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THERE HAS BEEN A MARKED IN-
crease in overweight and obe-
sity in the United States over the
past 25 years, with the preva-

lence of obesity among adults aged 20 to
74 years rising from 13% to 31%.1-3 This
increase in prevalence of obesity has oc-
curred among both men and women and
across all racial/ethnic and age groups.
Prospective cohort studies as well as na-
tional surveys have shown that obese in-
dividuals have an increased risk of sev-
eral adverse health outcomes, notably
hypertension, diabetes, cardiovascular
disease (CVD), arthritis, disability, and
mortality.4-8 Accordingly, numerous
clinical consensus panels and public
health organizations have recom-
mended that persons with a body mass
index (BMI) of 30 or higher, or with risk
factors and a BMI of 25 or higher, achieve
and maintain a lower weight.9,10

Despite the scope and magnitude of
the observed increases in obesity, the
health implications of these trends for the
US population remain unclear. Al-
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Context Prevalence of obesity in the United States has increased dramatically in re-
cent decades, but the magnitude of change in cardiovascular disease (CVD) risk fac-
tors among the growing proportion of overweight and obese Americans remains un-
known.

Objective To examine 40-year trends in CVD risk factors by body mass index (BMI)
groups among US adults aged 20 to 74 years.

Design, Setting, and Participants Analysis of 5 cross-sectional, nationally rep-
resentative surveys: National Health Examination Survey (1960-1962); National Health
and Nutrition Examination Survey (NHANES) I (1971-1975), II (1976-1980), and III
(1988-1994); and NHANES 1999-2000.

Main Outcome Measures Prevalence of high cholesterol level (�240 mg/dL
[�6.2 mmol/L] regardless of treatment), high blood pressure (�140/90 mm Hg
regardless of treatment), current smoking, and total diabetes (diagnosed and undiag-
nosed combined) according to BMI group (lean, �25; overweight, 25-29; and obese,
�30).

Results The prevalence of all risk factors except diabetes decreased over time across
all BMI groups, with the greatest reductions observed among overweight and obese
groups. Compared with obese persons in 1960-1962, obese persons in 1999-2000
had a 21-percentage-point lower prevalence of high cholesterol level (39% in 1960-
1962 vs 18% in 1999-2000), an 18-percentage-point lower prevalence of high blood
pressure (from 42% to 24%), and a 12-percentage-point lower smoking prevalence
(from 32% to 20%). Survey � BMI group interaction terms indicated that compared
with the first survey, the prevalence of high cholesterol in the fifth survey had fallen
more in obese and overweight persons than in lean persons (P�.05). Survey � BMI
changes in blood pressure and smoking were not statistically significant. Changes in
risk factors were accompanied by increases in lipid-lowering and antihypertensive medi-
cation use, particularly among obese persons. Total diabetes prevalence was stable
within BMI groups over time, as nonsignificant 1- to 2-percentage-point increases oc-
curred between 1976-1980 and 1999-2000.

Conclusions Except for diabetes, CVD risk factors have declined considerably over
the past 40 years in all BMI groups. Although obese persons still have higher risk fac-
tor levels than lean persons, the levels of these risk factors are much lower than in
previous decades.
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though increases in obesity have been ac-
companied by increases in diabetes,11-13

the association between obesity trends
and other CVD risk factors remains less
certain. In the overall population, mor-
tality rates from ischemic heart disease
as well as levels of key CVD risk factors
have declined during the past 30
years,14-19 but whether comparable im-
provements have occurred across levels
of BMI remains unknown.

Using data from the 5 consecutive na-
tionally representative health surveys
conducted during the last 40 years, we
examined whether long-term secular
changes in levels of key cardiovascular
risk factors have been different in over-
weight or obese persons compared with
lean persons. We examined changes in
current smoking status, diagnosed and
undiagnosed diabetes, and high blood
pressure and high total cholesterol lev-
els. For blood pressure and cholesterol,
we analyzed actual values, regardless of
treatment, so that levels could be influ-
enced by trends in medical care as well
as by environmental and behavioral
changes that may have occurred.

