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Abstract We sought to assess (1) the relationship between
air particulate pollutants and feto-infant morbidity outcomes
and (2) the impact of a Federal Healthy Start program on this
relationship. This is a retrospective cohort study using de-
identified hospital discharge information linked to vital
records, and air pollution data from 2000 through 2007 for
the zip codes served by the Central Hillsborough Federal
Healthy Start Project in Tampa, Florida. Mathematical
modeling was employed to compute minimal Euclidean
distances to capture exposure to ambient air particulate
matter. The outcomes of interest were low birth weight
(LBW), very low birth weight (VLBW), small for gestational
age, preterm (PTB), and very preterm birth. We used odds
ratios to approximate relative risks. A total of 12,356 live
births were analyzed. Overall, women exposed to air par-
ticulate pollutants were at elevated risk for LBW (AOR =
1.24; 95% CI = 1.07-1.43), VLBW (AOR = 1.58; 95%
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CI = 1.09-2.29) and PTB (AOR = 1.18; 95% CI =
1.03-1.34). Analysis by race/ethnicity revealed that the
adverse effects of air particulate pollutants were most pro-
found among black infants. Infants of women who received
services provided by the Central Hillsborough Federal
Healthy Start Project experienced improved feto-infant
morbidity outcomes despite exposure to air particulate pol-
lutants. Environmental air pollutants represent important
risk factors for adverse birth outcomes, particularly among
black women. Multi-level interventional approaches
implemented by the Central Hillsborough Federal Healthy
Start were found to be associated with reduced likelihood for
feto-infant morbidities triggered by exposure to ambient air
particulate pollutants.

Keywords Healthy start - Air particulate pollutants -
Low birth weight - Preterm birth - Disparity

Introduction

Ambient air pollutants, such as particulate matter (PM),
nitrogen dioxide (NO,), sulfur dioxide (SO,), carbon
monoxide (CO), and secondary pollutant ozone (Os), are a
significant public health concern due to their deleterious
effects on the health of the general population. They are
primarily the products of industrial and traffic emissions. In
the United States, relative exposure to these contaminants
is generally calculated using measurements from fixed
monitoring stations in relation to their distance from resi-
dential areas [1-3].

In recent years, ambient air pollutants have received a
large amount of interest for their possible impacts on
maternal and fetal health outcomes. Multiple studies have
examined the association between ambient air pollutants
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and birth outcomes, including birth weight [3—12], small
for gestational age [1, 2, 4, 5, 7, 9, 10, 13], birth defects
[9, 13-15], and preterm birth [4, 5, 10, 12, 16-19]. How-
ever, there has been inconsistency in risk assessments
regarding air pollutants and feto-infant health outcomes
across these studies [4, 5, 9, 15, 20]. The variations in
findings may be partially attributed to differences in study
design, as well as the tools and measures utilized to assess
ambient air pollution.

Particulate matter (PM) is frequently used as a measure
of ambient air pollution. PM, which is also known as
particle pollution, is a complex mixture of extremely small
particles and liquid droplets/aerosols. The two types of PM
that are noted to influence health outcomes are PM, s,
which are fine particles less than or equal to 2.5 pm
(micrometers) in aerodynamic diameter, and PM,,, which
are larger than 2.5 um and less than or equal to 10 pm in
aerodynamic diameter. Because of their small sizes, both
PM, 5 and PM/ are readily inhalable, are not filtered, and
penetrate deeply into the body [1].

The association of PM, 5 and PM,, with health effects in
the general population has led to interest in elucidating the
relationship between exposure to these air pollutants in
pregnant women and fetal growth parameters, as well as
other adverse birth outcomes. Several studies have found
an association between PM, 5 and PM o and adverse effects
to fetal growth parameters, including low birth weight [3,
6, 8], preterm birth [16—-19], and small for gestational age
[1, 2]. Additionally, some studies have shown that PM; 5
alter cell activity [1], interfere with placental development
[3], and reduce the amount of oxygen and nutrients the
fetus receives in utero [1, 3].

