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IMPORTANCE The prevalence of obesity in the US has risen steeply over the past decades,
representing a large public health burden with substantial variation by population. There is a
lack of detailed population-level estimates and projections of obesity necessary for informing
health policy and reducing disparities.

OBJECTIVE To estimate US obesity prevalence from 1990 to 2022 and predict trends through
2035 by race and ethnicity, state, sex, and age (�20 years).

DESIGN, SETTING, AND PARTICIPANTS Analysis of measured body mass index data from the
National Health and Nutrition Examination Survey and bias-corrected body mass index values
calculated from self-reported height and weight data from the Behavioral Risk Factor
Surveillance System and Gallup Daily Survey using spatiotemporal gaussian process
regression and an ensemble of annualized rate of change and meta-regression bayesian
spline models. Surveys for input data were conducted using population-based sampling by
state and by race and ethnicity group with a total of 11 315 421 US participants. Results are
reported for Hispanic, any race; non-Hispanic Black; and non-Hispanic White populations.

MAIN OUTCOMES AND MEASURES Obesity prevalence (BMI �30).

RESULTS In 2022, there were an estimated 107 (95% uncertainty interval [UI], 101-113) million
adults living with obesity in the US (42.5% [95% UI, 40.2%-45.0%] of the adult population),
an increase from 34.7 (95% UI, 31.1-38.3) million in 1990 (19.3% [95% UI, 17.3%-21.3%] of the
adult population). By 2035, this is projected to increase to 126 (95% UI, 118-134) million
(46.9% [95% UI, 43.9%-49.9%] of the adult population). Nationally, age-standardized
prevalence by race and ethnicity group and sex in 2022 ranged from 40.1% (95% UI,
37.8%-42.5%) for non-Hispanic White males to 56.9% (95% UI, 54.1%-59.9%) for
non-Hispanic Black females. There were substantial state-level differences, with prevalence
highest in Midwestern and Southern states, as well as within-state disparities by race and
ethnicity, which were larger for females than males. Prevalence also varied by age, with
obesity prevalence highest among middle-aged adults and large increases in the youngest
adult ages, especially for females.

CONCLUSIONS AND RELEVANCE While there are large differences by race and ethnicity, sex,
age, and state, the prevalence of obesity is high and forecasted to continue increasing
for all groups.
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T he prevalence of obesity has increased throughout the
US over the past decades.1 Obesity is associated with
an increased risk of mortality and morbidity, including

all-cause mortality,2 cancers,3 cardiovascular diseases and
diabetes,4,5 musculoskeletal conditions,6 and Alzheimer
disease.7 Obesity has led to higher disease burden and higher
costs for the health care system.8,9 Large differences in obe-
sity prevalence are observed between states, race and ethnic-
ity groups, ages, and sexes.10,11

Despite the significant impact obesity has on public health
and the importance of tracking its trends for policy setting, re-
cently updated estimates for current rates of obesity preva-
lence and projected future trends are not available by race and
ethnicity subgroups within US states.12 To examine patterns
of obesity at a detailed level and explore how they may be ex-
pected to change in the future, this study estimated the preva-
lence of obesity from 1990 to 2022 and forecasted estimates
through 2035 for the Hispanic, non-Hispanic Black, and non-
Hispanic White groups by state, sex, and age group.

Methods
Overview
We used cross-sectional data on body mass index (BMI) from
nationally representative surveys, corrected for self-report
bias, to generate estimates of mean BMI and prevalence of
obesity from 1990 to 2022 and forecasted through 2035. Race
and ethnicity were defined in this analysis by self-
identification of individuals. We report on the 3 largest mutu-
ally exclusive and collectively exhaustive statistical race and
ethnicity groups as defined by the 1977 US Office of Manage-
ment and Budget standards.13 Statistical race and ethnicity
categories are constructed by the design of census and sur-
vey questions and reported by government and other institu-
tions, usually for the purpose of achieving social or policy
goals and determining disparities in environmental risks and
health outcomes. Estimates for non-Hispanic people report-
ing other races are provided in eFigures 10 and 11 in Supplement 1
and eTables 1 and 2 in Supplement 2. Full methodological
details can be found in the eMethods section of Supple-
ment 1; a summary follows. This study complies with the
Guidelines for Accurate and Transparent Health Estimate
Reporting (GATHER) recommendations14 (eTable 1 in
Supplement 1) and was reviewed and approved by the University
of Washington institutional review board; the requirement for
patient consent was waived.

