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Abstract

Background—Maternal exposure to ambient air pollution has been associated with higher risk
of preterm birth and reduced fetal growth, but heterogeneity among prior studies suggests
additional studies are needed in diverse populations and settings. We examined the associations
between maternal ambient air pollution levels, risk of preterm birth, and markers of fetal growth in
an urban population with relatively low exposure to air pollution.

Methods—We linked 61,640 mother-infant pairs who delivered at a single hospital in
Providence, Rhode Island from 2002-2012 to birth certificate and hospital discharge data. We
used spatial-temporal models and stationary monitors to estimate exposure to fine particulate
matter (PM> 5) and black carbon (BC) during pregnancy. Using generalized linear models we
evaluated the association between pollutant levels, risk of preterm birth, and markers of fetal
growth.

Results—In adjusted models, an interquartile range (IQR; 2.5 ug/m3) increase in pregnancy-
average PM, 5 was associated with odds ratios (ORs) of preterm birth of 1.04 (95% CI: 0.94, 1.15)
and 0.86 (0.76, 0.98) when considering modeled and monitored PM> s, respectively. An IQR
increase in modeled and monitored PM, 5 was associated with a 12.1 g (95% Cl:—24.2, -0.1) and
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15.9 g (95% CI: —31.6, —0.3) lower birthweight. Results for BC were highly sensitive to choice of
exposure metric.

Conclusion—In a population with relatively low exposures to ambient air pollutants, PM, 5 was

associated with reduced birthweight but not with risk of preterm birth.

Keywords
air pollution; birthweight; preterm; fetal growth

Introduction

Preterm birth (<37 weeks gestation) is the leading cause of infant mortality and has been
linked to increased risk of cognitive, behavioral, and medical disabilities in children and
increased risk of adult diseases [1-4]. Globally, there are 15 million preterm births each year
with the number increasing in many countries [5]. A growing literature suggests that
maternal exposure to ambient fine particulate matter air pollution (PM> 5) is associated with
adverse birth outcomes [6-13], with the strongest evidence existing for reduced fetal growth
[6-9].

Some prior studies have reported that PM, 5 is associated with higher risk of preterm birth
[6, 9, 14]. Under the assumption that these associations reflect widely generalizable causal
effects, it has been estimated that in 2010 ambient PM, 5 was responsible for 15,808 preterm
births in the US (3.3% of all premature births) and a staggering 2.7 million (18% of all
premature births) globally [15, 16]. However, a closer examination of the underlying
evidence suggests the association between PM, 5 and preterm birth remains incompletely
understood. For example, two recent large studies (one in Canada including ~2.5 million
births and one in New York City including ~258,000 births), as well as a few smaller studies
using a novel matched design, and an analysis of detailed individual-level data from the
European ESCAPE birth cohorts all failed to find an association between PM, 5 and risk of
preterm birth [17-22]. This heterogeneity in results across prior studies suggests the need for
additional studies examining the potential impact of PM 5 on risk of preterm birth in diverse
populations and settings.

Accordingly, we examined the associations between PM, 5 and risk of preterm birth in
Rhode Island (RI), a small coastal New England state where the majority of children are
born at one hospital. We also estimated the association between black carbon (BC, a marker
of traffic pollution) on preterm birth, an association that has been less extensively studied.
Finally, we estimated the association between PM, 5, BC, and markers of fetal growth.

Methods

Study Population

The study population consists of mother-infant pairs of women delivering at Women and
Infants Hospital of Rhode Island (WIHRI) between 2001 and 2012. Located in Providence,
RI, WIHRI is the 9th largest stand-alone obstetrical service in the United States with ~8,500
deliveries annually [23]. Approximately 75% of pregnant women living in RI give birth at
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WIHRI, and therefore this study sample is representative of the population living in this
area. WIHRI provides hospital records, including individual-level demographic, clinical, and
financial data on all deliveries to the National Perinatal Information Center (NPIC). We
obtained these records from the NPIC Perinatal Center Data Base and merged them with
birth certificate data from the RI Department of Health (RIDOH). The study protocol was
approved by the Institutional Review Boards of Brown University, WIHRI, and RIDOH.

Initially we matched 76,590 (79.8%) of the 95,948 hospital discharge records from WIHRI
to state birth certificates, but upon closer examination few births were matched to birth
certificate data in 2001 or between July 2004 and December 2005 as RIDOH transitioned to
a new birth records system. Thus, we restricted our analyses to 74,165 deliveries occurring
during time periods with high match rates (>88.6%, January 2002-June 2004 and January
2006-December 2012) and successfully matched to birth certificate data. We used ArcMap
(ESRI, Redlands, CA) to geocode maternal residential addresses listed on birth certificates
and linked 2010 census and geographic data to each address point. We excluded women
aged <18 years at delivery (1,575) or missing maternal age (2,198); those who had multiple
births (3,176); and those with addresses outside of RI (7,418) or missing (14). We also
excluded women missing data for birthweight (6) or those with an implausible birthweight
of <500 g or >5000 g (194). Our final sample included 61,640 mother-infant pairs.

