90 to 7.63) to -1.63 g (95% CI, -5.84 to 2.48 g). For PTB
and PM, exposure, the meta-analyses were robust to the exclu-
sion of influential studies [38,49,54] with regard to the magni-
tude of the estimated associations.
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Study %

ID ES (95% CI) Weight
T

Trimester 1 1

Chen et al. (2002) : -0.82 (-5.15,3.51) 10.59

Mannes et al. (2005) : -1.40 (-13.70, 10.90) 3.04

Salam et al. (2005) -1.50 (-11.35, 8.35) 429

Currie et al  (2009)
Subtotal (1-squared = 0.0%, p= 0.964)

-3.08 (-10.29, 4.13) 6.52
-1.43 (-4.77,1.92) 24.43

Chen et al. (2002)
Mannes et al. (2005) — ——f—

-0.20 (-453, 4.13) 10.59

1
i
- 1
Trimester 2 :
1
: -20.50 (-33.60, -7.40) 274

Salam et al. (2005) —_— -8.26 (-19.00, 2 47) 377
Currie et al (2009) — -4.09 (-11.81, 3 64) 599
Subiotal (]-squared = 68 2%, p= 0.024) -{:__"'_F::» 650 (1385, 085) 2308
- 1

Trimester 3 !

Chen et al. (2002) —.— -3.95 (-840, 0.50) 10.39
Mannes et al. (2005) —_— -9.50 (-23.00, 4.00) 2.60
Salam et al (2005)  — -10.85 (-21.10, -0.60) 404

Currie et al. (2009) —-—— -6.20 (-15.11, 2.70) 495
Darrow et al. (2011) —— -3.29 (-10.57, 4.00) 6.44

Sublotal (1-squared = 0.0%, p= 0.704) 511 (-832,-180) 2842

Entire pregnancy
Chen et al. (2002) - -7.26 (-16.73, 2.21) 454
Salam et al. (2005) - -11.06 (-24.22, 2.11) 271
Pedersen et al. (2013) —I—:—— -8.00 (-19.00, 3.00) 363
Bell etal. (2007) —.— \ -11.08 (-15.00,-7.16)  11.31
Madsen et al- (2010) - -9.95 (-26.30, 6.39) 1.87
Subtotal (I-squared = 0.0%, p= 0.947) < -10.31 (-13.57,-7.05)  24.07
1

Overall (I-squared = 39.8%, p= 0.042) ¢ -5.51 (-7.88,-3.13)  100.00

Note: weights are from random effects analysis !

i 0 0 ®

Study %
D ES (95% CI) Weight
Trimester 1 :
Gouveia et al. (2004) T -13.70 (-27.00, -0.40) 1568
Hansen et al. (2007) -6.95 (-25.87, 11.96) 0.86
Morello-Frosch et al. (2010) > -2.30 (-3.00, -1.60) 843
Kimetal (2007) —— 7.80 (1.20, 14.40) 4.10
Medeiros and Gouveia (2005) —— ! -6.00 (-8.00, -4.00) 776
Yang etal. (2003) —— -5.20 (-8.50, -1.90) 671
Subtotal (I-squared = 81.1%, p = 0.000) <> -3.31 (-6.45, -0.16) 29.43
E 1
Trimester 2 :
Gouveia et al. (2004) T -4.40 (-18.90, 10.10) 137
Hansen et al. (2007) 0.81(-19.18, 20.82) 078
Morello-Frosch et al. (2010) - -1.50 (-2.30, -0.70) 839
Kim et al. (2007) —_— -0.30 (-7.30, 6.70) 385
Medeiros and Gouveia (2005) == 0.40 (-2.00, 2.80) 746
Yang et al. (2003) —— 1.60 (-3.60, 6.80) 5.10
Subtotal (I-squared = 0.0%, p = 0.603) F} -1.24 (-1.99, -0.50) 26.95
. 1
Trimester 3 :
Gouveia et al. (2004) 1 14.60 (0.00, 29.20) 135
Hansen et al. (2007) 6.32 (-12.02, 24.65) 0.91
Morello-Frosch et al. (2010) - -3.70 (-4.40, -3.00) 843
Gray etal (2010) —_— -8.99 (-16.71, -1.27) 344
Kim et al. (2007) ——— -2.10 (-7.50, 3.30) 495
Medeiros and Gouveia (2005) T —— 8.00 (5.70, 10.30) 754
Yangetal (2003) —— 3.30 (-6.60, 13.20) 248
Subtotal (I-squared = 94.1%, p = 0.000) - 1.36 (-4.90, 7.63) 29.09

