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Abstract

BACKGROUND: Individual adverse social determinants of health are associated with increased
risk of diabetes in pregnancy, but the relative influence of neighborhood or community-level social
determinants of health is unknown.

OBJECTIVE: This study aimed to determine whether living in neighborhoods with greater
socioeconomic disadvantage, food deserts, or less walkability was associated with having
pregestational diabetes and developing gestational diabetes.

STUDY DESIGN: We conducted a secondary analysis of the prospective Nulliparous Pregnancy
Outcomes Study: Monitoring Mothers-To-Be. Home addresses in the first trimester were geocoded
at the census tract level. The exposures (modeled separately) were the following 3 neighborhood-
level measures of adverse social determinants of health: (1) socioeconomic disadvantage, defined
by the Area Deprivation Index and measured in tertiles from the lowest tertile (ie, least
disadvantage [T1]) to the highest (ie, most disadvantage [T3]); (2) food desert, defined by the
United States Department of Agriculture Food Access Research Atlas (yes/no by low income

and low access criteria); and (3) less walkability, defined by the Environmental Protection

Agency National Walkability Index (most walkable score [15.26—20.0] vs less walkable score
[<15.26]). Multinomial logistic regression was used to model the odds of gestational diabetes or
pregestational diabetes relative to no diabetes as the reference, adjusted for age at delivery, chronic
hypertension, Medicaid insurance status, and low household income (<130% of the US poverty
level).

RESULTS: Among the 9155 assessed individuals, the mean Area Deprivation Index score
was 39.0 (interquartile range, 19.0-71.0), 37.0% lived in a food desert, and 41.0% lived in a
less walkable neighborhood. The frequency of pregestational and gestational diabetes diagnosis
was 1.5% and 4.2%, respectively. Individuals living in a community in the highest tertile

of socioeconomic disadvantage had increased odds of entering pregnancy with pregestational
diabetes compared with those in the lowest tertile (T3 vs T1: 2.6% vs 0.8%; adjusted odds
ratio, 2.52; 95% confidence interval, 1.41-4.48). Individuals living in a food desert (4.8% vs
4.0%; adjusted odds ratio, 1.37; 95% confidence interval, 1.06-1.77) and in a less walkable
neighborhood (4.4% vs 3.8%; adjusted odds ratio, 1.33; 95% confidence interval, 1.04-1.71)
had increased odds of gestational diabetes. There was no significant association between living
in a food desert or a less walkable neighborhood and pregestational diabetes, or between
socioeconomic disadvantage and gestational diabetes.
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CONCLUSION: Nulliparous individuals living in a neighborhood with higher socioeconomic
disadvantage were at increased odds of entering pregnancy with pregestational diabetes, and those
living in a food desert or a less walkable neighborhood were at increased odds of developing
gestational diabetes, after controlling for known covariates.

Keywords

Area Deprivation Index; food desert; food insecurity; gestational diabetes; neighborhood
disadvantage; pregestational diabetes; pregnancy; social determinants of health; walkability

Introduction

The revalence of pregestational type 1 and 2 diabetes mellitus (DM) and gestational diabetes
mellitus (GDM) has nearly doubled in the United States over the past 2 decades.}™ In 2021,
>2% of pregnant individuals were living with DM, and another 8% developed GDM.1-3.5
Both DM and GDM are associated with increased risk of adverse pregnancy and postpartum
cardiometabolic outcomes for the pregnant individual and child.5-° Reducing the risk of DM
in pregnancy and associated adverse outcomes requires addressing both medical care and
nonmedical social needs.

