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Abstract

Background: Area-level socioeconomic characteristics have been shown to be related to health status and mortality
however, little is known about the association between residential community characteristics in relation to postpartum
women’s health.

Methods: Data from the longitudinal, multi-site Community Child Health Network (CCHN) study were used. Postpartum
women (n= 2510), aged 18–40 were recruited from 2008 to 2012 within a month of delivery. Socioeconomic data was
used to create deprivation indices. Census data were analysed using principal components analysis (PCA) and logistic
regression to assess the association between deprivation indices (DIs) and various health indicators.

Results: PCA resulted in two unique DIs that accounted for 67.5% of the total variance of the combined all-site area
deprivation. The first DI was comprised of variables representing a high percentage of Hispanic or Latina, foreign-born
individuals, dense households (more than one person per room of residence), with less than a high-school
education, and who spent more than 30% of their income on housing costs. The second DI was comprised of a
high percentage of African-Americans, single mothers, and high levels of unemployment. In a multivariate logistic
regression model, using the quartiles of each DI, women who reside in the geographic area of Q4-Q2 of the second DI,
were almost twice as likely to have more than three adverse health conditions compared to those who resided in the
least deprived areas. (Q2vs.Q1:OR = 2.09,P = 0.001,Q3vs.Q1:OR = 1.89,P = 0.006,Q4vs.Q1:OR = 1.95,P = 0.004 respectively).

Conclusions: Our results support the utility of examining deprivation indices as predictors of maternal postpartum health.
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Introduction
Inequalities in residential neighbourhood socioeconomic
deprivation have been shown to lead to disparities in the
risk of premature mortality [1] and all-cause mortality
[2]. Neighbourhood deprivation, distinct from individual

socioeconomic status (SES), is independently associated
with a wide range of adverse health outcomes, such as
diabetes, [3, 4] cancer, [5] and chronic heart diseases
[6, 7]. Neighbourhood factors may influence health by
shaping health risk behaviours in pregnancy, sexual
practices, and active, healthy living [8–10]. Living in
deprived neighbourhoods is also negatively associated
with perinatal health outcomes, such as low birth
weight and preterm birth, which have life-course
health effects [11–14]. Furthermore, neighbourhood
deprivation is associated with adverse maternal health
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during pregnancy, including inadequate weight gain
and pregnancy-induced hypertension [11]. It is not
known, however, whether neighbourhood contextual
features impact maternal postpartum health.
The postpartum period poses physical and emotional

challenges for women; nearly 70% of women report at
least one physical health problem within the first 12
months postpartum [15]. Adverse health outcomes during
this period can affect women’s ability to function and care
for their newborn, as well as influencing future fertility
and productivity [16]. Most research on postpartum
health has examined maternal mental health and/or
chronic disease and focused on individual-level health be-
haviours (e.g., smoking) and general SES factors such as
poverty and maternal low education [17]. Neighbourhood
deprivation may be of greater concern for women during
the postpartum period in Western societies, especially for
women who live alone, with little or no help for domestic
work and childcare. If they also lack easy access to ad-
equate community and physical resources and services,
the burden of deprivation can be worse, preventing
women from maintaining a healthy lifestyle [18].
Neighbourhood socioeconomic indicators are widely

used in maternal and child health (MCH) research to as-
sess neighbourhood characteristics and adversity [18, 19].
However, a wide variety of variables has been used [20].
The most common measures reported in MCH research
[13, 18, 19] include income/poverty [21] employment,
[21–23] family composition, [20] and area racial compos-
ition [24]. Findings, from various sites in the USA show
that women living in neighbourhoods with high un-
employment, low education, poor housing and high
poverty had increased odds of preterm birth, low birth
weight and small for gestational age [21, 23, 24]. Less
commonly reported variables include housing quality and
crowding, [23] education, [25] occupation, [26] and immi-
gration [27]. Suggested explanations for the role that
thouse variables have is associasion with health emphasize
the presence of resources, amenities and infrastructure to
accommodate the interests and activities of for instance,
more highly educated groups (e.g., the presence of high
quality schools, recreation facilities, and access to grocery
stores) [21]. Previous studies have examined both
individual-level socioeconomic factors [13] and composite
[28] or generated indices [13, 21, 23]. While indices allow
the shared and total variance of correlated socioeconomic
factors to be accounted for, individual factors allows for
the identification of each indicator’s unique contributions,
and miss the more complex and often, less intuitive asso-
ciations to additional socioeconomic factors. Since there is
limited research on the contextual determinants of MCH,
it is necessary to broadly explore neighbourhood charac-
teristics based on theoretical explanations [12, 21]. Trad-
itional approaches to MCH disparity have not included

the knowledge and perspective of community residents
most affected by the research and do not appear to be the-
oretically associated with the research outcomes.
In this paper, we have used data from a multi-site

study, the Community Child Health Network (CCHN)
study, to develop specific neighbourhood deprivation
indices (represented by principal components). We
hypothesized that higher neighborhood adversity would
be associated with higher prevalence of adverse health
conditions.

Methods
Study population
The CCHN is a collaborative partnership of five univer-
sity departments and community partners. The following
study sites were included in our sample: Washington,
D.C.; Baltimore, Maryland; Los Angeles County, California;
Lake County, Illinois; and seven counties in eastern North
Carolina (Pitt, Greene, Washington, Tyrell, Martin, Bertie,
and Edgecombe). CCHN developed a Preconception Stress
and Resiliency Pathways (PSRP) model by building local
and multi-site community-academic participatory partner-
ships that reviewed relevant findings diverse disciplinary
and community perspectives; and identified the major
themes of stress and resilience among women within the
context of families and communities [29]. The original
sample size calculation of the CCHN study is described
elsewhere [30]. Participants were recruited using a
population-based sampling method. Inclusion criteria were
maternal age 18–40 years; self-identification as either “Black
or African American”, “Hispanic or Latina”, or “White”;
residence in the study catchment areas; and birth of an in-
fant at ≥20 weeks gestation. Socioeconomically disadvan-
taged mothers and those delivering preterm infants were
oversampled. Exclusion criteria were the inability to under-
stand English or Spanish or to provide informed consent,
child birth order of 4th or higher, residence in the study
area < 6months, incarceration or other circumstances
preventing study participation, or plans for surgical
sterilization after birth. Ethics approval was sought from
and given by the respective Research Ethics Boards at the
institutions affiliated with each of the PIs in the five study
sites, a written informed consent was obtained for the
participants, which included permission to access medical
records of the mother and newborn.

