ABSTRACT

Objectives. This study examined the
association between recreational physi-
cal activity and mortality in middle-aged
and older women and the possibility that
physical activity serves as an important
marker of health.

Methods. Analyses were conducted
among participants in the Nurses’ Health
Study. Levels of physical activity were
assessed by questionnaire in 1980 and
updated every 2 to 4 years.

Results. Levels of physical activity
were inversely associated with mortal-
ity risk; however, each activity level
above the reference level had approxi-
mately the same level of risk reduction
(20%—-30%). The inverse association was
stronger for cardiovascular deaths than
for cancer deaths and was strongest for
respiratory deaths. Women who died of
noncardiovascular, noncancer causes
were more likely to have reported that
poor health limited their physical activ-
ity than were women who died of other
causes or who remained alive.

Conclusions. Part of the link be-
tween physical activity and mortality risk
is probably spurious and difficult to re-
move analytically; however, on the basis
of epidemiologic evidence, much of the
health benefit of activity is real. (Am J
Public Health. 2001;91:578-583)
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Benefits of physical activity include re-
ductions in risks of coronary heart disease,
stroke, type 2 diabetes mellitus, certain can-
cers, and osteoporosis.' The relationship be-
tween physical activity and all-cause mortality
has been examined in several prospective stud-
ies, and virtually all have indicated a reduction
in risk.>®

Reverse causation—that is, serious dis-
ease causing low physical activity rather than
vice versa—could contribute to an associa-
tion between low physical activity level and el-
evated mortality risk. In most previous pros-
pective studies of physical activity and
mortality, the possibility of spurious associa-
tions due to reverse causation has not been
adequately discussed, despite attempts to
begin with “healthy” cohorts at baseline and
the exclusion of deaths during the first several
years of follow-up. Reverse causation is par-
ticularly likely for diseases with a long natu-
ral history preceding death and for diseases for
which physical activity is unlikely to be caus-
ally protective. Such diseases include chronic
obstructive pulmonary disease, cirrhosis, and
dementia.

In this study, we examined the associa-
tion between recreational physical activity and
mortality in the Nurses’ Health Study cohort.
We considered both total mortality and mor-
tality due to selected major diseases, includ-
ing those with plausible causal mechanisms
related to physical activity and those for which
there was no clear biological causal hypothe-
sis. We examined the effects of total recre-
ational activity, as well as the separate effects
of walking and more vigorous activities, using
repeated measures of physical activity.

To decrease the magnitude of potentially
spurious associations, we excluded all women
at baseline who reported a history of cancer
(except nonmelanoma skin cancer) or cardio-
vascular disease (coronary heart disease, stroke,
or angina), and we ceased updating physical
activity level when a woman developed either

of these conditions during the course of follow-
up. Finally, to explore the possible spurious na-
ture of certain physical activity—mortality as-
sociations, we examined whether inactive
women who died of causes other than cardio-
vascular disease and cancer were more likely
to have reported major activity limitations as an
explanation for their inactivity than were in-
active women who died from cardiovascular
disease or cancer.

In all of our analyses, we examined phys-
ical activity in units of hours per week rather
than in metabolic equivalent task units
(METs).’ Recent US federal guidelines re-
garding physical activity from the Centers for
Disease Control and Prevention and the Amer-
ican College of Sports Medicine,"” as well as
the surgeon general’s report on physical activ-
ity and health," are stated in terms of units of
time; these guidelines all endorse at least 30
minutes of moderate-intensity physical activ-
ity on most, and preferably all, days of the
week. Furthermore, most individuals are ac-
customed to thinking of physical activity in
terms of the time devoted to it rather than in
terms of energy expenditure per episode.
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Methods

Study Population

The Nurses’” Health Study is a prospec-
tive cohort study that was established in 1976
when 121701 female registered nurses aged
30 to 55 years returned a mailed questionnaire
about their medical histories and lifestyles.
Subsequent questionnaires requesting updated
information on risk factors and medical events
have been mailed every 2 years. The follow-up
rate in this cohort between 1976 and 1996 was
95% of potential person-time (2410451 of
2532807 person-years). The protocol for the
study was approved by the Human Research
Committee of the Brigham and Women’s Hos-
pital. Because physical activity questions were
first asked in the 1980 questionnaire, our base-
line cohort consisted of the women who re-
turned the 1980 questionnaire and answered
the physical activity questions (n=85326). We
excluded women at baseline with a history of
cardiovascular disease or cancer (n=4978); as
aresult, 80348 women were included in analy-
ses that began in 1980.

