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Abstract

Background: Obesity (OB) is a serious epidemic in the United States.

Methods: We examined OB patterns and time trends across socio-economic and
geographic parameters and projected the future situation. Large national databases were
used. Overweight (OW), OB and severe obesity (SOB) were defined using body mass in-
dex cut-points/percentiles; central obesity (CO), waist circumference cut-point in adults
and waist:height ratio cutoff in youth. Various meta-regression analysis models were fit
for projection analyses.

Results: OB prevalence had consistently risen since 1999 and considerable differences
existed across groups and regions. Among adults, men’s OB (33.7%) and OW (71.6%)
levelled off in 2009-2012, resuming the increase to 38.0 and 74.7% in 2015-2016, respec-
tively. Women showed an uninterrupted increase in OB/OW prevalence since 1999,
reaching 41.5% (OB) and 68.9% (OW) in 2015-2016. SOB levelled off in 2013-2016 (men:
5.5-5.6%; women: 9.7-9.5%), after annual increases of 0.2% between 1999 and 2012.
Non-Hispanic Blacks had the highest prevalence in women’s OB/SOB and men’s SOB.
OB prevalence in boys rose continuously to 20.6% and SOB to 7.5% in 2015-2016, but
not in girls. By 2030, most Americans will be OB/OW and nearly 50% of adults OB,

©The Author(s) 2020; all rights reserved. Published by Oxford University Press on behalf of the International Epidemiological Association

810



International Journal of Epidemiology, 2020, Vol. 49, No. 3

811

whereas ~33% of children aged 6-11 and ~50% of adolescents aged 12-19 will be OB/
OW. Since 1999, CO has risen steadily, and by 2030 is projected to reach 55.6% in men,
80.0% in women, 47.6% among girls and 38.9% among boys. Regional differences exist
in adult OB prevalence (2011-2016) and across ethnicities; South (32.0%) and Midwest

(31.4%) had the highest rates.

Conclusions: US obesity prevalence has been rising, despite a temporary pause in 2009—
2012. Wide disparities across groups and geographical regions persist. Effective, sustain-

able, culturally-tailored interventions are needed.
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Key Messages

regions in the USA.

* The prevalence of obesity in the USA has been heralded as having levelled off in the early 2010s. However, obesity
prevalence has consistently risen since 1999, despite a temporary pause in 2009-2012.
* Considerable differences in obesity/overweight rates existed across sex, race/ethnicity, socio-economic status and

* By 2030, 78% of American adults are projected to be overweight or obese.
* Continuous effective intervention efforts are needed to fight the obesity epidemic and reduce disparities in obesity
across socio-demographic groups and geographical regions.

Introduction

The global obesity (OB) epidemic stems from lifestyle,
health-related and environmental factor changes, including
poor eating and sedentary behaviours."* Following
cigarette smoking, it is the second leading cause of prevent-
able deaths in the USA.? Fighting the US OB epidemic
has entailed over a decade’s worth of efforts and
programmes.*

Twelve years ago in 2007, using national data we de-
scribed time trends in obesity and overweight (OB/OW)
prevalence, and highlighted disparities across sex, age,
racial/ethnic groups, socio-economic status (SES) and US
geographic regions.” We also projected a continuous in-
crease in OB, and by 2015, 75% of US adults would have
OB/OW and 41% would have OB. Notwithstanding effec-
tive interventions, we expected by 2015, OB/OW might
contribute to 17% of total health-care costs.® Indeed, our
2007 projection of OB/OW and OB matched closely with
the recently observed prevalence for 2015-2016 (75 vs
72% for OB/OW; 41 vs 40% for OB).

There are some controversies around whether in recent
years US OB/OW prevalence has levelled off or not,” "
whereas an upward decade-long trend in both OB and
SOB prevalence has been reported.'” Also, existing re-
search has mainly relied on using body mass index (BMI)
to describe the trends of OB/OW and failed to project

future trends of OB,'> whereas waist circumference (WC)
[used to classify central obesity (CO)] reflects visceral adi-
pose tissue and is a better predictor of obesity related
health risks than BMI. Given significant time passing,
lingering controversies and limited research in our field,
updating our prediction published in 2007° with recent
data is necessary. Such findings will be useful for helping
develop better-targeted future interventions.

Our study comprehensively examines the US OB/OW
epidemic based on recent, nationally-representative data
collected since 1999. It describes the current situation,
time trends and disparities across sex, age, racial/ethnic
groups, SES and US geographic regions. The study also
includes projections up to the year 2030, that are then
contrasted to findings from our 2007 published study.’

