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ABSTRACT

Background Body-mass index (the weight in kilo-
grams divided by the square of the height in meters)
is known to be associated with overall mortality. We
investigated the effects of age, race, sex, smoking
status, and history of disease on the relation be-
tween body-mass index and mortality.

Methods In a prospective study of more than 1 mil-
lion adults in the United States (457,785 men and
588,369 women), 201,622 deaths occurred during 14
years of follow-up. We examined the relation between
body-mass index and the risk of death from all caus-
es in four subgroups categorized according to smok-
ing status and history of disease. In healthy people
who had never smoked, we further examined wheth-
er the relation varied according to race, cause of death,
or age. The relative risk was used to assess the rela-
tion between mortality and body-mass index.

Results The association between body-mass in-
dex and the risk of death was substantially modified
by smoking status and the presence of disease. In
healthy people who had never smoked, the nadir of
the curve for body-mass index and mortality was
found at a body-mass index of 23.5 to 24.9 in men
and 22.0 to 23.4 in women. Among subjects with the
highest body-mass indexes, white men and women
had a relative risk of death of 2.58 and 2.00, respec-
tively, as compared with those with a body-mass in-
dex of 23.5 to 24.9. Black men and women with the
highest body-mass indexes had much lower risks of
death (1.35 and 1.21), which did not differ significantly
from 1.00. A high body-mass index was most predic-
tive of death from cardiovascular disease, especially in
men (relative risk, 2.90; 95 percent confidence inter-
val, 2.37 to 3.56). Heavier men and women in all age
groups had an increased risk of death.

Conclusions The risk of death from all causes, car-
diovascular disease, cancer, or other diseases increas-
es throughout the range of moderate and severe over-
weight for both men and women in all age groups.
The risk associated with a high body-mass index is
greater for whites than for blacks. (N Engl J Med
1999;341:1097-105.)
©1999, Massachusetts Medical Society.

HE relation between body weight and mor-

tality remains controversial. Important un-

resolved questions concern the shape of the

curve relating the two variables; the opti-
mal weight for longevity; whether the optimal weight
varies according to age, race, or sex; and whether the
increased death rates often observed among very lean
people are causal or an artifact of leanness due to
smoking or concurrent illness. Debate about the po-
tential hazards of excessive leanness has received dis-
proportionate attention in a culture in which obesity
is far more prevalent.

Much of the vast literature examining the relation
between body weight and mortality!1¢ supports the
hypothesis of a curvilinear relation, in which the risk
is increased among the very heavy and the very lean.
However, many of the studies that found increased
risk to be associated with leanness have been criti-
cized!”!18 for failing to exclude smokers and people
with concurrent illness. Several prospective studies that
excluded smokers and those with existing disease
have challenged the notion of a curvilinear relation,
suggesting that, overall, death rates increase linearly
with increasing adiposity, with no excess risk among
the very lean.10.12,15

Other areas of controversy pertain to whether the
optimal weight for longevity increases with age or
varies according to race. Past weight guidelines have
recommended a higher maximal weight (for height)
with increasing age.!® There is disagreement, however,
as to whether this practice is justified!®; the Depart-
ment of Agriculture’s 1995 Dietary Guidelines for
Americans®® did not include age-specific recommen-
dations. Contributing to the controversy are the find-
ings that the relative risk of death associated with
adiposity decreases with increasing age310.1L1415 and
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that the optimal weight for longevity may be higher
in older populations.1-213 Although relatively few co-
hort studies have examined the effects of adiposity on
mortality among blacks,2421-26 the available litera-
ture suggests that adiposity may be a less important
predictor of mortality among blacks than among
whites, particularly among women.

To investigate further the risk of death associated
with body weight in men and women and to deter-
mine whether this risk varies according to smoking
and disease status, race, cause of death, and age, we
examined the association between body-mass index
and death rates in a large, prospective cohort of U.S.
adults.