1
Entire pregnancy :
Morello-Frosch et al. (2010) - 1 -7.20 (-7.90, -6.50) 843
Gray et al. (2010) —_— -11.04 (-15.42, -6.67) 578
Hansen et al. (2007) 0.00 (-32.19, 32.19) 0.32
Subtotal (I-squared = 35 2%, p=0214) <> | 817 (-1099, -536) 1452
. 1
Overall (I-squared = 92.9%, p=0.000) ¢ -2.07 (-3.93,-0.22) 100.00
Note - weights are from random effects analysis :

I

-50 0 50

Figure 2. Effect size (ES) and 95% confidence interval (Cl) of change in birth weight (g) per 10 pg/m® PMo, by exposure period; size of shaded area around
point estimate is proportional to weight in calculating pooled estimate. (A) Forest plot of pooled studies adjusting for smoking and (B) forest plot of pooled
studies not adjusting for smoking. PN, particulate matter less than or equal to 10 pm in diameter.
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Figure 3. Effect size (ES) and 95% confidence interval (Cl) of change in birth weight (g) per 10 pg/m® PMo, by exposure period; size of shaded area around
point estimate is proportional to weight in calculating pooled estimate. (A) Forest plot of pooled relatively better quality studies and (B) forest plot of pooled

Study %
ID ES (95% Cl) Weight
Trimester 1 :
Chen et al. (2002) | —— -0.82 (-5.15, 3.51) 8.13
Gouveia et al. (2004) —o—:— -13.70 (-27.00, -0.40) 271
Salam et al. (2005) —— -1.50 (-11.35, 8.35) 4.08
Mannes et al. (2005) —:—0- -1.40 (-13.70, 10.90) 3.04
Currie et al. (2009) —_— -3.08 (-10.29, 4.13) 572
Subtotal (I-squared = 0.0%, p = 0.500) : b -2.16 (-5.40, 1.09) 2368
- 1
Trimester 2 !
Chenet al. (2002) : — -0.20 (-4.53,4.13) 813
Gouveia et al. (2004) - -4.40 (-18.90, 10.10) 237
Salam et al. (2005) —0—;—— -8.26 (-19.00, 2.47) 366
Mannes etal. (2005) _— -20.50 (-33.60, -7.40) 277
Currie et al. (2009) —:0—— -4.09 (-11.81, 3.64) 536
Subtotal (I-squared = 57.8%, p = 0.050) <_|T_> -5.95 (-12.19, 0.29) 2229
Trimester 3 :
Chenetal (2002) —:0— -3.95 (-8.40, 0.50) 8.03
Gouveia et al. (2004) 1 14,60 (0.00, 29.20) 235
Mannes et al. (2005) : -9.50 (-23.00, 4.00) 265
Salam et al. (2005) —_— -10.85 (-21.10, -0.60) 3.88
Currie et al- (2009) —0—— -6.20 (-15.11,2.70) 460
Gray etal. (2010) —_— -8.99 (-16.71,-1.27) 536
Subtotal (I-squared = 49.5%, p = 0.078) <:‘> -5.23 (-10.35,-0.12) 26.86
- 1
Entire pregnancy .
Chenetal (2002) —_— -7.26 (-16.73, 2.21) 4.29
Salam et al. (2005) —o—f—— -11.06 (-24.22,2.11) 275
Bell et al. (2007) —_— -11.08 (-15.00, -7.16) 8.50
Gray etal (2010) —0—: -11.04 (-15.42, 6.67) 8.09
Pedersen et al. (2013) —_— -8.00 (-19.00, 3.00) 354
Subtotal (I-squared = 0.0%, p = 0.939) <> : -10.59 (-13.24, -7.94) 2717
. 1
Overall (-squared = 53.8%, p = 0.002) <> -6.07 (-8.61,-3.54) 100.00
Note: weights are from random effects analysis :
-50 0 50
Study %
ID ES (95% Cl) Weight
Trimester 1 :
Yang et al. (2003) — -5.20 (-8.50, -1.90) 6.91
Medeiros and Gouveia (2005) —t— : -6.00 (-8.00, -4.00) 8.00
Hansen et al. (2007) : T -6.95(-25.87,11.96) 0.88
Kim et al. (2007) —— 7.80(1.20, 14.40) 420
Morello-Frosch et al. (2010) - -2.30 (-3.00, -1.60) 8.71
Subtotal (I-squared = 83.2%, p=0.000) <> -282(-5.96,032) 2870
1
Trimester 2 !
Yang etal (2003) —— 1.60 (-3.60, 6.80) 524
Medeiros and Gouveia (2005) —— 040 (-2.00,2.80) 769
Kim et al. (2007) — -0.30 (-7.30,6.70) 394
Hansen et al. (2007) 0.81(-19.18,20.81) 0.79
Morello-Frosch et al. (2010) -~ -1.50 (-2.30,-0.70) 867
Subtotal (I-squared = 0.0%, p=0.485) {43 -1.24 (-1.98, -0.49) 26.34
1
Trimester 3 :
Yang et al. (2003) —i-—o— 3.30 (-6.60, 13.20) 254
Medeiros and Gouveia (2005) 1 —— 8.00 (5.70, 10.30) a7
Hansen et al. (2007) - 6.32(-12.01,2464) 093
Kimetal. (2007) —— -2.10 (-7.50, 3.30) 5.08
Morello-Froschetal (2010) - -3.70 (-4.40, -3.00) 8.7
Darrow etal. (2011) —_— -3.29 (-10.57, 4.00) 377
Subtotal (I-squared = 94.6%, p=0.000) —_ 0.90(-5.50,7.29) 28.79
1
Entire pregnancy :
Hansen et al. (2007) - 000 (-32.19,3219) 032
Morello-Froschetal. (2010) - : -7.20 (-7.90, -6.50) 8.7
Geeretal (2012) : —_— 4.81(0.52,9.11) 6.01
Madsen et al. (2010) T -9.95 (-26.30, 6.39) 1.14
Subtotal (I-squared = 89.9%, p=0.000) —‘-‘._";__—"':"‘__--— -2.86 (-12.35,6.64) 16.18
- 1
Overall (I-squared = 93.5%, p= 0.000) ¢> -1.03 (-2.90,0.84)  100.00
Note: weights are from randorln effects analysis : I
-50 (1} 50