Methods

Nationally-representative data

We used biennial data of the National Health and
Nutrition Examination Survey (NHANES) in 1999-2016,
which is a series of cross-sectional, nationally representa-
tive surveys conducted by the National Center for Health
Statistics. Anthropometrics were measured through direct
physical examination in a mobile examination centre and

analysed in this study."?
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The Behavioral Risk Factor
(BRFSS) is an ongoing series of national telephone surveys

Surveillance System

collecting behavioural and health-related data since 1984.
BRFSS data through 2016 provided us state-specific infor-
mation on OB/OW using self-reported weight and height
and enabled geographic difference analysis on OB/
OW, 1415

Definitions of overweight and obesity

The World Health Organization (WHO) currently defines
adult OB/OW, and the National Health, Lung, and Blood
Institute classifies severe obesity (SOB), by using BMI
(weight/height-squared, kg/m?) cut-points of 25, 30 and
40, respectively.''® Among youth (2-19 years), the 2000
CDC Growth Charts specifying age-sex-specific BMI per-
centiles'” define OW, OB and SOB by 85th, 95th'”~%* and
120% of the 95th percentile, or BMI > 35 kg/m?, which-
ever is lower.”"

The American Heart Association/National Heart, Lung,
and Blood Institute defines CO at WC cut-points of >40
inches (>102cm) for men and >335 inches (>88cm) for
women.”! With no standard recommendations, CO for
youth was defined as a WC:height ratio (WhtR) >0.5.%%%3
Reflecting visceral fat stores, WC is a better predictor of
OB-related metabolic disorders than BMI.>*

Statistical analysis

Using regression-based analyses, patterns and trends in key
adiposity measures among adults and youth were exam-
ined. NHANES 1999-2014 were used for most projections
and 2015-2016 data for currently-observed rates.

First, we estimated means of adult WC and youth WhtR,
and prevalence of OB, OW, SOB and CO across all avail-
able years. The primary stratifying variables were sex and
age group (adults: 20 years+; youth: 2-5 years, 6-11 years
and 12-19 years). The next level stratification was made by
ethnicity [non-Hispanic (NH) White, NH Black, Mexican-
American, and Other), educational attainment (<high
school, high school, >high school) and poverty-income ratio
(PIR) category (<100%, 100-200%, >200%). Survey sam-
pling complexity was accounted for with wave-specific pri-
mary sampling units, strata and 2-year weights.

Second, after compiling wave-specific estimates for
1999-2016, we selected years up to 2014 (8 data-points)
to project overall and stratum-specific estimates for the
years 2015, 2020 and 2030, using linear meta-regression
models,>* with study year (mid-wave) as the sole predictor.
The underlying assumption was that means and proportion
would continue to increase or decrease at the annual rate
without any non-linear components over time. Thus, in the

main analysis, beta coefficients reflected average annual
changes in binary outcome prevalence (OB, OB/OW, SOB,
CO), and annual changes in BMI, WC and WhtR.
Projections accounted for the standard error around each
wave-specific point estimate.”’ For validation purposes,
we compared the model projections with those from our
previous study using 1978-2004 NHANES data’® and with
actual NHANES 2015-16 data.

In addition for sensitivity analysis, we fit new non-
linear models by adding a squared term for year to the lin-
ear model (centering year at 2000) and re-projected the
years 2015-30 for all outcomes of interest and all strata.
Model fit comparison between the linear and non-linear
model was assessed using the Bayesian information crite-
rion (BIC: the lower, the better the fit), which penalizes the
model for the number of terms included, using the ordinary
least square version of the model (rather than meta-
regression). Specifically, for models with a significant qua-
dratic term at a type I error of 0.10, BIC was compared
with the linear model within each socio-demographic
group (among both adults and the youth) and outcome of
interest, with >2 points reduction in BIC between linear
and non-linear models indicating significant improvement
in model fit.*® For models whereby the quadratic term was
not statistically significant, no model comparison was
made and the linear model seemed to fit better.

Finally, a second sensitivity analysis was conducted
whereby logistic regression models were fit using machine
learning techniques, mainly adaptive least absolute shrink-
age and selection operator (LASSO), to select the best fit-
and the
interaction terms between year, sex and other covariates

ting model taking into account year, year”

(age, race/ethnicity, education and poverty income ratio
groups). From selected models for each outcome of inter-
est, stratum-specific projected values of prevalence for
each of 2015, 2020 and 2030, adjusting for key covariates,
were obtained along with 95% confidence intervals (CIs).
Detailed description of the methodology is provided in
Supplementary Method 1, available as Supplementary
data at IJE online. Sample sizes for each stratum and year
are presented in Supplementary Table S4, available as
Supplementary data at IJE online.

