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Abstract Infants born with low or high (“at-risk™)
birthweights are at greater risk of adverse health
outcomes across the life course. Our objective was
to examine whether geographic hotspots of low and
high birthweight prevalence in New York City had
different patterns of neighborhood risk factors. We
performed census tract-level geospatial clustering
analyses using (1) birthweight prevalence and mater-
nal residential address from an all-payer claims data-
base and (2) domains of neighborhood risk factors
(socioeconomic and food environment) from national
and local datasets. We then used logistic regression
analysis to identify specific neighborhood risk factors
associated with low and high birthweight hotspots.
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This study examined 2088 census tracts representing
419,025 infants. We found almost no overlap (1.5%)
between low and high birthweight hotspots. The
majority of low birthweight hotspots (87.2%) over-
lapped with a socioeconomic risk factor and 95.7%
overlapped with a food environment risk factor. Half
of high birthweight hotspots (50.0%) overlapped with
a socioeconomic risk factor and 48.8% overlapped
with a food environment risk factor. Low birthweight
hotspots were associated with high prevalence of
excessive housing cost, unemployment, and poor food
environment. High birthweight hotspots were associ-
ated with high prevalence of uninsured persons and
convenience stores. Programs and policies that aim to
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prevent disparities in infant birthweight should exam-
ine the broader context by which hotspots of at-risk
birthweight overlap with neighborhood risk factors.
Multi-level strategies that include the neighborhood
context are needed to address prenatal pathways lead-
ing to low and high birthweight outcomes.

Introduction

Infants born with low (less than 2500 g) or high
(greater than 4000 g) birthweights are at greater risk
for adverse health outcomes at birth and across the
life course (e.g., neonatal hypoglycemia, obesity, and
cardiometabolic disease in children and adults) [1-3].
Low infant birthweight is thought to be driven by
individual-level prenatal risk factors such as prema-
turity or hypertension, which are exacerbated by par-
ent-/family-level racial/socioeconomic disparities and
chronic stress [4]. At a neighborhood level, low infant
birthweight has been associated with poor neighbor-
hood housing conditions and lower neighborhood
support [5, 6]. Neighborhood factors associated with
high infant birthweight have received less attention.
Individual-level prenatal risk factors for high infant
birthweight include increased maternal body mass
index, gestational diabetes, and excessive gestational
weight gain [7]. Neighborhood fast food access,
neighborhood overcrowding, and unemployment
are all associated with maternal risk factors for high
birthweight, such as excessive gestational weight gain
[8, 9]. Past studies have missed opportunities to look
at neighborhood risk factors with low and high birth-
weight together as potential “at-risk” birthweights to
disentangle whether different prenatal neighborhood
environments are associated with low and high birth-
weight outcomes.

In New York City (NYC), racial/socioeconomic
disparities in low birthweight are well documented
[10], as are NYC-specific geographic disparities
in weight outcomes across the life course [11-13].
Less is known about whether there are high-risk geo-
graphic clusters of where mothers who deliver infants
with at-risk birthweights live, and whether these
areas overlap with socioeconomic and food environ-
ment risk factors at a neighborhood level. Domains
of neighborhood risk factors previously associated
with prenatal and cardiovascular outcomes [14-18]
include (1) socioeconomic conditions, which include

social (e.g., overcrowding, stable housing) and eco-
nomic (e.g., unemployment, lack of health insurance)
conditions and (2) food environment (e.g., fast food
restaurants, convenience stores). To understand how
the prenatal neighborhood environment may play a
role in birthweight outcomes, we conducted an eco-
logical study to assess relationships between hotspot
distributions of at-risk birthweight prevalence, socio-
economic conditions, and the food environment in
NYC. We then assessed which individual neighbor-
hood risk factors (e.g., unemployment rates, fast food
restaurants) predicted hotspots of low or high birth-
weight. We hypothesized that (1) hotspot distribution
of at-risk birthweights would overlap with the hotspot
distribution of neighborhood risk factors (socioeco-
nomic conditions and food environment) and (2) low
and high birthweight hotspots would be associated
with different prenatal neighborhood risk factors.

