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The prospective effects of smoking status and body mass on change in leisure-time
physical activity from 1965 to 1974 were examined in a cohort of 4,622 persons 20-94
years of age from the Alameda County Study. With adjustment for age and baseline
physical activity, current smokers showed a greater nine-year decline in leisure-time
physical activity than those who had never smoked. The coefficient for current
smokers from a multivariate linear regression model was of a similar magnitude
among women and men (coefficient = —0.27, 95% confidence interval [CI] = —0.50
to —0.05 for women; coefficient = —0.26, 95% CI = —0.54 to 0.02 for men). Larger
declines in physical activity were seen with increasing number of current pack-years
exposure among both women and men. Compared with women of average body mass
index, women of heaviest body mass index had larger declines (coefficient = —0.70,
95% CI = —1.04 to —0.36) while women of the lightest body mass index had larger
increases (or smaller declines) in physical activity (coefficient = 0.33, 95% CI = 0.00
to 0.66). Although body mass index did not initially appear to be associated with a
change in physical activity among men, age-specific analyses indicated that the effect
of body mass index on physical activity varied with age such that younger (20-39 years

of age), thinner men increased their activity, while older (60 years of age and over),
thinner men decreased their physical activity more than men of the same age with

average body mass index. [Am J Prev Med 1989;5:127-35]

Physical activity has been shown to be positively
associated with a reduced risk of coronary heart
disease and sudden death. Evidence also suggests
that physical activity may prevent or help control
obesity, hypertension, glucose intolerance, bone
loss, and symptoms of anxiety and mild to mod-
erate depression.!-3

Despite the importance of physical activity, scant
information exists on its long-term determinants. In

a recent review of the determinants of physical ac- -

tivity by Dishman et al.,* the evidence was derived
mainly from intervention studies examining the
factors associated with adoption, maintenance, or

quitting an exercise program or from cross-sectional.

studies analyzing the correlation of physical activity
with demographic and other factors thought to be
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related to the level of physical activity. The conclu-
sions from these studies are limited by the selective
nature of the participants and the short follow-up
intervals in formal exercise programs and by the
problems with causal inference inherent in cross-
sectional analyses. Few studies have prospectively
examined the long-term determinants of physical
activity in a community-based sample.5-8

Cross-sectional analyses and studies of adherence
to exercise programs have indicated that smoking,
body mass index, and physical activity may be re-
lated. Although the evidence is mixed, there is a
suggestion that smoking might have a negative as-
sociation with physical activity level.-%” In addi-
tion, in cross-sectional studies, more active indi-
viduals have been found to have a smaller body
mass index than those who are sedentary.’8-20
Also, there is evidence of a negative association be-
tween body mass index and adherence to or main-
tenance of an exercise program.’” However, ques-
tions remain as to the causal relationship between
smoking and body mass index, on the one hand,
and physical activity, on the other.
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Our study was designed to evaluate whether
smoking and body mass index were prospectively
associated with nine-year (1965-1974) changes in
the level of leisure-time physical activity in a repre-
sentative sample of men and women living in Ala-
meda County, California. Because extensive base-
line information, including baseline physical health
indicators and demographic information, was avail-
able on these individuals, it was possible to adjust
for factors that might confound the effect of smok-

ing and body mass index on changes in physical.

activity.

METHODS

The data used in these analyses come from the
Human Population Laboratory’s study of adult resi-
dents of Alameda County, California. The details of
the study design and sampling method have been
reported elsewhere.??2 In 1965 a representative
sample of 8,023 noninstitutionalized adults 20 years
of age or over (16 years if ever married) were se-
lected. Of these, 6,928 (86%) completed an exten-
sive questionnaire about behavioral, social, -and
psychological characteristics as well as health and
disease status and functional disabilities. This co-
hort included 3,158 men and 3,770 women 16-94
years of age.

In 1974, an attempt was made to contact those
who had responded in 1965. The vital status of the
1965 respondents was ascertained by means of a
computerized record linkage to the State of Cali-
fornia’s registry of deaths and through attempted
contacts with the respondents or references pre-
viously supplied by them. Only 302 (4.4%) of the
original members were lost to follow-up over this
nine-year period. Completed questionnaires were
received from 4,864 (85.1%) of the 5,714 surviving
respondents who were located. Of these, 4,834
were 20 years of age or over. The analyses reported
here are based on the 4,622 individuals 20 years of
age or over who were respondents in 1965 and 1974
with no missing values for the leisure-time physical
activity index.

