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ABSTRACT

BACKGROUND
Whether higher levels of physical activity can counteract the elevated risk of death asso-
ciated with adiposity is controversial.

METHODS

We examined the associations of the body-mass index and physical activity with death
among 116,564 women who, in 1976, were 30 to 55 years of age and free of known car-
diovascular disease and cancer.

RESULTS
During 24 years of follow-up, 10,282 deaths occurred — 2370 from cardiovascular dis-
ease, 5223 from cancer, and 2689 from other causes. Mortality rates increased mono-
tonically with higher body-mass-index values among women who had never smoked
(P for trend <0.001). In combined analyses of all participants, adiposity predicted a
higher risk of death regardless of the level of physical activity. Higher levels of physical
activity appeared to be beneficial at all levels of adiposity but did not eliminate the high-
er risk of death associated with obesity. As compared with women who were lean (i.e.,
they had a body-mass index lower than 25) and active (they spent 3.5 or more hours ex-
ercising per week), the multivariate relative risks of death were 1.55 (95 percent confi-
dence interval, 1.42 to 1.70) for lean and inactive women, 1.91 (95 percent confidence
interval, 1.60 to 2.30) for women who were obese (defined as a body-mass index of
30 or higher) but active, and 2.42 (95 percent confidence interval, 2.14 to 2.73) for in-
active, obese women. Even modest weight gain during adulthood, independent of phys-
ical activity, was associated with a higher risk of death. We estimate that excess weight
(defined as a body-mass index of 25 or higher) and physical inactivity (less than 3.5 hours
of exercise per week) together could account for 31 percent of all premature deaths,
59 percent of deaths from cardiovascular disease, and 21 percent of deaths from can-
cer among nonsmoking women.

CONCLUSIONS
Both increased adiposity and reduced physical activity are strong and independent pre-
dictors of death.
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OBESITY, PHYSICAL ACTIVITY, AND MORTALITY

BESITY AND PHYSICAL INACTIVITY ARE

major public health problems in the Unit-

ed States. Approximately two thirds of
Americans are classified as overweight or obese
(defined as having a body-mass index [the weight
in kilograms divided by the square of the height in
meters] of 25 or higher),* and the vast majority do
not engage in regular physical activity.> Persuasive
evidence indicates that both obesity and physical
inactivity are risk factors for the development of
major chronic diseases and premature death.> How-
ever, the optimal weight and levels of physical ac-
tivity for longevity continue to be debated, and few
epidemiologic studies have examined adiposity and
physical activity simultaneously in relation to mor-
tality. It has been suggested that higher levels of
physical fitness can eliminate the effect of excess
weight and obesity on morbidity and mortality and
that, thus, obesity may be a less important deter-
minant of mortality than is fitness. However, evi-
dence in support of this hypothesis has been lim-
ited and inconsistent.*> We therefore extended
our previous analyses of body-mass index and mor-
tality in the Nurses’ Health Study® to 24 years of
follow-up to address the long-term relationship
between body-mass index and mortality and to
examine whether higher levels of physical activity
attenuate the association between the body-mass
index and mortality.

METHODS

The cohort of the Nurses’ Health Study was es-
tablished in 1976, when 121,700 female registered
nurses who were 30 to 55 years old completed a
mailed questionnaire about their medical history
and lifestyle. Women in the study have provided cur-
rent information regarding lifestyle and health con-
ditions every two years since 1976. After excluding
women with reported cardiovascular disease and
cancer in the baseline questionnaire, we included
116,564 women in the analysis of obesity and mor-
tality. The 1980 questionnaire asked about weight
at 18 years of age; about 80 percent of the partici-
pants provided the information. Beginning in 1980,
diet was assessed with the use of validated semi-
quantitative questionnaires about the frequency
with which certain foods were eaten.” The study was
approved by the Human Research Committee at the
Brigham and Women’s Hospital in Boston; comple-
tion of the self-administered questionnaire was con-
sidered to imply informed consent.