METHODS

Study Population

The study subjects were selected from the 1,184,657 partici-
pants in the Cancer Prevention Study II, a prospective study of
mortality among men and women in the United States that was
begun by the American Cancer Society in 1982.27 Participants were
identified and enrolled by more than 77,000 volunteers in all 50
states, the District of Columbia, and Puerto Rico. Families were
enrolled if at least one household member was 45 years of age or
older, and all enrolled members were at least 30 years old. The av-
erage age of the participants at enrollment was 57 years. In 1982,
the participants completed a confidential questionnaire that was
mailed to them; they provided information on demographic char-
acteristics, personal and family history of cancer and other diseases,
various aspects of behavior, environmental and occupational ex-
posures, and diet.

Deaths that occurred between the month of enrollment and
December 31, 1996, were ascertained through personal inquiries
by volunteers in September 1984, September 1986, and September
1988 and then through linkage with the National Death Index.28
As of December 31, 1996, a total of 20.1 percent of the partici-
pants had died, 79.7 percent were still living, and 0.2 percent had
had follow-up truncated on September 1, 1988, because of insuf-
ficient data for linkage with the National Death Index. Death cer-
tificates or codes for cause of death were obtained for 98.6 per-
cent of all deaths.

In the questionnaire, participants were asked to give their cur-

rent weight, weight one year previously, and height (without shoes).
We excluded from the analysis participants with extreme values
for height or weight (those at or below the 0.1 percentile and those
at or above the 99.9 percentile) or for whom these values were
not known. In addition, we excluded participants for whom we
did not have information on race or who were not white or black.
We also excluded participants for whom smoking status and prior
weight were unknown. After these exclusions, 457,785 men and
588,369 women were eligible for participation in our study. A to-
tal of 113,517 men and 88,105 women in this population died
during the 14 years of follow-up.

Body-Mass Index

We categorized body-mass index (the weight in kilograms di-
vided by the square of the height in meters), which we used as
our measure of adiposity, as lower than 18.5, 18.5 to 20.4, 20.5
to 21.9, 22.0 to 23.4, 23.5 to 24.9, 25.0 to 26.4, 26.5 to 279,
28.0 to 29.9, 30.0 to 31.9, 32.0 to 34.9, 35.0 to 39.9, and 40.0
or higher. We created these 12 categories to allow a detailed exam-
ination of the association between body-mass index and mortality
across a wide range of body-mass values without a priori assump-
tions about the shape of the dose—response curve. In addition,
combinations of these categories correspond to the cutoft points
proposed by the World Health Organization for what it terms the
normal range (a body-mass index between 18.5 and 24.9), grade
1 overweight (between 25.0 and 29.9), grade 2 overweight (be-
tween 30.0 and 39.9), and grade 3 overweight (40.0 or higher).?

End Points

Death from all causes was the primary end point in these analyses.
In addition, we examined the association between body-mass index
and death due to cardiovascular disease (codes 390 through 459 of
the International Classification of Diseases, Ninth Revision [ICD-9]),
cancer (ICD-9 codes 140 through 208), and all other causes.3°

Subgroups

From the cohort of 1,046,154 men and women, we established
four mutually exclusive subgroups categorized according to smok-
ing status and history of disease — current or former smokers
with a history of any of the following: cancer (but not nonmela-
noma skin cancer), heart disease, stroke, respiratory disease (chronic
bronchitis, emphysema, or asthma), current illness (of any type),
or a weight loss of at least 10 1b (4.5 kg) in the previous year;
current or former smokers with no history of disease at enroll-
ment; those who had never smoked and who had a history of dis-

TABLE 1. COHORTS IN THE ANALYSIS OF OVERALL MORTALITY AND BODY-MASS INDEX. *

Men
(N=457,785)

COHORT

Current or former smokers with a his-
tory of disease

Current or former smokers with no
history of disease

Nonsmokers with a history of discase

Nonsmokers with no history of disease

123,586
216,788

33,035
84,376

Men WomMmEN
WHo Diep WoMEN WHo Diep
(N=113,517) (N=588,369) (N=88,105)

number
48,893 95,109 22,351
42925 170,979 19,313
9,986 104,424 23,647
11,713 217,857 22,794

*Nonsmokers had never smoked. Subjects with a history of disease reported one or more of the
following at enrollment: cancer (except nonmelanoma skin cancer), heart disease, stroke, respiratory
disease (chronic bronchitis, emphysema, or asthma), current illness (of any type), or a weight loss of

at least 10 1b (4.5 kg) in the previous year.
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case at enrollment; and those who had never smoked and who
had no history of disease at enrollment (Table 1). For each of the
four subgroups, we examined the association between body-mass
index and overall mortality according to sex.