Neighbourhood deprivation
The process by which the CCHN Community Committee
members (community PIs and Co-Investigators) selected
variables was informed by indicators from previous re-
search [12, 19, 30] and the community experience of the
Committee members. First, the Committee developed an
initial listing of broad categories of interest; the CCHN
Data Coordination and Analysis Centre (DCAC) then
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provided the corresponding descriptions of 2006–2010
American Community Survey (ACS) variables and each
ACS variable was reviewed to determine whether it
captured a community-level factor that could plausibly be
associated with stress and related health outcomes.
Variables recommended as high priority by the CCHN

Community Committee were derived from the census
data to develop the DIs. Eligible participants’ home
addresses were geo-referenced, assigning the address to
the block (street segment) level. Seven socioeconomic
and demographic domains were chosen, including pov-
erty, housing, employment, education, immigration, area
racial composition and sex composition (men-to-women
ratio). In total, 14 census variables were created to repre-
sent the seven domains and analysed using principal
component analysis (PCA).

Health outcomes
We examined six health outcomes that were chosen by
the CCHN being components of maternal allostatic load
(a composite biomarker index of cumulative stress that
can lead to disease outcomes and health disparities),
[29, 31] and tested those measures in relation to
neighbourhood deprivation. (1) Body mass index (BMI):
Weight in pounds and ounces and height in inches were
measured using standardized equipment and procedures
and compared to a National Heart, Lung and Blood Insti-
tute (NHLBI) chart to determine BMI. (2) Waist-to-hip
ratio (WHR): Waist and hip circumferences were mea-
sured while standing and recorded to the nearest centi-
metre, and the ratio of the two values was calculated. (3)
Systolic and (4) diastolic blood pressure: Blood pressure
readings were recorded while participants were seated
using standardized digital sphygmomanometers (5) Glyco-
sylated haemoglobin and (6) HDL cholesterol: Blood was
collected and analysed for glycosylated haemoglobin (A1c)
(%) and HDL cholesterol (mg/dL). All assays were per-
formed on blood spots by a commercial Cleo approved
reference laboratory (ZRT) Laboratory, Beaverton, OR
(www.zrtlab.com), except in the early months of the study
when cholesterol was analysed in the field using
Cholestech LDX. A composite score was computed using
a cumulative count, ranging from 0 to 6, indicating at or
above the following clinical cutoff values. BMI ≥30, WHR
≥0.8, [31, 32] A1c ≥5.6, [33] average systolic blood pres-
sure (SBP) ≥135, average diastolic blood pressure (DBP)
≥85, [34, 35] and HDL cholesterol ≤40 [36, 37]. This com-
posite score was then dichotomized to create a higher risk
group (composite scores of 3–6) and a lower risk group
(scores of 0–2).

Stress outcomes
Two stress outcome variables were selected for analysis
based on the Community Committee’s recommendations

and tested for their association with the DIs. Financial
stress was calculated as a composite score based on the
sum of five questions, providing a score ranging from 0 to
5, with 5 being the greatest financial strain. Perceived
stress was a composite score (range 0–40) based on ten
questions, with 40 being the greatest perceived stress.

Statistical analyses
Statistical analyses were performed using SAS version
9.3. Dimension reduction was conducted using PCA, a
method frequently used in neighbourhood-level research
to create sociodemographic indices for inclusion in
statistical models [18]. All 14 census variables which
represented the seven socioeconomic domains were ana-
lysed using PCA procedure. PCA captures the total area-
level variance explained by the selected variables, with
the factor loadings representing the correlation between
the variable and the factor. Variables were included
based on the a priori condition that correlations be
greater than 0.5. We calculated quartile cut points (Q1–
Q4) from the continuous DI measures for all CTs, with
Q1 being the least deprived area in the CT and Q4 being
the most deprived. Associations between the selected
health outcomes and the principal component (PC)
loadings were examined using logistic regression models.
For the continuous stress outcomes, a generalized linear
model (GLM) was fitted. Each model’s goodness-of-fit
was checked by the Hosmer–Lemeshow test, and the
model with the best fit was chosen. Confidence intervals
(95% CI) and P-values < 0.05 were considered statisti-
cally significant.

Results
The CCHN study consisted of data collection on 2638
mothers measured at three time points (7914 observa-
tions). After removing observations missing data on
census tracts and counties (1876) and mothers who had
the same residential location throughout the study
(4915), our final sample included 1123 observations
uniquely identified, for these, DIs were created at the CT
and county level (Fig. 1).
Socioeconomic characteristics of the study sites are

presented in Table 1. CTs had population counts ran-
ging from a mean of 4823 in NC to 3532 in Baltimore.
Significant variability was observed for the derived

sociodemographic census variables. On average, Los
Angeles (LA) County, California, appeared to be the
most economically deprived, with 20.5% of families with
children under 18 lived at ≤130% of the federal poverty
line and 52.6% of households had housing costs exceed-
ing 30% of household income. The CTs with the highest
percentages of foreign-born residents (35%) were also in
LA County. Race and ethnic composition varied across
sites; for example, 65.9% of the population in
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Washington, D.C. CTs was black and African American,
whereas 45.6% of the population in LA County CTs was
Hispanic or Latina.

