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Preterm birth may be affected by the interaction of residential air pollution with neighborhood economic hardship.
The authors examined variations in traffic-related pollution exposure—measured by distance-weighted traffic den-
sity—using a framework reflecting the social and physical environments. An adverse social environment was con-
ceptualized as low socioeconomic status (SES) neighborhoods—census tracts with concentrated poverty,
unemployment, and dependence on public assistance. An adverse physical environment was depicted by the winter
season, when thermal inversions trap motor vehicle pollutants, thereby increasing traffic-related air pollution. Los
Angeles County, California, birth records from 1994 to 1996 were linked to traffic counts, census data, and ambient air
pollution measures. The authors fit multivariate logistic models of preterm birth, stratified by neighborhood SES and
third pregnancy trimester season. Traffic-related air pollution exposure disproportionately affected low SES neighbor-
hoods in the winter. Further, in these poorer neighborhoods, the winter season evidenced increased susceptibility
among women with known risk factors. Health insurance was most beneficial to women residing in neighborhoods
exposed to economic hardship and an adverse physical environment. Reducing preterm births warrants a concerted
effort of social, economic, and environmental policies, focused on not only individual risk factors but also the reduction

of localized air pollution, expansion of health-care coverage, and improvement of neighborhood resources.

air pollution; premature birth; socioeconomic factors

Abbreviations: Cl, confidence interval; DWTD, distance-weighted traffic density; OR, odds ratio; SES, socioeconomic status.

In the United States, nearly 440,000 babies are born pre-
maturely each year, levying a considerable cost burden to
the health care system and emotional and financial strain to
the families affected. Preterm birth is the second leading
cause of infant death and a major contributor to early child-
hood morbidity. Over the last two decades, the rate of pre-
term births increased from 9.4 percent to nearly 12 percent
(1, 2), prompting several national and community initiatives
to address preterm births as the top obstetric problem in the
United States today. Although the exact causes of preterm
birth are still unknown, many studies have identified vulner-
able groups according to sociodemographic characteristics:
infants of African-American mothers, younger or older

mothers, and mothers with lower levels of educational at-
tainment (3-7).

Researchers have begun to study the individual’s neigh-
borhood in addition to individual-level characteristics asso-
ciated with preterm birth. While individual-level attributes
are immutable or difficult to change, policies and interven-
tions at the community level can influence neighborhood
conditions associated with adverse health effects. Moreover,
even if individual-level attributes are modifiable, such as
earlier initiation of prenatal care and access to health insur-
ance, this change has not resulted in considerable improve-
ments in preterm birth rates over the past years (8). There
is mounting evidence that, in addition to individual-level
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factors, the residential area or neighborhood may confer
additional risks or provide benefits that affect birth out-
comes (9-16). However, most of these studies have focused
on only the social, political, and economic conditions in
a neighborhood, absent of measures depicting the physical
environment that may exacerbate biologic and psychosocial
stressors associated with preterm birth.

The call for a comprehensive examination of the physical
and social environment was recently articulated by O’Neill
etal. (17). They hypothesized that low socioeconomic status
(SES) neighborhoods and communities may not only expe-
rience increased levels of air pollution but also have more
vulnerable inhabitants who are more susceptible to these
exposure effects because of compromised health status
and a lack of resources, including adequate health care.
Yet to date few studies have explicitly explored the interplay
of individual characteristics and pollution exposure within
neighborhoods with varying neighborhood socioeconomic
resources.

In this spatial variation study, we examined preterm
birth risk within a framework reflecting both the social
and physical environments. We built on previous studies that
have linked traffic-related pollution exposure—measured by
distance-weighted traffic density (DWTD)—to preterm birth
risk (18, 19). “Space” was defined by the degree of neigh-
borhood economic hardship (the social environment) and by
distinct meteorologic seasonal conditions in Los Angeles
that correlate strongly with traffic-related air pollution (the
physical environment). We conceptualized an “‘adverse”
social environment as neighborhoods with concentrated
poverty, unemployment, and dependence on income from
public assistance, whereas an adverse physical environment
manifests as wintertime thermal inversions that trap motor
vehicle pollutants. We explored whether and to what extent
these adverse conditions in the social and physical environ-
ments might increase the susceptibility for preterm delivery
among vulnerable women or potentially modify the effec-
tiveness of protective factors such as health insurance.

