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Abstract

Objectives To determine whether a widely used measure
of neighborhood-level socioeconomic deprivation was
associated with unintended pregnancy, delayed/no prenatal
care, low birth weight (LBW), and not breastfeeding, after
adjusting for a more comprehensive set of individual-level
socioeconomic factors than previously reported.

Methods Data from CDC’s Pregnancy Risk Assessment
Monitoring System (PRAMS) in Washington and Florida
(1997-1998) were linked with census tract-level data
(2000) based on birth certificate addresses. For each state,
logistic regression models were estimated for associations
between neighborhood deprivation measured by the
Townsend Index and each dependent variable, unadjusted
and then adjusting for maternal age, parity, racial/ethnic
group, and education; paternal education; and family
income. Similar models were estimated for each racial/
ethnic group separately.

Results Despite significant unadjusted associations
between neighborhood deprivation and all dependent
variables except LBW in Washington, few statistically
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significant associations were found in the adjusted models
overall. In stratified models, African American women in
low-deprivation Florida neighborhoods had higher odds of
delayed/no prenatal care compared with their moderate-
deprivation counterparts, and only among European
American women were high-deprivation neighborhoods
associated with increased odds of delayed/no prenatal care.
Conclusions These results, which may not be generaliz-
able beyond Florida and Washington or to other health
indicators, suggest that some previously reported associa-
tions between neighborhood characteristics and the
selected health indicators may reflect residual confounding
by individual-level socioeconomic status/position. Until
methodological and conceptual challenges regarding
mediation (‘‘over-controlling’’) and measurement of
neighborhood exposure are overcome, conclusions
regarding independent neighborhood associations should
be made with caution.

Keywords Neighborhood - Socioeconomic status -
Race/ethnicity - Deprivation - PRAMS

Introduction

The relationship between neighborhood-level socioeco-
nomic context (NSC) and individual-level health, including
reproductive health [1], has been receiving increasing
attention [2—6]. Neighborhood effects on health could have
major policy implications, given the possibility of design-
ing interventions that could potentially affect the health of
entire communities. A causal relationship between NSC
and health is plausible. Neighborhoods that share socio-
economic characteristics also tend to share physical (e.g.,
pollution, nutritious food availability), social (e.g., crime,
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behavioral norms), and service (e.g., transportation, health
care, police protection) environments; these environments
could influence health above and beyond the health effects
of the socioeconomic characteristics of residents living
within them [6, 7].

A large body of ‘‘neighborhood effects’’ literature now
exists, with many studies concluding that there are
““independent’’ effects of NSC on diverse health outcomes
[2-6] and some concluding the opposite [3, 8—10].
Neighborhood effects studies typically estimate the asso-
ciation between a neighborhood-level characteristic and an
individual-/household-level health indicator, after statisti-
cally adjusting for one or more indicators of individual-/
household-level socioeconomic status/position (SES); the
latter are generally viewed as confounders of the relation-
ship between neighborhood characteristics and health.
However, this approach can be problematic in so far as
indicators of individual-/household-level SES may to some
extent mediate the relationship between neighborhood
socioeconomic context and health; e.g., growing up in a
poor neighborhood without good educational opportunities
could determine one’s later educational attainment and
income. Thus, adjusting for individual-level SES (e.g.,
education, income) could be ‘‘over-controlling.”” However,
excluding individual-level SES variables in neighborhood
effects studies is problematic because (a) individual-level
socioeconomic factors often have important health effects;
(b) individual- and neighborhood-level measures of SES
are correlated; (c) it is improbable that neighborhood
context is the only determinant of individuals’ subsequent
SES; and (d) SES is a multidimensional construct [11, 12]
that is difficult to measure adequately with one or even two
indicators [13, 14]. For all of these reasons, associations
between neighborhood socioeconomic context and health
could represent unmeasured variation in individual-level
SES and not an ‘‘independent’’ neighborhood effect; that is
to say, individual-/household-level SES factors could
confound observed relationships between neighborhood
characteristics and health [1, 4, 15].

There is limited literature regarding neighborhood
effects on maternal and infant health. Associations between
NSC (in small areas such as census tracts, census block
groups, or ZIP codes) and birth weight (BW) or low birth
weight (LBW) have been found in several population-
based studies, after adjusting for maternal education
[16-21], or both maternal education and family income
[22]. We identified only one study that found associations
between NSC and delayed prenatal care after adjusting for
maternal education [23]; no such studies were found that
examined unintended pregnancy or breastfeeding as
dependent variables. With one exception [22], these studies
adjusted for individual-level maternal education only,
leaving unanswered the question of whether significant
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neighborhood-level associations were observed because of
residual confounding by other individual-/household-level
SES characteristics, such as income and paternal education.
The primary objective of this study was to determine
whether NSC was ‘‘independently’’ associated with four
important indicators of maternal and infant health, health
care, or health behaviors (hereafter referred to as health
indicators)—unintended pregnancy, delayed or no prenatal
care, LBW, and not breastfeeding—among statewide rep-
resentative samples of women who gave birth in Florida
and Washington, adjusting for a more comprehensive set of
individual-/household-level socioeconomic factors (family
income, maternal education, and paternal education) than
has previously been reported.

