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Abstract

Background—Low-income and some racial and ethnic subpopulations are more likely to suffer 

from obesity. Inequities in the physical and social environment may contribute to disparities in 

paediatric obesity, but there is little empirical evidence to date. This study explored whether 

neighbourhood-level socioeconomic factors attenuate racial and ethnic disparities in obesity 

among youth in the USA and whether individual-level socioeconomic status (SES) interacts with 

neighbourhood deprivation.

Methods—This analysis used data from 17 100 youth ages 2–18 years participating in the 2001–

2010 National Health and Nutrition Examination Survey linked to census tract-level 

socioeconomic characteristics. Multilevel logistic regression models were used to examine 

neighbourhood deprivation in association with odds of obesity (age-specific and sex-specific body 

mass index percentile ≥95).

Results—The unadjusted prevalence of obesity was 15% among non-Hispanic white children 

and 21% among non-Hispanic black and Mexican-American children. Adjustment for individual-

level SES neighbourhood deprivation and the interaction between these two factors resulted in a 

74% attenuation of the disparity in obesity between non-Hispanic black and non-Hispanic white 

children and a 49% attenuation of the disparity between Mexican-American and non-Hispanic 

white children. There was a significant interaction between individual-level SES and 

neighbourhood deprivation where higher individual-level income was protective for children living 

in low-deprivation neighbourhoods, but not for children who lived in high-deprivation areas. 

Conversely, area deprivation was associated with higher odds of obesity, but only among children 

who were above the poverty threshold.

Conclusions—Future research on disparities in obesity and other health outcomes should 

examine broader contextual factors and social determinants of inequities.
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INTRODUCTION

Approximately, 17% of youth in the USA are obese (body mass index (BMI) percentile 

≥95)1 and subsequently at increased risk of numerous negative health sequelae.2,3 Racial and 

ethnic subgroups such as Mexican-American and non-Hispanic black children are 

disproportionately burdened, with prevalences of obesity in excess of 21–24%.1 Disparities 

in weight manifest relatively early in the life course4-6 and are evident among children as 

young as 2–5 years of age.1,7

Inequities in the physical and social environment may help to explain racial and ethnic and 

socioeconomic status (SES) disparities in childhood obesity, but the majority of disparities 

research has not examined the broader context in which people live.8-11 Failure to account 

for neighbourhood contextual variables that are correlated with race or ethnicity may lead to 

biased estimates of individual-level racial and ethnic disparities in health.8 Some racial and 

ethnic subpopulations are faced with a disproportionate level of economic hardship and are 

also more likely to reside in neighbourhoods characterised by social and structural 

disadvantage.12–14 There is very little overlap in the distributions of neighbourhood 

disadvantage comparing white and minority individuals15; even the poorest white children 

live in higher-opportunity neighbourhoods than the majority of black or Latino children.16 

Moreover, previous studies have reported that a large proportion of black and Latino 

children face the issue of ‘double jeopardy’ where they grow up in poor families within poor 

neighbourhoods (17% and 21%, respectively); this is rarely the case for white children (only 

1%).16 Studies have also described cross-level interactions between individual SES and 

neighbourhood disadvantage in association with health outcomes among adults17; however, 

these issues remain underex-plored in relation to child weight outcomes.

Low-income and minority communities often have reduced access to supermarkets or 

physical activity resources, but a plethora of convenience stores, fast food outlets and other 

hazards like crime; these factors have been associated with poor dietary intake, lower 

activity levels and overweight and obesity in prior studies.18-23 These neighbourhood factors 

may also contribute to racial and ethnic disparities in weight among children.11 After 

accounting for neighbourhood context, a few studies among adults have reported that racial 

and ethnic disparities are attenuated across a number of health outcomes such as smoking,14 

use of health services,24,25 hypertension,26 diabetes27 and obesity among adults.28-31 While 

several studies have reported that neighbourhood factors are associated with obesity among 

children in the USA,32-35 few have examined the effect of neighbourhood context on 

disparities in weight among youth. It is unclear whether the same patterns observed among 

adult samples may hold for children, who have had less time to accrue exposures to 

neighbourhood factors. One recent analysis using the National Longitudinal Survey of Youth 

reported that approximately 44–78% of the racial and ethnic disparities in BMI were 

explained by household sociodemographic and economic characteristics and variables 

related to area-level SES, neighbourhood food availability and physical activity resources.36 