Exposure Assessment

We estimated daily PM, 5 levels at each maternal residential address using a hybrid of land-
use regression and satellite remote sensing, as previously described [24]. Briefly, the model
(R2=0.88) uses a land-use regression model that includes spatial and temporal factors and
satellite measurements of aerosol optical depth (AOD) on a 1 km grid and fits a daily
calibration regression using ground-level PM, 5 measurements. Differences between grid
cell AOD and measured PM,, 5 are regressed against local land use features to generate
estimates of local source (mostly automobile traffic) exposure on a finer scale (200 m x 200
m).

We also examined BC as a marker of traffic-related air pollution. We estimated daily BC
levels at each address using an extended version of a validated spatial-temporal land-use
regression model [25]. Briefly, this model incorporates daily average BC measurements
from five Rl monitors, meteorological data from nearly 2 dozen local weather stations, land
use data, latitude and longitude, daily meteorological factors, and interaction terms between
land use and daily meteorological factors. The model performed well in cold (November —
April) and warm (May — October) seasons (10 fold cross-validated R2 of 0.73 and 0.75,
respectively).

To facilitate comparison with previous studies, we also obtained daily PM, 5 and BC
measurements from stationary monitors operated by the Rl Department of Environmental
Management. We obtained PM, 5 data from six monitors in Providence County and BC data
from two monitors in Providence and East Providence, RI and calculated daily averages of
each pollutant.
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Thus, modeled and monitored PM, 5 estimates were available for deliveries taking place
anytime during the study period (2002-2012), modeled BC estimates were available for
2004-2011, and monitored BC was available for 2005-2012. For both monitored and
modeled pollutant levels, we averaged the daily exposure estimates to determine the average
levels for the entire pregnancy as well as for the first trimester (weeks 1-12), second
trimester (weeks 13-26), and third trimester (weeks 27 to birth), as in previous studies [26].
While our primary analyses were based on pregnancy-average pollutant levels, we
additionally investigated trimester-specific exposures as vulnerability to air pollution may
change over the course of pregnancy [9, 14, 27].

Outcome Assessment

Covariates

We defined preterm birth as births before 37 completed weeks of gestation. Term
birthweight, small for gestational age (SGA), and low birthweight (LBW) were used as
markers of fetal growth among term births. Birthweight was obtained from birth certificates
and was measured in grams. SGA was defined as the lowest 10" percentile for gestational
age and sex based on 1999 and 2000 U.S. births [28-31]. We defined LBW as term births
having a birthweight <2500 g.

We considered the following potential confounders: maternal age, parity (0, 1, or 22),
maternal race (Black, White, Other), maternal education (less than high school, high school,
attended college but did not graduate, graduated from college, attended graduate school),
marital status (married, single, other: divorced, separated, widowed, unknown), health
insurance (private, public, other: Medicare, Champus, self-coverage, other coverage,
coverage unknown), and tobacco use during pregnancy (yes, no). Public insurance
(Medicaid or Medicaid/HMO) during this time was only provided to low income women.
Gestational age was measured in weeks.

We assessed the following six census tract characteristics to address potential confounding
by neighborhood SES: median household income; percent of households with interests,
dividends, or rent income; percent of residents with high school diploma; percent with
college degree; percent with professional occupation; and median value of owner-occupied
housing units. We calculated a z-score for each variable and summed the scores to create a z-
sum score [32].

Statistical Analyses

We used linear regression to quantify the association and 95% confidence intervals (CI)
between pollutants and birthweight and used logistic regression models to obtain odds ratios
and 95% Cls of the association between pollutants and odds of preterm birth, SGA, and
LBW. Analyses examining birthweight, SGA, and LBW were restricted to term births only.
We used causal diagrams to identify potential confounders requiring adjustment in each
model [33]. All models were adjusted for maternal age (modeled as a natural spline with 3
degrees of freedom), tobacco use during pregnancy, parity, education, race, insurance,
marital status, neighborhood SES z-sum score, and year of last menstrual period modeled as

J Epidemiol Community Health. Author manuscript; available in PMC 2018 April 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kingsley et al.

Results

Page 5

a factor to account for secular trends in pollutant levels (Supplemental Figure 1). Models for
birthweight and LBW were additionally adjusted for gestational age.

Our primary definition of preterm birth based on gestational age at delivery does not
distinguish between spontaneous and induced preterm deliveries. We hypothesize that air
pollution would be more strongly associated with spontaneous than medically-induced
preterm birth. Thus, we conducted exploratory analyses to examine the association between
each exposure and preterm birth identified by ICD9 code 644.21, which defines preterm
birth as the onset of spontaneous delivery before 37 completed weeks of gestation [34].

We conducted all analyses using R (v3.2.0) and imputed missing covariate data using the
Multivariate Imputation by Chained Equations (MICE) package [35]. Missing covariate data
included: tobacco (13.7% missing), parity (2.4%), maternal education (3.7%), maternal race
(8.4%), maternal insurance (0.6%), and marital status (1.0%). We also conducted a
complete-case analysis examining the associations between pregnancy-average air pollution
levels and birthweight, SGA, and LBW adjusted for the same covariates as the primary
analyses.

