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Abstract

IMPORTANCE—Differences in childhood obesity by demographics and urbanization have been
reported.
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OBJECTIVE—To present data on obesity and severe obesity among US youth by demographics
and urbanization and to investigate trends by urbanization.

DESIGN, SETTING, AND PARTICIPANTS—Measured weight and height among youth aged
2 to 19 years in the 2001-2016 National Health and Nutrition Examination Surveys, which are
serial, cross-sectional, nationally representative surveys of the civilian, noninstitutionalized
population.

EXPOSURES—Sex, age, race and Hispanic origin, education of household head, and
urbanization, as assessed by metropolitan statistical areas (MSAs; large: = 1 million population).

MAIN OUTCOMES AND MEASURES—Prevalence of obesity (body mass index [BMI] =95th
percentile of US Centers for Disease Control and Prevention [CDC] growth charts) and severe
obesity (BMI =120% of 95th percentile) by subgroups in 2013-2016 and trends by urbanization
between 2001-2004 and 2013-2016.

RESULTS—Complete data on weight, height, and urbanization were available for 6863 children
and adolescents (mean age, 11 years; female, 49%). In 2013-2016, the prevalence among youth
aged 2 to 19 years was 17.8% (95% CI, 16.1%—19.6%) for obesity and 5.8% (95% ClI, 4.8%
-6.9%) for severe obesity. Prevalence of obesity in large MSAs (171% [95% Cl, 14.9%-19.5%]),
medium or small MSAs (17.2% [95% ClI, 14.5%-20.2%]) and non-MSAs (21.7% [95% ClI, 16.1%
-28.1%]) were not significantly different from each other (range of pairwise comparisons P=.
09-.96). Severe obesity was significantly higher in non-MSAs (9.4% [95% Cl, 5.7%-14.4%)])
compared with large MSAs (5.1% [95% Cl, 4.1%-6.2%]; P=.02). In adjusted analyses, obesity
and severe obesity significantly increased with greater age and lower education of household head,
and severe obesity increased with lower level of urbanization. Compared with non-Hispanic white
youth, obesity and severe obesity prevalence were significantly higher among non-Hispanic black
and Hispanic youth. Severe obesity, but not obesity, was significantly lower among non-Hispanic
Asian youth than among non-Hispanic white youth. There were no significant linear or quadratic
trends in obesity or severe obesity prevalence from 2001-2004 to 2013-2016 for any urbanization
category (Prange = .07-.83).

CONCLUSIONS AND RELEVANCE—In 2013-2016, there were differences in the prevalence
of obesity and severe obesity by age, race and Hispanic origin, and household education, and
severe obesity was inversely associated with urbanization. Demographics were not related to the
urbanization findings.

Differences in childhood obesity prevalence by demographics have been reported in the
United States, 2 and Healthy People 2020 objectives include reducing disparities.3 In 2015-
2016, obesity prevalence was higher in non-Hispanic black (22%) and Hispanic (26%) youth
compared with non-Hispanic white (14%) and non-Hispanic Asian (11%) youth.2 Although
not nationally representative, in 2015, the prevalence of obesity among American Indian and
Alaska Native youth was 30% (Indian Health Service National Data Warehouse).*
Differences have also been reported by education and income.® Youth living in households
headed by college graduates have a lower prevalence of obesity compared with youth living
in households headed by individuals with less education. Similarly, youth in higher- income
households have a lower prevalence of obesity than youth living in households with less
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income. These differences, however, vary by sex, and race and Hispanic origin and may be
changing over time.®

Differences in obesity prevalence have also been reported by level of urbanization.6-10 In
2011-2012, based on self-reported weight and height, the prevalence of overweight or
obesity among US youth aged 10 to 17 years living in small rural areas was 38% compared
with 30% among urban youth.1! Measured weight and height from 1999-2006 showed that
rural children aged 2 to 19 years had consistently higher odds of overweight and obesity
even after adjustment for sociodemographics, health, diet, and exercise.1?

This analysis presents national measured weight and height for 2013-2016 on obesity and
severe obesity prevalence among US youth by demographic subgroup and by level of
urbanization. Trends over time in obesity prevalence among US youth by age, race and
Hispanic origin, income, and education of household head have been published,:513 but
trends in obesity and severe obesity prevalence by urbanization level have not been well
studied. Thus an objective of this analysis was to investigate trends by urbanization level
from 2001 through 2016.