Geographic and ethnic differences in OB were described
using BRFSS data. All analyses were conducted using Stata

release 16.0 software.'®

Results

Secular trends in US adult obesity/adiposity, with
2030 projections

Table 1 and Fig. 1 display key findings for adults, in terms
of secular trends and projections of OB and other related
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Table 1. Trends in the observed 1999-2014 and projected 2020 and 2030 prevalence (%) of obesity, severe obesity and com-
bined overweight and obesity® among US adults, by gender, ethnicity, level of education and poverty to income ratio: based on
data from National Health and Nutrition Examination Survey (NHANES) 1999-2014°. PIR indicates ratio of income to the fam-
ily’s appropriate poverty threshold set by the US Census Bureau in a given calendar year. The Census Bureau, working in accor-
dance with the Statistical Policy Directive of the Office of Management and Budget, use a set of money income thresholds that
vary by family size and composition to determine who is poor. Thresholds were updated annually for inflation by using the con-
sumer price index

Men Women
Annual Projected Projected Annual Projected Projected
increase prevalence prevalence increase prevalence prevalence
rate® in 2020 (95% CI)  in 2030 (95% CI) rate® in 2020 (95% CI)  in 2030 (95% CI)
B SE P B SE P

Obesity (BMI >30 kg/m?)

All (Age> 20) 0.61 0.10 *** 39.6 36.4 42.8 457 40.2 512 0.47 0.11 ** 41.8 38.1 454 46.5 40.1 52.8
By ethnicity

NH White 0.53 0.12 ** 389 34.8 43.0 442 37.3 51.1 0.53 0.13 ** 40.3 35.7 45.0 45.6 37.8 534

NH Black 0.90 0.20 ** 46.1 39.1 53.2 55.1 434 66.8 0.59 023 * 60.4 52.7 68.1 66.3 532 794

Mexican- American  1.30 0.36 * 51.0 38.0 63.8 64.1 42.6 85.7 1.00 0.26 ** 56.0 47.5 64.5 66.0 51.2 80.8

Others 0.46 0.28 31.3 219 40.7 359 199 51.8 —0.15 0.29 25.7 16.5 34.8 242 82 40.1
By education

<High school 0.70 0.26 * 383 29.2 474 453 299 60.6 0.81 0.30 * 48.6 38.7 585 56.8 39.8 73.7

High school 0.82 0.32 * 422 30.6 53.8 504 31.1 69.6 0.17 0.24 45.3 37.5 532 47.0 334 60.6

>High school 0.59 0.12 ** 39.7 35.8 43.7 457 39.0 524 0.54 0.13 ** 41.5 374 455 46.9 39.8 54.0
By PIR

<100%PIR 0.43 0.21 33.3 26.0 40.6 37.6 254 49.8 049 0.18 * 48.3 42.1 544 532 42.6 63.7

100-200% PIR 0.80 0.20 ** 42.1 353 489 50.1 38.6 61.6 0.76 0.31 * 50.5 40.0 61.0 58.1 40.3 75.9

>200% PIR 0.63 0.16 ** 409 352 465 472 37.6 56.7 0.390.15 * 37.5 323 42.7 414 32.6 50.2
Severe obesity (BMI >40 kg/m?)

All (Age >20) 0.17 0.04 ** 62 47 7.7 79 54 105 0.220.06 ** 10.5 83 12.6 12.7 9.1 16.2
By ethnicity

NH White 0.15 0.06 * 58 38 79 73 39 107 0.230.06 * 9.8 74 121 121 82 159

NH Black 0.31 0.08 ** 10.1 7.3 12.8 132 8.6 17.7 0.31 0.13 19.1 145 23.7 222 144 30.0

Mexican-American  0.24 0.09 * 6.8 34 102 9.3 3.8 148 0.20 0.10 9.8 6.1 136 119 57 18.0

Others 0.08 0.11 34 00 68 42 0° 10.1 0.050.11 57 23 91 62 01 123
By education

<High school 0.16 0.12 45 01 89 61 0.0¢ 133 0.390.11 ** 103 6.3 144 142 7.6 20.8

High school 0.08 0.13 52 08 9.7 6.0 0.0 135 0.090.13 9.8 53 142 10.7 32 182

>High school 0.17 0.05 * 63 47 79 81 53 108 0.200.06 * 100 7.9 122 121 84 157
By PIR

<100%PIR —0.004 0.14 33 0.0 7.8 32 0.0 11.0 0.29 0.14 142 9.6 187 17.1 9.3 25.0

100-200% PIR 0.36 0.10 ** 10.2 6.4 141 138 7.6 20.0 0.360.13 * 13.5 88 182 171 9.2 249

>200% PIR 0.15 0.06 * 57 37 78 73 39 107 0.190.08 * 89 6.2 116 108 63 153
Combined overweight and obesity (BMI > 25 kg/m?)

