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Background: To our knowledge, no single investiga-
tion concerning the long-term effects of overweight sta-
tus on the risk for hypertension, hypercholesterolemia,
diabetes mellitus, and cardiovascular sequelae has been
reported.

Methods: Relations between categories of body mass in-
dex (BMI), cardiovascular disease risk factors, and vascu-
lar disease end points were examined prospectively in
Framingham Heart Study participants aged 35 to 75 years,
who were followed up to 44 years. The primary outcome
was new cardiovascular disease, which included angina
pectoris, myocardial infarction, coronary heart disease, or
stroke. Analyses compared overweight (BMI [calculated
as weight in kilograms divided by the square of height in
meters], 25.0-29.9) and obese persons (BMI �30) to a ref-
erent group of normal-weight persons (BMI, 18.5-24.9).

Results: The age-adjusted relative risk (RR) for new hy-
pertension was highly associated with overweight sta-

tus (men: RR, 1.46; women: RR, 1.75). New hypercho-
lesterolemia and diabetes mellitus were less highly
associated with excess adiposity. The age-adjusted RR
(confidence interval [CI]) for cardiovascular disease was
increased among those who were overweight (men: 1.21
[1.05-1.40]; women: 1.20 [1.03-1.41]) and the obese
(men: 1.46 [1.20-1.77]; women: 1.64 [1.37-1.98]). High
population attributable risks were related to excess weight
(BMI �25) for the outcomes hypertension (26% men;
28% women), angina pectoris (26% men; 22% women),
and coronary heart disease (23% men; 15% women).

Conclusions: The overweight category is associated with
increased relative and population attributable risk for hy-
pertension and cardiovascular sequelae. Interventions to
reduce adiposity and avoid excess weight may have large
effects on the development of risk factors and cardiovas-
cular disease at an individual and population level.
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O BESITY COEXISTS with a va-
riety of cardiovascular
risk factors and has been
related to greater cardio-
vascular risk in a variety

of observational studies.1,2 Less well stud-
ied is the relation between categories of adi-
posity, the development of metabolic risk
factors, and cardiovascular sequelae in a
population setting, focusing on individu-
als with average weight for height.2,3 Such
an approach requires data with repeated
measures of weight, risk factor status, and
cardiovascular disease (CVD) incidence.
The long-term experience of the Framing-
ham Heart Study cohort met these require-
ments and included up to 44 years of fol-
low-up to study the relation between body
mass index (BMI) and the development of
CVD and intervening risk factors in middle-
aged men and women.

Although some investigations have fo-
cused on extreme levels of obesity and their
sequelae, the Framingham Heart Study ex-
perience represents a community-based

populationsample.This settingprovided the
opportunity to estimate the relative risks
(RRs) and the population attributable risk
percentage associated with adiposity. Ear-
lier research has emphasized the health risks
of obesity and analyzed the effects of vari-
ables across a continuum, using relative
weights, skin folds, waist girths, or other
measures of adiposity as the factors under
study.4,5 A reliable referent weight has been
missing from such an approach, and refer-
ence standards have been moving targets6

as criteria have changed over time.7 We
strike a medium stance, using “normal” lev-
els of weight now recommended by obe-
sity experts, a category that includes about
20% of the population.8 With the recently
adopted broad reference standard of nor-
mal weight (BMI [calculated as weight in
kilograms divided by the square of height
in meters], 18.5-24.9) it is likely the RRs of
the health hazards we report can be ex-
tended to other population groups. There
are constraints with this approach, and what
to do with underweight persons (BMI
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�18.5) is problematic. We elected to exclude them be-
cause previous experience has shown that this category was
likely to include heavy cigarette consumers, those with se-
vere chronic diseases, and persons with malignancies.9-12

Our observations spanned several decades from 1948
onward and focused on multiple measures of BMI. Un-
fortunately, abdominal girth, triglyceride and lipopro-
tein cholesterol levels, and other variables now com-
monly used in vascular risk assessment were not
determined at these 2-year intervals. Age was taken into
account in bivariate statistical models and included in
all of the multivariable models, and in some instances
age categories were used to investigate the development
of risk factors.

