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The US federal government’s Healthy People
2020 objectives include reducing obesity
prevalence among adults aged 20 years and
older from 33.9% in 2005 to 2008 to 30.5%.1

It is unclear how much of a reduction in calorie
intake or increase in physical activity would
be necessary to achieve this objective, because
of real metabolic constraints on people’s ability
to lose weight. It is also unclear whether the
reduction in calorie intake or increase in
physical activity necessary to reach this objec-
tive is consistent across age, racial/ethnic,
and income groups. The latter question has
important implications for targeting interven-
tions to population groups with greatest need.

In the past, mathematical models incorpo-
rating either epidemiological or metabolic data
have been used to try to answer these ques-
tions. Epidemiological models forecast future
trends in obesity by extending trends in body
mass index (BMI) into the future; metabolic
models project how individuals’ actions affect
their body weight, taking into account the
biochemistry of intake and expenditure.2---6

To understand what population-level changes
in calorie intake and physical activity are
necessary to achieve the Healthy People
2020 objectives, we created a combined
epidemiological---metabolic model.

METHODS

We developed a stochastic, discrete-time,
individual-level microsimulation model (Figure 1)
informed by data from the National Health and
Nutrition Examination Survey (NHANES).9 In
accordance with standard reporting guidelines,10

key parameters for the model are itemized
with the model’s assumptions in Table 1, and
the model’s equations are detailed in Appendix A

(available as a supplement to the online version
of this article at http://www.ajph.org).

Simulated Population

We simulated a nationally representative
sample of 10 000 individuals in each of several

cohorts defined by all combinations of age

(10---19, 20---39, 40---59, and ‡ 60 years),
gender, race/ethnicity (with the NHANES cat-

egories of non-Hispanic White, non-Hispanic

Black, and Mexican American), and income

(poverty income ratio £ 1, > 1---£ 3, and > 3),

for a total of 72 cohorts. We selected these
clusters to ensure sufficient sample size to detect

a 1% difference in obesity prevalence among

cohorts in NHANES with more than 80% power

(n= 46 872). We used POWER software ver-

sion 3 (National Cancer Institute, Bethesda, MD).
The model incorporated estimates of how

racial/ethnic composition and mortality rates

differ across age and income groups according

to the US Census to account for changing
demographics from 2010 to 2020 (Appendix
A).11 We simulated ages 10 years and older
starting in 2010, so that by 2020 the simulated
population would be aged 20 years and older
to match the Healthy People target. We did not
simulate younger groups because a validated
model of metabolism was not available for
them at the time of our study.

Simulated Energy Intake and Expenditure

Simulated individuals “ate food” by sampling
from the probability distribution of calorie
intake corresponding to their cohort (Figure 1).
We obtained these probability distributions
from NHANES 2009 to 2010 (the most recent
data available at the time of our study).9 We
estimated calorie intake from 24-hour dietary
recall with macros and survey sample weights
to account for within-person variation in con-
sumption and differential probabilities of
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selection, nonresponse, and noncoverage in the
population.12 The dietary recall technique used
in NHANES is validated against gold standard
measures of energy intake.13

Similarly, individuals “exercised” in the
model simulation by sampling from their co-
hort’s NHANES distribution of minutes spent
per day in moderate- or high-intensity physical
activities (both work and leisure time). We used
a correlation matrix to guide the sampling,
to account for the correlation between calorie
intake and physical activity observed in
NHANES (Appendix A shows intake---
expenditure distributions). As people age, their
calorie intake and activity levels change as
well, and we used data from NHANES to
account for those changes over the course of
the simulation (Table 2 and Appendix A).

