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HE NATIONAL HEALTH AND NU-

trition Examination Survey

(NHANES) provides the oppor-

tunity to track trends in the
prevalence of obesity in the United States
by collecting data on height and weight
measurements. Data from 1988-1994
showed that the prevalence of obesity in
adults had increased by approximately
8 percentage points in the United States
since 1976-1980, after being relatively
stable over the period 1960-1980.'*
Analyses of data from 1999-2000 showed
further increases in obesity for both men
and women and in all age groups.?

The increases in obesity from 1976-
1980 to 1988-1994 were statistically sig-
nificant in all sex and age groups. The
increases in obesity from 1988-1994 to
1999-2000 were statistically signifi-
cant in all sex and age groups except
men aged 40 to 59 years. Analyses of
data from 2001-2002 and 2003-2004
suggested increasing trends since 1999-
2000 among men but not among wom-
en.*? Comparisons between 2003-
2004 and 2005-2006 showed no
significant changes but had limited sta-
tistical power.%

Herein we report the results from the
latest NHANES data from 2007-2008
regarding population trends in obe-
sity and compare the results over the
10-year period from 1999 through
2008.

See also pp 242 and 275.

CME available online at
@ www.jamaarchivescme.com
and questions on p 283.
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Context The prevalence of obesity increased in the United States between 1976-
1980 and 1988-1994 and again between 1988-1994 and 1999-2000.

Objective To examine trends in obesity from 1999 through 2008 and the current
prevalence of obesity and overweight for 2007-2008.

Design, Setting, and Participants Analysis of height and weight measurements
from 5555 adult men and women aged 20 years or older obtained in 2007-2008 as
part of the National Health and Nutrition Examination Survey (NHANES), a nationally
representative sample of the US population. Data from the NHANES obtained in 2007-
2008 were compared with results obtained from 1999 through 2006.

Main Outcome Measure Estimates of the prevalence of overweight and obesity
in adults. Overweight was defined as a body mass index (BMI) of 25.0 to 29.9. Obe-
sity was defined as a BMI of 30.0 or higher.

Results In2007-2008, the age-adjusted prevalence of obesity was 33.8% (95 % con-
fidence interval [CI], 31.6%-36.0%) overall, 32.2% (95% Cl, 29.5%-35.0%) among
men, and 35.5% (95% Cl, 33.2%-37.7 %) among women. The corresponding preva-
lence estimates for overweight and obesity combined (BMI =25) were 68.0% (95 %
Cl, 66.3%-69.8%), 72.3% (95% Cl, 70.4%-74.1%), and 64.1% (95% Cl, 61.3%-
66.9%). Obesity prevalence varied by age group and by racial and ethnic group for
both men and women. Over the 10-year period, obesity showed no significant trend
among women (adjusted odds ratio [AOR] for 2007-2008 vs 1999-2000, 1.12 [95%
Cl, 0.89-1.32]). For men, there was a significant linear trend (AOR for 2007-2008 vs
1999-2000, 1.32 [95% ClI, 1.12-1.58]); however, the 3 most recent data points did
not differ significantly from each other.

Conclusions [n 2007-2008, the prevalence of obesity was 32.2% among adult men
and 35.5% among adult women. The increases in the prevalence of obesity previ-
ously observed do not appear to be continuing at the same rate over the past 10 years,
particularly for women and possibly for men.

JAMA. 2010;303(3):235-241 www.jama.com

METHODS

The NHANES program of the National
Center for Health Statistics, Centers for
Disease Control and Prevention, includes
aseries of cross-sectional, nationally rep-
resentative health examination surveys
beginning in 1960. To obtain a nation-
ally representative sample of the US
civilian noninstitutionalized population,
each survey period used a complex,
stratified, multistage probability cluster
sampling design. Beginning in 1999,
NHANES became a continuous survey
(without a break between cycles) and
dataarereleased in 2-year cycles, includ-
ing 1999-2000,2001-2002,2003-2004,
2005-2006, and 2007-2008.

In 2007-2008, the sample consisted
0f 8082 men and women aged 20 years
or older; of whom 73.4% (n=5935)
were interviewed and 70.6% (n=5707)
were both interviewed and examined.
Participants missing weight or height
measurements (n=95) and pregnant
women (n=57) were excluded from the
analyses. This report uses data for 2750
adult men and 2805 nonpregnant adult
women with measured weights and
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heights from the most recent 2 years
of the continuous NHANES 2007-
2008, in addition to data from NHANES
1999-2006. NHANES 1999-2008
received approval from the National
Center for Health Statistics research

ethics review board. Written in-
formed consent was obtained.
Weight and height were measured in
amobile examination center using stan-
dardized techniques and equipment.
Body mass index (BMI) was calcu-

]
Table 1. Sample Size for US Adults Aged 20 Years or Older?

Non-Hispanic  Non-Hispanic All Mexican
Categories All White Black Hispanics American
by Age (N = 5555)P (n =2618) (n=1144) (n =1566)° (n = 945)
Men, age, y
=20 2750 1335 554 739 460
20-39 896 383 187 275 195
40-59 883 391 173 276 164
=60 971 561 194 188 101
Women, age, y
=20 2805 1283 590 827 485
20-39 877 344 191 307 189
40-59 910 402 198 270 158
=60 1018 537 201 250 138

2Based on data from the National Health and Nutrition Examination Survey (NHANES) 2007-2008.

Pincludes racial and ethnic groups not shown separately.
CIncludes Mexican Americans.

lated as weight in kilograms divided by
height in meters squared, rounded to
the nearest tenth. For adults aged 20
years or older, overweight was de-
fined as a BMI of 25.0 to 29.9 and obe-
sity was defined as a BMI of 30.0 or
higher.” Obesity may be divided into
grade 1 (BMI, 30-<<35), grade 2 (BMI,
35-<40), and grade 3 (BMI =40).°
Individuals were grouped by age at the
interview: 20-39 years, 40-59 years, and
60 years or older. Race and ethnicity were
self-reported; for the purposes of this re-
port, race and ethnicity are classified as
non-Hispanic white, non-Hispanic black,
Mexican American, other Hispanic, and
other. Data for 2007-2008 are pre-
sented overall, including all racial and
ethnic groups, and separately for non-
Hispanic white, non-Hispanic black, all
Hispanics (including both Mexican
Americans and other Hispanics) and

|
Table 2. Prevalence of Obesity and Overweight for Adults Aged 20 Years or Older?