All (Age> 20) 0.40 0.09 ** 76.9 73.6 80.2 81.0 754 86.5 0.48 0.11 ** 70.2 66.5 739 749 68.6 81.2
By ethnicity

NH White® 0.40 0.11 ** 78.1 742 82.0 82.1 75.7 88.6 0.64 0.14 ** 69.6 64.9 742 76.0 67.9 84.0

NH Black® 0.63 0.26 754 66.4 84.5 81.7 664 97.1 0.350.15 84.0 78.7 89.3 87.5 78.6 963

Mexican-American  1.10 0.20 ** 90.8 84.2 97.3 100° 90.2 100° 0.98 0.21 ** 88.2 81.4 950 98.0 86.2 100°

Others —0.12 0.24 63.1 554 70.7 61.9 48.7 75.1 —0.67 0.40 48.7 352 62.3 421 189 652
By education

<High school 0.69 0.29 80.9 71.1 90.7 87.8 71.1 100° 0.51 0.27 80.9 71.5 90.4 86.0 70.2 100°

High school 0.51 0.37 74.9 62.4 87.5 80.0 58.7 100° 0.17 0.25 73.7 652 821 753 61.1 89.6

>High school 0.35 0.13 * 77.0 72.3 81.6 80.5 72.7 882 0.60 0.12 ** 69.8 66.0 73.7 75.8 69.2 82.5

(Continued)
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Table 1. Continued

Men Women

Annual Projected Projected Annual Projected Projected

increase prevalence prevalence increase prevalence prevalence
rate” in 2020 (95% CI)  in 2030 (95% CI) rate” in 2020 (95% CI)  in 2030 (95% CI)

B SE g SE
By poverty income ratio

<100%PIR 0.21 0.35 65.5 53.2 778 67.6 469 883 0.70 0.16 ** 76.9 71.2 82.6 83.9 743 93.5
100-200% PIR 0.71 0.21 77.1 70.2 839 84.1 723 959 0.76 0.15 ** 79.1 739 84.3 86.7 77.9 95.5
>200% PIR 0.45 0.13 80.3 75.5 85.1 84.8 76.8 92.7 0.36 0.16 65.5 60.3 70.8 69.1 60.2 78.0

***P<0.001, **P <0.01, *P <0.05.

¥We used the World Health Organization (WHO) BMI cut points for overweight and obesity and the US National Health, Lung, and Blood Institute BMI cut

point for extreme obesity, BMI >25, 30 and 40 kg/m?, respectively.

PLinear meta-regression models with year as the sole predictor was used to estimate annual increase rate and to project prevalence for the years of 2020 and
2030, overall and for each stratum by gender and ethnic groups based on the NHANES 1999-2014 data.
“We truncated the prevalence and their 95% CI at 100 if they were >100%, and at 0 if they were <0, and indicated imprecise projection for those numbers.

outcomes based on NHANES1999-2015. A levelling off in
OB rates among men between 2009-2010 (35.3%) and
2011-2012 (33.7%) was observed, followed by a resump-
tion of increase beyond 2013. In contrast, women’s OB
rates showed a steady increase since 1999, reaching 41.5%
in 2015-2016. Despite men experiencing a faster annual
rate of increase ({=SE = 0.61 + 0.10, P <0.001 vs 8+SE
=0.47=0.11, P<0.01: 1999-2014), women consistently
exhibited higher OB and SOB prevalence than men.

This sharp OB increase was restricted to NH Whites
and Mexican-American women, unlike NH Blacks whose
OB prevalence may have reached saturation earlier (58.5%
in 2009-10). Projecting 1999-2014 estimates into the fu-
ture, 46-47% of US adults overall will be obese by 2030
without interventions.

SOB showed interesting patterns, whereby its annual
rate of increase was about 0.2% between 1999 and 2014,
although its prevalence has levelled off between 2013-14
and 2015-16 (men: 5.5% and 5.6%; women: 9.7% and
9.5%), following that linear increase. Women experienced
substantially higher SOB prevalence than men, reaching
9.5% in 2015-2016 (Fig. 1). It is expected that by 2030,
10% of all adults will have SOB (95% CI: 7.7-12.4%),
with a women:men ratio of 1.6. NH Black adults had the
highest SOB prevalence.

Since 1999, over two-thirds of US adults have been OB/
OW, though the OB/OW prevalence trend may have
levelled off between 2009 and 2014 among men (74.0%),
unlike women whose OB/OW increasing trend remained
linear (annual increase rate: women: S+=SE = +0.48 +
0.11 vs men: +0.40 = 0.09, all P <0.01). Further, 81.0%
of men and 74.9% of women, and almost all Mexican-
Americans (100% of men and 98% of women), are projected
to become OB/OW by 2030.