Individual adverse social determinants of health (SDOH), which include systemic racism,
poverty, housing instability, food and nutrition insecurity, less access to green space, and
lack of quality education, health care, transportation, and employment, are associated with
higher risk of adverse pregnancy outcomes and DM outside of pregnancy.1-17 SDOH

can also be assessed at the neighborhood or community level, including through the use
of measures that assess the structural and social environment, such as socioeconomic
disadvantage, food deserts, and walkability.18-21 Individuals living in neighborhoods with
greater socioeconomic disadvantage, food deserts, and less walkability, experience a higher
burden of proximal SDOH. These neighborhood-level measures have been associated with
inadequate glycemic control among pregnant individuals with DM.22-24 Elucidating the
impact of neighborhood SDOH on the risk of DM and GDM is important to inform and
facilitate policy and structural interventions to improve perinatal health.25:26

The objective of the current analysis was to determine whether living in a neighborhood
that had greater socioeconomic disadvantage, was a food desert, or had less walkability
was associated with changes in the rate of living with DM and acquisition of GDM during
pregnancy. We hypothesized that greater exposure to neighborhood-level adverse SDOH
across multiple dimensions would increase the risk of DM and the development of GDM.

Materials and Methods

Study setting and participants

This study is a secondary analysis of the Nulliparous Pregnancy Outcomes Study:
Monitoring Mothers-to-Be (nuMoM2b) prospective cohort that assessed the contribution
of maternal and environmental factors to adverse pregnancy outcomes (ClinicalTrials.gov
identifier (NCT01322529).27 Data were prospectively collected between October 2010 and
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September 2013 at 8 US medical centers. The nuMoM2b study was approved by each site’s
institutional review board, and participants provided written informed consent.

Nulliparous individuals were enrolled in the study if they fulfilled the following inclusion
criteria: no previous delivery at >20 weeks’ gestation, a viable singleton pregnancy with
estimated gestational age from 6 to 13 weeks, and intention to deliver at a participating
hospital. Exclusion criteria included those aged <13 years, a history of >3 pregnancy
losses, donor oocyte pregnancy, planned pregnancy termination, fetal malformations likely
to be lethal, fetal aneuploidy, previous enrollment in the study, and an inability to provide
informed consent. Individuals were excluded from the current analysis if they did not have
a residential address at enrollment that could be geocoded because of a geographic location
for which this metric could not be calculated, such as a post office box, a business address,
or a coastal or offshore location.

The exposures were 3 community-level measures of adverse SDOH modeled separately.
The primary participant home address was collected via structured interview at the first
visit at 6 to 13 weeks’ gestation. Addresses were previously geocoded using ArcGIS
(www.arcgis.com; Esri, Redlands, CA), and then linked at the census-tract level to calculate
the measures of neighborhood SDOH.

We assessed socioeconomic disadvantage with the 2015 version of the Area Deprivation
Index (ADI) available at https://www.neighborhoodatlas.medicine.wisc.edu/, which was
developed as a summative measure of several community-level adverse social determinants
to study their effect on health outcomes within US neighborhoods. The ADI draws from 17
US census indicators across the 4 domains of income, education, employment, and housing
quality.1821.28 The measure generates a composite score that is converted to a rank based on
a locale’s national percentile from 0 to 100. We analyzed the ADI in tertiles, from the lowest
ADI (least deprivation, tertile 1 [T1], reference) to the highest (most deprivation, tertile 3
[T3]).29’30

Living in a food desert was defined using the Food Access Research Atlas of the United
States Department of Agriculture Economic Research Service, which contains a collection
of food access indicators by income and measures of supermarket accessibility.3! Living in
a food desert was defined as “yes” or “no” per criteria for both low income and low access
to food.19:32 Communities with low income were defined as those in which at least 20% of
the population had a median family income <80% of the metropolitan area or state median
income. Low community access to food was defined as a number of at least 500 and a
proportion of at least 33% of individuals who were located >1 mile (urban) and >10 miles
(rural) away from the nearest food store.

