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Abstract

Objective—To measure the association of fast food density (FFD) and supermarket density (SD)
with adverse neonatal outcomes in pregnancies with gestational diabetes mellitus (GDM).

Study Design—This was a retrospective cohort study of women with GDM who delivered at a
tertiary care center in a large metropolitan area (1/2010-2/2016). ZIP codes were used to link
women with surrounding food environment. FFD and SD were calculated as the number of
establishments per 100,000 residents for each ZIP code and classified into quartiles. Quartile 1
represented lowest FFD or SD. Four neonatal outcomes were assessed: large for gestational age
(LGA) neonate, shoulder dystocia, neonatal hypoglycemia, and neonatal intensive care unit
admission > 3 days. Bivariable and multivariable analyses estimated associations of FFD and SD
with outcomes.

Results—A total of 2,373 women met eligibility criteria. Insurance, race/ethnicity, language, and
body mass index differed between quartiles, although GDM type did not. High FFD was
associated with lower odds of LGA but not with other outcomes. Low SD and FFD:SD ratios were
not associated with any outcomes.

Conclusion—Among women with GDM, high FFD was associated with some neonatal
outcomes, but low SD and FFD:SD ratio was not. Food environment may not be the only social
determinant of neonatal outcomes in pregnancies with GDM.
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Gestational diabetes mellitus (GDM), defined as the development of carbohydrate
intolerance during pregnancy, is one of the most common medical complications in
pregnancy.l GDM now complicates approximately 50% more pregnancies than it did two
decades ago (6-9% vs. 2-3%) and can have serious maternal and neonatal consequences.2
Neonates born to women with GDM are at an increased risk of large for gestational age
(LGA) status, shoulder dystocia, neonatal hypoglycemia, and neonatal intensive care unit
(NICU) admission. Achieving maternal glycemic control is paramount to reducing these
risks. Medical nutrition therapy (MNT) is one of the first interventions used to treat GDM.1
The goal of MNT is to achieve normal blood glucose levels and prevent ketosis while
providing adequate weight gain for appropriate fetal growth and development. The key
components of MNT include caloric allotment, carbohydrate intake, and caloric distribution.
Even when women require adjunctive medical therapies such as insulin, MNT is a mainstay
of GDM management. Unfortunately, women with GDM face many obstacles in initiating
and maintaining these dietary modifications, such as difficulty managing nutrition choices
when there is inadequate access to healthy food options or increased financial burden
associated with healthy food options.3

The food environment has been proposed as a potentially modifiable factor from a public
health perspective to improve metabolic health. The Obesity Society and the American
Society for Nutrition have assessed the multi-faceted role of the food environment in obesity,
including food prices,? variety of food options,® and neighborhood access to healthy foods.
For example, price changes are considered a potentially important component of a multi-
faceted public health approach to reducing obesity. Palat-ability and variety may play roles
in stimulating appetite, delaying satiety, and promoting excessive caloric intake, although
evidence in human studies is lacking. Importantly, access to healthy foods has been studied
in nonpregnant populations, finding that increased exposure to fast food restaurants has been
associated with increased risk of obesity and type 2 diabetes mellitus, whereas increased
exposure to grocery stores has been protective.’-8

In the obstetric literature, the food environment has also been associated with maternal
outcomes. In the Pregnancy, Infection, and Nutrition Study, closer proximity of
supermarkets was shown to be associated with better diet quality.? High prevalence of fast
food restaurants and ratio of fast food restaurants to supermarkets within a woman’s
neighborhood of residence was associated with increased risk of the development of GDM.
10 These findings suggest that greater availability of unhealthy food options may be
associated with quality of nutrition and related pregnancy health; however, the effect of the
food environment on perinatal outcomes among women with GDM has not been evaluated.
Thus, the objective of our study was to measure the associations of fast food density (FFD)
and supermarket density (SD) with adverse perinatal outcomes in women whose pregnancies
were complicated by GDM.