PARTICIPANTS AND METHODS

Members of the original Framingham cohort were eligible for
the present study, and the original population sample in-
cluded 5209 participants aged 30 to 62 years at the initial ex-
amination in 1948-1951. We used the technique of pooled re-
peated measures,13 an approach that allowed individuals to
contribute multiple person examinations to the analysis as long
as they met the inclusion criteria at the beginning of each ob-
servation interval. Specifically, persons free of CVD at an ex-
amination and with a BMI of 18.5 or greater were eligible for
the next period of observation.9-12 Weight, blood pressure, se-
rum cholesterol, cigarette smoking in the previous year, meno-
pausal status in women, and interim medication use were as-
certained for each participant at each biennial clinic examination.

Weight was determined to the nearest pound on a physi-
cian’s scale. Stature, measured to the nearest quarter inch at the
initial Framingham Heart Study examination, was used. Height
and weight were converted to meters and kilograms, allowing
the calculation of BMI for participants at each examination. The
BMI categories (overweight: BMI, 25.0-29.9; obese: BMI �30;
normal: BMI, 18.5-24.9) were used in the statistical analyses.8

Individuals with an arterial pressure of 140/90 mm Hg or higher
or taking hypertensive medication were classified as hyperten-
sive. Persons with a casual blood glucose level of 200 mg/dL (11.1
mmol/L) or greater at the clinic examination, receiving oral hy-
poglycemic therapy, or taking insulin were categorized as hav-
ing diabetes mellitus, using American Diabetes Association 1997
criteria.14 For the present investigation, hypercholesterolemia
was defined as a clinic blood cholesterol level of 240 mg/dL (6.2

mmol/L) or greater or reported use of lipid-lowering therapy
since the last clinic examination.15,16 Women who reported no
menstrual periods during the 12 months prior to a clinic ex-
amination were considered menopausal from that time for-
ward. Data from subsequent examinations were used to reclas-
sify subjects according to their current age, BMI, diabetes mellitus
status, serum cholesterol level, cigarette smoking, and hyper-
tension status.

Participants were monitored over 2 years after each ex-
amination for the occurrence of an initial CVD event, and par-
ticipants were followed up to 44 years for changes in risk fac-
tor status. The coronary heart disease (CHD) end points
considered were angina pectoris, myocardial infarction, and
coronary death. Myocardial infarction and coronary death were
grouped together as “hard CHD,” and the initial occurrence of
any of the 3 CHD end points was labeled “total CHD.” Cere-
brovascular disease included the occurrence of new strokes and
transient ischemic attacks, and the end point total CVD was
used for persons who developed either CHD or cerebrovascu-
lar disease. The end points for cardiovascular and cerebrovas-
cular disease were adjudicated by senior Framingham Study sci-
entists during follow-up, and the diagnostic criteria for the
clinical events have been published elsewhere.17

Age-specific incidence rates for the first occurrence of hy-
pertension, hypercholesterolemia, diabetes, myocardial infarc-
tion, angina pectoris, cerebrovascular disease, total CHD, and total
CVD were calculated according to the most recently determined
BMI category. Analyses were age-adjusted and multivariable ad-
justed, including the variables age, hypertension, hypercholes-
terolemia, and cigarette smoking. Adjustment for menopausal sta-
tus was also included for women in multivariable analyses.

The � coefficients in the pooled logistic regression analy-
ses were exponentiated to estimate the RR. The SE of the � co-
efficients was used to calculate the 95% confidence intervals
(CIs) of the RR estimates using published methods.18 Popula-
tion attributable risk (PAR) was calculated from the category-
specific RR estimate and the prevalence of the factor using the
following equation:

PAR=Proportion of Cases Exposed to the Factor
�100�(RR−1)/RR.19,20

When the RR estimate was less than 1.0, the PAR estimate was
negative, representing a potentially preventive effect.19-21 The
PAR values for the overweight and obese categories were added
together to estimate the effects of a composite overweight cat-
egory on risk factor development and the occurrence of CVD.