Demographic and socio-economic disparities in
US adult adiposity, with 2030 projections

As Table 1 indicates, continuous increases were seen in all
binary adiposity measures. Mexican men (8+SE =
1.30 £0.36, P <0.01) and women (8+SE = 1.00 +0.26,
P <0.01) had the highest annual rate of increase in OB.
Furthermore, Mexican-American men (46.6%) and NH
Black women (54.7%) exhibited the highest recent OB
prevalence in 2015-2016 (Fig. 1). NH Black adults contin-
ued to have an exceptionally high prevalence of SOB com-
pared with other ethnic groups since 2009-2010, although
NH Black women’s SOB prevalence dropped by 3.9% be-
tween 2009-2010 and 2015-2016 (Fig. 1). As stated
earlier, Mexican-American men had the fastest annual in-
crease in OB with OB prevalence projected to reach 64.1%
by 2030 (Table 1). Despite this, the highest projected 2030
OB prevalence was found among NH Black women
(66.3%) (Table 1).

Moreover, most binary adiposity measures were lowest
in the >200% PIR group, despite a consistently high an-
nual rate of increase for the 100-200% PIR category. In
2030, SOB prevalence in men within the 100-200% PIR
category is projected to reach 13.8%, a major disparity
with other income groups (vs <100% PIR: 3.2%, >200%
PIR: 7.3%). The annual rate of increase in OB among
women was highest within the <high school education cat-
egory (B=SE = 0.81 = 0.30, P < 0.05), a pattern noted for
SOB as well (8+SE = 0.39 +0.11, P=0.01), compared
with women in higher educational groups.

The results of the first sensitivity analysis indicated that
for most outcomes and strata, there was no added benefit
to including a squared year term to the linear year term in
our models. In fact, for the outcome of obesity prevalence
among adults of all ages and other socio-demographic
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Figure 1. Secular trends in the prevalence (%) of obesity and severe obesity in US adults (>20 years old) and youth (2-19 years old) by sex and ethnic-
ity, National Health and Nutrition Examination Survey 1999-2016. The World Health Organization (WHO) defines adult obesity and the National
Health, Lung, and Blood Institute classified extreme obesity by using BMI cut points of 30 and 40 kg/m?, respectively. Childhood obesity [(BMI >95th
percentile), and severe obesity (BMI >120% of the 95th percentile, or BMI >35kg/m?, whichever was lower] were defined by the age-sex-specific BMI
percentile in the 2000 Centers for Disease Control and Prevention growth charts. Analysis was stratified by sex and ethnicity for each age group, with-
out adjusting for other socio-demographic groups, taking into account sampling design complexity.
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groups combined, adding a squared year term to the model
lead to a higher BIC. On the other hand, when the qua-
dratic term (year®) was statistically significant at a type I
error of 0.10 (~21 models), the non-linear model had for
the most part a better fit than its linear counterpart, except
for 3 models whereby added benefit was not significant.
For the remaining 18 models, non-linearity was assumed
and detailed results were shown in Supplementary Table
S1, available as Supplementary data at IJE online. For
most socio-demographic groups, most consistently NH
< 0 and
thus, the non-linear pattern manifested itself with an in-

Black men, year >0 was combined with year?

creasing trend that was levelling off with time. This was
not the case among women of other racial/ethnic groups
(year <0, year2 > 0),

In the second sensitivity analysis with logistic regression
models selected using adaptive LASSO techniques, confi-
dence bounds were restricted to 0-100% and most of the
findings were more conservative in terms of projected prev-
alence of binary outcomes (Supplementary Table S2, avail-
able as Supplementary data at IJE online), even though
general patterns were preserved. In fact, the highest preva-
lence of OB, OB/OW, SOB and CO were found among mi-
nority groups, lower SES categories and among women.
Most notably, NH Black women are expected to have the
highest OB and SOB by 2030 with non-overlapping 95%
CI compared with NH White women.

Youth adiposity trends during 1999-2016 in the
US, with 2030 projections

Overall, youth OB and SOB prevalence were similar across
sexes (1999-2014). Whereas OB and SOB prevalence pro-
portions have continued to increase among boys (Fig. 1),
for girls, prevalence reached a plateau between 2013-14
and 2015-16 (OB: 18.4%, SOB: 5.9%, 2015-16). Among
boys, the highest OB/SOB prevalence proportions were
found among NH Blacks between 2009 and 2012, though
this distinction went to Mexican-American boys by 2015-
16. For girls, NH Blacks generally had the highest OB/SOB
prevalence proportions (OB: 26.6%; SOB: 11.4%: 2015-
2016).