MATERIALS AND METHODS

Data sources

We linked Los Angeles County, California, birth records
to 1990 US Census summary tape file 3 data, traffic count
information from the California Department of Transporta-
tion, and ambient air pollution data from the South Coast
Air Quality Management District. Our sample was drawn
from a population of births during 1994-1996 to mothers
residing in 112 of the 269 total Los Angeles County ZIP
codes. These 112 ZIP codes met the selection criteria of
being situated in areas within a 3.2-km radius intersected
by freeways and major arterials and with collectors or mon-
itoring stations. From this source population, we identified
all preterm infants (n = 25,974), and for each ZIP code and
birth year, we selected an approximately equal number of
controls from among normal weight, full-term infants,
yielding a total of 59,700 eligible study subjects. We ex-
cluded 8,767 infants who had missing or unlinkable ad-
dresses, infants weighing less than 500 g, infants weighing
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greater than 5,000 g, and/or births with unreliable values for
gestational age (<90 days and >320 days). Of the remain-
ing 50,933 subjects, we then sequentially excluded 2,801
multiple births (both cesarean section and normal deliveries)
and 10,699 singleton deliveries by cesarean section. Elec-
tively scheduled cesarean sections are unlikely to be related
to exposures that occur prior to birth, such as air pollution,
while emergency cesarean sections very well may be. Elec-
tive cesarean sections are also endogenous with preterm
birth risk. Since we could not distinguish the reasons behind
cesarean sections in our data, they were excluded from our
analysis. Finally, 86 subjects with missing covariate values
were excluded. A total of 37,347 eligible subjects remained
for analysis.

Birth outcome

Preterm birth was a dichotomous outcome, specified as
infants delivered at less than 37 completed weeks of gesta-
tion compared with all term infants.

Economic hardship stratifications

Economic hardship measures, such as poverty and unem-
ployment rates, have been shown to be ‘“‘implicated” in
adverse birth outcomes. As a barometer of neighborhood
disadvantage, economic hardship reflects poor levels of so-
cial resources that may be connected with the sequence of
events that culminate in an adverse birth outcome (11, 20).
We therefore selected three federally defined ‘“‘economic
hardship” measures (unemployment, income from public
assistance, and family poverty) to depict neighborhood
SES (21, 22).

Neighborhoods were defined as census tracts (n = 863),
a designation that captures homogeneous economic and de-
mographic characteristics (12, 13). For each census tract, we
computed the percentages of unemployed persons in the
civilian labor force, households with public assistance in-
come, and families with income below the poverty line. We
stratified the sample into high, middle, and low SES neigh-
borhoods. Low SES neighborhoods were census tracts meet-
ing all three criteria: greater than 10 percent unemployment,
greater than 20 percent of families in poverty, and greater
than 15 percent of individuals receiving public assistance.
High SES neighborhoods were defined as meeting all of the
following criteria: census tracts with 10 percent or less of
the population unemployed, 20 percent or less of the fami-
lies living in poverty, and 15 percent or less of the individ-
uals receiving income from public assistance. Cutoff points
for the low (high) SES neighborhoods correspond to neigh-
borhoods above (below) the mean levels of each of these
economic hardship indicators. The middle SES neighbor-
hoods constituted the remaining census tracts (figure 1).

Traffic-related air pollution measure

Traffic is a major source of localized pollution in Los
Angeles. Previous studies have suggested that compounds
in motor vehicle exhaust adversely affect fetal develop-
ment (18, 19). In a recent commentary on air pollution
and poverty, Lipfert stated that, “‘to the extent that outdoor
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FIGURE 1. Study subjects’ residential location, by neighborhood socioeconomic status (SES) and location of freeways and highways, Los

Angeles County, California, 1994—1996.