Generation of indices
Two poverty-related variables loaded equally in the first
stage of the DIs generation:(1) the percentage of house-
holds with children under 18 living in poverty, and (2) the
percentage of renter-occupied units with gross rent higher
than 50% of income in the CT. In order to produce unique
DIs, these variables were not included in the second stage
of the PCA. Two additional variables (% of males 18–44,
% of housing units lacking complete plumbing) were not
entered in the second stage, since they loaded lower than
0.2 on the first two DIs. PCA performed on the remaining
variables generated two final indices capturing unique
characteristics of the study population. Factor loadings are
presented in Tables 2 and 3. The two indices accounted
for 67.5% of the total variance, the first index accounted
for 43.3% of the total variance, and the second index
added 24.2%. (Fig. 2) A third component that added 8.0%
to the explained variance was not retained.
The first DI correlated highly with areas characterized

by high percentages of Hispanic and foreign-born resi-
dents with less than a high-school education (men and
women ≥25 years), living in crowded housing, and
spending more than 30% of their income on housing.
The second DI correlated highly with areas characterized
by high percentages of Black residents, single mothers,
and parental unemployment.

Significant differences in socioeconomic heterogeneity
in the all-site DI by each of the five study areas. DIs
ranged from − 1.63 to 3.91, with the DI for the smallest
site, North Carolina (91 CTs), having an average factor
loading of − 0.59, and largest site, LA County (381 CTs),
having an average loading of 0.82. The second DI had an
average score of − 0.71 in Lake County, compared to
0.56 in Washington, D.C. These values indicate that the
DIs were consistent across study areas, despite signifi-
cant geographic and sociodemographic variability.
The deprivation indexes were examined for their asso-

ciation with maternal financial stress and perceived
stress. Women in the third quartile of DI2 were at twice
the risk of reporting life-long financial stress compared
to women in the lowest quartile (OR = 2.08, 95% CI =
1.34–3.22, p = 0.001). Women in the second quartile of
DI2 had 1.6 times the risk of reporting life-long financial
stress compared to women in the lowest quartile (OR =
1.61, 95% CI = 1.03–2.56, p = 0.04). Women in the third
quartile of DI1 had significantly less perceived stress
than women in the most deprived quartile (Est = − 1.26,
p = 0.04). Women in the second quartile of DI 2 had sig-
nificantly more perceived stress than women in the most
deprived quartile (Est = 1.25, p = 0.04; Est = 2.16, p =
0.003; Est = 1.39, p = 0.02 respectively).

Multivariate analysis
Crude odds ratios comparing Quartiles 2–4 with Quar-
tile 1 for each DI for selected metabolic risk indicators
were calculated. Women represented by DI1 were at

Fig. 1 Flow chart of the study data
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Table 1 Sociodemographic descriptions of each Community and Child Health Network (CCHN) study area. Means, counts or
proportions (standard deviation), population, and top two quartiles (50%) of the population in the Census Tract (CT) by area, and
deprivation index (DI) quartiles 1 and 2, year 2006 USA, census data

Baltimore Lake County, Illinois DC LA NC

Number of CTs 260 142 249 381 91

Number of CTs, top 2 quartiles of factor 1 98 52 96 288 21

Number of CTs, top 2 quartiles of factor 2 169 20 186 142 45

Sociodemographic Characteristics – Mean (SD)

Tract Population (complete sample in the CT) 3532 (1502) 4778 (1543) 3813 (1387) 4192 (1273) 4823 (1706)

Tract population, top 2 quartiles of factor 1 3058 (1319) 4641 (1497) 3975 (1388) 4245 (1270) 4550 (1681)

Tract population, top 2 quartiles of factor 2 3430 (1485) 3942 (1729) 3581 (1267) 4423 (1373) 4782 (1666)

% poor families (under 1.30 of the poverty line)
w/ children < 18 years

15.6 (13.6) 9.3 (10.1) 13.5 (12.7) 20.5 (15.7) 17.1 (11.5)

Top 2 quartiles of factor 1 24.3 (14.4) 17.9 (10.6) 17.9 (13.1) 25.3 (14.6) 25.7 (15.5)

Top 2 quartiles of factor 2 20.4 (13.9) 24.5 (12.1) 16.1 (13.3) 29.2 (13.5) 23.5 (12.1)

% housing occupancy > 1.0 (combining owner
and renter)

2.1 (2.4) 3.1 (3.7) 3.7 (3.8) 15.7 (13.3) 2.0 (2.1)

Top 2 quartiles of factor 1 3.34 (2.9) 6.6 (3.8) 6.34 (4.5) 19.9 (12.2) 3.5 (2.9)

Top 2 quartiles of factor 2 2.5 (2.6) 6.7 (3.9) 3.9 (3.9) 19.5 (11.6) 2.2 (2.3)

% housing units (combining owner and renter)
lacking complete plumbing

0.6 (1.2) 0.5 (0.9) 0.4 (1.3) 0.7 (1.5) 0.7 (1.3)

Top 2 quartiles of factor 1 0.49 (1.1) 0.71 (1.3) 0.23 (0.6) 0.87 (1.7) 1.2 (1.6)

Top 2 quartiles of factor 2 0.61 (1.3) 0.80 (1.4) 0.41 (1.32) 0.72 (1.2) 0.9 (1.5)

% households with housing costs > 30% of
income

35.2 (10.5) 38.5 (9.7) 39.7 (12.6) 52.6 (16.7) 30.6 (9.7)

Top 2 quartiles of factor 1 38.8 (11.6) 45.9 (10.1) 44.1 (14.7) 56.1 (16.6) 37.8 (11.9)

Top 2 quartiles of factor 2 37.2 (9.9) 48.2 (9.9) 41.3 (12.9) 56.9 (15.5) 34.5 (10.3)

% foreign born in the CT 8.1 (7.6) 17.8 (11.9) 16.6 (15.4) 35.2 (14.3) 4.5 (4.9)

Top 2 quartiles of factor 1 8.3 (9.6) 28.7 (11.3) 25.8 (18.2) 39.7 (11.9) 5.9 (6.5)