Methods
Data

For this study, we used data from the Pregnancy Risk
Assessment Monitoring System (PRAMS). A cooperative
project between CDC and (currently) 29 states and New
York City, PRAMS is an ongoing, population-based sur-
veillance system that collects information on maternal
behaviors and experiences. PRAMS was developed in 1987
to supplement data from vital records for planning and
assessing perinatal health programs on a state level. The
PRAMS questionnaire includes a core portion, with ques-
tions asked by all states, and a state-specific portion, with
questions developed by the state and/or selected from a set
of standard questions developed by the CDC. This stan-
dardized format permits the generation of state-specific
data and allows comparisons among states. Currently,
PRAMS surveillance covers about 62% of all US births.
Each month, PRAMS surveys a random sample of
mothers who gave birth to a live infant 2—6 months earlier.
To do so, PRAMS uses stratified, systematic sampling of
the birth certificates of infants born to state residents.
Mothers are mailed a questionnaire, and follow-up mail-
ings are sent to nonresponding mothers. Further attempts to
contact nonresponding mothers are made by telephone.
Most states oversample mothers of low birth weight in-
fants, and several states oversample women of selected
racial or ethnic groups or by population density. Mothers
who have died, are mentally incapacitated, adopted their
child, gave birth to four or more babies, or are not state
residents are excluded from the PRAMS eligible popula-
tion. If a mother’s last name is missing from the birth
certificate, she is excluded, as are out-of-state births to state
residents. Finally, birth certificates that are processed
more than 6 months after the date of birth are excluded.
Statistical weights are applied to account for sampling
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probability, nonresponse, and sampling frame coverage in
each state. PRAMS data are linked to birth certificate data
and weighted so that results from the PRAMS sample of
mothers can be generalized to the state’s entire population
of live births [24]. PRAMS methods have previously been
published [25-31].

This study used PRAMS data from two states, Florida
(N = 4,696) and Washington (N = 4,433), 1997-1998. For
Florida, response rates were 78.2% in 1997 and 78.6% in
1998; for Washington, the corresponding rates were 69.4%
and 71.3%. For this study, PRAMS data also are linked
with 2000 census tract data. Each state geocoded the
PRAMS respondents’ address; census tract data were then
linked to PRAMS data through geographic identifiers
(state, county, and tract codes). Respondents whose ad-
dresses could not be accurately geocoded (N = 224 or 4.8%
in Florida, N = 546 or 12.3% in Washington) were ex-
cluded, resulting in a final analytic sample of 4,472 births
in Florida and 3,887 in Washington. Respondents with
missing geocodes in Florida were more likely to report an
unintended birth or to have had only one birth compared
with respondents with geocodes (chi-square p val-
ues < 0.05). Respondents with missing geocodes in
Washington were more likely to report lower income, to
have lower maternal and paternal education on the birth
certificate, and to be Latina or Native American compared
with respondents with geocodes (chi-square p val-
ues < 0.05). Analyses of low birth weight included sin-
gleton births only (representing over 94% of births in
Florida and over 98% in Washington).

Dependent variables

Unintended pregnancy was defined based on responses to
the question, ‘“Thinking back to just before you got preg-
nant, how did you feel about becoming pregnant?’’ Preg-
nancies among postpartum women who responded, ‘I
wanted to be pregnant later’’, ‘I didn’t want to be pregnant
then or at any time in the future’’, or “‘I don’t know’’ were
categorized as unintended, compared to unambiguously
intended pregnancies (women who responded ‘‘I wanted to
be pregnant sooner’’ or ‘‘I wanted to be pregnant then’’).
““Unintended pregnancies’’ here refer only to pregnancies
among women who gave birth. Delayed/no prenatal care
was defined (from birth certificate data) based on when
women initiated prenatal care (excluding visits only for
pregnancy testing or for Women, Infants, and Children’s
Nutrition Program); women beginning care after the first
trimester or those with no prenatal care were classified as
having delayed/no prenatal care. LBW was defined as birth
weight under 2,500 g, based on birth certificate data. Not
breastfeeding was defined as not ever initiating breast-
feeding.

Independent variables

We examined three individual-level socioeconomic fac-
tors: poverty status (before-tax annual household income in
dollars from all sources for the 12 months preceding
delivery in percentage increments of the federal poverty
level [FPL] based on family size), and maternal and
paternal education (from birth certificates; number of
completed years, grouped into categories corresponding to
earned credentials). Spearman correlations between the
three variables ranged from 0.43 to 0.69. Race/ethnicity
was conceptualized as indicating the large geographic re-
gion of a woman’s family origin and/or skin color, which
could reflect her life experiences. It was categorized into
six mutually exclusive groups: African American, Asian/
Pacific Islander, Latina, Native American, European
American, and ‘‘other’” or ‘‘unknown’’ race/ethnicity.
Hispanic African Americans are included with the African
American group; other Hispanic women are included with
the Latina group. Marital status at the time of birth was
defined as married versus unmarried; maternal age was
grouped as 17 or younger, 18-19, 20-34, or 35 years or
older at the time of birth; and parity was defined as first
birth, 2—4 births, or 5 or more births including the index
birth. Race/ethnicity, marital status, age, and parity infor-
mation were obtained from birth certificates. Racial/ethnic
groups that did not comprise at least 5% of the total sample
(unweighted estimates) were excluded from multivariate
models.

Neighborhood-level socioeconomic variable

There is no gold standard for using census-based variables
to measure neighborhood socioeconomic context. How-
ever, because we wanted a measure that was comparable
across studies and that has been used in previous research,
we chose to use the Townsend material deprivation index
at the census tract level (on average, 5,100 people/tract in
Florida and 4,500 people/tract in Washington) as a measure
of NSC, which has been done in previous research and
shown to be associated with health [32-37]. The Townsend
index, calculated for all tracts in each state, is composed of
four census variables reflecting the proportion of crowded
occupied housing units, unemployed persons in the civilian
labor force, renter-occupied housing units, and occupied
housing units without a motor vehicle available. Following
Townsend et al.’s methodology [32], unemployment and
crowded housing were first log transformed, each variable
was standardized, and the four variables were then summed
with equal weights. Higher numbers indicate higher levels
of deprivation (mean 0, range —6.9 to 14.4 in Florida and —
8.4 to 16.0 in Washington). Neighborhood effects are
thought to be nonlinear; [38, 39] thus, we categorized the
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deprivation index into three groups based on the statewide
distribution of all tracts: low deprivation (lowest quartile),
high deprivation (highest quartile), and moderate depriva-
tion (middle two quartiles). Moderate deprivation was used
as the reference group in multivariate models estimating
both protective and harmful effects.

