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Abstract

Background: US preterm-birth rates are 1.6 times higher for Black mothers than for
White mothers. Although traffic-related air pollution (TRAP) may increase the risk of
preterm birth, evaluating its effect on preterm birth and disparities has been challenging
because TRAP is often measured inaccurately. This study sought to estimate the effect
of TRAP exposure, measured at the street level, on the prevalence of preterm birth by
race/ethnicity.

Methods: We linked birth-registry data with TRAP measured at the street level for single-
ton births in sampled communities during 2013-2015 in Oakland and San Jose,
California. Using logistic regression and marginal standardization, we estimated the
effects of exposure to black carbon, nitrogen dioxide and ultrafine particles on preterm
birth after confounder adjustment and stratification by race/ethnicity.

Results: There were 8823 singleton births, of which 760 (8.6%) were preterm. Shifting
black-carbon exposure from the 10th to the 90th percentile was associated with: 6.8%age
point higher risk of preterm birth (95% confidence interval =0.1 to 13.5) among Black
women; 2.1%age point higher risk (95% confidence interval =-1.1 to 5.2) among Latinas;
and inconclusive null findings among Asian and White women. For Latinas, there was
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evidence of a positive association between the other pollutants and risk of preterm birth,
although effect sizes were attenuated in models that co-adjusted for other TRAP.
Conclusions: Exposure to TRAP, especially black carbon, may increase the risk of pre-
term birth for Latina and Black women but not for Asian and White women.
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Key Messages

black carbon (BC) among Latina and Black women.

crossing the null.

may see the greatest reductions in preterm birth.

* Across models adjusting for confounders, there were consistently elevated risks of preterm birth associated with

* Among Asian and White women, the estimated effects were almost always negative, with confidence intervals

* Interventions to reduce BC that are targeted towards communities with large Black populations and high levels of BC

Introduction

The prevalence of preterm birth in the USA has increased
in recent years and, by 2018, 10% of births were preterm.’
Black women are 1.6 times more likely than White women
to deliver preterm.! Socially patterned maternal stress,
likely related to discrimination, structural and interper-
sonal racism, and mediating biologic pathways are impli-
cated in the Black-White disparity in preterm birth.>™* In
particular, air pollution measured by fine particulate mat-
ter and nitrogen dioxide (NO,) is estimated to explain
5.7% of the Black—=White disparity in preterm birth in
California.’Currie and Walker used a quasi-experimental
design to study the effect on preterm birth of reducing traf-
fic-related air pollution (TRAP) under the introduction of
‘E-ZPass’ electronic toll collection in two states. They esti-
mated reductions in preterm birth of 10.8% among moth-
ers living <2 km from a toll plaza (who would have
experienced the greatest reduction in TRAP) relative to
mothers living 2-10 km away.® Although their design over-
comes confounding, it cannot estimate the effects of spe-
cific pollutants and pools exposure into broad bins.

Other studies of air pollution and preterm birth suffer
from spatial exposure misclassification. For example, they
have estimated maternal exposure to TRAP by calculating
the distance from home to the nearest road, modelling levels
based on measures taken at ambient monitors or using land-
use-regression models.®™'” TRAP levels vary markedly across

streets' 12

so the types of measures used in prior studies are
unlikely to accurately characterize individual exposure.
To address this research gap, we conducted a study to

evaluate the effect of TRAP on preterm birth using

methods that reduce spatial measurement error. We focus
on two racially and ethnically diverse cities: Oakland and
San Jose, California. In 2015, Oakland was composed of
26% Latino, 16% non-Latino Asian, 25% non-Latino
Black, 27% non-Latino White, 1% other racial groups and
4% multiracial.”® In San Jose, the population consisted of
one-third each non-Latino Asians and Latinos, 27% non-
Latino Whites, 3% non-Latino Blacks and 3% multira-
cial.'* To characterize spatial variation in TRAP exposure,
we used data collected by Google Street View cars that
measured air quality every 30 m on streets within sampled
areas between 2015 and 2018. Chambliss et al. found that
this technique reproduced the fine-scale variation in con-
centrations of black carbon (BC) that emerged from dense
networks of stationary samples, illustrating its ability to re-
duce spatial measurement error.'” These data provide lo-
calized annual-average concentration estimates of BC,
NO; and ultrafine particles (UFP—particles <0.1 ym in di-
ameter), thereby improving measurements of the spatial
variability of the exposure. These pollutants come from
different sources and are associated with different types of
vehicles. Large contributing sources to UFP include nucle-
ation, natural-gas combustion and cars/trucks, whereas BC
comes from diesel combustion engines, wood heating and
wild fires, and NO, comes from cars/trucks.!®!” Further,
the relationship between UFP and birth outcomes has been
rarely studied, as UFP are not routinely monitored or regu-
lated.'®'” Because regulators set admissions standards on
a pollutant-by-pollutant basis, we studied pollutants indi-
vidually. This type of analysis can help to inform admis-
sion policies. We also aimed to estimate the effects for
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UFP, which are not currently monitored, in which case a
harmful-effect estimate would support regular monitoring
so that the effects of UFP could be studied more broadly.