Top 2 quartiles of factor 2 6.0 (6.3) 23.7 (14.10) 13.1 (13.9) 34.3 (12.9) 4.1 (5.8)

Sociodemographic Characteristics Baltimore Mean (SD) Lake County, Illinois
Mean (SD)

DC Mean (SD) LA Mean (SD) NC Mean (SD)

% children of single-parent female householder
(own children < 18 years)

21.3 (13.8) 10.3 (8.2) 22.1 (14.1) 16.1 (9.7) 15.8 (9.4)

Top 2 quartiles of factor 1 28.1 (13.3) 14.68 (8.8) 23.84 (14.3) 18.45 (9.3) 19.95 (13.7)

Top 2 quartiles of factor 2 27.7 (12.5) 23.3 (11.2) 26.3 (13.5) 24.4 (7.1) 20.3 (10.5)

% females > 25 < HS education in the CT 19.3 (11.5) 14.0 (13.1) 16.1 (10.7) 28.8 (21.0) 17.4 (8.9)

Top 2 quartiles of factor 1 29.7 (10.1) 27.7 (12.3) 24.76 (10.2) 36.05 (18.5) 25.65 (6.3)

Top 2 quartiles of factor 2 22.3 (11.3) 29.9 (13.3) 17.06 (10.4) 36.39 (16.1) 21.43 (7.5)

% males > =25 < HS education in the CT 22.0 (13.2) 14.4 (14.1) 17.7 (11.9) 29.1 (21.4) 21.2 (11.2)

Top 2 quartiles of factor 1 33.4 (11.5) 28.8 (13.8) 27.3 (11.5) 36.7 (18.6) 33.6 (8. 9)

Top 2 quartiles of factor 2 25.9 (13.0) 32.0 (15.2) 18.7 (11.2) 39.2 (17.3) 26.3 (10.6)

% female 22–44 unemployed in the CT 7.2 (6.6) 5.7 (5.1) 8.8 (7.4) 6.6 (5.0) 9.2 (7.3)

Top 2 quartiles of factor 1 8.8 (7.4) 8.3 (5.76) 9.4 (7.7) 7.1 (5.2) 13.2 (10.4)

Top 2 quartiles of factor 2 9.2 (7.0) 13.4 (6.23) 10.6 (7.6) 8.9 (5.8) 12.9 (8.1)

% male 22–44 unemployed in the CT 9.3 (9.6) 6.4 (5.0) 9.2 (7.9) 7.2 (5.0) 7.9 (6.4)

Top 2 quartiles of factor 1 12.1 (11.2) 7.0 (5.2) 9.3 (6.7) 7.6 (5.2) 10.3 (6.9)

Top 2 quartiles of factor 2 12.3 (10.3) 9.6 (5.8) 10.9 (8.2) 9.9 (5.3) 10.73 (7.1)

% renter-occupied units with gross rent > 30% 57.0 (14.2) 53.3 (17.6) 53.7 (13.2) 60.1 (12.7) 61.0 (13.5)
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higher risk for central obesity, with the most deprived
group (Q4) at almost double the risk compared to the
least deprived group (OR = 1.91, 95% CI:1.24–2.94, p =
0.003). Among the same population and across all area-
level categories, a higher risk for HDL cholesterol (≤40),
was found (OR = 1.74, 95% CI:1.18–2.54, p =
0.004).Area-level deprivation was inversely associated
with the risk of clinically significant high systolic and
diastolic blood pressure with the most deprived group
(Q4) at third of the risk for clinically significant high sys-
tolic blood pressure and about half of the risk to clinic-
ally significant high diastolic blood pressure compared
to the least deprived group (OR = 0.34, 95% CI:0.16–
0.74, p = 0.006; OR = 0.46, 95% CI:0.27–0.80, p = 0.006
respectively).

Among women represented by DI2, models were sig-
nificant for BMI ≥30 and A1c ≥5.6%; DI2 was associated
with a higher risk of obesity among all area-deprived
populations compared to the least area-deprived group
(Q4-Q2 vs. Q1) with the most deprived group (Q4) at
almost triple risk for obesity compared to the least de-
prived group (OR = 2.56, 95% CI:1.66–3.95, p < 0.001).
The risk of having A1c levels ≥5.6% was higher among
women in Q4-Q2 than Q1, with the most deprived
group (Q4) at almost double the risk compared to the
least deprived group (OR = 1.93, 95% CI:1.28–2.90,
p = 0.001).
The overall model of the composite risk score was sig-

nificant among the population represented by DI2; the
risk of belonging to the higher risk group (composite
score 3–6) was higher among the DI2 Q2–42 population
than the least area-deprived group (Q1), p for trend<
0.001. Women in Q4, Q3, and Q2 were at a significantly
higher risk than those in the lowest quartile (95% CI:

Table 1 Sociodemographic descriptions of each Community and Child Health Network (CCHN) study area. Means, counts or
proportions (standard deviation), population, and top two quartiles (50%) of the population in the Census Tract (CT) by area, and
deprivation index (DI) quartiles 1 and 2, year 2006 USA, census data (Continued)

Baltimore Lake County, Illinois DC LA NC

of income in the CT

Top 2 quartiles of factor 1 61.3 (12.4) 54.8 (13.2) 54.8 (11.4) 62.8 (10.7) 65.2 (14.5)

Top 2 quartiles of factor 2 61.2 (11.8) 59.4 (13.7) 54.8 (12.4) 65.9 (9.8) 63.5 (13.7)

% black or African American in the CT 57.8 (35.3) 10.2 (17.7) 65.9 (29.6) 18.6 (21.4) 41.5 (21.9)

Top 2 quartiles of factor 1 66.7 (32.8) 54.8 (13.2) 54.8 (11.4) 62.8 (10.7) 65.2 (14.5)

Top 2 quartiles of factor 2 78.7 (21.9) 40.2 (29.1) 78.9 (19.1) 36.0 (22.9) 56.4 (20.0)