OVERALL AND ABDOMINAL ADIPOSITY

As a measure of overall obesity, we calculated the
body-mass index. Self-reported weight was validated
among 184 participants in the Nurses’ Health Study
who were living in the Boston area; self-reported
weight was highly correlated with measured weight
(r=0.96; mean difference [self-reported weight mi-
nus measured weight], —1.5 kg).® Weight as re-
called at 18 years of age was also highly correlated
with measured weight (r=0.87; mean difference
[recalled weight minus measured weight], —1.4 kg)
in the physical-examination records for the same
age among 118 women from another cohort of fe-
male nurses.® In 1986, participants in the Nurses’
Health Study reported direct measurements of their
waists (at the umbilicus) and hips (at the largest cir-
cumference) to the nearest quarter of an inch.®

PHYSICAL ACTIVITY

In 1980 and 1982, women were asked to report the
average number of hours they had spent each week
during the previous year engaging in moderate
physical activity (e.g., brisk walking) and in vigo-
rous activity (e.g., strenuous sports and jogging).
In 1986, women were asked to complete an eight-
item questionnaire regarding the average time they
spent per week walking, jogging, running, bicycling,
swimming laps, playing tennis or squash, and par-
ticipating in calisthenics. Similar data were col-
lected in 1988, 1992, 1996, and 1998, which allowed
us to calculate the average amount of time per week
that was spent in moderate to vigorous activity (i.e.,
those, including brisk walking, that required 3.5
or more metabolic equivalents [MET] per hour) at
each time point.** Our validation study indicated
relatively good validity and reproducibility for the
questionnaire.*? The correlation between physical
activity as reported in one-week recalls and that
reported on the questionnaires was 0.79. The cor-
relation between moderate-to-vigorous activity as
reported in diaries and that reported on the ques-
tionnaires was 0.62. In a separate population of
103 women who were 20 to 59 years old, the corre-
lation between the physical-activity score, as deter-
mined on a very similar questionnaire, and maximal
oxygen consumption was 0.54.23 In our previous
analyses, the level of physical activity was a strong
predictor of morbidity and mortality.**>4-1¢

END POINTS
Deaths were reported by the next of kin or the post-
al authorities or were ascertained through the Na-
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tional Death Index. We estimate that follow-up for
deaths was more than 98 percent complete.’” For
all deaths, we sought death certificates and, when
appropriate, requested permission from the next
of kin to review medical records. The underlying
cause of death was assigned according to the Inter-
national Classification of Diseases, 8th Revision (ICD-8).
The primary end point in this analysis was death
from any cause. We also conducted analyses ac-
cording to the causes of death, which were divided
into cancer (ICD-8 codes 140.0 through 207.9),
cardiovascular disease (ICD-8 codes 390.0 through
458.9 and 795.0 to 795.9), and all other causes.

STATISTICAL ANALYSIS

In order to reduce the effects of underlying disease
on weight, we used the baseline body-mass index
in our analyses. We grouped women into nine cate-
gories according to the body-mass index as mea-
sured in 1976. We calculated the change between
the weight at the age of 18 years and that in 1980
and grouped women into five categories. For all
analyses, we excluded women who had reported
cancer or cardiovascular disease at baseline. Per-
son-years were calculated from the date of return
of the 1976 questionnaire (for analyses of body-
mass index) or the 1980 questionnaire (for analy-
ses of physical activity) until the date of death or
June 1, 2000, whichever came first. The relative
risk of death was calculated as the rate of death
among women within a given body-mass-index
category as compared with that in the reference cat-
egory. Age-adjusted analyses were conducted with
the use of five-year age categories and the Mantel—
Haenszel test.*® The Cox proportional-hazards
model*® was used to adjust for age or other poten-
tial confounding variables, including smoking sta-
tus, alcohol use, menopausal status and use or non-
use of hormone-replacement therapy, and presence
or absence of a parental history of myocardial in-
farction before 60 years of age.

In our examination of the combined effects of
physical activity and body-mass index on mortality,
we used 1980 as the baseline. To represent long-
term levels of physical activity most accurately and
to reduce measurement error, we calculated the cu-
mulative average number of hours of moderate-
to-vigorous activity from all available questionnaires
up to the start of each two-year follow-up inter-
val.»> In the secondary analysis, we controlled for the
ratio of polyunsaturated to saturated fat consumed
and for the intake of trans fat and fiber (all in quin-

tiles). Likelihood-ratio tests were used to examine
interactions between physical activity and obesity in
relation to mortality with the comparison of nested
models with and without the interaction variables
of activity and obesity.