Identification of Deaths

In primary analyses, we lagged deaths by
2 years; thus, only deaths that occurred after the
completion of the 1982 survey and before July
1996 were included. Most deaths were reported
by the participants’ families. We also searched
the National Death Index to identify deaths
among nonrespondents; mortality follow-up
was more than 98% complete.' For all deaths,
we sought death certificates and, when appro-
priate, requested permission from the next of
kin to review medical records (subject to state
regulations). Underlying cause of death was as-
signed according to the International Classifi-
cation of Diseases, Eighth Revision (ICD-8).
The primary endpoint in this analysis was death
from any cause; we also examined deaths due
to cardiovascular disease (/CD-8 codes 410.0—
414.9,430.0-438.9,443.0-443.9,450.0-450.9,
and 795.0-795.9), all cancers (codes 140.0—
207.9), and all other nonaccidental causes. Be-
tween July 1982 and June 1996, 4746 deaths
occurred among women who provided infor-
mation on physical activity and on relevant co-
variates used in multivariate models.

Assessment of Physical Activity

Women were first asked about physical
activity on the 1980 questionnaire. We used a
single question about the average number of
hours spent each week during the previous year
on such activities as heavy gardening, vigorous
sports, jogging, walking or striding, bicycling,
or heavy housework. On the 1982 question-
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naire, women were asked a slightly different
question: “For how many hours per week, on
average, do you engage in activity strenuous
enough to build up a sweat?”’

In 1986, 1988, and 1992, the physical ac-
tivity questions were more detailed (there were
no physical activity questions on the 1990 sur-
vey); women were asked to report the average
time spent per week during the previous year
on each of the following activities: walking or
hiking outdoors, jogging (slower than 10 min-
utes per mile), running (10 minutes per mile
or faster), bicycling (including use of a sta-
tionary bicycle), swimming, playing tennis or
squash, and participating in calisthenics, aero-
bics, or aerobic dance or using a rowing ma-
chine. Each woman also reported her usual
walking pace: easy (less than 2 miles [3.2 km]
per hour), normal (2-2.9 miles per hour), brisk
(3-3.9 miles per hour), or very brisk (4 miles
per hour or faster). Thus, for 1980, 1982, 1986,
1988, and 1992, we had a measure of average
hours per week of physical activity. For 1986,
1988, and 1992, we also created variables rep-
resenting average hours per week of walking
and of more vigorous (nonwalking) physical
activity.

To represent long-term physical activity
levels of individual women as accurately as
possible, we created measures of cumulative
average physical activity level (in units of hours
per week) from all available questionnaires up
to the start of each 2-year follow-up interval. As
stated earlier, we used a 2-year lag in our analy-
ses; thus, deaths in the first 2-year period (July
1980—June 1982) were not included in analy-
ses. (Lagging deaths by 2 years produced rel-
ative risks that were modestly attenuated in
comparison with those produced in an un-
lagged analysis, as expected.)

Because lagging deaths by more than 2
years produced results nearly identical to those
corresponding to a 2-year lag, we used the 2-
year lag to include the largest number of events.
For example, mortality from July 1982 to June
1984 was examined in relation to physical ac-
tivity level reported on the 1980 questionnaire,
mortality from July 1984 to June 1986 was ex-
amined in relation to the average physical activ-
ity level calculated from the 1980 and 1982 ques-
tionnaires, and so forth. Because there was no
measure of physical activity in 1984, mortality
from July 1986 to June 1988 was examined in re-
lation to the same average physical activity level
calculated from the 1980 and 1982 question-
naires. Mortality in the final 2-year period, July
1994 to June 1996, was examined in relation to
average physical activity level computed from all
surveys up to and including the 1992 survey.

We ceased updating of average activity
level for all women who developed cardiovas-
cular disease or cancer during follow-up. For
instance, if a woman reported on the 1988 sur-

vey that she had been diagnosed with coronary
heart disease in the previous 2 years, the aver-
age of her 1980, 1982, and 1986 physical ac-
tivity levels was retained as her “average” ac-
tivity level for analyses in all time periods
subsequent to 1986. We used the continuous
values of hours per week to compute the cu-
mulative averages at each time period; we then
categorized hours per week into 5 levels (less
than 1 [referent], 1-1.9,2-3.9,4-6.9, and 7 or
more hours per week) after averaging.