air quality may be implicated, the culprits are much more
likely to be local primary pollutants ...” (23, p. 3).
Depending on proximity to traffic sources, residential air
pollution exposure in southern California can vary widely,
not only between neighborhoods but also within neighbor-
hoods (24). To capture localized variation in pollution ex-
posure within neighborhoods, we focused on traffic density
measures. Specifically, we used the DWTD as our traffic-
related pollution exposure measure. DWTD is intended to
measure localized exposure to traffic exhaust by proximity
to the source, that is, exposure to primary motor vehicle
emissions before they have dispersed and undergone atmo-
spheric transformations. The method for computing
DWTD is described in detail elsewhere (18). Briefly, ma-
ternal addresses were geocoded using ArcView geographic
information system software (ESRI, Redlands, California),
and these data, together with the annual average daily traf-
fic counts, were used to calculate the DWTD based on
proximity to roadways. We categorized the DWTD into
percentiles on the basis of the distribution in the total pop-
ulation (<20th percentile (referent), 20th—<80th percen-
tile, and >80th percentile).

Seasonal effects

We additionally conducted stratified analyses by third
trimester season: women whose third trimesters fell during
the winter months (November—April) versus women whose
third trimesters fell during the summer months (May—
October). In Los Angeles County, the “winter” months
(November—April) correspond to a fall in temperature, rang-
ing from 54 to 60°F (12.2-15.6°C), and the ‘“‘summer”
months (May—October) correspond to higher average tem-
peratures, ranging from 63 to 73°F (17.2-22.8°C) (25).
Higher local concentrations of primary exhaust particles
and gases from traffic are expected to occur during the winter
because of more stagnant air conditions and temperature
inversions that limit the dilution and dispersion of emissions;
summertime meteorology allows for more rapid mixing and
dispersion of these pollutants. While ozone and secondary
particles are more elevated in the summer because of in-
creased sunlight’s fueling photochemical reactions, we and
others have not observed an effect of ozone on this outcome.
We therefore infer that a more ““adverse’” localized physical
environment occurs in the winter when carbon monoxide
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and primary particles—pollutants directly emitted from ve-
hicle tailpipes—are accumulating near sources.

Our traffic-related pollution measure of interest, DWTD,
could also be confounded by background ambient air pol-
Iution. We used air pollution data collected at 11 South
Coast Air Quality Management District monitoring stations
to determine annual average background concentrations of
carbon monoxide, ozone, nitrogen dioxide, and particulate
matter with a diameter of less than 10 um for each subject’s
home (based on hourly measurements for gases and 24-hour
average measurements taken every sixth day for the speci-
fied particulate matter); ‘“‘background” is defined as pollut-
ant concentrations after dispersion and transport away from
sources, including roadways. Annual rather than seasonal
averages were computed to represent background pollution
levels experienced during the year the baby was born. An-
nual averages are more likely to reflect longer term true
background levels of ambient air pollution over larger areas
given exposure misclassification when extrapolating expo-
sures for women living farther than 3.2 km from a station.

All models included covariates that have been previously
identified as risk factors for preterm birth, including maternal
age (categorized as <20, 20-29, 30-34, >35 years), mater-
nal race/ethnicity (African American, White, Hispanic, other
races), infant’s sex, previous low birth weight or preterm
infant, parity, and interval since previous livebirth. We used
maternal education (0-8, 9—11, 12, 13—15, >16 years), pay-
ment source for delivery (government insurance, private in-
surance, self-pay/uninsured), and initiation of prenatal care
(during first trimester, after first trimester/never) as indicators
of individual-level SES and protective factors. We included
year-of-birth indicators to account for secular variations in
preterm birth rates. Unfortunately, birth certificates from
California do not contain data on smoking behavior during
pregnancy.

Statistical methods

We fit six separate models to capture the interaction of
individual covariates with neighborhood SES and season
environments: 1) low SES/summer; 2) low SES/winter;
3) middle SES/summer; 4) middle SES/winter; 5) high
SES/summer; and 6) high SES/winter. To examine whether
our results were sensitive to residual confounding by un-
measured area-level factors, we fit two-level logistic models
with a random intercept for each census tract. We fit these
models using both empirical Bayesisan and “‘semi-Bayesian”
procedures (26, 27); for the latter, we chose a range of
values for the second-level variance that reflected our prior
beliefs about the variability in the random intercepts. Our
results were robust to these different specifications (results
available from authors); we therefore present the results
from our one-level analysis.