We calculated the population attributable risk
conferred by excess weight (defined as a body-mass
index of 25 or higher) and physical inactivity (de-
fined as less than 3.5 hours per week of moderate-
to-vigorous activity) to estimate the percentage of
premature deaths in our cohort that, theoretically,
would not have occurred if all women had been in
the low-risk group (i.e, they were not overweight
and engaged in regular exercise), assuming a caus-
al relationship between the risk factors and mortal-
ity.2° Statistical analyses were conducted with the
use of SAS software, version 8.2. All reported P val-
ues are based on two-sided tests.

RESULTS

During 24 years of follow-up (approximately 2.7
million person-years), we identified 10,282 deaths
— 2370 from cardiovascular disease, 5223 from
cancer, and 2689 from other causes. We observed a
J-shaped relationship between body-mass index
and overall mortality in age-adjusted analyses (Ta-
ble 1). However, when we restricted the analyses to
women who had never smoked, in order to mini-
mize confounding by this major cause of death,*
we observed a direct monotonic relationship be-
tween the body-mass index and mortality. The low-
est mortality was among women with a body-mass
index of less than 23. There was a slight J-shaped
relationship between body-mass index and mor-
tality among former smokers, but the relationship
was more evident among current smokers. Further
adjustment for the number of cigarettes smoked
per day and the duration of the period of smoking
did notappreciably alter the relationship. Figure 1
shows multivariate relative risks of death from spe-
cific causes among women who had never smoked.
The monotonic relationship held for deaths from
cancer and, more strongly, for deaths from car-
diovascular causes. For other deaths, the increased
risk in the leanest group was primarily due to chron-
ic obstructive pulmonary disease and cirrhosis.

In multivariate analyses, both excess weight or
obesity and physical inactivity were significantly as-
sociated with increased mortality (Table 2). In the
group of women who had never smoked, overall
mortality was twice as high among those who were
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Table 1. Body-Mass Index and Relative Risk of Death from All Causes during 24 Years of Follow-up.*
Group and Variable Body-Mass Indexy
<21.0 21.0-229 23.0-249 25.0-26.9 27.0-29.9 30.0-32.9 33.0-349 35.0-399 =40.0
All women
No. of deaths 2267 2259 1893 1184 1223 728 258 300 170
Person-yr 701,934 711,628 528,552 294,208 241,520 118,069 39,543 40,940 15,586
Age-adjusted relative risk  1.00 0.85 0.86 0.93 116 1.43 1.56 1.79 2.62
(95% Cl) (0.80-0.90) (0.81-0.91) (0.86-1.00) (1.08-1.25) (1.31-1.55) (1.38-1.78) (1.59-2.02) (2.24-3.06)
Multivariate relative risk ~ 1.00 0.91 0.92 0.99 1.26 1.57 1.73 2.02 2.89
(95% Cl) (0.86-0.97) (0.87-0.98) (0.93-1.07) (1.18-1.36) (1.44-1.71) (1.52-1.97) (1.79-2.29) (2.47-3.38)
Women who never smoked
No. of deaths 495 651 608 420 479 305 107 120 77
Person-yr 276,470 304,316 236,968 136,234 116,846 59,748 20,128 21,108 7853
Age-adjusted relative risk ~ 1.00 1.03 1.11 1.27 1.67 2.10 2.26 2.43 4.07
(95% Cl) (0.91-1.15) (0.98-1.25) (1.11-1.45) (1.47-1.90) (1.82-2.42) (1.83-2.79) (1.99-2.97) (3.20-5.18)
Multivariate relative risk ~ 1.00 1.02 1.09 1.23 1.61 1.96 2.10 2.29 3.71
(95% Cl) (0.91-1.15) (0.97-1.23) (1.07-1.40) (1.42-1.83) (1.69-2.26) (1.70-2.59) (1.87-2.80) (2.91-4.72)
Former smokers
No. of deaths 327 401 378 208 229 149 60 86 47
Person-yr 152,326 169,776 126,367 68,642 56,992 27,913 10,322 11,296 4396
Age-adjusted relative risk ~ 1.00 0.94 1.07 1.03 1.35 1.81 2.03 2.79 3.96
(95% Cl) (0.81-1.09) (0.92-1.24) (0.87-1.23) (1.14-1.60) (1.49-2.20) (1.54-2.68) (2.20-3.54) (2.92-5.38)
Multivariate relative risk ~ 1.00 0.94 1.05 1.01 127 1.68 1.83 2.44 3.52
(95% Cl) (0.81-1.09) (0.91-1.22) (0.85-1.21) (1.07-1.51) (1.38-2.04) (1.39-2.42) (1.92-3.11) (2.59-4.80)
Current smokers
No. of deaths 1430 1188 896 544 504 268 89 93 44
Person-yr 269,285 233,256 161,944 87,645 66,152 29,647 8753 8360 3225
Age-adjusted relative risk  1.00 0.86 0.84 0.92 1.15 1.40 1.66 1.88 2.28
(95% Cl) (0.79-0.92) (0.77-0.91) (0.83-1.01) (1.04-1.27) (1.23-1.59) (1.34-2.05) (1.53-2.32) (1.69-3.08)
Multivariate relative risk ~ 1.00 0.86 0.83 0.90 1.13 1.34 1.60 1.79 2.07
(95% Cl) (0.80-0.93) (0.76-0.90) (0.82-1.00) (1.02-1.25) (1.18-1.53) (1.29-1.98) (1.45-2.21) (1.53-2.80)