% of Adults (95% Confidence Interval)

Categories Non-Hispanic Non-Hispanic All Mexican
by Age All® White Black Hispanics® American
BMI =30
All, age, y
=20 33.9 (31.7-36.1) 32.8 (29.4-36.1) 44.1 (39.9-48.3) 37.9 (32.3-43.4) 39.3 (32.0-46.6)
=204 33.8 (31.6-36.0) 32.4 (28.9-35.9) 441 (40.0-48.2) 38.7 (33.5-43.9) 40.4 (34.2-46.6)
Men, age, y
=204 32.2 (29.5-35.0) 31.9 (28.1-35.7) 37.3 (32.3-42.4) 34.3 (28.2-40.3) 35.9 (26.3-44.4)
20-39 27.5(23.8-31.2) 26.3 (20.9-31.7) 34.7 (28.5-40.9) 32.3 (23.9-40.7) 33.8 (22.7-44.9)
40-59 34.3 (29.8-38.8) 34.0 (28.1-39.8) 39.7 (30.0-49.5) 37.4 (29.0-45.8) 38.2 (26.3-50.1)
=60 37.1(33.1-41.0) 38.4 (34.1-42.6) 38.0 (31.3-44.7) 32.6 (23.5-41.7) 35.8 (21.9-49.8)
Women, age, y
=204 35.5 (33.2-37.7) 33.0 (29.3-36.6) 49.6 (45.5-58.7) 43.0 (37.9-48.2) 451 (38.9-51.2)
20-39 34.0 (29.0-39.1) 31.3 (23.3-39.3) 47.2 (41.3-53.1) 37.6 (32.3-42.8) 39.6 (33.7-45.5)
40-59 38.2 (33.8-42.6) 35.7 (29.7-41.7) 51.7 (47.2-56.1) 46.6 (37.3-55.9) 48.9 (38.0-59.8)
=60 33.6 (30.2-36.9) 31.4 (27.3-35.5) 50.5 (40.5-60.5) 46.7 (41.0-52.3) 48.1 (43.0-58.3)
BMI =25
All, age, y
=20 68.3 (66.6-70.0) 67.5 (65.0-70.1) 73.7 (71.2-76.2) 76.9 (72.9-80.8) 77.5(73.4-81.6)
=204 68.0 (66.3-69.8) 66.7 (64.1-69.3) 73.8 (71.3-76.9) 77.9 (74.5-81.4) 78.8 (75.2-82.4)
Men, age, y
=204 72.3 (70.4-74.1) 72.6 (69.9-75.3) 68.5 (65.2-71.8) 79.3 (74.7-83.9) 80.0 (75.5-84.5)
20-39 63.5 (60.8-66.2) 62.6 (68.0-67.2) 61.5 (54.6-68.5) 74.2 (66.8-81.5) 75.0 (67.4-82.7)
40-59 77.8 (74.0-81.7) 77.7 (72.8-82.6) 73.5 (65.9-81.2) 87.2 (81.4-93.0) 88.0 (80.8-95.1)
=60 78.4 (74.8-81.9) 81.4 (77.9-84.9) 72.5 (65.2-79.8) 75.4 (70.2-80.7) 75.8 (68.4-83.1)
Women, age, y
=204 64.1 (61.3-66.9) 61.2 (66.7-65.7) 78.2 (74.5-81.9) 76.1 (72.0-80.1) 76.9 (71.8-81.9)
20-39 59.5 (564.5-64.5) 54.9 (46.3-63.6) 78.0 (71.8-84.2) 68.5 (61.4-75.7) 70.3 (62.7-77.9)
40-59 66.3 (63.3-69.3) 63.8 (59.8-67.8) 78.4 (74.1-82.6) 81.2 (77.3-85.1) 80.3 (73.6-87.0)
=60 68.6 (64.4-72.7) 67.6 (62.2-73.1) 78.2 (70.7-85.8) 80.7 (77.3-84.1) 82.6 (77.2-88.0)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
@Based on data from the National Health and Nutrition Examination Survey (NHANES) 2007-2008.

Includes racial and ethnic groups not shown separately.
CIncludes Mexican Americans.

dAge adjusted by the direct method to the year 2000 Census population using the age groups 20-39 years, 40-59 years, and 60 years or older.
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Mexican Americans. In 2007-2008, non-
Hispanic blacks and Hispanics were over-
sampled to provide adequate sample sizes
for analyses of these groups. In surveys
from 1999 through 2006, Mexican
Americans but not all other Hispanics
were oversampled, so trends are exam-
ined for Mexican Americans rather than
for all Hispanics.

Statistical analyses were performed
using SAS software version 9.2 (SAS In-
stitute Inc, Cary, North Carolina) and
SUDAAN software version 10.0 (RTI, Re-
search Triangle Park, North Carolina).
Calculation of sampling weights took into
account unequal probabilities of selec-
tion resulting from the sample design,
nonresponse, and noncoverage. Allanaly-
ses took into account differential prob-
abilities of selection and the complex
sample design. Standard errors were es-

PREVALENCE AND TRENDS IN ADULT OBESITY

timated with SUDAAN software using
Taylor series linearization. Statistical tests
were 2-sided and a P value of less than
.05 was considered statistically significant.

Linear trends over the five 2-year sur-
vey cycles and variations in the preva-
lence of obesity by age and racial and eth-
nic groups over the 10-year period were
tested using sex-specific logistic regres-
sion models with adjustment for age
group, racial and ethnic group, and sur-
vey period; survey was treated as a con-
tinuous (ordered categorical) variable.