Estimation of Body Mass Index Changes

We assigned all simulated individuals a
starting body weight (in kilograms) and height

(in meters) by sampling from their cohort’s
distribution of weight and height in NHANES
2009 to 2010; we used a covariance algorithm
to account for correlations among weight,
height, calorie intake, and physical activity.14

To estimate how changes in calorie consump-
tion and physical activity would be expected to
change BMI (defined as weight in kilograms
divided by the square of height in meters), we
used a previously published, validated model
of in vivo energy metabolism constructed by
the National Institutes of Health.5 This metab-
olism submodel used age, gender, height,
weight, calorie intake, and activity data to
estimate changes in fat, protein, and glycogen
storage and shifts between extracellular and
intracellular compartments, according to pa-
rameters defining the metabolism of body fat,
fat-free mass, and adaptive thermogenesis
(Appendix A). We chose this model because
it has been validated against experimental
controlled-feeding studies among humans in

the age groups relevant to this simulation, and
it more accurately predicted changes in body
weight resulting from measured changes in
energy intake and physical activity than did
alternativemodels in head-to-head comparisons.7

The key assumptions in the metabolism
submodel were that energy must be conserved
and that changes in body composition and
body weight result from imbalances between
the intake and utilization rates of calories along
with shifts between intracellular and extracel-
lular compartments.

Simulations

In our baseline simulation, we forecast BMI
changes assuming that time trends in calorie
intake and physical activity were linear; that is,
we estimated the distribution of calories and
physical activity in each cohort for each year of
the simulation with the assumption that secular
trends in consumption and activity would
continue linearly over time. For example, as
shown in Table 2, persons aged 20 to 29 years
reduced their intake by 13.6 kilocalories per
person in each year of the simulation. We also
accounted for age-related changes in growth
along a standard trajectory for the youngest
(10---19 years) cohort to ensure accurate cal-
culation of BMI, because this group aged
according to a previous model (Appendix A).8

We applied revised international child cutoffs
for obesity for individuals younger than
18 years, because BMI cutpoints for adults
(BMI ‡ 30 kg/m2) do not apply to this group.15

Our baseline simulation estimated how
much of a sustained reduction in calorie intake
or increase in physical activity would be re-
quired to achieve the Healthy People 2020
obesity prevalence target. Prevalence projec-
tions were age adjusted (via the direct method)
to produce overall prevalence rates.16 We
also estimated what level of population inter-
vention would be needed at the national level
to achieve the targeted outcome. We reviewed
all 36 Cochrane systematic reviews on obesity,
selecting 4 that were relevant to population
interventions (as opposed to purely clinical---
pharmacological therapies),17---20 and supple-
mented these systematic reviews with the
Institute of Medicine review on population
obesity interventions.21

The results of this synthesis are summarized
in Table 3; we extracted data on changes in

Probability
distributions
(specific to

demographic
cohort)

Simulated
person

Demographics:
age, gender,

race/ethnicity,
income

Metabolism
model

Changes in
BMI

initial height

initial weight

kcal/day

activity/day

Note. BMI = body mass index. Simulated persons were assigned an initial height, weight, and typical intake of kcal/d and

expenditure of calories via minutes of moderate- or high-intensity physical activity each day. These assignments were made by

sampling from probability distributions of each variable, specific to each demographic cohort, accounting for the correlation

among these factors when conducting the sampling. Time trends in calorie intake and physical activity (and height for the 10–

19-year-old cohort) shifted the distributions of calorie intake and activity to the right or left. A model of metabolism then

translated changes in calorie intake and activity into changes in body weight and BMI.7,8

Source. National Health and Nutrition Examination Survey 2009–2010.9

FIGURE 1—Metabolic–epidemiological simulation model to estimate the changes in energy

intake and physical activity necessary to meet the Healthy People 2020 obesity objective.
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energy intake or expenditure for only those
interventions where statistically significant dif-
ferences in energy intake or physical activity
were reported (at the P < .05 level, 2-tailed),
with low risk of study bias according to

Cochrane metrics and at least 12 months of
follow-up or evaluation. We simulated each
intervention meeting these criteria by estimat-
ing the impact of the change in energy intake---
expenditure from the intervention on overall

obesity prevalence, assuming optimistically
that the intervention had 100% coverage
nationwide at the start of 2015.