3

Multivariate relative risks were adjusted for age (<49, 50 to 54, 55 to 59, 60 to 64, or =65 years), smoking status (never smoked, former smoker,
or current smoker [1 to 14, 15 to 24, or 25 or more cigarettes per day], adjusted only for the analyses for all women), parental history with re-
spect to coronary heart disease, menopausal status and hormone use (never used hormones, used them in the past, or use them currently),
level of physical activity (five categories), and alcohol consumption (none, 0.1 to 4.9, 5.0 to 14.9, or =15 g per day). The physical-activity level
and alcohol consumption were based on 1980 data. The numbers of deaths in the stratified analyses according to smoking status do not add
up to the total number because of missing data on smoking status. P for trend <0.001 for all models. Cl denotes confidence interval.

T The body-mass index is the weight in kilograms divided by the square of the height in meters.

obese (body-mass index, 30 or higher) as among
those who were lean (body-mass index, less than
25). Mortality from cardiovascular disease was three
times as high, and mortality from cancer was in-
creased by 65 percent. Physical inactivity (less than
one hour per week of exercise) was associated with
a 52 percent increase in overall mortality, a doubling
of mortality from cardiovascular disease, and a 29
percent increase in mortality from cancer. Adjust-
ment for the body-mass index slightly attenuated
these relative risks, but smoking status did not con-
found the associations.
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We next examined the combined effects of body-
mass index and physical activity on mortality (Ta-
ble 3). Excess weight and obesity predicted an in-
crease in mortality regardless of the physical-activity
level, and there was no evidence that higher levels
of physical activity attenuated the association be-
tween obesity and mortality. As compared with
women who were lean (i.e., who had a body-mass
index lower than 25) and active (they spent 3.5 or
more hours exercising per week), the multivariate
relative risks of death were 1.55 (95 percent confi-
dence interval, 1.42 to 1.70) for lean and inactive
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women, 1.91 (95 percent confidence interval, 1.60
to 2.30) for women who were obese (body-mass
index, 30 or higher) but active, and 2.42 (95 per-
cent confidence interval, 2.14 to 2.73) for inactive,
obese women.
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Figure 1. Multivariate Relative Risks of Death from Car-
diovascular Disease (Panel A), Cancer (Panel B),

and Other Causes (Panel C) According to Body-Mass
Index among Women Who Had Never Smoked.

Risks were adjusted for age (<49, 50 to 54, 55 to 59, 60
to 64, or =65 years), presence or absence of a parental
history of coronary heart disease, menopausal status
and hormone use (never used hormones, used them in
the past, or use them currently), physical activity (five
categories; 1980 data), and alcohol consumption (none,
0.1t04.9,5.0to 14.9, or =15 g per day; 1980 data). I bars
denote 95 percent confidence intervals.

The association between physical activity and
mortality was somewhat stronger among lean wom-
en than among overweight women, but the test
for an interaction was not statistically significant
(P=0.06 for overall mortality, P=0.37 for mortality
from cardiovascular disease, and P=0.22 for mor-
tality from cancer). Further adjustment for dietary
factors (the ratio of polyunsaturated to saturated
fat and the amount of trans fat and fiber) did not
appreciably change the results. The designation of
a higher level of physical activity (seven or more
hours per week) as the cutoff point did not alter the
overall findings.