A recent study tends to suggest that socio-economically
disadvantaged population sub-groups are at higher risks for
preterm birth when exposed to environmental pollutants, as
compared to advantaged sub-groups [21], and that non-
chemical approaches (e.g., cognitive-behavioral therapy)
could reduce these exposures [22]. These findings are
interesting and indicate the existence of a relationship
between the social and the physical environment as well as
the differential impact of physical environmental insults
(e.g., air pollution) on health outcomes. Given this premise,
we seek to determine whether a specific intervention such
as the Federal Healthy Start project which is heavily dosed
in changing the social environment to induce positive
pregnancy outcome could influence the adverse effects of
air pollutants during pregnancy. For this purpose, we have
specifically selected the Central Hillsborough Healthy Start
Project (CHHS) as the candidate program to use in testing
this hypothesis based on the following justification:

1. In arecent rigorous evaluation, the CHHS showed that
its services in the community it covers has reduced the

preterm birth rate by 30% among service recipients
over the previous decade [23]. The program, therefore,
has documented evidence of effectiveness.

2. The areas where the CHHS provides its services are
socio-economically disadvantaged with mostly minor-
ity subgroups: 68% blacks, 14% whites, 11% Latinos,
and 7% other racial/ethnic groups. Around 56.0% of
all births are to black mothers who are typically young,
unmarried, undereducated, and Medicaid-eligible [24].
Compared to the rest of Hillsborough County, families
in the CHHS service area tend to be poorer, with half
the median income and double the unemployment rate
[24]. Furthermore, this area has four times more
households headed by single women and twice the
number of women over the age of 25 with no high
school diploma [24].

3. The risk reduction services offered to pregnant women
by the CHHS project are based on social change and
therefore, non-pharmacological.

Methods

For this study, we utilized the de-identified linked Florida
hospital discharge and vital statistics data files, as well as
environmental monitoring data, for the study period of
2000-2007. The Hospital Inpatient Discharge (HID) data
were obtained from the Florida Agency for Health Care
Administration and were linked to Florida vital statistics
records. The primary purpose of the linkage is to follow
women over time; therefore, it was important to have
maternal social security number available for the linkage.
During the period of the study, 11.5% of the records did not
have a known maternal social security number, mainly
because the mothers were not legal residents, and these were
excluded from the linkage process since their follow-up
would not be possible. Next, the HID and birth records were
cleaned and linking variables standardized and formatted
prior to data linkage. Singleton live birth records were linked
to inpatient hospitalizations using a multistage, stepwise
approach for the linkage. Variables, such as date of birth,
facility of birth, infant sex, and mother’s residential zip
code, were used to ensure that the maternal social security
information was accurate and reliable. The dataset includes
all institutions in the state of Florida, except for military and
Veterans Administration institutions. Overall, approxi-
mately 97.6% of unique singleton infants with known
maternal social security numbers were linked. This database
has been used in other studies by researchers with findings
comparable to literature reports [25, 26].

Air pollution and meteorological data were obtained
from the Environmental Protection Agency (EPA), USA
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Air Quality System, which is publicly available [27]. The
EPA data included 6-day concentrations of PM,s and
PM;, allowing for the computation of 24-h daily maxi-
mum concentrations. The pollutants were monitored at 14
different fixed monitoring stations located throughout
Hillsborough County in Florida and included latitudes and
longitudes, which were converted to zip codes using rele-
vant information from the Hillsborough Environmental
Pollution Commission.

The study analysis was limited to the service population
of the Central Hillsborough Healthy Start Project (CHHS),
which encompassed zip codes 33602, 33603, 33605,
33607, and 33610 of Hillsborough County in Tampa,
Florida. The resulting study population consisted of a total
of 12,356 records identified as singleton live births in the
CHHS service population during the study period.

Variables

For the main exposure category in this study, maternal
exposure to air pollution during pregnancy (PM,s and
PM,p) was used. To assess exposure, we computed the
Euclidian distances between the centroid of the mother’s
residential zip code during pregnancy and the centroid of
each zip code of the 14 monitoring stations. Since there
were 14 monitoring sites and five residential zip codes in
the CHHS service population, we had a matrix with entries
of 5 x 14 distances (each residential zip code had 14
computed distances). The monitoring site with the mini-
mum distance was assigned to each residential zip code
since this was the monitor with the greatest exposure for
the mothers within that zip code. If there were missing data
from the closest site for a particular day of gestation, then
the reading was taken from the next closest site without
missing data. If the daily readings were missing across all
sites, then the daily exposure estimate was left as missing.