% Hispanic in the CT 3.9 (6.3) 20.8 (21.5) 12.0 (14.6) 45.6 (29.9) 5.3 (6.3)

Top 2 quartiles of factor 1 5.9 (9.1) 43.07 (20.4) 22.52 (18.3) 56.4 (25.6) 9.19 (9.7)

Top 2 quartiles of factor 2 2.9 (5.5) 38.43 (22.9) 9.72 (13.4) 54.2 (23.7) 5.09 (6.7)

% males 18–44 in the CT 48.7 (14.9) 49.3 (9.5) 48.1 (14.6) 49.8 (12.1) 49.6 (12.0)

Top 2 quartiles of factor 1 50.3 (16.1) 50.7 (11.6) 50.3 (13.1) 49.7 (11.8) 49.2 (15.3)

Top 2 quartiles of factor 2 47.8 (15.0) 48.2 (17.6) 46.9 (14.7) 46.9 (11.9) 47.8 (11.8)

The CCHN is a collaborative partnership of five university departments and community partners. The following study sites were included in our sample:
Washington, D.C.; Baltimore, Maryland; Los Angeles County, California; Lake County, Illinois; and seven counties in eastern North Carolina

Table 2 Community Child Health Network (CCHN) loadings for
the first deprivation index

Variables Principal component
loading

% Hispanic or Latina in the Census Tract 0.94

housing occupancy > 1.0 person per room
(combining owner and renter)

0.93

% females ≥25 with <HS education in the Census
Tract

0.88

% males ≥25 with <HS education in the Census Tract 0.84

% foreign born in the Census Tract 0.79

% households with housing costs > 30% of income
(aggregate across income categories and
owner-occupied) in the Census Tract

0.59

Table 3 Community Child Health Network (CCHN) loadings for
the second deprivation index

Variables Principal component
loading

% black or African American in the Census Tract 0.83

% single-parent female householder with children
< 18 years of age in the Census Tract

0.80

% female age 22–44 unemployed in the Census Tract 0.61

% male age 22–44 unemployed in the Census
Tract

0.60
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0.12–0.74, p = 0.007; 0.06–0.65; p = 0.02; and 0.25–0.79,
p < 0.001 respectively). In comparison with LA, two sites
were at significantly higher health risk: Baltimore (95%
CI: 0.27–0.88, p = 0.0002) and Washington, D.C. (95%
CI: 0.06–0.65, p = 0.02). There was no significant correl-
ation between DI1 and the higher risk group.

Discussion
In this study, we created neighbourhood DIs that cap-
ture cross-disciplinary and community perspectives on
area-level deprivation. We examined the relationship
between neighbourhood deprivation and maternal
postpartum health across five geographic areas in the
United States. DIs were comprised of a set of neigh-
bourhood characteristics identified as being highly
relevant to women’s health. We found a significant
association between neighbourhood deprivation and
health outcomes.
Most research on area deprivation and women’s health

has focused on adverse neonatal outcomes and prema-
ture birth or delivery complications [12, 13, 36, 38, 39].
The association between area-level deprivation and ad-
verse health outcomes has been documented only
among middle-aged and older women in the general
French population, notably BMI, central obesity and the
metabolic syndrome [40]. In that study, the prevalence

of diabetes increased with deprivation and was more
than two times higher among women in deprived areas
than non-deprived women. Our results add to the litera-
ture on younger North American women’s health in the
postpartum period.
Postpartum period may cause major changes in

women’s social lives,physical and mental health; nearly
70% of women report at least one physical health prob-
lem within the first 12 months postpartum [15]. The
problem is reported to be of moderate severity for 25%
of women and severe for 20%. Pregnancy-related health
outcomes have a significant impact on women’s abilities
to work, look after their children, and undertake house-
hold chores, as well as their overall mental health.
Evidence suggests that the availability of energy-dense,

nutrient low-food (e.g., fast food) is associated with neigh-
bourhood deprivation [16, 41]. Thus, individual dietary
habits are influenced by such neighbourhood factors as
food affordability, availability, and accessibility [10, 17].
Among middle-aged and older women, area-level

deprivation is associated with lower consumption of fruit
and vegetables, less physical activity, and more smoking
behaviours [19]. Mothers of newborns may be even
more affected by the lack of food accessibility and
affordability, since they may need to spend more to take
care of their infant and may not have the flexibility to
seek high-quality food.

Fig. 2 Principal component indices generation model: Area-level socioeconomic and residential characteristics in the Community and Child
Health Network (CCHN) study*. * Values represent the factor loads
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Neighbourhood deprivation may also contribute to
maternal adverse health outcomes through its impact on
physical activity. A highly walkable neighbourhood pro-
motes healthy habits, reducing the risk of obesity and
type 2 diabetes mellitus [42]. A systematic review re-
ported that more people tend to engage in physical ac-
tivity in neighbourhoods equipped with easily accessible,
appealing facilities such as recreational parks, sport
clubs, and clean sidewalks [43].
We found significant differences in the relationship be-

tween neighbourhood deprivation and health outcomes
among women of different races and ethnicities. Area-
level deprivation was inversely associated with the risk of
clinically significant high systolic blood pressure among
the population represented by DI1. A lower prevalence of
high blood pressure among Hispanic adults than other
ethnic groups has been documented despite a higher risk
of central obesity and other risk factors. According to
2008 estimates, 18% of Hispanic adults 18 years of age or
older have been diagnosed with hypertension, compared
to 27% of non-Hispanic Whites and 32% of non-Hispanic
Blacks [44]. In our sample, racial variation may stem from
high levels of segregation, since people of different races/
ethnicities frequently live in different neighbourhoods
[45]. An increased risk of diabetes was found in CTs with
high percentages of black women, but not in those with
high percentages of Hispanic women despite the presence
of central obesity, which is a major contributor to diabetes
risk. In a meta-analysis, higher HA1c levels were observed
among African Americans than non-Hispanics and whites
[46]. Ethno-racial differences in the risk of high blood
pressure and diabetes should be further investigated at the
individual level. The burden of metabolic risk factors
among postpartum women underscores the urgent need
to understand socioeconomic risk factors, in order to rec-
ommend targets for intervention.
These findings should be interpreted in light of the