Most of the women in this study were white (64.7%), married (62.6%), and did not use
tobacco during pregnancy (93.4%) (Table 1). The mean maternal age was 29 (standard
deviation, SD = 5.9) years. The mean gestational age at delivery was 39 (SD = 2.0) weeks
with about 8% of births delivered preterm. Among term births, we found that gestational
age, parity, maternal race, maternal education, marital status, health insurance, and tobacco
use during pregnancy were associated with birthweight (Supplemental Table 1). Modeled
pregnancy-average PM s levels had a mean of 9.5 pg/m3 (SD=1.5), which is below the
current National Ambient Air Quality Standard for annual PM, 5 of 12 ug/m3 [36]. Levels of
modeled PM, 5 and BC were similar to monitored levels (Supplemental Table 2).

In fully adjusted models, modeled pregnancy-average PM, 5 was not associated with risk of
preterm birth (Table 2). In secondary analyses considering trimester-specific PM5 5, only
first-trimester PM> 5 was associated with a lower risk of preterm birth (OR=0.93; 95% CI:
0.88, 0.98). Results were qualitatively similar, when instead considering measured PM, 5
from stationary monitors and when considering risk of spontaneous preterm birth identified
from discharge diagnosis codes rather than gestational age (Supplemental Table 3).

Pregnancy-average PM> 5 was associated with a 12.1 g lower (95% Cl: -24.2, 0.1 g)
birthweight per interquartile range (IQR; 2.5 ug/m3) increase in model-estimated PM5 5
(Table 3). Results were qualitatively similar when considering instead PM> 5 measured at
stationary monitors. Pregnancy-average PM, 5 was associated with higher risk of being born
SGA, but this only reached statistical significance for monitor-estimated PM, 5 (Table 4;
OR=1.15; 95% CI: 1.00, 1.31). PM, 5 was not associated with risk of being born LBW. The
complete-case analysis results were similar to the main results with imputation, but have
wider 95% Cls (Supplemental Table 4).
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We also considered the association between BC and birth outcomes. Modeled BC was not
associated with risk of preterm birth (Table 2). Monitored BC levels were positively
associated with preterm birth when averaged over the entire pregnancy but negatively
associated in the third trimester. Model-estimated BC was not associated with birthweight
and results were more extreme with wider Cls when considering monitored BC (Table 3).
BC was not associated with risk of SGA and LBW, except for monitored second trimester
BC (OR=0.88; 95% CI: 0.79, 0.98). Complete-case analysis results were similar to the main
analysis with multiple imputation, but have wider 95% Cls (Supplemental Table 4).

Discussion

Among more than 60,000 deliveries, we found no evidence to suggest that PM, 5 is
associated with higher risk of preterm birth in the current study population in RI. Indeed, the
only statistically significant associations between PM5 5 and risk of preterm birth were
negative rather than positive. Results were qualitatively similar when considering PM, 5
levels estimated by a spatial-temporal model versus measured values from stationary
monitors. On the other hand, we did observe the expected association between PM, s and
lower birthweight.

The lack of association between PM5 5 and preterm birth stands in contrast to a number of
prior studies. Pooled estimates of the relative risk for preterm birth from four recent meta-
analyses ranged from 1.05 (95% Cl: 0.98, 1.13) to 1.15 (95% Cl: 1.14, 1.16) per 10 pg/m3
change in PM, 5 [6, 9, 14, 37]. Comparatively, our results for pregnancy-average PM5 5
rescaled to a 10 pg/m?3 increase would yield an estimate of 1.17 (95% CI: 0.89, 1.75), which
is within the Cls of three of these estimates. Thus, our results could be interpreted as
consistent with the prior evidence, but lacking statistical significance due to our smaller
sample size. However, our results are closer to those from several studies that have either
failed to find an association between PM> 5 and preterm birth or have reported a negative
association [17-22]. These findings suggest that there is little evidence of an increased risk
of preterm birth associated with PM, 5 levels in this and at least some other populations.

Our results for PM, 5 and birthweight are similar in direction and magnitude to prior studies.
For example, in New York City Savitz, et al. [26] found that a 10 pg/m?3 increase in PM, 5
was associated with a 48.4 g (95% CI: —62.3, —34.5) lower birthweight. For comparison,
extrapolating our results to a 10 pg/m?3 increase in PM 5 yields a 48.5 g (95% CI: —96.6,
-0.44) difference in birthweight. In neighboring Massachusetts, Kloog, et al. [38] applied
the same spatial-temporal model as our study to estimate PM, 5 and found a more modest
13.8 g (95% Cl: —21.10, —6.05) lower birthweight per 10 ug/m?3 increase in PM, 5. More
broadly, in comparison to estimates reported in recent meta-analyses [7, 8, 37] our estimates
of the association between PM> 5 and birthweight are comparable to some and larger than
others. However, our estimates have wider Cls that include the null hypothesis of no
association when considering trimester-specific exposures.

