
Regional and sociodemographic differences in average BMI 
among US children in the ECHO program

Traci A. Bekelman1, Dana Dabelea1, Jody M. Ganiban2, Andrew Law3, Alexandra 
McGovern Reilly3, Keri N. Althoff3, Noel Mueller3, Carlos A. Camargo Jr.4, Cristiane 
S. Duarte5, Anne L. Dunlop6, Amy J. Elliott7, Assiamira Ferrara8, Diane R. Gold9, Irva 
Hertz-Picciotto10, Tina Hartert11, Alison E. Hipwell12, Kathi Huddleston13, Christine C. 
Johnson14, Margaret R. Karagas15, Catherine J. Karr16, Gurjit K. Khurana Hershey17, Leslie 
Leve18, Somdat Mahabir19, Cindy T. McEvoy20, Jenae Neiderhiser21, Emily Oken22, Andrew 
Rundle23, Sheela Sathyanarayana24, Christine Turley25,26, Frances A. Tylavsky27, Sara E. 
Watson28, Rosalind Wright29, Mingyu Zhang3, Edward Zoratti14 program collaborators for 
Environmental influences on Child Health Outcomes (ECHO)
1Lifecourse Epidemiology of Adiposity and Diabetes (LEAD) Center, University of Colorado 
Anschutz Medical Campus, Aurora, Colorado, USA

2Department of Psychological and Behavioral Sciences, The George Washington University, 
Washington, DC, USA

3Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, 
Maryland, USA

4Department of Emergency Medicine, Massachusetts General Hospital, Harvard Medical School, 
Boston, Massachusetts, USA

5Division of Child and Adolescent Psychiatry, Department of Psychiatry, Columbia University, New 
York, New York, USA

6Woodruff Health Sciences Center, School of Medicine and Nell Hodgson Woodruff School of 
Nursing, Emory University, Atlanta, Georgia, USA

7Avera Research Institute, Sioux Falls, South Dakota, USA

Correspondence Dana Dabelea, Conrad M. Riley Professor of Epidemiology and Pediatrics, Director Lifecourse Epidemiology of 
Adiposity and Diabetes (LEAD) Center, Colorado School of Public Health, Anschutz Medical Campus, 13001 East 17th Ave, Box 
B119, Room W3110, Aurora, CO 80045, USA., dana.dabelea@cuanschutz.edu.
Dana Dabelea and Jody M. Ganiban are senior authors and provided equal contributions to this manuscript.
AUTHOR CONTRIBUTIONS
DD and JMG designed and supervised data collection for their respective cohort studies, conceptualized the manuscript, reviewed and 
revised the manuscript, and served as senior authors. TAB drafted the initial manuscript and reviewed and revised the manuscript. 
KNA and AL harmonized the data, applied the study design, analyzed the data, drafted the initial manuscript, created the tables and 
figures, and reviewed and revised the manuscript. NM provided input on the study design and analysis plan and reviewed and revised 
the manuscript. MZ assisted with harmonizing the data and reviewed and revised the manuscript. AMR assisted with harmonizing the 
data and preparing the results for presentation. CAC, CSD, ALD, AJE, AF, DRG, IH-P, TH, AEH, KH, CCJ, MRK, CJK, GKKH, LL, 
SM, CTM, JN, EO, AR, SS, CT, FAT, SEW, RW, and EZ designed and supervised data collection for their respective cohort studies 
and critically reviewed the manuscript for important intellectual content. All authors approved the final manuscript as submitted and 
agree to be accountable for all aspects of the work.

CONFLICT OF INTEREST
Dr. Althoff reports personal fees from The All of Us study and from Trio Health. The other authors declared no conflict of interest.

SUPPORTING INFORMATION
Additional Supporting Information may be found online in the Supporting Information section.

HHS Public Access
Author manuscript
Obesity (Silver Spring). Author manuscript; available in PMC 2022 May 10.