The objective of this research was to estimate the rela-
tionship between maternal TRAP exposure and preterm
birth among women living in Oakland and San Jose. This
study sought to determine whether the previously mea-
sured effects of air pollutants on preterm birth persisted
when race/ethnicity was controlled for via stratification
and within a population in which TRAP levels vary sizably
from block to block, but mothers are otherwise demo-
graphically similar.

Methods
Study population and design

We abstracted birth records from the California
Department of Public Health for 2013-2015 where the
maternal residential address was located within Oakland
and San Jose, California at the time of delivery. Using a
cross-sectional study design, we linked TRAP measures to
birth records by maternal address for women in sampled
neighbourhoods. Maternal addresses were encoded by lon-
gitude and latitude coordinates, and linked to the closest
TRAP measurements from the Google vehicles. To focus
on women for whom we could ascertain hyper-localized
measures of TRAP, we excluded women living >120m
from the closest TRAP measurements.

Measurement of the exposure to traffic pollutants

Google vehicles repeatedly measured BC, NO, and UFP on
every street in sampled neighbourhoods. Selected Oakland
streets were sampled for a median of 21-71 days (depend-
ing on neighbourhood) and San Jose streets were sampled
for a median of 9 days. Measures were taken for each 30 m
of road during May 2015 to December 2017. An algorithm
estimated the median annual-average daytime concentra-
tion of each TRAP every 30 m along every sampled road.
Full methods for the measurements of NO, and BC are de-
scribed elsewhere.'" We also incorporate here measure-
ments of UFP count collected by the same vehicles
concurrently with the previously reported data. UFP were
measured using a condensation particle counter (Model
3788, TSI, Inc., Shoreview MN; minimum diameter
2.5nm). These instruments were routinely zero-checked
and cross-compared among sampling vehicles following
similar quality-assurance and quality-control protocols to
those described by Apte et al.'!

Measurement of the outcome

Birth certificates provided information on maternal race
and ethnicity, age, parity, insurance type, educational at-
tainment and address at birth, as well as infant sex, date of
birth and gestational age. Gestational age was based on the
best obstetrical estimate.?’ Preterm birth was defined as all
births with gestational age <37 completed weeks. Only
singleton births were included.

Measurement of socio-economic variables

Because of historical redlining and persistent segregation in
the USA,*" racial and ethnic groups cluster in neighbour-
hoods, which suggested that exposure to TRAP varies by
race/ethnicity according to neighbourhood. Thus, we strat-
ified the analysis by race/ethnicity as a primary mechanism
for reducing confounding from variables that are down-
stream of the systematic and structural factors that race
proxies for.?* To further control for confounding, we ad-
justed for socio-economic variables. Economic factors di-
rectly affect a mother’s neighbourhood of residence
through the ability to buy or rent houses at varying prices.
Maternal education and insurance type were used as meas-
ures of SES, and corresponding median family income and
percentage living below poverty from each mother’s census
block group from the 2012-2016 American Community
Survey were also used.

Statistical analysis

To assess co-exposure to multiple pollutants, we estimated
the Spearman’s rank correlation coefficient for the pair-
wise combinations of pollutants. We used multiple imputa-
tion (30 imputed data sets) using chained equations to
account for missingness in covariates used for adjust-
ment.>>** We stratified the statistical analysis by the fol-
lowing categories: (i) non-Latina Asian and Pacific
Islanders, (ii) non-Latina Black, (iii) Latina (all races) and
(iv) non-Latina White, and excluded mothers who did
not identify with any category. Hereafter, we refer to
non-Latina women according to their racial group only
(e.g. ‘Asian’).