This analysis relied on self-reported height and weight, and county-level data, a large 

geographic unit that does not characterise an individual’s neighbourhood.37 Another study 

using the Early Childhood Longitudinal Study-Kindergarten Cohort (from 1998 to 1999) 

reported that while neighbourhood-level covariates were associated with obesity, these 
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contextual characteristics did not explain racial and ethnic disparities.38 This study had a 

number of limitations, including a high degree of missing geographic and individual-level 

data (18% and 16% of the sample, respectively) and very small cluster sizes (nearly 50% of 

the neighbourhoods included a single child). Moreover, racial and ethnic disparities were 

smaller among this sample than has been reported by other nationally representative 

studies.1

The objectives of this study were to examine whether neighbourhood context explains the 

observed racial and ethnic disparities in obesity among a nationally representative sample of 

children 2–18 years old and adolescents in the USA from 2001 to 2010 and whether 

neighbourhood deprivation interacts with individual-level SES such that children 

experiencing ‘double jeopardy’ are at heightened risk of obesity.

METHODS

Study population

Data were from 18 639 children, ages 2–18 years who completed the mobile examination 

component (MEC) of the National Health and Nutrition Examination Survey (NHANES) 

conducted from 2001 to 2010. NHANES is a cross-sectional survey of the civilian, the non-

institutionalised US population conducted continuously in 2-year survey cycles.39 Of the 

eligible sample, 1539 were excluded due to missing anthropometry, income, race/ethnicity 

or other sociodemographic data, leaving a final analytic sample of 17 100 (92%). 

Unweighted response rates for the total examined sample range from 75% to 80% for the 

five survey cycles covering 2001–2010.

NHANES uses a complex multistage probability sampling design, with some subgroups 

oversampled (eg, low-income and non-white persons). NHANES-restricted data files include 

geographic identifiers which were used to link participating children to census tracts. Census 

tract-level sociodemographic and economic characteristics were obtained from the US 

Census 2000 Summary File 3.40

Measures

Individual-level characteristics—Standardised weight and height measures collected in 

the 2001–2010 MEC of NHANES were used to calculate age-specific and sex-specific BMI 

percentiles for children 2–18 years old, according to the 2000 CDC growth charts.41,42 

Children were classified as obese if they had a sex-specific and age-specific BMI percentile 

≥95 and overweight or obese if they had a sex-specific and age-specific BMI percentile ≥85.

Other variables include age, age-squared (to examine nonlinear age effects) sex and race/

ethnicity (non-Hispanic white, non-Hispanic black, Mexican-American and others). We 

controlled for individual-level SES by including household income-to-poverty ratio (PIR), 

caregiver (typically a parent or guardian), education level (less than high school, high school 

degree, some college or higher) and caregiver marital status (married or cohabitating, single/

divorced/widowed). Sample sizes of other racial and ethnic subgroups than non-Hispanic 

white, non-Hispanic black and Mexican-American are small; thus, results are not presented 
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for participants identifying as other races or ethnicities, though they were included in the 

analytic sample.

Neighbourhood SES/deprivation—The following socioeconomic variables were 

obtained from the US 2000 Census Data at the tract level: percentage of adults over 25 years 

with less than a high school education, percentage of men over 16 years who are 

unemployed, percentage of families below the Federal Poverty Threshold (FPT), percentage 

of households receiving public assistance, percentage of female-headed households with 

children and median household income. Variables were transformed for normality and 

direction and standardised, so that higher values indicate greater area economic deprivation 

and modeled continuously. Owing to collinearity of these individual variables, an index of 

tract-level deprivation was created by taking the mean of these six transformed and 

standardised variables, consistent with previous studies of health disparities and 