Approximate power calculations were
performed using POWER software
version 3 (National Cancer Institute,
Bethesda, Maryland), assuming a survey
design effect of 2. These calculations in-
dicated that the sex-specific sample sizes
were adequate to detect an odds ratio
(OR) equivalent to an increase of 5 per-

centage points between 1999-2000 and
2007-2008 with 80% power and an OR
equivalent to an increase of 6 percent-
age points with greater than 90% power.
In addition, sex-specific logistic re-
gression models were fitted that in-
cluded survey as a categorical variable,
with adjustment for age group and ra-
cial and ethnic group. Logistic models
with survey as a continuous variable were
fitted within sex, age, and racial and eth-
nic subgroups. For graphical presenta-
tion only, the frequency distributions of
BMI were smoothed using a4253 H non-
parametric smoothing algorithm, based
on sequential calculations of running me-
dians for groups of adjacent points.’

RESULTS

Sample sizes for analyses from 2007-2008
are presented in TABLE 1. Detailed infor-

- _____________________________________________________________________________________________]
Table 3. Prevalence of Grade 2 and Grade 3 Obesity for Adults Aged 20 Years or Older?

% of Adults (95% Confidence Interval)

Categories by Non-Hispanic Non-Hispanic All Mexican
Age All® White Black Hispanics® American
BMI =35
All, age, y
=20 14.3 (12.8-15.8) 13.6 (11.3-15.9) 21.9(18.2-25.6) 15.5 (13.5-17.5) 16.0 (13.2-18.8)
=204 14.3 (12.7-15.8) 13.6 (11.2-16.0) 21.7 (18.1-25.4) 15.4 (13.3-17.5) 15.9 (13.3-18.6)
Men, age, y
=204 10.7 (9.1-12.3 10.5(8.5-12.5) 14.4(10.4-18.4) 12.0(8.9-15.2) 12.4(7.9-16.8)
20-39 9.4 (6.7-12.0) 8.5 (4.6-12.4) 14.2 (8.5-20.0) 12.5(8.0-17.1) 12.5(6.1-18.8)
40-59 11.6 (9.3-13.9) 11.6 (8.8-14.3) 13.8(8.9-18.7) 13.2(9.0-17.3) 13.8 (8.6-19.0)
=60 11.6 (9.3-13.8) 12.0 (9.5-14.6) 16.5(11.1-19.9) 9.3 (5.4-13.2) 9.8 (3.8-15.8)¢
Women, age, y
=204 17.8 (15.8-19.8) 16.6 (13.4-19.9) 27.9 (23.3-32.5) 18.9 (16.3-21.5) 19.9 (17.3-22.5)
20-39 18.9 (15.0-22.7) 17.2 (11.6-22.9) 30.2 (23.8-36.6) 19.1 (14.8-23.4) 20.9 (13.9-27.9
40-59 19.5 (16.5-22.6) 18.7 (14.6-22.9) 29.1 (23.2-35.0) 19.1 (12.7-25.4) 19.0 (11.4-26.6)
=60 13.3(11.0-15.5) 12.3(9.1-15.4) 22.0(15.9-28.2) 18.3(13.3-23.2) 19.6 (13.3-26.0)
BMI =40
All, age, y
=20 5.7 (4.9-6.5) 5.2 (3.8-6.5) 11.1(8.3-13.8) 5.7 (4.4-71) 6.0 (4.3-7.6)
=204 5.7 (4.9-6.6) 5.2 (3.8-6.6) 10.8 (8.2-13.5) 5.5 (4.3-6.8) 5.6 (4.3-6.9)
Men, age, y
=204 4.2(3.3-5.1) 4.0 (2.9-5.1) 7.0 (4.5-9.4) 3.8 (2.1-5.6) 4.4 (2.1-6.6)
20-39 4.2 (2.7-5.6) 3.4 (1.4-5.4) 7.5(3.5-11.4) 6.1(3.0-9.2) 7.0 (3.0-10.9)
40-59 4.2 (2.8-5.6) 4.4 (2.4-6.4) 5.6 (1.9-9.3)¢ 3.5 (1.4-5.7)¢ 3.7 (1.0-6.4)¢
=60 4.2 (2.9-5.6) 4.4 (3.0-5.9) 8.2 (3.7-12.7) NA NA
Women, age, y
=204 7.2(6.1-8.4) 6.4 (4.2-8.5) 14.2 (10.5-17.8) 7.0 (5.7-8.4) 6.7 (5.2-8.2)
20-39 7.6 (5.6-9.7) 6.8 (3.4-10.3) 15.0 (9.4-20.6) 6.2 (4.6-7.8) 6.8 (3.6-10.1)
40-59 8.4 (6.6-10.2) 7.3 (4.4-10.1) 17.7 (12.2-23.1) 8.0 (4.8-11.2) 5.9 (2.9-8.9)
=60 4.7 (2.9-6.5) 4.1 (1.8-6.5) 7.2(3.9-10.5) 7.0 (4.4-9.6) 7.6 (4.5-10.8)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); NA, data not shown because the estimate does not meet the standard
of statistical reliability and precision (relative standard error >40%).
8Based on data from the National Health and Nutrition Examination Survey (NHANES) 2007-2008.

Pincludes racial and ethnic groups not shown separately.
CIncludes Mexican Americans.

Age adjusted by the direct method to the year 2000 Census population using the age groups 20-39 years, 40-59 years, and 60 years or older.
€ Relative standard error of 30% or greater but less than 40%.
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mation on the prevalence of obesity (BMI
=30) and of overweightand obesity com-
bined (BMI =25) overall and by age, sex,
and racial and ethnic group from
NHANES 2007-2008 is presented in
TABLE 2.

