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Natural History of Leisure-time Physical Activity and Its Correlates:
Associations with Mortality from All Causes and Cardiovascular Disease

Over 28 Years

George A. Kaplan,” William J. Strawbridge,? Richard D. Cohen,? and Laura R. Hungerford?

The association between leisure-time physical activity and 28-year (1965-1993) risk of death from all causes
and cardiovascular disease was studied in 6,131 adults who participated in the Alameda County Study in
Northern California. Because study participants were interviewed on a number of occasions, it was possible
to include in the analyses information on changes over time in levels of leisure-time physical activity as well as
changes in a wide variety of other risk factors. There were 47,616 person-years of observation for males (639
deaths from all causes and 321 from cardiovascular disease) and 57,666 person-years of observation for
females (587 deaths from all causes and 388 from cardiovascular disease). In analyses in which only the
baseline values of all covariates were included, a four-point increase on the leisure-time physical activity scale,
the interquartile range, was associated with reduced risk of death from all causes (relative risk (RR) = 0.90,
95% confidence interval (Cl) 0.83-0.99) and cardiovascular disease (RR = 0.85, 95% Cl 0.75-0.97). When
time-varying information on leisure-time physical activity and all other covariates was included, there was still
a protective effect for all-cause and cardiovascular disease mortality (RR = 0.84, 95% Cl 0.77-0.92 and RR =
0.81, 95% CI 0.71-0.93, respectively). The association between leisure-time physical activity and risk of death
was not altered when information on variations over time in leisure-time physical activity and many determi-
nants and consequences of physical activity were explicitly included in survival models. Am J Epidemiol 1996;

144:793-7.
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A substantial number of epidemiologic studies have
indicated that participation in leisure-time physical
activity protects against the risk of a variety of phys-
ical and mental health outcomes, including death (1—
6). These studies conducted in numerous locations,
using a wide variety of measures of physical activity
and different populations, have led to public health
recommendations regarding the important preventive
value of physical activity for the population (7, 8).
While the evidence for these recommendations is com-
pelling, there remain two issues which somewhat
cloud interpretation of the epidemiologic evidence that
supports these recommendations. Both relate to the
design limitations of most epidemiologic studies that
have studied the association between physical activity
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and health outcomes. While there are some exceptions
(9-11), most studies have examined the association
between a single measure of physical activity, mea-
sured at study baseline, and subsequent health out-
comes. Because physical activity, as with many be-
havioral and biologic risk factors, can change
substantially over time, such analyses, particularly
those with long periods of follow-up, can be subject to
considerable misclassification of physical activity over
time. Even more importantly, physical activity may be
influenced by many other risk factors (12-14), and
may also influence those risk factors (15). In such a
state of affairs, quasi-causal interpretations of the re-
sults of observational studies of the associations be-
tween single measures of physical activity and other
risk factors and health outcomes potentially can be
misleading.

In the analyses reported here, we make use of phys-
ical activity and other risk factor data collected on
multiple occasions between 1965 and 1983 in the
Alameda County Study (16, 17) to examine the risk of
death in this cohort during 1965-1993. The availabil-
ity of multiple measures, over time, of physical activ-
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ity and other risk factors enables us to directly address
the design limitation described above.

MATERIALS AND METHODS
Study sample

The Alameda County Study is a longitudinal study
of factors associated with health and mortality. Since
1965, it has followed 6,928 Northern California adults
who were aged 16-94 years at baseline (16, 17).
Subjects were originally selected through a stratified
random sample of Alameda County households to be
representative of Alameda County, California, and
have been followed regardless of where they have
moved. Survivors were resurveyed in 1974, 1983 (a 50
percent sample), and 1994. The percent response rates
for the four surveys were 86, 85, 87, and 93, respec-
tively. The current analyses utilize physical activity
and other risk factor data collected in 1965, 1974, and
1983. Subjects who answered the 1965 physical activ-
ity questions and who had no missing responses on
any of the adjustment variables used were included in
the analyses (n = 6,131) reported here.

Measures

Physical activity. A scale was constructed from
three questions on physical activity. Subjects were
asked how often they did physical exercise, took part
in active sports, and took long walks or swam. Re-
sponses to these questions were never, sometimes, or
often and were scored as 0, 2, or 4, respectively. The
resulting physical activity scale had a range of 0 to 12
for each follow-up. The items have been used in a
number of other analyses from the Alameda County
Study, and scores which include them have been im-
portantly associated with risk of death (2, 9, 17, 18).