In a secondary analysis for which 1986 was the
baseline period, abdominal obesity (defined accord-
ing to the waist-to-hip ratio) predicted increases
in overall and cause-specific mortality that were in-
dependent of physical-activity levels. Women with
the highest waist-to-hip ratios and the lowest levels
of physical activity had the highest mortality (rela-
tive risk of death, as compared with women who
had the lowest waist-to-hip ratio and the highest
levels of physical activity, 2.84; 95 percent confi-
dence interval, 2.25 to 3.57). Both the waist-to-
hip ratio and the circumference of the waist were
significant predictors of mortality after adjust-
ments were made for body-mass index, physical
activity, and other covariates (multivariate relative
risks, from the lowest to the highest quintile, 1.00,
1.19, 1.40, 1.59, and 2.20 for waist circumference
and 1.00, 1.14, 1.25, 1.51, and 1.84 for the waist-to-
hip ratio; P<0.001 for both variables).

Table 4 shows the association between a change
inweight during adulthood (from the age of 18 years
until 1980) and overall mortality and cause-specific
mortality (from 1980 through 2000), according to
the level of physical activity as assessed in 1980. Even
amodest weight gain (4 to 10 kg) was significantly
associated with an increase in mortality (relative
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Table 2. Multivariate Relative Risks of Death from Any Cause and Death from Specific Causes According to

Body-Mass Index and Physical Activity.*
Variable
BMI <25.0
Relative risk (95% Cl)
All participants 1.00
Women who had never smoked 1.00
Physical activity (hr per wk) 1 23.5
Multivariate relative risk (95% Cl)
Without BMI 1.00
With BMI3: 1.00
BMI <25.0
Relative risk (95% Cl)
All participants 1.00
Women who had never smoked 1.00
Physical activity (hr per wk) 1 23.5
Multivariate relative risk (95% CI)
Without BMI 1.00
With BMI3: 1.00
BMI <25.0
Relative risk (95% Cl)
All participants 1.00
Women who had never smoked 1.00
Physical activity (hr per wk) 1 23.5
Multivariate relative risk (95% CI)
Without BMI 1.00
With BMI3: 1.00

Death from Any Cause

25.0-29.9

1.13 (1.06-1.20)
1.36 (1.22-1.51)
1.0-3.4

1.18 (1.10-1.26)
1.14 (1.06-1.22)

=30.0

1.69 (1.57-1.82)
1.99 (1.76-2.25)
<1.0

1.52 (1.41-1.63)
1.44 (1.34-1.55)

Death from Cardiovascular Disease

25.0-29.9

1.39 (1.22-1.58)
1.53 (1.19-1.97)
1.0-3.4

1.56 (1.33-1.83)
1.46 (1.24-1.71)
Death from Cancer

25.0-29.9

1.11 (1.02-1.21)
1.31 (1.13-1.52)
1.0-3.4

1.07 (0.98-1.17)
1.05 (0.96-1.15)

=30.0

2.70 (2.35-3.11)
3.15 (2.45-4.06)
<1.0

1.97 (1.67-2.33)
1.75 (1.48-2.07)

=30.0

1.34 (1.20-1.50)
1.65 (1.39-1.97)
<1.0

1.29 (1.17-1.42)
1.25 (1.13-1.38)

*

The body-mass index (BMI), the weight in kilograms divided by the square of the height in meters, was measured in

1980; levels of physical activity were updated through 2000. Relative risks were adjusted for age (<49, 50 to 54, 55 to 59,
60to 64, or =65 years), smoking status (never smoked, former smoker, or current smoker [1 to 14, 15 to 24, or 25 or more
cigarettes per day], adjusted only for the analyses for all women), parental history with respect to coronary heart disease,
menopausal status and hormone use (never used hormones, used them in the past, or use them currently), level of

physical activity (three categories, adjusted in the BMI analyses), and alcohol consumption (none, 0.1 to 4.9, 5.0 to 14.9,

or 215 g per day). P for trend <0.001 for all models. CI denotes confidence interval.

i Physical activity was defined as moderate to vigorous activity, including brisk walking.
BMI was adjusted in three categories (<25, 25 to 29.9, and =30).

risk of death, 1.15; 95 percent confidence interval,
1.01 to 1.31). The increased mortality associated
with weight gain was not mitigated by higher levels
of physical activity. Weight loss was associated with
an increase in mortality from cardiovascular dis-
ease among sedentary women.

