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THE PREVALENCE OF OBESITY, DE-
fined as a body mass index
(BMI) of 30 or more, has mark-
edly increased during the last

3 decades in the United States1-3 and
other countries.4-6 Between 1976-
1980 and 1999, for example, the preva-
lence of obesity increased from 13% to
27% among US adults.1,7

There are few epidemiologic inves-
tigations, however, of more extreme
BMIs. Based on differences in treat-
ment and health risks, obesity has been
categorized as class 1 (BMI, 30-34.9),
class 2 (BMI, 35-39.9), and class 3 (BMI,
�40).8-11 Persons with class 3 obesity,
also termed morbid or extreme obe-
sity, are potential candidates for anti-
obesity surgery12 and have a 2-fold
higher risk for all-cause mortality than
persons with BMIs of 30 to 31.9.13

The prevalence of class 3 obesity in-
creased from 1% to 3% between 1960-
1962 and 1988-1994 and is highest
among black women.1,2 The objec-
tives of the current study are to deter-
mine if trends have continued through
2000 and to examine various corre-
lates of class 3 obesity.

METHODS
Behavioral Risk Factor
Surveillance System

We analyzed data from the Behavioral
Risk Factor Surveillance System

(BRFSS), a multistage survey that uses
random-digit dialing to obtain a rep-
resentative sample of adults (�18 years
old) in each state.14 Several steps were
taken to ensure quality control in
BRFSS, and the current analyses are
based on data collected from 1990 (44
states) through 2000 (50 states).

The questionnaire focuses on behav-
iors associated with disease risks,15 and
the data have been used to examine
secular trends in overweight and obe-
sity (cutpoints of 27-32).3,16 Because
height was recorded in inches and
weight in pounds, these units are used
throughout the text; BMI was calcu-
lated as the weight in kilograms di-
vided by the squared height in meters.

More than 1 million persons partici-
pated in the BRFSS between 1990 and
2000. Approximately 4% of partici-
pants did not report weight or height,
and the current analyses are limited to
non-Hispanic whites, non-Hispanic
blacks, and Hispanics. Other race/

ethnic groups (approximately 4%) are
excluded, as are pregnant women (ap-
proximately 2%) and persons (n=364)
with extreme values of weight or height
(eg, weight �560 lb). Yearly totals for
the current analyses ranged from 75600
(1990) to 164250 persons (2000).

Statistical Methods
All analyses accounted for the unequal
selection probabilities.17 Statistical test-
ing is not emphasized in this large
sample, but SEs were calculated using
SUDAAN to account for the design.17

Trends in various BMI categories are
examined according to sex, race/
ethnicity, age, educational achieve-
ment, and height. The independent re-
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Context Although the prevalence of obesity has markedly increased among US adults,
health risks vary according to the severity of obesity. Persons with class 3 obesity (body
mass index [BMI] �40) are at greatest risk, but there is little information about this
subgroup.

Objective To examine correlates of class 3 obesity and secular trends.

Design, Setting, and Participants Adults (aged �18 years) in the United States
who participated in the Behavioral Risk Factor Surveillance System telephone survey
between 1990 (75600 persons) and 2000 (164250 persons).

Main Outcome Measure Body mass index calculated from self-reported weight
and height.

Results The prevalence of class 3 obesity increased from 0.78% (1990) to 2.2% (2000).
In 2000, class 3 obesity was highest among black women (6.0%), persons who had not
completed high school (3.4%), and persons who are short. During the 11-year period,
the median BMI level increased by 1.2 units and the 95th percentile increased by 3.2 units.

Conclusion The prevalence of class 3 obesity is increasing rapidly among adults. Be-
cause these extreme BMI levels are associated with the most severe health complica-
tions, the incidence of various diseases will increase substantially in the future.
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lation of these characteristics to class 3
obesity (and possible interactions) was
examined in logistic regression analy-
ses.17 Differences in the BMI distribu-
tions in 1990-1991 vs 2000 were exam-
inedusingapercentile comparisonplot.18

RESULTS
The mean BMI increased from 24.9
(1990) to 26.5 (2000), and FIGURE 1
illustrates trends in 5 BMI categories.
Although the prevalence of all BMI cat-
egories greater than 25 increased dur-
ing the study period, the most striking
increases were in the extreme BMI cat-
egories, with class 3 obesity increas-
ing from 0.78% to 2.2%.

The prevalence of class 3 obesity ac-
cording to various characteristics is ex-
amined in TABLE 1. (Because of the
smaller number of persons inter-
viewed in 1990, data for 1990 and 1991
have been combined.) In each year, the
prevalence of class 3 obesity was ap-
proximately 2-fold higher among
women than men, with the highest
prevalence among black women (6% in
2000). Among men, there was little dif-
ference in class 3 obesity by race/
ethnicity in 1990-1991, but the preva-
lence in 2000 was highest among blacks
(2.4%). Although secular increases were
seen in all age groups, the largest pro-
portional increase (0.4% to 1.2%) was
among 18- to 29-year-olds. The preva-
lence of class 3 obesity also increased
within all categories of educational
achievement, with the prevalence high-
est among persons who did not com-
plete high school.

