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Abstract

We evaluated associations between traffic-related air pollution during pregnancy and preterm birth
in births in four counties in California during years 2000-2006. We used logistic regression to
examine the association between the highest quartile of ambient air pollutants (carbon monoxide,
nitrogen dioxide, particulate matter <10 and 2.5 um) and traffic density during pregnancy and each
of five levels of prematurity based on gestational age at birth (20-23, 24-27, 28-31, 32-33 and
34-36 weeks) versus term (37-42 weeks). We examined trimester averages and the last month and
last 6 weeks of pregnancy. Models were adjusted for birth weight, maternal age, race/ethnicity,
education, prenatal care and birth costs payment. Neighborhood socioeconomic status was
evaluated as a potential effect modifier. There were increased odds ratios for early preterm birth
for those exposed to the highest quartile of each pollutant during the second trimester and the end
of pregnancy (adjusted odds ratios: 1.4— 2.8). Associations were stronger among mothers living in
low socioeconomic status neighborhoods (adjusted odds ratios: 2.1-4.3). We observed exposure-
response associations for multiple pollutant exposures and early preterm birth. Inverse
associations during the first trimester were observed. The results confirm associations between
traffic-related air pollution and prematurity, particularly among very early preterm births and low
socioeconomic status neighborhoods.
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Methods

Preterm birth is associated with perinatal mortality and adverse health consequences in
childhood and adulthood. In the United States, 12% of all live births were preterm in 2010
(1). Being born preterm is costly in terms of suffering of infants and their families as well as
the economic burden on society. Preterm birth is a complex phenomenon and can be
considered as a continuum rather than a dichotomy of birth of <37 completed weeks
gestation (versus=37 weeks) (2). It has been argued that this classification is too simplistic
for etiologic studies owing to the heterogeneity that has been observed with this outcome
(3). Indeed, more detailed phenotypic classifications have even been suggested for
extremely early (<28 weeks gestation) preterm birth (4, 5).

Several studies have examined the potential association between traffic-related air pollution
and preterm birth; however, many are heterogeneous with regard to exposure and outcome
assessment, geography covered, and statistical methods employed (6, 7). The majority of
previous studies have examined preterm birth as a binary outcome rather than a continuous
or more granular ordinal set of outcomes with a few notable exceptions (8-10). The current
study examines exposures to several air pollutants (carbon monoxide, nitrogen dioxide,
particulate matter <10 and 2.5 urn) and traffic during pregnancy and their associations with
finer gestational designations of preterm birth in the San Joaquin Valley of California
between 2000-2006. Additionally, we investigate neighborhood socioeconomic status and
other factors as potential effect modifiers in the relationship between air pollution and
preterm birth in response to earlier investigations of such interaction (11-14). Finally, we
apply a multi-pollutant score analysis to determine the association with cumulative effects of
multiple air pollutants.

Study Population

The Study of Air Pollution, Genetics and Early Life Events was designed to investigate the
influence of exposure to traffic-related air pollution during pregnancy and birth outcomes.
Birth certificates from all 2000-2006 births to women living in the four most populated
counties in the San Joaquin Valley of California (Fresno, Kern, Stanislaus and San Joaquin)
were obtained from the California Department of Health.

Analyses were limited to singleton births between 20 and 42 weeks gestation and birth
weight between 500 and 5000 grams. Preterm birth was defined by gestational age at birth
as determined from the last menstrual period on the birth certificate. Five categories of
preterm birth were created based on gestational ages: 20-23 weeks, 24-27 weeks, 28-31
weeks, 32—-33 weeks and 34-36 weeks. Term births (i.e., 37-42 weeks) were considered the
reference in all analyses.

The maternal residence at birth street address locations obtained from birth certificates were
geocoded to an X and Y coordinate with ArcGIS software (ESRI, Redlands, California).
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Residence addresses were corrected with ZP4 software (Semaphore Corporation, Aptos,
California).

Ambient air quality data have been collected routinely at over 20 locations in the San
Joaquin Valley since the 1970s and these data were acquired from U.S. Environmental
Protection Agency’s Air Quality System database (www.epa.gov/ttn/airs/airsags). Daily
metrics of the following pollutants were calculated: carbon monoxide (CO), nitrogen
dioxide (NO,), particulate matter < than 10 um (PM1g), and PM < than 2.5 um (PM ).
These data were used to create averages for each trimester of pregnancy.

The station-specific daily air quality data were spatially interpolated using inverse distance-
squared weighting. Data from up to four air quality measurement stations were included in
each interpolation. Owing to the regional nature of NO,, PM1g, and PM, 5 concentrations, a
maximum interpolation radius of 50 km was used. CO was interpolated using a smaller
maximum interpolation radius of 25 km, since it reflects emitted pollutants with larger
spatial gradients. When a residence was located within 5 km of one or more monitoring
stations, the interpolation was based solely on the nearby values (15, 16). A 75% data
completeness criterion was used for NO, and CO averages (i.e., the average was calculated
if at least 75% of the period had available data), and a 15% data completeness criterion was
used for PM1g and PM 5 to account for 1-in-6 day rather than everyday sampling schedules.

Traffic density was calculated from distance-decayed annual average daily traffic volumes
within a 300m radius of geo-coded maternal residences (17). Roadway link-based traffic
volumes were derived from Tele-Atlas/Geographic Data Technology traffic count data in
2005 using methodologies similar to those used in other health effects studies (17, 18). The
Geographic Data Technology traffic count data were scaled to represent year 2003 traffic
levels, based on county average vehicle-miles-traveled growth rates (California Department
of Transportation, 2004). Further details about exposure assessment are presented in
Supplemental Material 1.

Variables from birth certificates included in analyses were: infant birth weight, maternal age
(<20, 20-24, 25-29, 30-34, =35 years), maternal race (White, Hispanic, African-American,
Asian, other), maternal education (no high school, some high school, some college,
bachelors or other degree), parity (0, =1), prenatal care (initiated in first trimester), Medi-Cal
(Medicaid) or other government program payment of birth costs, infant sex, year (2000-
2006) and maternal county of residence (Fresno, Kern, Stanislaus, San Joaquin). Analyses
were restricted to births without reported maternal prepregnancy or gestational diabetes or
hypertension.

Lower socioeconomic status (SES), such as poverty and unemployment, has been associated
with adverse birth outcomes (19). Furthermore, SES has been identified as an effect
modifier in the relationship between air pollution and adverse birth outcomes (11, 14, 20,
21), based on measures implemented by Ponce, et al. (14) we created an indicator variable
for low neighborhood SES that had all of the following characteristics: unemployment
>10%, income from public assistance >15% and families below poverty level >20% in the
2000 U.S. Census at the block group level (14, 22). This variable may not pertain directly to
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any individual, but is meant to provide contextual information about the neighborhoods in
which the study population lived. This research was approved by institutional review boards
from the University of California, Berkeley, Stanford University, and the California State
Committee for the Protection of Human Subjects.