Analytic approach

First, we used SAS (version 8, SAS Institute, Cary, NC) to
describe the sample. Second, we constructed logistic
regression models for associations between neighborhood
deprivation and each dependent variable, unadjusted and
then adjusting for all the individual-/household-level vari-
ables. Third, to examine associations between neighbor-
hood deprivation and the dependent variables among
specific racial/ethnic groups, we constructed similar mod-
els for each racial/ethnic group with adequate sample sizes
(defined as comprising at least 5% of the total sample).
Fourth, we repeated all of the models classifying the
deprivation variable into quartiles with the lowest depri-
vation quartile as the reference group to determine whether
the choice of reference group (i.e., middle 50% versus
lowest quartile) influenced the results for women living in
high deprivation neighborhoods. Because PRAMS is a
complex multistage probability sample that yields clustered
observations, we used SUDAAN (version 7.5.6, Research
Triangle Institute, Research Triangle Park, NC) to account
for the survey design effects and to produce valid variance
estimates in our regression models [40]. SUDAAN also
alleviates difficulties with statistical inference introduced
by hierarchical research designs [41, 42]. Explicit hierar-
chical linear modeling techniques [43, 44] were not used in
this analysis because, while the number of census tracts (or
neighborhoods) is large for each group, there were insuf-
ficient numbers of women living within the same tract (i.e.,
low clustering) to allow more formal hierarchical modeling
techniques. In Florida, PRAMS respondents lived in 64%
of the tracts statewide (2,009 out of a total of 3,154
statewide), with an average of 2.2 respondents per tract
(median 2, range 1-10). In Washington, PRAMS respon-
dents lived in 80% of the tracts (1,059 out of a total of
1,318 statewide), with an average of 3.7 respondents per
tract (median 3, range 1-28). Previous studies have em-
ployed a similar analytic approach [45—49].

Results

Table 1 presents key sociodemographic characteristics of
the PRAMS sample for both states, as well as prevalences
of the four dependent variables among women in each
sociodemographic subgroup. In both states, postpartum
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women appeared more likely to be living in neighborhoods
characterized by high deprivation (32%) compared with the
overall population statewide (25%). Florida had a lower
proportion of high SES women than Washington, based on
income, maternal education, and paternal education. The
racial/ethnic distributions seemed markedly different
between the two states, with Florida having higher pro-
portions of African Americans and Latinas, and Washing-
ton having higher proportions of the other groups. Florida
had a higher proportion of unmarried women (36%) than
Washington (27%). The age and parity distributions of the
states appeared similar.

As shown in Table 1, the rates of unintended pregnancy,
low birth weight, and not breastfeeding generally appeared
higher in Florida versus Washington overall and among
most subgroups defined by individual-level variables,
while rates of delayed/no prenatal care appeared similar or
slightly lower in Florida versus Washington overall and
among subgroups. In both states, rates of each dependent
variable appeared to decrease with decreasing neighbor-
hood deprivation and increasing individual-/household-le-
vel socioeconomic status (indicated by income, maternal
education, and paternal education). Rates of each depen-
dent variable varied according to race/ethnicity, but were
generally highest for African American women and lowest
for European American women. Rates also appeared lower
for married compared with unmarried women, for adult
women compared with teenagers, and for women with
lower parity compared with those with five or more births.

To illustrate the neighborhood characteristics captured
by the Townsend material deprivation index, Figure 1
displays percentages of each of the four components of the
index in Washington for the three neighborhood depriva-
tion groups: lowest quartile (least deprived), middle 50%,
and highest quartile (most deprived). For each of the four
component neighborhood characteristics, high deprivation
neighborhoods reflected a percentage that was 3.5 to 6.3
times greater than the percentage for that component in low
deprivation neighborhoods. For example, the percent of
rented housing in a high deprivation area was on average
59% compared with 16% in a low deprivation area. A
similar pattern was observed in Florida (not shown, avail-
able on request).

Figure 2 presents the median values and 25th to 75th
percentile ranges of the Townsend neighborhood material
deprivation index for (a) all census tracts in Florida, (b)
census tracts with at least one PRAMS respondent, and (c)
tracts with respondents stratified by income or by racial/
ethnic group. Compared with the entire statewide popula-
tion, PRAMS respondents generally lived in neighborhoods
with higher deprivation (75th percentile of the Townsend
Index for PRAMS tracts was 2.39 versus 1.71 for all
tracts). Not surprisingly, individually poor (0-100% FPL)
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Table 1 Weighted characteristics of the sample population, Florida (N = 4,472) and Washington (N = 3,887) PRAMS (1997-1998) linked to

Census tract data (2000)?