We also evaluated the joint effects of
walking and more vigorous nonwalking phys-
ical activities on mortality risk. For these analy-
ses, the women who responded to the 1986
questionnaire constituted the baseline cohort,
because information on specific types of ac-
tivities was first collected on this survey. Thus,
for these analyses, 8 years of mortality follow-
up (1988—-1996) were examined. Again, we
created cumulative average measures of hours
per week spent walking and hours spent doing
more vigorous activities, and we lagged deaths
by 2 years. In this analysis, women with both
less than 1 hour per week of walking and less
than 1 hour per week of more strenuous ac-
tivities composed the reference group. As be-
fore, we excluded women with a history of
cancer or cardiovascular disease at baseline
(1986), and we ceased updating activity lev-
els for women developing these conditions dur-
ing follow-up.

On the 1992 questionnaire, women were
asked whether their health limited their ability
to engage in vigorous activities, such as run-
ning, heavy lifting, or participating in strenuous
sports, and moderate activities, such as moving
atable, pushing a vacuum cleaner, bowling, or
playing golf. Women were also asked whether
their health limited their ability to climb stairs
or to walk several blocks. Among the most in-
active women, we analyzed responses to these
questions according to 1992 to 1996 follow-
up status (i.e., remained alive in 1996, died of
cancer or cardiovascular disease between 1992
and 1996, or died of other causes). A finding
that women who died of other causes were
much more likely to report previous activity
limitations owing to poor health would lend
support to the argument that observed associ-
ations between physical activity and these other
causes of death are at least partly spurious.

Statistical Analysis

We used multivariate pooled logistic re-
gression'? with 2-year time intervals to ap-
proximate the Cox proportional hazards model.
With these regression equations, we modeled
the risk of death over the follow-up period ac-
cording to level of cumulative average physi-
cal activity level. Each woman contributed per-
son-time from the time the initial questionnaire
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containing the exposure information of inter-
est was returned until the end of follow-up
(June 1, 1996), death, or loss to follow-up. In
these models, the numbers of cases and person-
years that accrued at each exposure level within
each stratum were counted. For time-varying
covariates, including body mass index (BMI),
cigarette smoking, parity, alcohol consump-
tion, and menopausal status/use of postmeno-
pausal hormones, cases and person-time were
reassigned every 2 years according to the up-
dated exposure values reported on each of the
biennial questionnaires.

From these summary tables, we calcu-
lated mortality rates as the sum of cases di-
vided by the sum of person-time observed, for
each exposure level. We calculated rate ratios
(relative risks) for each physical activity level
by dividing the rate for that level by the rate
for the reference level. We used SAS" in con-
ducting all statistical analyses.

We present both age-adjusted relative risks
and relative risks adjusted simultaneously for
the following factors: age at baseline (continu-
ous), BMI (in approximate quintiles; <21.0 kg/
m?, 21.1-22.5 kg/m?, 22.6-24.3 kg/m’, 24.4—
27.5 kg/m?, or >27.5 kg/m®), height (<59 in
[150 em], 59.1-62 in, 62.1-65 in, 65.1-68 in,
or >68 in), cigarette smoking (never smoker,
past smoker who quit >5 years previously, past
smoker who quit within past 5 years, currently
smoking 1-14 cigarettes per day, currently
smoking 15-24 cigarettes per day, or currently
smoking >25 cigarettes per day), alcohol con-
sumption (0, 0.1-4.9, 5.0-14.9, or 15 or more
grams per week), and menopausal status or
postmenopausal hormone use (premenopausal,
postmenopausal with no history of hormone
use, postmenopausal with past use of hormones
for <5 years, postmenopausal with past use of
hormones for >5 years, postmenopausal with
current use of hormones for <5 years, or post-

menopausal with current use of hormones for
>5 years). Adjustment for other factors, in-
cluding dietary intake of various macronutrients
and micronutrients, did not change the results;
thus, to obtain models as parsimonious as pos-
sible, we did not include these factors.