Statistical Analysis

Results

First, second, and third pregnancy trimesters were defined as gestational weeks 1-13, 14-26,
and 27 to birth, respectively. Additionally, we calculated metrics for the last month and last
6 weeks of pregnancy (birth minus 28 and 42 days, respectively). We used logistic
regression to examine the association between the highest quartile of each pollutant or traffic
metric individually compared to the lower three quartiles and each of the five gestational
definitions of preterm birth (20-23 weeks, 24-27 weeks, 28-31 weeks, 32-33 weeks and
34-26 weeks) versus term (37-42 weeks). We chose this analysis a priori to be easily
interpretable and comparable to previous studies. Exposure periods of the term births were
truncated to match the same period as the comparison period-length of the preterm births.

According to our a priori analysis plan, models were adjusted for the following covariates:
birth weight, maternal age, race/ethnicity, education, prenatal care in the first trimester, and
Medi-Cal payment of birth costs. We stratified by race/ethnicity, maternal education and
neighborhood SES to determine whether these characteristics modified an effect of air
pollution on preterm birth.

We created a score of “cumulative” exposure based on the number of high exposures each
participant was exposed to during each gestational time period. Those who were assigned
within the lowest 3 quartiles for all exposures had a score of 0 and those in the highest
quartile of exposure for all exposures received a score of 5.

We consider birth weight a potential confounder in the relationship between air pollution
and preterm birth. Our main analysis included birth weight in the model, though we also
included an analysis without birth weight for a comparison. Given the association between
air pollution and low birth weight (6, 7, 23), our aim was to isolate the effect of air pollution
on preterm birth independent of an association with birth weight.

We stratified on month of conception because it is strongly associated with air pollutant
exposures and stratification allows for a granular examination of the change in estimates
across the year. Additionally we stratified by parity and cesarean section to examine if the
association between air pollution and preterm birth may be different in among these factors.

All analyses were performed with SAS 9.3 (Cary, NC).

The four study counties included 329,650 births in 2000-2006. Exclusions were multiple
births (n=8373), those missing file numbers (n=262), those with gestational age missing or
<20 weeks or >42 weeks (n=44,699), and those with birth weight missing or <5009 or
>5000g (n=764). Completeness of pollutant assignments was 80% for CO, 94% for NO,,

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Padula et al.

Page 5

93% for PM1q, 93% for PM> 5, and 96% for traffic density. The final study population
included 263,204 births with measurements for at least one of these pollutants.

Most study mothers were Hispanic, had Medi-Cal payment of birth costs, and had at least a
high school education (Table 1). In bivariable analyses, preterm birth was associated with
Medi-Cal payment of birth costs, maternal age, race/ethnicity, and education.

Correlations of regional CO with NO5 (r=0.75) and PM> 5 (r=0.76) were high, which reflects
the common source of motor vehicles. PM1g and PM, 5 were correlated (r=0.70) and local
traffic density was not correlated with the regional pollutant concentrations, as expected
since the traffic density has a finer scale of spatial variation (The full correlation matrix can
be found in Supplemental Material, Table S1).

There were statistically significant odds ratios of birth at 20-23 and 24-27 weeks gestation
for high exposure to each air pollutant during the second trimester of pregnancy (Table 2;
Supplemental Material, Figure S1). High CO and NO5 exposures during the second
trimester of pregnancy were associated with a 60% and 92% increase, respectively, in birth
at 20-23 weeks gestation in adjusted analyses.

The adjusted estimates were not considerably different from the unadjusted results
(Supplemental Material, Table S2). Model fit was evaluated by c-statistics. Models are
typically considered reasonable when the c-statistic is higher than 0.7 and strong when it
exceeds 0.8 (24). The c-statistics of the adjusted models ranged from 0.72—0.86 compared to
0.50-0.60 for crude models.

Odds ratios were even stronger for models examining PM exposure. High exposure to PM 5
and PM;q during the second trimester of pregnancy was associated with a more than two-

fold increased risk of birth at 20-23 weeks gestation. Similar results were seen among births
24-27 weeks. There were increases in risk of preterm birth for all categories of preterm birth
gestational ages. The strength of the association increased with earlier onset of preterm birth.

Results for exposures in first and third trimesters were more variable, with some estimates in
the opposite direction from previously reported associations. For example, the adjusted odds
ratio of birth at 20-23 weeks gestation was 0.57 for CO and 0.64 for PM, 5 during the first
trimester.

Similar to the second trimester results, odds ratios comparing high levels of pollutants
during the last month and last 6 weeks of pregnancy were higher for PM and for birth at
earlier gestational ages. Those exposed to the highest quartile of each pollutant were twice
as likely to be born at 20-23 weeks gestation (Table 3).

When stratified by neighborhood SES, the odds ratio for birth at 20-23 and 24-27 weeks
gestation were substantially higher among women of lower neighborhood SES and exposed
to high levels of pollutants during the second trimester (Table 4; Supplemental Material,
Table S3). Tests of homogeneity using the Wald chi square showed evidence of effect
modification for a majority of the estimates using a criterion of p<0.1. Stratification by race/
ethnicity and maternal education did not show evidence of effect modification.
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Traffic density was associated with preterm birth in unadjusted analyses; however, the
association was attenuated and not significant after adjustment for covariates (Table 5).

For the pollutant score, 35% were in the lower three quartiles for all exposures and served as
the referent (score=0). The scores had the following distribution: 22%, 10%, 8%, 7% and
3% of births were exposed to the highest quartile of 1-5 exposures, respectively. The
distribution of pollutant scores by gestational age is presented in Supplemental Material,
Table S4. The cumulative pollutant scores 1-5 (i.e., those who lived in a place where they
were in the highest quartile of at least one pollutant), were all associated with increased odds
ratio for preterm birth compared to zero (the lowest 3 quartiles of all pollutants) and the
majority were statistically significant. High pollutant score was associated with increased
odds ratio for preterm birth, particularly during the second trimester (Table 6; Supplemental
Material, Figure S2). The score-response was monotonic for second trimester exposures and
risk for the 20-23 weeks category of preterm.

Results of the sensitivity analysis for an association between air pollutants and preterm birth
stratified by month of conception are presented in Supplemental Material, Table S5.
Associations were generally strong and for conceptions during the second half of the year
(July-December) and there was an inverse association often apparent in the first half of the
year (January-June).

Other sensitivity analyses did not produce different results, i.e., removing birth weight from
the model and removing those with birth defects did not change the estimates substantially.
There were no substantive differences in odds ratios when stratified by cesarean section or

by parity.

Discussion

We observed associations between ambient air pollutants and risk of early and late occurring
preterm birth. Exposure to particulate matter (PMyq and PM5 ), especially proximal to
parturition, was associated with all gestational definitions of preterm birth with the strongest
associations for the earliest preterm births. For PM;¢ and PM> 5, there was a monotonic
response across the outcomes according to gestational timing, with the stronger associations
for the earliest preterm births. These associations were observed after adjustment of several
potential confounding factors.

Furthermore, observed associations were modified by neighborhood SES. The odds ratios
for birth at 20-23 and 24-27 weeks gestation were higher for those with lower SES and
exposed to higher pollutant levels during the second trimester. Similar evidence of effect
modification by neighborhood SES was found by previous studies (14, 21) for preterm birth
defined at less than 37 weeks gestation. Our study is the first to our knowledge with these
findings at earlier gestational definitions of preterm birth.