RESULTS

Characteristics of the participants are given in Table1 for
menandwomenaccording tocategoriesofBMI.Theperson-
years of experience (bottom row of Table 1) reflect the cross-
sectional pooling of the data over the 44 years of follow-
up. The age entries within the columns give the percentage
distribution of the follow-up experience within a given BMI
category. For instance, men aged 56 to 65 years com-
prised 29% of data experience for the 18.5 to 24.9 BMI cat-
egory. The prevalences of risk factors at entry into the study
are shown to generally increase with age. The proportions
with elevated cholesterol levels (�240 mg/dL [6.2 mmol/
L]) and cigarette use reflect the higher mean cholesterol
levels and a greater proportion of the population smoking
in the late 1940s and early 1950s.

The development of new risk factors and incidence
of new events are given in Table 2 for men and women
according to BMI category. The highest incidence rates

Table 1. Characteristics of Participants*

Characteristic

BMI Category, kg/m2

18.5-24.9 25.0-29.9 �30.0

Age distribution, y
35-45 23/24 20/14 19/12
46-55 30/30 31/28 30/27
56-65 29/28 31/34 32/36
66-75 18/19 18/25 19/26

Prevalent conditions
Diabetes mellitus 7/9 9/10 13/13
Hypertension 15/17 23/29 36/45
Elevated cholesterol 32/45 38/53 40/51
Cigarette smoker 58/43 43/28 43/23

No. of person-years
of observation

15 484/30 888 23 026/21 806 5950/9366

*Data are percentage of participants (men/women) unless otherwise
specified. BMI indicates body mass index.
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consistently observed were for the development of hy-
pertension, hypercholesterolemia, and the aggregate de-
velopment of any of the risk factors (top row of Table
2). The RRs for the new development of risk factors ac-
cording to BMI category appear in Table 3. Age- and
multivariable-adjusted estimates are provided, accom-
panied by the 95% estimates of the RR (Table 3). For in-
stance, the multivariable-adjusted risk of new hyperten-
sion in men with a BMI of 30 or greater was 2.23, and
the 95% CI for this estimate was 1.75 to 2.84. The pro-
portion of new hypertension attributable to the obesity
category was 8% in men. As the BMI categories were mu-
tually exclusive, the PAR estimates could be added to-
gether, and the overall effect of overweight or obesity cat-
egories on new hypertension (composite PAR) was 26%
(18%+8%) in men and 28% (17%+11%) in women. Simi-
larly, the RRs and PAR estimates for the occurrence of
hypercholesterolemia (composite PAR, 10% in men and
9% in women) and diabetes mellitus (composite PAR, 21%
in men and 3% in women) are given in Table 3.

The RRs for new vascular disease events and mortal-
ity are presented in Table 4 and Table 5 for men and
women, respectively. These tables duplicate the format of
Table 3. Excess adiposity was generally associated with a
significantly increased RR for cardiovascular events in men,
but no greater risks for myocardial infarction or CVD death
were observed. Relative risks for vascular events associ-
ated with overweight and obesity were often lower in
women. The composite PAR estimates for a BMI of 25 or
greater and total CVD (obtained by adding the PAR esti-
mates for overweight and obesity) were 15% in men and
10% in women. Similarly, the composite PAR estimates
for a BMI of 25 or greater and angina pectoris were 26%
in men and 22% in women.

The PAR percentage estimates from Tables 3 through
5 are shown in the Figure for men and women. This dis-
play generally shows that the PAR levels for the risk fac-
tors and CVD end points are generally similar in women
and men, except for hypertension, which was much
greater in women. In addition, the relative contribution
of the overweight category to the occurrence of risk fac-
tor development typically equals the contribution made
by the obesity category. This tendency holds for risk fac-
tors and CVD events in both sexes, with a few excep-
tions, except for the more serious events among women,
in whom the effect of obesity was much greater than the
effect of overweight. In a few instances, the PAR esti-
mates were negative for overweight (BMI, 25.0-29.9)
women, indicative of a protective effect. With the excep-
tion of CVD death in women, these effects were gener-
ally mild and not statistically significant, and the perti-
nent RRs are given in Table 5.