Published in final edited form as:
Obesity (Silver Spring). 2021 December ; 29(12): 2089–2099. doi:10.1002/oby.23235.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



8Division of Research, Kaiser Permanente Northern California, Oakland, California, USA

9Channing Division of Network Medicine, Department of Medicine, Brigham and Women’s 
Hospital, Harvard Medical School, Harvard T.H. Chan School of Public Health, Boston, 
Massachusetts, USA

10Department of Public Health Sciences, University of California, Davis, California, USA

11Vanderbilt University School of Medicine, Nashville, Tennessee, USA

12Department of Psychiatry, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

13College of Health and Human Services, George Mason University, Fairfax, Virginia, USA

14Henry Ford Health System, Detroit, Michigan, USA

15Department of Epidemiology, Geisel School of Medicine, Dartmouth College, Hanover, New 
Hampshire, USA

16Department of Environmental and Occupational Health Sciences, Department of Pediatrics, 
University of Washington, Seattle, Washington, USA

17Cincinnati Children’s Hospital, Cincinnati, Ohio, USA

18Prevention Science Institute, University of Oregon, Eugene, Oregon, USA

19National Cancer Institute, NIH, Bethesda, Maryland, USA

20Department of Pediatrics, Oregon Health & Science University, Portland, Oregon, USA

21Department of Psychology, Penn State University, Pennsylvania, Pennsylvania, USA

22Harvard Medical School and Harvard Pilgrim Health Care Institute, Boston, Massachusetts, 
USA

23Mailman School of Public Health, Columbia University, New York, New York, USA

24University of Washington/Seattle Children’s Research Institute, Seattle, Washington, USA

25University of South Carolina, Columbia, South Carolina, USA

26Atrium Health Levine Children’s, Charlotte, North Carolina, USA

27Department of Preventive Medicine, University of Tennessee Health Science Center, Memphis, 
Tennessee, USA

28Department of Pediatrics, University of Louisville, Louisville, Kentucky, USA

29Icahn School of Medicine at Mount Sinai, New York, New York, USA

Abstract

Objective: The aim of this study was to describe the association of individual-level 

characteristics (sex, race/ethnicity, birth weight, maternal education) with child BMI within each 

US Census region and variation in child BMI by region.
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Methods: This study used pooled data from 25 prospective cohort studies. Region of residence 

(Northeast, Midwest, South, West) was based on residential zip codes. Age- and sex-specific BMI 

z scores were the outcome.

Results: The final sample included 14,313 children with 85,428 BMI measurements, 49% female 

and 51% non-Hispanic White. Males had a lower average BMI z score compared with females in 

the Midwest (β = −0.12, 95% CI: −0.19 to −0.05) and West (β = −0.12, 95% CI: −0.20 to −0.04). 

Compared with non-Hispanic White children, BMI z score was generally higher among children 

who were Hispanic and Black but not across all regions. Compared with the Northeast, average 

BMI z score was significantly higher in the Midwest (β = 0.09, 95% CI: 0.05 to 0.14) and lower in 

the South (β = −0.12, 95% CI: −0.16 to −0.08) and West (β = −0.14, 95% CI: −0.19 to −0.09) after 

adjustment for age, sex, race/ethnicity, and birth weight.

Conclusions: Region of residence was associated with child BMI z scores, even after 

adjustment for sociodemographic characteristics. Understanding regional influences can inform 

targeted efforts to mitigate BMI-related disparities among children.

INTRODUCTION

In the United States (US), 35% of children have overweight or obesity (1). Increased 

childhood BMI is associated with multiple adverse medical and psychological outcomes 

(2). There has been a growing recognition that child weight gain, and hence obesity risk, 

is highly responsive to social, cultural, and physical environments (3,4). This recognition 

has spurred the development of clinical and public health interventions, with a focus on 

mitigating the obesity-promoting features of children’s home, school, and neighborhood 

environments (5,6). Despite substantial investment in these areas, the prevalence of 

childhood obesity has not declined for 15 years (1,7). Reducing obesity prevalence will 

require continued investment in the most proximal exposures, as well as consideration of the 

more distal environments that contribute to increases in BMI.