In our cohort, the prevalence of either excess

weight (a body-mass index of 25 or higher) or phys-
ical inactivity (less than 3.5 hours per week) was
80.7 percent among all participants and 81.6 per-
cent among women who had never smoked as of
1992. We estimate that excess weight and physical
inactivity together accounted for 26 percent of all
premature deaths, 47 percent of deaths from car-
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Table 3. Multivariate Relative Risks of Death from Any Cause and Death from Specific Causes According to
Joint Categories of Body-Mass Index and Physical Activity.*

Variable

Death from any cause

BMI <25.0
No. of deaths

Person-yr

Relative risk (95% Cl)

BMI 25.0-29.9
No. of deaths

Person-yr

Relative risk (95% Cl)

807
352,531
1.007

298
92,827
1.28 (1.12-1.46)

Physical Activity (hr/wk)

1.0-3.4

1540
457,290
1.18 (1.09-1.29)

699
167,442
1.33 (1.20-1.47)

<1.0

1091
215,188
1.55 (1.42-1.70)

518
89,787
1.64 (1.46-1.83)

BMI =30.0
No. of deaths 136 450 410
Person-yr 31,726 78,675 53,032
Relative risk (95% Cl) 1.91 (1.60-2.30) 2.05 (1.82-2.30) 2.42 (2.14-2.73)
Death from cardiovascular disease
BMI <25.0
No. 118 299 211
Relative risk (95% Cl) 1.007 1.51 (1.22-1.87) 1.89 (1.51-2.37)
BMI 25.0-29.9
No. 57 171 13
Relative risk (95% CI) 1.58 (1.15-2.16) 2.06 (1.62-2.60) 2.52 (1.96-3.25)
BMI =30.0
No. 32 149 133
Relative risk (95% Cl) 2.87 (1.94-4.25) 4.26 (3.33-5.44) 4.73 (3.68-6.09)
Death from cancer
BMI <25.0
No. 489 851 544
Relative risk (95% Cl) 1.007 1.09 (0.98-1.22) 1.32 (1.17-1.50)
BMI 25.0-29.9
No. 170 373 255
Relative risk (95% CI) 1.22 (1.02-1.45) 1.20 (1.05-1.38) 1.39 (1.19-1.62)
BMI =30.0
No. 66 187 165
Relative risk (95% Cl) 1.57 (1.21-2.03) 1.44 (1.21-1.71) 1.68 (1.40-2.01)

* Relative risks were adjusted for age (<49, 50 to 54, 55 to 59, 60 to 64, or =65 years), smoking status (never smoked,
former smoker, or current smoker [1 to 14, 15 to 24, or 25 or more cigarettes per day]), parental history with respect to
coronary heart disease, menopausal status and hormone use (never used hormones, used them in the past, or use them
currently), and alcohol consumption (none, 0.1 to 4.9, 5.0 to 14.9, or =15 g per day). The body-mass index (BMI) is the
weight in kilograms divided by the square of the height in meters. CI denotes confidence interval.

T Women with 3.5 days or more per week of physical activity and a BMI of 25.0 or less served as the reference group.
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Table 4. Weight Change and Relative Risk of Death According to Level of Physical Activity among Women Who Had Never Smoked.*

Weight Loss No
Variable =4.0 kg Change
Death from any cause
No. of deaths 112 376
Person-yr 41,704 197,790
Multivariate relative risk 1.16 (0.93-1.44) 1.00
(95% Clyf
Relative risk according to physi-
cal activity (95% Cl)
<1.0 hr/wk 1.38 (0.98-1.95)  1.00
1.0-3.4 hr/wk 1.00 (0.64-1.56)  1.00
=3.5 hr/wk 1.04 (0.71-1.50)  1.00
Death from cardiovascular
disease
No. of deaths 33 65
Multivariate relative risk 1.55 (1.00-2.40)  1.00
(95% CI)t
Relative risk according to phys-
ical activity (95% Cl)
<1.0 hrjwk 2.01 (1.05-3.88)  1.00
1.0-3.4 hrjwk 1.23 (0.54-2.78)  1.00
>3.5 hrjwk 139 (0.59-3.28)  1.00
Death from cancer
No. of deaths 47 217
Multivariate relative risk 0.93 (0.67-1.28)  1.00
(95% Clyf
Relative risk according to phys-
ical activity (95% Cl)
<1.0 hrjwk 0.86 (0.48-1.53)  1.00
1.0-3.4 hrjwk 0.84 (0.43-1.64)  1.00
>3.5 hrjwk 0.95 (0.58-1.56)  1.00