relatively low quality studies. PMso, particulate matter less than or equal to 10 um in diameter.
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Study %
ID ES (95% CT) Weight
Trimester 1 |
Hansen et al. (2006) —_— 1.36 (1.14, 1.64) 0.79
Kim et al (2007) - 0.93 (0.85, 1.02) 4.50
Ritz et al. (2000) . 1.02 (1.00, 1.04) 10.16
Suh et al. (2009) - 0.94 (0.90, 0.99) 7.69
Jalaludin et al. (2007} j 0.88 (0.76. 1.01) 2.62
Zhao et al. (2015) 1.00 (0.74, 1.36) 0.53
Wilhelm and Ritz (2005) - 098 (0.94. 1.02) 857
Lee etal. (2013) — 1.05 (0.92, 1.20) 222
Subtotal (l-squared = 72.6%, p=0.001) T 0.98 (0.94, 1.03) 37.09
Trimester 2
Kim et al. (2007) - 1.00 (0.93, 1.08) 528
Suh et al. (2009) - 0.98 (0.94, 1.03) 7.82
Zhao et al. (2015) — 1.10 (0.74, 1.65) 0.25
Wilhelm and Ritz (2005) -* 0.96 (0.93. 0.99) 958
Subtotal (l-squared = 0.0%, p=0.601) 0.97 (0.95. 0.99) 2292
Trimester 3
Jalaludin et al. (2007} 0.89 (0.77. 1.03) 2.49
Kim et al. (2007) - 1.05 (0.99, 1.11) 6.16
Ritz et al. (2000) . 1.03 (1.00, 1.05) 9.75
Suh et al. (2009) - 1.05 (1.02, 1.08) 9.29
Hansen et al. (2006) ——— 1.07 (0.87, 1.32) 0.98
Wilheln and Ritz (2005) - 1.02 (0.99, 1.05) 925
Zhao et al. (2015) —_— 0.90 (0.66, 1.23) 0.63
Subtotal (l-squared = 27.1%, p=0.221) ] 1.03 (1.01, 1.05) 38.54
Entire pregnancy
Hansen et al. (2006) ——— 1.19 (0.87, 1.64) 0.35
Rogers and Dunlop (2006) —— 1.24 (1.04, 1.48) 1.01
Zhao et al. (2015) - 1.22 (0.66, 2.24) 0.09
Subtotal (l--squared = 0.0%, p=0.977) <> 123 (1.04, 1.41) 1.44
Overall (l-squared = 67.3%, p= 0.000) b 1.00 (0.98,1.03)  100.00
Note: weights are from random effects analysis
I I
-224 1 224

Figure 4. Effect size (ES) (odds ratio) and 95% confidence intervals (CI) for preterm birth per 10 pg/m® PM1o, by exposure period. PMso, particulate matter

less than or equal to 10 pm in diameter.
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Figure 5. Contour-enhanced funnel plot for estimation of publication bias.
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We did not detect a statistically significant publication bias
based on the Egger’s test (p=0.181 for PMo; p=0.241 for
PM,5) or by using contour-enhanced funnel plot (Figure ).
The funnel plot revealed that studies were missing in areas of
higher statistical significance, suggesting that asymmetry may be
more likely to be due to factors other than publication bias, such
as variable study quality [64].