Exposure to multiple higher pollutant levels was associated with increased odds ratios for
preterm birth, especially birth at 20-23 weeks gestation. As far as we know, this is the first
time this kind of multi-pollutant approach has been used. Previous studies have stated the
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importance of multi-pollutant analyses and have implemented other strategies to investigate
this challenging question (25).

We observed strong and consistent associations for the second trimester and the end of
pregnancy (which coincide for early preterm births). This collection of results may indicate
that exposures to pollutants nearer parturition may be contributing. Although the specific
pathways need to be further clarified, inflammation has been hypothesized as a potential
mechanism of action for preterm birth (26). Inflammation may reflect early activation of the
normal parturition cascade, in which proinflammatory mediators such as cytokines are
typically induced (27, 28). These pollutants may result in inflammatory responses that cause
preterm birth. Ongoing studies may soon be able elucidate this potential mechanism (29).

The first trimester results were more muted and in some comparisons suggested a different
direction of association. These findings may indicate that address at birth used to assign
exposure was misclassified for earlier pregnancy time periods. That is, we know that
upwards of 25% of women move between first trimester and delivery (30) and we assigned
“exposure” based on address at delivery. Unfortunately, we cannot disentangle these various
alternatives without having a complete address history across gestational periods. If mid to
late pregnancy is indeed more critical for air pollution exposure, these associations may be
driving the inverse associations for the first trimester. Furthermore, the seasonal patterns in
air pollution and different results we found across trimesters prompted the month of
conception sensitivity analysis and showed seasonal differences in air pollution, preterm
birth and the relationship between them.

The current study was restricted to live births. Previous studies have suggested an
association between air pollution and stillbirth (31, 32). This selection bias (survival) may
explain the lack of or inverse associations in the first trimester. For example, if high levels
of air pollution result in fetal demise and loss in the first trimester, the relationship between
high exposure and preterm birth may be smaller or inverse among those who survive the
first trimester.

There have been numerous studies of ambient air pollution and preterm birth including
several reviews (6, 7, 33). Overall, many associations have been noted though there is little
consistency across studies as to which of the correlated pollutants are responsible and which
exposure periods are the most critical for assessing preterm birth risk. The following
pollutants have been associated with preterm birth: NO, during the each trimester (26, 34,
35); NO during the first and third trimester (26); CO during the last month (36); PM1g
during the last six weeks (37); and PM> 5 during the first trimester (38). Additional studies
have also found associations between proximity to high traffic areas and preterm birth (14,
39-41). Our study adds to the evidence of associations between traffic-related air pollution
and preterm birth.

Furthermore, our study adds to the sparse literature that assess associations of air pollution
with risk of early preterm birth (8-10). Wu et al. found that exposure to NOy (OR=2.28 for a
5.65 ppb increase) and PM, 5 (OR=1.81 for a 1.35 pg/m?3 increase) were associated with
birth at <30 weeks gestation in Los Angeles air basin (8). Another study in Vancouver found
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exposures to NO (OR=1.26 for 10 pg/m? increase) and CO (OR=1.16 for 100 pg/m3
increase) were associated with birth <30 weeks gestation (10). Living within 200m of major
roads was associated with birth <32 weeks gestation (OR=1.6) and birth <28 weeks
(OR=1.8) in Japan (9).

A recent study of air pollution and preterm premature rupture of membranes identifies a
potential mechanism of action, by which air pollution may cause preterm birth (42). The
current study could not specify whether preterm births were spontaneous or indicated;
however, the early preterm birth categories are more likely to be spontaneous and preterm
premature rupture of membranes may be responsible for up to one-third of those births (43).

Although this is the first study to our knowledge that examined effect modification of
neighborhood SES with early preterm birth, previous studies have examined its role with a
binary classification of preterm birth (less than 37 weeks gestation). Ponce et al. found
stronger associations between traffic exposures and preterm birth for those of low
neighborhood SES and born in the winter in Los Angeles (14). A study in South Korea
found the association between PM1g and preterm birth was increased for with low
neighborhood SES (13).

The role of season in the study of air pollution and preterm birth is complex. Although there
are expected seasonal changes in air pollution due to sources (e.g., wood smoke) and
meteorological phenomena (e.g., temperature inversions), it is unknown why there are such
noticeable differences in preterm birth across the year. Air pollution may be a factor in these
seasonal differences, though it is difficult to separate from other seasonal patterns such as
infection and dietary changes.

We acknowledge several limitations to our study. We recognize the possibility of exposure
misclassification due to mothers’ mobility during pregnancy. We used the maternal
residence at birth for the entire period and the duration of time spent at the given address is
unknown. Further, exposures were assigned based on where a woman lived. Clearly, such
exposure assignments reflect only a portion of what a woman may encounter in a mobile
environment. These sources of misclassification would be expected to be non-differential
reducing our precision to estimate potential associations.

We were limited to the information that was available on the birth certificate for individual
covariates. For example, we do not have data on maternal height and weight and there were
insufficient data on maternal smoking, for which an association with preterm birth is
established (44). The prevalence of cigarette smoking among pregnant women in California
was relatively low, e.g., 8.7% in 2003 (45), but we do not know how smoking is related to
air pollution exposure. Both active and passive smoking are important risk factors for
preterm birth, particularly in homes with poor ventilation (46). The birth certificate does not
indicate whether preterm births were spontaneous or medically indicated. It is expected that
the majority of early preterm births are spontaneous and we did exclude those with diabetes
or hypertension to minimize the proportion of medically indicated preterm births.

Despite these limitations, this study population is a large sample with geographic diversity
in a highly exposed area of the U.S. The San Joaquin Valley was classified as non-
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attainment for the O3, PM, 5, and PM1 National Ambient Air Quality Standards (http://
www.epa.gov/oaqps001/greenbk/mapnpoll.html) during this time period. Furthermore, the
street addresses were geo-coded at a precise level and did not rely on exposure metrics at
cruder geographic levels such as zip code. Finally, we captured a simple, multi-pollutant
measure that assessed the cumulative effect of being exposed to high levels of multiple
pollutants. Although this method does not reveal which selection of pollutants are most
harmful in conjunction with one another, it does show that risk of preterm birth increases
with high levels of an increasing number of pollutants.

In conclusion, exposure to traffic-related air pollution, particularly proximal to birth, was
associated with an increased risk of preterm birth, and even more strongly for early preterm
births — a gestational period when preterm labor onset would clearly be spontaneous rather
than electively induced. The neonatal morbidity and mortality, as well as the long-term
health and developmental problems, is significantly higher for those born at 20-27 weeks.
These associations are further modified by neighborhood socioeconomic status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Support for this study came from NIEHS (R21 ES014891, P20 ES018173, PO1ES022849, K99ES021470), CDC
6U01DD000489, and the March of Dimes Prematurity Research Center at Stanford University. This publication
was made possible by US EPA STAR Grant RD83459601 and RD83543501. Its contents are solely the
responsibility of the grantee and do not necessarily represent the official views of the US EPA. Further, the US
EPA does not endorse the purchase of any commercial products or services mentioned in the publication. We thank
Bryan Penfold of Sonoma Technology, Inc. for traffic data processing and traffic density estimation.