Mean BMI Estimation
We used self-reported height and weight data from 2 cross-
sectional, nationally representative, state-level telephone sur-
veys, the Behavioral Risk Factor Surveillance System (BRFSS)15

and Gallup Daily Survey,16,17 covering 1988-2022 and 2008-
2017, respectively. We used the National Health and Nutri-
tion Examination Survey (NHANES),18 a cross-sectional, na-
tionally representative health examination and interview
survey covering 1988 to 2023, to correct for the known bias of
self-reported data.19,20 Additional details on these surveys, in-

cluding sample sizes and study characteristics, can be found
in eTables 2 and 3 in Supplement 1.

Mean self-reported BMI in BRFSS and Gallup was matched
with mean measured BMI in NHANES by sex, survey year, age
group, race and ethnicity group, and quantiles of self-
reported BMI. Following the approach adopted by the Global
Burden of Disease (GBD) US Health Disparities Collaborators
(Laura Dwyer-Lindgren, PhD, for the GBD US Health Dispari-
ties Collaborators, email communication, 2026), integrated
nested Laplace approximation models21 were run on the
matched data separately by sex to estimate self-report bias as
the log ratio of measured to self-reported mean BMI using ran-
dom intercepts on age group, race and ethnicity group, sur-
vey, and self-reported BMI quantile. These models were ap-
plied to the person-level self-reported data; the corrected data
were then tabulated by sex, state, race and ethnicity group, age
group, and survey year. Estimates of mean BMI were mod-
eled using a 3-stage spatiotemporal gaussian process regres-
sion framework.22

Obesity Prevalence Calculation and Forecasting
We calculated the prevalence of obesity (defined as BMI ≥30,
calculated as weight in kilograms divided by the square of
height in meters) as well as the proportion of the population
with BMI values between certain thresholds (<18.5, 18.5 to
<25, 25 to <30, 30 to <35, 35 to <40, and ≥40) using estimates
of mean BMI, standard deviation, and distribution shape
(eTable 4 and eFigures 1-8 in Supplement 1). Standard devia-
tion and distribution shape were estimated using BMI data from
NHANES.22

We forecasted categories of BMI from 2022 through 2035
using an ensemble modeling approach with 12 submodels
(eFigure 9 in Supplement 1).23 Six were annualized rate of
change models and 6 were 2-stage meta-regression—
bayesian, regularized, trimmed (MR-BRT) spline models. Both
model classes used the same set of 6 varying recency weights.
The MR-BRT models used sociodemographic index, an indi-
cator estimated as the geometric mean of income, education,
and fertility, as a covariate.23-25 Results for each submodel were
estimated from 1990 to 2035. Out-of-sample predictive valid-
ity was used to generate weights for each submodel and was
assessed using 1990-2012 as a training dataset and validated

Key Points
Question What are the current and future estimates of obesity
prevalence in the US by state, race and ethnicity group, sex,
and age?

Findings This cross-sectional analysis estimated that in 1990,
19.3% of the US adult population were living with obesity; by
2022, this had increased to 42.5%. By 2035, this was forecasted to
increase to 46.9%. There was substantial variation by state and
race and ethnicity group, indicating large disparities in obesity
prevalence.

Meaning Differences in the prevalence of obesity by population
group may be used to develop health policy and interventions to
reduce inequities and the large burden of obesity in the US.
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based on 2013-2022 data. Final forecast estimates repre-
sent the weighted average of 12 submodels.

