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Abstract

Background: Many environmental factors have been independently associated with preterm birth (PTB). However,
exposure is not isolated to a single environmental factor, but rather to many positive and negative factors that
co-occur. The environmental quality index (EQI), a measure of cumulative environmental exposure across all US
counties from 2000—2005, was used to investigate associations between ambient environment and PTB.

Methods: With 20002005 birth data from the National Center for Health Statistics for the United States (n = 24,483,348),
we estimated the association between increasing quintiles of the EQI and county-level and individual-level PTB; we also
considered environmental domain-specific (air, water, land, sociodemographic and built environment) and urban-rural
stratifications.

Results: Effect estimates for the relationship between environmental quality and PTB varied by domain and by urban-
rural strata but were consistent across county- and individual-level analyses. The county-level prevalence difference (PD
(95 % confidence interval) for the non-stratified EQl comparing the highest quintile (poorest environmental quality) to
the lowest quintile (best environmental quality) was —0.0166 (—0.0198, —0.0134). The air and sociodemographic domains
had the strongest associations with PTB; PDs were 0.0196 (0.0162, 0.0229) and —0.0262 (—=0.0300, —0.0224) for the air and
sociodemographic domain indices, respectively. Within the most urban strata, the PD for the sociodemographic domain

birth

index was 0.0256 (0.0205, 0.0307). Odds ratios (OR) for the individual-level analysis were congruent with PDs.

Conclusion: We observed both strong positive and negative associations between measures of broad environmental
quality and preterm birth. Associations differed by rural-urban stratum and by the five environmental domains. Our
study demonstrates the use of a large scale composite environment exposure metric with preterm birth, an important
indicator of population health and shows potential for future research.
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Background

Preterm birth (PTB), defined as live birth occurring before
37 weeks of completed gestation, is a marker for fetal
underdevelopment and a risk factor for poor health out-
comes in both the short and long term, including: infant
mortality, neurodevelopmental problems, and growth
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issues [1-4]. The United States (US) has a PTB/live birth
rate of 12 %, ranking the 54th highest out of 184 counties
with known preterm birth rates [5]. The reduction of PTB
is a national objective established by the Department of
Health and Human Services and monitored through its
Healthy People 2020 initiative [6]. As such, PTB can be
used as an indicator of population or national health [7].
While individual characteristics such as maternal age,
parity, smoking status, and maternal educational status
are well-established risk factors [1], the causal mecha-
nisms for PTB remain unclear and are thought to be
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multi-faceted. In recent years, the literature investigating
environmental factors across several environmental do-
mains, including the air, water, land, built, and sociode-
mographic, and PTB has grown considerably. This is
particularly true in the area of air pollution research,
where PTB has been associated with many contaminantes
including particulate matter, ozone, and nitrogen dioxide
[8-11]. PTB has also been associated with disinfection
byproducts and atrazine in water, as well as exposure to
other pesticides through agriculture [12—15]. In the non-
chemical environment, PTB has been associated with
neighborhood and socio-demographic characteristics,
such as neighborhood-level unemployment status, income
level, poor housing, or racial isolation [16, 17].

Though PTB is associated with many environmental
factors, approaches that address the cumulative effect of
multiple exposures simultaneously are not common.
The typical approach is to examine single exposures in-
dependently. Studies may control for one or two co-
pollutants within the media of interest, for example
adjusting for ozone when examining particulate matter,
but are unlikely to adjust for a broader set environmen-
tal factors or factors outside the media of interest, such
as adjusting for air pollutants when examining water
contaminants. Source apportionment and emissions-
based methods are useful for examining “upstream” envir-
onmental exposures that encompass individual pollutants;
however not all exposures in the broad environment lend
themselves to these methods.

Indices that reduce multiple variables to a single repre-
sentative measure are used as exposure variables in se-
lect environmental research. These methods have more
commonly been used in built and social environment re-
search, where examination of multiple variables describ-
ing neighborhood deprivation is a more useful metric of
exposure than any one indicator used singularly [18—21].
Air pollution studies have also employed index methods
to examine complex air mixtures [11]. However, index
methods are typically used within a single domain of the
environment (e.g., built or air) but not across environ-
mental domains.

To deal with the multiplicity of simultaneous environ-
mental exposures, the Environmental Quality Index (EQI)
was constructed to represent multiple domains compris-
ing the ambient environment [22]. By including informa-
tion on air contaminants, water quality, agriculture,
pesticide use, road density, housing, businesses, socioeco-
nomics, crime, and other variables, the EQI represents ex-
posures across the air, water, land, built environment, and
sociodemographic environmental domains at the county
level across the United States [22, 23]. The EQI consists of
both a single unified county-level index (the overall EQI)
and indices from each environmental domain, wherein as-
sociations with one domain may be examined while
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controlling for the other ambient environment to which
an individual is exposed. Using the EQI, researchers are
able to examine a more cumulative measure of the envir-
onment in a way that incorporates non-emitted exposures
and does not require high statistical power.

In this cross-sectional study we use the EQI to investi-
gate associations between PTB and simultaneous environ-
mental exposures. We examine county-level prevalence of
PTB in association with the EQI, as the EQI may reflect
larger-scale exposure more appropriately than small scale
or variable exposures, and to explore if there are drivers of
county-level birth outcomes. We also examine individual-
level odds of PTB in association with the EQI to under-
stand the environmental contribution to PTB above and
beyond individual-level covariates, and to investigate the
ecological environmental exposures association with
PTB at a level comparable to much of the previous
environmental-PTB literature. Because the overall en-
vironment, as represented by the EQI, is comprised of
measures that may influence health in a negative, neu-
tral, or positive manner, and we wish to better under-
stand the complex relationships between environmental
quality and health, we also examine associations be-
tween domain indices. As environments differ across
urban—rural status and different aspects may drive en-
vironmental quality in rural versus urban locations [24],
we also investigated the associations between PTB and
the EQI and domain indices stratified by rural-urban
status.