Consistent with our findings for birthweight, pregnancy-average PM, 5 was associated with
higher risk of SGA, although these results only reached statistical significance when
considering monitored PM 5 levels. These associations were in the same direction, but
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larger in magnitude compared to estimates from recent meta-analyses. In particular, our
finding of relative risks of SGA of 1.41 (95% Cl: 0.92, 2.16) per 10 pg/m3 modeled PM; 5
are somewhat larger than the pooled estimate of 1.15 (95% CI: 1.10, 1.20) reported
previously for SGA [7-9, 14, 27, 37]. However, our Cls are wide and include the null,
suggesting that our study may have been underpowered to detect associations of this
magnitude.

Our findings for BC are difficult to interpret since we unexpectedly found discrepant results
depending on whether we used BC estimated from a land-use regression model or from
stationary monitors, and the time period being considered. For example, we observed that
monitored pregnancy-average BC was associated with a pronounced higher risk of preterm
birth while third trimester BC was associated with a significantly lower risk of preterm birth.
Similarly contradictory results were observed between monitored BC and birthweight,
suggesting that estimates of associations with monitored BC are unstable and should be
interpreted with caution. On the other hand, modeled BC was not associated with either risk
of preterm birth or birthweight. Interestingly, our results for BC are consistent with findings
by Brauer, et al. [39] who estimated residential BC from a land-use regression model and
found no association between BC and preterm birth (defined as birth <30 weeks of
gestation; OR=0.99, 95% CI: 0.87, 1.13) in Vancouver, Canada. Similarly, in the Dutch
PIAMA study, Gehring, et al. [40] did not find a statistically significant association between
soot (a component of BC, estimated with a land-use regression model) and preterm birth
(OR=1.08, 95% CI: 0.88, 1.34). Thus, the effects of BC and other markers of traffic
pollution on risk of preterm birth require further study.

Our study has important limitations. First, as is common to studies based on large-scale
administrative data, we expect exposure misclassification due to lack of information on
residential history throughout pregnancy, amount of time spent at home, and housing
characteristics such as air conditioning and air ventilation. However, we used sophisticated
spatial-temporal models to estimate PM, 5 and BC levels at the residence representing an
improvement over some prior studies and resulting in lower exposure misclassification
compared to using stationary monitors alone. Second, our results may not be generalizable
to pregnant women living in metropolitan regions outside of the study area. Third, there may
be residual confounding due to misclassification of tobacco use during pregnancy and
unmeasured data for diet, exposure to environmental tobacco smoke, substance abuse, and
alcohol consumption during pregnancy. Also, information on tobacco use during pregnancy
was missing in 13.4% of women, which potentially may not be missing at random, even
when multiply imputed conditional on other available covariates. However, results of a
complete-case analysis were similar to the main analyses with multiple imputation. Fourth,
average pollutant levels in the study area were relatively low with limited variation over
space or time, limiting our statistical power to detect associations of the expected magnitude.
The contradictory and sometimes unexpected results related to monitored BC in particular
suggest that we may have had limited statistical power for some of these analyses. On the
other hand, strengths of this study include use of spatial-temporal models to estimate PM5 5
and BC exposure at each address, adjustment for several potentially important confounders,
multiple imputation to reduce the risk of selection bias from missing data, and investigation
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within the context of births from a single hospital that delivers the great majority of babies in
this state.

In conclusion, we did not find evidence of a positive association between PM> 5 and risk of
preterm birth, but did find the expected association between PM, 5 and lower birthweight.
These findings suggest that the etiologic relationship between PM> 5 and risk of preterm
birth remains incompletely understood and that further research is needed before attributing
a large proportion of global preterm births to PM, 5. Our results also add further support to
the mounting evidence that PM 5 is associated with reduced fetal growth and extend
previous findings to a new location.
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Acknowledgments

Funding: This work was supported by grant R21-ES023073 from the National Institute of Environmental Health
Sciences (NIEHS, NIH), by US Environmental Protection Agency grant RD83479801, and a doctoral fellowship
from the Institute at Brown for Environment and Society. The contents of this report are solely the responsibility of
the authors and do not necessarily represent the official views of the sponsoring organizations.

References

1. Boulet SL, Schieve LA, Boyle CA. Birth weight and health and developmental outcomes in US
children, 1997-2005. Maternal and child health journal. 2011; 15:836-44. [PubMed: 19902344]

2. Luyckx VA, Bertram JF, Brenner BM, Fall C, Hoy WE, Ozanne SE, Vikse BE. Effect of fetal and
child health on kidney development and long-term risk of hypertension and kidney disease. The
Lancet. 2013; 382:273-83.

3. Kotecha SJ, Edwards MO, Watkins WJ, Henderson AJ, Paranjothy S, Dunstan FD, Kotecha S.
Effect of preterm birth on later FEV1: a systematic review and meta-analysis. Thorax. 2013; 00:1-7.