Abbreviations

aOR adjusted odds ratio
Cl confidence interval
CcO carbon monoxide
PMjq particulate matter less than 10 pm
PM, particulate matter less than 2.5 um
NO, nitrogen dioxide

References

1. Hamilton BE, Martin JA, Ventura SJ. Births: Preliminary Data for 2010: US Department of Health
and Human Services, Centers for Disease Control and Prevention; 2011 November 17. 2011

2. Behrman, RE.; Butler, AS., editors. Preterm Birth: Causes, Consequences, and Prevention.
Washington (DC): 2007.

3. Zhang, J.; Savitz, DA. Duration of gestation and timing of birth. In: Buck Louis, GM.; Platt, RW.,
editors. Reproductive and Perinatal Epidemiology. New York: Oxford University Press; 2011. p.
152-67.

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.


http://www.epa.gov/oaqps001/greenbk/mapnpoll.html
http://www.epa.gov/oaqps001/greenbk/mapnpoll.html

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Padula et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 10

. McElrath TF, Hecht JL, Dammann O, et al. Pregnancy disorders that lead to delivery before the 28th

week of gestation: an epidemiologic approach to classification. Am J Epidemiol. 2008; 168(9):980—
9. [PubMed: 18756014]

. Savitz DA. Invited commentary: disaggregating preterm birth to determine etiology. Am J

Epidemiol. 2008; 168(9):990-2. [PubMed: 18756017]

. Shah PS, Balkhair T. Air pollution and birth outcomes: A systematic review. Environ Int. 2010;

37(2):498-516. [PubMed: 21112090]

. Stieb DM, Chen L, Eshoul M, et al. Ambient air pollution, birth weight and preterm birth: A

systematic review and meta-analysis. Environ Res. 2012; 117:100-11. [PubMed: 22726801]

. Wu J, Ren C, Delfino RJ, et al. Association between local traffic-generated air pollution and

preeclampsia and preterm delivery in the south coast air basin of California. Environ Health
Perspect. 2009; 117(11):1773-9. [PubMed: 20049131]

. Yorifuji T, Naruse H, Kashima S, et al. Residential proximity to major roads and preterm births.

Epidemiology. 2011; 22(1):74-80. [PubMed: 21052006]

10. Brauer M, Lencar C, Tamburic L, et al. A cohort study of traffic-related air pollution impacts on

birth outcomes. Environ Health Perspect. 2008; 116(5):680-6. [PubMed: 18470315]

Genereux M, Auger N, Goneau M, et al. Neighbourhood socioeconomic status, maternal education
and adverse birth outcomes among mothers living near highways. J Epidemiol Community Health.
2008; 62(8):695-700. [PubMed: 18621954]

Zeka A, Melly SJ, Schwartz J. The effects of socioeconomic status and indices of physical
environment on reduced birth weight and preterm births in Eastern Massachusetts. Environmental
Health. 2008; 7(1):60. [PubMed: 19032747]

Yi O, Kim H, Ha E. Does area level socioeconomic status modify the effects of PM10 on preterm
delivery? Environ Res. 2009; 110(1):55-61. [PubMed: 19878932]

Ponce NA, Hoggatt KJ, Wilhelm M, et al. Preterm birth: the interaction of traffic-related air
pollution with economic hardship in Los Angeles neighborhoods. Am J Epidemiol. 2005; 162(2):
140-8. [PubMed: 15972941]

Brauer M, Lencar C, Tamburic L, et al. A Cohort Study of Traffic-Related Air Pollution Impacts
on Birth Outcomes. Environ Health Perspect. 2008; 116(5):680-686. [PubMed: 18470315]

Jerrett M, Arain A, Kanaroglou P, et al. A review and evaluation of intraurban air pollution
exposure models. Journal of exposure analysis and environmental epidemiology. 2005; 15(2):185-
204. [PubMed: 15292906]

Kan H, Heiss G, Rose KM, et al. Prospective analysis of traffic exposure as a risk factor for
incident coronary heart disease: the Atherosclerosis Risk in Communities (ARIC) study. Environ
Health Perspect. 2008; 116(11):1463-8. [PubMed: 19057697]

Gauderman WJ, Avol E, McConnell R, et al. Associations between childhood asthma, nitrogen
dioxide, and proximity to major roadways. Epidemiology. 2005; 16(6):737-43. [PubMed:
16222162]

O’Campo P, Burke JG, Culhane J, et al. Neighborhood deprivation and preterm birth among non-
Hispanic Black and White women in eight geographic areas in the United States. Am J Epidemiol.
2008; 167(2):155-63. [PubMed: 17989062]

Zeka A, Melly SJ, Schwartz J. The effects of socioeconomic status and indices of physical
environment on reduced birth weight and preterm births in Eastern Massachusetts. Environ Health.
2008; 7:60. [PubMed: 19032747]

Zeitlin J, Ancel P-Y, Larroque B, et al. Fetal sex and indicated very preterm birth: results of the
EPIPAGE study. American journal of obstetrics and gynecology. 2004; 190(5):1322-1325.
[PubMed: 15167836]

Census US. Summary tape file 3: technical documentation. Washington DC: Bureau of the Census;
2000. Census of population and housing, 2000.

Padula AM, Tager IB, Carmichael SL, et al. The Association of Ambient Air Pollution and Traffic
Exposures With Selected Congenital Anomalies in the San Joaquin Valley of California. AmJ
Epidemiol. 2013

Hosmer, DW.; Lemeshow, S. Applied Logistic Regression. 2. New York, NY: John Wiley & Sons;
2000.

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Padula et al.

Page 11

25. Dominici F, Peng RD, Barr CD, et al. Protecting human health from air pollution: shifting from a
single-pollutant to a multipollutant approach. Epidemiology. 2010; 21(2):187-94. [PubMed:
20160561]

26. Bobak M. Outdoor air pollution, low birth weight, and prematurity. Environ Health Perspect. 2000;
108(2):173-6. [PubMed: 10656859]

27. Muglia LJ, Katz M. The enigma of spontaneous preterm birth. N Engl J Med. 2010; 362(6):529—
35. [PubMed: 20147718]

28. Smith R. Parturition. N Engl J Med. 2007; 356(3):271-83. [PubMed: 17229954]

29. O’Neill MS, Osornio-Vargas A, Buxton MA, et al. Air pollution, inflammation and preterm birth
in Mexico City: study design and methods. Sci Total Environ. 2013; 448:79-83. [PubMed:
23177781]

30. Schulman J, Selvin S, Shaw GM, et al. Exposure misclassification due to residential mobility
during pregnancy in epidemiologic investigations of congenital malformations. Arch Environ
Health. 1993; 48(2):114-9. [PubMed: 8476302]

31. Faiz AS, Rhoads GG, Demissie K, et al. Ambient air pollution and the risk of stillbirth. AmJ
Epidemiol. 2012; 176(4):308-16. [PubMed: 22811493]

32. Hwang BF, Lee YL, Jaakkola JJ. Air pollution and stillbirth: a population-based case-control study
in Taiwan. Environ Health Perspect. 2011; 119(9):1345-9. [PubMed: 21447454]

33. Sram RJ, Binkova B, Dejmek J, et al. Ambient air pollution and pregnancy outcomes: a review of
the literature. Environ Health Perspect. 2005; 113(4):375-82. [PubMed: 15811825]