COMMENT

This investigation concerning overweight, obesity, and its
cardiovascular sequelae differs from previous reports in that
it focuses on the incidence of vascular risk factors and CVD
sequelae according to specified categories of adiposity that
have been promulgated by American and international ex-
pert panels.8 Our analysis eliminated several features that
may have affected reporting in the past. We adjusted for

cigarette smoking, hypertension, and diabetes mellitus and
excluded persons with subnormal levels of BMI.12 Cross-
sectional pooling methods were used, affecting interpre-
tation of the findings. This analytic technique reassessed
the population every 2 years, and the findings reflect the
effects of adiposity evaluated close to the time that new risk
factors or vascular disease outcomes developed.

Both the overweight and obesity categories were highly
related to the risk of hypertension in men and women. The
RR ranged from 1.5 to 1.7 for overweight and 2.2 to 2.6
for obese persons. The corresponding composite PAR es-
timates were greatly increased, and a BMI of 25 or greater
accounted for approximately 34% of hypertension in men
and 62% of hypertension in women. Other factors, espe-
cially excessive alcohol consumption and estrogen use in
women, have been shown to increase the risk of hyperten-
sion, but the population impact is smaller because the preva-
lence of each of those factors is lower.22,23 Greater intake
of sodium and lower consumption of potassium and cal-
cium have also been linked to the occurrence of hyperten-
sion,24-28 but we did not have serial dietary information to
investigate the role of these cations.

Previous research in the second-generation Framing-
ham Heart Study Offspring cohort has shown that a vari-
ety of factors, including relative weight, heart rate, alco-
hol intake, and levels of hematocrit, blood glucose, serum
protein, triglyceride, and phosphorus, were related to hy-
pertension occurrence in one or both sexes. Excess adi-
posity has loomed as the most controllable antecedent
factor.29 Clustering of traditional cardiovascular risk fac-
tors has been reported in obese or hypertensive indi-
viduals, and the average number of metabolic abnormali-
ties has been shown to rise monotonically in proportion
to the degree of adiposity.30

Different relations were obtained between adipos-
ity and new hypercholesterolemia. First, cholesterol lev-
els of 240 mg/dL (6.2 mmol/L) or higher were more com-
mon at the outset of the study, and levels have declined
over the past few decades.31 Second, total cholesterol lev-
els tend to increase between ages 20 and 60 years, and

Table 2. Incidence of Risk Factors and Events*

Risk Factor or Event

BMI Category, kg/m2

18.5-24.9 25.0-29.9 �30.0

Risk factor
Hypertension 4.0/4.0 5.8/7.4 8.5/11.2
Hypercholesterolemia 10.2/13.0 11.0/15.9 10.2/13.6
Diabetes mellitus 1.1/1.3 1.5/1.4 2.4/2.0
Any one of above 14.7/16.5 17.1/23.1 23.1/23.6

Event
Angina pectoris 1.1/0.7 1.6/1.2 2.1/1.6
Myocardial infarction 1.3/0.4 1.7/0.4 1.6/0.7
Hard CHD 1.4/0.4 1.9/0.5 2.1/0.8
Total CHD 2.3/1.1 3.3/1.7 4.0/2.4
Cerebrovascular disease 0.5/0.4 0.7/0.6 1.0/0.6
Total CVD 3.8/2.1 4.7/2.9 5.7/4.1
CVD death 0.7/0.4 0.7/0.3 0.7/0.7
Total mortality 2.4/1.2 1.6/1.2 2.2/1.6

*Data are incidence (per 1000 person-years) of participants
(men/women). BMI indicates body mass index; CHD, coronary heart disease;
and CVD, cardiovascular disease.
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the low-density and very low-density lipoprotein cho-
lesterol fractions rise, while the high-density lipopro-
tein cholesterol fractions remain stable or decline slightly.32

Unfortunately, serial measurements for the lipoprotein
fractions were not available over the course of this in-
vestigation. During follow-up, the overweight partici-
pants (but not those who were obese) experienced an in-
creased risk for new hypercholesterolemia (Table 3). The
nonsignificant result in the obese individuals may be partly
attributable to a greater prevalence of elevated choles-
terol level in the obese group at baseline. In contrast to
the findings for hypertension, only 10% of elevated cho-
lesterol in men and 9% of elevated cholesterol in women
was attributable to overweight and obesity (Table 3). Pre-
viously published cross-sectional studies have shown that
greater levels of BMI are generally associated with greater
cholesterol and triglyceride levels, reduced high-
density lipoprotein cholesterol, and smaller low-
density lipoprotein particles.33,34