BMI probably acts, in part, as an interme-
diate variable through which physical activity
influences disease and mortality risk. However,
in these data, controlling for BMI, singly and in
combination with other covariates, did not ap-
preciably alter relative risk estimates for any of
the physical activity variables. Therefore, to be
consistent with many of the previously pub-
lished analyses, we included BMI in models.

Results

Women with higher physical activity lev-
els in 1980 tended to be younger, leaner, less
likely to smoke, and more likely to drink al-
cohol than those who were less active (Table 1).
Table 2 shows relative risks for total mortality
according to level of total physical activity.
There was an inverse relationship, and the
dose—response trend was significant (P<.0001
for trend in multivariate analysis); however, the
greatest decrease in risk occurred with an in-
crease in the amount of activity from less than
1 hour per week to 1 to 1.9 hours per week.
The remaining decreases in risk with increas-
ing activity level were relatively minor. We also
evaluated the relationship between total phys-
ical activity, categorized in quintiles of MET
hours, and mortality, beginning with physical
activity level in 1986 (this was the first year in
which activity information was collected in a
manner allowing conversion into MET hours).
The pattern and magnitude of relative risks in
this MET hours analysis were quite similar to
those of the relative risks reported in Table 2.

Table 3 presents data on the joint classi-
fication of walking and more vigorous activi-
ties and mortality risk. Relative to the refer-
ence group with less than 1 hour of walking
and less than 1 hour of more vigorous activi-
ties each week, all other groups were at re-
duced mortality risk. Again, the magnitude of
risk reduction for these various activity levels
was similar, with no clear pattern apparent in
the relative risks. Among women walking less
than 1 hour per week, any amount of more vig-
orous activity involving more than 1 hour per
week was associated with a moderate (ap-
proximately 20%—-25%) reduction in mortal-
ity risk. For a given amount of time spent walk-
ing, an increase in amount of more vigorous
activity tended to be associated with a modest
reduction in risk of mortality, although the pat-
tern was not consistent. The relationships be-
tween physical activity and mortality depicted
in Tables 2 and 3 did not differ meaningfully
across levels of various covariates, including
smoking status (never, past, current), BMI (in
tertiles), postmenopausal hormone use (never,
past, current), and level of alcohol consumption
(none, low/moderate, high).

Overall, in this cohort, 19.5% of deaths
occurring between 1982 and 1996 were due to
cardiovascular diseases, 57.5% were due to
cancer, and 23.0% were due to all other causes.
(The preponderance of cancer deaths over car-
diovascular deaths may have been due to the
age of the cohort; the deaths analyzed here oc-
curred among women aged 34 to 75 years over
the 1980 to 1996 time period.) Deaths among
women at the lowest activity level were more
likely due to noncancer, noncardiovascular
causes than were deaths among women at the
highest activity level: approximately 29% of
women with an average of less than 1 hour per
week of activity who died during follow-up
died from noncancer, noncardiovascular causes,

TABLE 1—Baseline (1980) Characteristics of Participants According to Hours per Week of Physical Activity in 1980: Nurses’
Health Study
<1.0 h/wk 1.0-1.9 h/wk 2.0-3.9 h/wk 4.0-6.9 h/wk >7.0 h/wk

Characteristic (n=20568) (n=23071) (n=13499) (n=13475) (n=9735)
Mean age, y (SD) 48.1 (+6.9) 46.2 (x7.1) 471 (x7.2) 46.1 (£7.4) 44.0 (+6.8)
Menarche before 12 years, % 225 22.6 23.1 225 21.0
Nulliparous, % 7.0 6.5 6.8 7.5 6.4
Postmenopausal, % 42.1 31.7 374 33.7 222
Ever used postmenopausal hormones,® % 46.1 47.2 48.0 50.6 50.0
Current smoker, % 31.8 29.7 30.8 26.0 22.2
Past smoker, % 25.8 25.8 25.4 29.3 35.2
Nonconsumer of alcohol, % 35.2 33.3 34.8 29.9 21.0
Mean BMI at the age of 18 y (SD) 21.4 (£3.1) 21.5 (£3.0) 21.5 (£3.1) 21.4 (x2.9) 21.0 (x2.4)
Mean BMI in 1980 (SD) 25.1 (+5.0) 24.7 (+4.7) 24.7 (+4.5) 23.9 (+3.9) 22.8 (+3.3)
Weight change >10 kg, age of 18 y to 1980, % 40.4 36.8 36.7 29.6 19.0
Height >67 in (170 cm), % 10.3 10.9 10.2 10.9 11.3
Note. BMI=body mass index.
#Among postmenopausal women only.
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TABLE 2—Hours per Week of Physical Activity (Updated Every 2 Years,
1980-1992) and Relative Risks of All-Cause Mortality, 1982—1996:
Nurses’ Health Study