Maternal exposure to air pollution during pregnancy was
estimated using date of birth of the infant and the length of
each gestational age, resulting in weekly exposure data (for
PM, 5 or PM;() for each pregnancy. Mean exposures to
each air pollutant for the length of each pregnancy were
assigned to each birth. We classified a mother as being
exposed to a specific particulate if the value of the par-
ticulate pollutant fell above the median. It is noteworthy
that most of the values for the pollutants were below the
EPA cutpoints for particulate matter. The PM, 5 values had
a range from 8.75 to 23.20 with a median of 10.97; how-
ever, the EPA cutpoint for PM, 5 is 15.0 ug/m3, a value
that is 5 points higher than the median of the study sample.
For PM,,, all of the values in the dataset were below the
EPA cutoff value of 50 pg/m’, ranging from 13 to 42 and
having a median of 25.04. Given the range of values for
these two critical measures, it was reasonable not to use the

@ Springer

EPA cutpoint to classify the exposed and the unexposed
group in our study.

The coarse fraction of PM, defined as PM;(—PM, 5, was
also calculated. Women were assigned to the exposed
group (comprising mothers exposed to one or more of the
three particulates—PM, 5, PM(, or PM coarse fraction—
during pregnancy) or the unexposed group (comprising
mothers not exposed to any of the particulates during
pregnancy).

The main outcomes of interest in this study were fetal
growth parameters: LBW, VLBW, SGA, PTB, and VPTB.
LBW was defined as infants weighing below 2,500 g at
birth; VLBW when infants weighed below 1,500 g at birth;
SGA was defined as infants weighing below the 10th per-
centile of birth weight for a given GA using normalized
growth curves [28]; PTB was defined as birth before 37
completed weeks of gestation; and VPTB were births
before 32 completed weeks of gestation. Gestational age
was computed in weeks as the interval between the last
menstrual period and the date of delivery of the fetus.
When the menstrual estimate of gestational age was
inconsistent with the birth weight (e.g., very low birth
weight at term), a clinical estimate of gestational age based
on the vital records was used instead [29].

Vital statistics data were utilized for the abstraction of
maternal socio-demographic data, including race/ethnicity,
age, education, marital status, and parity. Race/ethnicity
was categorized into four groups: non-Hispanic black
(black), non-Hispanic white (white), Hispanic, and other.
Hispanic was determined to be any woman listed as
“ethnic Hispanic” on the birth certificate, regardless of
racial classification; all women listed as “white” and not
Hispanic were classified as “white”; all women listed as
“black” and not Hispanic were classified as “black.” Any
individuals not belonging to any of these categories were
classified as “other.” Maternal age was categorized as
<35 years or advanced age, >35 years, at the time of
delivery. Educational level was classified as those with
>12 years and those with <12 years. Maternal marital
status was dichotomized as either married or not married,
with all persons of unknown marital status, widowed,
divorced, or single categorized as not married. Parity was
defined as either nulliparous or multiparous.

Basic health measures were also assessed using vital
statistics information and included cigarette smoking dur-
ing pregnancy and adequacy of prenatal care. Cigarette
smoking during pregnancy was dichotomized as yes or no.
Adequacy of prenatal care was assessed using the revised
graduated index algorithm, which has been found to be
more accurate than several others, especially in describing
the level of prenatal care utilization among groups that are
high risk [30]. This index assesses the adequacy of care
based on when the trimester prenatal care began, number of
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visits, and the gestational age of the infant at birth. Using
this algorithm, adequacy of prenatal care was grouped as
either adequate or inadequate.

Maternal pregnancy complications obtained from the
hospital discharge data, based on ICD-9 principal and other
diagnostic codes, included anemia (280-286), gestational
diabetes (648.8), diabetes mellitus (250,648.0), gestational
hypertension (642.3), chronic hypertension (642.0, 401.0,
401.1, 401.9, 642.1, 642.2, 742.7), preeclampsia (642.4,
642.5, 642.7, 642.9), eclampsia (642.6), placental abrup-
tion (641.2), placental previa (641.0, 641.1) and renal
disease (642.1, 646.2). Researchers have observed
improved accuracy with discharge data compared to the
birth certificate data in terms of maternal pregnancy com-
plications [31, 32].