Disparities in child BMI or overweight/obesity prevalence by individual sociodemographic 

characteristics are well documented. Children who are Hispanic or Black have significantly 

higher rates of obesity than non-Hispanic White children (1). Lower family socioeconomic 

status and low maternal education also have been shown to increase the risk for childhood 

overweight/obesity (8,9). In addition, children with a higher birth weight were shown to be 

more likely to have obesity in elementary school compared with their normal-birth weight 

counterparts (10). Known risk factors explained only a small proportion of racial/ethnic 

disparities in obesity in the US (11). Studies are needed to identify unknown factors that 

contribute to disparities in BMI, including regional influences (11).

A second stream of research points to regional differences in BMI. In health-related 

research, US Census regions are a commonly used unit of analysis because of their 

historical, economic, agricultural, topographical, and cultural significance (12,13). Regional-

level environmental features, such as climate or cuisine, may influence BMI. If those 

features vary by region, then we would expect children’s region of residence to explain 

some of the variation in child BMI in the US. Using data collected in 2003, the National 

Survey of Children’s Health (NSCH), a nationally representative sample of children by 
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race/ethnicity, showed higher risk of overweight among children in the southeastern region 

of the US compared with the Rocky Mountain West (14). Surprisingly, previous research 

has not considered whether regional predictors are independently related to child BMI. For 

example, the NSCH did not examine whether regional differences persisted after adjustment 

for differences across regions in individual sociodemographic characteristics (e.g., sex, 

race/ethnicity, other markers of socioeconomic status) (14). Therefore, it is not known 

whether regional differences are explained by sociodemographic differences across regions. 

In addition, it is not known whether the magnitude, or even the direction, of associations 

between socioeconomic factors, race, and child BMI are similar across different regions. 

Among adults, for example, the difference in obesity prevalence between non-Hispanic 

Black and non-Hispanic White individuals was shown to vary by US state (11). The answers 

to these questions hold important implications for intervention and prevention efforts. 

Specifically, should such efforts be tailored to US region? Or should such efforts focus on 

individual-level sociodemographic factors without considering region? Evidence of regional 

variation in child BMI that occurs independently of the sociodemographic composition of 

each region could help prioritize the distribution of limited resources for obesity prevention 

to regions with the greatest need and ultimately inform the development of customized 

clinical and public health interventions. Evidence of regional differences in BMI could 

also spur the development of novel research questions related to region-specific cultural, 

physical, or economic attributes that can influence child BMI (15).

The objectives of this study were to (1) describe the variation in average BMI levels 

among children aged <15 years by US Census region (Northeast, Midwest, West, and 

South), (2) determine to what extent the regional differences may be accounted for by 

differences in individual sociodemographic characteristics (sex, race/ethnicity, birth weight, 

maternal education), and (3) describe the association between individual sociodemographic 

characteristics and child BMI within each US Census region. Understanding variation in 

childhood BMI by region is the first step in uncovering region-specific environmental factors 

or policies that may support or adversely affect child growth.

These objectives are examined within the Environmental Influences on Child Health 

Outcomes (ECHO) Program (http://echochildren.org) (16). ECHO includes a large sample 

of children from 72 community- and clinic-based cohorts with longitudinal data across the 

US. As such, it is uniquely equipped to explore regional and sociodemographic differences 

in BMI from infancy through late childhood.

METHODS

Study population

The study population was drawn from the ECHO Program (16). The goal of ECHO is 

to investigate the effects of environmental exposures on child health. Human participant 

activities are overseen by both single and site-specific institutional review boards. 

Participants provided informed consent.

Of the 72 cohorts participating in the observational arm of ECHO, 34 cohorts were excluded 

from the analyses because they did not assess height and weight. Of the remaining 38 
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cohorts (Supporting Information Figure S1), 13 were excluded because they assessed height 

and weight at one time point only (n = 2 cohorts), enrolled only children born before 2000 

(n = 2), enrolled preterm births only (n = 1), could not submit individual-level data for 

analysis (n = 4), or did not assess key sociodemographic characteristics (n = 1). Cohorts 

that oversampled children with asthma and autism were also excluded (n = 3), as studies 

have shown differences in body weight for children with asthma and autism compared with 

children without (17,18). Within cohorts, children were included if they were a singleton 

birth between 2000 and 2018, had weight at birth, and had weight and length or height from 

at least one other time point before age 15. Children were excluded if they had a BMI > 70 

kg/m2 (n = 140) or were missing sex, birth year, birth weight or gestational age data (n = 

325).