A nationally representative survey of the civilian, noninstitutionalized population, the
National Health and Nutrition Examination Survey (NHANES) contains both interviews and
examinations.14 NHANES includes oversampling in its complex probability sample design.
In 2013-2016, non-Hispanic black, non-Hispanic Asian, and Hispanic individuals were
oversampled. NHANES began collecting data continuously in 1999 with public data releases
every 2 years. Because of small sample sizes for some subgroups or due to low prevalence of
some health conditions, multiple 2-year data cycles are often combined. Youth aged 7 to 17
years of age provided documented assent and, for youth 17 years and younger, parents or
guardians provided permission. Participants 18 years and older provided consent. The
National Center for Health Statistics (NCHS) research ethics review board approved
NHANES. For youth aged 1 to 19 years, the response rate for the examination component
was 76% in 2013-2014 and 64.6% in 2015-2016; response rates for youth from 2001-2002
to 2011-2012 ranged from 87% to 77%.15

Standardized measurements of weight and height were obtained during the NHANES
examination. Obesity among youth aged 2 to 19 years was defined as body mass index (BMI
[calculated as weight in kilograms divided by height in meters squared]) at or above the sex-
specific 95th percentile of the US Centers for Disease Control and Prevention (CDC) BMI-
for-age growth charts.16 Severe obesity was defined as BMI at or above 120% of the 95th
percentile of the CDC BMlI-for-age growth charts.17.18

Demographic variables included sex, age, race and Hispanic origin, and education of
household head because previous analyses have found differences by these factors.2:19 Age
groups were 2to 5, 6 to 11, and 12 to 19 years at time of examination and were the age
groups used in the sample design. Race and Hispanic origin was reported by participants or
proxy respondents (such as parents) and was categorized as non-Hispanic white, non-
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Hispanic black, non-Hispanic Asian, Hispanic, and other (including multiple races). Results
for the “other” category were included in analyses of the entire population but were not
shown separately. The term “race and Hispanic origin” is used in the text to reflect the
specific designation in NHANES. Education of household head was categorized as high
school diploma or less, some college, and college graduate.

Level of urbanization was assigned to each NHANES participant based on participant’s
county of residence (NHANES 2001-2014) or county location of examination (NHANES
2015-2016). Unweighted agreement between urbanization level categories based on county
of residence and county location of examination was 99.9% for NHANES 2007-2014
participants. County of residence and county location of examination were not included in
the public use NHANES data files due to disclosure risk, but can be obtained through the
NCHS Research Data Center.20 Level of urbanization was categorized based on 1990 (for
NHANES 2001-2004), 2006 (for NHANES 2005-2012), and 2013 (for NHANES 2013-
2016) NCHS classification schemes for counties.?122 The NCHS scheme is based on 4
metropolitan and 2 nonmetropolitan categories. The metropolitan categories included (1)
large central metropolitan or counties in metropolitan statistical areas (MSAS) with a
population of 1 million or more that contain all or part of the area’s principal city; (2) large
fringe metropolitan or counties in MSAs with a population of 1 million or more that
surrounded the large central metropolitan counties; (3) medium metropolitan or counties in
MSAs with a population of 250 000 to 999 999; and (4) small metropolitan or counties in
MSAs with population of less than 250 000. Nonmetropolitan, or the most rural areas,
included (1) micropolitan or counties with urban cluster populations from 10 000 to 49 999
and (2) noncore or metropolitan counties that did not qualify as micropolitan. For these
analyses, urbanization was categorized as large MSA (combined large central and fringe
metropolitan); medium or small MSA (combined medium and small metropolitan); and non-
MSA (combined micropolitan and noncore). The NCHS metropolitan categories were
collapsed for this analysis to increase sample size for subgroups and produce stable
estimates based on the NCHS data presentation standards for proportions.23

Prevalence of obesity and severe obesity with 95% Cls were presented for each demographic
subgroup and urbanization category. Estimates by urbanization category could not be
presented by demographic subgroup due to small sample size and low degrees of freedom.
Differences by urbanization category were tested using pairwise #tests and, adjustedfor
demographic characteristics, in logistic regression models. Adjusted prevalence ratios?* and
differences in the adjusted prevalence were presented. Ninety five percent Cls for the
differences were constructed by the Wald method?® using a ¢statistic with degrees of
freedom equal to the minimum degrees of freedom of the standard errors of the 2 risk ratios.
Urbanization category, age, and education were also included as continuous variables in the
logistic models to test for adjusted linear trends in obesity and severe obesity by these
variables. The Satterthwaite-adjusted Ftest?® was used to assess statistical significance and
the associated P values were reported.

