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LTHOUGH ATTEMPTS TO LOSE
weight are common in the
United States,'* the preva-
lence of obesity has in-
creased since the 1980s.>* Such in-
creases will tremendously affect public
health since obesity is strongly associ-
ated with several chronic diseases, such
as cardiovascular diseases and diabe-
tes.”® Recent estimates suggest that obe-
sity-related morbidity may account for
6.8% of US health care costs.”
Recently published trend data from
the National Health and Nutrition Ex-
amination Surveys (NHANES) show the
percentage of obese persons has in-
creased from 14.5% in the years 1976-
1980 t0 22.5% in 1988-1994.% To moni-
tor obesity trends since 1994 and to
present state-specific results, we used
data from a large population-based sur-
vey to examine changes in the preva-
lence of obesity among adults in the
United States from 1991 to 1998.

METHODS

We analyzed data from all states that
participated in the Behavioral Risk Fac-
tor Surveillance System (BRESS). The
BRFSS, a cross-sectional telephone sur-
vey of noninstitutionalized adults aged
18 years or older, is conducted by the
Centers for Disease Control and Pre-
vention and state health departments.

See also Patient Page.

Context The increasing prevalence of obesity is a major public health concern, since
obesity is associated with several chronic diseases.

Objective To monitor trends in state-specific data and to examine changes in the
prevalence of obesity among adults.

Design Cross-sectional random-digit telephone survey (Behavioral Risk Factor Sur-
veillance System) of noninstitutionalized adults aged 18 years or older conducted by
the Centers for Disease Control and Prevention and state health departments from
1991 to 1998.

Setting States that participated in the Behavioral Risk Factor Surveillance System.

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

Results The prevalence of obesity (defined as a body mass index =30 kg/m?) in-
creased from 12.0% in 1991 to 17.9% in 1998. A steady increase was observed in all
states; in both sexes; across age groups, races, educational levels; and occurred regard-
less of smoking status. The greatest magnitude of increase was found in the following
groups: 18- to 29-year-olds (7.1% to 12.1%), those with some college education (10.6%
to 17.8%), and those of Hispanic ethnicity (11.6% to 20.8%). The magnitude of the
increased prevalence varied by region (ranging from 31.9% for mid Atlantic to 67.2%
for South Atlantic, the area with the greatest increases) and by state (ranging from 11.3%
for Delaware to 101.8% for Georgia, the state with the greatest increases).

Conclusions Obesity continues to increase rapidly in the United States. To alter this
trend, strategies and programs for weight maintenance as well as weight reduction

must become a higher public health priority.
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The BRFSS questionnaire concerns per-
sonal behaviors that increase risk for 1
or more of the 10 leading causes of
death in the United States.®

The BRFSS uses a multistage cluster
design based on random digit dialing
methods to select a representative
sample from each state’s noninstitution-
alized residents.”'® Data collected from
each state are pooled to produce nation-
ally representative estimates.” Further
details about the BRFSS have been pub-
lished.*!°

We calculated body mass index (BMI)
(weight in kilograms divided by the
square of height in meters) based on self-
reported weight and height. Partici-
pants were classified as obese if their BMI
was greater than or equal to 30 kg/m*."!
Questions on leisure-time physical ac-

©1999 American Medical Association. All rights reserved.

tivity were included in the BRFSS only
in1991,1992,1994, 1996, and 1998 and
were used to create a leisure-time physi-
cal activity score: inactive, irregularly ac-
tive, regular, not intense, and regular, in-
tense.'> We used SAS and SUDAAN
statistical software in the analyses and
to account for the complex sampling de-
sign."*!'* Because of the large sample size
(more than 100000 participants each
year), we have not emphasized statisti-
cal testing.