4. Gyamfi-Bannerman C. The scope of the problem: the epidemiology of late preterm and early-term
birth. Seminars in perinatology. 2011; 35:246-8. [PubMed: 21962621]

5. WHO. Preterm Birth: Fact Sheet. 2016

6. Lamichhane DK, Leem JH, Lee JY, Kim HC. A meta-analysis of exposure to particulate matter and
adverse birth outcomes. Environmental health and toxicology. 2015; 30:2015011. [PubMed:
26796890]

7. Sun X, Luo X, Zhao C, Zhang B, Tao J, Yang Z, Ma W, Liu T. The associations between birth
weight and exposure to fine particulate matter (PM2.5) and its chemical constituents during
pregnancy: A meta-analysis. Environmental pollution. 2016; 211:38-47. [PubMed: 26736054]

8. Dadvand P, Parker J, Bell ML, Bonzini M, Brauer M, Darrow LA, Gehring U, Glinianaia SV,
Gouveia N, Ha EH, Leem JH, van den Hooven EH, Jalaludin B, Jesdale BM, Lepeule J, Morello-
Frosch R, Morgan GG, Pesatori AC, Pierik FH, Pless-Mulloli T, Rich DQ, Sathyanarayana S, Seo J,
Slama R, Strickland M, Tamburic L, Wartenberg D, Nieuwenhuijsen MJ, Woodruff TJ. Maternal
exposure to particulate air pollution and term birth weight: a multi-country evaluation of effect and
heterogeneity. Environmental health perspectives. 2013; 121:267-373. [PubMed: 23384584]

9. Stieb DM, Chen L, Eshoul M, Judek S. Ambient air pollution, birth weight and preterm birth: a
systematic review and meta-analysis. Environmental research. 2012; 117:100-11. [PubMed:
22726801]

10. Becerra TA, Wilhelm M, Olsen J, Cockburn M, Ritz B. Ambient air pollution and autism in Los

Angeles county, California. Environmental health perspectives. 2013; 121:380-6. [PubMed:
23249813]

J Epidemiol Community Health. Author manuscript; available in PMC 2018 April 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kingsley et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24,

25.

Page 9

Kim E, Park H, Hong YC, Ha M, Kim Y, Kim BN, Kim Y, Roh YM, Lee BE, Ryu JM, Kim BM,
Ha EH. Prenatal exposure to PM(1)(0) and NO(2) and children’s neurodevelopment from birth to
24 months of age: mothers and Children’s Environmental Health (MOCEH) study. The Science of
the total environment. 2014; 481:439-45. [PubMed: 24631606]

von Ehrenstein OS, Aralis H, Cockburn M, Ritz B. In utero exposure to toxic air pollutants and risk
of childhood autism. Epidemiology. 2014; 25:851-8. [PubMed: 25051312]

Clark NA, Demers PA, Karr CJ, Koehoorn M, Lencar C, Tamburic L, Brauer M. Effect of Early
Life Exposure to Air Pollution on Development of Childhood Asthma. Environmental health
perspectives. 2010; 118:284-90. [PubMed: 20123607]

Sapkota A, Chelikowsky AP, Nachman KE, Cohen AJ, Ritz B. Exposure to particulate matter and
adverse birth outcomes: a comprehensive review and meta-analysis. Air Quality, Atmosphere &
Health. 2010; 5:369-81.

Trasande L, Malecha P, Attina TM. Particulate Matter Exposure and Preterm Birth: Estimates of
U.S. Attributable Burden and Economic Costs. Environmental health perspectives. 2016;
124:1913-8. [PubMed: 27022947]

Malley CS, Kuylenstierna JC, Vallack HW, Henze DK, Blencowe H, Ashmore MR. Preterm birth
associated with maternal fine particulate matter exposure: A global, regional and national
assessment. Environment international. 2017; 101:173-82. [PubMed: 28196630]

Stieb DM, Chen L, Beckerman BS, Jerrett M, Crouse DL, Omariba DW, Peters PA, van Donkelaar
A, Martin RV, Burnett RT, Gilbert NL, Tjepkema M, Liu S, Dugandzic RM. Associations of
Pregnancy Outcomes and PM2.5 in a National Canadian Study. Environmental health perspectives.
2016; 124:243-9. [PubMed: 26090691]

Stieb DM, Chen L, Hystad P, Beckerman BS, Jerrett M, Tjepkema M, Crouse DL, Omariba DW,
Peters PA, van Donkelaar A, Martin RV, Burnett RT, Liu S, Smith-Doiron M, Dugandzic RM. A
national study of the association between traffic-related air pollution and adverse pregnancy
outcomes in Canada, 1999-2008. Environmental research. 2016; 148:513-26. [PubMed:
27155984]

Pereira G, Bell ML, Belanger K, de Klerk N. Fine particulate matter and risk of preterm birth and
pre-labor rupture of membranes in Perth, Western Australia 1997-2007: a longitudinal study.
Environment international. 2014; 73:143-9. [PubMed: 25118087]

Pereira G, Bell ML, Lee HJ, Koutrakis P, Belanger K. Sources of fine particulate matter and risk of
preterm birth in Connecticut, 2000-2006: a longitudinal study. Environmental health perspectives.
2014; 122:1117-22. [PubMed: 24911470]