The prevalence of obesity in the
United States is high, exceeding 30% in
most age and sex groups except for men
aged 20 to 39 years. Among men, age-
adjusted obesity prevalence was 32.2%
overall (95% confidence interval [CI],
29.5%-35.0%) and within racial and
ethnic groups ranged from 31.9% (95%
CI, 28.1%-35.7%) among non-
Hispanic white men to 37.3% (95% CI,
32.3%-42.4%) among non-Hispanic
black men. For women, the age-
adjusted prevalence was 35.5% (95%
CI, 33.2%-37.7%), ranging from 33.0%
(95% CI, 29.3%-36.6%) among non-
Hispanic white women to 49.6% (95%
CI, 45.5%-53.7%) among non-
Hispanic black women. The age-
adjusted prevalence of overweight and

obesity combined was 68.0% (95% CI,
66.3%-69.8%) overall, 72.3% (95% CI,
70.4%-74.1%) among men, and 64.1%
(95% CI, 61.3%-66.9%) among women.
Additional information on the age-
adjusted prevalence of grades 2 and 3 obe-
sity (BMI =35) and of grade 3 obesity
(BMI=40) by age, sex, and racial and eth-
nic group from NHANES 2007-2008 is
presented in TABLE 3. The age-adjusted
values for grades 2 and 3 obesity com-
bined (BMI =35) ranged from 10.5%
(95% CI, 8.5%-12.5%) among non-
Hispanic white men to 14.4% (95% CI,
10.4%-18.4%) for non-Hispanic black
men,; corresponding values for women
were 16.6% (95% CI, 13.4%-19.9%) and
27.9% (95% CI,23.3%-32.5%). The over-
allage-adjusted prevalence of grade 3 obe-
sity (BMI =40) was 5.7% (95% CI,4.9%-
6.5%) overall, 4.2% (95% CI, 3.3%-5.1%)
formen, and 7.2% (95% CI, 6.1%-8.4%)
for women, with particularly high values
14.2% (95% CI, 10.5%-17.8%) among
non-Hispanic black women.

The age-adjusted prevalence of obesity
by 2-year survey cyclesis presented over-
alland by age and racial and ethnic group
in TABLE 4 for men and in TABLE 5 for
women. Logistic regression analyses
for men, adjusted for age group and ra-
cial and ethnic group, showed a signifi-
cant linear trend across survey cycles as
a continuous variable for 2007-2008
vs 1999-2000 (OR, 1.32 [95% CI, 1.12-
1.58];P=.002) and significant differences
among survey cycles asa categorical vari-
able for 2007-2008 vs 1999-2000 (OR,
1.24[95% CI1,1.03-1.52], P=.02). How-
ever, in analyses adjusted for age and ra-
cial and ethnic group with survey cycle
as a categorical variable, there were no
significant differences between the last
3 survey cycles (2003-2004, 2005-2006,
and 2007-2008) for men.

To examine these findings for men fur-
ther, additional linear trend tests by sur-
vey cycle were fitted within race and eth-
nicity and age subgroups. Within age
groups, linear trends adjusted for racial

Table 4. Trends in the Age-Adjusted and Age-Specific Prevalence of Obesity (BMI =30) in US Men Aged 20 Years or Older for 1999-2008

No. (%) of Men [95% Confidence Interval]

Ages 20-39y

Ages 40-59 y

Age =60y

666 (23.7) [20.5-27.0]

595 (28.8) [23.0-34.7]

782 (31.8) [27.3-36.3]

750 (22.3) [19.4-25.1]

773 (32.2) [28.8-35.5]

696 (30.2) [26.5-33.9]

793 (28.1) [22.3-33.8]

709 (39.7) [33.9-45.4]

735 (32.2) [28.1-36.3]

(23.7)
(22.9)
756 (28.0) [23.7-32.4]
(28.1)
(27.5)

896 (27.5) [23.8-31.2]¢

(28.8)
(32.2)
649 (34.8) [29.9-39.7]
(39.7)
(34.9)

883 (34.3) [29.8-38.8]¢

(31.8)
(30.2)
832 (30.4) [26.6-34.2]
(32.2)
(37.1)

971 (37.1) [33.1-41.0]°

276 (22.0) [17.3-26.7]

262 (28.5) [21.8-35.2]

408 (34.3) [28.8-39.9]

322 (23.9) [19.5-28.2]

407 (38.2) [29.5-36.9]

428 (31.5) [27.7-35.3]

328 (25.8) [18.6-33.1]

368 (41.0) [35.0-47.0]

449 (32.9) [28.6-37.3]

(22.0)
(23.9)
336 (27.2) [21.4-33.0]
(25.8)
(26.9)

383 (26.3) [20.9-31.7]

(28.9)
(83.2)
340 (35.6) [29.3-41.9]
(41.0
(84.0)

391 (34.0) [28.1-39.8]

(84.3)
(31.5)
507 (30.6) [26.3-35.0]
(32.9)
(38.4)

561 (38.4) [34.1-42.6]

125 (27.4) [22.0-32.8]

127 (29.9) [23.3-36.4]

122 (26.4) [18.5-34.4]

148 (22.2) [16.4-28.0]

161 (30.0) [23.9-36.1]

126 (34.2) [25.3-43.0]

185 (39.7) [33.3-46.0]

170 (34.8) [26.2-43.3]

152 (36.8) [31.3-42.2]

(27.4)
(22.2)
175 (32.3) [24.1-40.5]
(39.7)
(34.7)

187 (34.7) [28.5-40.9]°

(29.9)
(30.0)
146 (37.6) [31.6-43.6]
(34.8)
(39.7)

173 (39.7) [30.0-49.5]

(26.4)
(34.2)
111(31.1) [17.8-44.3]
(36.8)
(38.0)

194 (38.0) [31.3-44.7]°

184 (30.4) [24.2-36.5]

157 (27.0) [19.6-34.3]

197 (29.7) [22.0-37.4]

215 (17.4) [11.1-23.8]

152 (34.8) [27.5-42.1]

113 (25.9) [19.5-32.2]

(30.4)
(17.4)
165 (32.7) [23.0-42.3]
210 (24.7) [19.6-29.9]

128 (27.6) [20.9-34.3]

105 (30.0) [20.7-39.2]