Author Affiliations: Division of Nutrition and Physi-
cal Activity (Drs Mokdad, Serdula, Dietz, and Bow-
man), Office of the Director, National Center for
Chronic Disease Prevention and Health Promotion (Dr
Marks), and Office of the Director (Dr Koplan), Cen-
ters for Disease Control and Prevention, Atlanta, Ga.
Corresponding Author and Reprints: Ali H. Mok-
dad, PhD, Division of Nutrition and Physical Activity,
4770 Buford Hwy NE, Mailstop K26, Atlanta, GA
30341-3717 (e-mail: ahm1@cdc.gov).
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]
Table 1. Obesity Prevalence in Adults and Mean Weight by Year, 1991 to 1998*

Year
l 1991 1992 1993 1994 1995 1996 1997 1998
Obese, %

Total 12.0(0.18) 12.7 (0.17) 13.6 (0.17) 14.4 (0.18) 15.3 (0.20) 15.8(0.17) 16.4 (0.16) 17.9 (0.17)
Men 11.7 (0.26) 12.3 (0.24) 13.7 (0.26) 14.6 (0.28) 15.6 (0.32) 15.5(0.25) 16.6 (0.26) 17.7 (0.25)
Women 12.2 (0.24) 13.0 (0.28) 13.5(0.22) 14.2 (0.23) 14.9 (0.24) 16.1 (0.22) 16.3 (0.22) 18.1 (0.28)

Weight, kg

Total 73.1(0.09) 73.6 (0.08) 74.0 (0.08) 74.5 (0.09) 75.0 (0.10) 75.2 (0.08) 75.5 (0.08) 76.2 (0.08)
Men 81.5(0.12) 82.0 (0.11) 82.4 (0.11) 83.1(0.12) 83.5(0.15) 83.4 (0.11) 83.8 (0.11) 84.4 (0.11)
Women 65.1 (0.10) 65.7 (0.09) 66.1 (0.09) 66.4 (0.09) 66.9 (0.10) 67.4 (0.09) 67.6 (0.09) 68.4 (0.09)

*Data were collected using the Behavioral Risk Factor Surveillance System, a cross-sectional random-digit telephone survey. Data in parentheses are SE.

]
Table 2. Changes in Obesity Prevalence in Adults by Characteristics*

Characteristic 1991 1998 Difference % Increase

Sex

Men 11.7 (0.26) 17.7 (0.25) 6.0 51.5

Women 12.2 (0.24) 18.1 (0.28) 5.9 47.4
Age,y

18-29 1(0.29) 12.1(0.34) 5.0 69.9

30-39 11.3(0.34) 16.9 (0.35) 5.6 49.5

40-49 15.8 (0.48) 21.2(0.41) 5.4 34.3

50-59 16.1 (0.58) 23.8 (0.51) 7.7 47.9

60-69 14.7 (0.52) 21.3 (0.53) 6.6 44.9

=70 11.4 (0.53) 14.6 (0.42) 3.2 28.6
Race

White 11.3(0.18) 16.6 (0.18) 5.3 47.3

Black 19.3 (0.68) 26.9 (0.62) 7.6 39.2

Hispanic 11.6 (0.76) 20.8 (0.74) 9.2 80.0

Other 3(0.88) 11.9(0.87) 4.6 62.0
Education levels

< High school 16.5 (0.48) 24.1 (0.56) 7.6 46.0

High school 13.3 (0.30) 19.4 (0.30) 6.1 46.1

Some college 10.6 (0.36) 17.8(0.32) 7.2 67.5

= College 0(0.30) 13.1(0.27) 5.0 62.9
Smoking status

Never 12.0 (0.24) 17.9 (0.24) 5.9 48.5

Ex-smoker 14.0 (0.37) 20.9 (0.36) 6.9 49.4

Current 9.9 (0.32) 14.8 (0.39) 4.9 50.3

*Data are presented as mean (SE) percentage unless otherwise indicated.

We excluded from our trend analy-
ses 6 states because they did not collect
weight and height for 1 or more years:
Arkansas (1992), the District of Colum-
bia (1995), Kansas (1991), Nevada
(1991), Rhode Island (1994), and Wyo-
ming (1991,1992,and 1993). However,
we included the data for all available years
for these and all other states in our maps.
We used the US Bureau of Census
method of grouping states into regions.

RESULTS

The prevalence of obesity increased
from 12.0% in 1991 to 17.9% in 1998
(TABLE 1). Obesity increased in men and

1520 JAMA, October 27, 1999—Vol 282, No. 16

women and across all sociodemo-
graphic groups (TABLE 2), with the high-
estincrease among the youngest ages and
higher education levels. Among His-
panic men, the prevalence of obesity in-
creased from 10.0% in 1991 to 18.3% in
1997 and for Hispanic women from
13.2% to 23.4%. The prevalence of obe-
sity increased steadily from 1991 to 1998
in all states (FIGURE).