Weight Gain
4-10kg 10.1-19.9kg  20.0-39.9 kg 240.0 kg
563 606 479 87
238,797 191,787 101,638 11,305

1.15 (1.01-1.31) 1.35(1.18-1.53) 1.87 (1.63-2.14)

1.19 (0.96-1.48)
1.19 (0.93-1.53)
1.10 (0.88-1.37)

1.40 (1.14-1.72)
1.33 (1.04-1.72)
1.32 (1.05-1.65)

1.86 (1.50-2.31)
1.92 (1.48-2.49)
1.92 (1.50-2.47)

88
1.02 (0.74-1.41)

125
1.51 (1.12-2.04)

143
2.84 (2.11-3.83)

1.20 (0.73-2.00)
0.76 (0.42-1.38)
1.13 (0.63-2.03)

1.80 (1.12-2.88)
1.16 (0.67-2.02)
1.54 (0.86-2.73)

2.75 (1.72-4.41)
2.38 (1.41-4.03)
3.98 (2.27-6.96)

320
1.14 (0.96-1.33)

335
1.32 (1.12-1.58)

228
1.63 (1.35-1.97)

1.07 (0.80-1.43)
1.17 (0.84-1.63)
1.20 (0.90-1.59)

1.28 (0.97-1.70)
1.35 (0.97-1.88)
1.34 (1.00-1.80)

1.53 (1.13-2.08)
1.81 (1.28-2.56)
1.59 (1.12-2.25)

3.02 (2.39-3.83)

3.01 (2.15-4.20)
2.90 (1.85-4.55)
3.56 (2.11-6.01)

24

4.05 (2.52-6.51)

3.40 (1.66-6.97)
3.42 (1.44-8.13)
8.96 (3.50-23.0)

37

2.44 (1.71-3.46)

2.92 (1.84-4.63)
1.96 (0.97-3.98)
1.57 (0.57-4.29)

P for
Trend

<0.001

<0.001
<0.001
<0.001

<0.001

<0.001
0.007
<0.001

<0.001

<0.001
<0.001
0.003

3

Weight change reflects a loss or gain during the period from age 18 until 1980.
i Multivariate relative risks have been adjusted for age (<49, 50 to 54, 55 to 59, 60 to 64, or =65 years), smoking status (never smoked, former

smoker, or current smoker [1 to 14, 15 to 24, or 25 or more cigarettes per day], adjusted only for the analyses for all women), parental history
with respect to coronary heart disease, menopausal status and hormone use (never used hormones, used them in the past, or use them cur-
rently), level of physical activity (five categories, not adjusted in the stratified analyses), alcohol consumption (none, 0.1 to 4.9, 5.0 to 14.9, or
=15 g per day), and body-mass index at age 18 as a continuous variable. Cl denotes confidence interval.

diovascular disease, and 16 percent of deaths from
cancer in the overall cohort, and for 31 percent of
all deaths, 59 percent of deaths from cardiovascu-
lar disease, and 21 percent of deaths from cancer
among women who had never smoked.

DISCUSSION

In this large cohort study of middle-aged women,
the body-mass index and level of physical activity
significantly and independently predicted mortal-
ity. A high level of physical activity did not eliminate

N ENGL J MED 351;26 WWW.NEJM.ORG

excess mortality associated with obesity. Also, lean-
ness did not counteract the increase in mortality
conferred by inactivity. The lowest mortality was
among physically active, lean women. Weight gain
during adulthood was also a strong and indepen-
dent risk factor for premature death, regardless of
the level of physical activity.

Although obesity is clearly associated with an
increase in mortality, the health consequences of
being mildly to moderately overweight have been
less clear. Many epidemiologic studies have sug-
gested that leanness may be associated with an in-
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crease in mortality.> However, there is little evidence
that leanness is associated with a higher incidence
of major chronic disease. To the contrary, even a
body-mass index in the upper part of the normal
range increases the risk of diabetes, hypertension,
and coronary heart disease.?* Although overall mor-
tality is a simple and useful end point, epidemio-
logic studies of body weight and mortality are prone
to methodologic biases that result from reverse
causation (i.e., alow body-mass index is sometimes
the result, rather than the cause, of underlying ill-
ness) and from confounding by smoking. These
artifacts can lead to the J-shaped or U-shaped re-
lationship between body-mass index and mortali-
ty and to a systematic underestimation of the effect
of obesity on mortality.?* In the present analyses, the
linear relationship between body-mass index and
mortality emerged only when the analyses were re-
stricted to women who had never smoked. Our re-
sults are consistent with those of the Cancer Preven-
tion Study 11,3 in which the relationship between
body-mass index and mortality was substantially
modified by smoking; among participants in that
study who had never smoked, the mortality was
lowest among women with a body-mass index of
22.0to0 23.4.