METHODS
Overall Design and Study
Population

The National Health Examination
Survey (NHES) and the National Health
and Nutrition Examination Surveys
(NHANES) are a series of cross-
sectional health examination surveys
representative of the United States ci-
vilian noninstitutionalized population.
They were conducted in 1960-1962
(NHES), 1971-1975 (NHANES I), 1976-
1980 (NHANES II), 1988-1994
(NHANES III) , and 1999-2000
(NHANES 1999-2000). Each of the sur-
veys followed a stratified multistage
probability design in which a sample of
the US population is selected. Detailed
descriptions of the plan and operation
of each survey have been published.20-24

To maximize comparability across the
5 surveys, we restricted analyses to ex-
amined, nonpregnant adults who were
aged 20 to 74 years. This consisted of
6257, 12 911, 11 765, 14 319, and 3601
persons in the 5 surveys, respectively.

NHANES III and NHANES 1999-
2002 have undergone institutional re-
view board approval and included writ-
ten informed consent. Institutional
review board approval using current
standards was not obtained for NHES,
NHANES I, or NHANES II, but internal
human subjects review was conducted.

Measurements

Each survey included a standardized ex-
amination to obtain information on
height, weight, and CVD risk factors.
Weight and height were measured by a
standard protocol and used to calcu-
late BMI; ie, weight in kilograms di-
vided by the square of height in me-
ters. We refer to BMI groups of �25, 25
to 29.9, and �30 as “lean,” “over-
weight,” and “obese,” respectively. Four
CVD risk factors were analyzed: serum
total cholesterol concentration, blood
pressure, smoking status, and diabetes.
These risk factors were chosen because
they were assessed in at least 4 surveys,
using similar methods across all surveys.

Cholesterol analyses were conducted
onvenousbloodserumsamplesandstan-
dardized according to previously pub-
lished methods.16,25,26 The samples were
frozen at −20°C and shipped weekly on
dry ice to the laboratory conducting the
lipid analyses. The NHES and NHANES
I measurements were made in the Cen-
ters for Disease Control and Prevention
Lipid Standardization Laboratory. The
NHANES II, III, and 1999-2000 mea-
surements were made in lipid research
clinic laboratories that were standard-
ized for cholesterol measurements
according to the criteria of the CDC–
National Heart, Lung, and Blood Insti-
tute Lipid Standardization Program.

Blood pressure was measured accord-
ing to standard protocols that differed
somewhat across the 5 surveys.15 For
consistency, we used only blood pres-
suremeasurements conducted in themo-
bile examination center with partici-
pants in a seated position. Because large
adult and thigh blood pressure cuffs were
available only for the latter 2 surveys,
blood pressure could be overestimated
among obese persons in early surveys.
Thus, we computed an adjusted blood

pressure according to methods sug-
gested by Maxwell et al27 to account for
arm circumference and cuff size.28

Previously diagnosed diabetes was
determined by asking participants
whether a physician or other health care
professional had ever told the respon-
dent that he or she had diabetes. For
the latter 3 surveys, undiagnosed dia-
betes was assessed among subsamples
(n = 3786, n = 5791, and n = 1434 in
NHANES II, III, and 1999-2000, re-
spectively) of nondiabetic persons ran-
domly assigned to a morning fasting ex-
amination session.29-32 Procedures for
blood collection and processing have
been described.23,24,29,31,32 We used
American Diabetes Association diag-
nostic criteria for undiagnosed diabe-
tes (fasting glucose level �126 mg/dL
[6.99 mmol/L]). Total diabetes preva-
lence was calculated as the sum of the
diagnosed diabetes from the interview
sample and undiagnosed diabetes from
the fasting morning sample, adjusted
using methods previously described.30

To determine current cigarette smok-
ing, respondents were asked, “Have you
smoked at least 100 cigarettes in your en-
tire life?” and “Do you smoke cigarettes
now?” Current smoking was defined as
a positive answer to both questions.
Smoking was not assessed in the NHES
and, thus, is reported only for the latter
4 surveys. For NHANES I, only a sub-
sample of persons aged 25 to 74 years
were asked about smoking. Thus, for
smoking, we restricted our analyses to
persons aged 25 to 74 years for the re-
maining surveys (n=3823, n=10 389,
n=12641, and n=3271 among NHANES
I, II, III, and 1999-2000, respectively).

