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Background: Physical activity is associated with low
mortality in men, but little is known about the asso-
ciation in women, different age groups, and everyday
activity.

Objective: To evaluate the relationship between levels
of physical activity during work, leisure time, cycling to
work, and sports participation and all-cause mortality.

Design: Prospective study to assess different types of
physical activity associated with risk of mortality dur-
ing follow-up after the subsequent examination. Mean
follow-up from examination was 14.5 years.

Setting: Copenhagen University Hospital, Copenha-
gen, Denmark.

Participants: Participants were 13375 women and
17265 men, 20 to 93 years of age, who were randomly
selected. Physical activity was assessed by self-report, and
health status, including blood pressure, total choles-
terol level, triglyceride levels, body mass index, smok-
ing, and educational level, was evaluated.

Main Outcome Measure: All-cause mortality.

Results: A total of 2881 women and 5668 men died.
Compared with the sedentary, age- and sex-adjusted mor-
tality rates in leisure time physical activity groups 2 to 4
were 0.68 (95% confidence interval, 0.64-0.71), 0.61 (95%
confidence interval, 0.57-0.66), and 0.53 (95% confi-
dence interval, 0.41-0.68), respectively, with no differ-
ence between sexes and age groups. Within the moder-
ately and highly active persons, sports participants
experienced only half the mortality of nonparticipants.
Bicycling to work decreased risk of mortality in approxi-
mately 40% after multivariate adjustment, including lei-
sure time physical activity.

Conclusions: Leisure time physical activity was in-
versely associated with all-cause mortality in both men
and women in all age groups. Benefit was found from mod-
erate leisure time physical activity, with further benefit
from sports activity and bicycling as transportation.
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A NUMBER of prospective
studies1 have shown lower
mortality rates in physi-
cally active men com-
pared with sedentary men.

Most studies2-4 of men have focused on the
amount of leisure time physical activity.
Also, physical activity at work5,6 and the
intensity of physical activity have been
shown to be associated with a lower risk
of disease and death.2 Less evidence ex-
ists for women. Lissner et al7 examined the
relation between all-cause mortality and
physical activity in women. They re-
ported that mortality was twice as high in
the group with the lowest activity level
compared with the more active groups. In
contrast, Blair et al8 found no difference
in mortality between physical activity

groups in women. They suggested that the
physical activity assessment technique they
used was less accurate in women than in
men, since focus was on self-reported tra-
ditional sport and leisure time physical ac-
tivities, omitting other activities perti-
nent to this group, such as housework and
child care. Studies associating physical ac-
tivity in daily living, such as cycling to
work, to mortality are few.

The aim of this study was to analyze
whether the risk from being physically in-
active was consistent across age and sex
groups. We examined the association of lei-
sure time physical activity, physical activ-
ity at work, bicycling to work, and sports
activities to mortality after adjustment for
blood pressure, blood lipid levels, smok-
ing, body mass index, and educational level.
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RESULTS

The analyses included 13375 women and 17265 men fol-
lowed up for an average of 14.5 years (range, 0-28 years),
corresponding to 433000 person-years. Data are pre-
sented as mean (±SD) or relative risks.

LEISURE TIME PHYSICAL ACTIVITY

Leisure time physical activity was assessed in 13116 women.
During 13.8 (±5.0) years of follow-up, 2738 died. Leisure
time physical activity was also assessed in 14776 men, who
were followed up for 15.1 (±6.6) years, and among these
4672 died. Four levels of leisure time physical activity were

assessed. Compared with the sedentary, age- and sex-
adjusted mortality rates in leisure time physical activity
groups 2 to 4 were 0.68 (95% CI, 0.64-0.71), 0.61 (95%
CI, 0.57-0.66), and 0.53 (95% CI, 0.41-0.68), respec-
tively. Baseline data were collected during a long time span,
which might affect the relative risk between exposure
groups, because mortality rates, physical activity, and con-
founder levels have changed. After adjustment for time
of entry, the relative risks in leisure time physical activ-
ity levels 2 to 4 were 0.68 (95% CI, 0.64-0.72), 0.64 (95%
CI, 0.60-0.66), and 0.53 (95% CI, 0.42-0.69), respec-
tively. The frequency distribution and the mean (SD)
values of the key variables used for adjustment in the
survival analyses are shown for each level of leisure

SUBJECTS AND METHODS

STUDY POPULATION

This study is based on pooled data from 3 epidemiological
surveys from the region of Copenhagen: The Copenhagen
City Heart Study, The Glostrup Population Studies, and The
Copenhagen Male Study.9

A total of 13455 women and 17441 men have been
examined. Information on chronic disease that could in-
fluence physical activity level and risk of death was ob-
tained at the examination and, after 1977, additionally from
hospital records. In 2960 women and 3959 men, a chronic
disease had been diagnosed before baseline. Chronic dis-
eases diagnosed according to International Classification of
Diseases, Eighth Revision included cancers (diagnoses 140-
172, 174-209, 230-239), cardiovascular diseases (diag-
noses 400-448), lung diseases (diagnoses 490-493), and
musculoskeletal diseases (diagnoses 710-738).