In 1991, 4 of the 45 participating
states had obesity rates of 15% or higher
(TABLE 3). By 1998, 37 states had rates
higher than 15%. The magnitude of the
increase varied by region (ranging from
31.9%-67.2% increase in the mid Atlan-

tic and South Atlantic regions, respec-
tively) and by state, ranging from 11.3%
in Delaware to 101.8% in Georgia.

In 1991, the level of leisure-time
physical activity was 29.7% inactive,
28.4% irregularly active, 33.2% regular
not intense, and 8.7% regular intense.
In 1998, they were 28.6% inactive,
28.2% irregularly active, 29.6% regular
not intense, and 13.6% regular intense.

To exclude the possibility that de-
mographic differences accounted for the
variation in obesity prevalence be-
tween the states, we computed the age-,
sex-, and race-adjusted prevalence of
obesity. Although the adjusted rates
were higher than the unadjusted rates,
similar patterns were observed among
states and over time. Therefore, we only
report the unadjusted estimates.

COMMENT

These data show that obesity increased
in every state, in both sexes, and across
all age groups, races, educational levels,
and smoking statuses. Rarely do chronic
conditions such as obesity spread with
the speed and dispersion characteristic
of a communicable disease epidemic.
However, this rapid trajectory of obe-
sity may present both clues to origin and
measures for efficient attempts to con-
trol its spread.

Since overweight participants in self-
reported studies tend to underestimate
their weight and all participants tend to
overestimate their height; true rates of
obesity are likely underestimated.'>!¢
Moreover, people without telephones are
not surveyed through BRFSS, and such
individuals are likely to be of lower so-
cioeconomic status, a factor that is as-

©1999 American Medical Association. All rights reserved.
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sociated with obesity.'"'® The net effect
of these limitations is that the preva-
lence of obesity reported herein is likely
a conservative estimate. In fact, the
prevalence of obesity from NHANES I1I
(1988-1994) in which weight and height
were measured by health professionals
was 22.5% in adults, more than a third
higher than the rates reported in our
survey.’

The BRFSS data provide states with
unique population-based estimates of
self-reported obesity against which pre-
vention efforts may be evaluated. State-
level population-based estimates of obe-
sity should be used to provide each state
with a basis for setting priorities for
public health interventions.

THE SPREAD OF OBESITY IN THE UNITED STATES

This rapid increase in obesity in all
segments of the population and re-
gions of the country implies that there
have been sweeping changes in US so-
ciety that are contributing to weight gain
by fostering energy intake imbalance.
Such changes are unlikely to be due to
diminished individual motivation to
maintain weight or in genetic or other
biological changes in the population.

We focused on describing the
changes in patterns of obesity instead
of its contributory factors, such as al-
terations in diet, activity patterns, or
other behaviors that affect energy bal-
ance. However, our data demonstrate
that a major contributor to obesity—
physical inactivity—has not changed

substantially at the population level
between 1991 and 1998. By focusing on
the challenge of stopping the obesity
epidemic and the profound negative
health consequences of obesity, it is
important to increase the awareness and
involvement of health professionals in
dealing with the epidemic.

Our data suggest that the develop-
ment of strategies and programs for
weight maintenance as well as weight
reduction must become a higher pri-
ority. Public health messages should
focus increasingly on balancing energy
intake with physical activity. To con-
trol the obesity epidemic, a wide range
of population groups, including phy-
sicians and other health care profes-

]
Figure. Prevalence of Obesity Among US Adults From Years 1991, 1993, 1995, and 1998

1991

1995

RN
e

&

0O<10% E10%to15% M>15%

1993

1998

Data were calculated using the Behavioral Risk Factor Surveillance System. States are white in the years 1991 and 1993 because information on weight and height was

not collected.
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ional lic health professionals, leg-
Table 3. Changes in Obesity Prevalence in Adults by Region and State* sionals, public health professionals, leg