RESULTS

Higher proportions of women who were White, were
older when giving birth, had at least a high school education,
had private health insurance, and received early prenatal
care lived in high SES neighborhoods (table 1). Higher
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neighborhood SES was also associated with more homes
being located in residential areas with low traffic-related
air pollution.

Low SES neighborhoods had the highest percentage of
preterm births (table 2). Traffic-related air pollution in low
SES neighborhoods in the winter was associated with the
highest proportion of preterm births, compared with other
SES/season strata. Low and middle SES neighborhoods in
the winter had greater proportions of preterm deliveries
among African-American mothers. Preterm deliveries were
also very high among uninsured women in low SES neigh-
borhoods in the winter.

The effects of traffic-related pollution exposure were
most pronounced in the low SES neighborhoods during
winter (table 3). Within the low SES area, those who lived
in locations with higher traffic-related pollution exposure
(80th percentile or higher) compared with those who lived
in less trafficked locations (below the 20th percentile) had
30 percent increased odds of a preterm delivery. In middle
SES neighborhoods, DWTD was associated with 18—19 per-
cent increased odds of preterm birth during both seasons.
In contrast, residential proximity to high traffic did not in-
crease preterm delivery risk in women living in high SES
neighborhoods.

Relative to Whites, African Americans had higher odds of
preterm deliveries whether or not they lived in high or low
SES areas (table 3). We found the strongest effects for pre-
term birth among the African-American women who gave
birth during the winter in the low SES neighborhoods (odds
ratio (OR) = 2.21, 95 percent confidence interval (CI): 1.46,
3.35) and middle SES neighborhoods (OR = 2.58, 95 per-
cent CI: 1.81, 3.68). Hispanic mothers living in middle SES
areas experienced a 62 percent elevated odds of a preterm
delivery during winter, while they otherwise did not expe-
rience higher risks than did White women.

Women younger than 20 years of age compared with
women aged 20-30 years faced 23-40 percent higher odds
for preterm delivery in all season/SES strata except during
the summer in high SES neighborhoods. Young mothers had
the highest likelihood of delivering preterm in the low SES
neighborhoods during winter (OR = 1.40, 95 percent CI:
1.19, 1.64). In general, women who delivered at 35 or more
years of age also had higher odds (17-65 percent) compared
with the referent age group. Their greatest odds increase was
observed in the low SES neighborhoods in winter (OR =
1.65, 95 percent CI: 1.35, 2.02).

A low level of education (fewer than 9 years compared
with 12 years of schooling) increased the odds of a preterm
delivery by 19-23 percent, but only among women in low
SES neighborhoods and in high SES neighborhoods in the
summer. Attaining the highest educational level was pro-
tective only in the high SES neighborhoods.

Compared with no coverage, government health insurance
(OR =0.61, 95 percent CI: 0.39, 0.96), principally Medicaid,
and private health coverage (OR = 0.50, 95 percent CI: 0.31,
0.79) had the strongest protective effect against preterm birth
in low SES neighborhoods during winter. We found the op-
posite effect in high SES neighborhoods during winter:
Women with government insurance had generally higher
odds of preterm deliveries.
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TABLE 1. Characteristics of study subjects by neighborhood socioeconomic status and season,
Los Angeles County, California, 1994—-1996%*