DETAILS OF EACH COHORT

The Copenhagen City Heart Study

In 1976 and 1978, 19329 individuals, 20 to 93 years of age,
from central Copenhagen were invited to participate in a
medical examination. The sample was randomly selected
within age strata from a population of 90000 inhabitants
living in this area.10 From 1981 to 1983, another 500 in-
dividuals, 20 to 25 years of age, were invited, and 1276 of
the former nonparticipants participated this time. A total
of 19829 living subjects have been invited to at least one
examination, and of these, 8489 women and 7188 men were
included in this study.

The Glostrup Population Studies

Since 1964, cohorts from the suburbs of the western part
of Copenhagen County have been invited to participate in
a health examination.11 The cohorts comprise men and
women in the age range of 20 to 75 years at entry. A total
of 13122 people have been invited, of whom 4966 women
and 5026 men participated. All cohorts were randomly se-
lected. The present study includes the following cohorts.
(1) The 1897 Birth Cohort. The first examination was per-
formed in 1967 and included 636 subjects, of whom 440

participated (69%). Thirty-nine of the former nonpartici-
pants were examined in 1977. (2) The 1914 Birth Cohort.
The first examination was performed in 1964, and the
cohort was expanded in 1984 and 1989. A total of 663
men (85%) and 589 women (76%) have been examined.
(3) The 1936 Birth Cohort. In the first examination in
1976, 1052 individuals (88%) of the 1199 invited partici-
pated. Twenty-six of the nonparticipants from the first
examination were examined in 1981 and another 29 in
1987. A total of 520 men (90%) and 587 women (95%)
have been examined. (4) The MONICA (Monitoring of
Trends and Determinants of Cardiovascular Disease) 1
Cohorts. Four cohorts, comprising 4807 subjects aged 30,
40, 50, and 60 years, were invited to participate in a medi-
cal examination in 1982. A total of 1915 men (81%) and
1842 women (77%) have been examined. (5) The MONICA
2 Cohorts. Four cohorts, including 2000 subjects, were
invited to take part in a medical examination in 1986. Par-
ticipants were 702 women (71%) and 695 men (70%) aged
30, 40, 50, and 60 years. (6) The MONICA 3 Cohorts. Five
cohorts, comprising 2912 subjects, were invited to partici-
pate in a health examination in 1992. Participants were
1015 women (70%) and 994 men (70%) aged 30, 40, 50,
60, and 70 years.

The Copenhagen Male Study

In 1970 and 1971, all men aged 40 to 59 years who were em-
ployed at 1 of 14 major work sites in Copenhagen were in-
vited to participate in a health examination.12 A total of 6125
men were invited, and 5227 men (86%) participated.

In both The Glostrup Population Studies and The Co-
penhagen City Heart Study, subjects were randomly se-
lected from The Danish Central Population Registry. The
Copenhagen Male Study included all middle-aged male em-
ployees in 14 randomly selected public and private com-
panies, and the mortality rate among these men was lower
compared with the total male population of Copenhagen
because of a healthy worker effect.9

EXAMINATIONS

Information regarding physical activity, smoking, and num-
ber of years of education was collected from questionnaires.

Physical activity of work and leisure time was classified
into 4 levels based on questions originally constructed and
evaluated by Saltin and Grimby.13 The physical activity level
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time physical activity (Tables 1 and 2). In both women
and men, younger age was associated with higher level
of physical activity. Accordingly, other risk factors
were age adjusted before calculation of trends across
physical activity levels. The mean educational level of
the participants was positively associated with the
level of leisure time physical activity (P,.001). Body
mass index, cholesterol level, triglyceride levels, and
percentage of smokers were negatively related to
leisure time physical activity (P,.001). Systolic blood
pressure was negatively associated with leisure time
physical activity (P,.01); after adjustment for age,
the difference between the groups was not significant.
The age- and sex-adjusted association between con-

founders and mortality are described in Table 3 and
Table 4.