Distribution (%)

% Unintended pregnancy % Delayed/no

prenatal care

% LBW"

% Never breastfed

Florida Washington Florida ~ Washington  Florida Washington Florida Washington Florida Washington
100.0 100.0 45.8 37.0 15.1 16.4 6.5 4.4 30.4 12.6
Neighborhood-level deprivation®
Low 17.4 17.1 32.8 28.7 7.6 9.6 4.9 39 22.5 11.2
Moderate 50.4 50.5 42.7 349 13.0 14.0 6.0 4.2 30.3 11.5
High 322 324 57.7 44.7 224 23.8 7.9 5.1 35.1 15.2
Income®
Missing 104 6.8 47.8 46.2 25.6 29.3 7.6 52 374 18.0
0-100% 35.0 29.0 57.6 53.8 235 26.7 7.9 6.2 35.7 18.3
101-200% 214 242 48.9 38.2 11.6 14.2 59 3.0 30.3 13.6
201+% 332 40.1 31.2 23.6 5.2 8.4 4.9 3.8 23.0 7.2
Maternal education
Less than high school 20.5 16.6 58.8 52.9 29.9 28.6 8.4 7.8 46.1 22.8
High school/GED 36.1 333 48.2 40.8 16.1 19.9 6.5 2.8 36.1 16.7
Some college 23.7 24.6 46.8 36.4 11.2 11.8 59 35 24.0 9.0
College graduate 19.7 25.5 27.2 19.8 2.6 7.9 4.9 33 11.9 4.1
Paternal education
Missing 17.1 222 73.2 52.8 34.1 28.0 10.6 7.2 49.2 17.8
Less than high school 13.6 10.5 51.0 46.0 28.7 25.6 6.5 4.1 39.8 13.5
High school/GED 30.9 26.4 45.1 37.0 10.3 14.0 6.4 34 33.7 17.0
Some college 18.1 18.1 40.9 30.9 9.7 134 5.1 33 22.0 9.2
College graduate 20.3 229 25.8 23.1 2.7 8.1 4.3 4.0 11.7 52
Race/ethnicity
Other/missing 0.2 43 65.6 333 3.0 24.0 6.0 133 11.5 15.8
African American 224 39 72.0 58.0 26.9 222 10.6 8.2 44.9 20.1
Asian/Pacific Islander 2.1 6.8 42.1 38.1 12.7 20.2 7.2 4.4 22.7 153
Latina 19.8 11.9 40.6 40.0 16.2 28.2 5.0 4.5 19.3 13.8
Native American 0.3 2.0 394 50.7 7.5 23.0 9.2 7.0 24.0 20.6
European American ~ 55.3 71.2 37.2 35.0 10.2 134 53 3.6 29.0 11.4
Marital status
Unmarried 35.7 26.9 69.5 65.4 26.4 28.6 8.8 6.6 42.6 19.7
Married 64.3 73.1 332 27.0 8.9 12.1 52 3.6 23.8 10.1
Age (years)
<17 5.0 35 72.8 78.1 34.8 38.5 9.9 104 45.3 20.8
18-19 8.4 6.7 71.9 64.4 322 33.6 8.4 11.1 47.5 24.6
20-34 72.9 76.2 43.1 353 13.1 14.1 5.9 33 28.8 12.0
35+ 13.6 13.6 341 21.5 8.0 144 6.9 5.0 23.3 8.9
Parity
First birth 40.9 41.5 44.4 37.3 12.4 14.3 7.8 6.3 26.6 10.6
24 births 55.6 54.3 454 36.2 16.2 17.0 54 22 329 13.6
5+ births 35 4.2 70.2 38.5 30.2 26.6 8.0 7.0 36.2 15.0

* Excluding inaccurate geocodes (N = 224, Florida; N = 546, Washington)
b Singleton births only (over 94% of births in Florida, N = 4,221; over 98% of births in Washington, N = 3,832)
Cutpoints based on statewide distribution of all tracts (3,154 tracts in Florida; 1,318 tracts in Washington)

As a percentage of the federal poverty level
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and near-poor (101-200% FPL) respondents had neigh-
borhood deprivation distributions that were skewed toward
higher deprivation compared with women with individual/
household incomes that were over 200% of the FPL. For
example, the median value of the deprivation index for
poor women (0.95) was nearly as high as the 75th per-
centile value for women with incomes that were over 200%
of the federal poverty level (1.21), meaning that about half
of poor respondents compared with a quarter of higher-
income respondents were living in neighborhoods with a
similarly high deprivation level. Differences in neighbor-
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hood deprivation were seen between racial/ethnic groups as
well. African American and Latina women resided in
neighborhoods that were far more deprived than Asian/
Pacific Islander, Native American, or European American
women. Over 75% of African American and Latina women
were living in neighborhoods with a deprivation level at
least as high as the median level for European American
women. Similar patterns were observed in Washington (not
shown, available on request).

QOdds ratios (OR) and 95% confidence intervals (CI) for
unintended pregnancy are displayed in Table 2 for both
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Table 2 Odds ratios (OR) and 95% confidence intervals (CI) for unintended pregnancy, Florida and Washington PRAMS (1997-1998) linked to
Census tract data (2000)

Florida Washington
Unadjusted Adjusted® Unadjusted Adjusted
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Neighborhood-level deprivation®