neighbourhood SES.37,43,44 Models including the percentage of families below FPT as the 

sole measure of neighbourhood deprivation were also explored in sensitivity analyses, as 

previous studies have reported that this single variable is an acceptable proxy for 

neighbourhood deprivation at the census tract level.37

Analyses

Means, proportions and respective SEs were calculated for all individual and neighbourhood 

characteristics by race/ethnicity, incorporating the study design and unequal selection 

probabilities. Multilevel logistic regression models (MLM) were used to examine whether 

neighbourhood-level characteristics were associated with obesity and whether the addition 

of neighbourhood-level covariates attenuated weight-related disparities by race and ethnicity 

that remained after individual-level adjustment. Two-level models were specified, where 17 

100 children were nested within 2772 census tracts. Continuous covariates were grand-mean 

centred to aid in interpretation of the coefficients.45 To examine if there was a synergistic 

effect of both individual SES and area deprivation, a two-way cross-level interaction of tract 

deprivation by individual PIR was explored. Stata V.12SE GLLAMM (generalised linear 

latent and mixed models) commands, robust SEs and MEC sample weights were used to 

account for the complex sampling design of NHANES.46,47 Weights were scaled according 

to methods proposed by Rabe-Hesketh and Skrondal48; weighting methods were compared 

to ensure results were robust to scaling procedure.

The first model adjusted only for race or ethnicity, age, age-squared, survey cycle and sex. 

Model 2 added caregiver education, PIR and caregiver marital status. Model 3 added the 

tract-level deprivation index and cross-level interaction term. Fit was assessed by the –2 log 

likelihood and the Bayesian Information Criterion (BIC), where lower values indicate better 

fit.49 Primarily, fit was determined based on the BIC, as it includes a penalty based on the 

number of predictors in the models so as to avoid overfitting. Posterior probabilities obesity 

were obtained postestimation and the intraclass correlation coefficient (ICC) was calculated 

using the latent variable method.50 The proportion change in variance (PCV) was calculated, 

which describes the proportion of neighbourhood variation in overweight or obesity that is 

attributable to the various covariates included in each of the models.51 A second set of 

models was run with PIR and tract deprivation dichotomised (PIR≤1 and >1; deprivation ≤0 
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and deprivation >0) and the interaction between these categorical covariates. Coefficients for 

race/ ethnicity stratified by the categorical interaction between individual-level poverty and 

area-level deprivation are presented.

RESULTS

Sociodemographic characteristics and the prevalence of obesity among included children 

can be seen in table 1. The sample included 17 100 children, with a mean age of 10.1 years 

(95% CI 10.0 to 10.2); 59.7% identified as non-Hispanic white, 14.3% as non-Hispanic 

black and 13.0% as Mexican-American. Since the sample sizes of other racial and ethnic 

subgroups in NHANES are small, they are not reported here. Approximately 31.4% of the 

sample was overweight or obese and 16.6% of the sample was obese. The prevalence varied 

by race and ethnicity (see table 1).

The distribution of individual-level and neighbourhood-level SES characteristics was not 

uniform across racial and ethnic subgroups. The mean PIR for non-Hispanic white children 

was nearly 3 (95% CI 2.8 to 3.1), compared with 1.8 (95% CI 1.7 to 1.9) for non-Hispanic 

black children and 1.6 (95% CI 1.5 to 1.7) for Mexican-American children. The mean 

deprivation index (positive values indicate increasing area-level deprivation) for non-

Hispanic white children was −0.6 (95% CI −0.6 to −0.5), in contrast to 0.3 for non-Hispanic 

black children (95% CI 0.3 to 0.4), and 0.1 for Mexican-American children (95% CI 0.4 to 

0.2). The distributions of the neighbourhood SES characteristics that constitute the 

deprivation index are also shown in table 1. To quantify the proportion of children 

experiencing individual-level poverty and high levels of neighbourhood deprivation (ie, 

‘double jeopardy’), the tract deprivation index was split at 0 and individual PIR was split at 

100% FPT. The distribution by race and ethnicity across these categories can be seen in table 

2. Nearly 80% of non-Hispanic white children had incomes above the poverty threshold and 

lived in tracts lower in deprivation, as compared with only 29% of non-Hispanic black 

children and 31% of Mexican-American children. At the opposite end of the spectrum, only 

6% of non-Hispanic white children experienced double jeopardy, in contrast to nearly 31% 

of non-Hispanic black children and 26% of Mexican-American children.