Discussion

This systematic review has updated current scientific evidence
and shows that decrease in BW per 10 pg/m?’ increase in partic-
ulate matter (PM,.s or PM,0) during pregnancy; a decreased
BW estimated with smoking-adjusted studies was consistently
higher than the weight estimated with smoking unadjusted
studies. We found the pooled estimates of decrease in BW of ap-
proximately 10 g for PM,o and 22 g for PM, s without evidence
of publication bias or heterogeneity (PMo), after taking into
consideration the confounding effect of smoking. In addition,
our results of combined smoking-adjusted and-unadjusted stud-
ies suggest that maternal exposures to PMio and PM, s during
pregnancy are associated with 23% and 14%, respectively, excess
risk of PTB.

We identified 13 previous reviews linking air pollution, BW and
PTB [1-3,16-19,65-70]. Of the previous reviews, only two re-
views have provided pooled estimates of effects [ 1,3]. Other pre-
vious reviews were basically provided a variety of qualitative ob-
servations and discussed outstanding methodological issues [3].
The major methodological issues identified included confound-
ing factors, a small number of studies identified for each out-
come, difference in characterization of exposure and outcome,
and publication bias, although it was not quantified. There was
little evidence to support the identification of a critical period of
exposures. In a recent coordinated international analysis,
Dadvand et al. [70] explored the influence of site characteristics
and exposure assessment methods on between-center heteroge-
neity to quantify the association between maternal exposure to
PM and term BW and low BW. However, this study was mainly
based on center-specific effect estimates and maternal smoking
was not included in their meta-regression analysis. One advan-
tage of this review is that we appraised all individual studies in-
cluded in the outcome specific analysis according to a structured
and validated checklist, helping us to present quality assessment
of methodological rigor of studies in a more organized and stan-
dardized way. The included studies allowed us to explore possi-
ble exposure-response relationship according to a critical expo-
sure period, which offers another advantage of this meta-analysis.

Our pooled estimates of decrease in BW of 10 g and 22 g for
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each 10 pg/m’ increase in PMio and PM, s, respectively, is com-
parable with a recent coordinated international analysis [70]
and a previous review [3]. A coordinated international analysis
from 14 centers in 9 countries reported that PM, was associat-
ed withan 8.9 g (95% CI, -13.2 to -4.6 g) decrease in BW per 10
pg/m’ in the fully adjusted random effects analysis, and there
was significant heterogeneity among site characteristics. Stieb et
al. [3] estimated decreases of 23.4 g (95% CI, -45.5 to -1.4 g)
BW per 10 pg/m? increases in PM, 5. As reported in previous re-
views, we also observed a significant heterogeneity among the
studies, but the degree of heterogeneity was varied considerably
according to pollutants, outcome, and exposure period. Howev-
er, we detected a consistent pattern of variability in estimates by
gestational period.

‘We found overall or pooled smoking-adjusted ES for BW was
stronger than that without adjustment for smoking in most cas-
es. Combined smoking-unadjusted ES indicated a decrease in
BW associated with a 10 pg/m?’ increase in PM,o exposure dur-
ing pregnancy (-8.17 g; 95% CI, -10.99 to -5.36 g). The associa-
tion was stronger when adjusted for smoking (-10.31 g; 95% CI,
-13.57 to -7.0S g). The strength and direction of this association
was comparable with a previous fully adjusted (vs. unadjusted)
random effects meta-analyses for term BW (-8.9 g; 95% CI,
-132to-4.6 g) [70].