Age =20 y?2
AlIP
1999-2000 2043 (27.5) [24.4-30.6]
2001-2002 2219 (27.8) [25.8-29.7]
2003-2004 2237 (31.1) [28.5-33.7]
2005-2006 2237 (33.3) [29.3-37.4]
2007-2008 2750 (32.2) [29.5-35.0]¢
Non-Hispanic white
1999-2000 946 (27.3) [23.8-30.8]
2001-2002 1157 (29.1) [26.5-31.7]
2003-2004 1183 (31.1) [28.1-34.2]
2005-2006 1145 (33.1) [28.7-37.5]
2007-2008 1335 (31.9) [28.1-35.7]°
Non-Hispanic black
1999-2000 374 (28.1) [24.8-31.5]
2001-2002 435 (27.9) [24.0-31.8]
2003-2004 432 (34.0) [27.1-40.9]
2005-2006 507 (37.2) [32.5-41.8]
2007-2008 554 (37.3) [32.3-42.4]°
Mexican American
1999-2000 538 (28.9) [25.2-32.7]
2001-2002 480 (25.9) [21.8-29.9]
2003-2004 458 (31.6) [26.6-36.6]
2005-2006 443 (27.0) [23.2-30.7]
2007-2008 460 (35.9) [28.9-43.0]

195 (33.8) [22.7-44.9)]

(27.0)
(34.8)
118 (31.8) [21.3-42.4]
(27.6)
(38.2)

164 (38.2) [26.3-50.1]

(29.7)
(25.9)
175 (29.5) [22.0-36.9]
(30.0)
(35.8)

101 (35.8) [21.9-49.8]

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).

2Age adjusted by the direct method to the year 2000 Census population using the age groups 20-39 years, 40-59 years, and 60 years or older.
Pincludes racial and ethnic groups not shown separately.

CIndicates significant linear trend over survey cycle (P<.05).
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Table 5. Trends in the Age-Adjusted and Age-Specific Prevalence of Obesity (BMI =30) in US Women Aged 20 Years or Older for 1999-2008

No. (%) of Women (95% Confidence Interval)

Age =20 y?2 Ages 20-39y Ages 40-59 y Age =60y
b
Al 1999-2000 2072 (33.4) [30.0-36.8] 640 (28.4) [24.4-32.4] 653 (37.8) [31.2-44.4] 779 (35.0) [30.7-39.3]
2001-2002 2171 (33.3) [30.2-36.3] 712 (29.8) [25.6-34.1] 721 (35.7) [31.6-39.9] 738 (35.2) [31.2-39.2]
2003-2004 2194 (33.2) [29.7-36.6] 661 (28.9) [24.3-33.6] 662 (38.8) [33.4-44.1] 871 (31.5) [28.0-34.9]
2005-2006 2119 (35.3) [32.5-38.1] 707 (30.5) [25.9-35.0] 718 (41.1) [36.5-45.6] 694 (34.4) [29.7-39.1]
2007-2008 2805 (35.5) [33.2-37.7] 877 (34.0) [29.0-39.1] 910 (38.2) [33.8-42.6] 1018 (33.6) [30.2-36.9]
Non-Hispanic white
1999-2000 885 (30.1) [25.9-34.3] 249 (24.4) [19.2-29.6] 249 (34.2) [25.1-43.3] 387 (33.3) [28.9-37.7]
2001-2002 1130 (31.3) [28.0-34.6] 313 (25.2) [20.5-29.8] 376 (35.4) [31.3-39.6] 441 (35.2) [29.6-40.8]
2003-2004 1174 (30.2) [25.9-34.4] 327 (23.8) [17.6-29.9] 333 (37.8) [31.1-44.5] 514 (28.9) [25.9-31.8]
2005-2006 1048 (32.9) [29.4-36.5] 288 (27.4) [20.5-34.2] 340 (39.3) [34.4-44.1] 420 (32.3) [27.2-37.4]
2007-2008 1283 (33.0) [29.3-36.6] 344 (31.3) [23.3-39.3] 402 (35.7) [29.7-41.7] 537 (31.4) [27.3-35.5]
Non-Hispanic black
1999-2000 420 (49.7) [43.7-55.8] 140 (46.2) [38.3-54.1] 141 (53.2) [46.8-59.6] 139 (50.2) [36.1-64.4]
2001-2002 434 (48.3) [42.9-53.6] 157 (47.2) [39.6-54.9] 148 (47.8) [41.6-54.0] 129 (50.8) [37.8-63.8]
2003-2004 444 (53.9) [47.9-59.8] 153 (50.3) [41.1-59.6] 160 (57.5) [48.8-66.2] 131 (54.0) [43.9-64.2]
2005-2006 512 (52.9) [48.7-57.0] 175 (47.7) [40.3-55.1] 195 (53.3) [46.8-59.8] 142 (61.0) [64.3-67.7]
2007-2008 590 (49.6) [45.5-53.7] 191 (47.2) [41.3-53.1] 198 (561.7) [47.2-56.1] 201 (50.5) [40.5-60.5]
Mexican American
1999-2000 567 (39.7) [32.1-47.2] 180 (30.6) [19.3-41.9] 193 (48.5) [38.9-58.1] 194 (41.0) [32.6-49.3]
2001-2002 445 (37.0) [30.6-43.4] 178 (31.5) [20.8-42.2] 139 (47.1) [38.8-55.4] 128 (30.2) [22.0-38.4]
2003-2004 415 (42.3) [36.8-47.7] 130 (35.7) [28.6-42.9] 110 (48.3) [38.5-58.1] 175 (43.8) [37.7-49.9]
2005-2006 400 (42.1) [36.4-47.7] 170 (36.5) [29.5-43.4] 124 (51.1) [42.2-60.0] 106 (37.1) [25.6-48.6]
2007-2008 485 (45.1) [38.9-51.2] 189 (39.6) [33.7-45.5] 158 (48.9) [38.0-59.8] 138 (48.1) [43.0-53.3]

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
2Age adjusted by the direct method to the year 2000 Census population using the age groups 20-39 years, 40-59 years, and 60 years or older.

Pincludes racial and ethnic groups not shown separately.

and ethnic group were significant for
men aged 20 to 39 years (P=.03), aged
40 to 59 years (P=.03), and aged 60 years
or older (P=.04). Within racial and eth-
nic groups, linear trends adjusted for age
were significant for non-Hispanic whites
(P=.02) and non-Hispanic blacks
(P<.001), but not for Mexican Ameri-
can men (P=.15). Within racial and eth-
nic and age groups, linear trend tests
across survey cycles were significant only
for non-Hispanic black men aged 20 to
39 years (P=.001) and aged 60 years or
older (P=.02). There may be limited
power to detect statistically significant
trends within subgroups.