Table 3 describes the results of MLM of obesity. Compared to non-Hispanic white children, 

ORs of obesity were 50% higher for non-Hispanic black children (OR 1.5, 95% CI 1.3 to 

1.7) and 60% higher for Mexican-American children (OR 1.6, 95% CI 1.4 to 1.9) in models 

adjusting only for survey cycle, sex and age. Model 2 adjusted only for individual-level SES 

(ie, PIR, caregiver marital status and education) and ORs were attenuated by 37% and 28%, 

respectively. In model 3, adjusted for individual-level SES and tract-level deprivation, ORs 

were attenuated by 69% and 43%, respectively and the ORs of obesity were no longer 

significantly higher for non-Hispanic black children compared with non-Hispanic white 

children (OR 1.1, 95% CI 0.9 to 1.3). In model 4, adjusted for the interaction between 

individual-level SES and area deprivation was significant; and the ORs of obesity for non-

Hispanic black children were attenuated by 74% from the estimate from the first model. The 

ORs of obesity for Mexican-American children were attenuated by nearly 50%; however, 

they remained significantly higher than that observed for non-Hispanic white children (OR 

1.3, 95% CI 1.1 to 1.5). Of note, the race/ethnicity coefficients are not directly comparable 
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across the models as the estimates from model 1 are interpreted as an overall effect across all 

levels of deprivation and other covariates, while the estimates from model 4 are interpreted 

as the effect of race/ethnicity for the average child in the average tract due to the grand-mean 

centering of covariates.

There was a significant cross-level interaction between tract-level deprivation and individual 

PIR, suggesting that the effects of PIR are not uniform across the distribution of area 

deprivation and vice versa. Subsequently, graphical representations of significant 

interactions can be seen in figure 1. These figures depict the marginal effects of increasing 

individual PIR across levels of area deprivation (and vice versa), where effects refer to the 

discrete change in predicted marginal probability of obesity and not to ORs. There was a 

positive association between area deprivation and probability of obesity among children 

above the poverty threshold; the marginal increase in probability of obesity associated with a 

1 SD increase in the deprivation index was larger with increasing PIR. For example, area 

deprivation was not significantly associated with probability of obesity among children 

below the poverty threshold (figure 1A); but among children with incomes 300% FPT, a 1-

SD increase in area deprivation was associated with roughly a 5% higher probability of 

obesity. Framed a different way, as neighbourhood deprivation increases, the protective 

effect of individual income for children living in lower-deprivation (ie, high SES) tracts 

diminishes and then reverses such that a positive association between income and 

overweight or obesity among children was observed among living in higher-deprivation 

tracts (figure 1B).

Overall, the PCV indicated that 20.5% of the tract-level variation in odds of obesity was 

attributable to individual-level characteristics (including race/ethnicity and PIR), tract-level 

deprivation and the cross-level interaction term included in the model (table 3). Crude and 

adjusted probabilities of obesity by race/ethnicity obtained from multilevel models stratified 

by the income-deprivation categories are presented in table 4. Racial and ethnic disparities in 

obesity are evident for the high-income/low-deprivation group, but disappear for the other 

income/deprivation categories, with the exception of the below-poverty/low-deprivation 

group, where there were significantly higher ORs of obesity for Mexican-American children 

as compared with non-Hispanic white children. The highest prevalences of obesity were 

observed for the higher deprivation groups.

Similar results were observed for the outcome of overweight or obesity (BMI ≥ 85%). These 

results can be seen in online supplementary appendix A (supplementary table S1 and figure 

S1).