Physical ~ Person-Years No. of Cases, Multivariate-Adjusted®
Activity,  of Observation 1982-1996 Age-Adjusted RR RR

h/wk (n=1270498) (n=4746) (95% ClI) (95% ClI)
<1 263918 1333 1.0 1.0
1-1.9 332359 1203 0.76 (0.70, 0.82) 0.82 (0.76, 0.89)
2-3.9 346025 1204 0.66 (0.61, 0.71) 0.75 (0.69, 0.81)
4-6.9 255543 790 0.64 (0.58, 0.70) 0.74 (0.68, 0.81)
>7 72653 216 0.62 (0.54, 0.72) 0.71 (0.61, 0.82)

Note. RR=relative risk; Cl=confidence interval.

#Adjusted for age at baseline, smoking status, recent alcohol consumption, height, body
mass index, and postmenopausal hormone use (P for trend in multivariate-adjusted
RRs: <.001).

TABLE 3—Hours per Week of Walking and More Vigorous Activities and
Relative Risks of All-Cause Mortality, 1988—1996: Nurses’
Health Study

Physical Person-Years No. of Outcomes, Age-Adjusted Multivariate-Adjusted®
Activity ~ of Observation 1988-1996 RR RR
h/wk (n=588426) (n=2470) (95% Cl) (95% Cl)

Less than 1 hour walking
<1 207542 1064 1.0 1.0
1-2.9 34278 101 0.62 (0.51, 0.77) 0.72 (0.59, 0.89)
>3 10532 36 0.73 (0.52, 1.02) 0.84 (0.60, 1.17)

1-2.9 hours walking

<1 130657 527 0.73 (0.66, 0.81) 0.80 (0.72, 0.89)
1-2.9 61340 188 0.58 (0.50, 0.68) 0.68 (0.58, 0.80)
>3 22219 66 0.60 (0.47, 0.77) 0.71 (0.55, 0.92)

3 or more hours walking

<1 65627 288 0.72 (0.63, 0.82) 0.80 (0.70, 0.91)
1-2.9 33351 130 0.64 (0.53, 0.77) 0.78 (0.65, 0.94)
>3 22880 70 0.53 (0.41, 0.67) 0.63 (0.49, 0.80)

Note. RR =relative risk; Cl=confidence interval.
#Adjusted for age at baseline, smoking status, recent alcohol consumption, height, body
mass index, and postmenopausal hormone use.

whereas 20% of women with 7 or more hours
of activity per week who died succumbed to
these causes. The leading specific causes of
mortality in this category of noncardiovascu-
lar, noncancer deaths (across all categories of
physical activity) were chronic obstructive pul-
monary disease and emphysema (15.7% of
“other” deaths), cirrhosis (8.4%), type 2 dia-
betes mellitus (5.7%), and so-called ill-defined
causes (5.6%).

Table 4 presents data on the association be-
tween average physical activity level (beginning
in 1980) and cause-specific mortality. Higher
levels of physical activity were associated with
very modestly reduced risks of cancer mortality,
and the dose—response trend was not significant.
The inverse association with cardiovascular dis-
ease was stronger. Although the inverse dose—
response trend was statistically significant, the
relative risks did not decrease monotonically.
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Low levels of physical activity are hypoth-
esized to be causally related to risk of diabetes,
and thus diabetes ideally should not be grouped
with other leading causes of noncancer, noncar-
diovascular deaths. Therefore, we also examined
the association between physical activity and
noncancer, noncardiovascular, nondiabetes
causes of death. There was a strong inverse as-
sociation, stronger than either of the associations
with cancer or cardiovascular disease.