Statistical Analysis

We calculated the frequencies of maternal socio-demo-
graphic factors, as well as birth outcomes within the CHHS
service population. Additionally, we assessed differences
between those who were either exposed to one of the three
particulates (PM, 5, PM;(, or PM coarse fraction) during
pregnancy versus those who were unexposed with respect
to these variables using chi-square tests.

The risk for feto-infant growth outcomes (i.e., low birth
weight, very low birth weight, preterm birth, very preterm
birth, and small for gestational age) among the exposed
group were compared with the unexposed group using odds
ratios and 95% confidence intervals after adjusting for
baseline characteristics in multiple logistic models. Further
analyses were conducted to assess risk differences based on
the receipt of services during pregnancy from CHHS. We
also calculated odds ratios for the feto-infant growth out-
comes by race/ethnicity. The LOGISTIC procedure in SAS
(SAS Institute, Inc., Cary, North Carolina, version 9.2) was
used to generate odds ratios and 95% confidence intervals.
All tests of hypothesis were two-tailed with a type 1 error
rate fixed at 5%. Prior to initiation, this study was approved
by the Institutional Review Board at the University of
South Florida.

Results

We analyzed a total of 12,356 singleton live births in the
service population of the Central Hillsborough Healthy
Start (CHHS) in Tampa, Florida during the study period
of 2000-2007. Of these births, 3,378 (27.3%) women
received services from CHHS, whereas 8,978 (72.7%) did
not receive services. The overall sample was successfully
categorized into an exposed and an unexposed group based
on exposure to one of the three particulates (PM, 5, PM,

Table 1 Rates (%) of selected maternal socio-demographic charac-
teristics and pregnancy complications among women in the Central
Hillsborough Healthy Start (CHHS) service area of Tampa, Florida by
exposure status to PM, s, PM;, or PM coarse fraction (2000-2007)

Characteristics Unexposed  Exposed P value®
(N =3,565) (N =38,791)

Race/ethnicity <0.01

White 21.72 21.27

Black 59.78 53.07

Hispanic 13.23 17.07

Other 5.26 8.59

Maternal age (>35 years) 7.42 8.31 0.12

Marital status (Married) 29.66 31.30 0.23

Maternal educational level — 64.88 65.10 0.87
(>12 years)

Maternal prenatal smoking 6.47 6.36 0.20

Adequate prenatal care 61.88 63.84 0.05

Pregnancy complications
Nulliparous 67.13 68.22 0.26
Anemia 14.51 15.85 0.08
Gestational diabetes 4.67 4.73 0.89
Diabetes mellitus 0.98 0.87 0.58
Gestational hypertension 5.23 5.16 0.89
Chronic hypertension 1.96 2.00 0.89
Preeclampsia 5.03 4.55 0.27
Eclampsia 0.10 0.15 0.50
Abruption 0.69 1.18 0.02
Placenta previa 0.52 0.63 0.49
Renal disease 0.07 0.08 0.86

CHHS service area zipcodes in Hillsborough County include: 33602,
33603, 33605, 33607 and 33610

* P values of <0.05 considered significant. Significant values in bold
font

or PM coarse fraction) during pregnancy. Of these, 3,565
(28.9%) were unexposed, and 8,791 (71.1%) were exposed.

The socio-demographic characteristics of the study
population are presented in Table 1. Overall, more than
half of the study population was black, and roughly one-
fiftth was white. Besides race/ethnicity, there were no sig-
nificant differences within the study population by mater-
nal characteristics. Pregnancy complications experienced
by women in the study were similar, regardless of exposure
status, except for placental abruption, which was nearly
twice as high in the exposed group (0.69% unexposed vs.
1.18% exposed, P = 0.02).

The distribution of the crude frequencies of feto-infant
morbidity outcomes in the study population by exposure
status and the provision of services by CHHS is presented
in Fig. 1. Overall, nearly one-fourth (n = 2,787, 22.6%) of
infants in the CHHS service area had any morbidity out-
come, with 1,224 (9.9%) having low birth weight, 193
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Fig. 1 Comparison of crude 30.0
rates (%) of feto-infant
morbidity outcomes among
women exposed to any
particulate matter to those who
were unexposed in the Central
Hillsborough Healthy Start
(CHHS) service area
(2000-2007)™". *CHHS service
area zipcodes in Hillsborough
County include: 33602, 33603,
33605, 33607 and 33610.
®Filled square women who were
exposed to any particulate
matter; open square unexposed
women. *P value = 0.04; 0.0 H
P value for all other
comparisons <0.01