Definitions of Primary Outcomes

We defined high blood pressure as
systolic blood pressure of at least 140
mm Hg or diastolic blood pressure of
at least 90 mm Hg28 using the cuff-size–
corrected measurements. We defined
high total cholesterol level as at least
240 mg/dL (6.20 mmol/L).33 High blood
pressure and high cholesterol level were
defined according to levels of control
regardless of use of medications. These
definitions better capture the impact of
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secular clinical and public health fac-
tors and are less vulnerable to recall bias
than definitions based on treatment sta-
tus. Although current standards rec-
ommend lower levels of total choles-
terol and blood pressure, these cut
points represent common definitions of
risk factors across the period of our
study (1960-2000). Smoking was de-
fined as smoking status at the time of
the survey. Total diabetes was defined
as either previously diagnosed diabe-
tes (by self-report) or, for those with-
out previously diagnosed diabetes, a
fasting glucose level of at least 126
mg/dL (6.99 mmol/L). Since fasting glu-
cose measurements were available only
for the latter 3 surveys, we conducted
additional analyses of diagnosed dia-
betes across all 5 surveys.

Participants were asked about whether
they had been told by a physician to take
prescribed medicine to lower blood cho-
lesterol level and whether they were cur-
rently taking medication for high blood
pressure. These were used to define the
prevalence of medication use, with the
entire population used as the denomi-
nator. We also used this information to
perform additional analyses in which we

defined the outcome as having a high
level or taking medication treatment for
the condition. For the latter analysis,
prevalence of lipid-lowering medica-
tion use during the first 3 surveys (1960-
1980) was assumed to be zero.

Statistical Analysis

For all surveys, sampling weights had
been calculated that take into account
unequal probabilities of selection result-
ing from the sample design, nonre-
sponse, andplannedoversamplingof cer-
tain subgroups. Data management was
conducted using SAS software, version
9.1.34 Standard errors were calculated
with SUDAAN software, version 9.0, to
account for the complex sample and to
apply survey weights to make results rep-
resentative of the civilian, noninstitu-
tionalized US population.35 For esti-
mates of total diabetes, we computed
standard errors using a jackknife vari-
ance estimator because the summation
of diagnosed and undiagnosed diabetes
violated assumptions of statistical inde-
pendence.36 For high cholesterol, high
blood pressure, smoking, and diag-
nosed diabetes, we used multiple logis-
tic regression and computed predictive

marginals to estimate the prevalence of
each CVD risk factor by survey and BMI
group when controlling for age and sex.36

Predictive marginals are a type of direct
standardization in which the predicted
values from the logistic regression mod-
els are averaged over the covariate dis-
tribution of the population. Using the
predictive marginals and standard er-
rors,wepresentdifferencesand95%con-
fidence intervals (CIs) in prevalence of
risk factors over time according to BMI
group. Significance of interaction terms
between BMI groups and survey years
from the logistic models were assessed
to determine if changes throughout the
40-year period and between the first and
last surveys differed by BMI group.

RESULTS
TABLE1 liststhecharacteristicsofthepar-
ticipants across the 5 NHANES surveys,
weighted to the US population. In addi-
tion to thepreviously reported increases
inbodyweightandBMI,1,2 substantial in-
creases in educational level occurred
across theperiodcoveredbythesurveys.
Within BMI strata, there were generally
onlyminor increases inmeanBMIacross
surveys.Withintheobesecategory,how-
ever, mean BMI increased from 33.6 in
1960-1962 to 35.8 in 1999-2000.

