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Abstract

Objective: As rates of childhood obesity and pediatric type 2 diabetes (T2D) increase, a better 

understanding is needed of how these two conditions relate, and which subgroups of children are 

more likely to develop diabetes with and without obesity.

Methods: To compare hotspots of childhood obesity and pediatric T2D in New York City, we 

performed geospatial clustering analyses on obesity estimates obtained from surveys of school-

aged children and diabetes estimates obtained from healthcare claims data, from 2009–2013. 

Analyses were performed at the Census tract level. We then used multivariable regression analysis 

to identify sociodemographic and environmental factors associated with these hotspots.

Results: We identified obesity hotspots in Census tracts with a higher proportion of Black or 

Hispanic residents, with low median household income, or located in a food swamp. 51.1% of 

pediatric T2D hotspots overlapped with obesity hotspots. For pediatric T2D, hotspots were 

identified in Census tracts with a higher proportion of Black residents and a lower proportion of 

Hispanic residents.
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Conclusions: Non-Hispanic Black neighborhoods had a higher probability of being hotspots of 

both childhood obesity and pediatric type 2 diabetes. However, we identified a discordance 

between hotspots of childhood obesity and pediatric diabetes in Hispanic neighborhoods, 

suggesting either under-detection or under-diagnosis of diabetes, or that obesity may influence 

diabetes risk differently in these two populations. These findings warrant further investigation of 

the relationship between childhood obesity and pediatric diabetes among different racial and 

ethnic groups, and may help guide pediatric public health interventions to specific neighborhoods.
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INTRODUCTION

The relationship between childhood obesity and pediatric diabetes in the United States has 

been well established.1–3 However, as the rates of both childhood obesity and pediatric 

diabetes continue to increase, more study of which subgroups of children are more likely to 

develop diabetes with and without obesity is necessary in order to implement effective 

preventive intervention. According to surveillance sources, the estimated prevalence of 

pediatric type 2 diabetes (T2D) in New York City (NYC) is 0.11%, more than twice that of 

the national estimate which is 0.05%.4, 5 Additionally, almost half of NYC public school 

children are overweight or obese; nationwide, about 1 in 5 children are estimated to be obese 

and another 15% are overweight.6, 7 In both NYC and nationwide, children from racial/

ethnic minority groups and children from low-income households are disproportionately 

affected by both obesity and diabetes.8, 9 In addition, geographic disparities have been 

observed nationally beyond those attributable to race and socioeconomic factors.10

Geographic disparities have also been observed in obesity and diabetes prevalence among 

NYC children.5, 10 Our study compared hotspots of childhood obesity and hotspots of 

pediatric diabetes in NYC, using emergency claims data from a New York State claims 

database to estimate type 2 diabetes, and data from K-12 school screening to evaluate for 

obesity. Approximately 30% of NYC children visit an emergency department (ED) in a 

given year; thus, emergency claims data offers a larger sample than other potential data 

sources.11 Emergency claims data has been shown to correlate accurately with other 

methods for chronic disease prevalence estimation, such as survey data or registry data.5, 12 

Geospatial analysis was used to identify areas of concordance and discordance between 

childhood obesity and pediatric diabetes in NYC. The goal of this ecologic study was to 

understand where these hotspots overlap and do not overlap by analyzing demographics, 

socioeconomic status, and food environment, all of which we hypothesized would play a 

role in determining rates of childhood obesity and pediatric diabetes.

METHODS

Study Design and Setting

To compare hotspots of childhood obesity and pediatric diabetes in NYC, we performed 

geospatial clustering analyses on prevalence estimates obtained from surveys of school-aged 
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children and healthcare claims data. The healthcare claims data was geocoded using each 

patient’s home address. The target population included school-aged children from ages 5 to 

19 years old, and the study period was 2009 to 2013. All analyses were performed at the 

Census tract level. We then used multivariable regression to identify demographic, 

socioeconomic, and environmental factors associated with these hotspots of childhood 

obesity and diabetes.