Model evaluation and sensitivity analyses

Overall, the best fitting model included the individual sociodemographic and SES 

characteristics, the tract-level deprivation index and the cross-level interaction of individual 

PIR with tract-level deprivation. For example, the BICs for the models of obesity decreased 

from 13 989 for models including only limited demographic characteristics (ie, age, age-

squared, sex and survey cycle) to 13 817 for the model that also included individual-level 

SES, area-deprivation and the interaction between the two. Sensitivity analyses included 

models with tract-level per cent of families below the poverty threshold (instead of the area 
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deprivation index); results were similar to those presented, but had higher BIC values. 

Although the between-tract variance was reduced with the addition of tract-level 

characteristics, the between-tract variance remained significant. Analyses using different 

weight scaling procedures were largely consistent with reported results, however, the 

estimated between-tract variation was larger and the BIC values were larger than for the 

models reported. The results using the second weighting method can be seen in online 

supplementary appendix B (supplementary tables S2 and S3).

DISCUSSION

In this multilevel analysis using a nationally representative sample of youth in the USA, 

estimates of disparities in obesity were significantly attenuated, by 74% for non-Hispanic 

black children and by 49% for Mexican-American children, after controlling for various 

individual-level and area-level SES characteristics and the interaction between individual-

level SES and area deprivation. This study is one of the first examinations of associations 

between neighbourhood deprivation and racial and ethnic disparities in childhood obesity; 

findings are consistent with previous studies examining community-level determinants of 

disparities among adults.28,52,53 Results are also consistent with a prior study of weight-

related disparities among children that relied on self-report BMI and county-level SES 

data.36 One recent study reported that racial/ethnic disparities were not attenuated after 

accounting for neighbourhood characteristics.38 However, results of this analysis are not 

directly comparable as that study relied on data on very young children (5–6 years) in 1998–

1999 and included a number of intervening individual-level characteristics, potentially 

contributing to over-adjustment and biased estimations of neighbourhood-level effects.54

There was a significant interaction between neighbourhood deprivation and individual-level 

SES whereby neighbourhood deprivation was significantly associated with higher ORs of 

obesity among children above the poverty threshold. The effect of greater area-level 

deprivation was stronger for higher income children, as compared to lower income children, 

which is contrary to the notion that children experiencing ‘double jeopardy’ are at increased 

risk due to the potentially synergistic effects of individual or neighbourhood poverty in 

isolation.

While individual-level income was protective against obesity among children living in lower 

deprivation neighbourhoods, it was positively associated with greater ORs of obesity among 

children living in higher-deprivation tracts. This interaction could help to explain some of 

the complex SES gradients in risk of obesity by race and ethnicity that have been reported in 

previous studies5,9,55 where there are ‘diminishing returns’ of the effect of increasing 

individual SES on health outcomes for racial and ethnic subpopulations as compared to non-

Hispanic white individuals.56 For example, previous studies have found that the inverse 

association between income and obesity is stronger for white children than for black 

children and that for some subgroups income is positively associated with obesity.5,955 

These studies have not examined neighbourhood deprivation or SES in the context of these 

patterns. Results of this study suggest that the ‘diminishing returns’ of increasing income 

seen among certain racial and ethnic subpopulations may be related to the higher levels of 

neighbourhood deprivation experienced by these groups in comparison to non-Hispanic 
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white individuals. In the context of higher levels of neighbourhood deprivation, greater 

individual-level income was associated with increased risk of obesity among children in this 

sample. Given that the majority of black or Latino children live in more disadvantaged 

communities than even the poorest white children,16 the deleterious effects of living in 

higher deprivation neighbourhoods are more relevant for these racial and ethnic subgroups 

as compared with non-Hispanic white children, regardless of individual-level income.