Materials and Methods

This was a retrospective cohort study of women with GDM who delivered at a single,
tertiary care hospital in Chicago, Illinois, between January 2010 and February 2016. Women
were included regardless of pregnancy duration or outcome, timing of diagnosis of GDM, or
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type of therapy required for GDM management. Women with known type 1 or type 2
diabetes preceding pregnancy were excluded. Women were excluded if there was no
documentation of ZIP code data for their home residence available or if their residence was
outside of Illinois. ZIP code data were abstracted for eligible women and linked to
surrounding food environment using the U.S. Census Bureau database. FFD and SD were
then calculated using the North American Industry Classification System codes as the
number of establishments per 100,000 residents in a similar manner to previously reported
methods. 10 Fast food establishments included “convenience stores” (code 445120) and
“limited service restaurants” (code 722513), whereas supermarkets included “supermarket
and other grocery stores” (code 445110). Subjects were then categorized into quartiles of
FFD and SD (Fig. 1), where high (quartile 4) FFD and low (quartile 1) SD are hypothesized
to be negative food environments.

Demographic and clinical characteristics were abstracted directly from the electronic
medical record used for clinical care. Missing or incomplete data were rereviewed by a
member of the study team to ensure reliability. We assessed sociodemographic factors such
as age, self-reported race/ethnicity, insurance type at the time of delivery, and primary
language spoken, as well as medical and obstetric characteristics such as body mass index
(BMI) at delivery and GDM type (diet-controlled vs. medication-requiring), which can
affect perinatal outcomes. We assessed four major neonatal outcomes associated with degree
of GDM control: LGA neonate, shoulder dystocia, neonatal hypoglycemia, and NICU
admission greater than 3 days. LGA was defined as birthweight above the 90th percentile for
gestational age. Shoulder dystocia was defined as a failure to deliver the fetal shoulders with
gentle downward traction on the fetal head, requiring additional obstetric maneuvers to
facilitate delivery. Neonatal hypoglycemia was defined as neonatal glucose less than 40
mg/dL before hospital discharge.11

Demographic and baseline characteristics were assessed across FFD quartiles and SD
quartiles using chi-square, analysis of variance, and Kruskal-Wallis tests, as appropriate.
Quartile 1 represented the lowest FFD or SD, and quartile 4 represented the highest density.
The frequencies of perinatal outcomes were compared across FFD and SD quartiles using a
nonparametric test of trend. Elements of a poor food environment are hypothesized to
include high density of fast food and low availability of fresh food. For these reasons, we
chose high (Q4) FFD and low (Q1) SD as the primary exposures of interest. To estimate the
association of highest (Q4) FFD and lowest (Q1) SD with adverse perinatal outcomes,
multivariable logistic regression modeling was used. We estimated the adjusted odds ratio
(aOR) and 95% confidence interval (Cl) for each of the main outcomes by the highest versus
all lower FFD quartiles (Q4 vs. Q1-Q3 combined) and the lowest versus all higher SD
quartiles (Q1 vs. Q2—Q4 combined). Initial models included factors identified from the
literature as being associated with the outcomes of interest (maternal age, race, BMI, type of
GDM, and gestational age at delivery) as well as factors that were significantly associated
with the main exposures, FFD or SD, in bivariable analysis, with p< 0.2. Stepwise,
backward elimination using a change-in-effect method was performed to reduce the models
to include only those factors that significantly confounded the relationship between the
exposure and outcome. The final models retained any confounders that changed the
exposure outcome odds ratio by more than 10% when removed from the model. In a
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secondary analysis, we also evaluated the association between the ratio of fast food
restaurants to supermarkets and each of the perinatal outcomes.

All analyses were performed with Stata, Version 14.0 (StataCorp, College Station, TX). All
tests were two-tailed, and p < 0.05 was used to define significance. Approval for this study
was obtained from the Northwestern University’s Institutional Review Board.

Fast Food Density

During the study period, 2,373 women met eligibility criteria. The majority of women had
diet-controlled GDM(73.4%), with a mean BMI at delivery of 33.2 + 8.4 kg/m2. Women
who lived in the highest FFD areas were less likely to have public insurance and more likely
to be non-Hispanic white, married, and nulliparous and to speak English as their primary
language (Table 1). There was no significant difference in type of GDM; however, women
who lived in the highest FFD quartile had statistically significantly lower BMI.