Low SESt,+ Middle SES§ High SESY
Summer Winter Summer Winter Summer Winter
Traffic-related pollution exposure
Distance-weighted traffic density (%)
<20th percentile 16 16 21 20 23 23
20—-<80th percentile 64 64 60 60 56 57
>80th percentile 20 20 19 20 21 20
Risk factors
Maternal race/ethnicity (%)
White 3 2 4 4 27 28
Hispanic 83 82 81 80 53 52
African American 13 14 8 9 7 11
Other 2 2 7 7 12 12
Maternal age (%)
<20 years 21 20 17 17 11 12
20-29 years 55 55 55 56 49 50
30-34 years 15 16 18 17 25 24
>35 years 10 9 11 10 15 14
Protective factors
Maternal education (%)
<9 years 35 36 31 31 15 14
9-11 years 33 32 29 29 18 19
12 years 23 22 25 24 27 27
13-15 years 7 8 10 10 18 19
>16 years 2 2 5 5 21 20
Payment for delivery (%)
Private insurance 15 16 23 24 49 51
Government insurance 83 82 74 74 47 45
Self/uninsured 1 1 3 2 4 4
Prenatal care (%)
None/after first trimester 28 28 26 27 18 20
During first trimester 71 71 74 72 82 80
Control variables
Infant’'s sex (%)
Male 51 51 51 51 51 51
Female 49 49 49 49 49 49
Parity (%)
1st birth 35 35 37 37 44 45
2nd or subsequent birth 65 65 63 63 56 55
Time since previous livebirth (%)
<12 months 3 3 3 3 2 2
>12 months 96 96 97 97 97 98
Previous LBWt or preterm infant (%)
0 99 99 99 99 99 99
>1 1 1 1 1 1 1
Year of birth (%)
1994 34 35 33 34 32 33
1995 35 34 35 35 35 35
1996 30 30 32 31 34 32
Live near freeway (%) 14 15 13 12 14 13
Background annual average pollutants
(mean (SDt))
Carbon monoxide, ppm 2.0 (0.4) 1.8 (0.5) 1.7 (0.5)
PMyo,1 pg/m® 4.0 (0.4) 4.0 (0.4) 3.9 (0.4)
Nitrogen dioxide, pphmt 4.4 (0.4) 4.1 (0.7) 3.6 (0.7)
Ozone, pphm 1.7 (0.3) 1.9 (0.4) 2.3 (0.4)

* Some percentages may not sum to 100% because of missing values or rounding.

1 SES, socioeconomic status; LBW, low birth weight; SD, standard deviation; PM;,, particulate matter with a diameter of <10 um;
pphm, parts per hundred million of air by volume.

} No. of observations for “low SES”: summer (n = 5,482); winter (n = 5,545).

§ No. of observations for “middle SES”: summer (n = 5,779); winter (n = 5,859).

9 No. of observations for “high SES”: summer (n = 7,534); winter (n = 7,148).
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TABLE 2. Proportion of preterm births for selected characteristics, by neighborhood socioeconomic status and season, Los Angeles

County, California, 1994—-1996

Low SES* (mean (SD¥))

Middle SES (mean (SD))

High SES (mean (SD))

Summer Winter Summer Winter Summer Winter
Preterm births 0.38 (0.49) 0.39 (0.49) 0.36 (0.48) 0.38 (0.49) 0.32 (0.47) 0.34 (0.47)
Traffic-related pollution exposure
DWTD#* percentile

<20th 0.38 (0.49) 0.37 (0.48) 0.35 (0.48) 0.36 (0.48) 0.32 (0.47) 0.34 (0.47)

20th—<80th 0.38 (0.49) 0.39 (0.49) 0.36 (0.48) 0.38 (0.49) 0.32 (0.47) 0.33 (0.47)

>80th 0.38 (0.48) 0.41 (0.49) 0.39 (0.49) 0.40 (0.49) 0.32 (0.47) 0.36 (0.48)
Race

African American 0.48 (0.50) 0.47 (0.50) 0.41 (0.49) 0.49 (0.50) 0.40 (0.49) 0.39 (0.49)

Hispanic/Latino 0.37 (0.48) 0.38 (0.49) 0.37 (0.48) 0.38 (0.49) 0.34 (0.47) 0.35 (0.48)

Other race 0.36 (0.48) 0.30 (0.46) 0.31 (0.46) 0.33 (0.47) 0.31 (0.46) 0.32 (0.47)

White 0.39 (0.49) 0.29 (0.45) 0.34 (0.47) 0.27 (0.44) 0.28 (0.45) 0.29 (0.46)
Maternal age

<20 years 0.42 (0.49) 0.46 (0.50) 0.42 (0.49) 0.45 (0.50) 0.35 (0.48) 0.41 (0.49)

>35 years 0.43 (0.50) 0.47 (0.50) 0.42 (0.49) 0.39 (0.49) 0.34 (0.47) 0.34 (0.47)
Maternal education