There is convincing evidence that increased lev-
els of physical activity help reduce the risk of pre-
mature death.3 Cardiorespiratory fitness, as mea-
sured by a treadmill-exercise test, is also a powerful
predictor of mortality.>* It has been hypothesized
that physical fitness may eliminate the adverse ef-
fects of obesity on mortality. In an eight-year fol-
low-up of 21,925 men 30 to 83 years of age in the
Aerobics Center Longitudinal Study (in which 428
deaths occurred), Lee et al.* reported that physical
fitness completely abrogated the excess mortality
associated with increased body fat. However, in
the Lipid Research Clinics Study, both physical fit-
ness and adiposity predicted overall mortality and
mortality from cardiovascular disease, and physi-
cal fitness did not negate the association between
obesity and excess mortality. Wessel et al.*> recent-
ly reported that among 906 women who underwent
coronary angiography for suspected ischemia, a
higher level of self-reported physical fitness, but
not a lower body-mass index, was significantly as-
sociated with a lower incidence of cardiovascular
events. However, these results may be affected by
residual confounding due to reverse causation, be-
cause existing coronary heart disease could lead to
weight loss and could also limit exercise.

In the present study, we did not assess cardio-
respiratory fitness. However, physical activity is the
primary determinant of fitness that can be modi-
fied, and even moderate levels of physical activity
(e.g., 30 minutes per day of brisk walking) can
bring about levels of cardiorespiratory fitness that
have been associated with a significant reduction
in mortality.?® In our study, the adverse effects of
excess weight on mortality were persistent in both
lower and higher physical-activity categories. Thus,
our data do not support the hypothesis that a high-
er level of physical activity eliminates the excess
mortality associated with increased body fat. Some
unusually muscular persons with a body-mass index
over 30 who are active and fit may have a relatively
low risk of death, but such persons must be rare:
only 2 percent of women in our study were both
physically active and obese, and the overall risk of
death in this group was twice that among lean and
active women.

Measurement errors in self-reported levels of
physical activity might have biased the association
between physical activity and mortality toward the
null hypothesis. In addition, obese participants
might have exaggerated their physical-activity lev-
els. However, our previous analyses demonstrated
that the level of physical activity predicted the risk
of diabetes®” and coronary heart disease4 in both
lean and obese subjects. Because physical activity
was assessed periodically during the follow-up pe-
riod, our analyses with the use of the repeated mea-
surements not only reduced errors in measurement
but also took into account real changes in levels of
physical activity over time.

Although our data are from women, they are
broadly consistent with findings in two cohort stud-
ies of men,?®2° which showed that the excess mor-
tality associated with obesity was similar among
physically active and sedentary men. In the Health
Professionals Follow-Up Study,?® the risk of death
among lean and active men was not increased, but
among the leanest men who were also sedentary,
the risk of death was increased by a factor of two.

Because our study population is primarily white
and is made up of registered nurses, the relative
homogeneity of the cohort with respect to socio-
economic status and educational level reduces con-
founding and enhances the internal validity of the
study. On the other hand, our results may not apply
to other racial or ethnic groups. Previous studies of
black and Hispanic populations have been limited
but have generally found that broad ranges of the
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body-mass index are associated with the lowest
mortality.>® Whether physical activity or fitness
modifies the relationship between body-mass in-
dex and mortality in these populations remains to
be studied.

In conclusion, we found that both the body-
mass index and the level of physical activity were
important and independent predictors of mortality
and that a higher level of physical activity does not
appear to negate the risk associated with adiposity.
Women who were both lean and physically active
had the lowest mortality. Also, our data on women
who were followed for 24 years continue to show

a monotonic relationship between the body-mass
index and mortality among those who have never
smoked, with the lowest mortality among women
with a body-mass index of less than 23. Further-
more, even a moderate weight gain during adult-
hood was associated with an increase in mortality
that was independent of the physical-activity level.
Thus, public health campaigns should emphasize
both the maintenance of a healthy weight and reg-
ular physical activity.
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