Methods
Study Design

Our target population included single livebirths born
in NYC. We assessed distribution of hotspots (sta-
tistically significant geospatial clustering) of at-risk
birthweight prevalence (low and high) by geocoded
residential census tract, socioeconomic conditions,
and food environment. Prenatal neighborhood envi-
ronment was assessed at the domain level (socio-
economic conditions, food environment) and at the
individual risk factor level (e.g., excessive housing
cost, fast food restaurants—definitions below). We
then built multivariable logistic regression models
to examine if high prevalence of neighborhood risk
factors were associated with hotspots of low and
high birthweights, adjusting for sociodemographic
covariates.

Target Population and Data Sources

We obtained data from the Statewide Planning and
Research Cooperative System (2011-2014), an all-
payer claims database administered by the New
York State Department of Health [19]. The data-
base contains infant birthweight and each patient’s
home address, which we geocoded to census tract.
We performed a sensitivity analysis comparing
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all single live births with a subsample exclud-
ing premature live births with similar results. We
included all single live births without exclusions for
prematurity.

We obtained socioeconomic conditions and
demographic covariate variables using data from
the American Community Survey (2009-2013) pro-
vided by City Health Dashboard, which compiles
neighborhood data from multiple national and state
sources [20, 21]. We obtained food environment data
using inspection records (2009-2013) from the NYC
Department of Health and Mental Hygiene and the
New York State Department of Agriculture and Mar-
kets. [13, 22].

Low and High Birthweights

The main outcomes were low and high birthweight
prevalence, calculated by dividing the number of
low or high birthweight newborns by the total num-
ber of newborns per census tract. Low birthweight,
as defined by the World Health Organization, was
defined as a birthweight below 2500 g. [23] High
birthweight, as defined by prior literature, was defined
as a birthweight greater than 4000 g. [7] We excluded
likely erroneous birthweights of above 5000 g and
below 500 g as per prior birthweight literature. [24].

Socioeconomic Conditions

We included the following 4 census tract—level
socioeconomic risk factors: excessive housing cost,
crowded housing, unemployment, and uninsured per-
sons. As defined by the American Community Sur-
vey [21] and as examined in previous literature [6],
the following definitions were used: (1) excessive
housing cost was defined by a percentage estimate
of households where over 30% of household income
was spent on housing costs; (2) crowded housing was
defined by a percentage estimate of households with
more than one person per room; (3) unemployment
was defined by a percentage estimate of the popula-
tion > 16 years old unemployed but seeking work; (4)
uninsured persons was defined by a percentage esti-
mate of lack of health insurance among people aged
0-64 years.

@ Springer

Food Environment

We included 2 census tract-level food environment
risk factors: prevalence of fast food restaurants and
convenience food stores. We used the New York State
Department of Agriculture and Markets licensing and
inspection data to characterize the food environment.
After excluding non-restaurants and collapsing obser-
vations to unique restaurants by name and location,
fast food restaurants were defined as venues marked
as “fast food,” “take-out,” or “counter service only.”
Fast food prevalence was defined as the percentage
of these venues categorized as fast food in a census
tract as per prior literature [12, 13]. Similarly, we cal-
culated the prevalence of convenience stores as the
percentage of retail food stores categorized as small
convenience stores as per prior literature. [12, 13].

Neighborhood Demographic Covariates

We assessed basic demographic covariates from the
American Community Survey [21]: % Hispanic, %
non-Hispanic Black, % female, % children under the
age of 18, and median household income.

Statistical Analysis

We used the Getis-Ord Gi-star statistic [25] to iden-
tify hotspots where variable prevalence demonstrated
statistically significant geospatial clustering. We
chose this statistical method because it quantifies geo-
spatial patterns by analyzing each geographic unit in
relation to its neighboring areas to identify statisti-
cally significant clusters of high or low values. In our
analysis, we used a distance band of 1 mile to define
neighboring features, a confidence level of 95%, and a
false discovery rate correction to account for multiple
comparisons. We defined overlap as when one census
tract was a hotspot for multiple variables. To identify
areas of increased socioeconomic risk factors, we
counted the number of overlapping socioeconomic
risk factor hotspots for each census tract from 0 (no
risk factor hotspots) to 4 (census tract a hotspot for
all 4 risk factors). To identify areas of increased food
environment risk factors, we counted the number of
overlapping food environment hotspots for each cen-
sus tract from O (no risk factor hotspots) to 2 (cen-
sus tract a hotspot for both fast food and convenience
stores).
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We performed logistic regressions to identify
predictors of low and high birthweight hotspots. To
represent high prevalence and to focus on areas with
significant disparities, we dichotomized neighbor-
hood risk factors at the highest prevalence quartile
(e.g., above 75™ percentile for prevalence of excessive
housing cost). Selecting our demographic covariates a
priori, we tested factors for multicollinearity prior to
inclusion in our model.