study’s limitations. First, our sample was selected in spe-
cific U.S.A. locations, with oversampling of low socio-
economic and minority women; the results may not be
generalizable to the entire population. The two unique
DIs were generated in a result of principle components
analysis which used a specific are-level characteristics
and cannot be directly used but rather suggest a meth-
odology to those investigating the influence of the socio-
economic context on health. Second, our data included
women with type 2 diabetes mellitus prior to pregnancy
and gestational diabetes mellitus during pregnancy. To
assess the impact of this factor, we repeated the analyses
with these women excluded and our results remained
the same. Third, our results relate to the effect of the
socio-economic context on health and thus enable a
multilevel research, which will integrate individual-level
data. Fourth, our data do not include information

regarding access to services and infrastructures that
might be important in the postpartum period, such as
food stores, well-baby care clinics, and parks.

Conclusions
In conclusion, our results are consistent with past
research and demonstrate that indicators of neighbour-
hood deprivation based on a broad set of area-level char-
acteristics are useful for understanding metabolic risk in
different racial groups and a wide variety of geographic
settings. Furthermore, while variation may be observed
across geographic areas, this effect appears to be similar
across diverse settings. In future research, investigators
should use our derived index to determine whether it is
useful to predict other adverse health outcomes. Due to
the cross-sectional nature of the study, it is hard to draw
direct implications to the clinical setting; however, our
findings suggest that two specific residential characteris-
tics pose a greater risk on postpartum women to develop
chronic conditions. If a clinic serves women at such an
area, physicians working in it should be aware of the
higher risk to develop chronic conditions among and
screen for it.
Researchers investigating the pathways connecting

neighbourhood environment to maternal postpartum
metabolic risk should also include individual-level data,
such as family history and individual lifestyle.

Abbreviations
ACS: American Community Survey; CBPR: community-based participatory
research; CCHN: Community Child Health Network; CT: Census Tract;
DCAC: Data Coordination and Analysis Centre; DI: Deprivation Index;
GEE: Generalized Estimating Equation; PCA: Principal Component Analysis

Acknowledgments
This paper is designated a Core Paper of the Child Community Health
Network (CCHN), because it reflects major ideas and work considered central
to our network. Accordingly, the last designated author is the network itself,
preceded by the names of those on the writing team who directly prepared
this paper, listed in the order the team judged best reflects their relative
contributions. Members of each site are listed below.

Author’s contributions
Contributors PO, PS, MV, CDS, TNKR, MMH, RL, VMC, and the CCHN produced
the data used in this study. Contributors VKS PO and VM were responsible
for data analysis, with intellectual contributions from PS CDS, TNKR,
MMH, RL, and VMC. VKS and PO wrote the first and consecutive drafts
of the paper, together with VM and JM. All authors contributed to the
conception and design of the paper, interpretation of the data, critical
revision of the manuscript, and development of the intellectual content;
all authors approved the final version of the manuscript.

Funding
The CCHN is supported through cooperative agreements with the Eunice
Kennedy Shriver National Institute of Child Health and Human Development
(U HD44207, U HD44219, UHD44226, U HD44245, U HD44253, U HD54791, U
HD54019, U HD44226-05S1, U HD44245-06S1, R03HD59584) and the National
Institute for Nursing Research (U NR008929).

Availability of data and materials
Datasets and research resources associated to this study can be accessed via
NIH.com, at: https://www.nichd.nih.gov/research/supported/cchn. CCHN data

Kaufman-Shriqui et al. Health and Quality of Life Outcomes           (2020) 18:38 Page 8 of 10

http://nih.com
https://www.nichd.nih.gov/research/supported/cchn


are available in NICHD’s Data and Specimen Hub (DASH). https://dash.nichd.
nih.gov/

Ethics approval and consent to participate
Ethics approval was sought from and given by the respective Research
Ethics Boards at the institutions affiliated with each of the PIs in the five
study sites, a written informed consent was obtained for the participants,
which included permission to access medical records of the mother and
newborn.

Consent for publication
Not applicable.

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

Author details
1Department of Nutrition Sciences, School of Health Sciences, Ariel
University, Ariel, Israel. 2The Center for Urban Health Solutions (C-UHS), St,
Michael’s Hospital, Toronto, Canada. 3Alma and Baxter Richard Chair in Inner
City Health, St. Michael’s Hospital, 30 Bond St, Toronto, ON M5B 1W8,
Canada. 4Dalla Lana School of Public Health, University of Toronto, Toronto,
Ontario, Canada. 5Johns Hopkins Bloomberg School of Public Health,
Baltimore, Maryland, USA. 6Baltimore Healthy Start, Inc 2521 N. Charles Street,
Baltimore, MD 21218, USA. 7Department of Paediatric Medicine, Hospital for
Sick Children, Toronto, Ontario, Canada. 8Senior Director of Clinical Affairs
and Quality Assurance, Baltimore Healthy Start, Inc, 2521 N. Charles Street,
Baltimore, MD 21218, USA. 9Department of Psychology, University of
California, Los Angeles, CA, USA. 10Eunice Kennedy Shriver National Institute
of Child Health and Human Development National Institutes of Health,
Bethesda, MD, USA. 11Department of Health Policy and Administration,
Pennsylvania State University, 504S Ford, University Park, PA 16802, USA.
12Department of Health Behavior, School of Public Health, University of
Alabama at Birmingham, 1665 University Blvd., 227 RPHB, Birmingham, AL
35294, USA. 13Department of Public Health Sciences, A210, Penn State
College of Medicine, 90 Hope Frive, Suite 2200, Hershey, PA 17033-0855,
USA.