There were fewer observations after age 10, and data were sparse after age 16. Thus, this 

report only included participants age ≤15 years. More participants in the Northeast were 

born before 2005, and more participants in the South, Midwest, and West were born after 

2005 (Supporting Information Figure S2 and Table 1).

Measures

Weight, length for children <2 years, and height for those age ≥2 years were used to 

calculate BMI as weight (kilograms)/height or length (meters squared). We used the Centers 

for Disease Control and Prevention (CDC) SAS macro to calculate the sex-specific BMI 

z scores for children age ≥2 years (19). As recommended by the CDC, we used the SAS 

macro provided by the World Health Organization to calculate BMI z scores for children 

age <2 (20). We defined region of residence using the US Census Bureau regions: Northeast, 

Midwest, South, and West (21) (Figure 1). Children were assigned to a region based on their 

residential zip code at cohort enrollment. A subset of cohorts collected maternal education 

at offspring’s birth. Race and ethnicity data were collapsed into the categories non-Hispanic 

White, non-Hispanic Black, Hispanic White, Hispanic Black, and other (including children 

with two or more races, or unknown race/ethnicity). Maternal education was categorized as 

less than high school, high school, some college, or college degree and above.

Statistical analyses

Analyses were conducted by the ECHO Data Analysis Center. To estimate differences 

in average BMI z scores by region, we used linear regression models with generalized 

estimating equations specifying an exchangeable working covariance matrix with a robust 

variance estimator to account for the possible correlation from repeated measurements (22). 

We explored the effect of adjustment for sociodemographic variables. Model 1 included 

region and BMI z score only. Model 2 was fully adjusted and included in addition to region, 

child sex, birth weight, race/ethnicity and three parameterizations of age (age, age-squared, 

and age-cubed) to account for nonlinear effects across maturation. The QIC fit statistic was 

used to determine the best fitting model (23). Similar analyses, additionally adjusting for 

maternal education (Model 3), were conducted for the subsample of participants with non-

missing data on this variable. Given the regional variation in birth year and age (Supporting 

Information Figure S2), two sensitivity analyses were conducted: (1) restricting the sample 

to children born after 2005, and (2) restricting the sample to children age ≤10 years.
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Finally, data were stratified by region to estimate the differences in average BMI z score 

by sex, race/ethnicity, birth weight, and maternal education within each region. All models 

also adjusted for the other sociodemographic variables, including age, age-squared, and 

age-cubed. A likelihood ratio test was used to determine if the model with interaction terms 

for region and race/ethnicity had a better fit than the model without interaction terms. All 

statistical analyses were performed in R 3.5.2 using the geepack 1.2 package. A 2-sided p < 

0.05 was considered statistically significant.

RESULTS

The analytic sample included 25 cohorts and 14,313 children with 85,428 anthropometric 

measurements (Supporting Information Figure S1). Eighty-two percent of weight and height 

measurements were extracted from the medical record or measured at the research visit. 

Participants were under observation between 2000 and 2018 for a median of 4 years 

(interquartile range: 1.25–6.92) and contributed a median of 4 measurements (interquartile 

range: 3–7). Participants were residents of 3,014 unique zip codes (Figure 1); 89% of 

children had no difference in their classification of region at the time of birth compared with 

the time of cohort enrollment.

There were fewer female participants than male participants in each region (Table 1). The 

mean birth weight was highest in the Northeast (3,501 g) and the Midwest (3,500 g), 

followed by the South (3,397 g) and the West (3,294 g), although the mean gestational 

age was not different by region. The proportion of non-Hispanic White children varied by 

region, from 42% in the South to 75% in the Midwest. The ECHO Program leverages 

existing clinical and community-based cohorts and thus, was not designed to provide a 

nationally representative sample. Nevertheless, the analytic sample for the present study 

was similar to the racial/ethnic composition of the general US pediatric population for each 

region. There were a few exceptions. The ECHO study population had fewer Hispanic 

White children in all regions, fewer non-Hispanic Black children in the Midwest, and more 

children with “other/unknown” race/ethnicities across all regions (Supporting Information 

Table S1) (24).