Frequencies of adverse perinatal outcomes by FFD quartile are shown in Table 2. As FFD
increased, there was a statistically significant trend toward fewer LGA births and fewer
births complicated by shoulder dystocia (p= 0.01 for both). There were no significant trends
noted across increasing FFD quartiles and neonatal hypoglycemia or NICU admission. After
adjusting for confounding factors, residence in the highest (Q4) FFD quartile was associated
with lower odds of LGA status neonate (aOR: 0.67; 95% CI: 0.47-0.96) compared with
residence in the three lower FFD quartiles combined (Table 2). Other variables such as
maternal BMI did not significantly change the association between exposure and outcome
and thus did not remain in this final, parsimonious final model. There were no significant
associations noted between high FFD, and shoulder dystocia, neonatal hypoglycemia, or
NICU admission (Table 2).

Supermarket Density

Women who lived in the lowest SD areas were less likely to have public insurance and more
likely to be non-Hispanic white and married and to speak English as their primary language
(Table 3). There was no significant difference in type of GDM; however, women who lived
in the lowest SD quartile had lower BMI. There did not appear to be any statistically
significant trends of association between SD quartile and frequency of neonatal outcomes
(Table 4). Residence in the lowest (Q1) SD quartile was not significantly associated with
higher odds of LGA neonate (aOR: 1.24; 95% CI: 0.88-1.76). There were also no significant
associations noted between low SD, and shoulder dystocia, neonatal hypoglycemia, or NICU
admission (Table 4).

Fast Food to Supermarket Density Ratio

In our cohort, there was a median of 3.4 fast food restaurants for every supermarket
(interquartile range [IQR]: 2.1-5.3). Women with an LGA neonate lived in areas with
similar fast food to supermarket ratios compared with those who did not have an LGA
neonate (median: 3.3, IQR: 2.1-5 vs. median:3.4, IQR: 2.1-5.3; p=0.17). Women who had
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shoulder dystocia had lower fast food to supermarket ratio (median:2.8, IQR: 2.1-3.7)
compared with women who did not have shoulder dystocia (median: 3.4, IQR: 2.1-5.5). In
multivariable logistic regression, however, no significant associations were noted between
the ratio of fast food restaurants to supermarkets and any of the perinatal outcomes.

Comment

MNT is the cornerstone of therapy for GDM. Given the challenges women experience with
nutritional therapy in the context of GDM,12 we hypothesized that poorer quality food
environment, represented by high availability of fast food and/or low availability of
supermarkets, would thus be associated with greater likelihood of adverse perinatal
outcomes. Our findings demonstrated that residence in the highest FFD regions was
associated with lower odds of an LGA status neonate compared with residence in lower
density quartiles. However, no other associations were identified, suggesting the food
environment may play only a partial role in mediating disparities in outcomes for women
with GDM. Importantly, our findings also did not differ when accounting for maternal BMI
at delivery.

Prior work suggests that there is a relationship between the food environment and
occurrence of maternal disease in pregnancy, as seen in data from Houston regarding the
incidence of GDM.10 Our work extends this concept and suggests that food environment
may also affect neonatal outcomes in the context of a GDM diagnosis. However, we
surprisingly found an association in the opposite direction than expected, where high FFD
was associated with decreased odds of LGA neonate. It is possible that when women have
an abundance of food options, they have the opportunity to choose from multiple healthy
options and select foods that specifically appeal to them. Of note, unmeasured confounding
may partially explain the association between high FFD and low odds of LGA neonate, as
some of the regions of highest FFD in our study corresponded to areas of Chicago that are
also areas of higher socioeconomic status. However, this was not universally true for all of
the regions of highest FFD in our study, and thus differences in socioeconomic status and
associated potential differences in education about food cannot completely explain our
findings.