34. Maroziene L, Grazuleviciene R. Maternal exposure to low-level air pollution and pregnancy
outcomes: a population-based study. Environ Health. 2002; 1(1):6. [PubMed: 12495448]

35. Llop S, Ballester F, Estarlich M, et al. Preterm birth and exposure to air pollutants during
pregnancy. Environ Res. 2010; 110(8):778-85. [PubMed: 20932516]

36. Liu S, Krewski D, Shi Y, et al. Association between gaseous ambient air pollutants and adverse
pregnancy outcomes in Vancouver, Canada. Environ Health Perspect. 2003; 111(14):1773-8.
[PubMed: 14594630]

37. Ritz B, Yu F, Chapa G, et al. Effect of air pollution on preterm birth among children born in
Southern California between 1989 and 1993. Epidemiology. 2000; 11:502-511. [PubMed:
10955401]

38. Ritz B, Wilhelm M, Hoggatt KJ, et al. Ambient air pollution and preterm birth in the environment
and pregnancy outcomes study at the University of California, Los Angeles. Am J Epidemiol.
2007; 166(9):1045-52. [PubMed: 17675655]

39. Miranda ML, Edwards SE, Chang HH, et al. Proximity to roadways and pregnancy outcomes. J
Expo Sci Environ Epidemiol. 2013; 23(1):32-8. [PubMed: 22805991]

40. Yang CY, Chang CC, Chuang HY, et al. Evidence for increased risks of preterm delivery in a
population residing near a freeway in Taiwan. Arch Environ Health. 2003; 58(10):649-54.
[PubMed: 15562637]

41. Wilhelm M, Ritz B. Residential proximity to traffic and adverse birth outcomes in Los Angeles
county, California, 1994-1996. Environ Health Perspect. 2003; 111(2):207-16. [PubMed:
12573907]

42. Dadvand P, Basagana X, Figueras F, et al. Air Pollution and Preterm Premature Rupture of
Membranes: A Spatiotemporal Analysis. Am J Epidemiol. 2013

43. Simhan HN, Canavan TP. Preterm premature rupture of membranes: diagnosis, evaluation and
management strategies. BJOG : an international journal of obstetrics and gynaecology. 2005;
112(Suppl 1):32-7. [PubMed: 15715592]

44. Prevention CfDCa The Health Consequences of Involuntary Exposure to Tobacco Smoke: A
Report of the Surgeon General. Atlanta, CA: Centers for Disease Control and Prevention; 2006.

45. Services CDoH. Smoking During Pregnancy. Sacramento, CA: California Departmen of Health
Services; 2005.

46. Ghosh JK, Wilhelm M, Ritz B. Effects of residential indoor air quality and household ventilation
on preterm birth and term low birth weight in Los Angeles County, California. American journal
of public health. 2013; 103(4):686-94. [PubMed: 23409879]

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 12

Padula et al.

‘(¥02'€92=N) (9%%) 9002—-0007 ‘elulojifed ‘AajjeA uinbeor ues ui sannunod snojndod 1sow Inoy ayy ul syuiqg ul abe [euoneisab Aq sereLienod Jo uonngrisig

Author Manuscript

¢'ST §'9¢ TT¢ L'81 L'ST T9T TST §00¢
lad x4 TET 0€T 47 9v1 Sl ¥002
6'€T 8'6 9Tt §el 8'€l 6°€T 6€T €00¢
g€l 8'6 60T LTT TET 6¢T LET ¢00¢
CEl 08 0Tt €ct STT 9¢t ¥'eT 100¢
TET €Tl L'ET €¢tT vet vet (A 000¢
Tes A
ST (> 971 ST ST ST ST JB3ypo
095 €19 L'LS 9'95 €65 ¥'LS 8'GS dluedsiH
TS 08 06 4] 6L 19 61 UeILIBW/-URJLIJ Y
L'L S8 €6 6'6 8'8 8'8 S, UEIsY
9'6¢ T6T v'ee 8'¢e 9ce 9'se €0e oluedsIH-uou ‘SHYM
Ao1uyra/aoey
1T €Tl TET TET GET 9¢T 60T Ge<
¢'6T G'oT §'8T L'ST 08T €81 ¥'6T Y€-0E
e €T1¢ 9'ce 8'¢e v'ee €'G¢ 9'.¢ 6¢-G¢
8'8¢ 8'6¢ clLe €8¢ €8¢ §'8¢ 8'8¢ ¥¢—0¢
LET TTe L'81 T0¢ 69T €GT €eT 0>
(s1esA) abe [eussrey
018 G99 [4VA 8'89 9'€L L'LL L'T8 | 481S8LULI T Ul 8Jed [eleusid
§'Ge 0'0¢ 0Ty 144 9ve ¥'8¢ 8¢ uonJ3s uesresan
€18 EAS] 7’95 €65 A% 0vS 6'0S 3eN
L'vS 6'0L €'€9 8'G9 0'99 8'09 L'€G | s1s00 Jo JuswiAed [eD-1paIN
6'LT v'Le 8'€c 6'€C 1274 9'0¢ ST S3s mo| pooyioqybieN
0'se Tve G'8¢ L'vE 6'€e 6'ce A1 uloq isi4
09v=u €ecT=u 8e6¢=U T1ov=u Teg'ze=u Tye'zee=u
€¢-0¢ Leve 1€-8¢ €e—¢ce 9e-¥€ cr-LE
2101 ©(%) $>188m U1 abe [euonelss a1e1IeA0D

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 13

Padula et al.