Of the 2167 census tracts in NYC, we excluded
tracts deemed inappropriate for analysis, such as
those with no population (e.g., airports and parks—
40 tracts) and those with less than 30 births between
2011 and 2014 (30 tracts) or missing information (9
tracts). Our final sample included 2088 census tracts
(96% of total).

We used ArcGIS Desktop 10.3.1 (ESRI, Redlands,
Calif, 2015) to perform geographic analyses and

Stata/SE version 15.1 (Stata Corp, College Station,
TX) to perform statistical analyses. This study proto-
col was approved by the Institutional Review Board at
NYU Grossman School of Medicine.

Results

This study included 419,025 single live infants.
Table 1 is a descriptive summary of NYC cen-
sus tracts. Mean prevalence of low and high birth-
weight were similar (6.3% vs. 6.8%, respectively).
The prevalence of infants born premature was 6.0%
(n=25,012). Figure 1 displays overlap of risk factors
by domain with at-risk birthweight hotspots. Table 2
displays overlap of individual risk factors with at-risk
birthweight hotspots. In NYC, we identified hotspots
of low and high birthweight in 38.1% and 16.0% of

Table 1 Descriptive summary of New York City census tracts (n=2088)

Birthweight outcomes, mean prevalence (median, IQR)
Low birthweight (<2500 g)
High birthweight (>4000 g)
At-risk birthweight!
Socioeconomic conditions, mean prevalence (median, IQR)
Excessive housing cost?
Crowded housing®
Unemployment*
Uninsured’
Food Environment, mean prevalence (median, IQR)
Fast food restaurants®
Convenience stores’
Demographic covariates, mean prevalence (median, IQR)
Hispanic persons
Black, non Hispanic persons
Female sex
Children®

Median income’

6.3% (6.2%, 4.5-7.9%)
6.8% (6.6%, 5.3-8.1%)
13.1% (13.1%, 11.1-15.1%)

49.1% (49.2%, 41.6-56.6%)
9.2% (7.6%, 3.7-13.1%)
10.9% (9.8%, 6.9-13.8%)
15.4% (14.7%, 9.4-20.1%)

70.3% (71.4%, 58.9-81.8%)
80.0% (82.2%, 74.3-88.1%)

26.6% (18.0%, 8.9-39.7%)
26.3% (10.0%, 1.8-45.1%)
52.3% (52.3%, 49.5-55.0%)
21.6% (21.4%, 16.8-26.0%)
57,392 (52,769, 37,931-71,612)

"Prevalence of high or low birthweight

2Households where >30% of household income is spent on housing costs

3More than 1 persons per room

“Persons aged > 16 years unemployed but seeking work

SCurrent lack of health insurance among people aged 0-64 years

®Proportion of restaurants within census tract categorized as fast food

"Proportion of retail food stores within census tract categorized as convenience stores
8Persons aged < 18 years old

°Census tract median income in US dollars
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Fig. 1 New York City census tract map of birthweight and
prenatal neighborhood environment. Hotspots where preva-
lence estimates cluster at a confidence level of 95%. a 'Hot-
spots of high birthweight (>4000 g) or low birthweight
(<2500 g); b 2Hotspots of socioeconomic risk factors: exces-

total census tracts, respectively. Low and high birth-
weight hotspots had minimal overlap (1.5%).