Methods

Study population

The source population included live births provided by
the National Center for Health Statistics (NCHS) for
the entire United States for the years 2000-2005 (=
24,483,348). The National Vital Statistics System of the
NCHS is a repository of all vital records collected
under state laws and compiled under Federal law; birth
data available represent all births registered in the 50
States, the District of Columbia, and New York City
[25]. The study population was restricted to singleton,
non-anomalous births, with county identifiers, recorded
gestational age, and residence within the same state as
birth occurrence (n=22,705,068). Two analytic sets
were generated from the study population. The
individual-level analytic set consisted of all births with
complete covariate information (n=22,156,095). For
the county-level analysis, total births and PTBs were
aggregated from the study population set for each
county and prevalence of PTBs/total births were con-
structed (7 = 3141 counties). Counties with fewer than
10 births or with no PTBs over the study period were
excluded (n=10; 2 from less urbanized counties, 8
from rural/isolated counties).
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Preterm birth

In both the county- and individual-level analyses, PTB
was defined as a birth occurring between 20 and 36 weeks
completed gestation (inclusive), with 37 completed weeks
and above considered term birth. Gestational age was
taken from the provided NCHS variable; this variable
combines multiple methods of gestational estimation de-
pending on available data. First, dates of birth and last
normal menses was used to compute gestational age; if
last normal menses was unavailable, then last menstrual
period date was used to impute gestational age; if last
menstrual period date was unavailable, then clinical esti-
mate of gestation was used which may include ultrasound
dating or be a clinicians estimate of gestational age at time
of birth [26, 27]. If none of this information was provided
on birth records the variable was marked as unknown due
to insufficient data [26, 27].

EQI

We used the EQI as an indicator of environmental qual-
ity at the county-level for the United States for the
period of 2000 to 2005. Full methods of the EQI’s con-
struction are described in Messer et al. [22], while data
description can be found in Lobdell et al. [23]. Briefly,
the EQI includes variables representing five environmen-
tal domains (air (n# =87), water (1 =280), land (1 =26),
built (# =14), and sociodemographic (# =12)). Domain-
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specific variables were included in principal components
analysis (PCA) and the first component was retained as
that domain’s index (air index, water index, etc.). These
indices were then combined, again using PCA, and the
first component of this PCA was retained as the EQL
To account for variation in geography and environmen-
tal drivers, we repeated this process in four rural-urban
strata: metropolitan-urbanized, non-metropolitan urban-
ized, less urbanized, and rural/isolated. These strata were
collapsed from the nine rural-urban continuum codes
(RUCC) defined by the USDA [28], as has been done
previously [29, 30]. The result was six non-stratified in-
dices (one overall EQI and five domain-specific EQIs)
and six corresponding indices for each of the four RUCC
strata (Fig. 1). Higher values for each index were con-
structed to correspond to poorer environmental quality.

Data analyses—county-level

For the county-level analysis, we defined the county
prevalence of PTB as the ratio of PTBs to all live births
per county. The exposure variables for the analyses were:
non-stratified and RUCC-stratified EQI, and non-stratified
and RUCC-stratified domain-specific indices. Index values
were linked to PTB prevalences by maternal county of
residence. Linear regression was used to estimate preva-
lence differences (PDs) and 95 % confidence intervals
(CIs) for upper 4 quintiles of each index compared to the
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Fig. 1 Principal components analysis concept for Environmental Quality Index (EQI). Performed for all counties and each of the four strata of the
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lowest quintile; each domain quintile was entered into the
model as an indicator value, which allows for non-
monotonic associations with increasing values. Though
indices were initially continuous, quantiles were more
meaningful than the continuous variable as associations
can be interpreted as the difference between the areas
with the best environmental quality (lowest quintile cat-
egory) and areas with poorer environmental quality. PDs
were reported as proportions; positive PDs indicate an in-
crease in PTBs, while negative PDs indicate a decrease in
PTBs, with a null value at zero. Domain indices were en-
tered simultaneously into models (i.e., air index results are
adjusted for water, land, built and sociodemographic ex-
posure). Due to the “upstream” (i.e., higher level and af-
fected by fewer factors) and inclusive nature of the
exposure, we identified few potential confounders for in-
clusion in the county-level models. However racial
composition of counties may be a driver of environ-
mental quality, due to siting of disamenities, environ-
mental justice issues, as well as other issues [31].
Therefore, county-level proportion of minority resi-
dents (from census data) was included as a covariate.

Data analysis-individual-level

For the individual-level analysis, the outcome was individ-
ual PTB status. The exposure variables for the analyses
were: non-stratified and RUCC-stratified EQI, and non-
stratified and RUCC-stratified domain-specific indices for
maternal county of residence. We used multilevel logistic
models accounting for clustering at the county-level to es-
timate odds ratios (ORs) and Cls for upper 4 quintiles of
indices compared to the lowest quintile. In this analysis,
the null value was one. Domain indices were entered sim-
ultaneously into models. We identified potential con-
founders a priori based on previous environmental
literature and knowledge of factors influencing PTB.
Models were adjusted for maternal age (<20, 20-29, 30—
39, >39), education (less than high school, high school
graduate, greater than high school), and marital status
(married, unmarried). These maternal demographic
factors are risk factors of PTB and associated with socio-
economic status, which can influence where a woman re-
sides and therefore environmental exposures. We adjusted
for individual level education (as a covariate), even though
area-level education is included in the sociodemographic
domain, to enable us to estimate the area-level effects on
health outcomes, over and above the individual-level char-
acteristics. Further, both characteristics may act separately
on health outcomes [32]. All adjustment variables were
extracted from birth certificates.