As has been previously docu-
mented,15,16,19 there were large reduc-
tions (33% to 52% relative to baseline)
intheprevalenceofhighcholesterol level,
high blood pressure, and smoking in the
overall population during the past 30 to
40 years (TABLE 2). However, the preva-
lence of obesity and diagnosed diabetes
doubledduring thisperiod, andbetween
1976-1980 and 1999-2000, the preva-
lence of total (diagnosed and undiag-
nosed) diabetes increased by 55%.1,2,29,32

CVD Disease Risk Factors by BMI

Between 1960-1962 and 1999-2000, the
age- and sex-adjusted prevalence of high
cholesterol, high blood pressure, and
smoking levels decreased among all BMI
groups (Table 2). The prevalence of total
diabetes remained stable within BMI
groups across decades, while the preva-
lence of diagnosed diabetes increased
among overweight and obese groups.

Table 1. Survey Sample Characteristics*

Characteristics

NHES
1960-1962
(n = 6257)

NHANES I
1971-1975
(n = 12 911)

NHANES II
1976-1980
(n = 11 765)

NHANES III
1988-1994
(n = 14 319)

NHANES
1999-2000
(n = 3601)

Age distribution, %, y
20-44 54.4 54.2 56.2 60.4 57.5

45-64 34.9 35.3 32.8 28.4 32.2

65-74 10.8 10.5 11.0 11.2 10.3

Female, % 52.6 52.2 51.9 50.8 50.4

High school education, % 31.8 34.6 32.0 23.1 23.3

Height, mean, cm 166.4 168.0 168.3 168.9 169.1

Weight, mean, kg 70.3 71.6 71.9 76.1 80.4

BMI in each category, mean†
Overall 25.4 25.3 25.3 26.6 28.0

�25 21.9 21.8 21.9 22.1 22.2

25-29.9 27.2 27.1 27.1 27.2 27.4

�30 33.6 34.1 34.2 34.8 35.8

Respondents in each
BMI category, %

�25 52.1 53.4 54.0 45.4 36.3

25-29.9 33.3 32.3 31.5 32.1 33.3

�30 14.6 14.3 14.5 22.5 30.4
Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHES, National Health Examination Sur-

vey.
*Estimates are weighted to be representative of the US noninstitutionalized population aged 20 to 74 years.
†Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.
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Absolute reductions in the preva-
lence of high cholesterol between 1960
and 2000 were greater for overweight
(21-percentage-point decline; 95% CI,
17%-25%) and obese persons (21-
percentage-point decline; 95% CI, 15%-
27%) than for those of lean persons (12-
percentage-point decline; 95% CI, 8%-
16%). Obese persons had a 9- to 12-
percentage-point higher prevalence
of high cholesterol level than lean per-
sons across all surveys, but by 1999-
2000, this difference was only 2.7 per-
centage points. The overall test for the
8 survey�BMI interaction terms was not
statistically significant. However, the in-
teraction terms comparing change in
prevalence of high cholesterol level be-
tween the first and fifth surveys showed
a statistically significantly greater reduc-
tion in prevalence of high cholesterol
level among obese (P=.02) and over-
weight (P�.05) persons compared with
lean persons.

Prevalence of high blood pressure
also tended to decline more over time
among obese (18 percentage points;
95% CI, 13%-23%) and overweight (17
percentage points; 95% CI, 13%-21%)
persons than among lean persons (14
percentage points; 95% CI, 11%-
18%). However, the prevalence of high
blood pressure among obese persons re-
mained at least twice that of lean per-
sons (24% vs 11%) in 1999-2000. More-
over, survey�BMI group interaction
terms comparing the first and fifth sur-
veys were not statistically significant for
obese (P=.25) and overweight (P=.76)
persons compared with lean persons,
indicating that secular declines in high
blood pressure did not differ by BMI.