Other risk factors. Sociodemographic variables in-
cluded age, sex, race/ethnicity (black vs. other), and
education (less than high school graduate, high school
graduate or more). Health conditions included self-
reported mobility impairment (trouble climbing stairs
or going outdoors), perceived health (good or excel-
lent vs. fair or poor), and the self-reported presence or
absence in the past 12 months of diabetes mellitus,
stroke, heart trouble, asthma, high blood pressure, and
shortness of breath. Other risk factors included ciga-
rette smoking (current, former, or never) and body
mass index (weight (kg)/height (m)?), which was used
to divide subjects into weight tertiles. Social isolation
was based on an isolated response to two of three
questions: whether subjects had less than three close
friends, less than three close relatives, and saw less
than three of these close friends or relatives monthly.
These risk factors have been shown to predict both

mortality and morbidity in Alameda County Study
respondents and elsewhere (2, 9, 17-19).

Mortality from 1965 through 71993. California State
mortality tapes were searched annually for information
on study participants. Out-of-state deaths were ascer-
tained during follow-up contact, in which case death
certificates were requested from the state of residence.
Death certificates were used to verify cause of death.
Cardiovascular disease deaths were based on Interna-
tional Classification of Diseases, Eighth Revision,
codes 390-458.

Data analyses

Cox proportional hazards models, with and without
time-dependent covariates, were used to analyze the
relation between physical activity and subsequent
mortality (20, 21). Deaths were included through
1993. Subjects known to have died and not lost to
follow-up were kept in the analysis until the year of
their death. Subjects not known to have died and not
lost to follow-up were given a survival time of 28
years. Subjects lost to follow-up in either the 1974 or
1983 surveys were censored on the survey date when
loss to follow-up occurred. For analyses of cardiovas-
cular disease deaths, subjects who died of causes other

~ than cardiovascular disease were censored in the year

of their death. Calculations were performed using
PROC PHREG in SAS, Version 6.09 (SAS Institute,
Cary, North Carolina). Tied survival times were han-
dled using the “discrete” option.

A sequence of three models was used. In the first
model, age, sex, ethmicity, and education were in-
cluded. In the second model, health conditions were
added. The third model added smoking, body mass
index, and social isolation.

Two sets of analyses were conducted. In the fixed
covariate analyses, all values for physical activity and
other risk factors were held constant at their 1965
baseline value. In the time-dependent covariate anal-
yses, all variables, except age, sex, and ethnicity, were
allowed to change based on data from subsequent
survey periods. Thus, a subject who reported smoking
cigarettes in 1965 but not in 1974 would be scored as
a current smoker from 1965 to 1973, but a former
smoker from 1974 until date of death or until results
changed as a result of the next survey.

RESULTS

All-cause mortality
Basic descriptive data on the sample are presented
in table 1. Table 2 presents all-cause and cardiovas-

cular disease deaths by sex, person-years of follow-up,
and crude mortality rates for each measure of physical
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TABLE 1. Baseline characteristics, Alameda County Study,
Northern California

Characteristic

Age (years) (mean) 43.0
Sex (% male) 46.2
Race (% black) 11.9
Physical activity

Exercise (% often) 17.6

Active sports (% often) 16.5

Long walks/swimming (% often) 16.5
Education (% <high school) 34.5
Mobility impairment (%) 5.3
Perceived health (% fair/poor) 17.9
Chronic conditions (mean no. out of six

possible) 0.34

Smoking (% current) 45.0
Body mass index (kg/m2) (mean) 23.8
Social isolation (%) 25.0

activity and the combined index. In all cases, the least
active category has the highest mortality rate, and the
rates generally show a consistent increasing gradient
with decreasing amounts of activity. Table 3 presents
the results for all-cause mortality separately for the
fixed-covariate and time-dependent covariate models
for the 1,226 deaths between 1965 and 1993. With all
variables held constant at their baseline value, physical
activity was protective with a four-unit increase, the
interquartile range, associated with a 20 percent lower
risk of death when only age, sex, ethnicity, and edu-
cation were included (RR = 0.80, 95 percent CI 0.74—
0.87). When health conditions were included, the re-
lation between physical activity weakened somewhat
but remained statistically significant (RR = 0.87, 95
percent CI 0.80-0.95). The addition of other risk
factors had little further effect on the observed relation
(RR = 0.90, 95 percent CI 0.83-0.99).