Sensitivity analyses
We conducted two sensitivity analyses in this study. In the
first, we examined joint effect estimates with simultaneous
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quintile increases in all domain indices. We did this be-
cause a simultaneous change from 1st to 5th quintile in all
five indices is not the same as a 1st to 5th quintile change
in the overall index. By examining overall trends we can
investigate the sensitivity of the estimated effects from the
EQI Secondly, because access to prenatal care for unin-
sured women varied at the state level and this access may
influence risk of PTB, we also performed a sensitivity ana-
lysis with adjustment for state as a proxy for available
care.

Results

Population description

There were 3131 counties included in the analysis. Of
these, 35 % (1089) were metropolitan-urbanized, 10 %
(323) were non-metropolitan urbanized, 34 % (1057)
were less-urbanized, and 21 % (662) were rural/isolated.
County-level prevalence of PTB had a mean (standard
deviation) of 1042 % (4.12 %), with an interquartile
range of 4.15 %.

There were 22,609,391 women included in the
individual-level analysis (Table 1). Births primarily oc-
curred in the most metropolitan areas (84 % overall).
Women with preterm births were more likely to be
Black, unmarried, and have attained lower educational
status than women with term births. Women with pre-
term births were also more likely to be at either end of
the age distribution (<20 or >39) than women with term
births. The births that were excluded because of missing
covariate information were similar in their preterm birth
proportion to the births retained for the analysis; ex-
cluded births had a PTB proportion of 11 %, while in-
cluded births had a PTB proportion of 10 %.

County-level EQI results

Models of county-level PDs were used to explore drivers
of county-level PTB. Associations between the air do-
main index and PTB were generally positive for county-
level analyses; with worsening air quality prevalence of
preterm birth increased (Fig. 2). For example, in the
non-stratified county level analysis the PD (95 % CI) for
highest quartile compared to the lowest was 0.0196
(0.0162, 0.0229). Patterns of associations between the air
domain and PTB were also similar across rural-urban
strata, in that there was an increase in PTB prevalence
with worsening air quality. However, the magnitude of the
increase differed across strata, with the metropolitan-
urbanized strata having the lower PDs, and in the more
urban strata there was the appearance of a plateauing of
effect estimate at the 4th and 5th quintiles.

Effect estimates with the water domain index tended
to be negative and near-null, or null. For example, the
PD for the 4th quintile compared to the 1st quintile in the
less urbanized stratum was -0.0069 (-0.0112, —0.0025)
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Table 1 Demographics of individuals in study population by
preterm status (n (%))

Characteristic Preterm Term
Total 2,335,880 (10) 20,369,188 (90)
Maternal race
White, non-Hispanic 1,139,435 (49) 11,719,095 (58)
Black, non-Hispanic 524453 (22) 2,771,770 (14)
Hispanic 524477 (22) 4462,084 (22)
Other 128,440 (5) 1,239,083 (6)
Missing 19,075 (1) 177,156 (1)
Marital status
Married 1,308,539 (56) 13,482,654 (66)
Unmarried 1,027,341 (44) 6,886,534 (34)
Maternal age
<20 335318 (14) 2213480 (11)
20-29 1,186,750 (51) 10,700,735 (53)
30-39 744,495 (32) 6,982,810 (34)
>39 69,317 (3) 472,163 (2)
Maternal education
<HS 613,828 (26) 4,295,592 (21)
HS 761,100 (33) 6,145,251 (30)
>HS 923,370 (40) 9,665,601 (47)
Missing 37,582 (2) 262,744 (1)
Rural-urban stratum
Metropolitan urbanized 1,956,542 (84) 17,214,809 (85)
Nonmetropolitan urbanized 156,155 (7) 1,320,384 (6)
Less urbanized 179,568 (8) 1,469,263 (7)
Thinly populated/rural 33,138 (1) 279,532 (1)

and for the metropolitan urbanized stratum was 0.0003
(-0.0043, 0.0048). Patterns of PDs appeared to be mostly
flat, with all estimates being negative or null rather than
trending in a particular direction. We observed consistent
negative effect estimates only in the less urbanized coun-
ties, while PDs in the other strata either remain null or
fluctuate around the null.

Associations for the land and built domains were
similar and both tended to be either negative or null,
with generally decreasing PTB as built or land quality
worsened. For example, in the land domain (non-
stratified) the PD for the 3rd quintile was —0.0051
(-0.0082, -0.002), and the PD for the 5th quintile
was —0.0094 (-0.0127, -0.0061). The most consistent
effect estimates were in the metropolitan urbanized
strata, where a negative trend was observed. Other
strata also showed negative PDs, however estimates
were similar with worsening quality.

Effect estimates for the sociodemographic domain had
clear trends in all strata; however the direction of those
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trends changed depending on the particular rural-urban
stratum. For example, in the metropolitan urbanized
stratum (highest to lowest quintile) the PD was 0.0256
(0.0205, 0.0307), while in the less urbanized stratum the
PD was -0.0258 (-0.0318, —0.0199). PDs in the nonmet-
ropolitan urbanized, less urbanized, and rural/isolated
strata all showed decreasing ORs with worsening socio-
demographic quality. However, in the metropolitan ur-
banized strata the opposite trend was shown, with
worsening sociodemographic quality associated with in-
creasing prevalence of PTB.