We assessed the respondents’ baseline physical
activity and change in physical activity level using
information from 1965 and 1974 responses to the
question “Here is a list of things that people do in
their free time. How often do you do any of these
things?”” Table 1 indicates how the four-item lei-
sure-time physical activity index was constructed. It
was based on the frequency and presumed strenu-
ousness of the reported leisure-time participation in
active sports, swimming and walking, gardening,
and exercising. The index equals the sum of the

Table 1. Leisure-time physical activity index

Often Sometimes Never
Active sports 4 2 0
Swimming or taking 4 2 0
long walks
Working in the garden 2 1 0
Doing physical exercises 4 2 0

Responses weighted to take into account the presumed strenuousness of
the activity as well as the frequency of participation.

four items and could range from 0 to 14. The change
in physical activity was calculated to be the 1974
physical activity index minus the 1965 physical ac-
tivity index and could range from —14 to 14. In-
dices of physical activity and change in activity
based on these questionnaire activities have been
shown to be prospectively associated with mortality
risk.21,23-27

Categories of current, past, and never smokers
were based on responses from 1965 to a series of
questions regarding smoking habits. Dummy vari-
ables were used to represent current and past
smokers with never smokers as the reference cate-
gory. Weight was self-reported as pounds weighed
without heavy clothes and height as inches without
shoes. Body mass was represented by body mass
index (weight [IbJ/height? [in]) X 100. The distribu-
tion of the index was divided into sex-specific quin-
tiles. Dummy variables were used to represent the
quintiles in the analyses, with the third quintile as
the reference category.

Factors that were thought to be potential con-
founders of the effect of smoking and body mass
index on change in physical activity were also in-
cluded in the analyses. The 1965 leisure-time phys-
ical activity index was included to adjust for the ef-
fect of regression to the mean. Because baseline

health status might influence subsequent changes

in physical activity, health conditions and symp-
toms from questionnaire information gathered in
1965 were used as covariables. Previous research
has also identified a number of demographic, be-
havioral, and psychosocial variables in the Human
Population Laboratory data set that could confound
the association between smoking and body mass
and the change in physical activity level. Among
these are race, education, occupation, family in-
come, marital status, social group membership,?
social network index,? depression,®-22 life satisfac-
tion,?! personal uncertainty,?! perceived health,3?
and energy level.

We first analyzed the sex-specific linear regres-
sion models of change in physical activity with
baseline smoking status and body mass index as in-
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Table 2. Age- and sex-specific leisure-time physical activity level in 1965 and change in

leisure-time physical activity from 1965 to 1974

Women's age (years)

Men's age (years)

20-39 40-59 60+ 20-39 40-59 60+
Physical activity index
in 1965 (range 0-14):
n 1,200 994 364 978 856 230
Mean 6.42 5.23 3.84 7.00 6.07 5.26
25th and 75th percentiles 4.8 3,8 2,6 5,9 4,8 2,8
Change in physical activity
index from 1965 to 1974:
Mean 0.18 —-0.24 -0.62 -0.13 -0.22 —0.49
25th and 75th percentiles -2,2 -2,2 -2,1 -2,2 -2,2 -2,2

dependent variables, controlling for age and base-
line physical activity. Then we examined a set of
models, controlling for baseline physical health
.characteristics. Health conditions and symptoms
that we found to be independent predictors of
physical activity change or that appeared to con-
found the association between change in physical
activity and the predictors, smoking and body mass
index, in regression models were retained in the
subsequent models. Finally, we added demo-
graphic, behavioral, and psychosocial variables to
the models. A dose-response relationship between
change in physical activity and pack-years of
smoking was evaluated by examining a model that
included dummy variables for current and past
smoking, a continuous term for pack-years of
smoking, and the interactions between these vari-
ables. We evaluated age- and sex-specific models
for persons 20-39, 40-59, and 60 years of age and
over to further clarify the association of body mass

index, smoking, and change in level of physical ac-
tivity at different ages. We tested apparent interac-
tions between age and smoking and age and body
mass suggested by the age- and sex-specific regres-
sion models using a two-way analysis of variance.