The single leading contributor to deaths
not due to cancer, cardiovascular disease, or di-
abetes was the category of respiratory deaths
(ICD-8 codes 460-519.9). As can be seen in
Table 4, relative risks relating physical activity
and respiratory deaths were the most strongly
inverse of all associations in our analyses (rel-
ative risk of 0.23 for the most active vs the least
active group). We could not evaluate this rela-
tionship in those with no history of tobacco use,

because there were no deaths from these respi-
ratory causes in the most active groups of non-
smokers. (Nonsmokers who died of causes other
than cancer, cardiovascular disease, or diabetes
died predominantly of cirrhosis and dementia. )

We examined whether, among the least
active group of women (those reporting less
than 1 hour of any activity per week), those
who remained alive or subsequently died of
cancer, cardiovascular disease, or diabetes were
less likely to report major activity limitations
than those who subsequently died of other
causes. Among women who reported less than
1 hour of activity on the 1992 questionnaire,
those who remained alive were less likely than
those who died of other causes to have reported
that their health limited their ability to engage
in vigorous and moderate activities and to
climb stairs and walk several blocks. For in-
stance, 57.5% of sedentary women in 1992
who subsequently died of “other” causes of
death had reported major limitations with mod-
erate activities; the corresponding percentages
were 31.8%, 23.7%, and 7.2%, respectively,
for similarly sedentary women who died of
cardiovascular disease or cancer or who re-
mained alive.

Discussion

To our knowledge, this is the largest, and
one of the longest, prospective studies of recre-
ational physical activity and mortality in
women. We collected repeated, detailed infor-
mation on types of activities. It is likely that
the use of repeated measures of physical ac-
tivity provided a more accurate estimate of av-
erage activity level than a single baseline mea-
sure, as used in most other prospective studies
of physical activity and mortality. We also gath-
ered detailed information on a large number
of potentially confounding variables, and our
follow-up rate was high (more than 95% of po-
tential person-time).

Our findings are in agreement with the
well-known observation that people who are
more physically active are at reduced mortality
risk relative to those who are less active. We
found, similar to Kushi et al.,* that moderate
recreational activity (primarily walking, in the
Nurses’ Health Study cohort) conveys approx-
imately the same mortality benefit as more vig-
orous activities, at least among middle-aged and
older women. Our results are also in accord with
analyses of specific disease outcomes in this
cohort, as discussed subsequently. We were un-
able to address the role of specific sports or ac-
tivities other than walking because of the small
proportion of women in the cohort who regularly
engaged in a specific nonwalking activity.

We found strong evidence of a spurious
component in the physical activity—mortality
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Nurses’ Health Study

TABLE 4—Hours per Week of Physical Activity and Adjusted Relative Risks of Mortality From Specific Causes, 1982—-1996:

Relative Risk (95% Confidence Interval)

Physical Noncancer, Noncardiovascular,
Activity, Cardiovascular Deaths® Cancer Deaths® Nondiabetes Causes of Death® Respiratory Deaths
h/wk (n=923) (n=2727) (n=1040) (n=181)

<1 1.0 1.0 1.0 1.0

1-1.9 0.80 (0.68, 0.96) 0.92 (0.83, 1.02) 0.65 (0.56, 0.77) 0.42 (0.30, 0.57)
2-3.9 0.74 (0.62, 0.88) 0.85 (0.76, 0.94) 0.57 (0.48, 0.67) 0.46 (0.34, 0.63)
4-6.9 0.62 (0.50, 0.77) 0.95 (0.85, 1.07) 0.47 (0.38, 0.57) 0.29 (0.19, 0.44)
>7 0.69 (0.49, 0.97) 0.87 (0.72, 1.04) 0.46 (0.33, 0.64) 0.23 (0.11, 0.50)

postmenopausal hormone use.
2P for trend <.001.
bP for trend =.25.

Note. Estimates were adjusted for age at baseline, smoking status, recent alcohol consumption, height, body mass index, and

‘Leading causes of death in this category: chronic obstructive pulmonary disease and emphysema (17.0%), cirrhosis (9.1%), and dementia (4.4%).

association. This spuriousness is impossible to
remove through conventional analytic ap-
proaches, including controlling for confound-
ing variables such as smoking and alcohol con-
sumption, restricting the baseline cohort to an
allegedly healthy group free of cardiovascular
disease and cancer, lagging deaths by several
years, and ceasing the updating of physical ac-
tivity data once an individual is diagnosed with
one of these conditions. Our baseline ques-
tionnaire did not enable us to identify women
with cognitive decline, cirrhosis, or respiratory
problems at study initiation (whether or not
these conditions had been formally diagnosed
by a physician), and thus we were unable to re-
move them to create a truly “healthy” initial
cohort. In addition, we could not cease the up-
dating of physical activity for women who de-
veloped such conditions over the course of fol-
low-up, because we did not collect “incidence”
data on these conditions until relatively late in
follow-up. In any case, because there may not
be an isolated “date” of onset of certain of the
conditions (e.g., dementia, respiratory disease),
physical activity is probably often curtailed be-
fore a clinical diagnosis is made.