RELATIVE RISK OF MORTALITY IN THE
PHYSICALLY INACTIVE IN THE 2 SEXES

The age-adjusted relative risks of mortality between dif-
ferent levels of leisure time physical activity were calcu-
lated for men and women. Adjustment for other coro-
nary heart disease (CHD) risk factors did not substantially
change the estimates (Figure 1 and Figure 2). Adjust-
ment for one risk factor at a time did not substantially
change the relative risks in men or women. After mul-
tiple adjustment for the categorized variables of systolic

was assessed as the mean level during the last year. Small
differences existed in the words used in the questions among
the cohorts, but 4 categories were used in all cohorts, and
the age-specific distributions of leisure time physical ac-
tivity were similar in the different cohorts.

Most of the subjects answered the following ques-
tion: “(1) Is your work primarily sitting, ie, at a desk,
housewife without children and with house aid; (2) sit-
ting or standing and now and then walking, ie, teacher,
housewife (you do the cleaning yourself and do not have
small children); (3) walking, now and then lifts, ie, post-
man, housewife with small children; and (4) heavy
manual work, ie, furniture remover, road construction
worker.”

In one of the cohorts, the frequency of heavy work was
used instead. No differences were found in the distribu-
tion of subjects or mortality between groups using this ques-
tion; therefore, the data were pooled.

In most cohorts, leisure time physical activity was as-
sessed by responses to the following statements: “(1) You
are almost entirely sedentary or perform light physical ac-
tivity less than 2 hours per week, ie, reading, TV, cinema;
(2) You perform light physical activity 2-4 hours per week,
ie, walking, cycling, light gardening; (3) You perform light
physical activity more than 4 hours per week or more vig-
orous activity 2-4 hours per week, ie, brisk walking, fast
cycling, heavy gardening, sports where you get sweaty or
exhausted; (4) You perform highly vigorous physical ac-
tivity more than 4 hours per week or regular exercise or
competitive sports several times per week.”

A few cohorts used other phrases in these state-
ments, but the distribution of subjects between groups was
similar. Since the number of subjects and deaths among the
most physically active in leisure time was limited (Table 1
and Table 2), levels 3 and 4 were analyzed together in the
analysis of age subgroups.

In addition, 14727 subjects indicated whether they
took part in sports activity (yes or no), and 6954 were asked
if they used a bicycle as transportation to work (yes or no).

The subjects classified themselves as never smokers,
previous smokers, or current smokers, and the number of
cigarettes, cheroots, or cigars or weight of pipe tobacco
smoked daily was recorded. Many smokers in Denmark
smoke pipes and cheroots, and some smoke a mixture of
different types. Therefore, smoking was recoded into grams
of tobacco, where 1 cigarette equals 1 g of tobacco. Socio-
economic status was assessed as years of education. Three

categories were used: fewer than 8 years of school, be-
tween 8 and 11 years, and more than 12 years. Height and
body mass were measured with the subject lightly dressed,
and body mass index calculated as weight in kilograms
divided by the square of height in meters.2

Blood pressure was measured on the upper arm us-
ing a mercury sphygmomanometer, with subjects in the
sitting position having rested for at least 5 minutes. A ve-
nous blood sample was drawn following a 12-hour fast and
analyzed for serum triglyceride and total serum choles-
terol levels by conventional methods.14 In The Copenha-
gen City Heart Study, subjects were nonfasting, and blood
lipid levels were analyzed from plasma.

END POINTS

Information on mortality in the period from baseline ex-
amination to December 31, 1994, was obtained. All sub-
jects were traced by means of The Danish Central Popu-
lation Registry. Person-years were calculated from the date
of the first examination to December 31, 1994, or to the
date of emigration, death, or disappearance.

STATISTICAL ANALYSIS

All data were analyzed using Intercooled Stata (version 5).15

Relative risks were calculated from Cox proportional haz-
ards models.16 Men and women were analyzed separately.
Categorized risk factors were entered into Cox models, since
a nonlinear relationship was found between mortality and
the risk factors body mass index and serum cholesterol level.
The categories used are described in Table 3. Linear re-
gression with adjustment for age was used in the calcula-
tion of trends in risk factor levels between categories of lei-
sure time physical activity. In all analyses, P,.05 was used
as the significance level.

All mortality analyses were initially conducted sepa-
rately for those free of disease and those with disease. Those
who had a diagnosed disease had a sex- and age-adjusted
relative risk of death of 1.74 (95% confidence interval [CI],
1.65-1.82) compared with the initially healthy, but the rela-
tive risk between physical activity groups was the same in
both sexes in the healthy and the chronically ill subjects.
In the analyses of physical activity, adjustment for chronic
disease did not change the estimates when the whole group
was analyzed. Therefore, data are presented for the whole
group throughout the article.
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blood pressure, total cholesterol level, triglyceride lev-
els, body mass index, smoking, educational level, and age,
the relative risks of physical activity levels 2, 3, and 4 were
0.65, 0.59 (both P,.001), and 0.64 (P=.20) in women,
respectively, and 0.72, 0.72 (both P,.001), and 0.65
(P,.01) in men.