The EQIL which combines all individual domains into a
single index, showed consistent decreases in PTB with in-
creasing quartiles or worsening environmental quality. PDs
for the non-stratified 2nd to 5th quintiles were: —0.0021
(-0.0052, 0.001), -0.0038 (-0.007, -0.0007), -0.0098
(-0.013, -0.0066), —0.0166 (—0.0198, —0.0134).

Individual-level EQI results

To understand the environmental contribution to PTB
above and beyond individual-level covariates we exam-
ined individual-level ORs. As in the county-level ana-
lysis, associations between the air domain and PTB were
generally positive in the individual-level analysis (Fig. 2).
However, trends were not as straightforward. Non-
stratified ORs showed increases, but plateau between the
4th and 5th quintiles. In the metropolitan urbanized
stratum, ORs were elevated from the null, but were also
flat across quintiles. While in the nonmetropolitan ur-
banized and less urbanized strata there was a more clear
increasing trend (e.g., nonmetropolitan urbanized, 3rd
quintile OR: 1.04 (0.97, 1.10), 5th quintile OR: 1.13
(1.06, 1.21)). In the rural/isolated stratum ORs were ele-
vated from the null but increase from one another only
from the 4th to 5th quintiles (OR 4th quintile: 1.08
(0.99, 1.17), OR 5th quintile: 1.16 (1.07, 1.26)).

In the water domain, ORs were generally null, with the
exception of the less urbanized stratum where they were
slightly negative. Similarly, ORs for the land domain
were near-null or negative; non-stratified ORs showed a
negative trend (OR 2nd quintile: 1.01 (0.99, 1.04), OR
5th quintile: 0.99 (0.97, 1.01)), while the trend was not
clear in the stratified results.

Associations for the built environment and PTB were
generally negative. In the metropolitan urban and non-
metropolitan urban strata, and in the non-stratified ana-
lysis, there were negative trends, with worsening built
environment being associated with lower ORs of PTB
(5th quintile: 0.89 (0.87, 0.91)). In the less urban and
rural/isolated strata the lower quintiles had null associa-
tions with PTB, while the highest quintile had an inverse
OR (rural/isolated OR, 2nd quintile: 1.00 (0.92, 1.07),
5th quintile: 0.92 (0.85, 1.00)).
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(See figure on previous page.)

Fig. 2 Prevalence differences for county (left) and odds ratios for individual (right) analyses of preterm birth and environmental quality across
rural-urban strata. Quintiles compared to lowest (“best environmental quality”) increasing from left to right. County-level analyses adjusted for race
(proportion of minority residents), individual-level analyses adjusted for maternal race, education, age at delivery. Analyses of domain specific
indices were adjusted for other domain indices (air for water, land, built, and sociodemographic). SD = Sociodemographic

In the sociodemographic domain, patterns of ORs
were similar to PDs in the individual-level analysis; ORs
had clear trends in all strata, but the trend direction was
different in the metropolitan urban stratum. In the non-
stratified, nonmetropolitan urban, less urban, and rural/
isolated strata the ORs for PTB decreased with worsen-
ing sociodemographic environmental quality (increasing
quintiles) (ex ORs for non-stratified analysis 2nd quin-
tile: 0.94 (0.92, 0.96), 5th quintile: 0.81 (0.79, 0.83)).
While the metropolitan urban stratum had the opposite
trend, with worsening sociodemographic quality associ-
ated with increasing ORs for PTB (2nd quintile: 1.04
(1.00, 1.07), 5th quintile: 1.15 (1.11, 1.18)).

With worsening overall environmental quality/increas-
ing quartiles of the EQI, ORs for PTB were negative and
consistently decreased. ORs for the non-stratified 2nd to
5th quintiles: 0.96 (0.94, 0.99), 0.93 (0.91, 0.95), 0.87
(0.85, 0.89), 0.82 (0.80, 0.84).

Sensitivity analyses

Joint effect estimates with all domains increasing simul-
taneously were similar to effect estimates using the EQI
as exposure, though shifted upwards in the metropolitan
urban strata; overall trends were the same between ana-
lyses (Table 2). Effect estimates from analyses with state-