Research that relies solely on individual-level measures of SES may mask racial and ethnic 

differences in environments.57,58 Low-income and minority communities often have reduced 

access to supermarkets or physical activity resources, but a plethora of convenience stores, 

fast food outlets and other hazards like crime; these factors have been associated with poor 

dietary intake, lower activity levels and overweight and obesity in prior studies.18-23 These 

community characteristics could help explain the interaction between individual SES and 

area deprivation, as it is possible that these neighbourhood factors are more influential for 

higher income children than those in poverty. For example, higher income children may not 

face the same financial barriers to purchasing convenience or fast food as children in 

poverty. The potential mediating pathways through which the built and social environments 

influence weight-related disparities remain unclear, as most studies of disparities in child 

obesity have focused on individual/family characteristics such as parent education/SES, 

sedentary behaviours (eg, TV watching), dietary behaviours (eg, snacking, fast food, sugar-

sweetened beverage consumption), physical activity and breastfeeding.59,60

This study has a few limitations, the first of which is the preclusion of causal inferences due 

to the reliance on cross-sectional, observational data. Second, SES at both the tract and 

individual level were assessed at one point in time using a limited number of variables, 

which do not capture chronic, multidimensional and potentially time-varying exposures61; 

there may have been change in neighbourhood SES over time, resulting in misclassification 

of exposure based on data from the 2000 US Census. In dichotomising area deprivation, a 

cut-point of 0 was chosen to ensure adequate sample sizes by race and ethnicity within the 

groups. However, this cut-point was arbitrary, as values above or below 0 do not necessarily 

correspond to high or low deprivation, respectively. A related limitation is the broad 

categorisation of race and ethnicity, which does not encapsulate the diversity within and 

across various racial and ethnic subpopulations. Third, quality data on potentially mediating 

community-level characteristics such as availability of food or physical activity resources in 

the community do not exist on a national scale in the USA, precluding the examination of 

pathways by which neighbourhood SES may influence weight outcomes. Dietary intake or 

physical activity were not examined, as the inclusion of these intervening variables leads to 

over-adjustment, biasing estimates of neighbourhood-outcome associations.54 More research 

is needed to explore the pathways by which deprivation is associated with differential 

opportunities and exposures to risks in the environment, which then may deter or promote 

health behaviours to ultimately influence health outcomes and related disparities.

Despite the above limitations, this study has several strengths. This is one of the first studies 

to examine the context of racial and ethnic disparities in childhood obesity using a nationally 

representative sample of US children with measured height and weight data. The inclusion 

of individual-level SES, area-level deprivation and the interaction between these two factors 
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resulted in substantially attenuated estimates of disparities in obesity by race and ethnicity. 

Disparities between non-Hispanic black and non-Hispanic white children were attenuated by 

74% and disparities between Mexican-American and non-Hispanic white children were 

attenuated by 49%. Future research on disparities in obesity and other health outcomes 

should examine broader contextual factors and social determinants of inequities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known on this subject

► Previous research has shown that racial/ethnic disparities in health outcomes 

among adults are attenuated after controlling for neighbourhood context. Few 

studies have examined racial/ethnic disparities in childhood obesity in the 

context of neighbourhood and individual-level socioeconomic factors.
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What this study adds

► Racial/ethnic disparities in obesity among the US youth are attenuated after 

controlling for area deprivation and there was a significant interaction 

between area deprivation and individual-level income. Income was protective 

against obesity for children living in low-deprivation areas, but positively 

associated with obesity for children in high-deprivation areas.
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Figure 1. 
Interaction between individual-level poverty and tract-level deprivation in models of obesity. 

Marginal effects are the average marginal increase in probability of obesity associated with a 

one-unit increase in poverty-to-income ratio or area deprivation. Note: Marginal effects were 

obtained using the margins, dydx command in Stata following svy logistic regression 

procedures which produces the discrete change in probability of the outcome with respect to 

the interaction terms.
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Table 1

Sociodemographic characteristics of the US children, 2–18 years, 2001–2010 (n=17 100)

Non-Hispanic white (59.9%) Non-Hispanic black (14.3%) Mexican-American (13.0%) Overall

Unweighted n=5198 Unweighted n=4931 Unweighted n=4942 N=17 100

Percentage of Obese 14.8 (13.2 to 16.4) 20.8 (19.5 to 22.1) 21.1 (19.4 to 22.8) 16.6 (15.5 
to 17.7)