‘We found that the pooled OR of PTB during entire pregnancy
is higher than that of previous review. Sapkota et al. [ 1] estimated
the association between PTB and maternal PM,, exposure dur-
ing the third trimester (S studies) and entire pregnancy (7 stud-
ies), but did not detect association with exposure in the entire
pregnancy (OR, 1.02; 95% CI, 1.01 to 1.03 and OR, 1.02; 95%
CI, 1.00 to 1.03, respectively). Our estimate for third trimester
(OR, 1.03; 95% CI, 1.01 to 1.05) is in agreement with that study.
We estimated a 23% increase in risk of PTB for each 10 pg/m’
increase in PM)o during entire pregnancy without evidence of
heterogeneity (I-squared=0%, p=0.977). This may be due to
fewer estimates available in that gestational period. One more
possibility is that very high rates of PTB observed in some of the
studies may have partly affected the pooled estimates. Stieb et al.
[3] also reported higher risk of PTB for each 20 pg/m? increase
in PM,, during entire pregnancy (OR, 1.35; 95% CI, 0.97 to
1.90), but their lower 95% Cl included the null value of 1.

‘We found no evidence of publication bias based on contour-
enhanced funnel plot for PM and BW. Therefore, we expect that
any publication bias, if present, is minimal in our review. Thus,
some difference in the ESs between this meta-analysis and pre-
vious one may be due to publication bias. A previous study that
demonstrated a comparison between meta-analyses and large

multicenter analyses of the associations between air pollution
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and mortality has suggested that difference in ESs reported in
meta-analyses could be attributable to publication bias [71].

Woodruff et al. [14] stated that methodological quality of
studies on air pollution and birth outcomes depends on alterna-
tive approaches to address residual confounding by individual
risk factors, characterization of exposure patterns and confound-
ing, refined characterization of critical exposure windows, evalu-
ation of air pollution as a multi-pollutant mixture, and use of al-
ternative pollutant metrics. We observed significant heterogene-
ity for some exposure periods. Variations in population charac-
teristics, methods of exposure ascertainment, and characteriza-
tion of confounding may have resulted in heterogeneity in the
pooled estimates. Subgroup analyses in our review identified
potential confounding effects of smoking and methodological
quality (high or low) as potential sources of heterogeneity. We
observed some attenuation in PM, effect estimates for PTB af-
ter controlling for smoking, although the level of effect was less
than 7%, suggesting that a residual confounding by unreported
smoking is likely. However, we judged that, for PTB, there were
too few estimates in individual exposure period in order to ex-
amine sources of heterogeneity in each period.

Although we realized that the countries where studies were
conducted and the study design might also be sources of hetero-
geneity, they were not analyzed in the review due to the limited
number of studies conducted in different countries. Though we
recognized that several sensitivity analyses were conducted in
relation to race or other factors, stratified analyses were not per-
formed based on these categories due to the limited number of
studies, particularly when divided by exposure period. We also
aware that the use of effect estimates based on associations with
ambient levels of pollutants as a surrogate for personal exposure
levels may have resulted some exposure misclassification. Other
limitation includes the fact that none of the included studies
provided the precise information on the timing of smoking dur-
ing pregnancy. Hence, future large cohort studies with sufficient
data and detailed information on timing of smoking during
pregnancy and other potential confounding factors as well as re-
liable exposure data are required for a better understanding of
the association between PM and the risk of adverse birth out-

comes.

Conclusion

This systematic review and meta-analysis, which are based on
44 studies of particulate pollution and birth outcomes, revealed
that 10 to 22 g decrease in BW was linked to maternal exposure
to particulate pollution (PM,o or PM, ) during pregnancy, after
adjustment for smoking. Likewise, pooled smoking-adjusted
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OR for PTB (0.97; 95% CI, 0.86 to 1.08; I-squared = 57.9%,
p=0.093) was smaller than that without adjustment for smok-
ing (pooled OR,1.04; 95% CI, 1.02 to 1.06; I-squared =0.0%,
p=0.449) for the third trimester of exposures, suggesting some
attenuation in the pollution parameter after controlling for
smoking. We identified potential confounding effects of smok-
ing and methodological quality as potential sources of heteroge-
neity. There was considerable variability in pooled estimates of
effect by gestational period. Our findings have substantial public
health implications as reduced BW; although relatively small, is
a risk factor for numerous adverse health effects early in life. In
addition, it has also been associated with multiple adverse out-
comes (reduced stature, increased incidence of cardiovascular
disease, type 2 diabetes mellitus, and osteoporosis) later in life.
Considering the ubiquitous nature of particulate air pollution
[72]. exposure, variation in effects by exposure period, especial-
ly time periods shorter than trimester and sources of heteroge-
neity between studies and centers should be further explored.
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Note:weights are from random effects analysis

6.52 (-44.13, 57.17) 6.21

-8.33 (-25.00, 8.33) 14.51
-13.30 (-22.80, -3.80) 16.30
-25.73 (-32.78,-18.67)  16.74
-13.80 (-21.10, -6.50) 16.70
-14.00 (-34.00, 6.00) 13.54
-22.17 (-37.93,-6.41)  100.00