Observed BMI levels

The BMI levels (birth to age 15) for each participant, stratified by region and sex, are shown 

in Supporting Information Figure S3. The distribution of BMI levels was concentrated 

between the CDC’s BMI 5th and 95th percentiles, although more children had levels above 

the 95th than below the 5th percentile.

Estimated differences in BMI z score by region

Children in the West had a substantially and significantly lower average BMI z score 

compared with children in the Northeast (Table 2). This difference was statistically 

significant in both models, although adjustment for sociodemographic differences attenuated 

it substantially: −0.29 (95% CI: −0.34 to −0.24) (Model 1, unadjusted) to −0.14 (95% CI: 

−0.19 to −0.09) (Model 2, fully adjusted). Children in the South also had a lower average 

BMI z score compared with children in the Northeast, and adjustment for sociodemographic 
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differences had minimal impact: −0.14 (95% CI: −0.18 to −0.10) (Model 1, unadjusted) 

to −0.12 (95% CI: −0.16 to −0.08) (Model 2, fully adjusted). In contrast, children in the 

Midwest had a higher average BMI z score compared with children in the Northeast but 

only in the fully adjusted model: 0.02 (−0.03 to 0.07) (Model 1, unadjusted) and 0.09 (95% 

CI: 0.05 to 0.14) (Model 2, fully adjusted). Sensitivity analysis restricted to children born 

after 2005 and children age ≤10 years showed similar findings to those observed in the full 

sample (Supporting Information Table S2).

Similar models were conducted among the subgroup of participants (N = 8,566) with data 

on maternal education at birth (Table 3). In this subset, in the fully adjusted model (Model 

3, additionally adjusting for maternal education), the difference in average BMI z score 

remained null among children in the South versus the Northeast (β = −0.01, 95% CI: −0.08 

to 0.06). The associations of region and average BMI z score strengthened among children 

in the Midwest (β = 0.17, 95% CI: 0.11 to 0.23) and the West (β = −0.22, 95% CI: −0.29 

to −0.16) compared with the children in the Northeast. Sensitivity analysis restricted to 

children born after 2005 and children age ≤10 years showed robust findings.

Estimated differences in BMI z score by sex, race/ethnicity, birth weight, and maternal 
education within each region

Males had a lower BMI z score compared with females in the Midwest and West, after 

accounting for age, birth weight, and race/ethnicity (Table 4). BMI z score did not differ 

by sex in South or Northeast. Non-Hispanic Black children had a higher average BMI z 
score compared with non-Hispanic White children in the Northeast, South, and Midwest, 

after accounting for age, sex, and birth weight (Table 4 and Supporting Information Figure 

S4). Hispanic Black children had a higher average BMI z score compared with non-Hispanic 

White children in the Northeast and Midwest after adjustment. Hispanic White children had 

a higher average BMI z score compared with non-Hispanic White children in the South and 

West after adjustment. There was a positive association between birth weight and BMI z 
score in the Northeast, South, Midwest, and West. In all four regions, among the subsample 

of participants with maternal education data, children with mothers with less than a high 

school degree had a higher average BMI z score compared with children with mothers with a 

college degree (Table 4).

DISCUSSION

Among 14,313 youth, average BMI from birth to age 15 was lower in the West and 

South and higher in the Midwest, compared with the Northeast, independent of regional 

differences in sociodemographic characteristics. Adjustment for age, sex, race/ethnicity, 

birth weight, and maternal education did not fully explain the regional differences in child 

BMI. Within each region, BMI was higher among children who were larger at birth and 

had less educated mothers. There was also a trend toward higher BMI among Hispanic 

and Black youth compared with non-Hispanic White youth and females compared with 

males, but these trends were not uniform across regions. Regional differences in average 

BMI z scores, although modest, are likely clinically meaningful (25,26), especially the lower 

average BMI z score in the West.

Bekelman et al. Page 7

Obesity (Silver Spring). Author manuscript; available in PMC 2022 May 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In the 2003 NSCH, obesity was highest in the South and lowest in the Rocky Mountain 

West (14). This is consistent with our finding that average child BMI levels were lowest 

in the West. However, we found that BMI levels were lower in the South compared with 

the Northeast and Midwest. There are several potential reasons for these discrepancies. 