25.0 |
224227
20,0

15.0 4

10.0

Rates (percent)

50 4

Any morbidity
Low birth weight

Very low birth weight

Service Area

(0.8%) having very low birth weight, 1,421 (11.5%)
delivered preterm, 215 (1.7%) delivered very preterm, and
1,595 (12.9%) being small for gestational age. Table 2
depicts the adjusted estimates for the relationship between
the exposure variables, PM, 5, PM;(, and PM coarse frac-
tion, and the outcomes of interest. Section A presents the
findings of all women in the CHHS service population,
whereas Section B features the results of those who
received CHHS services, and Section C includes those who
did not receive CHHS services. Within the overall CHHS
service population, there were no significant associations
with VPTB. However, infants of exposed women were at a
slightly increased risk for LBW, VLBW, and PTB. When
delineated by exposure type, infants of women exposed to
the PM coarse fraction or PM; 5 had a 14-15% higher risk
for LBW. Infants bore a 36-39% greater risk of VLBW if
their mothers were exposed to the PM coarse fraction or
PM;, respectively. For preterm birth, there was a 17%
increase in risk among infants whose mothers were
exposed to the PM coarse fraction. Elevated risk for SGA
was only observed among infants of women who were
exposed to PMj.

When assessing differences based on whether women
received services from CHHS, it appears that infants of
women who received services from CHHS and were
exposed to particulates were only at increased risk for
LBW (AOR = 149, 95% CI = 1.14-1.95). Women who
were exposed to PM, 5 and received CHHS services were
47% more likely to have an LBW infant and 36% more
likely to deliver preterm. Exposed women who did not
receive CHHS services were at 67% greater risk of having
a VLBW infant and showed an 18% greater risk of having

@ Springer

Very preterm

Central Hillsborough Healthy Start

251254

154151
11.812-6 » 122

SGA
SGA

Any morbidity

Low birth weight*
Very low birth weight
Very preterm

Any morbidity

Low birth weight
Very low birth weight
Very preterm

Women served by CHHS Women not served by CHHS

a PTB. When exposed to PM;,, women who did not
receive CHHS services were at increased risk for VLBW
(AOR = 1.48, 95% CI = 1.03-2.12), PTB (AOR = 1.17,
95% CI=1.02-1.34), SGA (AOR =1.19, 95%
CI = 1.04-1.35), and any of the included feto-infant
morbidities (AOR = 1.19, 95% CI = 1.07-1.31). The risk
for PTB (AOR = 1.24, 95% CI = 1.09-1.42) and any
morbidity (AOR = 1.20, 95% CI = 1.09-1.33) increased
slightly among these women when exposed to PM; s.

The breakdown of the crude frequencies of feto-infant
morbidity outcomes by exposure status and race/ethnicity
are shown in Fig. 2 while Table 3 presents the stratified
adjusted estimates for the relationship between exposure to
particulate matter and the outcomes of interest within the
CHHS service area by race/ethnicity. Overall, black
women were at increased risk for LBW, SGA, and any of
the observed feto-infant morbidities regardless of exposure
status. Black women exposed to any of the three particulate
pollutants were more than three times as likely to have a
VLBW infant (AOR = 3.32, 95% CI = 1.33-8.30), more
than twice as likely to have a LBW infant (AOR = 2.24,
95% CI = 1.63-3.08), and about twice as likely to have an
infant that was SGA (AOR = 1.99, 95% CI = 1.50-2.64).
Additionally, exposed black women were at 31% greater
risk of having a preterm delivery and at 66% greater risk to
experience any feto-infant morbidity.