In the time-dependent covariate analyses, the rela-
tions between physical activity and mortality were
stronger in all models compared to the fixed covariate
models. With adjustment for age, sex, ethnicity, and
education, a four-point increase in the physical activity
scale was associated with 28 percent lower risk of
death (RR = 0.72, 95 percent CI 0.65-0.78). In the
model with all covariates, a four-point increase was
associated with more than 50 percent greater protec-
tive effect (16 percent vs. 10 percent) in the time-
dependent covariate analysis compared to the fixed
covariate analysis.

Cardiovascular disease mortality

Table 2 presents the crude results for cardiovascular
disease mortality, and table 4 presents the results for
the fixed-covariate and time-dependent models for
cardiovascular disease mortality. There were 609 car-
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diovascular disease deaths over the 28-year period. In
all models, the relation between physical activity and
mortality was stronger than it was for all-cause mor-
tality, and the protective association diminished some-
what with adjustment for health status and other risk

. factors. While the protective effect of physical activity

is stronger in the time-dependent covariate analyses,
the differences between the fixed and time-dependent
analyses are somewhat smaller than they were for
deaths from all causes.

Validity of covariates

The persistence of a protective effect of leisure-time
physical activity with adjustment for baseline health
status and risk factors as well as changes over time
could reflect poor measurement of health status and
other risk factors. As discussed earlier, risk factors
included in the regression models were chosen be-
cause they were strong predictors of morbidity and
mortality in other analyses using this cohort. In pre-
liminary bivariate analyses, we verified that they all
were strong and significant predictors of all-cause and
cardiovascular disease mortality. In the baseline co-
variate regression model with all covariates simulta-
neously included, the following covariates were asso-
ciated with all-cause mortality (relative risk with 95
percent CI): age (1.10, 1.09-1.10), sex (0.64, 0.61-
0.72), perceived health (1.24, 1.07-1.44), mobility im-
pairment (1.34, 1.10-1.63), heart trouble (1.34, 1.09—-
1.57), high blood pressure (1.27, 1.09-1.48), diabetes
(1.98, 1.52-2.57), shortness of breath (1.23, 1.03-
1.46), current smoking (1.85, 1.60-2.13), low body
mass index (1.17, 1.01-1.36), and social isolation
(1.17, 1.02-1.34). In the time-dependent model, stroke
and former smoking were also significantly associated
with all-cause mortality.

Effect of early deaths

Baseline covariate analyses were repeated with
elimination of deaths which occurred during the first 3
years of follow-up (n = 154). The magnitude of the
effect of physical activity changed only in the second
and third decimal places.

DISCUSSION

These analyses provide information to address the
two methodological issues that we raised in the intro-
duction. Taking into account changes in physical ac-
tivity over the follow-up period resulted in a stronger
protective effect for physical activity than when such
changes were not considered. This is consistent with
the smaller association in the fixed covariate model,
reflecting misclassification over time of the level of
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TABLE 2. Baseline physical activity and all-cause and cardiovascular disease mortality, Alameda County Study, Northern

California, 1965—-1993

Males Females
N Cardiovascular ) i
Type All-cause mortality disease mortality All-cause mortality d(i?szradslgvr?li?tg?ﬁry
of
physical Person- N C“‘:? mC’“dlﬁ Person- Crude Crude
iy s Mo eyt momy es N YW move
deaths person- deaths person- deaths person- deaths person-
years years years years
Exercise
Often 9,086 83 9.13 38 4.18 10,912 63 5.77 21 1.92
Sometimes 22,188 233 10.50 110 4.96 26,732 181 6.77 85 3.18
Never 16,342 323 18.77 173 10.59 20,024 343 17.13 182 9.09
Active sports
Active 10,762 81 7.53 30 2.79 7,349 24 3.27 10 1.36
Sometimes 20,826 168 8.07 76 3.65 20,044 98 4.89 35 1.75
Never 16,028 390 24.33 215 13.41 30,274 465 15.36 243 8.03
Long walks/swimming
Often 8,702 95 10.92 45 5.17 9,498 77 8.11 31 3.26
Sometimes 27,506 289 10.51 140 5.08 31,004 213 6.87 88 2.84
Never 11,408 255 22.35 136 11.92 17,166 297 17.30 169 9.85
Physical activity score* '
Tertile 3 (8-12) 14,104 107 7.59 42 2.98 13,140 51 3.88 15 1.14
Tertile 2 (4-6) 22,163 252 11.37 130 5.87 25,728 197 7.66 89 3.46
‘Tertile 1 (0-2) 11,349 280 24.68 149 13.13 18,798 339 18.03 284 15.11