First, the regional variation observed in the NSCH may have resulted from variation in the 

sociodemographic makeup of the population within each region, which was not accounted 

for. Another explanation is that the demographic characteristics of NSCH children may have 

differed from the ECHO sample. NSCH randomly selected children by race/ethnicity within 

regions, whereas ECHO did not. Our outcome was average child BMI, not overweight. 

Finally, it is also possible that the burden of childhood overweight and obesity may be 

slowly shifting across US regions.

The pathways responsible for the association between geographic region and BMI are not 

well understood. Adult data provide some insight into potential mechanisms, but findings 

are mixed. Diet quality and time spent in moderate-to-vigorous activity are higher among 

adults in the West and Northeast compared with the South and Midwest, which suggests 

lifestyle behaviors may play a role (27,28). Yet other studies indicate no regional variation 

in physical activity (29). Environmental features such as the density of fast food restaurants, 

supermarkets, and recreation facilities have been linked to childhood BMI (30), but it 

is unclear how they vary by region (31). State and regional regulations for the types 

of foods and beverages offered in childcare and schools have been linked to BMI, but 

there is little evidence of regional variation (32,33). Regional variation in BMI has been 

observed in Canada, and these studies have generated hypotheses about the role of regional 

differences in food prices, childcare policies, attitudes toward physical activity, and the built 

environment as potential mediators (15). More work is needed to test these hypotheses in the 

US and other countries and ultimately inform policy and public health interventions at the 

regional level. Future studies should explore whether lifestyle behaviors, degree of rurality, 

and modifiable environmental factors may be acting at the regional level (34–37).

BMI was inversely associated with maternal education and positively associated with 

birth weight, in all regions. Similar trends were documented in the US and Europe, 

although mostly among children under age 12 (10,38,39). We build on that literature by 

showing similar findings among a sample that also includes adolescents and demonstrating 

uniformity across regions. Males had lower BMI z scores compared with females but in the 

Midwest and West only. Higher BMI z scores among females is likely driven by cultural 

factors (e.g., less socialization toward sports participation) (40), differences in lifestyle 

behaviors, and biological differences in body composition and fat distribution (41,42). We 

do not expect biologically based sex differences to vary by region. However, regional 

differences in sex-specific lifestyle behaviors (e.g., females may be more active in the 

Northeast compared with the Midwest) may explain why males have a lower BMI in some 

regions but not others.

Higher BMI or obesity among Hispanic and Black children has been documented in 

nationally representative samples (43,44). The present study is the first to suggest that this 

racial and ethnic patterning of child BMI may not be uniform across regions. For example, 

compared with non-Hispanic White children, Hispanic Black children had a higher BMI 
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in the Northeast but a lower BMI in the Midwest. Yet in the West and South, BMI did 

not differ between non-Hispanic White and Hispanic Black children. This suggests that 

regional factors may protect against or exacerbate BMI-related racial/ethnic disparities. Risk 

factors related to racial/ethnic differences in child BMI include duration and/or exclusivity 

of breastfeeding, age at introduction of solid foods, parent feeding practices, intake of 

sugar-sweetened beverages and fast food, sleep duration, and having a television in the 

bedroom (45). Future studies that examine regional variation in these factors, including 

consideration of regional differences in policies that mitigate systemic racism, may provide 

insight into regional differences in the association between race/ethnicity and BMI.

This study has several strengths. First, the large, diverse sample provides adequate 

statistical power to detect small regional differences in BMI after adjustment for individual 

characteristics. This is important because regional differences that persist after adjustment 

for age, sex, race/ethnicity, birth weight, and maternal education provide evidence for the 

effects of place itself versus population composition. Second, participants were drawn from 

all four US Census regions, and the racial/ethnic composition of the sample resembles 

(although it is not identical to) that of the general US pediatric population.