Discussion

There are three main findings in the study. Firstly, we
observed in this population elevated risks for feto-infant
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Table 2 Adjusted estimates for the association between exposure to particulate pollutants and feto-infant morbidity outcomes, overall and
whether or not they received CHHS services (2000-2007)

PM, 5
AOR (95% CI)

PM,o
AOR (95% CI)

PM coarse
fraction
AOR (95% CI)

Outcomes® n Exposed
AOR (95% CI)
Section A: All women in CHHS
service area (N = 12,356)
LBW 1,224 1.24 (1.07-1.43)
VLBW 193 1.58 (1.09-2.29)
PTB 1,421 1.18 (1.03-1.34)
VPTB 215 1.26 (0.91-1.76)
SGA 1,595 1.03 (0.91-1.16)
Any 2,787 1.09 (0.99-1.20)
Section B: Women served
by CHHS (N = 3,378)
LBW 396 1.49 (1.14-1.95)
VLBW 65 1.29 (0.69-2.39)
PTB 417 1.16 (0.91-1.49)
VPTB 68 1.14 (0.64-2.04)
SGA 514 1.02 (0.82-1.28)
Any 854 1.07 (0.89-1.29)
Section C: Women not served
by CHHS (N = 8,978)
LBW 828 1.12 (0.95-1.33)
VLBW 128 1.67 (1.05-2.67)
PTB 1,004 1.18 (1.01-1.38)
VPTB 147 1.28 (0.85-1.92)
SGA 1,081 1.01 (0.87-1.17)
Any 1,933 1.08 (0.96-1.22)

1.15 (1.01-1.31)
1.18 (0.87-1.61)
1.10 (0.98-1.25)
1.04 (0.77-1.40)
1.05 (0.93-1.18)
1.08 (0.99-1.19)

1.47 (1.18-1.83)
1.41 (0.85-2.34)
1.36 (1.10-1.69)
1.54 (0.94-2.52)
0.96 (0.78-1.17)
1.18 (1.00-1.39)

0.98 (0.83-1.15)
1.01 (0.68-1.51)
0.99 (0.85-1.14)
0.80 (0.55-1.17)
1.07 (0.92-1.24)
1.02 (0.91-1.15)

1.12 (0.99-1.26)
1.39 (1.04-1.85)
1.11 (0.99-1.24)
1.12 (0.85-1.47)
1.14 (1.03-1.27)
1.13 (1.04-1.24)

1.04 (0.84-1.30)
1.11 (0.67-1.83)
0.97 (0.79-1.20)
0.79 (0.48-1.30)
1.03 (0.85-1.25)
0.99 (0.85-1.17)

1.13 (0.98-1.31)
1.48 (1.03-2.12)
1.17 (1.02-1.34)
1.27 (0.91-1.77)
1.19 (1.04-1.35)
1.18 (1.07-1.31)

1.14 (1.01-1.29)
1.36 (1.02-1.81)
1.17 (1.05-1.31)
1.22 (0.93-1.60)
1.11 (1.00-1.24)
1.15 (1.06-1.26)

1.09 (0.88-1.36)
1.23 (0.73-2.05)
1.02 (0.83-1.26)
0.92 (0.56-1.50)
1.06 (0.87-1.29)
1.03 (0.87-1.21)

1.15 (0.99-1.33)
1.38 (0.97-1.97)
1.24 (1.09-1.42)
1.35 (0.97-1.88)
1.13 (0.99-1.29)
1.20 (1.09-1.33)

Significant values are in bold font

Adjusted odds ratios were generated after controlling for year of birth, education, maternal age, tobacco use, parity, marital status, adequacy of
prenatal care, sex of the infant, anemia, gestational diabetes, diabetes mellitus, gestational hypertension, chronic hypertension, preeclampsia,
eclampsia, placental abruption, placenta previa, and renal diseases

* Outcomes: LBW low birth weight, <2,500 g; VLBW very low birth weight, <1,500 g; PTB preterm birth, <37 completed weeks gestation;
VPTB very preterm birth, <32 completed weeks gestation; SGA small for gestational age; Any any of the observed feto-infant morbidity

outcomes

morbidity outcomes among women exposed to greater than
median values of particulate air pollutants. Exposure to
PM, 5 or the coarse fraction was generally associated with
a significantly increased risk for low birth weight, while
women who were exposed to PM;, were more likely to
have infants with very low birth weight and small-for-
gestational age. These findings are consistent with results
published in the literature by other investigators [15-17,
19] and strengthen the suspicion that air particulate pollu-
tants represent potential hazards to the developing embryo/
fetus.