For women overall, there were no sig-
nificant differences by survey cycle either
as a continuous variable (adjusted OR
for 2007-2008 vs 1999-2000, 1.12 [95%
CI, 0.89-1.32]; P=.21) or a categorical
variable (P=.68). There were not any sig-
nificant trends by survey cycle within
any subgroup of women.

Inanalyses over the 10-year period ad-
justed for survey cycle for both men and
women, the likelihood of being obese was
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Figure. Smoothed Frequency Distributions of Body Mass Index for Men and Women Aged

40 to 59 Years in 1999-2000 and 2007-2008
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significantly higher in the age group of40-
59 years (ORformen, 1.46 [95% CI,1.29-
1.66]; OR forwomen, 1.50 [95% CI, 1.31-
1.72]) and in the age group of 60 years or
older (OR for men, 1.35 [95% CI, 1.19-
1.54]; ORforwomen, 1.26 [95% CI, 1.11-
1.44]) than among those in the age group
0f20-39 years. Relative to non-Hispanic
whites, the likelihood of being obese was
significantly greater among non-Hispanic
blacks (OR formen, 1.13 [95% CI, 1.01-
1.27]; ORforwomen, 2.26 [95% CI, 2.02-

2.51]) and for Mexican American wom-
en (OR,1.53;95% CI, 1.31-1.78), but not
for Mexican American men (OR, 1.01;
95% CI, 0.85-1.19).

Smoothed distributions of BMIin 1999-
2000 and 2007-2008 are shown by age
group in the FIGURE for men and wom-
en aged 40 to 59 years. (Distributions
formenand women aged 20-39 yearsand
aged =60 years are available online in
eFigure 1 and eFigure 2 at http://www
jama.com.) For both men and women,
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the estimated median BMI (50th per-
centile) tended to be slightly higher in
2007-2008 than in 1999-2000 within
all age groups; however, some of the dif-
ferences were extremely small. In 1999-
2000, the median BMI for men aged 20
to 39 years was 26.0 (95% CI, 25.6-
26.7) vs 26.6 (95% CI, 26.1-27.2) in
2007-2008; for men aged 40 to 59 years,
27.4(95% CI1, 26.8-27.9) vs 28.3 (95%
Cl, 27.7-29.0); and for men aged 60
years or older, 27.5 (95% CI, 27.2-
28.0) vs 28.3 (95% CI, 27.9-28.7). In
1999-2000, the median BMI for women
aged 20 to 39 years was 25.6 (95% CI,
24.8-26.3) vs 26.5 (95% CI, 25.7-
27.5) in 2007-2008; for women aged 40
to 59 years, 27.6 (95% CI, 26.2-28.8)
vs 27.7 (95% CI, 27.0-28.5); and for
women aged 60 years or older, 27.4
(95% (I, 26.8-28.1) vs 27.6 (95% (I,
26.9-28.3).

COMMENT

The prevalence of obesity in the United
States continues to be high, exceeding
30% in most sex and age groups. Com-
parisons between Canada and the United
States show that obesity prevalence was
higherin the United States in 1999-2002
than in Canadain 2004, with the differ-
ence largely due to higher obesity preva-
lence among women.'® Comparisons of
obesity prevalence between Canada and
the United States thatare limited to white
adults show no significant differences
for men.*® A review of prevalence esti-
mates in European countries found that
the prevalence of obesity based on mea-
sured weights and heights varies widely
from country to country, with higher
prevalences in Central, Eastern, and
Southern Europe.'! In most cases, the
prevalence of obesity appeared lower in
European countries than in the United
States. However, estimates from other
countries are not precisely comparable
with US estimates because of differences
instudy methods, years of measurement
and the age ranges, and methods of age
adjustment or age categorization.

The prevalence of obesity shows sig-
nificant variation by racial and ethnic
groups. Racial and ethnic differences in
the prevalence of obesity as defined by BMI
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should be interpreted cautiously because
they donotnecessarily correspond to dif-
ferences in fatmass or percentage of body
fat. Body mass index is a valuable tool to
provide astandardized definition of obe-
sity for the purposes of national surveil-
lance and international comparisons.** In
the NHANES surveys, BMIis highly cor-
related with percentage of body fat, slightly
more so for women than for men."”> How-
ever, BMI does not distinguish fatand lean
tissue or represent adiposity directly.

The degree of adiposity associated with
a given level of BMI varies by age, sex,
and racial and ethnic group.'* Relative
to white men and women at the same BMI
level, black men and women tend to have
higher lean mass and lower fat mass.">">"
The relative, although not absolute,
health risks associated with a given BMI
level may be lower for blacks than for
whites.'®?° Asian populations tend to
have higher body fat percentages at a
given BMI level and possible higher risks;
however, this theory has been dis-
puted.” Considerable discussion**** has
addressed the public health and policy
issues of using different BMI cutoff points
for different ethnic groups that have dif-
ferent relationships with BMI, body fat,
and health risks.

Forwomen, the prevalence of obesity
showed no statistically significant changes
over the 10-year period from 1999 through
2008. For men, there was a significant lin-
ear trend over the same period, but esti-
mates for the period 2003-2004, 2005-
2006, and 2007-2008 did not differ sig-
nificantly from each other. These data
suggest that the increases in the prevalence
of obesity previously observed between
1976-1980and 1988-1994'> and between
1988-1994 and 1999-2000° may not be
continuing at a similar level over the pe-
riod 1999-2008, particularly for women
but possibly for men.