The prevalence of smoking was low-
est among obese persons and highest
among lean persons across all 5 sur-
veys (Table 2). This prevalence de-
clined among all BMI groups by a simi-
lar magnitude (12- to 13-percentage-

point change across groups) such that
about one third of lean persons and one
fifth of obese persons reported smok-
ing in 1999-2000. Survey�BMI inter-
action terms were not significant for
smoking.

Prevalence of total diabetes (diag-
nosed and undiagnosed combined) was
stable over time within BMI groups, in-
creasing by only 1 to 2 percentage points
between 1976-1980 and 1999-2000. In
contrast, prevalence of diagnosed dia-
betes was about 2.5 to 3.5 times as high
in 2000 as in 1960 among overweight
(from 1.6% to 4.2%) and obese (from
2.9% to 10.1%) persons (Table 2). The
survey�BMI group interaction compar-
ing diagnosed diabetes prevalence in the
first vs fifth surveys was statistically sig-
nificant for obese persons (P=.03) but
not overweight persons (P=.28), indi-
cating that secular increases in preva-
lence of diagnosed diabetes were greater
among obese than lean persons.

Table 2. Age- and Sex-Adjusted Trends in Cardiovascular Risk Factors in the US Population Aged 20 to 74 Years*

Risk Factors by BMI Group†
NHES

1960-1962
NHANES I
1971-1975

NHANES II
1976-1980

NHANES III
1988-1994

NHANES
1999-2000

Total Change
(95% Confidence Interval)

High total cholesterol level (�240 mg/dL)
�25 27.1 22.3 22.1 13.8 15.2 −11.9 (−15.7 to −8.1)
25.0-29.9 39.2 33.1 31.2 23.3 18.7 −20.5 (−24.5 to −16.5)
�30 38.9 33.1 31.5 23.0 17.9 −21.0 (−27.1 to −14.9)
Overall 33.6 28.2 27.2 19.0 17.0 −16.6 (−19.8 to −13.4)

High blood pressure (systolic �140 mm Hg
or diastolic �90 mm Hg)

�25 24.8 27.7 20.9 10.8 10.5 −14.3 (−17.5 to −11.1)
25.0-29.9 31.8 32.0 27.6 15.0 14.9 −16.9 (−21.3 to −12.5)
�30 41.6 46.5 35.6 22.3 23.7 −17.9 (−23.0 to −12.9)
Overall 30.8 33.1 26.3 14.8 14.9 −15.9 (−18.9 to −12.9)

Smoking
�25 . . . 44.7 41.4 34.0 31.3 −13.4 (−19.1 to −7.7)
25.0-29.9 . . . 36.6 33.1 27.0 24.3 −12.3 (−17.0 to −7.6)
�30 . . . 32.5 29.7 23.6 20.2 −12.3 (−19.0 to −5.6)
Overall . . . 39.2 36.0 29.3 26.4 −12.8 (−16.5 to −9.1)

Total diabetes (diagnosed/undiagnosed)
�25 . . . . . . 3.4 3.2 4.0 0.6 (−1.2 to 2.4)
25.0-29.9 . . . . . . 4.3 6.3 6.3 2.0 (−0.2 to 4.2)
�30 . . . . . . 12.3 15.0 14.0 1.7 (−2.1 to 5.5)
Overall . . . . . . 5.3 7.4 8.1 2.8 (1.3 to 4.3)

Diagnosed diabetes
�25 1.5 2.6 2.4 2.1 2.8 1.3 (0.1 to 2.5)
25.0-29.9 1.6 2.8 3.0 4.6 4.2 2.6 (1.0 to 4.2)
�30 2.9 5.9 6.3 9.0 10.1 7.2 (5.4 to 9.0)
Overall 1.8 3.4 3.5 4.6 5.0 3.2 (2.1 to 4.1)

Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHES, National Health Examination Survey. Ellipses indicate data not collected.
SI conversion: To convert total cholesterol to mmol/L, multiply by 0.0259.
*All prevalence estimates are age- and sex-adjusted percentages. Denominators vary for cholesterol (n = 47 754), blood pressure (n = 47 172), and diabetes (n = 48 800) because

of missing data and for smoking (n = 30 124) because of missing data, smaller age range (25-74 years), and no data collected as part of the NHES.
†Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.
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Trends in Antihypertensive and
Lipid-Lowering Medications
The proportion of the overall popula-
tion receiving medication treatment for
high cholesterol level and high blood
pressure increased among all BMI groups
(TABLE 3). The prevalence of treatment
for high cholesterol increased more
among obese persons (from 3.5% to
9.2%) than among lean persons (from
2.2% to 4%), although the survey� BMI
group interaction terms were not sig-
nificant. The prevalence of treatment for
high blood pressure increased signifi-
cantly more among obese persons (from
11% to 28%) and overweight persons
(from 6% to 17%) than among lean per-
sons (from 5% to 8%) (P�.01 for inter-
action terms).

When we examined prevalence es-
timates using a definition of risk as hav-
ing either high levels or receiving treat-

ment, there were still reductions in
prevalence over time (TABLE 4). How-
ever, the magnitude of reduction in
prevalence over time was less than ob-
served in our primary analyses when
risk levels were defined irrespective of
treatment (Table 2). For example, the
magnitude of reductions in preva-
lence of having high cholesterol levels
or taking medication ranged from 9 to
13 percentage points across the 3 BMI
groups. The magnitude of reductions
in prevalence of having high blood pres-
sure levels or receiving medication
ranged from 4 to 10 percentage points
across the 3 BMI groups, with the small-
est reduction noted in the obese group
(P�.01 for interaction term).

COMMENT
In this unique series of nationally rep-
resentative surveys of the US adult

population, we documented a substan-
tial decline in the prevalence of key
CVD risk factors over the last 3 to 4
decades, affecting obese, overweight,
and lean segments of the population.
Among obese persons today, preva-
lence of high cholesterol, high blood
pressure, and smoking are now 21, 18,
and 12 percentage points lower,
respectively, than among obese per-
sons 30 to 40 years ago. The corre-
sponding reductions among lean per-
sons have been somewhat less, with
average declines of 12 to 14 percent-
age points. Although obesity remains
associated with a higher prevalence of
important CVD risk factors, differ-
ences in total cholesterol levels across
BMI groups may be narrowing, and for
blood pressure and smoking improve-
ments have been similar across BMI
groups. Thus, obese and overweight

Table 3. Age- and Sex-Adjusted Prevalence of US Adults Aged 20 to 74 Years Reporting Cholesterol and Blood Pressure Medication Use*

Medication Use
by BMI Group†

NHES
1960-1962

NHANES I
1971-1975

NHANES II
1976-1980

NHANES III
1988-1994

NHANES
1999-2000

Total Change
(95% Confidence Interval)

Cholesterol
�25 . . . . . . . . . 2.2 4.0 1.8 (0.4 to 3.2)

25.0-29.9 . . . . . . . . . 3.3 9.1 5.8 (3.6 to 8.0)

�30 . . . . . . . . . 3.5 9.2 5.7 (3.9 to 7.5)

Overall . . . . . . . . . 3.0 7.4 4.4 (3.2 to 5.6)

Blood pressure
�25 4.7 5.6 6.8 5.9 8.2 3.5 (1.1 to 5.9)

25.0-29.9 6.0 8.6 11.8 11.8 16.7 10.7 (7.9 to 13.5)

�30 11.4 14.2 18.9 19.9 27.6 16.2 (12.1 to 20.2)

Overall 6.7 8.7 11.3 11.2 15.5 8.8 (6.6 to 11.0)
Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHES, National Health Examination Survey. Ellipses indicate data not collected.
*All prevalence estimates are age- and sex-adjusted percentages. Denominators vary for cholesterol medication use (n = 17 918) and blood pressure medication use (n = 49 794).
†Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.