T
-90 0

QIO

Figure S1. Effect size (ES) and 95% confidence interval (Cl) of change in birth weight (g) per 10 pg/m® PMzs, by exposure period; size of shaded area
around point estimate is proportional to weight in calculating pooled estimate. (A) Forest plot of pooled studies and (B) forest plot of pooled studies adjusting

for smoking. PMs s, particulate matter less than or equal to 2.5 pym in diameter.
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Note: weights are from random effects analysis

Study

D

Trimester 1

Gehring et al. (2011)

‘Wilhelm and Ritz (2005)

Pereiraetal. (2013)

Haetal (2014)

Hyder et al. (2014)

Subtotal (1-squared = 83.3%, p=0.000)

Trimester 2

Pereira et al. (2013)

Haetal (2014)

Hyder et al. (2014)

Subtotal (]-squared =99 1%, p= 0.000)

Trimester 3

‘Wilhelm and Ritz (2005)

Pereira et al. (2013)

Haetal (2014)

Hyder et al. (2014)

Kloog et al. (2012)

Subtotal (1-squared = 52.8%, p=0.076)

Entire pregnancy

Gehring et al. (2011)

Huynh et al. (2006)

Wu et al. (2009)

Pereiraetal (2013)

Haetal (2014)

Hyder et al. (2014)

Kloog et al. (2012)

Subtotal (1-squared = 92.5%, p=0.000)

Overall (1-squared = 96.0%, p= 0.000)

ES (95% CI)

0.97 (0.69, 1.37)
0.85 (0.70, 1.03)
1.34(1.00, 1.79)
1.12(1.08,1.16)
1.00(0.96, 1.04)
1.03 (0.93,1.14)

0.84 (0.64,1.11)
1.55(1.49, 1.60)
1.04 (1.00, 1.09)
1.15(0.75, 1.56)

1.09 (0.91, 1.31)
1.14 (0.88, 1.47)
1.11(1.04,1.19)
1.00 (0.96, 1.04)
0.99 (0.94, 1.04)
1.03 (0.98, 1.09)

1.54 (0.67, 3.56)
1.15(1.15,1.16)
1.24 (1.08, 1.44)
1.69 (1.04,2.74)
1.28 (1.22,1.34)
1.00 (0.96, 1.04)
1.06(1.01,1.11)
1.14 (1.06,122)

1.10 (1.04, 1.17)

352
6.83
695
1729

4.14
272
6.45
696
685
27.13

0.18
7.19

0.50
672
696
6.85
3284

100.00

-3.56

Study
D

Trimester 1

Gehring et al. (2011)

Pereira et al. (2013)

Haetal (2014)

Hyder et al. (2014)

Subtotal (1-squared = 83.3%, p= 0.000)

Trimester 2

Pereira et al. (2013)

Haetal (2014)

Hyder etal. (2014)

Subtotal (1-squared = 99.1%, p= 0.000)

Trimester 3

Pereira et al. (2013)

Haetal (2014)

Hyder etal. (2014)

Kloog et al. (2012)

Subtotal (l-squared = 62.1%, p= 0.048)

Entire pregnancy

Gehring et al. (2011)

Pereira etal. (2013)

Haetal (2014)

Hyder etal. (2014)

Kloog etal. (2012)

Subtotal (-squared = 93.0%, p= 0.000)

Overall (1-squared = 96.3%, p=0.000)
Note: weights are from random effects analysis
T

<

f

f
3

e —

3.56

ES (95% CT)

0.97 (0.69, 1.37)
1.34 (1.00, 1.79)
1.12 (1.08, 1.16)
1.00 (0.96, 1.04)
1.07 (0.96, 1.18)

0.84 (0.64, 1.11)
1.55 (1.49, 1.60)
1.04 (1.00, 1.09)
1.15 (0.75. 1.56)

1.14 (0.88, 1.47)
1.11 (1.04, 1.19)
1.00 (0.96, 1.04)
0.99 (0.94, 1.04)
1.03 (0.97, 1.09)

1.54 (0.67, 3.56)
1.69 (1.04, 2.74)
1.28 (1.22, 1.34)
1.00 (0.96, 1.04)
1.06 (1.01, 1.11)
1.13 (0.98, 1.28)

1.11 (1.02, 1.20)