Sensitivity and Uncertainty Analyses

We performed 3 kinds of sensitivity analysis.
First, we modeled the time trends in calorie
intake and physical activity with logistic and
polynomial regressions (instead of the linear
regressions we used in the baseline scenario)
for each cohort to examine how different time
trend curves affected future obesity prevalence
rates.

Second, although we did not simulate a dif-
ferential mortality rate among overweight and
obese individuals in the baseline analysis, in
a sensitivity analysis we simulated an addi-
tional mortality risk among the obese: average
life expectancy was approximately 3 years less
on average for persons with BMIs of 30 to 40
(95% confidence interval [CI] = 2, 7) and 9
years for persons with BMIs higher than 40
(95% CI = 8, 10) than for normal-weight in-
dividuals, according to pooled prospective co-
hort data.22,23

Third, it is well known that most individuals
who attempt weight loss regain much of their

TABLE 1—Model Parameters, Assumptions, and Data Sources Simulating Changes Needed

to Meet Healthy People 2020 Obesity Objective

Parameter Key Assumptions Data Source

Baseline weight (kg) and height (m) Used to calculate BMI among simulated

persons

NHANES 2009–20109

Calorie intake/person/d Derived from 24-h dietary recalls NHANES 2009–20109

Physical activity/person/d Reflected by minutes of moderate-intensity

and greater activity (work and recreation)

NHANES 2009–20109

Time trends in energy intake and expenditure Baseline simulation: assumed to be

linear change in calories/activity per

person per y

NHANES 1999–20109

Sensitivity analyses: varied among

subpopulations from baseline levels

Metabolic parameters: synthesis efficiency and

resting metabolic rate of fat and protein,

energy content per unit change in body fat

and lean tissue, and relative change in lean

mass per change in fat mass

Derived from NIH model of in vivo energy

metabolism

NIH body weight model7,8

Note. BMI = body mass index; NHANES = National Health and Nutrition Examination Survey; NIH = National Institutes of Health.
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Note. Obesity was defined as body mass index ‡ 30 kg/m2. The sample size was n = 7776. Survey sample weights were used to generate population-representative estimates. Race/ethnicity was
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FIGURE 2—Obesity prevalence (percentage of US population): National Health and Nutrition Examination Survey, 1999–2010.
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lost weight. In the baseline analysis, we looked
at what population-level changes in calorie
intake or expenditure would be needed to
achieve the Healthy People 2020 objective, but
in further sensitivity analyses we estimated
what individual-level number of attempts at
weight loss would be required, accounting for
realistic relapse rates associated with weight-
loss attempts. We used a meta-analysis of
longitudinal studies to simulate a typical num-
ber of 4 weight-loss attempts per year of
1-month duration each among overweight and
obese individuals, with an average net reduc-
tion of 47 kilocalories per person per day (95%
CI = 33, 55), net increase of 11 minutes of
moderate- or high-intensity activity per day
(95% CI = 8, 13) during attempts, and an
average 17% (95% CI = 13%, 22%) proba-
bility of long-term maintenance of these
changes from each attempt.24

To generate mean and 95% CI estimates
for model results, we conducted 100 000 re-
peated replications of the model by Monte
Carlo sampling from the probability distribu-
tions of all the input parameters. We regen-
erated 10 000 individuals per cohort by
repeatedly sampling from the input parame-
ters to estimate the uncertainty for the modeled
results. We observed that the 100 000 value
produced stable estimates of BMI to the nearest
0.1 kilogram per squared meter upon repeated
replication. We performed simulations in
MATLAB version R2012a (MathWorks, Natick,
MA).