Additional analyses indicated that al-
though mean levels of weight in-
creased by 9 to 12 lb during the 11 years,
these weight increases varied only
slightly by height. We therefore exam-
ined the prevalence of class 3 obesity
within various height categories (Table
1, bottom). Among both men and
women, the prevalence of class 3 obe-
sity was about 2-fold higher among short
persons than among taller persons (eg,
�67 vs �74 inches among men).

Logistic regression analyses indi-
cated that each characteristic in Table
1, including year of study, was inde-

pendently associated with the preva-
lence of class 3 obesity. For example,
educational achievement was in-
versely associated with class 3 obesity
among 30- to 69-year-olds in each race-
sex group, with the prevalence high-
est (12% in 2000) among black women
who did not complete high school
(TABLE 2). Additional analyses indi-
cated that the association with educa-
tional achievement was stronger among
women than men.

All percentiles of BMI were higher in
2000 than in 1990-1991, but the in-
creases were larger at high BMI levels
(FIGURE 2). For example, although the
10th percentile of BMI increased by 0.6
units, the 95th percentile increased by
3.2 units (36.9−33.7=3.2).

Figure 1. Secular Trends in Body Mass
Index
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Secular trends from 1990 through 2000 in the preva-
lence of normal weight (body mass index [BMI], �25),
overweight (BMI, 25-29.9), class 1 obesity (BMI, 30-
34.9), class 2 obesity (BMI, 35-39.9), and class 3 obe-
sity (BMI, �40). BMI was calculated as weight in ki-
lograms divided by squared height in meters.

Table 1. Secular Trends in Class 3 Obesity According to Various Characteristics*

Characteristic

1990-1991 2000

No. % (SE) No. % (SE)

Overall 156 403 0.8 (0.1) 164 250 2.2 (0.1)

Sex and race
Men 68 010 0.5 (0.1) 69 216 1.5 (0.1)

White 59 635 0.5 (0.1) 58 137 1.4 (0.1)

Black 5147 0.6 (0.1) 4756 2.4 (0.3)

Hispanic 3228 0.5 (0.2) 6323 1.7 (0.3)

Women 88 393 1.2 (0.1) 95 034 2.8 (0.1)

White 75 656 1.0 (0.1) 77 507 2.2 (0.1)

Black 8790 2.9 (0.2) 8656 6.0 (0.4)

Hispanic 3947 0.7 (0.2) 8871 3.2 (0.4)

Age group, y
18-29 32 226 0.4 (0.1) 27 771 1.2 (0.1)

30-39 37 775 0.9 (0.1) 33 396 2.6 (0.2)

40-49 27 674 1.2 (0.1) 34 962 2.8 (0.2)

50-59 18 675 1.2 (0.1) 26 865 3.0 (0.2)

60-69 19 725 0.9 (0.1) 19 234 2.0 (0.2)

�70 20 328 0.5 (0.1) 22 022 1.0 (0.1)

Educational achievement
�High school 25 426 1.5 (0.1) 19 497 3.4 (0.2)

High school 53 231 0.9 (0.1) 52 124 2.4 (0.1)

�4 years of college 40 610 0.8 (0.1) 45 159 2.2 (0.1)

�4 years of college 36 900 0.4 (0.1) 47 231 1.2 (0.1)

Sex and height, in†
Men

�67 11 542 0.8 (0.2) 11 948 2.2 (0.2)

�74 8055 0.4 (0.1) 8893 1.4 (0.2)

Women
�62 11 231 1.8 (0.2) 12 545 3.8 (0.3)

�68 10 031 0.7 (0.1) 12 076 1.8 (0.2)

*Class 3 obesity is defined as a body mass index (BMI) of 40 or higher. Data are presented as mean (SE) percentage
of subjects who had a BMI of 40 or higher.

†Although there was a trend across all height categories, the prevalence of class 3 obesity is shown only for the ex-
treme categories of height.
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COMMENT
Most studies of secular trends in obe-
sity have focused on mean BMIs or on
BMIs of 30 or higher, but our results
indicate that the prevalence of BMIs of

40 or higher increased almost 3-fold be-
tween 1990 and 2000. These trends will
greatly increase the risk for various dis-
eases and premature mortality.13,19 Ap-
proximately 75% of adults with class 3
obesity have at least one comorbid con-
dition, such as high blood pressure or
diabetes mellitus.20 Furthermore, a BMI
of 40 or higher is associated with a
2-fold higher risk for all-cause mortal-
ity than are BMIs of 30 to 31.9.13

Despite these consequences, rela-
tively little is known about the distribu-
tion of class 3 obesity. We found the
highest prevalence among black women
and among persons with low levels of
educational achievement. Although an
inverse association between social class
and less extreme obesity has consis-
tently been found among women, a re-
view21 of articles before 1990 con-
cluded that the association among men
was inconsistent. Our observations sug-
gest that the (inverse) association among
men may have become stronger during
the last decade. In agreement with this
possibility, several recent studies22-24 have
found that obesity (BMI �30) is in-
verselyassociatedwithsocial class among

men. However, the sex differences be-
fore 1990 may also reflect the greater stig-
matization of obesity among women.