Low Birthweight Hotspots

The majority of low birthweight hotspots (87.2%)
overlapped with a hotspot for at least 1 socioeco-
nomic risk factor, and 73.5% overlapped with at least
2 risk factors. Almost all low birthweight hotspots
(95.7%) overlapped with a hotspot for at least 1 food
environment risk factor, and 59.7% overlapped with
both risk factors. In decreasing order (Table 2), low
birthweight hotspots had highest overlap with hot-
spots of fast food restaurants (94.1%), excessive hous-
ing cost (77.5%), and unemployment (75.8%).

In our logistic regression model (Fig. 2), consistent
with neighborhood risk factors with high overlap, we
found that among socioeconomic risk factors, census
tracts with the highest quartile prevalence of exces-
sive housing cost and unemployment had 2.10 (95%
CI 1.56, 2.83) and 1.86 (95% 1.39, 2.49), respec-
tively, increased odds of being a low birthweight
hotspot. Among food environment risk factors, cen-
sus tracts with the highest quartile prevalence of fast
food restaurants and convenience stores had 4.96
(95% CI 3.59, 6.84) and 1.92 (95% CI 1.47, 2.51)
increased odds of being a low birthweight hotspot.

@ Springer

Food Environment Risk Factors

Nota hotspot for food e

sive housing cost (>30% income), crowded (>1 person/
room), unemployment (>16 years old seeking work), unin-
sured (between 0 and 64 years old); ¢ *Hotspots of food envi-
ronment risk factors: fast food restaurants, convenience stores

Among our covariates, census tracts with the high-
est quartile prevalence of Hispanic and Black persons
had increased odds of being a low birthweight hotspot
(4.79 [95% CI 3.46, 6.63] and 7.07 [95% CI 5.01,
9.97], respectively).

High Birthweight Hotspots

Compared to 87.2% of low birthweight hotspots, half
of high birthweight hotspots (50.0%) overlapped with
hotspots for at least 1 socioeconomic risk factor, and
27.0% overlapped with at least 2 risk factors. Almost
half of high birthweight hotspots (48.8%) overlapped
with at least 1 food environment risk factor, and
14.4% overlapped with both risk factors. High birth-
weight hotspots had highest overlap (Table 2) with
neighborhood risk factors distinct from the low birth-
weight hotspots: uninsured persons (47.6%) and con-
venience stores (46.0%).

In our logistic regression model (Fig. 2), among
socioeconomic risk factors, we found census tracts
with highest quartile prevalence of uninsured persons
had 1.89 (95% CI 1.39, 2.56) increased odds of being
a high birthweight hotspot, while excessive housing
cost and crowded housing did not increase odds of
being a high birthweight hotspot. Among food envi-
ronment risk factors, we found Census tracts with the
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Table 2 Overlap of neighborhood risk factors and at-risk birthweight hotspots

All census tracts

Low birthweight hotspots' High birthweight hotspots?

(%) (% overlap) (% overlap)
Socioeconomic conditions
Excessive housing cost’ 42.8 71.5 17.7
Crowded housing* 33.6 40.7 21.0
Unemployment® 325 75.8 12.9
Uninsured® 31.9 40.5 47.6
Food environment
Fast food’ 44.7 94.1 16.1
Convenience stores® 354 61.3 46.0

Geographic hotspots identified using the Getis-Ord Gi-star statistic where prevalence estimates demonstrated statistically significant

clustering at a confidence level of 95%
!Infants born <2500 g
Ynfants born > 4000 g

¥Households where > 30% of household income is spent on housing costs

“More than 1 persons per room
SPersons aged > 16 years unemployed but seeking work

SCurrent lack of health insurance among people aged 0-64 years

"Proportion of restaurants within census tract categorized as fast food

8Proportion of retail food stores within census tract categorized as convenience stores

highest quartile prevalence of convenience stores had
2.04 (95% CI 1.55, 2.70) increased odds of being a
high birthweight hotspot while fast food restaurants
did not increase odds of being a high birthweight
hotspot. Among our covariates, census tracts with
the highest quartile prevalence of Black persons had
decreased odds of being a high birthweight hotspot
(0.46 [95% C10.29, 0.74]).