Johnson S, Bobb JF, Ito K, Savitz DA, Elston B, Shmool JL, Dominici F, Ross Z, Clougherty JE,
Matte T. Ambient Fine Particulate Matter, Nitrogen Dioxide, and Preterm Birth in New York City.
Environmental health perspectives. 2016; 124:1283-90. [PubMed: 26862865]

Giorgis-Allemand L, Pedersen M, Bernard C, Aguilera I, Beelen RM, Chatzi L, Cirach M,
Danileviciute A, Dedele A, van Eijsden M, Estarlich M, Fernandez-Somoano A, Fernandez MF,
Forastiere F, Gehring U, Grazuleviciene R, Gruzieva O, Heude B, Hoek G, de Hoogh K, van den
Hooven EH, Haberg SE, Iniguez C, Jaddoe VW, Korek M, Lertxundi A, Lepeule J, Nafstad P,
Nystad W, Patelarou E, Porta D, Postma D, Raaschou-Nielsen O, Rudnai P, Siroux V, Sunyer J,
Stephanou E, Sorensen M, Eriksen KT, Tuffnell D, Varro MJ, Vrijkotte TG, Wijga A, Wright J,
Nieuwenhuijsen MJ, Pershagen G, Brunekreef B, Kogevinas M, Slama R. The Influence of
Meteorological Factors and Atmospheric Pollutants on the Risk of Preterm Birth. American
journal of epidemiology. 2017

Hospital WI. About Us. 2017

Kloog I, Chudnovsky AA, Just AC, Nordio F, Koutrakis P, Coull BA, Lyapustin A, Wang Y,
Schwartz J. A new hybrid spatio-temporal model for estimating daily multi-year PM2.5
concentrations across northeastern USA using high resolution aerosol optical depth data.
Atmospheric Environment. 2014; 95:581-90. [PubMed: 28966552]

Gryparis A, Coull BA, Schwartz J, Suh HH. Semiparametric latent variable regression models for
spatiotemporal modelling of mobile source particles in the greater Boston area. J Roy Stat Soc C-
App. 2007; 56:183-209.

J Epidemiol Community Health. Author manuscript; available in PMC 2018 April 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kingsley et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

Page 10

Savitz DA, Bobb JF, Carr JL, Clougherty JE, Dominici F, Elston B, Ito K, Ross Z, Yee M, Matte
TD. Ambient fine particulate matter, nitrogen dioxide, and term birth weight in New York, New
York. American journal of epidemiology. 2014; 179:457-66. [PubMed: 24218031]

Pedersen M, Giorgis-Allemand L, Bernard C, Aguilera I, Andersen A-MN, Ballester F, Beelen
RM, Chatzi L, Cirach M, Danileviciute A. Ambient air pollution and low birthweight: a European
cohort study (ESCAPE). The lancet Respiratory medicine. 2013; 1:695-704. [PubMed: 24429273]

Hyder A, Lee HJ, Ebisu K, Koutrakis P, Belanger K, Bell ML. PM2.5 exposure and birth
outcomes: use of satellite- and monitor-based data. Epidemiology. 2014; 25:58-67. [PubMed:
24240652]

Lakshmanan A, Chiu YH, Coull BA, Just AC, Maxwell SL, Schwartz J, Gryparis A, Kloog |,
Wright RJ, Wright RO. Associations between prenatal traffic-related air pollution exposure and
birth weight: Modification by sex and maternal pre-pregnancy body mass index. Environmental
research. 2015; 137:268-77. [PubMed: 25601728]

Pereira G, Bracken MB, Bell ML. Particulate air pollution, fetal growth and gestational length: The
influence of residential mobility in pregnancy. Environmental research. 2016; 147:269-74.
[PubMed: 26918840]

Oken E, Kleinman KP, Rich-Edwards J, Gillman MW. A nearly continuous measure of birth
weight for gestational age using a United States national reference. BMC Pediatrics. 2003; 3

Diez Roux AV, Merkin SS, Arnett D, Chambless L, Massing M, Nieto FJ, Sorlie P, Szklo M,
Tyroler HA, Watson RL. Neighborhood of residence and incidence of coronary heart disease. The
New England journal of medicine. 2001; 345:99-106. [PubMed: 11450679]

Hernan MA, Hernandez-Diaz S, M Werler M, Mitchell AA. Causal Knowledge as a Prerequisite
for Confounding Evaluation: An Application to Birth Defects Epidemiology. American journal of
epidemiology. 2002; 155:176-84. [PubMed: 11790682]

CDC. National Center for Health Statistics: International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM). 2015

van Buuren S, Groothuis-Oudshoorn K. mice: Multivariate Imputation by Chained Equations in R.
Journal of Statistical Software. 2011; 45:1-67.