Table 2 Effect estimates for simultaneous joint-change sensitivity analyses

County-level prevalence differences

Individual-level odds ratios

Strata EQl Joint-change EQl Joint-change
Overall Q1 ref ref ref ref
Q2 —0.0021 (-=0.0052, 0.001) —0.0047 (-0.0112, 0.0018) 0.96 (0.94, 0.99) 0.93 (0.89, 0.99)
Q3 —0.0038 (-0.007, —0.0007) —-0.0123 (-0.0186, —0.0059) 0.93 (0.91, 0.95) 0.90 (0.85, 0.94)
Q4 —0.0098 (-0.013, —0.0066) —0.0178 (=0.0241, —0.0115) 0.87 (0.85, 0.89) 0.83 (0.79, 0.87)
Q5 —0.0166 (-0.0198, —0.0134) —0.0312 (-0.0365, —0.0259) 0.82 (0.80, 0.84) 0.74 (0.71,0.77)
Metropolitan urbanized Q1 ref ref ref ref
Q2 0.0025 (-0.002, 0.0071) 0.0042 (-0.0052, 0.0135) 1.01 (0.98, 1.05) 1.07 (1.00, 1.15)
Q3 —0.0092 (-0.0138, —0.0046) —0.003 (-0.0122, 0.0062) 0.92 (0.88, 0.95) 1.02 (95, 1.1)
Q4 —0.012 (-0.0166, —0.0075) 0.0033 (-0.0059, 0.0126) 0.90 (0.87, 0.93) 0.98 (091, 1.05)
Q5 —0.0207 (-0.0253, —0.0161) 0.0033 (-0.0065, 0.0131) 0.83 (0.80, 0.85) 0.94 (087, 1.01)
Non-metropolitan urbanized Q1 ref ref ref ref
Q2 0.0049 (-0.0023, 0.0122) 0.0078 (—-0.006, 0.0217) 0.99 (0.93, 1.05) 1.00 (0.88, 1.15)
Q3 0.0046 (-0.0035, 0.0126) —0.0154 (-0.0307, 0) 0.96 (0.90, 1.02) 0.82 (0.71, 0.94)
Q4 —0.001 (-0.0094, 0.0074) —0.0044 (-0.0183, 0.0095) 0.90 (0.85, 0.96) 0.84 (0.74, 0.95)
Q5 —0.0091 (-=0.0176, —0.0005) -0.0069 (-0.0215, 0.0077) 0.82 (0.77, 0.88) 0.79 (0.70, 0.90)
Less urban Q1 ref ref ref ref
Q2 —0.0046 (—0.0093, 0.0002) —0.0059 (-0.0152, 0.0034) 0.97 (0.93, 1.01) 0.93 (0.85, 1.02)
Q3 —0.0105 (-=0.0155, —0.0055) —-0.0179 (-0.0273, —0.0085) 0.89 (0.85, 0.93) 0.82 (0.75, 0.90)
Q4 —0.0183 (-0.0235, —0.013) —-0.0231 (-0.0329, —0.0134) 0.82 (0.79, 0.86) 0.75 (068, 0.82)
Q5 —0.0249 (-0.0303, —0.0195) —0.0253 (-0.0346, —0.0159) 0.76 (0.72, 0.79) 1 (0,65, 0.78)
Rural/isolated Q1 ref ref ref ref
Q2 —0.0016 (-0.0112, 0.0081) 0.0104 (-0.0088, 0.0296) 0.94 (0.88, 1.01) 1.03 (0.88, 1.20)
Q3 —0.0052 (=0.0151, 0.0048) 0.0012 (-=0.0193, 0.0217) 0.87 (0.80, 0.93) 0.87 (0.73, 1.02)
Q4 —0.0145 (-0.0248, —0.0043) —0.009 (-0.0305, 0.0126) 081 (0.75, 0.87) 0.80 (067, 0.94)
Q5 —0.0222 (-0.0326, —0.0117) —0.0073 (-0.027, 0.0125) 0.73 (0.68, 0.79) 1(0.70, 0.95)
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level adjustment were similar to those without state-
level adjustment (data not shown).

Discussion

We observed both strong positive and negative associa-
tions between measures of broad environmental quality
and preterm birth. Associations differed by rural-urban
stratum and by the five environmental domains. We ob-
served associations in both county-level and individual-
level analyses; those results tracked similarly, potentially
indicating the EQI and domain specific indices as robust
predictors of both county- and individual-level out-
comes. Decreasing environmental quality (increasing
EQI) was consistently associated with decreased county-
level prevalence and individual-level odds of PTB; this is
likely due to the combinations of the effects of individual
domains. Worsening air quality (increasing air domain
index) was consistently associated with increases in PTB,
while the water, built, and land domain indices had null
or negative associations with PTB. The sociodemo-
graphic domain index was positively associated with
PTB in the metropolitan urbanized strata, but negatively
associated with PTB in all other stratum and in the non-
stratified analysis.

Few other studies have looked at composite environ-
mental exposures in association with PTB. Of those that
have, several examined sociodemographic or built envir-
onment indices, all based on similar techniques; these
studies have primarily examined areas that would be
classified as metropolitan urbanized [18-21]. Though
there were variations in each index used, generally these
studies found that higher deprivation/lower socioeco-
nomic advantage was associated with poorer birth out-
comes and increased PTB. We observed results similar
to these studies when examining the most urban stratum
(metropolitan urbanized). This may reflect the better
quality of data or better defined “neighborhood” qualities
for this stratum. There may also be different drivers of
the sociodemographic environment in the less urban
strata that were not adequately represented by the data
available for the EQI.

Differences in patterns of association across rural—
urban strata may be explained through differing contri-
butions of variable loadings. In principal component
analysis, variable loadings represent the strength of a
variable’s contribution to the index value. In our analysis,
these loadings differed across rural-urban strata; for ex-
ample, in the sociodemographic domain index, percent
of people at or below poverty level loaded highly positive
in the metropolitan urban stratum (0.45) and highly
negative for all other strata [22]. The different loadings
across rural-urban strata may indicate differences in the
environmental drivers of the observed associations
across the strata, which potentially explains the observed
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variation in patterns of association, particularly in the
sociodemographic domain. While variables were coded
to load positively if they were associated with poor
health outcomes, the tiered nature of the EQI construc-
tion may result in reversal of this coding if domain indi-
ces varied in opposite directions. It is also possible that
uniformity or limited variation in the input variables to
the EQI could lead to differential statistical power to de-
tect associations across rural-urban strata. However,
examining the ranges of variables, this generally does
not seem to be a factor. For example, the ranges of per-
cent earning greater than high school education across
strata are: metropolitan urbanized 1.0-91.9; nonmetro-
politan urbanized 1.9-92.1; less urban 0.7-84.8, and
rural 0.4-85.4 [22]. Another possible explanation for ob-
served differences is that the most accurate or complete
data were often from the most urban counties. There-
fore, it is possible that those counties were most repre-
sentative of actual environmental quality exposure. In
regard to the sociodemographic domain specifically, pre-
vious research has largely considered urban poverty
when investigating poverty effects on health status. In
the urban strata we see the results we might expect
given previous work. Given the results in non-urban
strata, it may be that rural poverty is substantially differ-
ent than urban poverty and living in a non-urban area is
not associated with the same risk that is observed in
other studies because of their setting. This issue may be
addressed in future versions of the EQI by attempting to
identify better markers of the rural and suburban socio-
demographic environment and incorporate those into
the EQL