A second major finding in our analysis is the differential
impact of air particulate pollutants on feto-infant outcomes
across racial/ethnic sub-populations. Sub-analysis revealed
that the only significant findings for the association
between exposure to particulate pollutants and feto-infant

morbidity outcomes were restricted to black infants. Black
women who were exposed to greater than median values of
any of the air particulate pollutants showed increased
magnitude of risks for each of the feto-infant morbidity
outcomes considered in this study. Since race/ethnicity
correlates strongly with socio-economic level in society,
these specific findings concur with those of a recent large
study from South Korea covering 433,173 singleton births
stratified by socio-economic status (SES) [21]. The authors
found that area-level SES modified the effects of air par-
ticulate pollutants on preterm birth, specifically among
those who live in low SES areas.

One possible explanation for the amplified risk found in
exposed black infants is lowered vulnerability threshold for
the expression of harm induced by additional insults among
babies born to women who already bear a heavy burden of
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Fig. 2 Comparison of crude
rates (%) of feto-infant
morbidity outcomes among
women exposed to any
particulate matter to those who
were unexposed in the Central
Hillsborough Healthy Start
(CHHS) service area by race/
ethnicity (2000-2007)*".
4CHHS service area zipcodes in
Hillsborough County include:
33602, 33603, 33605, 33607
and 33610. °Filled square
women who were exposed to
any particulate matter; open
square unexposed women
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Table 3 Adjusted estimates for the association between exposure to any particulate matter and feto-infant morbidity outcomes categorized by
race/ethnicity in the Central Hillsborough Healthy Start (CHHS) service area (2000-2007)

Outcomes?® White Black Hispanic Other

Unexposed Exposed Unexposed Exposed Unexposed Exposed Unexposed Exposed

n = 769 n = 1,873 n=2,134 n = 4,629 n =477 n= 1,515 n =185 n =774
LBW 1.00 1.11 1.75 2.24 1.13 1.13 0.56 1.23
n = 1,224 (0.79-1.57) (1.25-2.47) (1.63-3.08) (0.70-1.84) (0.79-1.62) (0.24-1.34) (0.82-1.83)
VLBW 1.00 1.43 1.89 3.32 1.38 1.55 1.74 1.56
n =193 (0.53-3.82) (0.71-5.05) (1.33-8.30) (0.37-5.20) (0.57-4.26) (0.33-9.07) (0.52-4.71)
PTB 1.00 0.94 1.05 1.31 0.68 0.88 0.61 0.76
n = 1,421 (0.70-1.24) (0.79-1.41) (1.01-1.71) (0.44-1.05) (0.65-1.18) (0.31-1.18) (0.53-1.07)
VPTB 1.00 0.83 1.19 1.83 1.11 0.82 0.95 1.05
n =215 (0.38-1.82) (0.55-2.57) (0.91-3.68) (0.39-3.17) (0.36-1.87) (0.204.44) (0.43-2.58)
SGA 1.00 0.95 1.81 1.99 1.47 1.16 1.18 1.17
n = 1,595 (0.70-1.30) (1.34-2.44) (1.50-2.64) (0.99-2.20) (0.84-1.59) (0.66-2.12) (0.82-1.67)
Any 1.00 0.90 1.42 1.66 0.96 0.99 0.87 0.94
n = 2,787 (0.72-1.14) (1.13-1.79) (1.34-2.05) (0.70-1.33) (0.78-1.25) (0.54-1.38) (0.72-1.23)

CHHS service area zipcodes in Hillsborough County include: 33602, 33603, 33605, 33607 and 33610
Significant values are in bold font

Adjusted odds ratios were generated after controlling for year of birth, education, maternal age, tobacco use, parity, marital status, adequacy of
prenatal care, sex of the infant, anemia, gestational diabetes, diabetes mellitus, gestational hypertension, chronic hypertension, preeclampsia,
eclampsia, placental abruption, placenta previa, and renal diseases