The incidence of new diabetes mellitus was in-
creased in overweight men and obese persons of both sexes.
No tendency toward an increased risk for diabetes melli-
tus was observed for “overweight” women, suggesting that
hormonal factors may play a role. By our analysis, ap-
proximately 21% of diabetes in men was attributable to
overweight and obesity, and in women only 3% of diabe-
tes was attributable to excess adiposity. The findings are
highly plausible in men, but there is no ready explana-
tion for the weaker relations in women. A variety of is-
sues should be considered. First, it is possible that BMI
did not adequately characterize corpulence and that re-
gional adiposity measures such as abdominal girth would
have classified women better and improved the predic-
tion.35 Second, the prediabetic state is often catabolic, and
weight loss may have occurred prior to the diagnosis of
type 2 diabetes mellitus. That explanation still would not
account for the sex difference in RRs. Third, age, lipopro-
tein cholesterol fractions, inflammatory markers, and he-

Table 3. Relative Risk and Population Attributable Risk Percentage for Adiposity Categories and Risk Factor Development*

Risk Factor

BMI 25-29.9 kg/m2 BMI �30 kg/m2 Composite
(BMI �25 kg/m2)

Population
Attributable

Risk, %
Age-Adjusted
RR (95% CI)

Multivariable-
Adjusted

RR (95% CI)

Population
Attributable

Risk, %
Age-Adjusted
RR (95% CI)

Multivariable-
Adjusted

RR (95% CI)

Population
Attributable

Risk, %

Men
Hypertension† 1.46 (1.24-1.75) 1.48 (1.24-1.75) 18 2.21 (1.75-2.79) 2.23 (1.75-2.84) 8 26
Hypercholesterolemia‡ 1.19 (1.04-1.37) 1.21 (1.05-1.39) 9 1.11 (0.88-1.38) 1.06 (0.84-1.33) 1 10
Diabetes mellitus§ 1.33 (1.02-1.73) 1.27 (0.97-1.67) 11 2.12 (1.52-2.96) 1.85 (1.31-2.61) 10 21
Any of above¶ 1.23 (1.07-1.42) 1.25 (1.08-1.44) . . . 1.77 (1.38-2.27) 1.78 (1.39-2.29) . . . . . .

Women
Hypertension† 1.75 (1.54-2.00) 1.70 (1.48-1.94) 17 2.75 (2.32-3.27) 2.63 (2.20-3.15) 11 28
Hypercholesterolemia‡ 1.35 (1.20-1.52) 1.29 (1.14-1.45) 8 1.16 (0.99-1.36) 1.04 (0.88-1.23) 1 9
Diabetes mellitus§ 0.97 (0.77-1.21) 0.91 (0.72-1.15) −3 1.42 (1.09-1.85) 1.36 (1.03-1.78) 6 3
Any of above¶ 1.48 (1.31-1.68) 1.44 (1.27-1.63) . . . 1.51 (1.24-1.82) 1.46 (1.20-1.77) . . . . . .

*Referent group is normal weight (body mass index [BMI], 18.5-24.9 kg/m2). RR indicates relative risk; CI, confidence interval; and ellipses, not calculated.
†Multivariable adjustment for age, smoking, diabetes, and hypercholesterolemia.
‡Multivariable adjustment for age, smoking, prevalent diabetes, and hypertension.
§Multivariable adjustment for age, smoking, hypercholesterolemia, and hypertension.
¶Adjusted for age and smoking.