For air pollution, Wilhelm et al. ([11]) examined asso-
ciations with PTB using factor analysis from monitoring
station measurements and land use regression estimates
of pollutant concentration. In this study, the factors pro-
duced were not used as the main exposure variables, but
used to identify the smallest number of pollutants that
could be used as adjustment factors for co-pollutants.
For example, rather than using the 1st factor as a stand
in for the 13 pollutants with high loadings for that fac-
tor, ammonium nitrate PM, 5 was selected to represent
all of them, and sensitivity analyses were performed by
using a different variable and comparing results [11].
They found increased effect estimates with the represen-
tative variable for the 1st factor (representing: NO,,
elemental carbon, organic carbon, diesel PM, 5, benzene,
and PAHs, among others) but found null associations
for other factors and negative effect estimates for ammo-
nium sulfate PM, 5 [11]. There are a number of differ-
ences between our analyses and Wilhelm et al’s; in
particular, they used individual exposures while we
employed ecologic exposures at the county level, and
they used representative pollutants while we retain the
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composite metric. However, in both studies an increase
of air pollution was associated with increases in PTB.

To our knowledge, no research has been performed
that examines composite indices of water or land quality
measures in association with PTB. Further, no research
has examined cumulative environmental quality, includ-
ing multiple environmental domains and both poten-
tially beneficial and detrimental exposures in association
with preterm birth.

In general, data were more readily available across all
domains for the most urban areas, with the need for
more reliance on estimation in the suburban and rural
areas. The differential availability of data across strata
gives rise to the possibility of differential misclassifica-
tion based on urban—rural strata. Variables were chosen
to represent domains as a whole, before stratification. It
is possible that variable selection specific to a rural—
urban stratum would result in different choices for each
stratum. There are also likely to be differences in indi-
vidual versus county exposure representation across
strata. For example, in the less urban areas for the air
domain, county level exposures were more likely to be
reflective of personal exposure. We know that there was
substantial heterogeneity in urban air concentrations
[33-35] which was smoothed over with a county-level
approach, but in areas where concentrations may not
change as rapidly, a county-level approach may capture
exposure as well as more granular measurements. As a
corollary, individual exposures in areas where rapid
change was expected may not be well represented, such
as in highly urban areas. However, in our analysis
county-level and individual-level assessment yielded
similar results.

Other potential limitations include the broad nature of
the exposure metric; the ecological nature of the EQI
and the cross-sectional nature of this analysis mean that
our exposure was distal to preterm birth. Mechanisms
directly linking environmental quality to PTB were also
not well described in the literature and unlikely to act
through a single pathway. The EQI represents the envir-
onment over a 5-year period at the county level, and
may mask variation in environmental factors over this
period. While the individual domains of the EQI were
constructed to be negative (e.g., higher concentrations of
air pollution are a negative aspect of environmental
quality), some factors may be either negative, positive, or
neutral and this may obfuscate final interpretation of the
domains to which these factors contribute. For example,
high street density in the built environment domain may
indicate high walkability of a county or it may be that
these are counties with more road traffic and limited
sidewalks. Unfortunately, given the resolution of the data
and the need to cover the entire United States, it was
not possible to untangle subtler meanings. This should
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be taken into account when interpreting the observed
associations that are inverse or negative.

Strengths of this analysis include the use of the broad
environmental context that covers hundreds of expo-
sures simultaneously across several media and the ability
to examine effects across the entire United States. Much
of environmental research focuses on single exposure
models without other environmental factors, or adjusts
for potentially highly correlated environmental factors
which makes interpretation of effect estimates more dif-
ficult. We used birth registry data for the entire United
States in this analysis, enabling a large, population-based
study. Confounding was unlikely given the comprehen-
siveness and “upstream” nature of the exposure and the
inclusion of a proxy for race, though the possibility for
effect measure modification, such as by race/ethnicity,
remains.

Conclusion

The EQI has the potential to be a useful tool in epidemio-
logic studies of PTB. Our study shows utility of the EQI at
examining environmental associations with both county-
level prevalences and individual levels odds of adverse
health outcomes. Further research using the EQI and its
constituent domains could include them for adjustment
when examining individual environmental exposures (e.g.,
adjusting for general air quality or the rest of the ambient
environment when examining the effects of particulate
matter in detail). Although the research presented here is
not without limitations, we believe the EQI to be a useful
environmental quality metric at the county level and to
have meaningful potential for future use.

This study was a cross-sectional analysis of PTB and
environmental quality, using a new metric of composite
environmental quality. We observed both positive and
negative associations for preterm birth with overall en-
vironmental quality and with domain-specific indices in
both county and individual analyses. We observed differ-
ent patterns of effect across urban—rural strata, particu-
larly for the sociodemographic domain, and to a lesser
extent the air domain, potentially highlighting the rela-
tive importance of different domains depending on the
degree of urbanicity. This study takes the focus from sin-
gle harmful environmental exposures to a broader view
of the environment encompassing several domains, and
provides context for further studies of birth outcomes
and the broad environment.