RESULTS

The mean baseline physical activity index and
change in level of physical activity for women and
men in three age groups are shown in Table 2. The
mean levels of physical activity are higher for men
than women in all three age groups and decrease
with age among both men and women.
Examination of the nine-year change in physical
activity indicates that, except in the youngest
women (20-39 years of age), there was a tendency
for the activity level to decrease over the follow-up
period. This is represented by the negative values
for mean change seen in Table 2. Although the

Table 3. Association of smoking and body mass with change in leisure-time

physical activity
Women (n = 2,492) Men (n = 2,028)
Regression Regression
Variable coefficient 95% CI coefficient 95% CI
Intercept 4.63 (4.13,5.13) 4.72 (4.11,5.32)
Age in 1965 -0.05 (—0.05,—0.04) —0.04 (—0.05,-0.03)
Baseline physical activity index —0.49 (—0.52,-0.45) —0.52 (—0.56,—0.48)
Current smokers® -0.27 (—0.50,—0.05) -0.26 (—0.54,0.02)
Past smokers 0.19 (—0.15,0.53) 0.09 (—0.25,0.43)
Body mass index quintiles?
1 0.33 (0.00,0.66) -0.12 (—0.50,0.26)
2 0.52 (0.19,0.85) -0.04 (—0.41,0.34)
4 -0.09 (—0.42,0.25) 0.33 (—0.05,0.71)
5 -0.70 (—1.04,-0.36) -0.16 (—0.54,0.22)
Adjusted 2 0.25 Adjusted r% 0.26

@ Reference group for smoking is never smokers.
b Reference group for body mass index is quintile 3.
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change in physical activity is symmetrically distrib-
uted between —14 and 14, most of the changes in
the index are small, with the middle 50% of the dis-
tribution concentrated between —2 and 2 for both
sexes at all ages.

The results of the linear regression model estima-
tion of change in leisure-time physical activity as a
function of age, baseline physical activity, smoking,
and body mass index are shown in Table 3. For cat-
egorical variables, such as smoking or body mass
index, these regression coefficients represent the
mean difference in change in physical activity be-
tween two risk groups, for example, current com-
pared to never smokers. For continuous variables,
such as age, the regression coefficient represents
the mean difference in change in level of activity
per unit of the variable (e.g., per year of age or per
unit of the baseline physical activity index).

For women, the mean difference between current
and never smokers in change in physical activity
level is —0.27 units (95% confidence interval [CI] =
—0.50 to —0.05). For men, the mean difference is
—0.26 (95% CI = —0.54 to 0.02). For both women
and men, the mean difference in change in physical
activity level for past smokers compared to never
smokers is not significant (95% CI = —0.15 to 0.53
for women and —0.25 to 0.43 for men), presumably
reflecting the heterogeneity of the past smoker
group. '

To test the dose-response relationship between
physical activity change and smoking, we examined
a regression model with dummy variables for cur-
rent and past smoking and product terms for the
interaction between current and past smoking
status and pack-years of exposure. For female cur-
rent smokers, increasing exposure is significantly
associated with an increasing decline in the level of

physical activity (P = .02). For example, the mean -

change in physical activity level for female current
smokers with 10 pack-years’ exposure is —0.15
units, and for those with 40 pack-years exposure, it
is —0.60 units. In male current smokers, there is
less reliable evidence for a dose response (P = .06).
There is no evidence for a dose response among ei-
ther male or female past smokers.

In Table 3, the regression coefficients for men and
women are very similar, except those for body mass
index. Compared to those in quintile 3, the women
in quintiles 1 and 2 have increases in activity level
(coefficient = 0.33, 95% CI = 0.00 to 0.66 for quin-
tile 1; coefficient = 0.52, 95% CI = 0.19 to 0.85 for
quintile 2). Women in quintile 5 have large de-
creases in activity compared to those in quintile 3.
The average difference is —0.70 units (95% CI =
—1.04 to —0.36). For men, there is no consistent

Table 4. Estimated mean change® in leisure-time
physical activity level from 1965 to 1974 for those
of average body mass at 30, 50, and 70 years of age
by smoking status

Never Past Current
smokers smokers smokers
Women (n = 2,492)
30 0.09 0.28 —-0.18
50 -0.18 0.01 —-0.45
70 -0.43 -0.24 -0.71
Men (n = 2,028)
30 0.09 0.18 -0.18
50 —-0.20 -0.11 —0.46
70 —-0.43 —-0.35 -=0.70

 Estimated mean change is calculated usinﬁnthe intercept and -
variable coefficients shown in Table 3. Baseline physical activity
is set at the mean level for women and men 25-35, 45-55, and
6575 years of age. Quetelet index is set at quintile 3.

relationship between body mass index and change
in physical activity.