Table 4. Relative Risk and Population Attributable Risk Percentage for Adiposity Categories
and Vascular Disease Outcomes for Men*

Outcome

BMI 25-29.9 kg/m2 BMI �30 kg/m2 Composite
(BMI �25 kg/m2)

Population
Attributable

Risk, %
Age-Adjusted
RR (95% CI)

Multivariable-
Adjusted

RR (95% CI)†

Population
Attributable

Risk, %
Age-Adjusted
RR (95% CI)

Multivariable-
Adjusted

RR (95% CI)†

Population
Attributable

Risk, %

Angina pectoris 1.42 (1.10-1.84) 1.47 (1.12-1.92) 18 1.85 (1.33-2.57) 1.81 (1.28-2.55) 8 26
Myocardial

infarction
1.22 (0.96-1.56) 1.26 (0.98-1.61) 12 1.19 (0.84-1.68) 1.17 (0.82-1.67) 2 14

Hard CHD 1.33 (1.05-1.68) 1.37 (1.08-1.74) 15 1.45 (1.05-1.99) 1.45 (1.04-2.01) 5 20
Total CHD 1.40 (1.17-1.68) 1.43 (1.19-1.73) 17 1.65 (1.30-2.09) 1.58 (1.24-2.03) 6 23
Cerebrovascular

disease
1.31 (0.89-1.93) 1.28 (0.86-1.91) 12 1.86 (1.14-3.02) 1.61 (0.98-2.67) 8 20

Total CVD 1.21 (1.05-1.40) 1.24 (1.07-1.44) 10 1.46 (1.20-1.77) 1.38 (1.12-1.69) 5 15
CVD death 1.00 (0.71-1.41) 1.05 (0.74-1.48) 2 0.98 (0.60-1.61) 0.98 (0.59-1.63) 0 2

*Referent group is normal weight (body mass index [BMI], 18.5-24.9 kg/m2). RR indicates relative risk; CI, confidence interval; CHD, coronary heart disease;
and CVD, cardiovascular disease.

†Multivariable adjusted for age, smoking, hypertension, hypercholesterolemia, and diabetes.
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mostatic factors may have played a greater role in wom-
en.36 We did not have information on these other factors
for this study.37 Finally, our analytic approach exam-
ined effects over 2-year intervals. Most cases of new dia-
betes mellitus in this population sample occurred after
age 65 years, well past the occurrence of peak weight that
has typically been observed between ages 50 and 60
years.11,38

Cardiovascular outcomes were highly associated with
adiposity, as shown in Tables 4 and 5 for men and women,
respectively. Framingham obesity and CVD results have
been presented in different forms over the years, includ-
ing units of relative weight and percentiles of obesity, but
not with the design to gauge the impact with attributable
risk estimates and modern categories of adiposity. Our data
showed that total CHD in men was highly associated with
overweight and obesity, and the RR was stronger for the
obesity category. Of note, however, is that the PAR esti-
mate for total CHD was greater for the overweight cat-
egory than for the obese category. This result cannot eas-
ily be attributed to a greater prevalence of overweight in
menthan inwomen(Table1).Perhapsgonadalhormones,
other male and female differences, or factors not available
for this analysis were responsible for this effect. On the
otherhand,overweightandobesityappeared toexert simi-
lar effects on total CHD risk in women. The RR for total
CHD was of borderline significance in overweight wom-
en, but was highly significant in obese women. The results
for total CVD generally paralleled what was observed for
CHD in both sexes across the overweight and obese cat-
egories. In this instance, however, all associations were
statistically significant, and the composite PAR estimates
for total CVD were 16% for men and 17% for women.

The adiposity categories tended to have different ef-
fects on the various cardiovascular outcomes in men and
women (Tables 4 and 5). The end points most highly as-
sociated with overweight and obesity among men were an-
gina pectoris (composite PAR, 26%) and total CHD (com-
posite PAR, 23%). Negligible effects were observed for CVD
death. Similarly, among women, angina pectoris (com-
posite PAR, 22%) and total CHD (composite PAR, 15%)

were highly associated with overweight and obesity. As
the analytic method undertook reappraisal of events and
risk factors at 2-year intervals, only participants free of CVD
were included in subsequent follow-up intervals. Out-
comes that were not first cardiovascular events, such as
cerebrovascular disease and cardiac death that typically oc-
cur in older persons, would not be expected to be highly
associated with adiposity under these circumstances.