Abbreviations

Cl: Confidence interval; EPA: United States Environmental Protection Agency;
EQl: Environmental Quality Index; NCHS: National Center for Health Statistics;
OR: Odds ratio; PCA: Principal component analysis; PD: Prevalence difference;
PTB: Preterm birth; RUCC: Rural-urban continuum code; US: United States.

Competing interests
The authors declare that they have no competing interests.



Rappazzo et al. Environmental Health (2015) 14:50

Authors’ contributions

KMR contributed to the study conception, contributed to the construction of
the EQI, performed all statistical analyses, and drafted the manuscript. LCM
constructed the EQI and contributed to manuscript revisions. JSJ contributed
to the construction of the EQI and manuscript revisions. CLG contributed to
statistical analyses, variable construction, and manuscript revisions. SCG
contributed to manuscript revisions. DTL conceived of the EQI, oversaw its
design and coordination, oversaw coordination of this study, and
contributed to manuscript revisions. All authors read and approved the final
manuscript.

Acknowledgements

The Office of Research and Development (ORD), U.S. Environmental
Protection Agency (EPA), partially funded the research with L. C. Messer
(Contracts WCF DP26H0001 and EP09D000003) and also supported in part
by an appointment to the Internship/Research Participation Program at
Office of Research and Development (National Center for Environmental
Assessment and National Health and Environmental Effects Research
Laboratory), U.S. Environmental Protection Agency, administered by the Oak
Ridge Institute for Science and Education through an interagency agreement
between the U.S. Department of Energy and EPA. The authors wish to thank
Lisa Vinikoor-Imler for her insightful review of this manuscript.

Disclaimer

The views expressed in this manuscript are those of the authors and do not
necessarily reflect the views or policies of the U.S. Environmental Protection
Agency. Mention of trade names or commercial products does not
constitute endorsement or recommendation for use.

Author details

'Oak Ridge Institute for Science and Education at the U.S. Environmental
Protection Agency, National Center for Environmental Assessment, U.S.
Environmental Protection Agency, Research Triangle Park, NC, USA. 2School
of Community Health; College of Urban and Public Affairs, Portland State
University, Portland, OR, USA. 3Division of Environmental and Occupational
Health Sciences, School of Public Health, University of lllinois, Chicago,
Chicago, IL, USA. 4GiIIings School of Global Public Health, University of North
Carolina, Chapel Hill, NC, USA. *Oak Ridge Institute for Science and Education
at the U.S. Environmental Protection Agency, National Health and
Environmental Effects Research Laboratory, U.S. Environmental Protection
Agency, Chapel Hill, NC, USA. SNational Health and Environmental Effects
Research Laboratory, U.S. Environmental Protection Agency, Chapel Hill, NC,
USA.

Received: 4 February 2015 Accepted: 29 May 2015
Published online: 09 June 2015

References

1. Butler AS, Behrman RE. Preterm Birth: Causes, Consequences, and
Prevention. Washington, DC: National Academies Press; 2007.

2. Gilbert WM, Nesbitt TS, Danielsen B. The cost of prematurity: quantification
by gestational age and birth weight. Obstet Gynecol. 2003;102(3):488-92.

3. Mathews T, Mac Dorman MF. Infant mortality statistics from the 2006 period
linked birth/infant death data set. Natl Vital Stat Rep. 2010;58(17):1-31.

4. Saigal S, Doyle LW. An overview of mortality and sequelae of preterm birth
from infancy to adulthood. Lancet. 2008;371(9608):261-9.

5. March of Dimes. Born Too Soon: the Global Action Report on Preterm Birth.
2015. http://www.marchofdimes.org/mission/global-preterm.aspx. Accessed
April 22 2015.

6. US. DHHS (United States Department of Human Health Services). 2020
Topics & Objectives: Maternal, Infant, and Child Health. 2015. http://
www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-
child-health/objectives. Accessed April 22 2015.

7. US. DHHS (United States Department of Human Health Services). Leading
Health Indicators: 2020 LHI Topics: Maternal, Infant, & Child Health. 2015.
http://www.healthypeople.gov/2020/leading-health-indicators/2020-Ihi-
topics/Maternal-Infant-and-Child-Health. Accessed April 22 2015.

8. Olsson KM, Jais X. Birth control and pregnancy management in pulmonary
hypertension. Semin Respir Crit Care Med. 2013;34(5):681-8.

9. Rappazzo KM, Daniels JL, Messer LC, Poole C, Lobdell DT. Exposure to fine
particulate matter during pregnancy and risk of preterm birth among

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

Page 10 of 11

women in New Jersey, Ohio, and Pennsylvania, 2000-2005. Environ Health
Perspect. 2014;122(9):992-7.

Stieb DM, Chen L, Eshoul M, Judek S. Ambient air pollution, birth weight
and preterm birth: a systematic review and meta-analysis. Environ Res.
2012;,117:100-11.

Wilhelm M, Ghosh JK, Su J, Cockburn M, Jerrett M, Ritz B. Traffic-related air
toxics and preterm birth: a population-based case-control study in Los
Angeles County, California. Environ Health. 2011;10:89.

Ferguson KK, O'Neill MS, Meeker JD. Environmental contaminant exposures
and preterm birth: a comprehensive review. J Toxicol Environ Health B Crit
Rev. 2013;16(2):69-113.

Kadhel P, Monfort C, Costet N, Rouget F, Thome JP, Multigner L, et al.
Chlordecone exposure, length of gestation, and risk of preterm birth. Am J
Epidemiol. 2014;179(5):536-44.