Neighborhood walkability was assessed using the US Environmental Protection Agency
(EPA) National Walkability Index, which integrates measures of the built environment that
reflect the likelihood of people using walking as a mode of transportation. The index
comprises the following components: “intersection density” (higher intersection density
correlates with more walk trips), “proximity to transit stops” (shorter distance to transit stops
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correlates with more walk trips), “employment mix” (more diverse employment types [retail,
office, industrial] correlate to more walk trips), and “employment and household mix” (more
diverse employment types plus many occupied housing units correlate with more walk trips).
Scores ranged from 1 to 20, with higher scores representing a higher likelihood of people
using walking as a mode of transportation.29:33 We compared neighborhoods that were the
most walkable (score 15.26-20.0) with those that were less walkable (score <15.26) per EPA
recommendations.20

The primary outcomes were DM and GDM assessed separately in comparison with absence
of either diagnosis (reference). DM status inclusive of type 1 and 2 DM was assessed

by medical record abstractors at enrollment and at each follow-up visit on the basis of

a recorded diagnosis of either type 1 or type 2 DM in the medical record. GDM was
defined by one of the following glucose tolerance testing (GTT) criteria: (1) fasting 3-hour
100-g GTT with 2 abnormal values: fasting 295 mg/dL, 1-hour 2180 mg/dL, 2-hour =155
mg/dL, 3-hour =140 mg/dL; (2) fasting 2-hour 75-g GTT with 1 abnormal value: fasting
>92 mg/dL, 1-hour 2180 mg/dL, 2-hour =153 mg/dL; and (3) nonfasting 50-g GTT =200
mg/dL if no fasting 3-hour or 2-hour GTT was performed. In addition to GTT data, record
abstractors documented if a diagnosis of GDM was made during the course of clinical care.
If no GTT data were available, the information from record abstraction was used for GDM
classification.

Statistical analysis

We compared the frequency of ADI tertiles, community walkability, and living in food
deserts by DM and GDM status, respectively. We descriptively compared sociodemographic
and clinical characteristics by the 3 exposure measures and by the outcome using chi-square
tests for categorical variables and Wilcoxon rank-sum tests for continuous variables. We
calculated unadjusted and adjusted odds ratios (aORs) with 95% confidence intervals (CIs).
We used multinomial logistic regression given nonbinary outcomes, having neither DM nor
GDM (referent), having DM, or having GDM. Models were adjusted for age at enroliment
(<25, 25-30, >30-35, and >35 years), chronic hypertension (yes/no), and individual-level
SDOH including Medicaid insurance status (yes/no) and household income and size relative
to the US poverty level (<130%, 130%-350%, and >350%) based on a directed acyclic
graph (Appendix Figure 1). We did not adjust for race and ethnicity given adjustment for
multiple and more accurate individual SDOH.

Because the relative influence of a community-level metric on DM risk may vary by self-
reported race and ethnicity, through which processes consequent to structural racism may
operate, we assessed for effect modification in the adjusted model with interaction terms
between the exposure (ie, community-level metric) and race and ethnicity. Imputation for
missing data was performed using multiple imputation by chained equations (MICE) (n=30
imputations), and estimates were combined using Rubin’s rules. All statistical analyses were
performed using Stata, version 16.1 (StataCorp LLC, College Station, TX) and R statistical
software, version 4.2.0 (R Foundation for Statistical Computing, Vienna, Austria). Statistical
significance was defined by ~<.05.
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Among 10,038 enrolled nulliparous pregnant individuals, we excluded those whose address
could not be geocoded at enrollment (n=450, 4.4%) and who had unknown DM status
(n=433, 4.3%), resulting in a final analytical sample of 9155 (91.2%) individuals (Appendix
Figure 2). Those who were excluded were more likely to be younger, experience adverse
individual-level SDOH, and have chronic comorbid conditions (/<.01 for all) (Appendix
Table 1). The frequency of pregestational DM, but not GDM, was lower among those who
were included than those who were excluded (1.4% vs 3.5%; overall /<.05).

The median age was 28 years (interquartile range [IQR], 23.0-31.0) (Table 1). Over a
quarter (27.6%) had Medicaid health insurance, 13.3% self-identified as non-Hispanic Black
and 16.5% as Hispanic, 38.2% had some college education or less, and 19.8% had a
household income <130% of the US poverty level. Over a fifth (22.0%) lived with obesity,
2.4% had chronic hypertension, and 17.4% smoked.