RESULTS

The NHANES 1999 to 2010 data set
indicates statistically significant time trends
in calorie consumption among most US

subpopulations (Table 2). Among Americans
aged 10 years and older, daily calorie con-
sumption changed by approximately –7.5 ki-
localories per person each year from 1999 to
2010 (95% CI = –3.6,–11.3), from a mean
intake of 2098 kilocalories per person per day
in the 1999 to 2000 survey wave. However,
most of this decline was driven by lower
consumption among younger groups (10---39
years); older adults increased their calorie
consumption on average (Table 2). Calorie
consumption declined significantly among both
genders, among non-Hispanic Whites, and
among middle- and higher-income groups, but
not among non-Hispanic Blacks, Mexican
Americans, and lower-income populations.
Nearly all cohorts also exhibited decreasing
physical activity over time; however, most of the
secular trends were not statistically significant at
the P< .05 level (Table 2).

When we input the 2009 to 2010 levels of
weight, height, calorie intake, and physical
activity into the simulation model, the model
forecast a decline in obesity prevalence from
36% in 2010 (95% CI = 34%, 39%), match-
ing the NHANES 2009 to 2010 estimate, to
34% in 2020 among adults aged 20 years and
older (95% CI = 32%, 36%), if statistically
significant time trends in energy intake and
expenditure continued linearly into the future.
Predictions were similar when we examined
logistic or polynomial trends rather than linear
ones (Table A, available as a supplement to the
online version of this article at http://www.
ajph.org).

Disparity Trends

We observed widening disparities in obesity
prevalence among age, racial/ethnic, and in-
come groups over time (Table 4). Among
age groups, obesity prevalence ranged from
33% (20---39 years) to 41% (‡ 60 years) in
2010, but following secular trends, age dis-
parities widened by 2020. For example,
the cohort aged 20 to 39 years lowered its
obesity prevalence rate from 33% to 27%
(95% CI = 25%, 29%), but obesity prevalence
increased in the 40- to 59-year age group
from 37% to 39% (95% CI = 36%, 41%)
and more substantially in the oldest group,
aged 60 years and older, from 41% to
44% (95% CI = 42%, 46%) between
2010 and 2020.

TABLE 2—Time Trends in Calorie Consumption and Physical Activity Among US

Subpopulations: National Health and Nutrition Examination Survey 1999–2010

Variable

Annual Change in Daily kcal

Consumption per Person,a

Mean (95% CI)

Annual Change in Daily Minutes of

Moderate- or High-Intensity Physical Activity

per Person, Mean (95% CI)

Age, y

10–19 –17.3*** (–26.1, –8.4) –34.0 (–97.8, 29.9)

20–39 –13.6*** (–21.6, –5.6) –21.5 (–62.8, 19.8)

40–59 2.9 (–4.5, 10.3) –53.2 (–115.7, 9.4)

‡ 60 4.3 (–1.0, 9.6) –79.5 (–173.1, 14.1)

Gender

Male –9.4*** (–14.8, –4.0) –40.3* (–74.0, –6.7)

Female –6.9*** (–10.4, –3.3) –22.4 (–75.7, 30.9)

Race/ethnicity

Non-Hispanic White –8.0*** (–12.7, –3.4) –41.3* (–76.9, –5.8)

Non-Hispanic Black –5.9 (–12.5, 0.7) 2.5 (–60.8, 65.9)

Mexican American –3.6 (–9.6, 2.4) 27.6 (–85.3, 140.5)

Incomeb

Low –1.8 (–9.7, 6.0) –55.5 (–141.2, 30.2)

Middle –11.3*** (–17.2, –5.4) –18.9 (–73.9, 36.1)

High –8.0** (–12.9, –3.0) –41.0* (–77.6, –4.4)

All persons aged ‡ 10 y –7.5*** (–11.3, –3.6) –35.7* (–64.7, –6.8)