To further investigate the association between urbanization category and obesity, smoothed,
age-specific 50th and 95th percentiles of BMI were presented for each urbanization

JAMA. Author manuscript; available in PMC 2019 June 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogden et al.

Results

Page 5

category. The percentiles were smoothed using weighted quantile regression with restricted
cubic spline of age in months with 4 knots at the 5th, 35th, 65th, and 95th age percentiles.

Analysis of trends in obesity and severe obesity prevalence from 2001-2002 to 2015-2016
were conducted, stratified by urbanization category. Tabular and graphical presentation of
obesity and severe obesity prevalence over this period included point estimates and Cls with
combined 4-year NHANES data for 2001-2004, 2005-2008, 2009-2012, and 2013-2016
because these estimates were more stable than the estimates based on 2 years of data. Linear
and quadratic trends in obesity prevalence by urbanization category were tested using
orthogonal contrasts with 8 two-year survey cycles treated as a continuous variable. No
significant interactions were found between urbanization category and survey period.

The NHANES complex sample design was incorporated in standard error estimates and all
statistical testing. Taylor series linearization2’ was used to estimate standard errors.
Examination sample weights were used in all analyses and adjusted for the differential
probabilities of selection, noncoverage, and nonresponse. These adjustments accounted for
loss between the screener and interview and between interview and examination. The
approach described in Korn and Graubard was used to calculate Cls.28 A 2-sided Avalue of .
05 was used to assess statistical significance. No adjustments were made for multiple
comparisons. Statistical reliability was assessed using the NCHS data presentation standards
for proportions.23 Analyses were conducted in SAS (SAS Institute), version 9.4; SUDAAN
(RTI International), version 11.0; R (R Foundation), version 3.4.1; and Stata (StataCorp),
version 13.

In 2013-2016, 152 youth aged 2 to 19 years were missing weight, height, or both and 9 were
pregnant and were excluded from the analysis (unweighted percentage, 161 of 7024
participants [2.3%]) leaving a total sample size of 6863. An additional 229 youth were
missing data on education of household head and were excluded from analyses that included
this variable. No data on urbanization were missing. Non-Hispanic Asian subgroups had the
lowest unweighted sample sizes (eg, 52 for females aged 2 to 5 years), whereas Hispanic
subgroups had the largest (eg, 260 for females aged 2 to 5 years). Sample sizes for all
subgroups are included in Table 1. Unweighted numbers of children and adolescents with
obesity or severe obesity are in eTable 1 and eTable 2 in the Supplement.

Analyses that included data from 2001-2002 to 2015-2016 included 29 292 youth (29 292
of 30102 participants [97.3%] who were nonpregnant and examined). From 2001-2002 to
2015-2016, 810 youth were missing data on weight, height, or both or urbanization.

The prevalence of obesity among US youth aged 2 to 19 years was 17.8% (95% Cl, 16.1%
to 19.6%) and the prevalence of severe obesity was 5.8% (95% Cl, 4.8% to 6.9%) in 2013—
2016 (Table 2). Differences in adjusted prevalence and adjusted prevalence ratios (aPR) by
sex, age, race and Hispanic origin, education of household head, and urbanization in 2013-
2016 also are shown in Table 2. In adjusted analyses of obesity, there was a significant linear
trend by age (P < .001). Obesity prevalence among youth aged 6 to 11 years (17.9%) and 12
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to 19 years (20.6%) was significantly higher compared with youth aged 2 to 5 years (11.6%)
(adjusted difference for youth aged 6-11 years vs 2-5 years, 6.9 percentage points [95% ClI,
3.81t0 10.1]; aPR, 1.62 (95% Cl, 1.30 to 2.01); adjusted difference for youth aged 12-19
years vs 2-5 years, 9.6 percentage points [95% ClI, 5.6 to 13.5]; aPR, 1.85 [95% ClI, 1.45 to
2.37)).

Obesity prevalence was also significantly higher among non-Hispanic black youth (20.4%)
and Hispanic youth (23.6%) compared with non-Hispanic white youth (14.7%) (adjusted
difference for non-Hispanic black youth vs non-Hispanic white youth, 4.97percentage points
[95% CI, 0.95 to 8.99]; aPR, 1.33 [95% CI, 1.07 to 1.66]; adjusted difference for Hispanic
youth vs non-Hispanic white youth, 7.37 percentage points [95% Cl, 4.36 to 10.38]; aPR,
1.49 [95% Cl, 1.27 to 1.75]). There was no significant difference between non-Hispanic
Asian youth (9.8%) and non-Hispanic white youth (adjusted difference, —3.5 percentage
points [95% ClI, 0 to —6.9]; aPR, 0.77 [95% ClI, 0.58 to 1.02]).