Table 4. Age- and Sex-Adjusted Prevalence of High Levels of or Current Treatment for Cholesterol and Blood Pressure Among US Adults
Aged 20 to 74 Years*

High Level or Medication
Use by BMI Group†

NHES
1960-1962

NHANES I
1971-1975

NHANES II
1976-1980

NHANES III
1988-1994

NHANES
1999-2000

Total Change
(95% Confidence Interval)

Cholesterol
�25 27.3 22.4 22.3 15.5 18.1 −9.2 (−13.0 to −5.4)

25.0-29.9 38.9 32.8 31.0 25.1 26.6 −12.3 (−18.2 to −6.4)

�30 38.6 32.9 31.3 25.1 25.2 −13.4 (−19.7 to −7.1)

Overall 33.5 28.1 27.1 20.8 22.5 −11.0 (−14.2 to −7.8)

Blood pressure
�25 26.0 28.9 23.5 13.7 16.2 −9.8 (−13.6 to −6.0)

25.0-29.9 33.3 34.5 32.4 21.7 25.0 −8.3 (−12.7 to −3.9)

�30 43.5 49.6 43.2 33.4 39.1 −4.4 (−9.9 to 1.1)

Overall 32.2 35.1 30.8 20.8 24.2 −8.0 (−11.4 to −4.6)
Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHES, National Health Examination Survey.
*All prevalence estimates are age- and sex-adjusted percentages. Denominators vary for high cholesterol level/medication use (n = 47 752) and high blood pressure/medication

use (n = 47 714).
†Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.
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persons may be at lower risk of CVD
now than in previous eras.

Diabetes is a notable exception to the
observed reduction in risk factors, as
prevalence of total diabetes (ie, diag-
nosed and undiagnosed combined) did
not decrease within BMI groups. This
was accompanied by a 55% increase in
total diabetes among the overall popu-
lation (ie, all BMI groups combined), pre-
sumably due to an increasing propor-
tion of the population moving into the
obese categories. Diagnosed diabetes
alone, on the other hand, increased more
among obese persons than other groups,
but presumably due to greater in-
creases in detection among obese than
lean persons. In a detailed examination
of diabetes trends,13 we recently found
thatundiagnoseddiabetesdecreasedcon-
siderably among the most obese per-
sons (particularly those with BMI �35),
and the proportion of total cases that
were diagnosed increased dramatically.
These observations, combined with our
findings of increased cholesterol-
lowering and antihypertensive medica-
tion use, also suggest that the health care
system is placing greater emphasis on
preventive care among obese persons.

The observation that obese persons
now have better CVD risk factor pro-
files than their leaner counterparts did
20 to 30 years ago, combined with trend
data in the general population, sug-
gests that other factors may be compen-
sating for the increases in obe-
sity.15,17,18,37-43 Studies have documented
a mixture of both deleterious and ben-
eficial trends in the US population.
Trends promoting obesity include in-
creases in total calories, portion sizes, re-
fined carbohydrates, and fast food in-
take.18,39-41,44,45 Healthy trends include
decreases in the proportion of dietary
saturated fat; increases in fruits, veg-
etables, and the proportion of polyun-
saturated and monounsaturated fats in
the diet17,18,39-43; and decreased smok-
ing, which, ironically, may have con-
tributed somewhat to increasing obe-
sity.43 Although trends in overall physical
activity levels remain unclear, recent es-
timates suggest walking prevalence may
have increased, particularly among obese

persons.46 All of these changes appear to
be overlaid on a background of in-
creased awareness, aggressive identifi-
cation, and pharmacological treatment
of high cholesterol and blood pressure
levels.15,37,38 Increased awareness about
obesity and its association with CVD
may have further fueled the changes ob-
served among overweight and obese per-
sons. The net result of these phenom-
ena may be a population that is,
paradoxically, more obese, diabetic, ar-
thritic, disabled, and medicated, but with
lower overall CVD risk.2,4-7,47