Author Manuscript

EINUERIED| 96 PUB UlS ‘GBd-Gd ‘swelb ‘B ‘uoneinsp pJepuels ‘gs :SUONBIABIQY

‘Buipunod 03 Buimo 00T [enba 1ou Aew mm@ﬁ:mema@

(te'or'000) | (rres'000) | (98TL'000) | (6625°000) | (vO8Y‘000) | (6617 ‘000) | (¥8'8E ‘00°0)
5e'Se €87y vo'ey €L'6€ ST'6€ Sr'LE L6'VE Ausuap oryeiL
(85'82 'sL°01) | (89ec'tre) | (s8ze'vee) | (seTe'9ge) | (16°0€ ‘'90°01) | (¢6'6C '0€°0T) | (¥¥'82 ‘¥8°0T) _
2081 1981 0981 6€8T S8t 6181 66°LT (gw/Br) SN
(9e'es '29v2) | (T9vs'28'€2) | (188G '28'22) | (987G ‘9c'€e) | (08'9S ‘¥Tv2) | (€4S 'veve) | (T2'€S L9¥)
12L€ 100 z58e 6€LE 16'L€ 09'L€ 4WE) (gw/Br) O*Nd
(eLee'vrer) | (Le've'ste) | (v1'Ge'26'0T) | (6Lv2 'T6'TT) | (L9vz'or2T) | (LT've'0ceT) | (89°€2 ‘8v'eT)
6v'LT GL'9T 65'/T 69°LT 89T 85T 8r'LT (qdd) cON
(620 'vE0) (s6'0 ‘22°0) (060 '82°0) (580 '62°0) (580 ‘0€°0) (z8'0 ‘ze0) (6270 'vE0)
280 670 150 250 250 250 250 (wdd) 02
(%64-54) ues\ saunsodx3
(9v3) 9see (¥TET) 2612 (067T) 8781 (9.6) 6822 (T92) €992 (z83) €00 (99v) 9zve (6) uBram yuiq Juepul
(as) uesy
LT TT 9¢ 6y TG 7'e ST uoisuayadAH
0 L0 zT 97T v'Z LT 0 ss1aqeIq
suonealjdwod Aoueubaid
6'7C 0T 8'6T €T1C L0z 92 €6z uinbeor ues
6'€C 6T €12 e 0.2 g6z 8'€z wiey
€81 (A4} LT 11T g9t 191 G81 sne|siuels
6'2€ G'€S ey L€ 6'GE zse §ze ousalg
fAuno)
€2 9 6°€ '€ 1€ 8 € BuissiN
ger 0L €L 0L 6L L'6 62T aa10ap abajj00
L0z 0T 6'8T 6'9T 6'LT z6T 0Te abay102 awos
98 G19 G585 T'19 G 195 028 100ys YBIH
6'TT 6T VIt LTt GeT e 8Tl 100y2s YbIH>
uoneonp3
g1 v'ze 181 L'6T 76T ST €91 9002
09v=u €ezT=u 8e67=U TT07=U T2€'ze=u TrZ'zee=u
€2-02 Lzv2 16-82 €e-2¢ 98¢ 1€
[e10L ©(%) sxf8am ui abe euoirelss arelIeA0D

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2015 December 01.

in

available

3

Ann Epidemiol. Author manuscript



Page 14

Padula et al.

Author Manuscript

pa1eINO[ed 10U “ON ‘[eAISIUI BOUBPHUOD ‘D ‘01Rl SPPO ‘YO

‘suoneinaIqqy

- - ON | 09°€ | 62°¢ €8¢ | 180 | TS0 | ¥90 | 8€'T | 980 | 80T | TZ¥ €¢-0¢
- - ON | 05C | ¥8T | ¥T'C | T60 | 990 | 8L0 | 0EC | 89T 96'T | €60T Le—¢
8V'T | ¢C'T YT | OLT | TV'T GST | ¥OT | 980 | ¥6°0 | 8L'T | VT ¢9'T | 0959¢ T€-8¢
¢T'T | 960 | €T | OET | ¢T'T TCT | €0OT | 680 | 960 | 89T | v¥v'T 9G9'T | €8¥E €€t
00T | €60 | 960 | ZT'T | SO'T 60T | 90T | 00'T €0T | TET | €21 LTT | 268'6T 9€-v€
- -] 00T - -] 00T - -1 00T - - | 00T | 902'vTC [47a0A> SUNd
- - ON | /€ | 92C | 08C | OV'T | 680 | CT'T | 06'C | 88T ve'e | 81y €¢-0¢
- - ON | ¥0°C | 6V'T ST | S9T | 0C'T or'T | €€C | 69T 86'T | €60T Le—¢
€60 | GL'0 | €80 | OV'T | STT LT | LET | CTT VT | LZT | €01 YT | vive T€-8¢
TTT | S6°0 ¢0T | LZ'T | 80T LTT | OET | CT'T T¢T | SCT | L0T 9T'T | 9cve €€t
90°'T | 660 | ¢OT | STT | L0T TTUT | STT | 20T TTT | STT | 20T TTT | 1€6'6T 9€-v€
- -1 00T - -1 00T - - 00T - - | 00T | ¥95'vTC [47a0A> TIAd
- - ON | ¢v'¢ | ¢ST ¢6'T | 2L0 | Y0 | 990 | ¢T'T | 690 | 880 | 9¢v €¢-0¢
- - ON | 19T | 8TT 8€'T | 960 | 690 | T80 | 82T | 160 | 80T | 80TT Le—¢
STT | ¥v6'0 | ¥O'T | ¢CT | 10T TT'T | 80T | 060 | 860 | 8T'T | L60 | LOT | ¢T9¢ T€-8¢
GT'T | 660 | L0T | STT | 660 | L0T | SOT | 160 | 860 | ¥C'T | 90T ST'T | 0ese €€-¢t
¥0'T | 860 | TOT | OT'T | €0°T 90T | GOT | 660 | 20T | ¥T'T | 90T 0T'T | 00T'0C 9€-v€
- -] 00T - -1 00T - -1 00T - - | 00T | €.8'GT¢ [47a0A> ¢ON
- - ON | T0C | 82T | 09T | ¥20 | ¥»'0 | LS0 | 280 | 9¥'0 | 290 | 6.€ €¢-0¢
- - ON | 60C | TST 8LT | 060 | €90 | 920 | L6'0 | 990 | 080 | S.6 Le—¢
8T'T | 960 | 90T | ¢€T | 80T 61T | 960 | 8.0 | 480 | 9TT | €60 | ¥O'T | 9.¢¢ T€-8¢
8T'T | 00T 80T | ¢T'T | S60 | €0T | 860 | €80 | 060 | TCT | 20T TT'T | 6€0€ €€-¢t
¢0'T | S60 | 860 | 60T | TOT S0'T | L0T | 00'T €0T | 8T'T | OT'T vT'T | 662'LT 9€-v€
- -1 00T - -1 00T - -1 00T - - | 00T | €.6'€8T [47a0A> (0]
10 %56 | JO® 10 %56 | dO® 10 %56 | dO® 10 %S6 | dO®
J3189WLI L pAIY L 19)S3WI4 | puU02as 19183WL | 18414 AoueuBaud ainug N | s199m abe reuonelses | ainsodx3

Author Manuscript

(18%'2¥2=N) 9002—0002Z ‘A8|[eA ulnbeor ues ul $auNod Inoj ui ainsodxa
jueinjjod yoes Jo ssjienb g Jamoj 01 ga|iuenb 1saybiy Buiedwos yuig wisiald 1oy (12) S|eAISIUL 80USPILUOD %G6 PUe (HOR) SoNel SPPO palsnipy

¢ ?dlqel

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 15

Padula et al.

mE\ml G102 SCNd ”mE\ml 1127 OTINd ‘qdd 6%'6T CON ‘wdd 090 0D :8insodxa Jo ajirenb 1saybiy Joy wto.SoQ

$1500 UMIq J0 uswiAed [eD-1paN 481SaWLI 1SI14 Ul UOIRRIUL 318D [ereusid yBIam yig JuByUI ‘90BI ‘UOIeINPS ‘abe [eulsrew 1oy uﬁm:_uﬂm

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 16

Padula et al.