Note. CI = confidence interval; NHANES = National Health and Nutrition Examination Survey. Only statistically significant
trends at the P < .05 level (2-sided) were incorporated in the model. Values are summary statistics for each demographic
category; the model itself sampled directly from NHANES probability distribution functions specific to each individual (i.e.,
combining all 4 demographic characteristics). The sample size was n = 46 872.
aSurvey sample weights were used to generate population-representative estimates.
bCategorized by poverty income ratio into those living in households with a poverty income ratio of £ 1 (low income, > 1–£ 3
(middle income), and > 3 (high income).
*P < .05; **P < .01; ***P < .001.
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Disparities among racial/ethnic groups in-
creased as well, widening a gap between
Whites and both Blacks and Mexican Ameri-
cans by more than 1%. We observed a larger
differential change among income groups:
a 4% prevalence difference among high- and
low-income groups expanded to a 6% differ-
ence because of larger reductions in obesity
among high-income than low-income popula-
tions (Table 4). Trends in nonobese overweight
(BMI 25---< 30 kg/m2) and morbid obesity
(BMI ‡ 40 kg/m2) prevalence followed the
same patterns.

Reaching Healthy People 2020

Overall, the changes required to reach the
Healthy People 2020 target were less than
10%, especially for physical activity. We found
that an 8.5% (95% CI = 8.0%, 9.0%) decrease
from current daily calorie consumption
among each cohort (a 166-kcal drop from
1958 kcal/d to 1792 kcal/d, on average)
would be necessary to achieve the overall adult
obesity prevalence target, if physical activity
levels and trends did not change. However, if
all subpopulations reduced calorie consump-
tion by the same 8.5%, we would observe
widening disparities among groups, because
the obesity prevalence decline would primarily

be driven by reductions in BMI among persons
aged 20 to 39 years, Whites, and high-income
populations (Table 4). Similarly, a 7.5% in-
crease (95% CI = 7.1%, 7.9%) in daily exercise
(an additional 29 minutes/person/day on av-
erage) would be needed to reach the Healthy
People 2020 target, if existing levels and trends
in calorie intake remained stable. We found the
2 changes—reducing intake and increasing
expenditure—to be physiologically synergistic,
such that altering both by about 4% (reducing
kcal/d by 4% and increasing minutes of daily
activity by 4% from current rates simulta-
neously; 95% CI = 3.8%, 4.2%) would be
sufficient to achieve the Healthy People 2020
target. This amounts to reducing calorie intake
by approximately one-half can of sugar-
sweetened soda per day and exercising an
additional 15 minutes per day.

If all groups responded with similar reduc-
tions in calories or increased exercise, rather
than as a percentage of their current calorie
intake or activity, then disparities would remain
relatively stable or slightly decline (Table 4).
Reaching the Healthy People 2020 target
through equal changes in all groups would
require either a reduction of 173 kilocalories
per person per day (–8.8%, if physical activity
levels and trends did not change) or 30minutes

per day of additional exercise (+6.9%, if calorie
intake levels and trends did not change), or
roughly half of these levels if calorie intake
declined and expenditure increased. Table 4
also displays the change in obesity prevalence
for each change of 50 kilocalories per person
per day or each additional 15 minutes of
exercise per person per day. For example,
persons aged 20 to 39 years would be
expected to experience a decline in obesity
prevalence from 33% to 27% according to
current trends in calorie intake, but an addi-
tional 50 kilocalories per person per day de-
cline in intake would be expected to reduce
prevalence to 25%, and 15 minutes per day of
additional exercise would reduce prevalence
to 23%.

To allow the obesity prevalence rate among
older adults (‡ 60 years) to match that among
younger adults (20---39 years) would require
a 222-kilocalorie drop from current daily con-
sumption (95% CI = –209, –235; –13.7%)
or 35 minutes per day (95% CI = 33, 37;
+10.7%) of additional exercise. We found that
it is not likely that the obesity prevalence rate
among Black populations will match that of
White populations during the 10-year period
from 2010 to 2020: through calorie reduction
alone, even a more than 500-kilocalorie drop
in calorie consumption from current daily per
capita levels would not allow for a closure of
the disparity, because of metabolic time con-
straints that limit how quickly BMI can decline.
Similarly, more than 90 minutes per day of
additional exercise would still leave obesity
prevalence above 40% among Blacks in 2020
(and only 33% among Whites). Among Mexi-
can Americans, lowering calorie intake by 375
kilocalories from current daily intake (95%
CI = –353, –397 kcal/d; –22.0%) or 75 min-
utes per day of additional exercise (95%CI = 71,
79; +19.7%) would be needed to match the
33% prevalence of Whites. The lowest-income
group would need to reduce intake by 72
kilocalories from current daily calorie consump-
tion (95% CI = –67, –76; –4.3%) or increase
exercise by 14 minutes per day (95% CI = 13,
15; +3.5%) to match the middle-income pop-
ulation’s obesity prevalence rate of 34%.