Separate logistic models were used to regress the log-
odds of preterm birth against each pollutant (BC, NO, and
UFP). We first ran a crude model, followed by three mod-
els that adjusted for additional variables: (i) Socio-eco-
nomic status (SES) confounders, conception season and
city of residence; (ii) strong predictors of preterm birth
(maternal age and nulliparity); and (iii) the two other pol-
lutants. Restricted cubic splines were used to model each
pollutant and maternal age (with three internal knots at
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the 10th, 50th and 90th percentiles).>* Maternal education
was coded categorically as (i) no high-school diploma, (ii)
high-school diploma to some college and (iii) associates de-
gree or higher. A linear term was used to adjust for median
income. Insurance type was coded categorically as (i) pri-
vate, (ii) Medicaid or other government or (iii) other, and
season of conception was coded categorically into four
groups (winter: December—February, spring: March-May,
summer: June—-August, fall: September—-November). A
summary of the model descriptions is found in
Supplementary Table S1, available as Supplementary data
at IJE online.

To quantify the crude and adjusted effect of TRAP on
the risk of preterm birth, we computed risk differences
(RDs) using marginal standardization after setting pollut-
ant-exposure levels in the population to a high level (90th
percentile of observed exposure across all mothers) and a
low level (10th percentile of observed exposure). We com-
puted RDs using marginal standardization and estimated
their standard errors using 1000 bootstrap iterations.”®>’
The RD estimates and standard errors were combined
across imputations using Rubin’s Rules and 95% confi-
dence intervals (Cls) were calculated.*®

A sensitivity analysis included all women in one model.
We ran the same models as described but added indicator
variables for race/ethnicity and interaction terms between
race/ethnicity and TRAP. To quantify the effect modifica-
tion of TRAP by race/ethnicity, we used the marginal stan-
dardization procedure previously described but also set
race/ethnicity so that the RDs estimated for each race/eth-
nicity could be compared (i.e. a difference in RDs) and a
95% CI for the difference in RDs was estimated. A second
sensitivity analysis was conducted to examine whether the
estimated effects varied between Oakland and San Jose.
For this analysis, we reran the model by combining Asian
and White women into one data set and estimated the ef-
fect of each pollutant on preterm birth after setting their
location to San Jose and then Oakland, and compared the
estimates across cities.

Results

There were 16 660 births in Oakland and 38 942 births in
San Jose, California between 2013 and 2015 with non-
missing latitude and longitude (Supplementary Figure S1,
available as Supplementary data at IJE online). Ninety-
seven per cent of the Black women in the analysis resided
in Oakland compared with 58-76% of women of other
race/ethnicities (Supplementary Figure S2, available as
Supplementary data at IJE online). There were 17663
unique TRAP measures from sampled communities in
Oakland and 5440 measures in San Jose. Seventeen per

cent of women lived within 120 m of the TRAP measures.
Non-singleton pregnancies (#=120) and mothers with
(n=2592)
(Supplementary Table S2, available as Supplementary data

unknown  race/ethnicities were excluded
at IJE online). The final sample size was 8823 women,
consisting of 1600 Asian, 1910 Black, 4106 Latina of any
race and 1207 White mothers, of whom 6689 lived in
Oakland and 2537 lived in San Jose. Latinas comprised the
largest racial/ethnic group, with more than double the
number of Black women, who were the next most
populous.

Asian and White women were generally older than
Black and Latina women at the time of birth and more
likely to be nulliparous and have higher levels of education
(Table 1). Black women lived in census block groups with
lowest median household incomes (median=$37455),
whereas Latinas lived in block groups with $4795 higher
median incomes, and White and Asian women lived in
block groups with median incomes $17221 and $19489
higher, respectively. The prevalence of preterm birth was
highest among Black women (10.8%), followed by Latina
women (8.5%), Asian women (7.9%) and White women
(6.2%).

Median exposure levels to TRAP were slightly higher
for Asian and White women compared with Black and
Latina women (Table 1 and Figure 1). Figure 2 shows that
areas high in one pollutant are not necessarily high in the
others, and that women living a block apart can have very
different exposure levels. Spearman’s rho was strongest be-
tween UFP and NO, (p = 0.73) and more moderate be-
tween BC and NO, (p = 0.42) and BC and UFP
(p = 0.29).

BC

Results were similar across crude and adjusted models
(Figure 3 and Supplementary Table S3, available as
Supplementary data at IJE online). We estimated that shift-
ing maternal exposure to BC from 0.14 to 0.70 ug/m? (cor-
responding to increasing exposure from the 10th to the
90th percentile) would lead to an increased risk of preterm
birth of 2.0%age points (95% CI=-1.7 to 5.8) for Latina
mothers and 6.6%age points (95% CI=0.3 to 12.9) for
Black mothers. The association was reversed for Asian
(RD = -3.3%age points, 95% CI=-9.2 to 2.5) and White
(RD =-1.5%age points, 95% CI=-8.8 to 5.7) mothers,
though estimates were imprecise.