Although our study does not directly
address the causes of changes in risk fac-
tors, our results are consistent with both
pharmacological and nonpharmacologi-
cal factors playing a causal role. Two ob-
servations support a role for pharmaco-
logical factors: First, we found that the
prevalence of lipid-lowering and anti-
hypertensive medication increased in all
groups, particularly among obese per-
sons. Second, when we defined our out-
comes as either high levels or receipt of
treatment, we found that the magni-
tude of reduction was less than in our pri-
mary analyses, where risk was defined
irrespective of treatment. However, we
interpret these latter findings with cau-
tion because changes in clinical defini-
tions and treatment guidelines over time
make people more likely to be treated at
lower levels of risk in later surveys. This
could have the effect of overestimating
prevalence in later surveys when we de-
fine risk as either high levels or receipt
of treatment. Furthermore, our obser-
vation that risk factors were lower over
time regardless of whether treatment was
part of the definition suggests that non-
pharmacological factors influenced these
trends as well.

Our findings are supported by other
ecologic observations, including reduc-
tions in CVD and ischemic heart dis-
ease mortality in the general popula-
tion,14,19 as well as simultaneous BMI
increases and CVD risk factor reduc-
tions in the Minnesota Heart Survey.18

A report from the WHO-MONICA
study48 that examined the correlation be-
tween changes in risk factors and coro-
nary heart disease (CHD) incidence rates

from 38 separate international popula-
tions found that increasing BMI trends
were actually associated with declining
CHD rates among men; among women,
there was no association between
changes in BMI and CHD. These find-
ings from the WHO-MONICA study
suggest that changes in obesity are a rela-
tively minor determinant of CHD trends
and remind us that BMI is only one
among many determinants of CVD risk.

Our analyses have several limita-
tions. First, we did not examine BMI-
specific trends in dietary intake, physi-
cal activity levels, lipid subfractions, body
fat distribution, inflammation markers,
musculoskeletal disorders, or health-
related quality of life. Second, the lack
ofextra-largebloodpressurecuffs inearly
surveys could exaggerate earlier blood
pressure levels as well as declines in
blood pressure among obese persons
over time. However, we corrected all
blood pressure values for cuff size and
arm circumference. Third, the sample
size for NHANES 1999-2000 was con-
siderably smaller than the earlier sur-
veys. Inferences about changes be-
tween the latter 2 surveys should thus
be drawn with caution. Fourth, our
analyses did not adjust for shifts in race/
ethnicity over survey years because of
changes in the way race/ethnicity was as-
sessed. However, when we adjusted for
nonwhite race, we found essentially no
difference in our findings. Finally, we ex-
amined some risk factors irrespective of
treatment. This assumes, not quite cor-
rectly, that a person is considered not at
risk despite receiving treatment as long
as their risk factor levels are controlled.
We selected this approach because we
were interested incapturing the full range
of secular trends that may have oc-
curred, whether from medical care, be-
havioral, or environmental sources.Note,
however, that for diabetes we had no
comparable measure for risk subse-
quent to treatment because levels of gly-
cemia were not assessed among per-
sons with diabetes. Thus, there may have
been some level of CVD risk reduction
associated with improving glycemic con-
trol and better treatment that we could
not measure.
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In summary, our study found that
with the exception of diabetes, CVD risk
factor levels have declined over recent de-
cades among all BMI groups. While obe-
sity remains associated with elevated lev-
els of several CVD risk factors compared
with lean persons, their levels of risk fac-
tors have now diminished such that they
are lower than those of lean individuals
20 to 30 years ago. In addition to deter-
mining the key reasons for the favor-
able trends we observed, future studies
should examine whether these changes
extend to incidence of morbidity, in-
cluding cardiovascular disease inci-
dence and disability. Despite our encour-
aging findings, a considerable proportion
of lean as well as obese persons still have
elevated levels of modifiable risk fac-
tors, particularly when one considers that
the current definitions of risk factor con-
trol are more aggressive than the defini-
tions used in this trend analyses. Clini-
cal and public health efforts should
continue to emphasize maintenance of
healthy lifestyle behaviors for lean as well
as overweight and obese persons.
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