RELATIVE RISK OF PHYSICAL INACTIVITY IN 3
SEPARATE AGE GROUPS

In all stratified analyses, leisure time physical activity lev-
els 3 and 4 were analyzed together.

To elucidate age-specific differences, mortality rates
were calculated according to levels of leisure time physi-
cal activity in 3 separate age groups: 20 through 44 years,
45 through 64 years, and 65 years or older. Calculations
were conducted for women and men separately (Table 5
and Table 6). There was a trend toward increased ben-
efit of physical activity with increasing age. No differ-
ence was found between sexes. The relative risk did not
attain statistical significance in the youngest group in
women, where the number of deaths was small (n=192).

Multivariate adjustment for CHD risk factors did not
change the relative risks substantially.

When the 2 sexes were analyzed together, with ad-
justment for age and sex, all estimates of relative risk be-
came significant.

SPORTS PARTICIPATION

A question regarding sports participation (yes or no) was
answered by 4746 women and 9981 men, among whom
624 and 2740 deaths were registered, respectively. Be-
cause a close relationship was expected between the 4-cat-
egory question of leisure time physical activity and the
sports participation question, the relative risk for sports
participation was calculated with and without adjust-
ment for leisure time physical activity. This adjustment
changed the age-adjusted relative risk from 0.42 (95%
CI, 0.32-0.55) to 0.48 (95% CI, 0.37-0.64) in women and
from 0.80 (95% CI, 0.73-0.87) to 0.84 (95% CI, 0.75-
0.93) in men.

Sports participation was unequally distributed among
groups with different educational levels. In women, 18%

Table 1. Association of Baseline Characteristics With Level of Leisure Time Physical Activity in Women

Characteristic

Leisure Time Physical Activity Level
P for

Trend* All Women†1 2 3 4

No. (%) 3235 (24.7) 7437 (56.7) 2350 (17.9) 94 (0.7) . . . 13 375
Deaths, No. (%) 919 (33.6) 1413 (51.6) 396 (14.4) 10 (0.4) . . . 2881
Age at baseline, mean ± SD, y 51.0 ± 12.8 50.2 ± 12.2 49.3 ± 12.9 42.4 ± 12.9 ,.001 50.4 ± 12.7
Body mass index, mean ± SD, kg/m2 25.0 ± 5.0 24.5 ± 4.4 23.9 ± 3.9 23.1 ± 3.4 ,.001 24.5 ± 4.5
Systolic blood pressure, mean ± SD, mm Hg 131.8 ± 24.1 131.2 ± 22.6 130.8 ± 21.9 124.6 ± 19.4 .20 131.5 ± 23.0
Cholesterol, mean ± SD, mmol/L‡ 6.00 ± 1.65 6.23 ± 1.33 6.08 ± 1.32 5.62 ± 1.20 ,.001 6.10 ± 1.49
Triglyceride, mean ± SD, mmol/L‡ 1.41 ± 0.90 1.35 ± 0.79 1.30 ± 0.85 1.27 ± 0.73 ,.001 1.36 ± 0.83
Years in school, mean ± SD§ 1.53 ± 0.61 1.67 ± 0.65 1.75 ± 0.68 1.93 ± 0.72 ,.001 1.64 ± 0.65
Smokers, % 60.5 53.9 53.2 54.3 ,.001 55.3
Years of observation, mean ± SD 12.9 ± 5.3 14.0 ± 4.9 14.8 ± 4.3 15.0 ± 4.1 ,.001 13.8 ± 5.0

*Age distribution differed between groups. Therefore, the P values for trend were calculated after adjustment for age. Ellipses indicate data not applicable.
†This category includes those women in whom leisure time physical activity is missing but excludes those who had chronic disease at baseline.
‡To convert cholesterol from millimoles per liter to milligrams per deciliter, divide by 0.02586. To convert triglyceride from millimoles per liter to milligrams per

deciliter, divide by 0.01129.
§Three educational levels: level 1, 0 to 7 years; level 2, 8 to 11 years; and level 3, more than 11 years of school education.