Although the food environment has been shown to affect obesity frequency and pregnancy
complications such as development of GDM,1%.13 some studies have not found the same
effect.14 One possible explanation for these conflicting results is a difference in the study
design and methods used. A systematic review of the methods used by 51 peer-reviewed
studies measuring the effect of the food environment on obesity demonstrated considerable
variation in classifying, locating, and analyzing food stores, which resulted in mixed results.
15 Furthermore, the food environment that an individual is exposed to is not limited only to
the residential neighborhood they live in, although this has been the most commonly used
exposure in previous studies. For example, the food environment around where an individual
works or visits regularly may impact health and adverse outcomes. Due to the complexity of
human mobility, measures of individual activity using newer technology such as Global
Positioning System (GPS) tracking may be necessary to more accurately define
environmental exposure.16 Additional measures are also needed to evaluate the effect of
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supplementary programs such as Women, Infants, and Children Food and Nutrition Service,
which can augment poor food environments and may not be captured with GPS tracking.

This study has several limitations to consider. In this retrospective observational study, we
unable to determine exactly what type of education and nutrition counseling the women
received, how far or where women traveled to access food, what food choices they made, or
how stable their place of residence during pregnancy may have been. Each of these factors
may influence exposure to different food environments and thus are important variables to
consider in future studies. Another limitation was that the government-provided business
listings used to map fast food and supermarket establishments did not provide detailed
information about the exact rates of turnover during an individual woman’s pregnancy.
While these directories should be kept up-to-date, our results were limited to the food
retailer type and location provided by this resource and the most recent maternal ZIP code
recorded in the electronic medical record. High turnover of establishments or frequent
maternal relocation, however, would likely bias the findings toward the null. Moreover, it is
possible that ZIP codes may not necessarily be the ideal geographic unit to assess the
neighborhood environment and that perhaps Chicago ZIP codes do not fully capture
hypothesized neighborhood dynamics. Although we included insurance status in models as a
proxy for socioeconomic status, a woman’s insurance status is not fully reflective of her
available resources, and we were unable to more precisely account for socioeconomic status
with factors such as income or education. Additionally, we were not able to assess weight
gain during pregnancy or prepregnancy BMI, gestational age at GDM diagnosis, degree of
glycemic control, indication for NICU admission, or specific treatments for neonatal
hypoglycemia. We were also not able to assess other social determinants of health, such as
segregation in Chicago, which have been associated with adverse neonatal outcomes.1’
Finally, although the size of the population was robust, some outcomes, such as shoulder
dystocia, are uncommon; for example, with the available sample size, we only had sufficient
power to detect a two-fold difference in shoulder dystocia.

Despite these limitations, our study also had several strengths. This is one of the first studies
to evaluate the association between the maternal food environment and adverse neonatal
outcomes, and prevention of adverse outcomes is the primary rationale for GDM treatment.
Thus, understanding not only whether the food environment affects occurrence of a disease
but also the sequelae of the disease once diagnosed is critical to further understanding social
determinants of health. Furthermore, this was a diverse cohort of almost 3,000 pregnant
women with GDM, which provided 80% power to detect a 40% increase in LGA between
the highest and lowest quartiles, assuming a baseline incidence of LGA among women with
GDM of 12%. Moreover, in contrast to studies relying on registry or birth certificate data,
we had detailed information about all subjects’ medical and obstetrical history, which
allowed us to control for sociodemographic and pregnancy factors in our final models.

In conclusion, an abundance of fast food establishments was associated with lower odds of
neonatal LGA status among women with GDM, whereas other neonatal outcomes were not
associated with fast food or supermarket abundance. As with many social determinants of
health, the relationship between the determinant and the health outcome is complex and
nuanced; yet, beginning to understand these social and environmental complexities are
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essential to developing public health strategies to improve maternal and child health.
Considering the food environment as well as other social determinants of maternal health is
crucial when addressing efforts to reduce disparities and improve neonatal outcomes
associated with GDM.
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Fig. 1.

Fast food density (a) and supermarket density (b) by ZIP codes in Chicago, Illinois. Fast
food density is calculated as the number of fast food restaurants per 100,000 residents.
Quartile 1: <72.5; quartile 2: 72.5 to 90.4; quartile 3: 90.5 to 109; quartile 4: >109.
Supermarket density is calculated as the number of supermarkets per 100,000 residents.
Quartile 1: <19; quartile 2: 19 to 26.5; quartile 3: 26.6 to 33.8; quartile 4: >33.8. ZIP codes
shaded in red correspond to negative food environments (fast food density quartile 4 and

supermarket density quartile 1).
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