Population Estimation and Forecasting
Population estimates were generated from 1990 to 2022
using data from the National Center for Health Statistics
and the US Census Bureau.26,27 Cohort-change ratios were
calculated and projected to generate estimates through
2035 based on historic trends of population shifts by state
and demographic group.28

General Statistical Methods
To generate uncertainty intervals (UIs), we sampled draws
from the posterior distribution of the models.22 Point es-
timates were calculated as the mean of the draws and the
95% UIs as the 2.5th and 97.5th percentiles of the draws
for each demographic group. Age standardization was per-
formed via the direct method using the GBD study popu-
lation age standard.29 Change over time was calculated as
absolute difference by subtracting prevalence in an ear-
lier year from prevalence in a later year and as annualized
rate of change by dividing the log of the ratio of the preva-
lence at 2 time points by the number of years between
them. A significant change was interpreted as a 95% UI that
did not cross zero. All analyses were performed using R ver-
sion 4.4.0 (R Foundation).30

Results
All results presented are modeled estimates based on data
from 11 243 644 participants in BRFSS and Gallup and 71 777
participants in NHANES (eTable 2 in Supplement 1).

Prevalence of Obesity by Race and Ethnicity Group
Prevalence of obesity has increased across the entire US
population since 1990, with the estimated number of in-
dividuals 20 years or older living with obesity increasing
from 34.7 (95% UI, 31.1-38.3) million in 1990 to 107 (95%
UI, 101-113) million in 2022, reflecting an increase from
19.3% (95% UI, 17.3%-21.3%) to 42.5% (95% UI, 40.2%-
45.0%) of the population. However, these increases have
not been consistent by group at the national level (Table).
Prevalence of obesity has risen least for non-Hispanic Black
males, with an increase in age-standardized prevalence
from 22.0% (95% UI, 19.3%-24.9%) in 1990 to 40.4% (95%
UI, 37.4%-43.3%) in 2022. The largest increases were
among Hispanic females, from 24.2% (95% UI, 21.3%-
27.3%) to 49.4% (95% UI, 46.3%-52.4%) and Hispanic males
from 17.4% (95% UI, 14.7%-20.4%) to 42.6% (95% UI,
39.1%-46.2%).

In 2022, non-Hispanic Black females were estimated
to have the highest age-standardized prevalence of obe-
sity, at 56.9% (95% UI, 54.1%-59.9%), followed by Hispanic
females at 49.4% (95% UI, 46.3%-52.4%). Hispanic males,
non-Hispanic White males and females, and non-
Hispanic Black males had similar prevalence, ranging from
40.1% (95% UI, 37.8%-42.5%) to 42.6% (95% UI, 39.1% toTa
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46.2%). Among those living with obesity in 2022, the level also
varied by sex and race and ethnicity group (Figure 1). Females
had a higher age-standardized prevalence of severe obesity
(BMI ≥40), with prevalence ranging from 11.3% (95% UI, 10.4%-
12.3%) and 12.1% (95% UI, 10.9%-13.4%) for non-Hispanic White
and Hispanic females, respectively, to 20.2% (95% UI, 18.5%-
21.9%) for non-Hispanic Black females. For males, preva-
lence of severe obesity was highest for the non-Hispanic Black
group at 8.5% (95% UI, 7.5%-9.6%), followed by the non-
Hispanic White group at 6.7% (95% UI, 5.9%-7.5%) and the
Hispanic group at 5.2% (95% UI, 4.4%-6.0%).

By 2035, the number of individuals 20 years or older living
with obesity was forecasted to be 126 (95% UI, 118-134) mil-
lion, or 46.9% (95% UI, 43.9%-49.9%) of the population. Age-
standardized obesity prevalence was forecasted to be 53.7%
(95% UI, 48.7%-57.7%) for Hispanic females, 59.5% (95% UI,
56.0%-62.9%) for non-Hispanic Black females, and 47.3% (95%
UI, 44.8%-49.7%) for non-Hispanic White females. For males,
prevalence was forecasted to be 47.5% (95% UI, 42.5%-51.9%)
for the Hispanic population, 43.1% (95% UI, 39.8%-46.6%) for
the non-Hispanic Black population, and 44.6% (95% UI, 41.9%-
47.3%) for the non-Hispanic White population.