%
Weight

3.85
325
8.24
8.25
23.59

5.36
8.16

21.76

4.44
7.90
8.25
8.17
28.76

0.38
1.01
8.08
8.25
8.17
25.89

100.00

Figure S2. Effect size (ES) (odds ratio) and 95% confidence intervals (Cl) for preterm birth per 10 pg/m?® PM.s, by exposure period. (A) Forest plot of pooled

-3.56

studies and (B) forest plot of pooled studies adjusting for smoking. PM.s, particulate matter less than or equal to 2.5 um in diameter.
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Study %
D ES (95% CI) Weight
Trimester 1
Jalaludin et al. (2007) 0.88 (0.76, 1.01) 6.13
Ritzetal. (2000) 1.02 (1.00,1.04) 4036
Zhao etal. (2015) 1.00(0.74,136)  1.12
Leeetal. (2013) 1.05(0.92,120)  5.09
Subtotal (|-squared =41.6%, p=0.162) 0.99(0.92,1.07) 52.69
Trimester 2
Zhao etal. (2015) 1.10 (0.74, 1.65) 0.51
Subtotal (1-squared =.%,p=.) 1.10 (0.65, 1.56) 0.51
Trimester 3
Jalaludin et al. (2007) 0.89 (0.77, 1.03) 5.77
Ritzetal. (2000) 1.03 (1.00,1.05) 3735
Zhao etal. (2015) 0.90 (0.66, 1.23) 1.33
Subtotal (1-squared = 57.9%, p=0.093) 0.97 (0.86,1.08)  44.44
Entire pregnancy
Rogers and Dunlop (2006) 1.24 (1.04,1.48) 217
Zhao etal. (2015) 1.22 (0.66, 2.24) 0.18
Subtotal (]-squared = 0.0%, p= 0.960) 1.24 (1.03,1.45) 235
Overall (I-squared =37.1%, p=0.111) 1.01 (0.98,1.05) 100.00
Note: weights are from random effects analysis
I
-2.24 1 224
Study %
D ES (95% CI) Weight
Trimester 1
Hansen etal. (2006) —+— 136(1.14,1.64) 138
Kimetal. (2007) 093 (0.85,1.02) 7.02
Suhetal. (2009) 0.94 (0.90, 0.99) 10.93
Wilhelm and Ritz (2005) 0.98 (0.94,1.02) 11.90
Subtotal (]-squared = 74.4%, p=0.008) 0.98 (0.91, 1.05) 31.23
Trimester 2
Kimetal. (2007) 1.00 (0.93, 1.08) 8.03
Suhetal. (2009) 0.98 (0.94,1.03) 11.07
Wilhelm and Ritz (2005) 0.96 (0.93,0.99) 12.95
Subtotal (l1-squared = 0.0%, p= 0.466) 0.97 (0.95,0.99) 32.06
Trimester 3
Hansenetal. (2006) 1.07 (0.87,1.32) 1.70
Kimetal. (2007) fP 1.05(0.99,1.11) 9.14
Suh etal. (2009) _r_h'm: 1.05(1.02,1.08) 12.65
Wilhelm and Ritz (2005) - 1.02 (0.99,1.05) 1261
Subtotal (]-squared = 0.0%, p= 0.449) Q 1.04 (1.02, 1.06) 36.10
Entire pregnancy
Hansen etal. (2006) —t—+— 1.19(0.87,1.64) 0.62
Subtotal (I-squared = %, p=.) g == 1.19(0.80,1.58) 0.62
Overall (1-squared = 75.4%, p= 0.000) b 1.00 (0.97, 1.03) 100.00
Note: weights are from random effects analysis
I
-1.64 1 1.64

Figure S3. Effect size (ES) (odds ratio) and 95% confidence intervals (Cls) for preterm birth per 10 pg/m? PMso, by exposure period. (A) Forest plot of pooled
studies adjusted for smoking and (B) forest plot of pooled studies not adjusting for smoking. PMso, particulate matter less than or equal to 10 um in diame-

ter.
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Figure S4. Effect size (ES) (odds ratio) and 95% confidence interval (Cl) of preterm birth per 10 pg/m?® PMo, by exposure period; size of shaded area around
point estimate is proportional to weight in calculating pooled estimate. (A) Forest plot of pooled relatively better quality studies and (B) forest plot of pooled