Rinsky JL, Hopenhayn C, Golla V, Browning S, Bush HM. Atrazine exposure in
public drinking water and preterm birth. Public Health Rep. 2012,127(1):72-80.
Rivera-Nunez Z, Wright JM. Association of brominated trihalomethane and
haloacetic acid exposure with fetal growth and preterm delivery in
Massachusetts. J Occup Environ Med. 2013;55(10):1125-34.

Anthopolos R, James SA, Gelfand AE, Miranda ML. A spatial measure of
neighborhood level racial isolation applied to low birthweight, preterm
birth, and birthweight in North Carolina. Spat Spatiotemporal Epidemiol.
2011;2(4):235-46.

Messer LC, Vinikoor LC, Laraia BA, Kaufman JS, Eyster J, Holzman C, et al.
Socioeconomic domains and associations with preterm birth. Soc Sci Med.
2008;67(8):1247-57.

Kaufman JS, Alonso FT, Pino P. Multi-level modeling of social factors and
preterm delivery in Santiago de Chile. BMC Pregnancy Childbirth. 2008,8:46.
Miranda ML, Messer LC, Kroeger GL. Associations between the quality of the
residential built environment and pregnancy outcomes among women in
North Carolina. Environ Health Perspect. 2012;120(3):471-7.

O'Campo P, Burke JG, Culhane J, Elo IT, Eyster J, Holzman C, 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.

Schempf AH, Kaufman JS, Messer LC, Mendola P. The neighborhood
contribution to black-white perinatal disparities: an example from two north
Carolina counties, 1999-2001. Am J Epidemiol. 2011;174(6):744-52.

Messer LC, Jagai JS, Rappazzo KM, Lobdell DT. Construction of an environmental
quality index for public health research. Environ Health. 2014;13(1):39.

Lobdell DT, Jagai JS, Rappazzo K, Messer LC. Data sources for an
environmental quality index: availability, quality, and utility. Am J Public
Health. 2011;101 Suppl 1:5277-85.

Hall SA, Kaufman JS, Ricketts TC. Defining urban and rural areas in U.S.
epidemiologic studies. J Urban Health. 2006;83(2):162-75.

CDC (Centers for Disease Control and Prevention). National Vital Statistics
System: Birth Data. 2015. http//www.cdc.gov/nchs/birthshtm. Accessed
April 22 2015.

NCHS. (National Center for Health Statistics): Instruction manual part 12:
Computer edits for natality data, effective 1993. Vital statistics, data
preparation. In. National Center for Health Statistics: Hyattsville, Maryland;
1995.

NCHS. (National Center for Health Statistics): Instruction manual part 12:
Computer edits for natality data-2003 Revised Certificate. In. National
Center for Health Statistics: Hyattsville, Maryland; 2003.

USDA (United States Department of Agriculture, Economic Research
Service). Rural-urban Continuum Codes. 2013. http://www.ers.usda.gov/
data-products/rural-urban-continuum-codes/

documentation.aspxi# VEfoLPNF8QE. Accessed April 22 2015.

Luben TJ, Messer LC, Mendola P, Carozza SE, Horel SA, Langlois PH. Urban-
rural residence and the occurrence of neural tube defects in Texas, 1999-
2003. Health Place. 2009;15(3):848-54.

Messer LC, Luben TJ, Mendola P, Carozza SE, Horel SA, Langlois PH. Urban-
rural residence and the occurrence of cleft lip and cleft palate in Texas,
1999-2003. Ann Epidemiol. 2010;20(1):32-9.

Soobader M, Cubbin C, Gee GC, Rosenbaum A, Laurenson J. Levels of
analysis for the study of environmental health disparities. Environ Res.
2006;102(2):172-80.

Luo Z-C, Wilkins R, Kramer MS. Effect of neighbourhood income and maternal
education on birth outcomes: a population-based study. Can Med Assoc J.
2006;174(10):1415-20.


http://www.marchofdimes.org/mission/global-preterm.aspx
http://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
http://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
http://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
http://www.healthypeople.gov/2020/leading-health-indicators/2020-lhi-topics/Maternal-Infant-and-Child-Health
http://www.healthypeople.gov/2020/leading-health-indicators/2020-lhi-topics/Maternal-Infant-and-Child-Health
http://www.cdc.gov/nchs/births.htm
http://www.ers.usda.gov/data-products/rural%E2%80%93urban-continuum-codes/documentation.aspx#.VEfoLPnF8QE
http://www.ers.usda.gov/data-products/rural%E2%80%93urban-continuum-codes/documentation.aspx#.VEfoLPnF8QE
http://www.ers.usda.gov/data-products/rural%E2%80%93urban-continuum-codes/documentation.aspx#.VEfoLPnF8QE

Rappazzo et al. Environmental Health (2015) 14:50

33.

34.

35.

Jerrett M, Arain M, Kanaroglou P, Beckerman B, Crouse D, Gilbert N, et al.

Modeling the intraurban variability of ambient traffic pollution in Toronto,

Canada. J Toxic Environ Health A. 2007;70(3-4):200-12.

Kingham S, Briggs D, Elliott P, Fischer P, Lebret E. Spatial variations in the
concentrations of traffic-related pollutants in indoor and outdoor air in
Huddersfield, England. Atmos Environ. 2000;34(6):905-16.

Monn C. Exposure assessment of air pollutants: a review on spatial
heterogeneity and indoor/outdoor/personal exposure to suspended
particulate matter, nitrogen dioxide and ozone. Atmos Environ.
2001;35(1):1-32.

Page 11 of 11

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population
	Preterm birth
	EQI
	Data analyses–county-level
	Data analysis–individual-level
	Sensitivity analyses

	Results
	Population description
	County-level EQI results
	Individual-level EQI results
	Sensitivity analyses

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Disclaimer
	Author details
	References