Prevalence of Obesity Across Age
For all population groups, the estimated prevalence of obe-
sity was highest between ages 45 and 64 years and lower at
the youngest and oldest ages (Figure 2). The largest increases
in obesity prevalence from 1990 to 2022 among females were
in those younger than 35 years (eFigure 10 in Supplement 1;
eTable 1 in Supplement 2). In both the Hispanic and non-
Hispanic White female populations, the largest increase was
in the group aged 30 to 34 years (19.8% [95% UI, 17.1%-22.5%]
to 50.0% [95% UI, 46.9%-53.0%] and 13.3% [95% UI, 11.7%-
14.9%] to 42.1% [95% UI, 40.3%-44.0%], respectively); for the
non-Hispanic Black group, the largest increase was in the group
aged 25 to 29 years (26.1% [95% UI, 22.9%-29.2%] to 52.9%
[95% UI, 50.1%-55.9%]). For males, however, there was no dis-
tinct pattern of increase by age for any of the 3 race and eth-
nicity groups, with the largest increases ranging from the group
aged 45 to 49 years for non-Hispanic Black males to the group
aged 70 to 74 years for Hispanic and non-Hispanic White males.

State-Level Age-Standardized Prevalence of Obesity
Within each race and ethnicity group, there was a wide range
in estimated age-standardized prevalence of obesity at the state
level (Figure 3; eFigure 11 in Supplement 1; eTable 2 in Supple-
ment 2). For the Hispanic population, obesity was generally
highest in the Midwest and the South in 2022 and 2035. In
2022, prevalence was highest in Oklahoma at 54.0% (95% UI,
50.3%-57.6%) for females and Indiana at 47.2% (95% UI, 42.8%-
51.7%) for males. By 2035, prevalence for males remained high-
est in Indiana (53.6% [95% UI, 45.1%-59.3%]) but shifted to
South Dakota for females (59.5% [95% UI, 51.8%-64.7%]). These
areas also had high rates of obesity in 2022 and 2035 for the
non-Hispanic White population. Non-Hispanic White males
and females had similar patterns of obesity, with prevalence
in 2022 lowest in the District of Columbia (23.8% [95% UI,
21.3%-26.2%] for males and 25.9% [95% UI, 23.8%-28.1%] for

females) and highest in West Virginia (47.2% [95% UI, 44.7%-
49.9%] for males and 48.9% [95% UI, 46.9%-51.0%] for
females). Compared with the non-Hispanic Black female popu-
lation, prevalence was overall lower for the non-Hispanic Black
male population, with the highest prevalence in Oklahoma at
43.9% (95% UI, 40.7%-47.2%) in 2022 and 48.5% (95% UI,
43.0%-53.3%) in 2035. Among non-Hispanic Black females, es-
timates for the prevalence of obesity were greater than 50%
for all locations except Hawai‘i (48.5% [95% UI, 45.0%-
52.1%]) in 2022; by 2035, this was true for all locations for this
population group, although prevalence in Hawai‘i continued
to be notably lower than in other states.

For non-Hispanic White males and females, there was a sig-
nificant increase in estimated age-standardized prevalence of
obesity between 2022 and 2035 for all locations. For the
Hispanic and non-Hispanic Black populations, males were fore-
casted to have significant increases in 35 and 41 states, respec-
tively, and females in these groups were forecasted to have sig-
nificant increases in 31 and 34 states, respectively. This is in
stark contrast to changes between 1990 and 2022, during which
all states experienced significant increases in obesity preva-
lence. While no locations were predicted to have decreases in
obesity prevalence between 2022 and 2035, there were many
with small increases over this time. Notably, Mississippi, which
had the highest estimated prevalence of obesity for non-
Hispanic Black females from 1990 to 2022, was forecasted to
have one of the smallest changes for this group from 2022 to
2035 (1.8% [95% UI, –1.6% to 4.2%]).