In the 81,468 white men, 2908 black men, 208,710 white wom-
en, and 9147 black women who had never smoked and had no dis-
ease, we further examined whether the association between body-
mass index and mortality varied according to race, cause of death,
or age. For these analyses, we combined categories of body-mass in-
dex, if necessary, to avoid having fewer than 15 deaths in a category.

Statistical Analysis

We calculated age-adjusted death rates for each category of
body-mass index and standardized these rates to the age distribu-
tion of the entire male or female study population. We computed
summary rate ratios (the death rate in a category of body-mass
index divided by the corresponding rate in the reference category
[body-mass indexes between 23.5 and 24.9]) and the rate differ-
ences (the death rate in a category minus that in the reference cat-
egory); we used approximate variance formulas to calculate 95
percent confidence intervals.3!

We also used a Cox proportional-hazards model3? to compute
relative risk and to adjust for other potential risk factors reported
at base line. We adjusted Cox models for exact age at enrollment,
level of education and physical activity, alcohol use, marital status,
current use of aspirin, a crude index of fat consumption,3 vege-
table consumption, and (in women) use of estrogen-replacement
therapy. All relative risks are from the multivariate Cox models
unless otherwise noted.

RESULTS
Effect of Smoking Status and History of Disease

The relation between body-mass index and death
from all causes differed according to smoking status
and the presence or absence of a history of disease
(Fig. 1). Obesity was most strongly associated with an
increased risk of death among those who had never
smoked and who had no history of disease, whereas
leanness was most strongly associated with an in-
creased risk of death among current or former smok-
ers with a history of disease. For current or former
smokers with no history of disease and for those
who had never smoked and who had a history of dis-
ease, the pattern was intermediate.

The absolute risk of death varied substantially
among these four subgroups. The age-standardized
rates of death from all causes were lowest among
those who had never smoked and who had no his-
tory of disease (at a body-mass index between 23.5
and 24.9, there were 962 deaths per 100,000 men
per year and 682 deaths per 100,000 women per
year), highest among current or former smokers with
a history of disease (2896 deaths per 100,000 men
per year and 1796 deaths per 100,000 women per
year), and intermediate among those who were cur-
rent or former smokers with no history of disease
(1559 deaths per 100,000 men per year and 1023
deaths per 100,000 women per year) or those who
had never smoked and who had a history of disease
(1819 deaths per 100,000 men per year and 1266
deaths per 100,000 women per year).

Among subjects who had never smoked and who
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Figure 1. Multivariate Relative Risk of Death from All Causes
among Men and Women According to Body-Mass Index, Smok-
ing Status, and Disease Status.

The four subgroups are mutually exclusive. Nonsmokers had
never smoked. The reference category was made up of sub-
jects with a body-mass index of 23.5 to 24.9.

had no history of disease, the highest mortality rates
were among the heaviest men (relative risk, 2.68; 95
percent confidence interval, 1.76 to 4.08) and women
(relative risk, 1.89; 95 percent confidence interval,
1.62 to 2.21). There were much smaller increases in
risk among the leanest men (relative risk, 1.28; 95
percent confidence interval, 1.04 to 1.58) and wom-
en (relative risk, 1.36; 95 percent confidence interval,
1.26 to 1.48). The nadir of the curve of body-mass
index and mortality was at a body-mass index be-
tween 23.5 and 24.9 in men and 22.0 and 23.4 in
women. Relative risks were not significantly different
from 1.00 for the range of body-mass index between
22.0 and 26.4 in men and 20.5 and 24.9 in women.
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