Compared with children (aged 6-11), adolescents (aged
12-19) had consistently higher prevalence proportions and
rates of increase in OB, SOB and OB/OW. Among children,
girls had a greater annual increase in OB (0.45 vs 0.25), SOB
(0.17 vs 0.13) and OB/OW (0.61 vs 0.05) than boys. Among
adolescents (aged 12-19), boys had higher rates of increase
than girls in OB (0.46 vs 0.35) and OB/OW (0.61 vs 0.45;
Table 2). The highest rate of annual increase was among
younger girls (aged 6-11 years: B=SE = 0.61 = 0.28) and
adolescent boys (aged 12-19 years: B+SE = 0.61 = 0.17) for

OB/OW. About 39% of children and 46% of adolescents
were projected to become OB/OW by 2030.

In our first sensitivity conducted for the youth, only one
model fit the description whereby year < 0 and year” > 0
(SOB, Mexican-Americans, 12-19 years), though the linear
pattern was assumed due to no appreciable difference in
BIC between the alternative models. In the second sensitiv-
ity analysis (Supplementary Table S3, available as
Supplementary data at IJE online), Mexican-American
girls of all ages combined (2-19 years) appear to have the
largest projected prevalence of OB (35.6, 95% CI: 24.3-
48.7), OB/OW (52.0, 95% CI: 43.6-60.3) and SOB (20.9,
95% CI: 11.1-35.7) in 2030 with little overlap in terms of
95% CI compared with NH White girls in the same age
group. No significant differences were observed by gender
within each of the age groups 6-11 or 12-19years. This
was consistent with the findings from the linear meta-

regression analysis.

Central adiposity in US adults and youth; with
2030 projections

Table 3 indicates that among adults, CO has increased
over time (annual increase rate: 0.56% in men and 0.75%
in women) reaching 46.1 and 67.8% in 2013-2014 among
men and women, respectively. By 2030, ~55.6% of men
and 80.0% of women are projected to have CO.

Mexican-American adults exhibited the highest annual
increase in WC (men: 0.43 cm, women: 0.49 cm) and CO
(men: 1.20%; women: 1.30%). Our projections indicated
that 99.4% of Mexican-American women would have CO
by 2030. There was a gender difference across SES: men
had higher WC with higher SES, while the reverse was true
among women.

Among the youth (Table 3), WC and WhtR >0.5 in-
creased steadily, reaching 46.1 cm and 31.5% in boys and
67.8 cm and 38.2% in girls by 2013-2014. Girls were pro-
jected to maintain a higher WhtR >0.5 prevalence than
boys (47.6% vs 38.9%) in 2030.

Geographic differences in adult obesity

Figure 2 shows the regional differences in adult OB preva-
lence between 2011 and 2016 and across ethnicities based
on state-specific BRFSS data.'*'> Generally, higher OB
prevalence was observed in the South (32.0%) and the
Midwest (31.4%). In 2016, all states had OB prevalence
>20%; with five exceeding 35% (West Virginia: 37.7%,
Mississippi: 37.3%, Arkansas: 35.7%, Alabama: 35.7%
and Louisiana: 35.5).

The 2016 estimates also indicated that Blacks had
>30% of OB prevalence in 44 states; Hispanics in 32
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Table 3. Time trends in the observed estimated annual increase during 1999-2014 and projected 2020 and 2030 prevalence (%)
of central obesity® and means of waist circumference (cm) in US adults (>20years old), children and adolescents (2-19years
old), by gender and ethnicity, based on the National Health and Nutrition Examination Survey (NHANES) 1999-2014 data®. PIR
indicates ratio of income to the family’s appropriate poverty threshold set by the US Census Bureau in a given calendar year.
The Census Bureau, working in accordance with the Statistical Policy Directive of the Office of Management and Budget, uses a
set of money income thresholds that vary by family size and composition to determine who is poor. Thresholds are updated an-
nually for inflation by using the Consumer Price Index®