NO,

There was little to no anticipated effect of increasing NO,
exposure from the 10th (6.4 ppb) to the 90th (14.1ppb)
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Figure 1 Distribution of pollutants for pregnant women delivering live-born neonates between 2013 and 2015 in Oakland and San Jose, California.
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excludes one outlier that equals 205 from this visual display.

percentile on preterm birth for Asian and Black mothers
(Figure 3). For Latina mothers, the fully adjusted model
suggested an increase in preterm birth of 1.3%age points
(95% CI=-2.5 to 5.0) associated with increasing NO, ex-
posure. For White women, full adjustment was associated
with the largest estimate of the RD (RD =4.0%age points;
95% CI=-2.6to 10.6).

UFP

For Asian, Black and White mothers, increasing the UFP from
the 10th percentile to the 90th percentile (a change from 17.1
to 33.5 1 x 10° /cm?) was associated with an unexpected de-
creased risk of preterm birth across models (Figure 3). This
decrease was largest for Black mothers (RD=-5.4%age
points, 95% CI=-10.5 to —0.3) followed by White mothers
(RD=-3.7, 95% CI=-8.6 to 1.1). Increasing UFP exposure

in Latina mothers was associated with a small increased risk
of preterm birth (RD=1.5,95% Cl=-1.2 to 4.2).

Sensitivity analysis

The first sensitivity analysis found that no statistically sig-
nificant differences between race/ethnic groups of the effect
of TRAP on preterm birth were detected for BC or NO,
(Supplementary Figure S3, available as Supplementary
data at IJE online). Black mothers had a significantly re-
duced estimated effect of UFP on preterm birth compared
with Latina mothers. Across pollutants, Asian and White
mothers’ effects estimates were consistently lower than
Latina mothers’ estimates.

The second sensitivity analysis found that the effects of
NO, and UFP on preterm birth were the same in Oakland
and San Jose (Supplementary Figure S4, available as
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Figure 2 Spatial distribution of black carbon (BC), nitrogen dioxide (NO,) and ultrafine particles (UFP) in Oakland and San Jose, California (CA)

Supplementary data at IJE online). For BC, the effect esti-
mates were positive in Oakland but negative in San Jose,
although the CIs were wide and overlapped the null so that
no statistically significant interaction was detected.

Discussion
Key findings

We investigated the association between TRAP exposure
and risk of preterm delivery among a cohort of diverse
individuals in Oakland and San Jose, California from 2013
to 2015. Across models, we estimated consistently elevated

risks of preterm birth associated with BC among Latina
and Black women. Among Asian and White women, the
ClIs overlapped the null, although, in almost all models, the
effect estimates were negative. For Latinas, increased expo-
sure to NO, and UFP was also associated with increased
risk of preterm birth, though the effect estimates were at-
tenuated in the models that adjusted for other pollutants.
Thus, models not adjusting for other pollutants may have
captured a combination of all TRAP given the moderate
correlation between BC, NO, and UFP in our sample.

The results for Black women were less consistent across
pollutants than for Latinas. We did estimate a consistent,
albeit large, effect on risk (6.6%age points) for BC
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Figure 3 Estimated risk differences and 95% confidence intervals for preterm birth associated with setting exposure to traffic-related air pollutants at
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birth. Refer to Supplementary Table S1, available as Supplementary data at /JE online, for the description of each model.

exposure. This estimate was likely biased upward, since an
increase of this magnitude is implausibly large. Although
other studies have shown that racial/ethnic minorities ex-
perience both social disadvantage and heightened levels of
pollution exposure,””*° Black and Latina women in our
study had slightly lower levels of TRAP exposure com-
pared with Whites and Asians, but the association between
increased TRAP and preterm birth appeared only for
Blacks (BC only) and Latinas (BC, NO, and UFP).

Results for Asian and White women are hard to inter-
pret. Nearly all associations between the pollutants and
preterm birth were negative or null, and our ability to pro-
vide more conclusive findings is limited by the smaller
number of births in these groups. One possible explanation
for the negative associations between TRAP and preterm

birth in adjusted models among Asian and White women is
that, in our sample, higher SES Asian and White women
tend to live on more polluted streets, which could lead to
estimates that appear protective due to residual confound-
ing. Previous research shows that the effect of pollutant ex-
posure on preterm birth and other birth outcomes (e.g. low
birthweight) is modified by SES.>'=** If protective factors
such as reduced psychosocial stress, improved prenatal
care and increased access to nutrition and exercise are
more prevalent for Asian and White mothers, then they
may buffer/nullify the harmful effects of TRAP.