Received: 8 July 2018 Accepted: 16 January 2020

References
1. Doubeni CA, Schootman M, Major JM, Stone RA, Laiyemo AO, Park Y, Lian

M, Messer L, Graubard BI, Sinha R, et al. Health status, neighborhood
socioeconomic context, and premature mortality in the United States: the
National Institutes of Health-AARP diet and health study. Am J Public
Health. 2012;102(4):680–8.

2. Meijer M, Rohl J, Bloomfield K, Grittner U. Do neighborhoods affect
individual mortality? A systematic review and meta-analysis of multilevel
studies. Social science & medicine (1982). 2012;74(8):1204–12.

3. Walker RJ, Smalls BL, Campbell JA, Strom Williams JL, Egede LE. Impact of
social determinants of health on outcomes for type 2 diabetes: a systematic
review. Endocrine. 2014.

4. Krishnan S, Cozier YC, Rosenberg L, Palmer JR. Socioeconomic status and
incidence of type 2 diabetes: results from the Black Women's health study.
Am J Epidemiol. 2010;171(5):564–70.

5. Hystad P, Carpiano RM, Demers PA, Johnson KC, Brauer M. Neighbourhood
socioeconomic status and individual lung cancer risk: evaluating long-term
exposure measures and mediating mechanisms. Social science & medicine
(1982). 2013;97:95–103.

6. Kawakami N, Li X, Sundquist K. Health-promoting and health-
damaging neighbourhood resources and coronary heart disease: a
follow-up study of 2 165 000 people. J Epidemiol Community Health.
2011;65(10):866–72.

7. Diez Roux AV, Merkin SS, Arnett D, Chambless L, Massing M, Nieto FJ, Sorlie
P, Szklo M, Tyroler HA, Watson RL. Neighborhood of residence and
incidence of coronary heart disease. N Engl J Med. 2001;345(2):99–106.

8. Schempf A, Strobino D, O'Campo P. Neighborhood effects on birthweight:
an exploration of psychosocial and behavioral pathways in Baltimore, 1995--
1996. Social science & medicine (1982) 2009. 68(1):100–10.

9. Kamndaya M, Thomas L, Vearey J, Sartorius B, Kazembe L. Material
deprivation affects high sexual risk behavior among young people in urban
slums, South Africa. Journal of urban health : bulletin of the New York
Academy of Medicine. 2014.

10. Kegler MC, Swan DW, Alcantara I, Feldman L, Glanz K. The influence of rural
home and neighborhood environments on healthy eating, physical activity,
and weight. Prevention science : the official journal of the Society for
Prevention Research. 2014;15(1):1–11.

11. Messer LC, Vinikoor-Imler LC, Laraia BA. Conceptualizing neighborhood
space: consistency and variation of associations for neighborhood factors
and pregnancy health across multiple neighborhood units. Health & place.
2012;18(4):805–13.

12. O'Campo P, Burke JG, Culhane J, Elo IT, Eyster J, Holzman C, Messer LC,
Kaufman JS, Laraia BA. 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.

13. 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.

14. Kramer MR, Waller LA, Dunlop AL, Hogue CR. Housing transitions and low
birth weight among low-income women: longitudinal study of the perinatal
consequences of changing public housing policy. Am J Public Health. 2012;
102(12):2255–61.

15. Kahn RS, Zuckerman B, Bauchner H, Homer CJ, Wise PH. Women's health
after pregnancy and child outcomes at age 3 years: a prospective cohort
study. Am J Public Health. 2002;92(8):1312–8.

16. Chin MH. Quality improvement implementation and disparities: the case of
the health disparities collaboratives. Med Care. 2011;49(Suppl):S65–71.

17. Bombard JM, Dietz PM, Galavotti C, England LJ, Tong VT, Hayes DK, Morrow
B. Chronic diseases and related risk factors among low-income mothers.
Matern Child Health J. 2012;16(1):60–71.

18. Pickett KE, Pearl M. Multilevel analyses of neighbourhood socioeconomic
context and health outcomes: a critical review. J Epidemiol Community
Health. 2001;55(2):111–22.

19. Messer LC, Laraia BA, Kaufman JS, Eyster J, Holzman C, Culhane J, Elo I,
Burke JG, O'Campo P. The development of a standardized neighborhood
deprivation index. Journal of urban health : bulletin of the New York
Academy of Medicine. 2006;83(6):1041–62.

20. Rajaratnam JK, Burke JG, O'Campo P. Maternal and child health and
neighborhood context: the selection and construction of area-level
variables. Health & place. 2006;12(4):547–56.

21. Messer LC, Vinikoor LC, Laraia BA, Kaufman JS, Eyster J, Holzman C,
Culhane J, Elo I, Burke JG, O'Campo P. Socioeconomic domains and
associations with preterm birth. Social science & medicine (1982). 2008;
67(8):1247–57.

22. Meyer JD, Warren N, Reisine S. Racial and ethnic disparities in low birth
weight delivery associated with maternal occupational characteristics. Am J
Ind Med. 2010;53(2):153–62.

23. 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.

24. Janevic T, Stein CR, Savitz DA, Kaufman JS, Mason SM, Herring AH.
Neighborhood deprivation and adverse birth outcomes among diverse
ethnic groups. Ann Epidemiol. 2010;20(6):445–51.

25. Matijasevich A, Victora CG, Lawlor DA, Golding J, Menezes AM, Araujo CL,
Barros AJ, Santos IS, Barros FC, Smith GD. Association of socioeconomic
position with maternal pregnancy and infant health outcomes in birth
cohort studies from Brazil and the UK. J Epidemiol Community Health. 2012;
66(2):127–35.

26. Kim D, Saada A. The social determinants of infant mortality and birth
outcomes in Western developed nations: a cross-country systematic review.
Int J Environ Res Public Health. 2013;10(6):2296–335.

27. Auger N, Giraud J, Daniel M. The joint influence of area income, income
inequality, and immigrant density on adverse birth outcomes: a population-
based study. BMC Public Health. 2009;9:237.