Low 0.65 0.49 0.87 0.95 0.69 1.31 0.75 0.54 1.04 0.81 0.56 1.19
Moderate 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00
High 1.83 1.49 2.25 1.09 0.84 142 1.51 1.20 190 1.22 0.91 1.62
Income®
Missing 2.02 1.44 2.83 1.05 0.70  1.60 2.78 1.82 4.24 1.43 0.87 2.34
0-100% 3.00 2.36 3.81 1.37 1.00 1.87 3.77 2.89 4.92 1.83 1.25 2.67
101-200% 2.11 1.61 2.77 1.45 1.05 1.99 2.00 1.49 2.68 1.35 0.96 1.90
2014+% 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00
Maternal education
Less than high school 3.83 2.78 5.28 0.83 0.51 1.35 4.56 317 6.55 1.40 0.79 2.48
High school/GED 249 1.87 3.32 1.00 0.68 1.48 2.79 2.00 3.89 1.62 1.03 2.54
Some college 2.36 1.73 3.22 1.47 1.02 212 2.32 1.62 3.30 1.67 1.09 2.55
College graduate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Paternal education
Missing 7.85 559 11.01 1.68 1.04 271 3.73 2.66 5.24 0.94 0.56 1.57
Less than high school 2.99 2.08 4.29 1.39 0.85 225 2.85 1.94 4.17 0.72 0.41 1.28
High school/GED 2.36 1.75 3.18 1.32 0.90 1.93 1.95 1.40 2.72 0.78 0.50 1.22
Some college 1.99 1.42 2.79 1.31 0.89 192 1.49 1.03 2.16 0.80 0.51 1.24
College graduate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Race/ethnicity
African American 4.33 3.56 5.25 2.25 1.74 2.90 2.56 2.07 3.16 147 1.12 1.93
Asian/Pacific Islander 1.14 0.93 1.40 142 1.11 1.81
Latina 1.15 0.88 1.52 0.89 0.64 1.23 1.24 1.01 1.52 0.82 0.59 1.13
Native American 1.90 1.56 2.32 0.89 0.67 1.18
European American 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00
Marital status
Unmarried 4.59 3.73 5.64 2.67 2.01 3.55 5.10 4.01 6.50 3.01 2.16 4.20
Married 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Age (years)
<17 517 3.24 8.24 3.10 1.72 5.59 12.96 6.26 26.84 5.20 2.10 12.87
18-19 4.95 3.40 7.21 3.31 2.03 542 6.59 391 11.10 2.92 1.57 5.45
20-34 1.46 1.08 1.98 1.37 0.96 195 1.99 1.40 2.83 1.72 1.14 2.58
35+ 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parity
First birth 0.96 0.79 1.16 0.74 0.58 0.94 1.05 0.84 1.31 0.76 0.58 1.00
2-4 births 2.83 1.54 5.21 2.29 1.19 442 1.10 0.66 1.86 0.96 0.50 1.84
5+ births 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Adjusted for neighborhood-level deprivation, income, maternal education, paternal education, race/ethnicity, marital status, age, parity
Based on statewide cutpoints

As a percentage of the federal poverty level

Florida and Washington. Generally similar results were 0.7, CI 0.5-0.9 and OR 0.8, CI 0.5-1.0 for Florida and
found in each state. In the unadjusted models, low neigh- =~ Washington, respectively, not statistically significant in
borhood deprivation was associated with lower odds (OR ~ Washington), and high deprivation was associated with
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significantly higher odds (OR 1.8, CI 1.5-2.3 and OR 1.5,
CI 1.2-1.9 for Florida and Washington, respectively) of
unintended pregnancy, compared with women living in
moderately deprived neighborhoods (middle 50%). How-
ever, these results became nonsignificant after adjustment
for individual/household-level variables. In both Florida
and Washington, significant associations remained in the
adjusted models for individual-/household-level income
(lower income generally corresponded to higher odds of
unintended pregnancy), maternal education (high school
and/or some college education = higher odds), African
American women (OR 2.3, CI 1.7-2.9 and OR 1.5, CI 1.1-
1.9 for Florida and Washington, respectively), unmarried
women (OR 2.7, CI 2.0-3.6 and OR 3.0, CI 2.2-4.2,
respectively), and age (lower age = higher odds), com-
pared with their respective reference groups. In addition,
lower odds of unintended pregnancy were found for wo-
men with first births in both states (OR 0.7, CI 0.6-0.9 and
OR 0.8, CI 0.6-1.0), and higher odds were found for wo-
men with 2—4 births in Florida (OR 2.3, CI 1.2-4.4) and for
Asian/Pacific Islander women in Washington (OR 1.4, CI
1.1-1.8), compared with their reference groups.

The results for delayed/no prenatal care in Florida and
Washington differed from those for unintended pregnancy
(Table 3). Although significant odds of delayed/no care
associated with neighborhood deprivation were found in
Florida in the unadjusted model for women living in both
the lowest (OR 0.6, CI 0.4-0.9) and highest (OR 1.9, CI
1.5-2.5) deprivation neighborhoods compared with those
in moderately deprived neighborhoods, these results were
statistically insignificant in the adjusted model. In contrast,
the results remained significant for women in Washington
living in the most deprived neighborhoods (OR 1.5, CI 1.0-
2.1). Significant increased odds of delayed or no prenatal
care were found in the adjusted models for poor women in
both states compared with women with incomes over 200%
of the federal poverty level; however, only in Florida were
higher odds found after adjustment among women with
lower education (or among those whose infants’ fathers had
lower education) compared with college graduates. Com-
pared with European American women, African American
women had higher odds (OR 1.5, CI 1.1-2.1) of delayed/no
prenatal care in Florida, while Latina (OR 1.8, CI 1.3-2.4)
and Native American (OR 1.5, CI 1.0-2.1) women had
higher odds in Washington. Teens had higher odds of de-
layed/no prenatal care in Florida, but not in Washington,
compared with older mothers, and women delivering their
first birth had lower odds in both states, compared with
women who had five or more births.

No significant neighborhood deprivation effects were
found in either state in the adjusted models for low birth
weight (Table 4). The rest of the findings for LBW were
quite different in the two states. In Florida, increased odds
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of having a low birth weight baby were found for women
who were poor (OR 1.3, CI 1.1-1.6), African American
(OR 1.8, CI 1.5-2.0), or who had their first birth (OR 1.6,
CI 1.4-1.9), and also for women whose partners had no
more schooling than a high school education (OR 1.4, 1.1-
1.7), or for women whose partner’s education was missing
(OR 1.7, CI 1.3-2.2), compared to their reference groups.
Women younger than age 35 were at significantly de-
creased risk of having a low birth weight baby (ORs 0.6—
0.7, CIs 0.4-0.8). Few statistically significant results were
found in Washington, however: Asian/Pacific Islander
women (OR 1.9, CI 1.0-3.7) or women who had their first
birth (OR 3.2, CI 1.8-5.8) had higher odds of having a low
birth weight baby than their respective reference groups.