<9 years 0.40 (0.49) 0.40 (0.49) 0.39 (0.49) 0.38 (0.49) 0.37 (0.48) 0.36 (0.48)

>16 years 0.29 (0.46) 0.29 (0.46) 0.29 (0.46) 0.30 (0.46) 0.28 (0.45) 0.28 (0.45)
Health insurance

Government insurance 0.39 (0.49) 0.40 (0.49) 0.37 (0.48) 0.39 (0.49) 0.35 (0.48) 0.37 (0.48)

Private insurance 0.32 (0.47) 0.33 (0.47) 0.34 (0.47) 0.35 (0.48) 0.30 (0.46) 0.31 (0.46)

No coverage 0.36 (0.48) 0.50 (0.50) 0.41 (0.49) 0.35 (0.48) 0.31 (0.46) 0.30 (0.46)
Prenatal care

First trimester 0.37 (0.48) 0.37 (0.48) 0.35 (0.48) 0.36 (0.48) 0.31 (0.46) 0.32 (0.47)

Later/none 0.40 (0.49) 0.42 (0.49) 0.39 (0.49) 0.44 (0.50) 0.38 (0.49) 0.41 (0.49)

* SES, socioeconomic status; SD, standard deviation; DWTD, distance-weighted traffic density.

DISCUSSION

We examined preterm birth within a comprehensive
framework of the social and physical environments and
individual-level risk and protective factors. Specifically,
we explored whether preterm birth risk may be affected
by the interaction of residential traffic-related air pollution
exposure (DWTD) with neighborhood economic hardship.

We found that DWTD had the greatest adverse effect in
the low SES areas during the winter season. Our findings
also suggest that middle SES neighborhoods experienced an
adverse effect in the summer and winter. However, we found
no effect in high SES neighborhoods regardless of season.
High SES neighborhoods might differ from low and middle
SES neighborhoods with respect to a number of factors influ-
encing exposure to a local pollution source such as traffic:
1) cars are newer and create less pollution in high SES neigh-
borhoods, whereas low SES areas may be frequented by a
greater percentage of older, high emitting gasoline or diesel
vehicles; or 2) homes are newer, better insulated, equipped
with air conditioning, and set back farther from the curb on
larger residential lots so that pollution from highly trafficked
roads does not affect the indoor environment as it does in low
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SES neighborhoods. Thus, one could argue that our traffic
density measure does not reflect the same locally increased
exposure from traffic at a home in high compared with low
SES neighborhoods. On the other hand, conditions during the
winter months seem to result in increased effect estimates
only in low and middle SES areas. This may suggest a com-
bination of greater vulnerability for women living in these
neighborhoods and higher localized exposures from traffic
exhaust, even when adjusting for general differences in air
pollution levels measured at background stations.

Indeed, our results indicate that the susceptibility for pre-
term birth among vulnerable groups varied by neighborhood
SES and season. As reported previously (15, 26, 28, 29), we
found that the odds of a preterm delivery were increased
among African Americans, Hispanics, and younger or older
mothers, with the biggest disparity in low and middle
SES neighborhoods during winter. We found that African-
American women face higher odds for preterm birth across
all SES strata. However, in the more economically deprived
neighborhoods, African-American women’s increased odds
of preterm delivery during winter suggest their added sus-
ceptibility to the changes in the conditions of the physical
environment. Thus, for areas affected with the cumulative
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TABLE 3. Estimated odds ratios and 95% confidence intervals from the multivariate logistic regression model for preterm birth
risk by neighborhood socioeconomic status and season, Los Angeles County, California, 1994—1996*