Data Sources

The data on children with obesity comes from the NYC Fitnessgram, which is an annual 

assessment of public school and charter school students in grades K-12 that is conducted by 

the NYC Department of Health and Mental Hygiene Office of School Health (OSH).13 The 

percentage of students who are overweight or obese is calculated based on the Centers for 

Disease Control and Prevention (CDC) BMI percentiles for age and gender. Diabetes 

prevalence was estimated as previously described in the literature using emergency claims 

data from the Statewide Planning and Research Cooperative System (SPARCS), an all-payer 

New York State claims database.14 Sociodemographic factors were obtained from Census 

data from the American Community Survey.15 Data on restaurants and retail food stores 

were obtained from inspection data from the NYC Department of Health and Mental 

Hygiene and the New York State Department of Agriculture and Markets.16

Main Outcomes

The main outcome was the identification of childhood obesity and pediatric diabetes 

hotspots. As determined by the CDC, childhood obesity was defined as a body-mass-index 

at or above the 95th percentile for children and teens of the same age and sex.17 Pediatric 

T2D were analyzed separately using emergency claims data. We estimated the prevalence of 

T2D among unique children who had visited the ED one or more times during the study 

period. Pediatric ED visitors were identified as diabetic if they had a primary or secondary 

International Classification of Diseases, Ninth Revision (ICD-9) diagnosis code with the 

prefix 250. Using unique identifiers, we accounted for repeated emergency visits by the 

same child across multiple hospitals. Prevalence estimates, defined as the number of unique 

ED patients with a diagnosis of T2D respectively divided by the total number of unique ED 

patients, were made at the Census tract level and then analyzed for hot and cold spots.

Using algorithms in the published literature, we identified children as having T2D if they 

were at least 10 years old and more than 50% of their diabetes diagnosis codes were listed as 

type 2. We excluded children with type 1 diabetes, identified as having 50% or more 

diabetes diagnosis codes listed as type 1 (last digit of ICD-9 code of 1 or 3) or being <10 

years old. This algorithm has been reported to be 88.4% sensitive and 88.5% specific.18 

Prior research suggests that more complex algorithms that include data not available in 

claims data (e.g., laboratory values or prescription records) only provided a modest 

improvement over using diagnosis codes alone.19

Multivariable Predictors

We examined whether the following sociodemographic factors were associated with 

childhood obesity and diabetes hotspots: the proportion of residents that were children, 

Osorio et al. Page 3

Acad Pediatr. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



female, non-Hispanic Black (here on referenced as Black), and Hispanic, to account for age, 

sex, race and ethnicity. We also included median household income to account for 

socioeconomic differences. To characterize the food environment, we identified fast food 

swamps and retail food swamps. Fast food “swamps” were identified by the proportion of 

nearby restaurants categorized as fast food. After excluding non-restaurants and collapsing 

observations to unique restaurants by name and location, we identified fast food restaurants 

by a venue marked as fast food or service marked as take-out or counter service only. For the 

retail food environment, we used inspection data from the New York State Department of 

Agriculture and Markets.16 Retail food “swamps” were identified as the proportion of retail 

food stores categorized as bodegas or small convenience stores, which often have poorer 

food choices than larger grocery stores.20 For both food environment measures, we included 

the restaurants and food stores within a one-mile radius of each Census tract’s centroid 

based on prior studies.21

Statistical Analysis

To identify statistically significant hotspots of childhood obesity and diabetes, we used the 

Getis-Ord Gi-star statistic to identify hotspots where our prevalence estimates for childhood 

obesity and diabetes demonstrated statistically significant clustering.22 A distance band of 

one mile was used to identify clustered values. We used a confidence level of 95% to 

identify hotspots and used a false discovery rate correction to account for multiple 

comparisons. We then performed a logistic regression with robust standard errors to identify 

predictors of childhood obesity and diabetes hotspots. We used an adjusted p-value of less 

than 0.025 using Bonferroni correction to account for the two separate regression analyses.23 

In addition to reporting statistical significance, we used a margins analysis to compare the 

effect size of the included variables.5 We calculated the probability of being located in a 

childhood obesity or diabetes hotspot by changing a given predictor variable to its maximum 

value (except for income which was assessed at its lowest value) as compared to the average 

citywide probability.

We excluded a few tracts where the estimated population error from Census data was greater 

than half of the total number of residents estimated in each tract. This exclusion was to 

eliminate the influence of tracts where Census estimates were not stable enough for analysis. 

Of 2,167 Census tracts in NYC, this exclusion affected 40 tracts with zero population 

(mostly parks and airports) and 27 tracts with substantial sampling error. Of the remaining 

2,089 tracts, 11 Census tracts had less than 30 children with height and weight 

measurements and 25 Census tracts had less than 100 unique children identified in 

emergency claims data. These Census tracts were also excluded to ensure stability of 

prevalence estimates for obesity and diabetes. Our final sample included 2,064 census tracts 

(95% of total).

Statistical analyses were performed in Stata 14.2 (StataCorp: College Station, TX, 2015). 