Age 10.3 (10.1 to 10.5) 10.1 (9.9 to 10.3) 9.5 (9.3 to 9.7) 10.1 (10.0 
to 10.2)

Female 48.8 (47.3 to 50.2) 49.8 (48.4 to 51.1) 49.0 (47.4 to 50.5) 49.1 (48.1 
to 50.0)

PIR 2.9 (2.8 to 3.1) 1.8 (1.7 to 1.9) 1.6 (1.5 to 1.7) 2.5 (2.4 
to 2.6)

Caregiver education

 <High school (HS) 10.8 (8.8 to 12.8) 29.7 (26.8 to 32.5) 51.9 (48.6 to 55.2) 20.6 (19.0 
to 22.2)

 High school 24.9 (22.6 to 27.2) 25.4 (23.0 to 27.8) 20.5 (18.4 to 22.6) 23.8 (22.2 
to 25.3)

 Some college+ 61.5 (58.3 to 64.7) 42.6 (39.6 to 45.6) 24.9 (21.7 to 28.1) 52.8 (50.7 
to 54.9)

Married/cohabitating 78.2 (76.0 to 80.3) 41.0 (38.3 to 43.7) 74.8 (72.7 to 77.0) 71.6 (70.0 
to 73.2)

Neighbourhood characteristics

 Deprivation index −0.6 (−0.6 to −0.5) 0.3 (0.3 to 0.4) 0.1 (0.4 to 0.2) −0.3 
(−0.4 to 

−0.2)

 Percentage of over 25 with 
<HS education

16.6 (15.3 to 17.9) 26.6 (25.5 to 27.8) 33.1 (30.9 to 35.2) 20.8 (19.8 
to 21.9)

 Percentage of men over 16 
unemployed

4.8 (4.4 to 5.2) 9.1 (8.5 to 9.7) 7.9 (7.2 to 8.6) 6.0 (5.6 
to 6.4)

 Percentage of below 
Federal Poverty Threshold

6.8 (6.1 to 7.4) 16.9 (15.7 to 18.0) 15.1 (13.5 to 16.8) 9.9 (9.2 
to 10.6)

 Median household income 49 195 (46 761 to 51 630) 36 117 (34 419 to 37 816) 39 068 (37 203 to 40 934) 45 520 
(43 808 

to 47 
231)

 Percentage of women-
headed households with 
children

5.8 (5.4 to 6.1) 14.5 (13.6 to 15.4) 9.2 (8.8 to 9.7) 7.8 (7.4 
to 8.2)

 Percentage of households 
with public assistance

2.7 (2.3 to 3.1) 6.7 (6.0 to 7.3) 5.6 (4.9 to 6.3) 3.9 (3.5 
to 4.3)

Values are weighted means/proportions (95% CI).
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Table 2

Distribution of individual-level poverty and tract-level deprivation among children (2–18 years) in NHANES, 

by race/ethnicity

Non-Hispanic white (59.9%) Non-Hispanic black (14.3%) Mexican-American (13.0%) Overall

Unweighted n=5198 Unweighted n=4931 Unweighted n=4942 N=17 100

Above poverty+lower 
area deprivation

74.7 (70.5 to 78.8) 29.3 (25.5 to 33.2) 31.4 (27.2 to 35.7) 59.7 (56.5 to 62.9)

Below poverty+lower 
area deprivation

7.8 (6.6 to 8.9) 8.9 (6.9 to 10.9) 13.7 (11.0 to 16.3) 8.6 (7.7 to 9.5)

Above poverty
+higher area 
deprivation

11.4 (8.6 to 14.3) 31.1 (27.9 to 34.4) 28.7 (24.9 to 32.4) 18.6 (16.3 to 21.0)

Below poverty
+higher area 
deprivation

6.1 (4.0 to 8.2) 30.6 (27.0 to 34.3) 26.3 (23.3 to 29.2) 13.1 (11.5 to 14.6)

Values are percentages within each category (95% CI).

Individual poverty is defined as PIR below 100% of the federal poverty threshold; high-area deprivation is defined as a positive value on the area 
deprivation index. Column percentages may not sum to exactly 100% due to rounding.