CVD Death

Hard CHD

Cerebrovascular Disease

Total CVD

Total CHD

Myocardial Infarction

Angina Pectoris

Diabetes Mellitus

Hypertension

High Cholesterol

CVD Death

Hard CHD

Men

Women

Cerebrovascular Disease

Total CVD

Total CHD

Myocardial Infarction

Angina Pectoris

Diabetes Mellitus

Hypertension

High Cholesterol

–10 0 10 20 30
Population Attributable Risk, %

Obesity (BMI ≥30 kg/m2)Overweight (BMI 25.0-29.9 kg/m2)

Population attributable risk percentage effects for overweight and obesity on
cardiovascular disease (CVD) risk factors and events in Framingham men
and women followed up for 44 years. BMI indicates body mass index;
CHD, coronary heart disease.

Table 5. Relative Risk and Population Attributable Risk Percentage for Adiposity Categories
and Vascular Disease Outcomes for Women*

Outcome

BMI 25-29.9 kg/m2 BMI �30 kg/m2 Composite
(BMI �25 kg/m2)

Population
Attributable

Risk, %
Age-Adjusted
RR (95% CI)

Multivariable-
Adjusted

RR (95% CI)†

Population
Attributable

Risk, %
Age-Adjusted
RR (95% CI)

Multivariable-
Adjusted

RR (95% CI)†

Population
Attributable

Risk, %

Angina pectoris 1.58 (1.21-2.05) 1.42 (1.08-1.86) 13 2.07 (1.53-2.80) 1.63 (1.18-2.25) 9 22
Myocardial

infarction
0.96 (0.65-1.42) 0.91 (0.61-1.36) −3 1.68 (1.10-2.57) 1.46 (0.94-2.28) 8 5

Hard CHD 1.03 (0.72-1.46) 0.98 (0.69-1.41) −1 1.43 (0.95-2.15) 1.30 (0.85-1.98) 5 4
Total CHD 1.32 (1.07-1.62) 1.22 (0.99-1.52) 7 1.83 (1.43-2.32) 1.54 (1.19-1.98) 8 15
Cerebrovascular

disease
1.18 (0.83-1.66) 1.10 (0.77-1.56) 4 1.21 (0.79-1.88) 1.02 (0.65-1.59) 0 4

Total CVD 1.20 (1.03-1.41) 1.13 (0.96-1.33) 4 1.64 (1.37-1.98) 1.38 (1.14-1.68) 6 10
CVD death 0.77 (0.50-1.17) 0.77 (0.50-1.18) −9 1.67 (1.09-2.56) 1.56 (1.00-2.43) 10 1

*Referent group is normal weight (body mass index [BMI], 18.5-24.9 kg/m2). RR indicates relative risk; CI, confidence interval; CHD, coronary heart disease;
and CVD, cardiovascular disease.

†Multivariable adjusted for age, smoking, hypertension, hypercholesterolemia, and diabetes.
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The findings we reported differ from those reported
by others who have asserted that “overweight is not con-
sistently associated with coronary heart disease risk.”39 Our
data merit attention, as they tend to contravene the pre-
ceding statement. In the Framingham experience, over-
weight and obesity were highly related to incident hyper-
tension, diabetes mellitus, and angina pectoris. Among
overweight persons, RRs were slightly stronger in men, but
among the obese the RRs were often greater in women.
Past age 50 years, overweight and obesity were very com-
mon in women, and this tendency toward greater adipos-
ity, combined with moderately increased RRs that accom-
pany the condition, led to impressive PAR estimates for
the development of CVD risk factors and events (Tables
3-5; Figure 1).

It is reasonable to generalize from our results to other
population groups. We excluded underweight partici-
pants in an effort to provide a healthy comparison group
of normal weight, but the Framingham population sample
is largely a middle-class, middle-aged white cohort. Dif-
ferent results might be obtained in population samples
with a different ethnic identity and in the present era when
hypertension, diabetes mellitus, and hypercholesterol-
emia may be more effectively identified and treated. On
the other hand, our data may more accurately reflect the
influence of adiposity on risk factors and CVD not modi-
fied by treatment.

In summary, overweight and obesity were associ-
ated with an increased RR for the development of car-
diovascular risk factors and CVD itself. The effects were
consistently seen across cardiovascular end points and
significant adverse sequelae were typically observed even
in persons who were overweight but not obese, high-
lighting the importance for primary prevention and treat-
ment of moderate degrees of excess adiposity.
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