Geographic analysis was performed using ArcGIS Desktop 10.3.1 (ESRI: Redlands, CA, 

2015) and GeoDa 1.8 (Center for Spatial Data Science: University of Chicago, 2016). Our 

study protocol was approved by the Institutional Review Board at the NYU School of 

Medicine.
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RESULTS

Among NYC Census tracts, the proportion of children ranged from 1.3% to 49.8%. The 

proportion of female residents ranged from 34.0% to 66.3%. The proportion of Black 

residents ranged from 0.0% to 99.3%. The proportion of Hispanic residents ranged from 

0.0% to 97.3%. Median household income ranged from $9,959 to $250,001. The proportion 

of restaurants within one mile categorized as fast food ranged from 34.2% to 100%, and the 

proportion of retail food stores within one mile categorized as convenience stores ranged 

from 54.2% to 100%. Among the Census tracts studied, the prevalence of childhood obesity 

and pediatric T2D ranged from 2.5% to 31.9% and 0.0% to 1.2%, respectively.

Hotspots of Childhood Obesity and Diabetes

In NYC, we identified statistically significant hotspots of childhood obesity and T2D, 

respectively, in 34.1% and 20.5% of the Census tracts analyzed in our study. On average, the 

prevalence of childhood obesity and T2D were, respectively, 1.4 and 1.8 times higher in 

hotspots versus non-hotspots. 51.1% of T2D hotspots overlapped with obesity hotspots 

(Figures 1 and 2). The overlap between hotspots of T2D and obesity was primarily 

concentrated in Census tracts within Brooklyn.

Factors Predicting the Location of Hotspots

In our multivariable logistic regression, we identified statistically significant factors 

associated with hotspots of childhood obesity and diabetes. Obesity hotspots were found in 

Census tracts with a higher proportion of residents who were Black or Hispanic, had low 

median household income, or located in a fast food or retail food swamp (Table 1). 

Comparing effect size through a margins analysis, we found Hispanic neighborhoods had 

the highest probability (88.9%) of being a hotspot of childhood obesity. This was followed 

by Black neighborhoods, retail food swamps, low income areas, and fast food swamps, 

which respectively had a 64.0%, 52.3%, 48.1%, and 43.1% probability of being a hotspot of 

childhood obesity (Figure 2a).

For pediatric T2D, hotspots were predicted to be in Census tracts with a higher proportion of 

Black residents and a lower proportion of Hispanic residents (Table 1). Comparing effect 

size through a margins analysis, we found that Black neighborhoods had the highest 

probability at 70.3% of being in a hotspot of type 2 diabetes. Hispanic neighborhoods had 

the lowest probability at 11.8% of being in a hotspot of type 2 diabetes (Figure 2b).

DISCUSSION

This study compared NYC hotspots of childhood obesity and pediatric type 2 diabetes in 

order to better understand which subgroups of children are more likely to develop type 2 

diabetes with and without concurrent obesity. Our data showed that predominantly Black 

neighborhoods in NYC had a greater than 60% probability of being a pediatric obesity 

hotspot and an approximately 50% probability of being a hotspot for pediatric T2D, 

suggesting that Black children in NYC are at higher risk for both conditions. Although this 

is consistent with current literature on the subject, it is surprising that the factor most 
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associated with pediatric T2D prevalence was the proportion of Black residents, and not 

household income or food environment.24

These results suggest that although physical food environment plays a role in the 

development of T2D, roles of other factors such as genetics, health behaviors, environmental 

exposures, and family influences must also be strongly considered.5 As expected, obesity 

hotspots were strongly associated with the food environment with most obesity hotspots 

being located in food swamps.20 In addition, more than half of pediatric T2D hotspots 

overlapped with obesity hotspots. These overlapping hotspots were primarily found in 

Brooklyn neighborhoods with predominantly Black residents. In a prior study, Brooklyn was 

found to have three of the seven largest food swamps in NYC, and East Harlem had the 

second largest food swamp.25 Both locations demonstrated overlapping hotspots of pediatric 

obesity and T2D.5, 20 It should be noted that several areas in northern Staten Island, 

northeast Queens and parts of Manhattan were hotspots of pediatric T2D but not hotspots of 

childhood obesity. These neighborhoods warrant further investigation as they may be areas 

where children are developing type 2 diabetes without concurrent obesity; identifying 

ecologic variables contributing to this disparity may be of public health relevance.