Low SESt Middle SES High SES
Summer Winter Summer Winter Summer Winter
95% 95% 95% 95% 95% 95%
?;?; confidence ?;?OS confidence (r):t?i)S confidence cr):t?: confidence (3;('!05 confidence ?;?; confidence
interval interval interval interval interval interval
Traffic-related pollution
exposure
DWTD+t >80th vs.
<20th percentile 093 0.76,1.13 130 107,158 119 099,143 118 099,141 093 0.80,1.09 1.00 0.85,1.17
Risk factors
African American vs.
White 1.35 092,199 221 146,335 132 094,185 258 1.81,3.68 158 1.28,194 132 1.06, 1.62
Hispanic/Latino vs.
White 0.78 054,112 1.41 0.95,2.09 1.01 0.76, 1.34 1.62 119,221 1.14 0.98,1.31 1.09 0.95, 1.27
Maternal age <20 vs.
20-30 years 1.27 1.08,1.49 1.40 1.19,1.64 1.28 1.09, 1.51 1.29 1.09, 1.51 1.02 0.85,1.21 1.23 1.03, 1.46
Maternal age >35 vs.
20-30 years 1.30 1.07,1.59 1.65 1.35,2.02 1.50 124,181 1.17 097,142 1.28 1.09,1.50 1.24 1.05, 1.45
Maternal education
<9 vs. 12 years 123 1.05,145 119 1.01,140 115 098,134 108 092,126 1.19 1.01,141 1.01 0.85, 1.21
Protective factors
Maternal education
>16 vs. 12 years 0.75 0.48,1.18 079 048,130 0.78 0.58,1.05 089 066,120 085 0.72,1.01 0.84 0.70,0.99
Government insurance vs.
no coverage 117 0.73,1.89 0.61 0.39,096 0.80 058,110 1.13 0.75,1.69 1.12 085,147 133 1.00,1.76
Private insurance vs.
no coverage 0.86 053,142 050 0.31,0.79 0.75 054,105 1.03 068,156 103 079,135 1.12 0.84,148
First trimester prenatal
care vs. later/none 0.91 0.80,1.03 0.86 0.76,098 087 0.76,098 0.75 0.67,0.85 0.79 0.69,090 0.75 0.66, 0.86

* Adjusted for infant’s sex, previous low birth weight or preterm infant, parity, interval since previous livebirth, year of birth, carbon monoxide, nitrogen dioxide,

particulate matter with a diameter of <10 um, and nitrogen trioxide.
t SES, socioeconomic status; DWTD, distance-weighted traffic density.

adverse effects of the social and physical environments, the
implication of our study is that economic development pro-
grams need to be in tandem with environmental regulation
to effectively reduce preterm births.

We found that the vulnerable groups, particularly African-
American mothers, still faced increased odds of a preterm
birth, despite living in high SES neighborhoods. This may be
attributable to several unmeasured factors: 1) there may be
race-based differential access to health services and other
neighborhood resources that may be more disparate in high
SES neighborhoods (27), or 2) individual-level social and
cultural differences may result in variations in an individ-
ual’s transformation of available neighborhood resources
that lead to better birth outcomes (30). Our study was not
designed to identify the source of these neighborhood stress-
ors, but our results suggest that social processes and
their influence on a preterm birth outcome differ by neighbor-
hood SES. This may indicate that a postulated biologic sus-
ceptibility for the outcome related to race and maturity/
exhaustion of the maternal reproductive system is heightened
when either the physical or the social environment is less
supportive (8).

Our findings concur with those from previous studies sug-
gesting that education, prenatal care, and health insurance

might mitigate the risk for preterm delivery (1,31-33). Lack-
ing a high school diploma was associated with increased risk,
but mostly in the low SES communities. We found a positive
though weak association of the protective effect of high ma-
ternal education in the low and middle SES neighborhoods,
perhaps because very few women (2-5 percent) had 16 or
more years of schooling in these strata. Government and
private health insurance, compared with the self-paying/
uninsured, appeared to benefit women, but only in low, and
not in high, SES neighborhoods. This suggests that in high
SES neighborhoods, government insurance, principally
Medicaid, acted as a marker for lower-income mothers: Rel-
ative to self-paying/uninsured women in the high SES neigh-
borhoods, these women were financially disadvantaged.
Members of more economically advantaged neighborhoods
may have higher levels of education and can avail themselves
of more choices in neighborhood resources, so that insurance
coverage has less importance and consequently has less im-
pact (34). In contrast, in the low SES neighborhoods, women
with government insurance may have been economically
better off compared with the self-paying/uninsured women
in their neighborhoods. In low SES neighborhoods, private
coverage, like government insurance, conferred a protective
effect. Although health insurance is clearly a marker for
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many unmeasured SES advantages, our results are suggestive
that health insurance, whether government or private, ap-
pears to be effective only in the most economically deprived
areas. This is consistent with the economic hypothesis that
the marginal effect of health insurance in improving health
outcomes diminishes in higher income areas because bene-
ficial outcomes are already maximized (35). Early initiation
of prenatal care had a beneficial effect in all neighborhood
settings and seasons, with no marked neighborhood SES gra-
dient. Thus, the quality of prenatal care across different SES
neighborhoods may be consistent across neighborhoods in its
effectiveness in reducing preterm births. However, access
may still be an issue since fewer women in the low and middle
SES neighborhoods received prenatal care during the first
trimester than in the high SES neighborhoods.