As with low birth weight, no significant associations
with neighborhood deprivation were found for not breast-
feeding among women in the adjusted models and more
individual-level characteristics were significantly associ-
ated with this outcome in Florida compared with Wash-
ington (Table 5, adjusted models). In Florida, poor women
were less likely to have not breastfed compared with
higher-income women (OR 0.7, CI 0.5-1.0). In contrast,
large differences were seen in the odds of not breastfeeding
for both maternal and paternal education. For example,
women without a high school degree were four times more
likely not to have breastfed compared with college gradu-
ates. African American women in Florida had higher odds
of not breastfeeding (OR 1.3, CI 1.0-1.7), and Latinas had
lower odds (OR 0.4, CI 0.3-0.6), compared with European
American women. Women aged 18-19 were marginally
more likely not to have breastfed compared with women
aged 35 and over, and those who had delivered their first
birth were less likely to have never breastfed compared
with women with five or more births. As in Florida, women
with a high school degree or less in Washington had higher
odds of never having breastfed compared with college
graduates, and those who had delivered their first birth had
lower odds compared with women who had five or more
births.

We found very few differences between the findings on
neighborhood deprivation in the adjusted models for each
racial/ethnic group compared with the full sample models
(data not shown, available upon request). In Florida, we
found that African American women living in the least
deprived neighborhoods had higher odds of delayed/no
prenatal care compared with their counterparts living in
moderately deprived neighborhoods. The significant in-
creased odds of delayed/no prenatal care for women living
in high-deprivation neighborhoods in Washington was
found only among European American women (the odds
ratio was also elevated for Asian/Pacific Islander women,
but not significantly). No other differences were found. We
repeated the models with the least deprived quartile of
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Table 3 Odds ratios (OR) and 95% confidence intervals (CI) for delayed/no prenatal care, Florida and Washington PRAMS (1997-1998) linked
to Census tract data (2000)

Florida Washington
Unadjusted Adjusted® Unadjusted Adjusted
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Neighborhood-level deprivation®

Low 0.55 0.35 0.86 0.89 0.54 144 0.65 040 1.07 0.72 040 1.28
Moderate 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00
High 1.93 1.51 247 1.06 0.77 146 1.92 143 2.57 1.46 1.03  2.07
Income®
Missing 6.27 3.98 9.89 2.58 1.59 4.17 4.53 2.69 7.64 2.68 147 4.89
0-100% 5.62 3.84 8.21 1.88 1.22 290 3.97 2.73 5.80 1.90 1.17  3.08
101-200% 240 1.53 3.75 1.30 0.82  2.05 1.80 1.16 281 1.23 0.75 2.03
2014+% 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00 1.00
Maternal education
Less than high school 15.98 844 30.24 2.94 1.37 6.30 4.67 2.86 7.64 1.11 0.55 225
High school/GED 7.18 3.82 1348 2.81 135 5.86 291 1.79 4.72 1.55 0.84 284
Some college 4.70 241 9.17 2.82 133 599 1.56 0.90 2.70 1.04 0.55 194
College graduate 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00 1.00
Paternal education
Missing 18.72 10.06 34.82 3.95 1.83 8.51 443 273 720 1.89 0.94 3.81
Less than high school 14.61 7.59 28.12 3.89 1.79 8.43 3.92 236 6.52 1.27 0.62 2.61
High school/GED 4.16 220 7.87 1.55 0.74 3.27 1.85 1.12  3.04 0.93 0.50 1.74
Some college 3.88 191 7.87 1.95 0.92 4.17 1.76 1.01  3.06 1.31 0.69 2.46
College graduate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00
Race/ethnicity
African American 3.25 255 415 147 1.05 2.06 1.92 148 2.50 0.92 0.66 1.29
Asian/Pacific Islander 1.83 1.37 245 0.90 0.62 1.31
Latina 1.71 1.17 248 0.94 0.62 143 1.63 1.24 2.16 1.77 1.28 243
Native American 2.53 194 3.30 1.47 1.01 2.14
European American 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Marital status
Unmarried 3.66 285 4.70 1.23 0.88 1.72 2.92 2.19 3.89 1.48 098 224
Married 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00 1.00
Age (years)
<17 6.12 3.63 10.32 3.12 1.59 6.12 3.72 1.87 7.39 2.12 0.89 5.07
18-19 5.43 333 8.84 347 193 6.25 3.00 1.68 5.35 1.55 0.77 3.11
20-34 1.73 1.10 2.73 1.54 0.93 255 0.97 0.64 149 0.75 046 1.23
35+ 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00  1.00
Parity
First birth 0.73 0.58 0.93 0.52 0.38 0.71 0.81 0.61 1.09 0.55 039 0.79
2-4 births 2.25 1.30 3.88 1.60 0.88 2.90 1.76 1.03  3.02 1.26 0.70 2.27
5+ births 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00 1.00

* Adjusted for neighborhood-level deprivation, income, maternal education, paternal education, race/ethnicity, marital status, age, parity
° Based on statewide cutpoints

¢ As a percentage of the federal poverty level
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Table 4 Odds ratios (OR) and 95% confidence intervals (CI) for low birth weight,* Florida and Washington PRAMS (1997-1998) linked to

Census tract data (2000)