The prevalence of obesity for adults
aged 20 to 74 years increased by 7.9 per-
centage points for men and by 8.9 per-
centage points for women between 1976-
1980 and 1988-1994, and subsequently
by 7.1 percentage points for men and by
8.1 percentage points for women be-
tween 1988-1994 and 1999-2000." If the
trends between 1988-1994 and 1999-

2000 continued at approximately the
same annual level, an increase of 6 to 7
percentage points between 1999-2000
and 2008-2009 would be expected for
both men and women. The sample size
was sufficient to detect a linear increase
of this magnitude with 90% power. Be-
tween 1999-2000 and 2007-2008, there
was an increase of 4.7 percentage points
(95% CI, 0.5 t0 9.0) for men and a non-
significant increase of 2.1 percentage
points (95% CI, -2.1 to 6.3) for women.
In the United States, astudy of data from
military recruits, veterans, and national
surveys suggests mean BMI has increased
over along period since the Civil War up
torecent times, with increases in the last
several decades perhaps less steep than
those observed earlier.” Over the period
1960-1980 (covered by the earliest
NHANES surveys and the National Health
Examination Survey), obesity prevalence
was relatively stable, but then it showed
striking increases in the 1980s and 1990s.
The data presented in our current study
using 2007-2008 data suggest that the
prevalence may have entered another pe-
riod of relative stability, perhaps with small
increases in obesity, although future large
changes cannot be ruled out. Because rela-
tively little is known about the causes of
the trends previously observed, it is dif-
ficult to predict the future trends in obesity.
This study has several limitations.
These data were obtained from a sample
survey and like other survey data, they
may be subject to sampling error or
nonsampling error. In addition, the
power of this study is limited to detect
small changes in prevalence, particu-
larly among subgroups defined by sex,
age, and racial and ethnic group.
Obesity is a risk factor for a variety of
chronic conditionsincluding diabetes, hy-
pertension, high cholesterol, stroke, heart
disease, certain cancers, and arthritis.?®
Higher grades of obesity are associated
with excess mortality, primarily from car-
diovascular disease, diabetes, and certain
cancers.”? Trends in obesity-related
health outcomes do not always parallel
trendsin the prevalence of obesity. Despite
the increases in obesity prevalence, mor-
tality rates and mortality from coronary
heart disease and stroke have declined
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over several decades,” possibly due to im-
provements in public health and medi-
cal care and in other cardiovascular risk
factors®; however, hypertension appears
tobe increasing.*' Of these obesity-related
conditions, diabetes may be most closely
linked to obesity, and the increasing in-
cidence of diabetes worldwide is of con-
siderable concern.” In the United States,
the prevalence of diagnosed diabetes in-
creased significantly from 1988-1994
through 2005-2006, although the total
prevalence of diabetes increased signifi-
cantly only among non-Hispanic blacks.*®

The prevention and treatment of over-
weightand obesity on a populationwide
basis are challenging. Population-based
strategies that improve social and physi-
cal environmental contexts for healthful
eating and physical activity are comple-
mentary to clinical preventive strategies
and to treatment programs for those
who are already obese.** For example,
innovative public policy approaches in-
cludeavariety of policy and environmen-
tal initiatives designed to increase fruitand
vegetable consumption in underserved
areas.”> Preventive population-level in-
terventions having to do with the built en-
vironmentand the food environment may
lead to health benefits for the entire popu-
lation, not only for the obese population;
and some interventions may reduce ex-
cess body fatamong the obese population
even without large concomitant changes
in weight.>” Enhanced efforts to provide
environmental interventions may lead to
improved health and to future decreases
in the prevalence of obesity.

Published online: January 13, 2010 (doi:10.1001
/jama.2009.2014).

Author Contributions: Dr Flegal had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.

Study concept and design: Flegal.

Analysis and interpretation of data: Flegal, Carroll,
Ogden, Curtin.

Drafting of the manuscript: Flegal.

Critical revision of the manuscript for important
intellectual content: Flegal, Carroll, Ogden,
Curtin.

Statistical analysis: Flegal, Carroll, Ogden, Curtin.
Financial Disclosures: None reported.

Role of the Sponsor: All data used in this study were
collected by the National Center for Health Statistics,
Centers for Disease Control and Prevention. The Cen-
ters for Disease Control and Prevention reviewed
and approved this report before submission for
publication.

©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/23/2022

PREVALENCE AND TRENDS IN ADULT OBESITY

Disclaimer: The findings and conclusions in this re-
port are those of the authors and not necessarily those
of the Centers for Disease Control and Prevention.
Online-Only Material: eFigure 1 and eFigure 2 are
available at http://www .jama.com.

REFERENCES

1. Flegal KM, Carroll MD, Kuczmarski RJ, Johnson

CL. Overweight and obesity in the United States: preva-
lence and trends, 1960-1994. Int J Obes Relat Metab
Disord. 1998;22(1):39-47.

2. KuczmarskiRJ, Flegal KM, Campbell SM, Johnson CL.
Increasing prevalence of overweight among US adults:
the National Health and Nutrition Examination Surveys,
1960 to 1991. JAMA. 1994;272(3):205-211.

3. Flegal KM, Carroll MD, Ogden CL, Johnson CL.
Prevalence and trends in obesity among US adults,
1999-2000. JAMA. 2002;288(14):1723-1727.

4. Hedley AA, Ogden CL, Johnson CL, Carroll MD,
Curtin LR, Flegal KM. Prevalence of overweight and
obesity among US children, adolescents, and adults,
1999-2002. JAMA. 2004;291(23):2847-2850.

5. Ogden CL, Carroll MD, Curtin LR, McDowell MA,
Tabak CJ, Flegal KM. Prevalence of overweight and
obesity in the United States, 1999-2004. JAMA. 2006;
295(13):1549-1555.

6. Ogden CL, Carroll MD, McDowell MA, Flegal KM.
Obesity among adults in the United States: no statistically
significant change since 2003-2004. http://www.cdc
.gov/nchs/data/databriefs/db01.pdf. Accessed Decem-
ber 5, 2009.

7. Clinical guidelines on the identification, evalua-
tion, and treatment of overweight and obesity in adults:
executive summary: Expert Panel on the Identifica-
tion, Evaluation, and Treatment of Overweight in
Adults. Am J Clin Nutr. 1998;68(4):899-917.

8. WHO Expert Committee on Physical Status. Physi-
cal Status: The Use and Interpretation of Anthropometry.
Geneva, Switzerland: World Health Organization; 1995.
9. Velleman PF, Hoaglin DC. Applications, Basics and
Computing of Exploratory Data Analysis. Boston, MA:
Duxbury Press; 1981.