% Outcomes: LBW low birth weight, <2,500 g; VLBW very low birth weight, <1,500 g; PTB preterm birth, <37 completed weeks gestation;
VPTB very preterm birth, <32 completed weeks gestation; SGA small for gestational age; Any any of the observed feto-infant morbidity

outcomes

allostatic load associated with other stressors. It has been =~ mediated, not only by DNA sequence, but also by epige-
suggested that an interaction between the biologic and  netic factors (e.g., DNA methylation). Reinforcing the role
social environment may predispose individuals to the  of epigenetic processes in fetal growth and development is
harmful effects of environmental insults through epigenetic ~ the finding that several of the genes involved in pregnancy
processes at the DNA level [33, 34]. Gene expression is  maintenance and parturition are epigenetically regulated
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[35, 36]. Further, epidemiologic studies have noted that
women who are born preterm are more likely to deliver
preterm infants themselves and it is plausible that this is at
least partially controlled by maternal imprinting [37, 38].
Since some of these epigenetic processes could be envi-
ronmentally influenced (e.g., Sub-optimal methylation can
also occur as a result of poor diet or environmental hazards
during early postnatal life [35]), it is likely that epigenetic
processes represent a candidate pathway for the interaction
of social and environmental insults in elevating risk status
of affected individuals as found among black infants in this
study. Unfortunately, our analysis lacks data on DNA
methylation profiles of study participants.

The most promising finding in this analysis is the
attenuation of the adverse effects of air particulate pollu-
tants among infants of mothers who received services from
the Federal Healthy Start. This observation is of great
importance since the areas targeted by the CHHS are socio-
economically disadvantaged communities located in
neighborhoods exposed to high levels of stressors. The
reduction of the expected effects of these ambient air
pollutants among Federal Healthy Start Program recipients
in the area is clear demonstration that social interventions
engineered with appropriate cultural input could reduce the
impact of environmentally induced physical/biologic
insults, as recently proven in a randomized trial [22].

A major question arising from this analysis is the fol-
lowing: what specific program component could have been
responsible for the favorable finding of reduced adverse
effects of environmental particulate pollutants among
program clients? An in-depth understanding regarding the
specificity of the effective program component is needed to
enhance our ability to refine and improve its potency and
replication elsewhere, and this should represent one of the
future study goals of the program. Additionally, future
randomized trials at the community level could provide
more robust evidence so that health policy planners could
have a template for decision-making as well as formulation
of appropriate effectiveness services to enhance birth out-
comes, especially in socio-economically deprived settings.

The findings in this study need to be interpreted with
certain limitations in mind. The exact definition of what
represents true exposure was problematic in our analysis.
Infants were classified as exposed based on a population-
level estimation of the values of the particulate pollutants
rather than the actual amount/concentration of the partic-
ulates detected in the individual’s biologic sample (e.g.,
maternal blood). There is, therefore, the possibility of
exposure misclassification because county-wide monitors
were used to capture exposures at the individual level. This
limitation is, however, not peculiar to our study as other
investigators [3, 7, 14, 39—42] also encountered a similar
source of measurement error. While individual level

information is preferable, we do not have such information
in our dataset, which is population-based. It is pertinent to
mention that dichotomizing exposure status based on the
median ignores minimal exposure effects arising from
values below the median, an approach that could have
underestimated the magnitude of the association being
reported in this paper.

We were also unable to control for individual exposure
variability induced by other factors, including distance
from roads, traffic, place of work, as well as period of time
spent at the current address. Studies have shown that
12-33% of women move from their initial address during
pregnancy [14, 43-46], a potential source of non-differ-
ential misclassification [43], which could have led to an
underestimation of the association between the three pol-
lutants and feto-infant morbidity outcomes examined in
this study. Similarly, the study could not identify the exact
pollution source, information that will be pertinent for
further analyses and intervention strategies. However, such
information goes well beyond the scope and objectives of
the study and will require more elaborate instrumentation
and sampling strategies, which will demand a lot of
resources at the population level.

Despite the aforementioned shortcomings, certain
strengths of the study merit mention as well. One of the
strengths is the availability of ample sample size. We had
data for births from 2000 to 2007 and air pollution records
for the same period. We were also able to examine various
feto-infant morbidity outcomes at birth unlike other studies
that focused only on low birth weight. We controlled for
several potential confounders, although we cannot rule out
residual confounding due to unmeasured variables.

In summary, we found an association between exposure
to abnormal levels of air particulate pollutants (PM, s,
PM,y, and PM coarse fraction, PM;—PM, 5) and specific
feto-infant morbidity outcomes. We also observed that this
association was most pronounced among black infants. The
most promising finding reported is that grassroots level
interventions that target psychosocial constructs (e.g.,
maternal stressors), potentially curtail the burden of feto-
infant morbidity triggered by exposure to ambient air
particulate pollutants.
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