Estimated mean changes in leisure-time physical
activity were calculated for women and men 30, 50,
and 70 years of age by smoking status (Table 4)
using the intercept and variable coefficients shown
in Table 3. For these calculations, baseline physical
activity index was set at the mean level for women
and men 25-35, 45-55, and 65-75 years of age. For
both sexes, the body mass index was set at the third
quintile. Note that the age-, sex-, and smoking-spe-
cific means are adjusted for baseline activity and
body mass. :

The estimated mean change in leisure-time phys-
ical activity level for a 30-year-old nonsmoking
woman is only 0.09 units, representing a very small
increase in activity from 1965 to 1974. In contrast,
the mean change in leisure-time physical activity
level for a 70-year-old woman smoker is —0.71
units, which represents a decline in physical ac- -
tivity. Current smokers at each age show the
greatest decline in physical activity level. Younger
never and past smokers show small increases in
physical activity level.

Table 5 shows the estimated change in leisure-
time physical activity level by body mass quintile
for women and men 30, 50, and 70 years of age.
Estimated mean changes for never smokers were
calculated using the model coefficients presented in
Table 3 with the baseline physical activity index set
at the mean level for women and men 25-35,
45-55, and 65-75 years of age. For women, there is
a decreasing mean physical activity change from the
second quintile through the fifth, indicating that
there is either less increase or more decline in phys-
ical activity associated with larger 1965 body mass
index. Younger women with smaller body mass
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Table 5. Estimated mean change® in leisure-time physical activity level from
1965 to 1974 for never smokers at 30, 50, and 70 years of age by body mass

Body mass quintile

Age 1 2 3 4 5
Women (n = 2,492)
30 0.42 0.61 0.09 0.00 —-0.61
50 0.15 0.34 —-0.18 —0.27 —0.88
70 -0.10 0.09 —0.43 -0.52 -1.13
Men (n = 2,028)
30 0.20 0.05 0.09 0.42 —-0.07
50 -0.08 -0.24 -0.20 0.13 —~0.36
70 -0.32 -0.47 —-0.43 -0.11 -0.59

« Estimated mean change is calculated using the intercept and variable coefficients shown in Table 3.
Baseline physical activity is set at the mean level for women and men 25-35, 45~55, and 65-75

years of age.

index have slight increases in physical activity level
from 1965 to 1974.

Among women, the associations between change
in physical activity and the predictors, smoking and
body mass index, were not altered by adjusting for
sociodemographic variables such as race, family in-
come, and education or by adjusting for psychoso-
cial variables such as social networks, depression,
personal uncertainty, and life satisfaction. With one
exception, adjustment for health characteristics had
no effect on these associations. Adjustment for pul-
monary symptoms and conditions (frequent coughs
and colds, trouble breathing, and chronic bron-
chitis) decreased the association between smoking
and activity change by 33%.

Among men, adjustment for education reduced
the association between smoking and activity
change by 30%. None of the other covariables men-
tioned above substantially changed this association.

In the preceding analysis, the effects of smoking
and body mass on activity change were assumed
to be the same at all ages. Sex- and age-specific
(20-39, 40-59, and 60 years of age and over) re-

gression analyses suggest that this assumption may
be true for smoking but not for body mass. To test
for an interaction between age and smoking a two-
way analysis of variance, adjusted for baseline ac-
tivity and body mass index, was carried out, with
age and smoking categorized in the three groupings
used in the age-specific regression analyses. The F-
test does not indicate an interaction between age
and smoking for women (P = .65) or for men (P =
.52).

In the sex- and age-specific regression analyses,
the relationship between body mass and activity
change, adjusted for baseline activity, and smok-
ing, did vary with age for men more than for
women. To test these apparent interactions, a two-
way analysis of variance was used with age in three
categories and body mass index in sex-specific
quintiles. The analysis was adjusted for baseline
physical activity and smoking. The F-tests for the
age—body mass interaction were statistically signifi-
cant for women (P = .04) and for men (P = .01).