Study %
D ES (95% CI) Weight
Trimester 1
Ritzetal (2000) . 1.02(1.00,1.04) 12.70
Suhetal (2009) e 0.94(0.90,0.99) 9.53
JTalaludin etal (2007) —— 0.88(0.76, 1.01)  3.20
Wilhelm and Ritz (2005) - 0.98(0.94,1.02) 10.66
Leeetal. (2013) - 1.05(0.92,1.20) 2.71
Subtotal (l-squared = 73.0%, p=0.005) & 0.98 (0.94,1.02) 38.80
Trimester 2
Suhetal (2009) * 0.98(0.94,1.03) 9.70
Wilhelm and Ritz (2005) - 0.96 (0.93,0.99) 11.96
Subtotal (1-squared = 0.0%, p=0.394) 4 0.97 (0.94,0.99) 21.65
Trimester 3
Jalaludin et al. (2007) — 0.89(0.77,1.03) 3.03
Ritzetal (2000) . 1.03 (1.00,1.05) 12.18
Suhetal (2009) Ii- 1.05(1.02,1.08) 11.58
Wilhelm and Ritz (2005) - 1.02(0.99,1.05) 11.53
Subtotal (1-squared = 57.2%, p=0.072) G 1.03(1.00, 1.06) 38.32
Entire pregnancy
Rogers and Dunlop (2006) —— 124(1.04,148) 123
Subtotal (1-squared =.%,p=.) <> 1.24(1.02,1.46) 1.23
Overall (1-squared = 77.6%, p=0.000) [ ] 1.00 (0.97, 1.02) 100.00
Note: weights are from random effects analysis
I I
-1.48 1 1.48
Study %
D ES (95% CI) Weight
Trimester 1
Hansen et al. (2006) 1.36 (1.14, 1.64) 0.70
Kimetal (2007) 0.93 (0.85, 1.02) 538
Haetal (2004) 0.98 (0.97, 1.00)  26.22
Zhao etal. (2015) 1.00 (0.74, 1.36) 0.47
Subtotal (1-squared = 71.1%, p=0.015) 1.01 (0.91, 1.11)  32.77
Trimester 2
Kimetal (2007) 1.00 (0.93, 1.08) 6.78
Haetal (2004) 1.00 (0.98, 1.02) 2521
Zhao etal. (2015) 1.10 (0.74, 1.65) 0.21
Subtotal (]-squared = 0.0%, p=0.891) 1.00(0.98,1.01)  32.21
Trimester 3
Kimetal (2007) - 1.05 (0.99, 1.11) 8.67
Hansen etal. (2006) —-+— 1.07 (0.87, 1.32) 0.88
Zhao etal. (2015) 0.90 (0.66, 1.23) 0.56
Haetal (2004) . 1.01(0.99,1.03) 2454
Subtotal (]-squared = 0.0%, p=0.566) ) 1.02(1.00, 1.04)  34.65
Entire pregnancy
Hansen etal. (2006) —t—— 1.19 (0.87, 1.64) 0.30
Zhao etal. (2015) —— 1.22(0.66,2.24) 0.07
Subtotal (]-squared = 0.0%, p=0.951) T 1.20 (0.85, 1.54) 0.37
Overall (1-squared = 41.6%, p=0.057) 1.00 (0.98, 1.02)  100.00
Note: weights are from random effects analysis
I I
-2.24 1 2.24

relatively low quality studies. PMso, particulate matter less than or equal to 10 um in diameter.
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Study

D ES (95% CI)
Smoking adjusted

Jalaludin et al. (2007) -t 0.89 (0.77, 1.03)
Ritz et al. (2000) - 1.03 (1.00, 1.05)
Rogers and Dunlop (2006) —_— 1.24 (1.04, 1.48)
Zhaoetal. (2015) — 0.90 (0.66, 1.23)
Subtotal (l-squared = 64.4%, p=0.038) <> 1.01 (0.90, 1.13)
Smoking unadjusted

Hansenetal (2006) ——————— 1.19(0.87, 1.64)

Kim et al. (2007)
Suhetal (2009)
Wilhelm and Ritz (2005)

Sl

Haetal (2004)

Subtotal (]-squared = 33.3%, p = 0.200)

Overall (1-squared = 44.6%, p=0.071)

Note: weights are from random effects analysis

1.05 (0.99, 1.11)
1.05 (1.02, 1.08)
1.02 (0.99, 1.05)
1.01 (0.99, 1.03)

1.03 (1.01, 1.05)

1.03 (1.01, 1.05)

%

Weight

19.87
19.68
24.99

73.40

100.00

I
-1.64

]

I
1.64

Figure S5. Effect size (odds ratio) and 95% confidence interval (Cl) of preterm birth per 10 pg/m* PMio exposure during third trimester or entire pregnancy

and stratified by smoking status. PMio, particulate matter less than or equal to 10 pm in diameter.
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