A substantial discordance between rates of obesity and diabetes was observed among 

Hispanic neighborhoods. Predominantly Hispanic neighborhoods in NYC had nearly a 90% 

probability of being a hotspot of obesity, yet simultaneously had the lowest probability at 

12% of being a hotspot of T2D. Diabetes prevalence among Hispanics can differ by race, 

country of origin, and the number of years spent living in the United States.26 In NYC, 

Mexicans, Puerto Ricans, and Dominicans have the highest prevalence of diabetes within the 

Hispanic community, and a large percentage of these populations live in the areas we 

identified as hotspots of obesity.27 Thus, the discordance between pediatric obesity and T2D 

was unexpected, especially given that both Black and Hispanic adults have a higher risk of 

developing diabetes with both groups demonstrating an increasing incidence of diabetes.
28, 29 This finding may be a significant limitation of our approach of identifying cases of 

diabetes using emergency claims data. It might also suggest that there is significant under-

detection or under-diagnosis of diabetes among Hispanic children, which means more effort 

needs to be directed towards identifying these cases.

In our study, both Black and Hispanic children in NYC largely live in hotspots of obesity, 

yet may have substantial differences in their risk of type 2 diabetes. These differences may 

be due to family influences, environmental exposures, health behaviors, and genetic 

differences between the two minority subgroups. Some studies have shown differences in 

dietary composition between Black and Hispanic children, which may account for some of 

the differences in diabetes risk.30, 31 Data from the SEARCH studies have found that Black 

and Hispanic children generally showed similar exercise time and television consumption, 

but differ in other demographic characteristics.32, 33 While there is a large body of literature 

examining health outcomes and risk factors among minorities as compared to their White 

counterparts, more studies are needed to analyze the differences and similarities among 

minority subgroups and differences between specific geographic areas.
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Limitations

This study has certain limitations. First, BMI measurements are calculated only among 

public school children. There may be a small bias due to exclusion of school aged children 

who attend private or home schooling. Second, emergency department utilization is higher 

among certain populations, especially those who are publicly insured, impoverished, and in 

minority groups.34, 35 Thus, our estimates of diabetes prevalence may be influenced by these 

biases. However, the impact is minimized by the use of small geographic units as patients 

are assigned to the exact geographic location where they live. Attribution is at the Census 

tract level, which are much more demographically homogenous than larger geographic units. 

Finally, our multivariable analysis may not have included all salient variables and other 

factors may better explain the lack of overlap between hotspots of childhood obesity and 

diabetes.

Conclusions

The strongest predictor of hotspots of pediatric obesity in NYC was a higher proportion of 

Hispanic residents. Whereas, the strongest predictor of hotspots of pediatric T2D in NYC 

was a higher proportion of Black residents. Though we found that children living in 

predominately Black neighborhoods had a higher risk of living in a hotspot of both 

childhood obesity and pediatric T2D, we identified a discordance between hotspots of 

childhood obesity and pediatric diabetes among Hispanic neighborhoods. Our results may 

suggest significant under-detection or under-diagnosis of diabetes among Hispanic children, 

or could also suggest that obesity may affect these two populations differently and also 

influence diabetes risk differently. These findings warrant further investigation of the 

relationship between childhood obesity and pediatric diabetes, especially among different 

racial and ethnic groups.
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WHAT’S NEW

Our study analyzed childhood obesity and diabetes in New York City. The factor most 

associated with diabetes or obesity, respectively, was the proportion of Black residents or 

Hispanic residents. These findings can help direct public health interventions to specific 

neighborhoods.
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Figure 1: 
Geographic Clustering of Obesity versus Type 2 Diabetes Among School-Aged Children
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Figure 2a: 
Neighborhood Characteristics Associated with Hotspots of Childhood Obesity
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Figure 2b: 
Neighborhood Characteristics Associated with Hotspots of Pediatrics Type 2 Diabetes
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Table 1:

Logistic Regression of Factors Predicting Hotspots of Childhood Obesity and Pediatric Diabetes

Predictor Factors Coefficient Confidence Interval P-Value

Hotspots of Childhood Obesity

% Children +0.76 −3.30, +4.83 0.653

% Female −2.92 −7.32, +1.47 0.112

% Non-Hispanic Black +4.37 +3.37, +5.36 < 0.001

% Hispanic +7.94 +6.73, +9.16 < 0.001

Median Household Income −3.03 −4.14, −1.92 < 0.001

% Fast Food Restaurants +3.05 +0.14, +5.97 0.012

% Convenience Stores +10.80 +7.62, +13.98 < 0.001

Hotspots of Pediatric Type 2 Diabetes

% Children +0.00 −2.47, +2.46 0.999

% Female −0.21 −4.01, +3.58 0.892

% Non-Hispanic Black +3.35 +2.52, +4.17 < 0.001

% Hispanic −1.07 −1.88, −0.26 0.002

Median Household Income −0.10 −0.82, +0.62 0.736

% Fast Food Restaurants −0.37 −2.44, +1.69 0.666

% Convenience Stores −1.38 −3.37, +0.62 0.099
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