Table 6 shows sex- and age-specific coefficients
that compare the first, second, fourth, and fifth

Table 6. Coefficients? for the association between change in leisure-time

physical activity and body mass by sex and age

Women's age (years) Men'’s age (years)

Body mass quintile =~ 20-39 40-59 60+ 20-39  40-59 60+

1 0.50 0.21 0.17 0.46% —0.65¢ -1.54¢

2 0.71% 0.44 —0.31% 0.10¢ 0.13f —1.35¢

4 —-0.43 -0.03 0.19 0.42 0.26 0.12

5 —0.64 -0.99 -0.26 0.05 -0.25 -0.76
2 Coefficients measure estimated mean difference in physical activity change between each quintile

and quintile 3 and are estimated from two-way analyses of variance. Coefficients that differ signifi-

cantly between age groups, contributing to the interaction between age and body mass, are marked

as follows:
b P = 08.
¢ P = .008.
4P = ,005.
e P = .03.
fP=.03.
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body mass quintiles to the third quintile, estimated
from the two-way analysis of variance. The coeffi-
cients that are found to differ significantly across
age groups are marked (see footnote to Table 6). For
women, only the coefficients comparing the second
quintile of body mass to the third quintile differ sig-
nificantly between age groups 20-39 and 60 years
and over. The younger, leaner women increased
their physical activity more than those of average
body mass index while the older women in quintile
2 decreased their activity more than those of
average body mass index. Otherwise, the age-spe-
cific effects of body mass are essentially similar to
those for all women presented in Table 3.

For men, the relation of body mass to physical
activity change has a stronger age-related pattern
(Table 6). The coefficients comparing the first and
second quintiles to the third differ significantly
among the three age groups. The older and middle-
aged, leaner men decreased their activity while the
younger, leaner men increased their activity more
than those in the third quintile. ‘

Because the apparent association of leanness with
decreased activity in middle-aged and older men
could be due to preexisting disease, variables in-
cluding symptoms of lung and heart disease, condi-

_tions including diabetes and cancer, and self-per-
ception of health status were added to the models
to adjust for the effect of illness. Although reduced,
the association between underweight and activity
decline persists after adjustment for these factors.

DISCUSSION

The effects of smoking status and body mass index
on change in leisure-time physical activity over the
nine-year period from 1965 to 1974 were studied in
a prospective community-based study of Alameda

County adults. Both women and men who were

current smokers in 1965, compared to those who
were nonsmokers, experienced a greater decline in
leisure-time physical activity level.

Among men, part of the association between
smoking and the decline in physical activity reflects
the confounding effect of education. That is, men
who are current smokers tend to have less educa-
tion, and less education is associated with a greater
decline in physical activity.

The results of the age-specific analyses suggest
apparent age-dependent relationships between
body mass and physical activity change. For both
sexes, being lean was associated with an increase in
activity at younger ages, but at older ages was asso-
ciated with a decline. For women, the increases in
activity seen in young, lean women were signifi-

cantly greater than those seen in those of average
body mass. At all ages, the heaviest women and
men experienced a decline in leisure-time physical
activity. For women only, the decline in activity of
the heaviest group was significantly greater than
that for those of average body mass.

Older, lean men, even after adjustment for base-
line health status, decreased their activity more
than men of average body mass. When the effects
seer in lean men are averaged over age groups, the
age-dependent associations between body mass
and physical activity change are obscured.

There are several ways in which smoking and
body mass could effect a change in level of physical
activity. It may be that constitutional and genetic
factors are important determinants of both body
mass and the tendency to engage in physical ac-
tivity. Thus, a common factor such as body compo-
sition or aerobic capacity might predispose one to
be both overweight and physically inactive. A stan-
dard activity may be harder, on both an actual and
perceived level, for the heavier and less physically
fit person. This would influence the observed asso-
ciation between body mass at baseline and the sub-
sequent change in physical activity.

In addition, positive health behaviors may vary
together. Thus health-conscious individuals who
smoke less and eat more prudently may be more
likely to increase (or decrease less) their physical ac-
tivity.

Another way smoking and body mass could in-
fluence changes in physical activity level is through
adverse health effects that result in decreases in ac-
tivity. For instance, one may postulate that smoking
produces health problems that reduce the desire or
ability to participate in physical activity, resulting in
a decline in level over the follow-up period. For
women, this appeared to be true. Smoking was as- ..
sociated with the report of pulmonary symptoms
including frequent coughs and colds, trouble
breathing, and bronchitis among both men and
women. However, only among women did the
presence of these symptoms have an indepen-
dent association with a change in physical activity.
Among women, adjustment for pulmonary symp-
toms reduced the association between smoking and
change in physical activity by 34%. In contrast, the
presence of pulmonary symptoms among men was
not associated with a greater decline in physical ac-
tivity and thus does not explain the association of
smoking with a change in physical activity.