No single population-level intervention that
appeared in our review (Table 3) would
achieve the Healthy People 2020 objective if
implemented alone. We modeled interventions

TABLE 3—Simulation of Population Interventions to Decrease Obesity

Intervention

Change in kcal/person/d,

% (range)

Change in Physical Activity

min/d, % (range)

Community-based moderate- or

high-intensity exercise programs

0 (0 to 0.5) 1.6 (1.1 to 2.4)

Community-based moderate- or

high-intensity exercise programs +

dietary counseling

–1.2 (–2.2 to –0.3) 1.6 (1.1 to 2.4)

Sugar-sweetened beverage tax

(20% excise tax, including impact

of substitution)

–1.7 (–1.8 to –0.7) NA

Restaurant menu labeling –1.0 (–2.3 to 0) NA

School-based (youngest cohort

10–19 y) curriculum on physical

activity and nutrition with dedicated

activity time

–0.1 (–0.2 to 0) 0.1 (0 to 0.2)

Note. NA = not available. We identified interventions in studies with ‡ 12-mo duration of follow-up or evaluation, with low risk
of study bias, and statistically significant changes in energy intake or expenditure at a significance level of P < .05. Many
interventions, such as front-of-package food labels, and several types of other interventions, did not meet the inclusion
criteria for sustained significant long-term data.
Source. Tuah et al.,17 Shaw et al.,18 Waters et al.,19 Thomas et al.,20 Institute of Medicine.21
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as overall cohort-level declines in calorie intake
or increases in physical activity, not individual
weight-loss attempts. As displayed in Table 3,
only a few interventions had sufficient long-
term data on sustained energy intake or
expenditure changes, and among these inter-
ventions, all achieved intake or expenditure
changes of less than 2%, well short of the 8% to
9% change required for achieving the objec-
tive. We had insufficient data, however, on how
much overall population-level energy intake
and expenditure may change when interven-
tions are combined.

These simulations assumed sustained
changes in calorie intake and expenditure
across entire cohorts. For comparison with
population-level interventions, we also esti-
mated what individual-level weight loss
attempts would be needed to achieve the
objective. Even if all overweight and obese
US adults aged 20 years and older actively
attempted weight loss 4 times each year
through both calorie reduction and increased
exercise, the national obesity prevalence would

only decline to 33.8% (95% CI = 31.8%,
35.8%) because of the high current rates of
relapse from weight loss. In further sensitivity
analyses, simulating an increased mortality risk
among the obese reduced prevalence by less
than 0.6% among each cohort, but did not
systematically change our forecasts or re-
quirements for target achievement.

DISCUSSION

If current trends in calorie intake continue
over the next several years, we expect the
prevalence of obesity to decline among youn-
ger groups while rising among older adults.
This has important implications for resource
demand, allocation, and disability expenditures,
especially among the large number of baby
boomers who will likely account for much of the
obesity-related morbidity and associated health
care cost. This finding is analogous to the cohort
effect in smoking in the 1980s and 1990s, which
produced a generation of tobacco-related mor-
bidity and mortality before subsequent declines.