10. Tjepkema M. Adult obesity. Health Rep. 2006;
17(3):9-25.

11. Berghofer A, Pischon T, Reinhold T, Apovian CM,
Sharma AM, Willich SN. Obesity prevalence from a
European perspective: a systematic review. BMC Pub-
lic Health. 2008;8:200.

12. Bouchard C. How much progress have we made
over the last few decades? Int J Obes (Lond). 2008;
32(suppl 7):52-57.

13. Flegal KM, Shepherd JA, Looker AC, et al. Com-
parisons of percentage body fat, body mass index, waist
circumference, and waist-stature ratio in adults. Am
J Clin Nutr. 2009;89(2):500-508.

14. GallagherD, Visser M, Sepulveda D, Pierson RN, Harris
T, Heymsfield SB. How usefulis body massindex for com-
parison of body fatness across age, sex, and ethnic groups?
Am J Epidemiol. 1996;143(3):228-239.

15. Aloia JF, Vaswani A, Mikhail M, Flaster ER. Body
composition by dual-energy X-ray absorptiometry in
black compared with white women. Osteoporos Int.
1999;10(2):114-119.

16. Fernandez JR, Heo M, Heymsfield SB, et al. Is per-
centage body fat differentially related to body mass
index in Hispanic Americans, African Americans, and
European Americans? Am J Clin Nutr. 2003;77
(1):71-75.

17. Rahman M, Temple JR, Breitkopf CR, Berenson

AB. Racial differences in body fat distribution among
reproductive-aged women. Metabolism. 2009;
58(9):1329-1337.

18. Abell JE, Egan BM, Wilson PW, Lipsitz S, Woolson
RF, Lackland DT. Differences in cardiovascular dis-
ease mortality associated with body mass between
black and white persons. Am J Public Health. 2008;
98(1):63-66.

19. Sanchez AM, Reed DR, Price RA. Reduced mor-

tality associated with body mass index (BMI) in Afri-
can Americans relative to Caucasians. Ethn Dis. 2000;
10(1):24-30.

20. StevensJ, Plankey MW, Williamson DF, et al. The
body mass index-mortality relationship in white and
African American women. Obes Res. 1998;6(4):
268-277.

21. GuD, He J, Duan X, et al. Body weight and mor-
tality among men and women in China. JAMA. 2006;
295(7):776-783.

22. Misra A. Revisions of cutoffs of body mass index
to define overweight and obesity are needed for the
Asian-ethnic groups. Int J Obes Relat Metab Disord.
2003;27(11):1294-1296.

23. Stevens J. Ethnic-specific cutpoints for obesity vs
country-specific guidelines for action. Int J Obes Relat
Metab Disord. 2003;27(3):287-288.

24. WHO Expert Consultation. Appropriate body-
mass index for Asian populations and its implications
for policy and intervention strategies. Lancet. 2004;
363(9403):157-163.

25. Costa DL, Steckel RH. Long-term trends in health,
welfare, and economic growth in the United States.
In: Steckel RH, Floud R, eds. Health and Welfare Dur-
ing Industrialization. Chicago, IL: The University of
Chicago Press; 1997:47-89.

26. Malnick SD, Knobler H. The medical complica-
tions of obesity. QJM. 2006;99(9):565-579.

27. Flegal KM, Graubard BI, Williamson DF, Gail MH.
Cause-specific excess deaths associated with under-
weight, overweight, and obesity. JAMA. 2007;
298(17):2028-2037.

28. Orpana HM, Berthelot JM, Kaplan MS, Feeny DH,
McFarland B, Ross NA. BMI and mortality: results from
anational longitudinal study of Canadian adults [pub-
lished ahead of print June 18, 2009]. Obesity (Silver
Spring). doi:10.1038/0by.2009.191.

29. National Center for Health Statistics. Health, United
States, 2008 with chartbook. http://www.cdc.gov
/nchs/data/hus/hus08.pdf. Accessed December 3,
2009.

30. Gregg EW, Cheng YJ, Cadwell BL, et al. Secular
trends in cardiovascular disease risk factors accord-
ing to body mass index in US adults. JAMA. 2005;
293(15):1868-1874.

31. Cutler JA, Sorlie PD, Wolz M, Thom T, Fields LE,
Roccella EJ. Trends in hypertension prevalence, aware-
ness, treatment, and control rates in United States
adults between 1988-1994 and 1999-2004.
Hypertension. 2008;52(5):818-827.

32. McKinlay J, Marceau L. US public health and the
21st century: diabetes mellitus. Lancet. 2000;356
(9231):757-761.

33. Cowie CC, Rust KF, Ford ES, et al. Full account-
ing of diabetes and pre-diabetes in the US popula-
tion in 1988-1994 and 2005-2006. Diabetes Care.
2009;32(2):287-294.

34. Kumanyika SK, Obarzanek E, Stettler N, et al;
American Heart Association Council on Epidemiol-
ogy and Prevention, Interdisciplinary Committee for
Prevention. Population-based prevention of obesity:
the need for comprehensive promotion of healthful
eating, physical activity, and energy balance: a scien-
tific statement from American Heart Association Coun-
cil on Epidemiology and Prevention, Interdisciplinary
Committee for Prevention (formerly the Expert Panel
on Population and Prevention Science). Circulation.
2008;118(4):428-464.

35. GiangT, Karpyn A, Laurison HB, Hillier A, Perry RD.
Closing the grocery gap in underserved communities: the
creation of the Pennsylvania Fresh Food Financing Initiative.
J Public Health Manag Pract. 2008;14(3):272-279.
36. Glanz K, Yaroch AL. Strategies for increasing fruit
and vegetable intake in grocery stores and communi-
ties: policy, pricing, and environmental change. Prev
Med. 2004;39(suppl 2):575-580.

37. Ross R, Bradshaw AJ. The future of obesity reduc-
tion: beyond weight loss. Nat Rev Endocrinol. 2009;
5(6):319-325.

(Reprinted) JAMA, January 20, 2010—Vol 303, No. 3 241