Discussion

In this study, we examined geographic patterns
in the prenatal neighborhood environment and
prevalence of at-risk birthweights. We found
that low and high birthweight hotspots had mini-
mal overlap, consistent with previous knowledge
describing different prenatal low and high birth-
weight individual-/family-level risk factors [2].
Our study expands these findings to show that
these pathways extend to different distinguish-
able geographic distributions. The vast major-
ity of low birthweight hotspots overlapped with

neighborhood risk factors, specifically excessive
housing cost, unemployment, fast food restau-
rants, and convenience stores. Prior studies have
shown that higher stress cortisol levels [26] are
associated with lower birthweight, and perhaps
multiple neighborhood risk factors synergistically
increase population stress levels, increasing low
birthweight prevalence.

Associations between high birthweight hotspots
and neighborhood risk factors were less consist-
ent. Only about half of high birthweights hot-
spots overlapped with neighborhood risk factors
in either domain, including specific associations
with uninsured persons and convenience stores.
These findings are different from prior literature
identifying associations between neighborhood
fast food access and gestational weight gain [18],
which may reflect unmeasured sociocultural dif-
ferences that drive both high birthweight and
where people live in NYC. Overall, we found that
distinct prenatal neighborhood environments are
associated with low and high birthweight hot-
spots, suggesting that influencing the neighbor-
hood context of at-risk birthweights may require
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Fig. 2 Neighborhood risk factors associated with hotspots of
at-risk birthweights. Y-axis depicted on a logarithmic scale for
visual accuracy; Logistic regression [aOR (95% CI), *p <0.05;
*p<0.01; ***p<0.001]; factors dichotomized at highest

examination of specific risk factors with specific
birthweight outcomes.

We found associations between low birthweight,
housing, and unemployment, confirming associations
previously found on the individual level [15, 27].
Excessive housing cost likely leads to housing insta-
bility, well documented in the longstanding housing
crisis in NYC [28]. A community with high levels of
housing instability and high resident turnover may
decrease opportunities to create mutually support-
ive social networks that can mitigate psychological
stressors during pregnancy. Future studies should
incorporate a multi-level design to examine relation-
ships between housing instability, social support, and
birthweight outcomes to inform prenatal interven-
tions designed to stabilize social support networks
as well as policy agendas to increase stable housing
during critical developmental periods. Prior studies
have described associations between preterm births,
another reflection of at-risk prenatal conditions, and
state-level unemployment [15]. Our findings expand
descriptions of the impact of neighborhood-level
unemployment to include clustering of low birth-
weight prevalence. As economic factors such as
unemployment tend to fluctuate, future studies may
consider a longitudinal design to capture relationships

@ Springer

Food Environment

quartile prevalence, model also includes age, sex, race/ethnic-
ity, income; % excessive housing cost (>30% income); 29
crowded (> 1 person/ room); *% unemployment (> 16 years old
seeking work); *% uninsured (between 0 and 64 years old)

between shifting prenatal neighborhood economic
disparities and birthweight outcomes.

We found that census tracts with high prevalence
of uninsured persons were associated with being a
high birthweight hotspot. While being uninsured on
an individual level conveys more than double the
odds of delayed prenatal care [17], this would perpet-
uate both low and high birthweight outcomes. Rather,
our neighborhood findings may highlight a specific
socioeconomic threshold where family incomes are
too high to qualify for Medicaid but not stable enough
for secure health coverage, resulting in an insurance
coverage gap. Prior work shows that uninsured popu-
lations are largely young, without access to insurance
through work (e.g., self-employed), and Hispanic
[29]. Future studies may consider geographically tar-
geted qualitative analysis to understand unmeasured
sociocultural differences in prenatal dietary practices
in high birthweight hotspots. Pregnant mothers with
similar income levels, shared sociocultural back-
grounds, and practices may be more likely to live
close to one another. Gaining a detailed understand-
ing of prenatal dietary practices that influence high
birthweight in the context of a shared neighborhood
and community setting would inform home-based
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strategies to optimize healthy prenatal dietary
practices.