EPA. National Ambient Air Quality Standards for Particulate Matter. EPA. 2013

Zhu X, Liu Y, ChenY, Yao C, Che Z, Cao J. Maternal exposure to fine particulate matter (PM2.5)
and pregnancy outcomes: a meta-analysis. Environmental science and pollution research
international. 2015; 22:3383-96. [PubMed: 25163563]

Kloog I, Melly SJ, Ridgway WL, Coull BA, Schwartz J. Using new satellite based exposure
methods to study the association between pregnancy PM2.5 exposure, premature birth and birth
weight in Massachusetts. Environmental health : a global access science source. 2012; 11:40.
[PubMed: 22709681]

Brauer M, Lencar C, Tamburic L, Koehoorn M, Demers P, Karr C. A cohort study of traffic-related
air pollution impacts on birth outcomes. Environmental health perspectives. 2008; 116:680-6.
[PubMed: 18470315]

Gehring U, Wijga AH, Fischer P, de Jongste JC, Kerkhof M, Koppelman GH, Smit HA,
Brunekreef B. Traffic-related air pollution, preterm birth and term birth weight in the PLAMA birth
cohort study. Environmental research. 2011; 111:125-35. [PubMed: 21067713]

J Epidemiol Community Health. Author manuscript; available in PMC 2018 April 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kingsley et al.

Page 11

Summary Box
What is already known on this subject?

. Maternal exposure to ambient air pollution during fetal development has been
associated with reduced fetal growth, with some studies also suggesting an
increased risk of preterm birth.

. Heterogeneity among prior studies suggests the need to evaluate these
relationships in diverse populations and settings.

What this study adds?

. We used spatial-temporal models to estimate PM, 5 and black carbon (a
marker of traffic-related pollution) levels at each residential address to capture
both spatial and temporal variation in exposure.

. In this population with relatively low exposures to ambient air pollutants,
PM,, 5 was not associated with risk of preterm birth, but was associated with
lower birthweight.

. Further research is needed before attributing a large proportion of global
preterm births to PM5 5
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Characteristics of study population?

Table 1

Mean + SD or N (%)

Characteristics All births Term births  Preterm births
(n=61,640)  (n=56,633) (n=5,007)
Maternal Characteristics
Age (years) 29+59 29+58 29+6.2
Parity
0 25805 (42.9) 23603 (42.7) 2202 (45.3)
1 20209 (33.6) 18797 (34.0) 1412 (29.1)
22 14142 (235) 12898 (23.3) 1244 (25.6)
Race
White 36510 (64.7) 33657 (64.9) 2853 (62.2)
Black 4706 (8.3) 4228 (8.2) 478 (10.4)
Other? 15226 (27.0) 13967 (26.9) 1259 (27.4)
Education
Less than high school 7609 (12.8) 6861 (12.6) 748 (15.8)
High School 15932 (26.8) 14609 (26.7) 1323 (27.9)
Some College 11027 (18.6) 10149 (18.6) 878 (18.5)
College 14785 (24.9) 13695 (25.1) 1090 (23.0)
Any Graduate School 10010 (16.7) 9303 (17.0) 707 (14.9)
Marital status
Married 38347 (62.6) 35440 (63.0) 2907 (58.3)
Single 21139 (34.5) 19249 (34.2) 1890 (37.9)
Other® 1793 (2.9) 1607 (2.9) 186 (3.7)
Health Insurance?
Private 34220 (55.9) 31628 (56.2) 2592 (52.1)
Public 24843 (40.6) 22668 (40.3) 2175 (43.7)
Other 2185 (3.6) 1973 (3.5) 212 (4.2)
Tobacco use in pregnancy
No 49678 (93.4) 45837 (93.7) 3841 (89.9)
Yes 3529 (6.6) 3097 (6.3) 432 (10.1)
Neighborhood Socioeconomic Status, sum of z-score -0.2+44 -0.2+44 -05+43
Modeled ambient air pollution
PM, 5 (ug/m3) 95+15 95+15 95+15
BC (ug/m?) 052+0.1 052+0.1 052+0.1
Infant Characteristics
Gestational Age (weeks) 39+20 39+1.1 34+29
Preterm birth 5007 (8.1)
Birthweight (g) 3341+563.2 3426+459.3 2380+ 716.0
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Characteristics

Mean + SD or N (%)

All births Term births  Preterm births
(n=61,640) (n=56,633) (n=5,007)

Low birthweight (<2500 g)

Small for gestational age

3758 (6.1) 1145 (2.0) 2613 (52.2)
5442 (8.8) 4810 (8.5) 632 (12.6)

a . . ..
Frequencies may not sum to full sample size due to missing data

blncludes American Indian, Filipino, Hispanic, Other Asian, and Other (not specified)

C, . .
Includes divorced, separated, widowed, and unknown

Page 13

dPrivate: Blue Cross/Blue Shield, Commercial insurance, and HMO coverage; Public: Medicaid or Medicaid/HMO; Other: Medicare, Champus,

self-coverage, other coverage, and coverage unknown
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Odds ratio (95% confidence intervals) for preterm birth per interquartile range (IQR)4 increase in PM5 5 and

black carbon, overall and by trimester among 61,640 deliveries

Entire Pregnancy  First Trimester

Second Trimester

Third Trimester

PM;s

Modeled 1.04 (0.94, 1.15)