Men ‘Women
Annual increase rate® Projected  Projected Annual increase Projected  Projected
for 2020  for 2030 rate® for 2020  for 2030
B SE p B SE P
Adults (age> 20)
Waist circumference (cm; mean)
All 0.20 0.04 #* 103.2 105.1 0.34 0.04  *** 99.5 102.8
By ethnicity
NH White 0.21 0.04 ** 104.8 106.9 0.39 0.05 *** 99.6 103.5
NH Black 0.32 0.09 * 101.7 104.9 0.34 0.07 o 104.6 108.0
Mexican-American 0.43 0.09 ** 104.7 109.0 0.49 0.09 #** 102.9 107.8
Others 0.08 0.09 97.2 98.0 0.07  0.10 91.9 92.6
By education
<High school 0.22 0.09 * 102.8 105.0 0.42  0.09 o 102.6 106.8
High school 0.28 0.11 103.4 106.2 0.10  0.08 99.2 100.1
>High school 0.19 0.05 103.3 105.2 0.38 0.05§  *** 99.3 103.1
By poverty income ratio
<100%PIR 0.08 0.12 98.3 99.1 0.35 0.07 w3 101.9 105.4
100-200% PIR 0.29 0.08 #* 104.1 107.0 0.38 0.07  *** 102.0 105.8
>200% PIR 0.22 0.06 * 104.3 106.5 0.33  0.06  *** 98.0 101.3
Central obesity (%)¢
All 0.56 0.12 ** 50.1 55.6 0.75 0.12  #*** 72.5 80.0
By ethnicity
NH White 0.56 0.13 ** 54.2 59.8 0.87 0.15  #*** 72.7 81.4
NH Black 0.92 0.12 ** 48.1 57.3 0.69 0.17 o 83.5 90.3
Mexican-American 1.20 0.32 ** 53.4 65.6 1.30 0.27 o 86.6 99.4
Others 0.31 0.49 33.0 36.2 0.04 0.33 54.1 54.4
By Education
<High School 0.46 0.29 46.3 50.9 0.79  0.27 * 83.9 91.8
High School 0.57 0.37 48.3 54.0 0.35 0.19 76.2 79.7
>High School 0.57 0.17 * 50.8 56.5 0.87 0.14  *** 72.0 80.7
By Poverty income ratio
<100%PIR 0.49 0.25 40.7 45.7 0.68 0.21 * 75.8 82.6
100-200% PIR 0.85 0.22 ** 53.0 61.6 0.76  0.20 o 78.9 86.5
>200% PIR 0.55 0.19 * 52.4 57.9 0.72  0.16 o 69.1 76.3
Youth (Age 2-19)
Waist circumference (cm; mean) 0.06 0.05 70.7 71.3 0.13 0.05 * 71.1 72.4
Waist-to-height ratio (WhtR)* 0.00 0.00 0.49 0.49 0.00  0.00 0.51 0.51
WhtR > 0.5 (%)¢ 0.24 0.13 36.5 38.9 0.36 0.16 44.0 47.6

#**P <0.001, **P < 0.01, *P <0.0S.

?The American Health Association/ National Heart, Lung, and Blood Institute defined central obesity as waist circumference > 102 cm in men and > 88 cm in
women.

PLinear meta-regression models with year as the sole predictor was used to estimate annual increase rate and project prevalence proportions for the years 2020
and 2030 overall and for each stratum by gender and ethnic groups. Projections are based on four datapoints: 1999-00, 2009-2010, 2013-14 and 2015-16. For
consistency with Table 1, all other projections are based on 1999-00 to 2013-14 (8 data-points).

SdWe used WhtR> 0.5 for youth aged 6-19 years since (i) there is no official definition of childhood abdominal obesity, and (ii) this cutoff may overestimate
the prevalence of abdominal obesity in children aged 2-5 years (Li et al. 2006;** McCarthy and Ashwell*?).
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Figure 2 Secular trends and ethnic disparities in the regional differences in prevalence (%) of obesity in US adults, Behavioral Risk Factor Surveillance
System (BRFSS) 2011-2016. Secular trends (a) 2011, (b) 2013, (c) 2015, (d) 2016. Ethnic disparities using combined BRFSS 2014-2016 (e) non-Hispanic
Whites, (f) non-Hispanic Blacks, (g) Hispanics. BMI of study participants was calculated based on reported weight and height. The improvement
changes to the BRFSS affect obesity prevalence estimates, and mean that estimates from data collected in 2010 and before cannot be compared
estimates from data collected in 2011 and thereafter. The World Health Organization (WHO) defines obesity as BMI >30 kg/m?. Data source: Centers
for Disease Control and Prevention (CDC). Prevalence of self-reported obesity among US adults by state and territory. Behavioral Risk Factor
Surveillance System (BRFSS), 2017."*
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time trends, it is safe to say that OB has not levelled off
and remains an epidemic, especially CO. Effective inter-
vention efforts to prevent and treat OB thus remain an
urgent need.

Second, due to various factors (e.g. policies, interven-
tions, environmental changes, etc.), past data may not
reliably predict future trends. Our previous projection
models, nevertheless, showed high accuracy,” with the
2015 prevalence matching well with the recently-observed
rate in NHANES 2015-16. This may also indicate that na-
tionwide intervention efforts have not been very successful,
and thus more intensive efforts are needed.