28. Thurston RC, El Khoudary SR, Derby CA, Barinas-Mitchell E, Lewis TT,
McClure CK, Matthews KA. Low socioeconomic status over 12 years and
subclinical cardiovascular disease: the study of women's health across the
nation. Stroke. 2014;45(4):954–60.

29. Ramey SL, Schafer P, DeClerque JL, Lanzi RG, Hobel C, Shalowitz M,
Chinchilli V, Raju TN. The preconception stress and resiliency pathways

Kaufman-Shriqui et al. Health and Quality of Life Outcomes           (2020) 18:38 Page 9 of 10

https://dash.nichd.nih.gov/
https://dash.nichd.nih.gov/
https://dash.nichd.nih.gov/


model: a multi-level framework on maternal, paternal, and child health
disparities derived by community-based participatory research. Matern Child
Health J. 2014.

30. U.S. Department of Health and Human Services. 2009. “NICHD DASH -
Eunice Kennedy Shriver National Institute of Child Health and Human
Development Data and Specimen Hub.” Eunice Kennedy Shriver National
Institute of Child Health and Human Development, [Online]. [Accessed 9
March 2019]. Available from: dash.nichd.nih.gov/study/1649.

31. Holzman C, Eyster J, Kleyn M, Messer LC, Kaufman JS, Laraia BA, O'Campo P,
Burke JG, Culhane J, Elo IT. Maternal weathering and risk of preterm
delivery. Am J Public Health. 2009;99(10):1864–71.

32. Chyu L, Upchurch DM. Racial and ethnic patterns of allostatic load among
adult women in the United States: findings from the National Health and
nutrition examination survey 1999-2004. Journal of women's health (2002).
2011;20(4):575–83.

33. Carmienke S, Freitag MH, Pischon T, Schlattmann P, Fankhaenel T, Goebel H,
Gensichen J. General and abdominal obesity parameters and their
combination in relation to mortality: a systematic review and meta-
regression analysis. Eur J Clin Nutr. 2013;67(6):573–85.

34. Zhang X, Gregg EW, Williamson DF, Barker LE, Thomas W, Bullard KM,
Imperatore G, Williams DE, Albright AL. A1C level and future risk of diabetes:
a systematic review. Diabetes Care. 2010;33(7):1665–73.

35. Vasan RS, Larson MG, Leip EP, Evans JC, O'Donnell CJ, Kannel WB, Levy D.
Impact of high-normal blood pressure on the risk of cardiovascular disease.
N Engl J Med. 2001;345(18):1291–7.

36. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones
DW, Materson BJ, Oparil S, Wright JT Jr, et al. Seventh report of the joint
National Committee on prevention, detection, evaluation, and treatment of
high blood pressure. Hypertension. 2003;42(6):1206–52.

37. O'Campo P, Schetter CD, Guardino CM, Vance MR, Hobel CJ, Ramey SL,
et al. Explaining racial and ethnic inequalities in postpartum allostatic load:
results from a multisite study of low to middle income woment. SSM Popul
Health. 2016;2:850–8.

38. Timmermans S, Bonsel GJ, Steegers-Theunissen RP, Mackenbach JP, Steyerberg
EW, Raat H, Verbrugh HA, Tiemeier HW, Hofman A, Birnie E, et al. Individual
accumulation of heterogeneous risks explains perinatal inequalities within
deprived neighbourhoods. Eur J Epidemiol. 2011;26(2):165–80.

39. Shalowitz MU, Schetter CD, Hillemeier MM, Chinchilli VM, Adam EK, Hobel
CJ, et al. Cardiovascular and metabolic risk in women in the first year
postpartum: Allostatic load as a function of race, ethnicity, and poverty
status. Am J Perinatol 2018. doi: https://doi.org/10.1055/s-0038-1675618.
[Epub ahead of print].

40. Jaffiol C, Thomas F, Bean K, Jego B, Danchin N. Impact of socioeconomic
status on diabetes and cardiovascular risk factors: results of a large French
survey. Diabetes Metab. 2013;39(1):56–62.

41. Berge JM, Wall M, Larson N, Forsyth A, Bauer KW, Neumark-Sztainer D.
Youth dietary intake and weight status: healthful neighborhood food
environments enhance the protective role of supportive family home
environments. Health & place. 2014;26:69–77.

42. Glazier RH, Creatore MI, Weyman JT, Fazli G, Matheson FI, Gozdyra P,
Moineddin R, Shriqui VK, Booth GL. Density, destinations or both? A
comparison of measures of walkability in relation to transportation behaviors,
obesity and diabetes in Toronto Canada. PloS one. 2014;9(1):e85295.

43. Humpel N, Owen N, Leslie E. Environmental factors associated with adults'
participation in physical activity: a review. Am J Prev Med. 2002;22(3):188–99.

44. Guzman NJ. Epidemiology and management of hypertension in the
Hispanic population: a review of the available literature. American journal of
cardiovascular drugs : drugs, devices, and other interventions. 2012;12(3):
165–78.

45. Williams DR, Collins C. Racial residential segregation: a fundamental cause of
racial disparities in health, Public health reports (Washington, DC : 1974).
2001;116(5):404–16.

46. Kirk JK, D'Agostino RB Jr, Bell RA, Passmore LV, Bonds DE, Karter AJ, Narayan
KM. Disparities in HbA1c levels between African-American and non-Hispanic
white adults with diabetes: a meta-analysis. Diabetes Care. 2006;29(9):2130–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kaufman-Shriqui et al. Health and Quality of Life Outcomes           (2020) 18:38 Page 10 of 10

http://dash.nichd.nih.gov/study/1649
https://doi.org/10.1055/s-0038-1675618

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study population
	Neighbourhood deprivation
	Health outcomes
	Stress outcomes
	Statistical analyses

	Results
	Generation of indices
	Multivariate analysis

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Author’s contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