Within-State Disparities
Figure 4 illustrates the within-state disparities for prevalence
of obesity by sex and state in 1990, 2022, and 2035, repre-
sented by the difference in estimated prevalence for the race and
ethnicity groups with the highest and lowest values. In 1990 and
2022, the within-state disparities were wider for females (mean
of 18.3% and range of 11.7%-26.7% in 1990; mean of 14.8% and
range of 9.0%-28.9% in 2022) compared with males (mean of
5.7% and range of 1.6%-12.1% in 1990; mean of 4.2% and range
of 0.5%-12.1% in 2022). In 2035, these values remained higher
for females (mean of 11.6% and range of 6.1%-25.8%) than for
males (mean of 5.9% and range of 2.1%-13.9%).

For females, generally the non-Hispanic White group had
the lowest estimated prevalence of obesity, although prevalence
was lowest for Hispanic females in 3 states (New Hampshire,
Vermont, Virginia) in 1990. Non-Hispanic Black females had
the highest prevalence of obesity in both 1990 and 2022 in all
states, but by 2035 Hispanic females had the highest value in
South Dakota. Among males, the Hispanic population had the
lowest prevalence of obesity in 1990 in all but 5 states (California,
Colorado, Michigan, New Mexico, Texas) but the highest rate of
obesity in 2035 in 41 states, reflecting the trends for increasing
prevalence of obesity among this population.

Discussion
This analysis highlights the trajectory of obesity in the US by
state, age, sex, and race and ethnicity group. In addition to
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geographical differences, there were large disparities in the es-
timated prevalence of obesity by race and ethnicity group, es-
pecially for females. The results indicate substantial in-
creases in the prevalence of obesity among younger ages over
the past several decades, representing earlier onset of obe-
sity. They also show lower prevalence of obesity at the oldest
ages, likely representing premature mortality for those living
with obesity or the effects of multimorbidity in older per-
sons. By 2035, the prevalence of obesity is projected to in-
crease to 46.9% (95% UI, 43.9%-49.9%) of the US adult popu-

lation, with prevalence by demographic group ranging from
43.1% (95% UI, 39.8%-46.6%) to 59.5% (95% UI, 56.0%-
62.9%).

These forecasts indicate that geographic patterns are
changing. Predictions in states with historically high levels
of obesity, such as Mississippi, suggest that the prevalence of
obesity may be plateauing in some locations. In contrast,
marked increases are predicted for other locations, such as
Oklahoma. The results, with data collected over 3 decades,
provide insight into future levels of persons living with

Figure 3. US Maps of Age-Standardized Prevalence of Obesity (Body Mass Index ≥30) Modeled Estimates in 2022 and 2035
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Prevalence of obesity for 2022 was estimated using spatiotemporal gaussian
process regression. Prevalence of obesity for 2035 was forecasted using an
ensemble model of 6 annualized rate of change models and six 2-stage MR-BRT

(meta-regression—bayesian, regularized, trimmed) spline models. See eTable 2
in Supplement 1 for numbers and characteristics of the surveys used as input
data for modeling.
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Figure 4. Range of Within-State Modeled Estimates of Age-Standardized Prevalence of Obesity (Body Mass Index ≥30) Over Time
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Prevalence of obesity for 2035 was forecasted using an ensemble model of 6
annualized rate of change models and six 2-stage MR-BRT (meta-regression—
bayesian, regularized, trimmed) spline models. See eTable 2 in Supplement 1 for
numbers and characteristics of the surveys used as input data for modeling.
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obesity, if past trends continue. Effective policies may be iden-
tified by examining populations with consistently lower rates
of obesity.

These results incorporate the most recent data from large-
scale, state-level survey systems, including data collected dur-
ing the COVID-19 pandemic. An earlier analysis by Ward et al31

using data through 2016 estimated that the prevalence of obe-
sity was forecasted to reach nearly 50% nationwide by 2030,
with large disparities by state and race and ethnicity group. An
analysis of data from BRFSS 2020 by the same investigators
found that severe obesity varied by US state and socioeco-
nomic characteristics but did not provide comprehensive es-
timates by race and ethnicity group.32 US state-level analyses
and forecasts conducted as part of the GBD study have also
shown that states in the South generally have the highest preva-
lences of persons living with obesity; the analysis reported in
this article extends prior work to report estimates by race and
ethnicity group for each state.33,34