The changes in calorie intake and expendi-
ture required to meet the Healthy People 2020
targets, according to our model, may be
difficult to achieve through population-level
interventions or through individual-level
weight-loss attempts. Our review of population
interventions to reduce obesity revealed no
single intervention with sufficient long-term
data to suggest that 1 population intervention
alone could achieve the target, and it is even
less likely that individual weight-loss attempts
will achieve the objective. This suggests the
need for more long-term population interven-
tion trials that combine interventions, espe-
cially targeting older groups, among whom few
interventions have been studied for long-term
efficacy. The current high levels of relapse fol-
lowing weight loss also reveal that changes must
be sustained to effect population-level improve-
ments. This finding highlights the need to focus
on weight-loss strategies that provide mainte-
nance of consumption and activity change.25

We observed that because of preexisting
differences in calorie intake and expenditure,

TABLE 4—Simulation Model Projections of Adult Obesity Prevalence in 2020 by Subgroup and Changes in Energy Intake and Physical Activity

2020 Obesity Prevalence

Variable

2010 Obesity

Prevalence,

Mean % (95% CI)

No Change in Calorie

Intake or Physical Activity,

Mean % (95% CI)

Cut Daily Calorie

Consumption by 8.5%,a

Mean (95% CI) %

Increase Daily Physical

Activity by 7.5%,b

Mean % (95% CI)

Cut Daily Consumption

by 50 kcal,

Mean % (95% CI)

Add 15 min

Daily Exercise,

Mean % (95% CI)

Age, y

20–39 33.2 (30.8, 35.5) 26.9 (25.1, 28.7) 18.8 (17.4, 20.3) 17.7 (16.3, 19.1) 24.6 (22.9, 26.3) 22.6 (21.0, 24.2)

40–59 36.8 (34.2, 39.4) 38.5 (36.1, 40.9) 25.9 (24.1, 27.8) 24.6 (22.8, 26.4) 35.4 (33.1, 37.7) 31.5 (29.4, 33.7)

‡ 60 40.5 (37.8, 43.2) 43.8 (41.6, 46.0) 32.2 (30.4, 33.9) 29.3 (27.7, 30.9) 39.7 (37.6, 41.7) 35.6 (33.7, 37.5)

Gender

Male 36.0 (33.8, 38.2) 34.4 (27.9, 40.8) 31.1 (24.7, 37.6) 30.8 (24.5, 37.1) 33.6 (27.1, 40.1) 32.9 (26.5, 39.4)

Female 36.7 (34.7, 38.7) 34.3 (28.5, 40.0) 30.0 (24.4, 35.5) 30.2 (24.7, 35.8) 33.0 (27.3, 38.7) 31.9 (26.3, 37.5)

Race/ethnicity

Non-Hispanic White 35.4 (33.4, 37.4) 33.3 (27.5, 39.1) 29.3 (23.7, 34.8) 29.0 (23.5, 34.5) 32.2 (26.4, 37.9) 31.4 (25.7, 37.0)

Non-Hispanic Black 50.2 (47.1, 53.3) 49.1 (42.8, 55.4) 46.4 (40.2, 52.6) 45.2 (39.2, 51.2) 48.7 (42.3, 55.0) 47.8 (41.6, 54.0)

Mexican American 40.1 (36.9, 43.3) 39.3 (33.1, 45.5) 36.6 (30.6, 42.6) 35.8 (29.9, 41.8) 38.4 (32.3, 44.6) 38.0 (31.9, 44.0)

Incomec

Low 38.5 (35.3, 41.7) 38.2 (31.6, 44.8) 35.5 (29.2, 41.8) 34.6 (28.2, 41.0) 37.2 (30.6, 43.7) 36.6 (30.0, 43.1)

Middle 38.4 (36.0, 40.9) 35.9 (30.0, 41.9) 33.1 (27.2, 39.0) 32.3 (26.4, 38.1) 35.2 (29.1, 41.2) 34.4 (28.5, 40.3)

High 34.6 (32.4, 36.8) 32.5 (26.9, 38.1) 28.7 (23.3, 34.1) 28.1 (22.8, 33.5) 31.4 (25.9, 36.8) 30.3 (24.9, 35.7)

All adults aged ‡ 20 y 36.4 (34.2, 38.5) 34.3 (32.3, 36.3) 30.5 (28.8, 32.3) 30.5 (28.7, 32.3) 33.3 (31.4, 35.2) 32.4 (30.6, 34.3)