There was a significant linear trend in obesity by education of household head (£ < .001).
The prevalence of obesity among youth living in households headed by individuals with a
high school diploma or less (22.3%) or in households headed by individuals with some
college education (18.1%) was significantly higher compared with youth living in
households headed by college graduates (11.6%) (adjusted difference for youth living in
households headed by individuals with <high school diploma vs youth living in households
headed by college graduates, 7.5 percentage points [95% ClI, 4.3 to 10.8]; aPR, 1.58 [95%
Cl, 1.25 to 1.98]; adjusted difference for youth living in households headed by individuals
with some college education vs youth living in households headed by college graduates, 5.2
percentage points [95% ClI, 1.0 to 9.4]; aPR, 1.40 [95% CI, 1.06 to 1.85]).

A linear trend in obesity across urbanization categories was not significant (P=.11). The
prevalence of obesity in non-MSAs (21.7%) and medium or small MSAs (17.2%) was not
significantly different compared with large MSAs (17.1%) (adjusted difference for large
MSAs vs non-MSAs, 3.7 percentage points [95% Cl, —2.4 to 9.8]; aPR, 1.22 [95% CI, 0.94
to 1.58]; adjusted difference for large MSAs vs medium or small MSAs, 1.0 percentage
points [95% CI, —2.2 to 4.3]; aPR, 1.06 [95% ClI, 0.91 to 1.24]).

Results from the adjusted analysis of severe obesity were similar to results for obesity (Table
2), although the estimated aPRs were farther from 1.0 for age and race and Hispanic origin,
and severe obesity was significantly lower for non-Hispanic Asian youth (1.3%) compared
with non-Hispanic white youth (4.4%) (adjusted difference, —3.1 percentage points [95% ClI,
-1.5t0 -4.6]; aPR, 0.31 [95% CI, 0.13 to 0.73]). The linear trend across urbanization
categories for severe obesity was significant (= .003). Prevalence of severe obesity in non-
MSAs (9.4%) was significantly higher than in large MSAs (5.1%) (adjusted difference, 4.1
percentage points [95% ClI, 0.4 to 7.9]; aPR, 1.83 [95% ClI, 1.26 to 2.66]). The prevalence of
severe obesity in medium or small MSAs (5.3%) was not significantly different compared
with large MSAs (adjusted difference, 0.9 percentage points [95% CI, —0.6 to 2.4]; aPR,
1.18 [95% Cl, 0.93 to 1.50]).
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Detailed estimates of obesity and severe obesity prevalence by sex, age, education of
household head, and race and Hispanic origin are presented in Table 3.

There were no significant linear or quadratic trends in obesity or severe obesity prevalence
from 2001-2004 to 2013-2016 for any urbanization category (range of 2= .07 to .83) (Table
4 and eFigures 1-2 in the Supplement). The same pattern was seen over time where the
prevalence of obesity and severe obesity were higher in non-MSAs compared with large
MSAs at each of the 4 periods. There was a significant linear trend across urbanization
categories in prevalence of obesity (P=.006) and severe obesity (P < .001) when combining
16 years of data (2001-2016).

Smoothed estimates of the 50th and 95th percentiles of BMI by age for large MSAs,
medium or small MSAs, and non- MSAs are shown in the Figure. The smoothed 95th
percentile of BMI among adolescents aged 14 years living in non- MSAs was 38 (ie, 5% of
adolescents aged 14 years had a BMI >38), whereas the 95th percentile among adolescents
aged 14 years living in large MSAs was 33.5. These smoothed estimates describe the age
patterns and differences between urbanization categories; statistical tests were not
performed. Although the 50th percentiles overlapped between urbanization categories until
about 10 years, the 95th percentile for non-MSAs was higher than in large MSAs and
medium or small MSAs until age 18 years. This Figure shows different patterns in BMI
distribution by urbanization category suggesting the distribution in non-MSAs is more
skewed to the right than in other areas and that, starting around age 10 years, the distribution
in non-MSA:s is also shifted to the right compared with other urbanization categories.

Discussion

In 2013-2016, obesity and severe obesity among US youth was associated with age, race
and Hispanic origin, and education of household head. Severe obesity was also inversely
associated with urbanization. The association between urbanization and obesity was in the
same direction as severe obesity but was not significant. Demographics were not related to
the difference by urbanization. In addition, differences in the distribution of BMI among
children and adolescents in non- MSAs compared with large and medium or small MSAs
suggest that youth in non-MSAs are heavier than those in other areas. Variation by age, race
and Hispanic origin, and education of household head is comparable with previous reports.