[eAI3IUI 3DUSPISUOD ‘1D ‘Ol1el SpPo palsnipe *yYoe

‘suoneinaIqqy

€ee 8T'¢ 69°¢ | 00¢ ¢S'E 6¢'C ¥8'¢ | 861 €¢-0¢
GqG8'¢ 18T 6TC | T¢v 6E¢C QLT G0'¢ | 00v Le—¢
S9'T LET 19T | €16 V'l 6T'T 0e'T | T¢8 T€-8¢
qcT 80T 9T'T | ¥60T veT 90T ST'T | 0L0T €€—¢E
0T 16°0 TO'T | 6699 10T 60 860 | 99€9 9€-v€
- - 00T | 6vS'YTC - - 00T | €T5'%TC Ak SUNd
80°¢ c0'C 6v'¢c | v61 e 99T €6'T | 0LT €¢-0¢
ST 0T'T 62T | 6V€ 98T €TT €ET | ¢S€ Le—¢
260 G.°0 €80 | 299 880 ¢L0 6.0 | 799 T€-8¢
0T 180 G6°0 | €86 0T 680 96'0 | L66 €€-¢t
00T €6°0 960 | LSS 00T €6°0 L6°0 | 2T9S 9€-v€
- - 00T | 269'vTe - - 00T | €69'%Te [47arA> IAId
€8¢ G8'T 6¢¢ | v0¢ 11C 8’1 ve'e | 961 €¢-0¢
9T 6T'T 6ET | C6€ SET 86°0 ST'T | TSE Le—¢
€0'T G8°0 €6°0 | ¢8L v0'T G8°0 ¥6°0 | G..L T€-8¢
Tt 960 ¥0'T | ¥ITT 9TT 00T 80T | vETT €e€—¢E
v0'T 86°0 TO'T | 9909 10T S6°0 860 | Tv6S 9€-v€
- - 00T | L18'sTe - - 00T | o18'sTe [47a7A% ‘ON
€ee 8Y'T 98'T | 0ST 08¢ 8.1 €2¢ | €91 €¢-0¢
8¢'¢ 99T ¥6'T | 89€ 8T 0€'T €9'T | GEE Leve
00T 180 60 | €€9 66°0 080 680 | 9¢9 T€-8¢
Tt S6°0 €0°T | OT6 STT 86°0 90T | G¢6 €€-¢t
00T €6°0 160 | 0S8Y 66°0 ¢6°0 G6°0 | TI8Y 9€-v€
- - 00T | 689'S8T - - 00T | ¥09'S8T [47arA% 00
1D %86 doe 1D %656 doe
Aoueubaad Jo sy@am XIs 1587 N | Aoueubaud jo yuow ise] N | sxeam abe jeuoneisss | auansodx3y

‘(181 172=N) 9002-0002 ‘A3][eA uinbeor ues ul sanunod inoj ul Aoueubald Jo syaam 9 i1se| pue
jueinjjod yoes Jo ssjienb g Jamoj 01 ga|iuenb 1saybiy Buiedwos yuig wisiald 1oy (12) S|eAISIUL 80USPILUOD %G6 PUe (HOR) SoNel SPPO palsnipy

Author Manuscript

€9lgel

Author Manuscript

Author Manuscript

yuow 1se| ayy Burinp ainsodxa

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 17

Padula et al.

mE\ml G102 SCNd ”mE\ml 11'2¥ OIINd ‘qdd 67°6T CON ‘wdd 09°0 OO :8insodxa Jo ajisenb 1saybiy Joy wto.SoQ

$1500 UMIq J0 uswiAed [eD-1paN 481SaWLI 1SI14 Ul UOIRRIUL 318D [ereusid yBIam yig JuByUI ‘90BI ‘UOIeINPS ‘abe [eulsrew 1oy uﬁm:_uﬂm

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 18

Padula et al.

pa1eINO[ed 10U “ON ‘[eAISIUI BOUBPHUOD ‘D ‘01Rl SPPO ‘YO

‘suoneinaIqqy

- -| ON|s8r9 | gz | oev | 6L0| TEO| 050 | TTT | 2v0 | 690 | GTT €2-0C
- -| oN|vev |eee | vre | 990 | ee0 | ovo | 8TE | SLT | 9€C | vie 122
L6T | ST | €91 | 6TC | ¢ST | 28T | €0T | 0L0 | S80 | 26T | T€T | 65T | €29 1€-82
9zT | €60 | 60T | S¥T | 80T | G¢T | 80T | 080 | €60 | ¥8T | 9€T | 85T | vS8 ge-ce
v0T | 060 | 260 | TT | GOT | €TT | 90T | 260 | 660 | €€T | STT | ¥CT | 89T 9e-v€
- -1 001 - -1 00T - B - - | 00T | ovL'LE oL SNd
- - | ON| 865 |99z | 86€ | LT |80 8TT | 2se | 65T | LET | vIT €2-0C
- - | oON|vee | 98T | 6vc | 99T | 060 | zzT | 95€ | G6T | v9CT | vie 122
8.0 | 060 | €90 | 05T | 20T | €T | 62T | 280 | 90T | T2’T | 080 | 860 | 985 1€-82
yTT | ¥80 | 260 | ##T | 90T | v2T | S¥T | 20T | S2T | /T | €0T | 12T | €¥8 ge-ce
90T | 260 | 660 | 22T | 90T | €TT | 9TT | 00T | 80T | T2'T | GOT | €TT | OLTF 9e-v€
- - | oot - - | oot - - | oot - - | oot | T18'28 L€ ONd
- -| ON|7tes | 8ce| L9t | 990 | z0o | evo | LTT | 150 | L0 | STt €2-0C
- -| oN|oez|8sT | ¥Te | 180 | ¥¥0 | 090 | ¢€T | 220 | 860 | ¥ie X 74
LT | 880 | SoT | €eT | €60 | TTT | 02T | ¥80 | 00T | 80T | ¥20 | 680 | €€9 1€-82
62T | 260 | 2T | czT | 260 | 90T | 60T | 280 | ¥6°0 | 82T | G60 | OT'T | 658 ge-ce
L0T | ¥60 | 00T | ST'T | 00T | 20T | SOT | 260 | 860 | €T'T | 660 | 90T | 8T 9e-v€
- - | oot - - | oot - - | oot - - | oot | s18'2€ L€ ‘ON
- -| ON|vse | 09T | 8 | 280 | se0 | S50 | s60 | Ge0 | 850 | €TIT €2-0C
- - | ON | s89e | oz | ere|vro| g0 | 250 | ToT | 050 | TL0 | 99¢ 122
GzT | €80 | 20T | 16T | ¥OT | GeT | 960 | 90 | 620 | TTT | €20 | 060 | €5 1€-82
2eT [ 680 | SoT | LTT | 980 | 00T | TOT | v20 | 980 | ST | 060 | 90T | 808 ge-ce
20T | 880 | S60 | 2TT | TOT | 60T | 90T | 260 | 860 | 02T | €0T | TUT | z16E 9e-v€
- - | oot - - | oot - - | oot - - | oot | s6z'se L€ 00
10 %56 | ¥oe 10 %56 | doe 1D %66 | ¥oe 10 %56 | doe
191saWia] payL 181S8WLI ] puod8s Ja1sawil ] 1sa14 AKoueuBaid aunu3 N | $39am ui abe jeuonelss | ainsodx3

(1£2'77=N) 9002—-0002 ‘A3][eA uinbeor UBS Ul S31IUNOJ JN0J UI SNJBIS J1LIOU0I30120S pooyloqybiau moj yym asoyl Buowe ainsodxa
jueinjjod yoes Jo ssjienb g Jamoj 01 a|iuenb 1saybiy Buredwos yuig wisiald 1oy (12) S|eAIBIUL 80USPILUOD %G6 PUe (HOR) SONel SpPOo paisnipy

Author Manuscript

v alqel

Author Manuscript

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 19

Padula et al.

mE\ml G102 SCNd ”mE\ml 1127 OTINd ‘qdd 6%'6T CON ‘wdd 090 0D :8insodxa Jo ajirenb 1saybiy Joy wto.SoQ

$1500 UMIq J0 uswiAed [eD-1paN 481SaWLI 1SI14 Ul UOIRRIUL 318D [ereusid yBIam yig JuByUI ‘90BI ‘UOIeINPS ‘abe [eulsrew 1oy uﬁm:_uﬂm

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 20

Padula et al.