NHANES, National Health and Nutrition Examination Survey.
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Table 3

Results of multilevel models examining race and ethnicity and ORs of obesity

Model 1 Model 2 Model 3 Model 4

Race only Individual characteristics Model 2+tract deprivation Model 3+interaction

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Race or ethnicity

Non-Hispanic white Reference Reference Reference Reference

Non-Hispanic black 1.5 (1.3 to 1.7) 1.3 (1.1 to 1.5) 1.1 (0.9 to 1.3) 1.1 (0.9 to 1.3)

Mexican-American 1.6 (1.4 to 1.9) 1.4 (1.2 to 1.6) 1.3 (1.1 to 1.5) 1.3 (1.1 to 1.5)

Change in black–white β from model 1 (%) −36.5 −68.9 −73.9

Change in MA-white β from model 1 (%) −28.1 −43.0 −49.0

PIR 1.0 (0.9 to 1.0) 1.0 (0.9 to 1.0) 1.0 (1.0 to 1.0)

Area deprivation 1.2 (1.1 to 1.3) 1.2 (1.1 to 1.3)

Interaction 1.1 (1.1 to 1.1)

ICC 0.09 0.09 0.09 0.08

PCV (%) 10.2 16.1 15.4 20.5

−2LL 13 940.2 13699.8 13676.4 13651.6

BIC 13989.0 13846.0 13832.3 13817.3

Estimates are ORs (95% CI).

Model 1 adjusts for age, age-squared, survey cycle and sex. Models 2–3 add caregiver education, caregiver marital status, and PIR. Model 3 adds 
the tract deprivation index. Model 4 adds the PIR by deprivation index interaction. Percentage of change in the race/ethnicity coefficients (β) are 
calculated on the logit scale using model 1 coefficients as the reference.

−2LL, −2 log likelihood; BIC, Bayesian Information Criterion; ICC, intraclass correlation coefficient; PCV, percent change in variance; PIR, 
poverty-to-income ratio.
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Table 4

Crude and adjusted prevalence (95% CI) of obesity by race/ethnicity, individual poverty and area deprivation

Prevalence (95% CI) OR

Crude prevalence

 Non-Hispanic white 14.8 (13.2 to 16.4) Reference

 Non-Hispanic black 20.8 (19.5 to 22.1) 1.5 (1.3–1.7)*

 Mexican-American 21.1 (19.4 to 22.8) 1.6 (1.4–1.9)*

Above poverty+lower area deprivation

 Non-Hispanic white 13.2 (11.7 to 14.8) Reference

 Non-Hispanic black 19.5 (17.3 to 21.8) 1.6 (1.4–1.9)*

 Mexican-American 16.5 (14.0 to 19.1) 1.3 (1.0–1.7)*

Below poverty+lower area deprivation

 Non-Hispanic white 16.0 (12.3 to 19.7) Reference

 Non-Hispanic black 17.0 (11.0 to 23.0) 1.1 (0.6–1.8)

 Mexican-American 22.4 (18.2 to 26.7) 1.5 (1.0–2.3)*

Above poverty+higher area deprivation

 Non-Hispanic white 22.3 (18.4 to 26.2) Reference

 Non-Hispanic black 20.4 (18.1 to 22.8) 0.9 (0.7–1.2)

 Mexican-American 22.0 (19.5 to 24.5) 1.0 (0.7–1.3)

Below poverty+higher area deprivation

 Non-Hispanic white 21.4 (16.7 to 26.2) Reference

 Non-Hispanic black 20.9 (18.1 to 23.7) 1.0 (0.7–1.4)

 Mexican-American 23.2 (20.2 to 26.3) 1.1 (0.8–1.5)

ORs (OR; 95% CI) for racial/ethnic disparities are also shown; non-Hispanic white children are the reference group.

*
Indicates p<0.05. Individual poverty is defined as poverty-to-income ratio below 100% of the federal poverty threshold; tract deprivation is 

defined as a positive value on the area deprivation index.
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