Study limitations include a potential bias arising from two
sources in our final sample of study subjects. First, since the
study sample included only 112 of the 269 Los Angeles ZIP
codes, it may not be representative of the entire county.
However, our results have focused policy implications be-
cause they are generalizable to many urban areas that are
affected by traffic. Second, our inability to map all eligible
subjects may have also resulted in exclusion of a higher
proportion of cases than controls, but then our DWTD esti-
mates would be biased toward the null.

We defaulted to census tracts as a plausible though ad-
mittedly imperfect definition of neighborhoods, but this is
a methodological issue grappled with by neighborhood ef-
fects research in general (12, 36). More importantly, our
neighborhood SES measure of economic hardship reflected
neighborhood economic conditions that may constrain
a pregnant woman’s choices and decisions, thereby influ-
encing her pregnancy outcome. Our results are only sugges-
tive of unobserved social processes that take place between
the woman and her residential community. Increasingly,
studies have attempted to evaluate previously unmeasured
neighborhood dynamics through hypothesized neighbor-
hood mechanisms, for example, perceived safety in a neigh-
borhood associated with the level of maternal stress during
pregnancy, and the social exchange/voluntarism/trust in
a community that may reduce a woman’s stress (11, 37).
For a future analysis, we plan to link more recent birth re-
cord data in Los Angeles County to data from the popula-
tion-based California Health Interview Survey 2003 (38).
This survey collected information on neighborhood social
support and cohesion similar to the questions used by the
Project on Human Development in Chicago Neighborhoods
(39). Another limitation of our analysis is the omission of
relevant variables not collected in the California birth cer-
tificate data, such as maternal smoking during pregnancy.
Our recent survey of 2,500 randomly selected women who
gave birth during 2003 in the ZIP code areas we studied will
provide the important information absent in our current
analysis, including individual- and household-level infor-
mation on maternal smoking, exposure to second hand
smoke, occupation, commute, indoor/outdoor living pat-
terns, and perceived discrimination.

We posited that, during winter, the physical environment
is more adverse due to increased air pollution near traffic
sources when winter thermal inversions trap exhaust (40, 41).
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However, the localized physical environment may also
be more adverse because infection rates are higher during
the winter (16, 42, 43). Wintertime pollution conditions
may thus act indirectly or synergistically with infectious
agents in increasing a pregnant woman’s susceptibility to
pollution-related reproductive failures and, consequently,
preterm births (44—47).

Finally, we cannot definitively rule out residual confound-
ing by varying neighborhood characteristics that were un-
measured, such as the presence of a community health
center in one neighborhood versus another. Future studies
should consider measuring and accounting for supply-side
resources on health and social services that may promote
healthy pregnancies.

In conclusion, we confirmed that risk for preterm delivery
is associated with individual and traffic-related pollution
exposure factors previously shown to increase risk. More
interestingly, these risks differed by neighborhood SES
and by season. A woman’s individual susceptibility to pre-
term delivery may be altered by the physical environment,
the social and economic resources available to her, and her
ability to transform these resources into beneficial birth out-
comes. Reducing preterm births therefore warrants a con-
certed effort of social, economic, and environmental
policies, focused not only on individual risk factors but also
on reducing traffic-related air pollution, expanding health-
care coverage, and improving neighborhood resources.
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