An unexpected finding was the high
prevalence of class 3 obesity among
shorter adults. Although it is generally
assumed that height and BMI are uncor-
related, an inverse association (r=−0.10)
has been reported,25 and others26,27 have
found a relatively high prevalence of obe-
sity among short adults. It is possible that
the association between BMI and height
may be influenced by characteristics,
such as dietary intake and physical ac-
tivity, that vary only slightly by height.

Inagreementwith the trendsobserved
between 1966-1970 and 1988-199428 is
our finding that increases in BMI were
most striking at high BMIs. Although all
BMI percentiles increased between 1990
and 2000, the median increased by 1.2,
whereas the 95th percentile increased by
3.2. We also found that 18- to 29-year-
oldsshowedalargeproportional increase
in class 3 obesity, possibly reflecting the
increases in childhood BMI (particu-
larly at the upper percentiles) that have
occurred since 1975.28,29

An important limitation of the cur-
rent study is the use of self-reported
rather than measured weight and height.
The BMIs based on self-reported and
measured data are highly correlated (r
>0.95), and self-reported data have been
used in cohort studies13,30,31 and in stud-
ies of secular trends.3,5,16 However, be-
cause height is overreported and weight
is underreported, BMIs based on self-
reported data are biased down-
ward.32-35 This bias increases at higher
BMIs,32-34 and the sensitivity of self-
reported data to detect a BMI of 30 or
higher ranges from 63% to 74%.32,33,36

This underreporting likely accounts for
the approximately 50% lower preva-
lence of class 3 obesity that we ob-
served in 1995 (1% for men and 1.6%
for women) than the estimates of 2% to
4% reported by others.1,2 However, if
these biases remained fairly constant
during the study, our observed trends
and subgroup differences would paral-
lel those calculated from measured data.
The proportional increase in class 3 obe-
sity that we observed between 1990 and

Figure 2. Comparison of Body Mass Index
Percentiles
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Table 2. Prevalence of Class 3 Obesity Among 30- to 69-Year-Olds According to Year of
Study, Race, Sex, and Educational Achievement*

Race, Sex,
and Educational Achievement

1990-1991 2000

No. % (SE) No. % (SE)

White men
�High school 4864 0.8 (0.2) 3145 2.2 (0.4)

High school 13 012 0.8 (0.1) 12 269 2.2 (0.2)

�4 years of college 10 041 0.7 (0.1) 10 834 2.0 (0.2)

�4 years of college 13 024 0.4 (0.1) 15 328 1.2 (0.1)

White women
�High school 5983 2.6 (0.3) 3904 6.0 (0.7)

High school 18 191 1.2 (0.1) 16 899 3.1 (0.2)

�4 years of college 12 983 1.3 (0.2) 15 461 2.8 (0.2)

�4 years of college 12 148 0.5 (0.1) 16 896 1.7 (0.2)

Black men
�High school 784 0.7 (0.3) 503 3.7 (1.2)

High school 1130 0.7 (0.4) 1233 3.3 (0.8)

�4 years of college 800 0.3 (0.2) 905 2.2 (0.6)

�4 years of college 598 0.4 (0.2) 759 1.3 (0.4)

Black women
�High school 1445 6.2 (0.8) 914 12.0 (1.8)

High school 1960 2.8 (0.4) 2170 6.7 (0.7)

�4 years of college 1387 2.6 (0.6) 1670 7.6 (1.3)

�4 years of college 906 2.4 (0.7) 1259 4.2 (0.8)

*Class 3 obesity is defined as a body mass index (BMI) of 40 or higher. Data are presented as mean (SE) percentage
of subjects who had a BMI of at least 40.
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2000 is similar to those reported (based
on measured data) from 1976-1980 to
1988-19941 and from 1985 to 1995.2

Although the optimum BMI re-
mains uncertain,37 the trends in class
3 obesity will result in substantial in-
creases in morbidity and premature
mortality. Additional studies are needed

to elucidate future trends and to iden-
tify other characteristics that may be as-
sociated with class 3 obesity, such as
repeated weight increases during preg-
nancy among women with more than
3 children.38,39 Because weight loss is dif-
ficult to maintain, the prevention of
obesity should be emphasized.
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