islators, communities, work sites, and

1991 1998 Difference % Increase o .
organlzatlons, must become engaged m
New England 9.9 (0.52) 14.4 (0.43) 4.5 45.8 workine toward a solution
Maine 12.1 (1.08) 17.0 (1.07) 4.9 40.1 & ’
New Hampshire 10.4 (0.87) 14.7 (1.05) 4.3 40.9 Acknowledgment: We thank David E. Nelson, MD,
Vermont 10.0 (0.83) 14.4 (0.74) 4.3 42.9 MtPH and Nancy L. Silver, MS, for their valuable as-
Massachusetts 8(0.82) 13.8(0.68) 5.0 56.0 sistance.
Connecticut 10.9 (0.85) 14.7 (0.83) 3.8 34.4 REFERENCES
Mid Atlantic 12.7 (0.51) 16.7 (0.50) 4.0 31.9 Al " F AndaRE. Lew A 1
New York 12.8 (0.85) 15.9 (0.84) 3.1 24.2 :énsﬁe\t BL;zr,;A#'yvvelilgingﬁt?ol’pr:cg;svine:gult’s. :érir-z
New Jersey 7(0.88) 15.2 (0.89) 5.5 57.0 J Public Health. 1994;84:1821-1824.
Pennsylvania 14.4 (0.81) 19.0 (0.77) 4.6 32.0 2. y@iamsin D'F'hsteirdu'%ct '\e/\n'f gr\gzjﬁtvsﬁg %BZ-
ers T. Current weight loss a in adults. ub-
East north central 14.1 (0.45) 19.1 (0.43) 5.0 35.6 lic Health. 1992;82:1251-125;
Ohio 14.9 (1.18) 19.5 (1.05) 4.6 31.0 3. Flegal KM, Carrol MD, Kuczmarski RJ, Johnson CL.
: Overweight and obesity trends in the United States:
Inldlalna 14.8 (0.89) 19.5 (0.90) a7 816 prevalence and trends, 1960-1994. Int J Obes Relat
llinois 12.7(0.84) 17.9(0.83) 5.2 40.1 Metab Disord. 1998;22:39-47.
Michigan 15.2 (0.84) 20.7 (0.91) 55 35.9 4. GalLijSka DA, Serduria M, Pamuk E(,j Slieg;el P, Byers
: . T. Trends in overweight among US adults from 1987
Wisconsin 12.7 (0.99) 17.9 (0.97) 52 411 to 1993: a multistate telephone survey. Am J Public
P
West north central 12.2 (0.41) 18.0 (0.40) 5.8 48.1 Health. 1996;86:1729-1735.
Minnesota 10.6 (0.57) 15.7 (0.60) 5.1 47.6 5. Ntart)ionall lnslﬂtutlgi lof F:fraltt_h Confsg;ustDe:'elﬂtpé
lowa 14.4 (1.01) 19.3(0.78) 4.9 33.9 ?nepr;icazgisogf oebisitywzrll;allnotr;r? /Vledés’ll 555;?03:
Missouri 12.0 (0.90) 19.8 (0.92) 7.8 65.0 1073-1077.
7(1.03 5.8 44.7 6. Pi-Sunyer FX. Health implications of obesity. Am J
North Dakota 12.9 (0.87) 18.7 (1.09) Clin Nutr. 1991;53(suppl 6):15955-1603S.
South Dakota 12.8 (0.89) 15.4 (0.94) 26 20.2 7. Wolf AM, Colditz GA. Social and economic ef-
Nebraska 12.5 (1.09) 17.5(0.81) 5.0 39.8 fects of body weight in the United States. Am J Clin
South Atlantic 11.1 (0.34) 18.6 (0.35) 75 67.2 Q’“gé;?:;fj&“F;ﬁ:ifgil‘\‘ffsv'\j‘if“iﬁason OF Anda R
Delaware 14.9 (1.07) 16.6 (1.02) 1.7 11.8 Gentry EM, Hogélin CG. Désign, character}stics, and'
Maryland 11.2 (0.92) 19.8 (0.96) 8.6 75.8 usgﬁ‘ulness of state—basedb?ehavi7rzl risk factor sur-
Virginia 10.1 (0.84) 18.2 (0.95) 8.1 80.3 \3/26‘:1;1;; 1981-1987. Public Health Rep. 1988;103:
West Virginia 15.2 (0.88) 22.9 (0.96) 7.7 50.2 9. Waksberg JS. Methods for random digit dialing.
North Carolina 13.0 (0.91) 19.0 (1.06) 6.0 46.4 4 g\mstat A[S)Sga 1378:735“\)/;/4?- M, Leutzinger L