In California, the average annual concentration of BC is
<0.25 pug/m>.*’ Women in this study had an average expo-
sure of 0.37 ug/m?, although this measurement may be
higher because our measures were directly on roads as
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opposed to ambient measurements that inform the
California average. A recent study found that BC crossed
the placenta and that the placental measurement of BC
was associated with maternal residential exposure.®® Thus,
BC may affect risk through both maternal systemic inflam-
mation and direct fetal exposure. Three studies that used
land-use regression models did not find an association be-
tween BC and preterm birth,”” in contrast to our findings.
These differences in results may arise because hyperlocal
measures capture BC variability that could not be pre-
dicted using land-use regression models.

The annual standard for NO, is 53 ppb,®® which is
more than five times higher than the median levels in this
study. Studies have estimated null or negative associations
between NO, and preterm birth,3”~3° consistently with our
findings for Asians, Blacks and Whites. One study in
Shanghai found an increased risk of preterm birth associ-
ated with NO, exposure, although the levels of NO, were
much higher than what we observed.'®

There are currently no air-quality standards for UFP
anywhere in the world, and studies of UFP and birth out-
comes have been hindered by limited monitoring. Wing
et al. estimated a positive association between aircraft-ori-
gin UFP and preterm birth in California,'® and Laurent
et al. also detected a harmful effect using dispersion model-
ling of road sources.'” We estimated negative associations
between UFP and preterm birth for Blacks and Whites,
null associations for Asians and some evidence of positive
associations among Latinas. UFP was spatially clustered in
these data, so it could be that estimated negative associa-
tions are driven by confounders if women living in areas
with higher UFP are at otherwise lower risk of preterm
birth due to other factors related to residential socio-eco-
nomic status. Our findings may reflect effect modification
by race/ethnicity, residual confounding (e.g. by unmeas-
ured neighbourhood social or environmental factors) and/

or chance associations.

Strengths

This study’s key strength is that TRAP exposure was mea-
sured within 120 m of maternal residence, so that variation
in TRAP across women based on local traffic patterns was
measured. This is in contrast to the more common method
of using monitors to estimate exposure that are often <20
km from an individual’s residence. The cohort was racially
and ethnically diverse, and included Asian, Black, Latina
and White women. The analytic method reduced con-
founding by socio-economic factors, accounted for non-
linearity in the effect of each pollutant and adjusted for the
presence of multiple pollutants.

Limitations

This study also has limitations. One limitation is that
TRAP was assessed during 2015-2017, whereas births oc-
curred during 2013-2015. We assumed that these expo-
sure measurements serve as valid proxies for exposures
occurring in 2013-2015. Because exposure estimates were
spatially refined but annually averaged, we were unable to
assess specific exposure windows. Levels of BC and NO,
vary seasonally, with highest levels in winter months and
lowest levels in spring and summer. UFP does not have a
strong seasonal pattern. Previous studies find that the
effects of TRAP may vary by trimester, with several pollu-
tants showing more harmful effects in the third trimester
vs earlier trimesters, though measures over the entire preg-
nancy also detect harm.*® Because of the cross-sectional
nature of our exposure data, we were unable to incorpo-
rate either of these aspects into analyses. This likely attenu-
ates the effect, as the assigned annual exposure is too high
for some women and too low for others. Exposure mea-
surement may also be less accurate for women spending
more time away from their residences or if the TRAP mea-
sured during regular business hours do not reflect TRAP
measures at other times. Measurement inaccuracy may
vary by type of roadway (e.g. local street, freeway) because
of differences in traffic patterns and resulting TRAP
throughout the day. Another limitation is that preterm
birth was based on the obstetrical estimate of gestational
age, which may underestimate preterm birth especially for
non-White and non-Latina individuals.*" Lastly, because
TRAP has been associated with reduced fertility and mis-

42:43 this may induce selection bias. For example,

carriage,
if TRAP’s only harms on birth were through increased mis-
carriage and reduced fertility, live births to women living
in more polluted areas may have a lower risk of preterm
birth if the fetuses affected were those who would have

otherwise been born preterm.**

Conclusions

We found the greatest support for a harmful effect of
TRAP on preterm birth among Black (BC) and Latina (BC,
NO,, UFP) mothers living in the Bay Area of California.
Interventions targeted towards communities with large
Black populations and high levels of BC may see the great-
est reductions in preterm birth.

Supplementary data

Supplementary data are available at IJE online.
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