This study also has limitations. This was not a population-based study, and the sample 

represents a mix of community- and clinic-based cohorts. However, the racial/ethnic 

composition of the sample resembles that of the general US pediatric population. Although 

our sample has a larger proportion of children with race/ethnicity labeled as “Other” 

compared with the underlying population; this does not vary by region. Thus, it is unlikely 

a source of selection bias. The observational design prohibits cause- and-effect conclusions 

about the association between region and BMI. The broad age range of children included 

may have masked age-specific nuances in the region-BMI association. Future analyses 

should focus on exploring how the environment shapes BMI trajectories across specific 

life-stages. Data from children aged 10 to 15 years were sparse, so the findings may be 

less precise in this age group. Most children in the Northeast sample were born before 

2005, whereas most children in all other regions were born after 2005. However, sensitivity 

analyses restricted to children born after 2005 or age ≤10 showed similar findings. 

Finally, missing sociodemographic data were common, and the degree of missingness 

differed by region. Nevertheless, the analysis among children with maternal education data 

demonstrated similar results, although the lower BMI in the South compared with Northeast 

was no longer significant.

The outcome measure also has limitations. BMI z score is a measure of age- and sex-specific 

weight-for-height but does not distinguish between lean and fat tissue. It is therefore 

only a proxy for excess adiposity (46). Nevertheless, some studies have demonstrated a 

strong correlation between BMI and other adiposity indicators, such as overall fat mass 

and/or visceral fat mass (47). It has recently been suggested that BMI z score may be 

inaccurate above the 97th percentile (48). This is because child BMI in the US is skewed, 

so transforming BMI to a z score shrinks the scale at the upper end. This compression can 

result in similar BMI z scores among different children of the same age with different BMI 

levels. Although this is a potential limitation of BMI z score, we believe this limitation is 
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mostly relevant for studies in which a high proportion of the study population has obesity or 

even severe obesity. In contrast, our sample had a mean BMI z score of 0.23.

Ongoing prospective data collection in ECHO using a standardized protocol that includes 

maternal education, degree of rurality, anthropometrics, and other key characteristics will 

likely overcome these limitations in the future. Future studies could also advance the science 

by considering the association between child BMI and finer-tuned geographic units of 

analysis, such as census tract or zip code, which reflect diverse built, economic, social, and 

cultural microenvironments (30) that may be masked at the regional level. Of particular 

interest are innovative indices of social deprivation that can quantify levels of disadvantage 

across small geographic areas (49) and indices of neighborhood resources that promote 

healthy lifestyle behaviors and growth (50). ECHO and other population-based studies 

that assess weight and height among children across the US (e.g., the National Health 

and Nutrition Examination Survey) are well poised to examine these associations using 

geocoded participant data.

In summary, we observed significant and clinically meaningful regional variation in child 

BMI levels that persisted after adjustment for individual characteristics. This provides 

evidence that features of the regional environment, and not just the sociodemographic 

composition of the population in each region, may influence child BMI. The next step is 

to identify factors responsible for the association between region of residence and child 

BMI. Importantly, the association between race/ethnicity and child BMI varied by region. 

Thus, understanding regional influences may inform efforts to mitigate BMI-related health 

disparities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Importance

What is already known?

• In the United States, pediatric obesity remains unacceptably high. Among 

adults, obesity and related diseases vary by US Census region. There 

is regional variation in environmental factors linked to obesity, including 

cuisine, food price, nutrition-related regulations for childcare centers, and 

exercise opportunities.

What does this study add?

• Among children and adolescents (N = 14,313), average BMI z score was 

higher in the Midwest and lower in the South and West compared with 

the Northeast. These findings persisted after sociodemographic factors were 

considered, suggesting that other environmental factors explain regional 

differences. Compared with children who were non-Hispanic White, BMI 

z score was generally higher among children who were Hispanic and Black 

but not across all regions.

How might these results change the direction of research or the focus of clinical 
practice?

• Understanding regional influences can inform targeted efforts to mitigate 

BMI-related disparities among children.

• Understanding regional influences may inform efforts to mitigate BMI-related 

health disparities.
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FIGURE 1. 
Residential codes of participants, 2000 to 2018. Among the 14,313 children included in 

our study population, 12,943 had 5-digit zip codes of residence (and are included in this 

map), hailing from 3,014 unique zip codes across the United States. ECHO, Environmental 

influences on Child Health Outcomes
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