Third, ethnic and socio-economic disparities in OB/OW
remain large. Notably, the difference of annual increase rate
in OB were highest between Mexican-American men vs
other men (0.36 vs 0.12) and Mexican-American women vs
other women (1.00 vs. —0.15). Across ethnic groups,
Mexican-American men (46.6%) and NH Black women
(54.7%) had the highest OB prevalence in 2015-16.
Mexican-American men had the highest annual increase
rate (1.30%p) in OB prevalence, with a 2030 projection
of 64.1%. Our new projection indicates that Mexican-
Americans are projected to reach 100% OB/OW prevalence
by 2030, thus earlier than NH Blacks, even though our
2007 published study projected that Black women would
reach a 100% OB/OW prevalence first by 2034.° In con-
trast, NH Black women had the highest 2030 projected OB
prevalence among all sex-ethnic groups (66.3%).

Importantly, OB, SOB, OB/OW are less prevalent in
higher income groups, particularly when PIR >200%.
Nevertheless, those indicators had consistently the highest
annual increase rates within the 100-200% of PIR group.
US child OB patterns differed markedly from those of
adults. In fact, while the prevalence of OB (20.6% in
2015-16) and SOB (7.5%: 2015-16) have continued to in-
crease in boys, their prevalence among girls has levelled off
between 2013-14 and 2015-16, as reflected by an estimate
of 18.4% in OB and 5.9% in SOB by 2015-16. To stop
the OB epidemic in the US, multidisciplinary intervention
strategies are needed which consider individual, familial,
economic, environmental, social and cultural barriers for
promoting healthy lifestyles.

Fourth, WC and CO revealed patterns that were distinc-
tive from those of BMI and OB/OW, particularly with
respect to time trends. Adult CO has increased over time
and reached 46.1% among men and 67.8% among women
in 2013-14. We projected that by 2030, over half of
the men (55.6%) and 80.0% of women would have CO.
Even among youth, 47.6% of girls and 38.9% of boys are
estimated to have the same condition. As CO is a better in-
dicator of OB-related health risks than OB based on BMI,

such findings provide useful insights into important targets
when preventing and treating OB.>*

Finally, large regional differences exist in the US in
adult OB prevalence. Although NHANES cannot assess re-
gional differences, BRFSS data can.'>"> They confirmed
that regional differences exist, and that they varied over
time and across ethnic groups. Generally, OB was most
prevalent in the South (32.0%) and the Midwest (31.4%).
These regional differences in OB could be related to multi-
ple factors, including economics, race/ethnicity, unemploy-
ment rates and governmental policies unique to those
regions.”’

Our 2007 published study projected that total health-
care costs attributable to OW/OB would double every de-
cade to 860.7-956.9 billion US dollars by 2030, account-
ing for 16-18% of total US health-care costs. However,
efforts to combat the OB epidemic in the US, including
those from federal agencies such as the Center for Disease
Control and Prevention (CDC), the US Department of
Agriculture (USDA), the Childhood Obesity Task Force,
and the National Collaborative on Childhood Obesity
Research (NCCOR) during the 8-year Obama administra-
tion have resulted in some desirable changes in public
awareness of the problem and actions, possibly containing
the epidemic growth.?® Otherwise, the problem could have
grown worse, "

This study has several limitations. First, OB prevalence
data from BRFSS were based on self-reported weight and
height, which might suffer from report errors. However,
such reported data are widely used in obesity-related epide-
miological research;*'~** and these are the only available
national data to show the geographic distribution of OB
rates. Second, our projections were based on the last
15 years of data and recent public health policy changes
may impact the trend of OB in the USA. Third, projections
among certain groups was limited to the data points avail-
able and comparability across waves was an issue with
respect to classification of race/ethnicity. This may bias
certain estimates and increase uncertainty around pro-
jected values. However, the use of meta-regression analysis
taking into account the estimated standard error of the
means and prevalence proportions was an improvement
over our 2007 projections.’ Finally, whereas the projec-
tions that are presented consistently used linear models, it
is worth noting that for some groups and outcomes, our
sensitivity analysis indicated non-linear changes over time.
Those were listed comprehensively among our findings.
Nevertheless, only a few indicated significant change in
model fit between linear and non-linear models (see also
the Supplementary Tables, available as Supplementary
data at IJE online).
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In summary, this study provides a comprehensive de-
scription of the obesity epidemic in the USA, related time
trends, patterns and disparities across population groups
(across sex, age, socio-economic status, racial/ethnic
groups and geographic regions) based on recent national
survey data. The USA continues to move away from the
Healthy People 2010 objectives,®* and obesity has contin-
ued rising. We project that the prevalence of OB will con-
tinue to increase if effective interventions are not
implemented. There is an urgent need to intensify efforts to
implement effective interventions to fight the obesity epi-
demic. Our findings and the projections highlighted are im-
portant to help guide future intervention efforts. Because
the associations of obesity with key socio-demographic
and economic factors are complex and dynamic,
population-specific obesity prevention and treatment pro-

grammes and policies are needed.

Supplementary Data

Supplementary data are available at IJE online.
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