Our findings in the food environment also show
differences between low and high birthweight prena-
tal neighborhood environments. High prevalence of
fast food restaurants was associated with low birth-
weight hotspots and inversely related to high birth-
weight hotspots. In contrast, while low birthweight
and fast food intake has not been studied, prior work
has shown that individual fast food intake is associ-
ated with maternal gestational weight gain, a risk
factor for high birthweight [9]. Rather than capture
individual-level behaviors, our findings may reflect
how racial and income segregation influences fast
food restaurant placement [30, 31]. Both low and
high birthweight hotspots were associated with con-
venience stores, supporting previous work that con-
venience store density reflects neighborhood-level
poverty [32]. In NYC in particular, investments into
local convenience stores to promote healthy foods
have demonstrated early success in promoting health-
ier purchases [33]. Given that increased prevalence
of convenience stores may be in hotspots of at-risk
birthweights, neighborhood programs may consider
using convenience stores as a setting for neighbor-
hood interventions to improve healthy practices dur-
ing pregnancy.

Our models also showed that race/ethnicity preva-
lence is associated with birthweight outcomes, align-
ing with well-established evidence around racial/eth-
nic disparities in birthweight [6, 10, 11]. Given that
prior work has identified geospatial racial segregation
as potential trigger for increased fast food density [30,
31], future study design should consider investigating
how structural inequalities in the neighborhood built
environment may contribute to birthweight outcomes.

Barker proposed 35 years ago that adverse birth-
weight outcomes increase susceptibility to cardio-
metabolic syndromes [34]. Our findings meaningfully
expand this body of work by suggesting that prenatal
neighborhood risk factors play a role in adverse cardi-
ometabolic programming by contributing to adverse
birthweight outcomes. To date, interventions address-
ing cardiometabolic outcomes by preventing child
obesity have largely focused on a parent-/family-level
interventions to improve parenting behaviors, without
fully integrating neighborhood risk factors [35]. A
multi-level approach is needed to integrate the work
of geospatial epidemiology and clinical interventional

work to integrate parent-level with neighborhood-
level strategies to reduce the impact of socioeconomic
disparities. For example, primary care may integrate
social needs screening programs to connect parents to
neighborhood social services, or to identify families
who need intensified programming during key devel-
opmental periods to buffer neighborhood stressors.
On a policy level, geographic analyses such as ours
could be used to direct programs such as the NYC
“Food Retail Expansion to Support Health” inter-
vention [36], which offer incentives to food retailers
that lower the cost of maintaining retail supermarket
space and to develop neighborhood partnerships tar-
geting patients who are at greatest risk.

Key limitations to the interpretation of our find-
ings include the ecological nature of the study, unclear
duration of residence in census tracts, potential bias in
spatial clustering, and unmeasured variables. Associa-
tions were conducted on the census tract level, and no
conclusions can be drawn at the individual level nor
can directionality be assessed. We also do not know
how long families have lived at the address we used
for analysis, but research thus far reflects that when
individuals are displaced due to a lack of affordable
housing, they tend to move to similar neighborhoods
[37]. Our analysis was limited by potential bias from
spatial clustering across census tracts meaning that
similar exposures tend to cluster spatially, which can
affect assumptions of independence among observa-
tions. Other unmeasured factors may also confound
the associations that we identified. However, our con-
ceptual model was grounded in selected variables with
prior evidence relevant to our study. This study draws
from data of over 400,000 newborn infants with rich
neighborhood data, providing an important framework
to conduct future multi-level studies that integrate data
on the individual, family, and neighborhood level. Our
findings can be used to guide future cohort studies to
delineate causal pathways between salient variables
and multi-level mechanisms around high and low birth-
weight within the context of the prenatal neighborhood
environment.

Conclusion

In NYC, the geographic distributions of low and high
birthweights have different patterns of overlap with
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neighborhood risk factors. Low birthweight hotspots
have a higher overall concentration of overlap with
neighborhood risk factor hotspots and associations
with excessive housing cost, unemployment, and poor
food environment. High birthweight hotspots were
associated with high prevalence of uninsured persons
and convenience stores. These findings reflect dif-
ferent prenatal neighborhood environments for low
and high birthweight hotspots. Interventions to pre-
vent adverse health outcomes that originate in at-risk
birthweights should address both overall level of pre-
natal neighborhood risk as well as target-specific risk
factors to address low and high birthweight outcomes.
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