The median ADI score was 39.0 (IQR, 19.0-71.0), 37.0% of individuals lived in a food
desert, and 41.0% lived in a less walkable neighborhood (Table 1). The frequency of DM
and GDM diagnosis was 1.5% and 4.2%, respectively. Individuals living in neighborhoods
with greater socioeconomic disadvantage, food deserts, and less walkability were more
likely to be of younger age, experience individual adverse SDOH, report tobacco use, and
live with chronic comorbid conditions (A<.001 for all) (Table 1).

Individuals living in neighborhoods in the highest tertile of socioeconomic disadvantage had
>2-fold increased odds of living with a DM diagnosis compared with those in the lowest
tertile (T3 vs T1: 2.6% vs 0.8%; aOR, 2.52; 95% Cl, 1.41-4.48) (Figure 1; Table 2). Neither
living in a food desert nor in a less walkable neighborhood was associated with DM.

Individuals who lived in a food desert (4.8% vs 4.0%; aOR, 1.37; 95% Cl, 1.06-1.77) or in
a less walkable neighborhood (4.4% vs 3.8%; aOR, 1.33; 95% Cl, 1.04-1.71) had increased
odds of GDM (Figure 2; Table 2). Living in a neighborhood with greater socioeconomic
disadvantage was not associated with GDM.

Interaction effects between self-reported race and ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic, and non-Hispanic Asian) and socioeconomic disadvantage
(P=.07), living in a food desert (~=.40), and walkability (P=.05) were not statistically
significant (P>.05) in the above adjusted models (data not shown).

Principal findings

In this large prospective cohort of nulliparous individuals, measures of community-level
SDOH in early pregnancy were associated with diagnosis of DM and GDM. Specifically,
nulliparous individuals living in a neighborhood with greater socioeconomic disadvantage
were at increased odds of living with a diagnosis of DM, although food deserts and
walkability were not associated with DM. In contrast, those who lived in a food desert

or a less walkable neighborhood were at increased odds of being diagnosed with GDM.
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These findings demonstrate the associations between 3 community-level constructs of
SDOH (including an overall measure of socioeconomic disadvantage [ADI] and measures
of food insecurity and walkability) and DM risk in pregnancy. The associations between
neighborhood SDOH and DM in pregnancy were similarly observed across racial and ethnic
subgroups, suggesting that the impact of these community-level disparities similarly affected
these subgroups.2* Community-level metrics of adverse SDOH have been shown to be
associated with increased risk of adverse pregnancy outcomes, including the associations

of the Centers for Disease Control and Prevention Social Vulnerability Index with preterm
birth, and of ADI with postpartum readmission.39:34:35 Among individuals with DM, the 3
community-level metrics assessed in the current study have been associated with increased
risk of inadequate glycemic control as measured by hemoglobin Alc in early and late
pregnancy.22-24.36 The association between neighborhood walkability and developing GDM
has not been consistently observed.37-38 Studies have demonstrated that living in food
deserts is associated with increased GDM risk,3° and living in a food desert and in
neighborhoods with socioeconomic disadvantage is associated with pharmacotherapy to
achieve glycemic control with GDM.#%41 By including 3 community-level metrics of SDOH
and assessing the relative relationship with both DM and GDM, the current study provides

a comparative understanding of the relative influences of these measures on DM risk in
pregnancy.