Note. CI = confidence interval. Only statistically significant trends at the P < .05 level (2 sided) were incorporated into the model.
aAverage of –166 kcal/person.
bAverage of 29 min/person.
cCategorized by poverty income ratio into those living in households with a poverty income ratio of £ 1 (low income, > 1–£ 3 (middle income), and > 3 (high income).
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the same percentage improvement in intake and
expenditure would likely exacerbate existing dis-
parities in obesity prevalence among age, racial/
ethnic, and income groups. Older, minority, and
low-income populations would be expected to lag
behind younger, White, higher-income groups in
reducing obesity prevalence, with age-related
disparities declining as less obese younger groups
age. It will likely take longer than a decade for
disparities in obesity prevalence between non-
Hispanic Whites and non-Hispanic Blacks to be
eliminated, because of real constraints in metab-
olism and current disparities and trends in BMI,
calorie intake, and physical activity.

Our data offer significant new contributions
to the literature on obesity prevalence. Pre-
vious obesity projections predicted continuing
increases in obesity prevalence over time,
achieving steady-state high levels of obesity
(> 33% of adults) before any potential de-
clines.2,4 Our model results agree with those
findings, but also incorporate new trends in
calorie intake that suggest obesity prevalence
may decrease among younger age groups. In-
vestigating how these improvements were
achieved may provide further insights into
sustaining obesity decline in future generations.
Also, because we explicitly incorporated calorie
intake and expenditure into our population-
level model, it did not simply project BMI
trends into the future, but also accounted for
how changes in food consumption and physical
activity might manifest in population-level
changes, as recommended in recent litera-
ture.5,6,26,27 This provided an estimate of how
differences in behavior among US subpopula-
tions relate to population-level disparities,
consistent with findings in previous research of
significant differences in behavior among de-
mographic groups.28---31

The secular trends in intake and expenditure
were also similar to previous assessments,32---34

but their robustness over future survey waves
should be monitored to assess the persistence
of reported trends in behavior. Our results
further suggest that obesity rates will continue
to decline among some cohorts, extending the
prevalence changes observed in recent epide-
miological studies,35 and that the modest
effects of currently available population inter-
ventions may prevent any one such interven-
tion from achieving the overall Health People
2020 target.17---20

Limitations

As with any mathematical model, ours had
several important assumptions and limitations.
We used data from NHANES, which are sub-
ject to the limitations of survey studies, in-
cluding recall biases, acceptability biases, and
underreporting.36 NHANES also does not have
a sufficient sample size to estimate calorie
intake or expenditure among many minority
groups, such as Asian Americans, and excludes
institutionalized members of the US popula-
tion. Second, the model uses only moderate-
and high-intensity physical activity as a metric
of energy expenditure. Studies to date have not
directly compared weight-loss models with
alternative metrics of physical activity, but this
metric does not fully capture all of the meta-
bolic effects of different physical activities. The
model also does not automatically simulate any
compensatory effects associated with changes
in behavior, such as increased energy intake at
the start of an exercise program, for which
insufficient information is available for model-
ing to date.5

Third, like all available body weight models,
our model assumed that “a calorie is a calorie,”
because further information was not yet avail-
able regarding how to best model the differ-
ential impact of different types of calories on
obesity-related comorbidities.37 Finally, it is
impossible to predict future trends in calorie
intake or expenditure; hence we relied on
existing trends and produced sensitivity analy-
ses to understand how changes in those trends
may alter future obesity trajectories.

Conclusions

The Healthy People 2020 obesity reduction
goal is potentially attainable if relatively modest
but sustained calorie reduction and increased
physical activity can be achieved in the United
States. However, cohort effects may increasingly
lead to an older-adult obese population. Dis-
parities in obesity prevalence are also likely to
differentially burden ethnic minority popula-
tions and the poor if current trends in calorie
consumption and physical activity continue. j
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