. . Nelson DE, Holtzman D, Waller M, Leutzi ,
South Carolina 13 8(0.94) 20.2 (0.87) 6.4 46.7 Condon K. Objectives and design of the Behavioral
Georgia 2 (0.75) 18.7 (0.93) 9.5 101.8 Risk Factor Surveillance System. In: Proceedings of the
- Section on Survey Methods of the American Statisti-
Florida 10 100.75) 174 (0.65) /3 718 cal Association National Meeting; August 10, 1998;
East south central 13.1 (0.44) 20.0 (0.46) 6.9 52.1 Dallas, Tex.
Kentucky 12.7 (0.86) 19.9 (0.75) 7.2 55.9 11. WHO Expert Committee on Physical Status. The
Use and Interpretation of Anthropometry: Report of
Tennessee 12.1(0.74) 18.5 (0.84) 6.4 53.0 a WHO Expert Committee. Geneva, Switzerland:
Alabama 13.2 (0.88) 20.7 (1.05) 7.5 56.6 World Health Organization; 1995. World Health Or-
rat g .
Mississippi 15.7 (1.11) 22.0 (1.00) 6.3 40.2 ;g;nlzcatlon TecfglC;' lres%r;f\ Sgﬂii 5834-5 e
. Caspersen CJ, Pollard RA, Pra . Scoring physi-
West south central 18.1(0.73) 19.9 (0.51) 6.8 51.9 cal activity data with special consideration for elderly
Louisiana 15.7 (1.16) 21.3(1.10) 5.6 35.6 Populfa:ir?n;. Ir;):l_Prlc_)iceelai]ngs ol;the21st Nagionaldl\/\eet(;
Klah 11. 18.7 (0. 6.8 57.6 ing of the Public Hea onference on Records an
Oklahoma 9(0.89) 8.7 (0.89) Statistics: Data for an Aging Population; July 13-15,
Texas 12.7 (0.99) 19.9 (0.65) 72 56.0 1987; Hyattsville, Md. National Center for Health Sta-
Mountain 6 (0.40) 14.1 (0.60) 4.5 46.9 tistics/Dept of Health and Human Services publica-
Montana 40092) 14.7 (0.89) 53 56.0 FIlgn SP:SS;B)?S_;E; ‘[1c.omputer program], Version 6.12
Idaho 11.7 (0.85) 16.0 (0.62) 43 87.1 Cary, NC: SAS Institute Inc; 1998. o
Colorado 4(0.72) 14.0 (0.96) 5.6 66.6 14. /\S};hah BIVkB/arnm;”BBg, BieleL ?S- SL{DF/jAQI ,ﬁ/é
; er's Manual, Release 7.5. Research Triangle Park, NC:
New Mexico 8(0.93) 14.7 (0.66) 6.9 89.0 Research Triangle Institute; 1997.
Arizona 11. O (0.93) 12.7 (1.58) 1.7 15.6 15. Rowland ML. Self-reported weight and height.
Utah 7(0.77) 15.3 (0.91) 5.6 56.8 Am J Clin Nutr. 1990;52:1125-1133.
> 16. Palta M, Prineas RJ, Berman R, Hannan P. Com-
Pacific 10 2 (0.49) 17.0 (0.53) 6.8 66.8 parison of self-reported and measured height and
Washington 9(0.72) 17.6 (0.80) 7.7 77.2 weight. Am J Epidemiol. 1982;115:223-230.
17. Aday LA. Designing and Conducting Health Sur-
Oregonl 11.2 (060 17.8(0.99) 6.6 59.1 veys: A Comprehensive Guide. San Francisco, Calif:
California 10.0 (0.63) 16.8 (0.69) 6.8 66.7 Jossey-Bass Publishers; 1989:79-80.
Alaska 13.1 (1.27) 20.7 (1.29) 7.6 57.7 18.|Bray GA].c Alr; approach to the classifica(tiiofr} and
- evaluation of obesity. In: Bjorntrop P, Brodoff BN,
Hawail 10.4(0.80) 15.3(1.10) 49 47 eds. Obesity. Philadelphia, Pa: JB Lippincott Co;
*Data are presented as percentage and mean (SE) unless otherwise indicated. 1992:301.
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