Recent analyses of health disparities, including obesity, in youth have included analyses
based on urbanization.19 A review of the literature, including 2 studies using NHANES data
from 1999-2006 and 2003-2006, reported that obesity prevalence was higher among rural
children than among children living in urban areas, and this difference was larger among
older children compared with younger children.® The current results did not show an
interaction between age and urbanization level. In an analysis of 2001-2010 NHANES data,
racial differences in weight among US youth were explained entirely by social determinants
including neighborhood factors.” State-level studies have also found differences by
urbanization. A study using school-based BMI from elementary schools in Pennsylvania
found differences in obesity prevalence by urbanization.8 Different studies, however, use
different categories of urbanization in part because of available sample sizes.
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Research in low-income and middle-income countries has also shown differences by
urbanization, but in the opposite direction compared with high-income countries. In low-
income and middle-income countries, urban areas have had higher levels of BMI but the
differences have been attenuated after adjusting for socioeconomic status.2® These results
are in contrast with the current results in which adjustment for socioeconomic status did not
change the association between urbanization and obesity. In the current analysis, however,
no adjustments were made for measures of socioeconomic status beyond education and the
analyses focused on prevalence, not mean BMI.

Trends from 2001-2002 to 20152016 were not significant for any urbanization category.
The current study investigated trends over a 16-year period beginning in 2001-2002 because
4 years of data were needed to provide estimates by urbanization and 16 years allowed 4
estimates over time. Analysis of overall trends in obesity among youth beginning in 1999-
2000 show an increase in prevalence,? suggesting changes from 1999-2000 to 2015-2016
have been driven by changes very early in this period. Trends may also vary within
subgroups not analyzed in the current study.

The prevalence of severe obesity among US youth was more than 10% in some adolescent
subgroups. Research has suggested that youth with severe obesity have a worse
cardiovascular disease risk profile than youth with lesser obesity.® In one study,3° severe
obesity was associated with higher risk for hypertension compared with lesser obesity. In
addition, there was strong tracking over the study period of 2 to 3 years with 72% remaining
severely obese at follow-up.

This study has strengths. NHANES is representative of the US civilian, noninstitutionalized
population and contains measured weight and height, which result in more accurate
estimates of BMI than do self-report or parental report of weight and height.31:32

This study has several limitations. First, BMI is not a direct measure of adiposity and health
risk. Although children with high BMIs are likely to have high levels of adiposity,33 there
are variations by race and Hispanic origin.34 Adiposity among non-Hispanic black youth is
lower than among non-Hispanic white and Mexican American youth at the same BMI level.
34 However, among Asian adults, health risk begins at a lower BMI than in white adults.3>
Differences among youth are not as well described, however. One study found that South
Asian youth had higher BMI-adjusted blood pressure than white youth in the United States.
36 The lower prevalence estimates of obesity seen among Asians compared with other race
and Hispanic origin groups may not reflect lower disease risk.3” Second, NHANES is
limited by small sample sizes for some subgroups, which restricts the ability to provide
estimates by urbanization category for subgroups of the population. Third, NHANES was
not designed to provide estimates representative of different urbanization categories or
counties, so some cells have low degrees of freedom, which can result in inflated standard
errors and reduced statistical power.
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Conclusions

In 2013-2016, there were differences in the prevalence of obesity and severe obesity by age,
race and Hispanic origin, and household education, and severe obesity was inversely
associated with urbanization. Demographics were not related to the urbanization findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points
Question

In 2013-2016, were there differences in obesity and severe obesity prevalence by
demographics and urbanization level among US children and adolescents?

Findings

In this cross-sectional analysis that included 6863 children and adolescents aged 2 to 19
years, differences in obesity and severe obesity prevalence by age, race and Hispanic
origin, and household education were found. Differences in obesity by urbanization
levels were not significant, but the prevalence of severe obesity was significantly higher
in non-metropolitan statistical areas (MSAS) (9.4%) than in large MSAs (5.1%).

Meaning

Differences in age, race and Hispanic origin, or education of household head were not
related to the difference in severe obesity by urbanization.
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Figure. Smoothed 50th and 95th BMI Percentiles Among US Youth Aged 2 to 19 Years by

Urbanization Category and Age, 2013-2016

BMI indicates body mass index (calculated as weight in kilograms divided by height in
meters squared); MSA, metropolitan statistical area. Estimates are weighted. Data source:

National Health and Nutrition Examination Survey.
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