Aep 1ad s3]91yaA T9G'ET :a4nsodxa Jo aj1enb 1saybiy 4oy s3o-1nD

q

$1500 UMIq J0 WuawiAed [eD-1PaIN 481S3WILI 1SI14 Ul UOIRRIUI 818D [ereusid JyBIam UuIg JuBUI ‘90BI ‘UOIIBINPS ‘abe [eularew 1oy vmum:._c,qm

[eAI3IUI 3DUSPISUOD ‘| ‘Ol11el SPPO palsnipe *YOr :SUOIBIABIGQY

69T | 860 | 62T | 0c€ T9T | €0 | 60T | 8TT 96T | 00T | ST | 99T | OT'T | SE€T | GET €¢-0¢
S¢'T | ¥80 | €0T | €98 SLT | 860 | TET | 9L¢ €€T | 960 | €T'T | ¢V T | OTT | GC'T | 6CTT YR 44
60T | 98°0 | L6°0 | TcOC 9v'T | 20T ¢C’T | 89¢ ST'T | G660 | SOT | T€T | TTT | 1I¢T | 199¢ T€-8¢
0¢'T | 00T | 60T | ¥E€LC T¢T | 060 | ¥OT | 998 6TT | TOT | OT'T | 62T | TTT | 6T'T | 66S€ €€-¢E
L0T | 660 | €0'T | ¢ez'ot TTT | L60 | ¥O'T | 8€9T 0T | 00T | ¥OT | €T'T | 90T | OT'T | Lev'oe 9e-v¢
- - | 00T | 90T'T8T - - | 00T | TET'8E - -] 00T - - | 00T | LeT'6TC (47272
SIO %56 | "oe N SIO %56 | "oe N SIO %56 | "oe SID %56 | HO
S3S pooyaoqybiaumol-uon S$3S pooyaoqybiau moT pajood paisnipy | pajood paisnipeun N | s3eam ul abe [euoneissn

Author Manuscript

Author Manuscript

G 9olqel

(28v'L2=N) 9002-000¢ ‘Ad][eA uInbeor ues ur ssnunod
noy Ut syuig 4oy Aisusp a1yjedl Jo sajienb € 1amo 01 gajnuenb 1saybiy Burredwod yuig wisiaid 4oy (1) S[eAIsIUl 80UBPIIUOD 9%4GE PUE SOITR) SPPO

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 21

Padula et al.

ON - -1 00T - -] 00T 0 €¢-0¢
SSv | LEC 6¢'€ | 20T | 880 | 290 g
8€¢C | Tv'l €8T | 8€'T | 080 S0'T 14
€0C | LTT | ¥ST | LET | 6,0 | ¥OT €
T0C | LTT | ¥vST | 29T | 960 | ¥C'T 4
ov'T | €60 | LT'T | 84T | 8T'T SY'1 T
ON - -1 00T - -1 00T 0 YR 44
9¢'T | 690 | €60 | 86T | ¥C'T /ST | 8€'T | ¥80 | 80T g
T€T | 160 60T | ¥8T | SE€T 89T | ¥Z'T | 680 S0'T 14
¢L'T | 92T T | VT | SOT | ¥vCT | TCT | 280 | 20T €
vl | 20T 0CT | ¥9T | 61T ov'T | SV'T | 90T el 4
0€'T | 660 | ¥T'T | ¥CT | G660 | 60T | TE€ET | T0T ST'1 T
- -1 00T - -1 00T - -] 00T 0 T€-8¢
VT | L660 | OCT | 8€T | ¢60 | €ETT | LET | ¥6°0 | €TT g
9¢T | 960 | OTT | ¢v'T | OTT SCT | €ETT | /80 | 660 14
6T | L0T ¢CT | 6T | 660 | €T'T | ¢T'T | 980 | 860 €
T | 01T SCT | VT | 2TT LZT | €T | €0T JAN 4
€T | L0T 81T | 9T'T | G660 | SOT | 6TT | 260 | LO'T T
- -1 00T - -1 00T - -] 00T 0 €€-¢E
60T | 060 | 660 | 9TT | 860 | 0T | 6TT | TOT 01T g
¢0T | 060 | 960 | ¢¢T | OTT 9T'T | €TT | 20T 10T %
€TT | 0T L0T | 9T'T | ¥O'T OT'T | OTT | 860 | ¥OT €
¢TT | 0T L0T | €ETT | TOT L0T | STT | ¥O'T 60T 4
80T | 660 | €0T | TT'T | ¢0'T 90T | OTT | TO'T 907 T
- -1 00T - -1 00T - -] 00T 0 9E-vE
S1D %56 | dO® S1D %56 | HO® SID %S6 | dO®
J3189WLI L pAIY L 19)S3WI | puU02as J3150Wa ] 35414 | 2400S | sxjeam ui abe [euonelss

"(18¥'172=N) 9002-0002 ‘A3][eA uinbeor ues ul Sa1UNO2 N0y Ul SYMIQ 10} ainsodxa Aue [aAs] ybiy e Buiaey Inoyim asoy)
0} pasedwod (ajiJenb 1saybiy syl snoge sainsodxa 40 Jaquinu) 8109s yaes Hurredwlod (S|D) S|eAIBIUL BIUSPIIUOD %56 PUe (YOr) Sollel Sppo wpaisnipy

Author Manuscript

99|qel

Author Manuscript

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.



Page 22

Padula et al.

Author Manuscript

mE\ml G102 SCINd ”m:\_\?_ 122y OTING ‘qdd 66T CON ‘wdd 09°0 OO :8insodxa Jo ajienb 1saybiy 104 S}o-1ND

q

$1500 UUIq J0 JuBWARd [2D-1PaIA 481SaLULI 18414 Ul UoIRRIUl 818D [ereusid JyBIam UuIg JuBUI ‘80EI ‘UoIIeINps ‘abe [eulsrew 1oy uwum:_c,qm

pPa1eIND[Ed 10U ‘DN [BAISIUI BOUBPIIUOD ‘D ‘01RI SPPO ‘YO :SUOHRIABIGGY

¥§9 | 19C | SOV | 0C'T | €€0 | €90 S
0Ty | ¥6'T ¢8C | TZT | LS0 | €80 %
€5C | 80T | S9T | 640 | ¢€0 | 050 €
8€¢ | 10T GS'T | GT'T | 250 | LLO 4
9.7 | 980 | €T | ¢/T | 00T €1 T
S1D %56 | dOe SID %56 | dO® S10 %56 | dOe
J31S9WLI L Py L 19)S3WI4 | puU02as J3150Wa 1 35414 | 2400s | sxjeam ui abe [euonelsan

Author Manuscript

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2015 December 01.