There are 2 lines of evidence in this analy-
sis that suggest the spuriousness of a compo-
nent of the physical activity—mortality associ-
ation. First, the strongest physical activity—
mortality associations in the Nurses’ Health
Study cohort involved causes of death other
than cancer, cardiovascular disease, and dia-
betes. It is likely, although not provable, that
the strong inverse associations between phys-
ical activity and these other causes of death
were largely spurious. Etiologic knowledge of
many of these diseases does not support a
strong causal role for physical activity. Because
death from these conditions usually occurs
many years after initial diagnosis, women in
the Nurses’ Health Study cohort who died from
such causes probably were in poor health, and
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thus inactive, for at least several years before
death. Women who died of these causes were
more likely to have reported major activity lim-
itations than were women who died of cancer
or cardiovascular disease, which lends support
to the intuition that these diseases often cause
severe reductions in physical activity. Without
the ability to remove women with cognitive
decline, cirrhosis, or respiratory disease from
the cohort, it is impossible to remove the strong
“reverse causation” association between low
physical activity and high risk of death from
these causes.

Similarly, in the lTowa Women’s Health
Study, in which the researchers excluded the
first 3 years of death after the baseline activity
measurement,” the strongest inverse associa-
tion still was found between physical activity
and death from respiratory causes. The study
authors also noted that, unlike the situation
with cancer or heart disease, they had no base-
line information on history of respiratory ill-
nesses among the study participants.

A second piece of evidence suggesting
spuriousness is the sharp decrease in mortality
risk seen among those with only 1 to 1.9 hours
per week of physical activity, a decrease sim-
ilar in magnitude to that observed in more ac-
tive categories. On the basis of epidemiologic
evidence regarding the effect of physical ac-
tivity on the incidence of major chronic dis-
eases, it is unlikely that 1 to 1.9 hours of recre-
ational physical activity per week offers the
same degree of benefit in reducing mortality
risk as do higher levels of activity. If, however,
individuals who are sedentary because of ill
health and high risk of imminent death com-
pose a portion of the reference group, all rela-
tive risks computed with regard to this reference
group will be more strongly inverse than oth-
erwise, and this spurious effect might be large
enough to overshadow a truly inverse causal
gradient.

The probable existence of spurious asso-
ciations between physical activity and some
major causes of death illustrates the problematic
nature of studying all-cause mortality as an out-
come and of attempting to quantify the precise
magnitude of protection against premature mor-
tality that is causally conveyed by physical ac-
tivity. In this cohort, we conducted additional
analyses of change in physical activity and
found, as expected, that those who were con-
sistently active, or who increased their physi-
cal activity level over time, were at reduced mor-
tality risk relative to those who were consistently
inactive or who decreased their physical activ-
ity level. We did not report these analyses here,
however, because an analysis of change in phys-
ical activity level and mortality risk among older
persons is especially likely to be plagued by the
problem of reverse causation.

Despite the existence of a spurious com-
ponent in the relationship between physical ac-
tivity and mortality, there is a large body of ev-
idence supporting the plausibility of benefits of
physical activity. Randomized controlled tri-
als have shown the beneficial effects of phys-
ical activity on blood pressure,'*"> blood
lipids,'®"” and insulin sensitivity."**° Obser-
vational studies of disease incidence, which
are less susceptible to the effects of reverse
causation than are studies of total mortality,
have also consistently shown benefits. In the
Nurses’ Health Study cohort, previous studies
of recreational physical activity and risk of var-
ious chronic diseases that are leading causes
of death have shown that more active women
are at lower risk of coronary heart disease,’’
stroke,? type 2 diabetes,” colon cancer,”* and
breast cancer® than less active women. [J
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