Florida Washington
Unadjusted Adjusted” Unadjusted Adjusted
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Neighborhood-level deprivation®
Low 0.81 0.66 0.98 0.94 0.76 1.16 0.94 044 201 0.95 038 236
Moderate 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00
High 1.34 117 1.54 0.99 0.85 1.17 1.22 0.72  2.08 1.21 0.61 2.40
Income*
Missing 1.59 1.27 2.00 1.20 094 1.55 1.40 0.56  3.50 1.38 048 3.93
0-100% 1.65 140 193 1.30 1.07 1.58 1.66 092 299 2.10 0.83 535
101-200% 1.20 099 1.46 1.06 0.86 1.31 0.77 037 1.61 1.33 056 3.14
201+% 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00  1.00
Maternal education
Less than high school 1.81 147 2.23 1.16 0.86 1.56 249 1.12 5.54 1.97 0.67 5.83
High school/GED 1.35 111 1.64 0.96 0.76 1.22 0.84 036 196 0.82 034 197
Some college 1.23 0.99 1.52 1.01 0.80 1.27 1.07 045 255 1.53 0.62 3.75
College graduate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00
Paternal education
Missing 2.65 2.16 3.25 1.67 1.26 2.23 1.89 092 3.87 0.54 0.18 1.60
Less than high school 1.55 1.21 1.99 1.34 099 1.82 1.03 044 242 0.37 0.11  1.27
High school/GED 1.53 1.25 1.88 1.35 1.06 1.71 0.86 0.39 1.89 0.64 024 1.72
Some college 1.20 095 1.52 1.17 091 1.51 0.83 0.33  2.09 0.56 022 142
College graduate 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00  1.00
Race/ethnicity
African American 2.11 1.96 2.28 1.77 1.54 2.03 1.99 1.26 3.14 1.57 0.83 297
Asian/Pacific Islander 2.39 1.51  3.79 1.94 1.03  3.66
Latina 0.94 0.77 1.14 0.87 0.69 1.08 1.23 0.74 2.04 1.00 0.54 1.86
Native American 1.24 0.74  2.08 0.80 0.38 1.69
European American 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00
Marital status
Unmarried 1.77 1.56 2.00 1.10 092 132 1.89 1.14 3.15 0.77 0.31 195
Married 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00
Age (years)
<17 1.48 1.12 195 0.56 0.39 0.80 2.20 0.73  6.59 1.46 031 6.97
18-19 1.24 0.98 1.56 0.61 046 0.81 2.37 096 5.84 2.35 0.62 8.90
20-34 0.85 0.69 1.03 0.68 0.55 0.83 0.65 033 1.29 0.63 023 1.72
35+ 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parity
First birth 1.48 1.29 1.69 1.63 140 1.90 2.94 1.68 5.15 3.18 1.75 5.77
2-4 births 1.52 1.06 2.18 1.01 0.71 145 3.32 1.26 8.75 3.19 0.77 13.16
5+ births 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00

Singleton births only

@ Springer

Based on statewide cutpoints

As a percentage of the federal poverty level

Adjusted for neighborhood-level deprivation, income, maternal education, paternal education, race/ethnicity, marital status, age, parity
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Table 5 Odds ratios (OR) and 95% confidence intervals (CI) for never breastfed, Florida and Washington PRAMS (1997-1998) linked to
Census tract data (2000)

Florida Washington
Unadjusted Adjusted® Unadjusted Adjusted
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Neighborhood-level deprivation®

Low 0.67 049 091 0.97 0.69 1.38 0.97 0.60 1.57 1.07 0.61 1.90
Moderate 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00
High 1.25 1.01 153 0.92 0.72 1.18 1.38 1.00 1.89 1.04 0.71 1.53
Income®
Missing 2.00 141 2.84 0.92 0.61 1.39 2.85 1.62 5.00 1.73 090 3.33
0-100% 1.86 145 238 0.73 0.53 099 291 197 4.30 1.29 0.76  2.19
101-200% 1.45 1.09 1.94 0.83 0.60 1.14 2.03 1.31 3.16 1.23 0.74 2.03
2014+% 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00
Maternal education
Less than high school 6.36 434 931 4.01 240 6.70 6.85 3.63 12.95 5.20 2.26 12.01
High school/GED 4.19 292  6.01 2.66 1.71 4.14 4.65 250 8.62 3.63 .71 771
Some college 2.35 1.59 348 1.84 1.20 2.81 2.28 1.16 4.49 1.80 0.85 3.82
College graduate 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Paternal education
Missing 7.30 5.03 10.60 3.21 1.96 5.26 3.98 226 7.01 1.50 0.69 3.27
Less than high school 4.99 329 1757 2.60 1.55 435 2.88 1.53 5.40 0.81 0.36  1.85
High school/GED 3.84 2.66 5.53 2.13 1.38 3.29 3.76 2.14 6.60 1.45 0.72 291
Some college 2.13 1.39  3.26 1.60 1.03 2.51 1.87 0.98 3.56 1.13 0.53 2.38
College graduate 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00  1.00
Race/ethnicity
African American 2.00 1.65 241 1.32 1.03 1.71 2.02 1.54 2.64 1.21 0.85 1.72
Asian/Pacific Islander 1.95 146 2.62 1.39 0.96 2.02
Latina 0.59 042 0.82 0.42 0.29 0.61 141 1.05 1.88 1.33 0.95 1.87
Native American 1.24 0.92 1.67 0.85 0.56 1.29
European American 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00
Marital status
Unmarried 2.37 195 2.89 1.18 0.89 1.55 2.18 1.61 297 1.13 072 1.77
Married 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Age (years)
<17 2.72 1.78 4.16 1.08 0.62 190 2.69 1.23 585 0.77 0.27  2.19
18-19 2.98 2.04 4.34 1.59 1.00 2.51 3.33 1.75 6.33 1.44 0.66 3.13
20-34 1.33 0.96 1.84 1.13 0.79 1.61 1.39 0.87 221 0.95 0.56 1.61
35+ 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00
Parity
First birth 0.74 0.61 0.90 0.65 0.51 0.83 0.75 0.54 1.04 0.68 046 099
24 births 1.16 0.68 198 0.81 046 145 1.12 0.58 2.15 0.75 0.37 152
5+ births 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

* Adjusted for neighborhood-level deprivation, income, maternal education, paternal education, race/ethnicity, marital status, age, parity
° Based on statewide cutpoints

¢ As a percentage of the federal poverty level
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neighborhoods as the reference group and no appreciable
differences were found, overall or within racial/ethnic

group.