Obesity in the current analysis was defined using BMI,
which does not directly measure body fat or account for body
composition and may incorrectly estimate the amount and lo-
cation of adipose tissue vs lean muscle mass, with some evi-
dence that these errors may differ by demographic group.35

While direct measurement of body fat or assessment of an-
thropometric criteria in addition to an individual’s risk pro-
file should be used for health evaluation or treatment recom-
mendations, BMI-based measures are an important proxy that
can be used to assess population-level risk.36 BMI and other
surrogate measures of body fat, such as waist circumference
or waist-to-hip ratio, have been shown to be consistently as-
sociated with adverse health outcomes, including all-cause
mortality, cardiovascular disease, diabetes, and cancer-
related mortality, and lower health-related quality of life
scores.5,9,37 BMI can be easily assessed in large-scale studies,
is widely available for many populations, and has been col-
lected over many years, allowing for assessment of long-term
time trends.

The patterns of obesity shown in the current analysis
demonstrate significant health disparities that are likely to
continue. Studies suggest that these disparities are the result
of a complex and multifactorial set of causes, including dis-
crimination based on race and ethnicity group,38 food inse-
curity and differential access to healthy food,39 socioeco-
nomic deprivation,40 and inequities in physical activity access
due to neighborhood segregation and aspects of the built
environment.41,42

Geographic differences in obesity prevalence help to sug-
gest how drivers may vary between locations. For example,
Colorado, which had a low estimated prevalence of obesity, also
had the lowest reported prevalence of physical inactivity.43

States with consistently high prevalence of obesity, such as
Oklahoma, had among the lowest percentage of people meet-
ing dietary intake recommendations.44 Physical inactivity and

poor diet do not exist in isolation, often reflecting deep socio-
economic disparities and representing only some of the many
causes of obesity that policy interventions can target to blunt
its concerning trajectory.

Highlighting disparities is essential for identifying where
resources should be focused. A wide range of interventions
exist to reduce body weight, including pharmacotherapies.
Weight loss medications are generally highly effective.45

However, access to and use of medications varies by race and
ethnicity group and income level; these barriers must be ad-
dressed for pharmacotherapies to reduce disparities.46 Within-
state disparities can be reduced with evidence-based health
policies and state-level legislation.47,48

Limitations
First, forecasts must always be interpreted with care, be-
cause the past may not predict the future. Despite this note
of caution, forecasting is an important area of evidence gen-
eration for use in public health policy and planning.

Second, some locations had sparse data, most often states
with small populations. Spatiotemporal gaussian process re-
gression models leverage geographic patterns and relation-
ships with covariates to produce estimates for all locations and
demographic groups for the entire time series.

Third, the analysis used self-reported height and weight
data. Bias in self-report of these measures is a known con-
cern; to address this, these data were adjusted by matching to
measured NHANES BMI data. Using these matched data, self-
report bias was estimated accounting for potential differ-
ences by survey series, sex, age, race and ethnicity group, and
self-reported BMI quantile. However, because NHANES is a na-
tional survey, potential differences between states could not
be accounted for.

Fourth, prevalence was not estimated separately for
smaller groups such as American Indian and Alaska Native,
Asian and Asian subgroups, and Native Hawaiian and Other
Pacific Islander due to the challenges associated with changes
regarding the collection of information on race and ethnicity
from 1990 to 2022.49,50

Conclusions
Using nationally representative surveys and robust modeling
approaches, this study estimated that the percent of US adults
living with obesity increased from 19.3% (95% UI, 17.3%-
21.3%) in 1990 to 42.5% (95% UI, 40.2%-45.0%) in 2022 and
that this will rise to 46.9% (95% UI, 43.9%-49.9%) by 2035, with
substantial variation by location and race and ethnicity group.
Given the association between obesity and adverse health out-
comes, and the resulting rapidly rising health care costs, these
findings underscore the importance of addressing the bur-
den of obesity in the US.
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