The differences between women and men in the
relationship among smoking, pulmonary disease,
and change in physical activity may be due to dif-
ferences in smoking habits or to differences in re-
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porting health symptoms or physical activity level.
Further analyses do not substantiate either of the
above explanations. In age-adjusted analyses, men
were found to have smoked more years and more
packs per day; men thus have more pack-years of
exposure than women. Therefore, women would
not be expected to have more severe symptoms
than men because of smoking, unless smoking af-
fects women more severely. In addition, smoking
status is more closely related to the prevalence of
self-reported pulmonary symptoms among men
than among women. For the three reported
symptoms of frequent colds and cough, trouble
breathing, and chronic bronchitis, the relative risks
associated with these symptoms in current com-
pared to never smokers were 2.66, 1.52, and 2.20,
respectively, among women, and 3.81, 2.71, and
3.34, respectively, among men.

The possibility that change in physical activity is
more accurately reported by women than men was
tested by examining the association between the in-
cidence of heart trouble and chest pain from 1965 to
1974 in relation to changes in the physical activity
index during the same period. Among both women
and men, the incidence of heart pain or heart
trouble was associated with a decline in physical ac-
tivity. The mean difference in physical activity
change between those with and without incidence
of heart trouble was —0.55 units among women
and —0.56 among men. For incidence of heart pain,
the mean differences in physical activity change
were smaller and of about equal magnitude among
both women and men. Thus we have no evidence
that men report health symptoms or change in
physical activity less accurately than women.

Although the study reported here has several ad-
vantages over past research, including its prospec-
tive design and length of follow-up, there are sev-
eral disadvantages. The leisure-time physical ac-
tivity index is constructed from self-reports of
swimming, walking, gardening, exercising, and
participation in active sports only. Furthermore, we
do not know the exact frequency or duration per
week of these activities. We also have no informa-
tion about the amount of activity at work for those
who were employed. In addition, there is no infor-
mation about levels of fitness or endurance.

In spite of these deficiencies in the four-item ac-
tivity index, the validity of this measure is demon-
strated by its ability to predict important health out-
comes. A similar index, and changes in it, have
been found to be associated with all-cause mortality
and ischemic heart disease mortality in the Alame-
da County Study’s 1965 and 1974 cohorts.?-?-27:34
Earlier studies by Wingard et al.?6 and Wingard and

Berkman® of the nine-year mortality risk of being

. inactive compared with active used a five-item mea-

sure of leisure-time physical activity that included
hunting and fishing activities in addition to the four
items used in this study. Their study of men and
women 30-69 years of age in 1965 revealed signifi-
cantly elevated odds ratios ranging from 1.4 to 1.7,
depending on the adjustment factors included in
the model. In a later study by Kaplan et al.,?* 17-
year mortality risk was also associated with the
same five-item leisure-time activity index. In age-
stratified analyses, adjusting for baseline physical
health status and other behavioral factors such as
smoking and relative weight, odds ratios com-
paring the inactive to the active were 1.48, 1.27,
1.38, and 1.37 in those 38—49, 50-59, 60—69, and 70
years of age and over. A recent study of ischemic
heart disease mortality by Kaplan et al.” also re-
veals an elevated nine-year risk in both the 1965
and 1974 Alameda County Study cohorts. In addi-
tion, a study of the changes in leisure-time physical
activity?® using a three-item index (excluding gar-
dening, hunting, and fishing) was completed in
1965 for those 50—94 years of age who were free of
important baseline health symptoms and condi-
tions. Those who increased their physical activity
from 1965 to 1974 had a lower risk of subsequent
nine-year mortality than those who decreased their
activity.

The results of our study provide evidence that
different levels of one risk factor are associated with
changes over time in another risk factor. The result -
of such a pattern of interrelated associations is that
a risk factor such as smoking will have two kinds of
effects on health: those that act directly (e.g., patho-
physiologically) and those that act indirectly
through changes in a related risk factor. These ob-
servations have at least two important implications.
First, they suggest that a salutary intervention
aimed at one risk factor might also result in a bene-
ficial effect on the future level of a second risk
factor. Second, as a methodologic point, they sug-
gest that estimates of the effect of a single risk factor
in a cohort study will be biased to the extent that
the risk factor is associated with changes over time
in other important risk factors. Only prospective
studies with multiple waves of data collection will
be able properly to take into account the effects on
risk estimation of such complicated causal path-
ways.

This study was conducted at the Human Population Laboratory,
California Department of Health Services, Berkeley, California.
The research was supported by a grant from the National Insti-
tute on Aging (AG05903).
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