Clinical implications

The evaluated community-level measures of SDOH are publicly available and can be

linked to patient or study participant data through the census tract. The availability of
community measures based on geocoded data already in the electronic health record (EHR),
provides opportunities for future technologies to incoporate geocoding and calculation of
these measures into the EHR to better guide DM prevention and treatment in pregnancy.
For example, individuals living in communities with a high ADI, food deserts, or less
walkability could undergo additional SDOH screening and referral to community-based
resources, such the Special Supplemental Nutrition Program for Women, Infants, and
Children (WIC) and Medicaid-associated prenatal programs like the Pregnancy Medical
Home.42

More broadly, these findings highlight the impact of the broader environment even before
pregnancy on the risk of DM and the need for policies to support vulnerable communities
(eg, by increasing access to food, green space, economic opportunities, and walkable and
safe communities). Findings from this study and others that demonstrate a relationship
between community-level measures and adverse health outcomes should encourage health
care workers to actively seek out opportunities to collaborate with policymakers and
community planners in decisions related to the social and structural environment in their
communities.

Research implications

Future research is needed to understand whether community-level interventions aimed to
improve the built environment and community-level SDOH can reduce the risk and severity

Am J Obstet Gynecol MFM. Author manuscript; available in PMC 2024 June 18.
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of DM in pregnancy. Such interventions may include policies designed to increase access to
housing and transportation, public safety, neighborhood walkability, or the number of stores
with healthy foods to address food deserts.

Strengths and limitations

Strengths of the current analysis include the study of multiple measures of community-level
SDOH. We also assessed SDOH prospectively with DM risk in a large, diverse cohort of
pregnant individuals.

Limitations include that the data are now over 10 years old, but it is unlikely that the
demonstrated associations would have changed over time. The exposure was assessed only
once in early pregnancy and did not account for changing residential locations, but data
suggest that community-level SDOH are relatively stable through a 3-year time frame.43
This analysis assumes that an individual’s place of residence rather than another area

such as their place of employment is the most influential geographic area. Because of the
sample size, we were unable to compare the relative differences in association between
community-level SDOH and rates of DM for individuals with type 1 vs type 2 DM. Previous
studies have demonstrated that increasing neighborhood-level socioeconomic disadvantage,
limited walkability, and food deserts are similarly associated with inadequate glycemic
control among pregnant individuals with both type 1 and 2 DM. In this analysis, we did

not account for clustering of the error term by neighborhood.22-24 Clustered standard errors
with clusters defined by factors such as geography can be used if there are clusters in the
population that may not be apparent in the study sample. Given the observational design of
our study, we were able to demonstrate an association between various measures of adverse
neighborhood-level SDOH and DM in pregnancy, but not a causal relationship. These results
may not be generalizable to all pregnant populations or settings because this study was
limited to nulliparous US individuals who were enrolled in a prospective cohort in the first
trimester. Pregnant individuals who initiated prenatal care late and who experienced more
adverse individual SDOH, such as low educational attainment, lack of health insurance, and
poverty, were likely underrepresented in this prospective cohort that enrolled participants

in the first trimester. However, a lower proportion of individuals who experienced adverse
SDOH is unlikely to affect the observed association between neighborhood SDOH and DM
in pregnancy.

Conclusions

Living in a neighborhood with greater socioeconomic disadvantage increased the odds of
living with DM. Living in a food desert or a less walkable community increased the odds of
developing GDM. These findings underscore the importance of community-level SDOH as
potentially modifiable risk factors for DM in pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG MFM at a Glance
Why wasthis study conducted?

Pregestational diabetes and gestational diabetes are associated with increased risk of
adverse pregnancy outcomes. Such outcomes are also associated with adverse social
determinants of health. Whether community- or neighborhood-level measures of adverse
social determinants of health are associated with risk of pregestational diabetes and
gestational diabetes is uncertain.

Key findings

Nulliparous individuals living in neighborhoods with greater socioeconomic disadvantage
were more likely to have pregestational diabetes, after adjustment for known covariates.
Those in food deserts or less walkable communities were more likely to develop
gestational diabetes, after the same adjustments.

What doesthis add to what is known?

This prospective study enhances the understanding of the relative influences of multiple
community- and neighborhood-level measures of social determinants of health on the
risk of living with pregestational diabetes during pregnancy or developing gestational
diabetes. These results can inform the development of structural interventions aimed at
addressing community-level social determinants of health to decrease the risk of diabetes
in pregnancy.
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