0.93 (0.88, 0.98) ™

Monitored .86 (0.76,0.98)  0.90 (0.85, 0.94) ™

Black Carbon

Modeled 1.00 (0.97, 1.05) 0.9 (0.96, 1.03)

Monitored 1.03 (0.97, 1.09)

1.21 (1.05, 1.39) *

1.03 (0.98, 1.09)

1.02 (0.97, 1.07)

0.99 (0.95, 1.02)
1.04 (0.99, 1.09)

1.02 (0.97, 1.07)

1.00 (0.96, 1.05)

0.99 (0.95, 1.02)

0.95 (0.90, 0.99) *

All models are adjusted for maternal age, tobacco, parity, education, race, health insurance, marital status, last menstrual period, and neighborhood
socioeconomic status. We used multiple imputation to account for covariates with missing data: tobacco (13.7% missing), parity (2.4% missing),
maternal education (3.7% missing), maternal race (8.4% missing), maternal insurance (0.6% missing), and marital status (1.0%).

aIQR is2.5 ug/m?’ for PM2 5and 0.11 ug/m?’ for black carbon.

*
p<0.05
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Table 3

Gram change in birthweight (95% CI) per interquartile range (IQR)? increase in PM> 5 and black carbon

among 56,633 term births, overall and by trimester of pregnancy

Entire Pregnancy First Trimester ~ Second Trimester ~ Third Trimester

PMy5

Modeled 121 (-24.2,-0.0)% ~42(-106,23)  -03(-68,62)  -53(-11.0,04)
Monitored 159 (-316,-0.3)* ~30(-91,31)  -0.14(-6.4,6.1) -4.3(-9.6,1.1)
Black Carbon

Modeled 0.0 (-4.7, 4.7) 1.3 (-2.9,5.5) 1.2 (-3.0,5.4) -3.6(-7.8,0.7)
Monitored 57(-109,223)  -14(-81,54)  92(33150)* -6.6(-120,-12)"

All models adjusted for maternal age, gestational age, tobacco, parity, maternal education, maternal race, maternal insurance, marital status, last
menstrual period, and neighborhood socioeconomic status. We used multiple imputation to account for covariates with missing data: tobacco
(13.7% missing), parity (2.4% missing), maternal education (3.7% missing), maternal race (8.4% missing), maternal insurance (0.6% missing), and

marital status (1.0%).

aIQR is 2.5 pg/m3 for PM2 5 and 0.11 pg/m3 for black carbon.

p<0.05
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Table 4

Odds ratios and 95% Cls for small for gestational age (SGA) and low birthweight (LBW) per interquartile
range (IQR) 4 increase in PM> 5 and black carbon among 56,633 term births, overall and by trimester of
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pregnancy

Entire Pregnancy

First Trimester

Second Trimester

Third Trimester

Small for Gestational Age

Modeled 1.09 (0.98, 1.21)

Monitored 1.15 (1.00, 1.31) *
Black Carbon
Modeled 1.04 (0.99, 1.08)
Monitored 0.96 (0.83, 1.11)

Low Birthweight

PMas
Modeled 1.05 (0.84, 1.29)
Monitored 0.92(0.71, 1.19)

Black Carbon
Modeled 1.01 (0.93, 1.10)

Monitored 0.81 (0.60, 1.08)

1.00 (0.95, 1.06)
1.00 (0.95, 1.06)

1.03 (0.99, 1.06)
0.99 (0.93, 1.05)

0.96 (0.86, 1.08)

0.94 (0.84, 1.04)

1.01 (0.94, 1.09)
1.03 (0.9, 1.17)

1.04 (0.99, 1.1)
1.05 (0.99, 1.11)

1.03 (0.99, 1.07)
0.97 (0.92, 1.02)

1.03 (0.92, 1.16)

1.01 (0.9, 1.13)

1.02 (0.95, 1.09)

0.88 (0.79, 0.98) *

1.02 (0.97, 1.08)
1.01 (0.97, 1.06)

1.03 (0.99, 1.07)
1.03 (0.98, 1.08)

1.05 (0.96, 1.16)

1.03 (0.95, 1.13)

1.01 (0.94, 1.09)
1.03 (0.94, 1.13)

All models adjusted for maternal age, gestational age, tobacco, parity, maternal education, maternal race, maternal insurance, marital status, last
menstrual period, and neighborhood socioeconomic status. Models of LBW are additionally adjusted for gestational age.We used multiple
imputation to account for covariates with missing data: tobacco (13.7% missing), parity (2.4% missing), maternal education (3.7% missing),
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maternal race (8.4% missing), maternal insurance (0.6% missing), and marital status (1.0%).

aIQR is2.5 pg/m3 for PM2 5and 0.11 pg/m3 for black carbon.

*
p<0.05

J Epidemiol Community Health. Author manuscript; available in PMC 2018 April 02.



	Abstract
	Introduction
	Methods
	Study Population
	Exposure Assessment
	Outcome Assessment
	Covariates
	Statistical Analyses

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4