* The physical activity score was d
often they did physical exercise, tool

sometimes, or often and were score

Study (2, 9, 17, 18).

etermined from a scale constructed from three questions on physical activity. Subjects were asked how
k part in active sports, and took long walks or swam. Responses to these questions were never,
d as 0, 2, or 4, respectively. The items have been used in previous analyses from the Alameda County

TABLE 3. Association between leisure-time physical activity and ali-cause mortality with fixed and
time-dependent covariates, Alameda County Study, Northern California, 1965-1993

Model and Fixed covariates Time-dependent covariates
covariates . p . )
included RA* 95% Ci* value AR 95% Ci value
I. Age, sex, ethnicity, and education 0.80 0.74-0.87 <0.0001 0.72 0.65-0.78 <0.0001
1. Model | plus health conditions 0.87 0.80-0.95 <0.01 0.81 0.75-0.89 <0.0001
lIl. Model 1l plus health behaviors
and social isolation 0.90 0.83-0.99 <0.05 0.84 0.77-0.92 <0.0001

* RR, relative risk; Cl, confidence interval. All relative risks and confidence intervals are based on interquartile
range of leisure-time physical activity score.

TABLE 4. Association between leisure-time physical activity and cardiovascular disease mortality with
fixed and time-dependent covariates, Alameda County Study, Northern California, 19651993

Fixed covariates

Model and Time-dependent covariates
cpvariates . P . p
included RR* 95% Cl* vale RR 95% Cl valus
[. Age, sex, ethnicity, and education 0.73 0.65-0.83 <0.0001 0.67 0.59-0.77 <0.0001
1. Model | pius health conditions 0.82 0.72-0.93 <0.01 0.78 0.69-0.90 <0.001
lil. Model 1l plus health behaviors -
and social isolation 0.85 0.75-0.97 <0.05 0.81 0.71-0.83 <0.001

* RR, relative risk; Cl, confidence interval. All relative risks and confidence intervals are based on interquartile
range of leisure-time physical activity score.

does not eliminate the protective effect of physical
activity for either all-cause or cardiovascular disease
mortality.

physical activity. Furthermore, while health status and
other factors that influence physical activity may
change over time, taking these changes into account
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To some extent, the results of the time-dependent
covariate analyses may reflect the consequences of
adjusting for both antecedent and intervening risk fac-
tors. For example, in the Alameda County Study, low
levels of physical activity are associated with in-
creased incidence of social isolation (15) and social
isolation is associated with decreases in physical ac-
tivity over time (12). Such interdependency of risk
factors may be the rule rather than the exception,
resulting in considerable complexity in understanding
causal pathways in epidemiologic studies. ‘

While we have adjusted for both baseline health
status and updated measures of health status at each
wave of data collection, it may still be possible, to
some extent, that the results reflect the impact of
health status of physical activity. However, in the
baseline model in which the effect of health status on
the physical activity association with mortality should
be the greatest (because there is no subsequent updat-
ing of health status information and physical activity
information), the effect of elimination of early deaths
was trivial.

There are several features of the current analyses
that require comment. Measurement of leisure-time
physical activity is difficult, and the measure used in
the current analyses, although significantly associated
with mortality risk, is rather crude. It is likely that the
comparison of the fixed and time-dependent analyses
would be more dramatic with a better measure of
physical activity, because better measures seem to
show greater protective effects (7). Similarly, because
of the long intervals between data collection, the cur-
rent analyses involve, at the most, only three measures
of physical activity. Thus, while these analyses go
beyond previous ones, trajectories of physical activity
and other risk factors over the follow-up period would
be better assessed by more frequent data collection.
Despite these concerns, the present analyses provide
further support for the importance of physical activity,
and indicate that the protective effect of physical ac-
tivity is a robust one.
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