Discussion

This study’s findings suggest the possibility that associa-
tions between neighborhood-level deprivation and unin-
tended pregnancy, delayed/no prenatal care, LBW, and
breastfeeding initiation may largely reflect residual con-
founding by individual-level SES. These findings are in
contrast to previous studies that found statistically signifi-
cant associations between NSC, or perceptions of neigh-
borhoods, and both delayed/no prenatal care and LBW
[16-23, 50]. These previous studies had more limited
adjustment for individual-level socioeconomic factors
compared with the current study, suggesting that previous
““neighborhood effects’” findings ought to be interpreted
with more caution.

These findings do not, however, establish definitively
the absence of neighborhood effects on the selected out-
comes. First, direct comparisons with previous studies are
difficult to make because of the variability in measures of
NSC. Previous research found that conclusions regarding
neighborhood effects could depend upon how NSC was
measured [22, 51, 52]. In addition, similarly to previous
studies, we used cross-sectional data; therefore, it is diffi-
cult to determine to what extent individual/household-level
measures of SES (as well as other variables included in the
models) may be on pathways between neighborhood con-
text and the dependent variables, i.e., mediators, rather than
acting as confounders. While it is very plausible that
NSC mediates/determines an individual’s socioeconomic
attainment at least in part (e.g., living in a poor neighbor-
hood influences one’s quality of schooling which in turn
influences job opportunities and thus income), NSC is only
one of many determinants of socioeconomic status/position
(e.g., other obvious determinants include one’s parents’
socioeconomic status/position and one’s own race/ethnic-
ity). Based on the accumulated weight of the literature on
multiple health outcomes [2-6], neighborhood environ-
ments are likely to exert important influences on maternal
and infant health; however, alternative analytic approaches
may be required to adequately document these effects,
given the limitations of standard approaches such as those
used here and in previous studies. In the absence of such
evidence, it may be best to consider the magnitude of an
observed neighborhood effect as representing a range, with
the true value lying somewhere between the crude and
adjusted association [53].

Because deeply rooted institutional discrimination has
resulted in people of color being far more likely than
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European Americans to live in more deprived neighbor-
hood environments, we hypothesized that interactions
might exist between neighborhood deprivation and racial/
ethnic group. We found some evidence of this. European
American women—but not women of color—in Wash-
ington living in the most deprived neighborhoods had
higher odds of delayed/no prenatal care compared with
women living in moderately deprived neighborhoods. One
might speculate about issues related to health care access,
such as the location of neighborhood health centers and/or
Medicaid enrollment sites, urban/rural differences which
were not accounted for in the analyses, and/or if differen-
tial barriers to Medicaid exist for White women compared
with other women. Furthermore, contrary to expectations,
we found that African American women living in the least
deprived neighborhoods in Florida had higher odds of
delayed/no prenatal care; we can only speculate about
potential explanations, including problems with access to
acceptable prenatal care sites related to living in areas
where fewer African American women reside.

Strengths of this study include its use of population-
based data sources with more socioeconomic measures
than included in previous studies, and with sufficient
numbers to examine racial/ethnic groups separately. An
important limitation is that the measures of neighborhood
deprivation are simply a snapshot. We have no information
on how neighborhoods were changing nor on how long
women were exposed to them. This is particularly chal-
lenging in perinatal health studies, because women often
move during pregnancy [54]; we based neighborhood
deprivation on the women’s address at the time they gave
birth. Women may move to less or more deprived neigh-
borhood environments depending on their individual/
household circumstances and resources, and this may not
be random, potentially biasing results. In addition, PRAMS
data lack information on the birthplace of the mother; this
may have influenced our findings since women born out-
side the U.S. generally have more favorable pregnancy
outcomes and health-related behaviors compared with their
U.S.-born counterparts of comparable or better socioeco-
nomic circumstances [55-59]. Furthermore, women with
missing geocodes in Washington were more likely to be of
lower SES, or to be Latina or Native American, compared
with women whose geographic information was known,
also possibly biasing results toward the null. Finally,
multiple tests were being performed, possibly leading to
significant findings by chance alone.

In conclusion, while neighborhood environments may
have important influences on maternal and infant health
—and individual-/household-level factors continue to be
important—this study’s results illustrate that neighbor-
hood-effects research without adequate adjustment for
potential confounding by individual/household-level SES



Matern Child Health J (2008) 12:61-74

73

should be interpreted with caution, particularly regarding
conclusions of ‘‘independent’” neighborhood effects. At
the same time, it should be kept in mind that adjusting for
individual-level socioeconomic factors may be controlling
for key mediators of neighborhood contextual effects. Fu-
ture efforts investigating the roles of neighborhood envi-
ronments in maternal and infant health should consider
analytic approaches to address the limitations noted here;
such approaches may include longitudinal designs, col-
lection of residential histories, and both surveys and
qualitative methods to elicit perceptions of neighborhoods
and how those might influence health.
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