Table 2. Association of Baseline Characteristics With Level of Leisure Time Physical Activity in Men

Characteristic

Leisure Time Physical Activity Level
P for

Trend* All Men†1 2 3 4

No. (%) 3024 (20.5) 7909 (53.5) 3506 (23.7) 337 (2.3) . . . 17 265
Deaths, No. (%) 1190 (25.5) 2448 (52.4) 980 (21.0) 54 (1.2) . . . 5668
Age at baseline, mean ± SD, y 51.7 ± 12.2 50.1 ± 10.9 48.7 ± 12.3 41.8 ± 12.6 ,.001 49.7 ± 11.2
Body mass index, mean ± SD, kg/m2 26.0 ± 4.0 25.6 ± 3.4 25.3 ± 3.4 24.9 ± 3.3 ,.001 25.6 ± 3.4
Systolic blood pressure, mean ± SD, mm Hg 136.5 ± 21.3 136.2 ± 20.4 135.1 ± 19.9 132.6 ± 18.0 .51 135.9 ± 20.5
Cholesterol, mean ± SD, mmol/L‡ 5.91 ± 1.56 6.05 ± 1.19 5.96 ± 1.19 5.54 ± 1.17 ,.001 5.91 ± 1.43
Triglyceride, mean ± SD, mmol/L‡ 1.96 ± 1.56 1.83 ± 1.30 1.74 ± 1.34 1.59 ± 1.06 ,.001 1.82 ± 1.37
Years in school, mean ± SD§ 1.59 ± 0.67 1.70 ± 0.68 1.74 ± 0.70 1.82 ± 0.70 ,.001 1.68 ± 0.69
Smokers, % 73.4 67.8 62.3 54.3 ,.001 68.2
Years of observation, mean ± SD 12.9 ± 6.3 15.0 ± 6.6 13.9 ± 5.5 14.3 ± 5.0 ,.001 15.1 ± 6.6

*Age distribution differed between groups. Therefore, the P values for trend were calculated after adjustment for age. Ellipses indicate data not applicable.
†This category includes those men in whom leisure time physical activity is missing but excludes those who had chronic disease at baseline.
‡To convert cholesterol and triglyceride values to conventional units, see the third footnote to Table 1.
§Three educational levels: level 1, 0 to 7 years; level 2, 8 to 11 years; and level 3, more than 11 years of school education.
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of those attending school for fewer than 8 years partici-
pated in sports, whereas 33% and 31% from the groups
with the higher educational levels participated. Adjust-
ment for educational level or other single CHD risk fac-
tors did not affect the age-adjusted relative risk in
women, with all estimates being between 0.42 and 0.45.
After multivariate adjustment, a relative risk of 0.56
(95% CI, 0.42-0.75) was found for sports participants
in women. In men, participation rates were 16%, 36%,
and 37%, respectively. In men, the age-adjusted relative
risk changed markedly from 0.80 to 0.58 (95% CI,
0.47-0.72) after adjustment for educational level. No
change was found after additional adjustment for other
single risk factors in men. After multivariate adjustment
for CHD risk factors, the estimated relative risk for the
men who participated in sports was 0.69 (95% CI, 0.55-
0.87) compared with those who did not.

In the analysis of the 4-category leisure time physi-
cal activity variables, only small differences were found
in mortality rates among groups 2 to 4. Therefore, an
analysis of the relative risk in those who participated in
sports was conducted after exclusion of the sedentary (lei-

sure time physical activity group 1). After multiple ad-
justment, a relative risk of 0.47 (95% CI, 0.34-0.66) was
found in women who participated in sports compared
with the moderately active women and a relative risk of
0.63 (95% CI, 0.51-0.79) was found in men. So, even if
the leisure time physical activity question could not dis-
criminate in mortality among levels 2 to 4, great differ-
ences existed in mortality rates in relation to sports par-
ticipation within this group.

PHYSICAL ACTIVITY AT WORK

Physical activity at work was assessed in 10334 women
and 9929 men, of whom 1688 and 2587, respectively,
died during the follow-up. Differential associations were
found for women and men in relation to physical activ-
ity at work. In women, a higher level of physical activity
at work was associated with lower mortality rates. Age-
adjusted relative risks in levels 2 to 4 compared with the
lowest level of physical activity at work were 0.86 (95%
CI, 0.77-0.96) and 0.86 (95% CI, 0.74-0.99), respec-
tively, after adjustment for educational level. Adjust-

Table 3. Age-Adjusted Relative Risk (RR) and 95%
Confidence Intervals (CIs) of Mortality in Risk Factors
Other Than Physical Inactivity for Women

Risk Factor
No. of

Women
No. of
Deaths RR (95% CI)

Smoking 13 205 2817
Never smoked 3962 732 1 (Referent)
Ex-smokers 1946 356 1.03 (0.91-1.17)
Smoke 1-14 g/d 3874 925 1.57 (1.42-1.73)
Smoke 15-24 g/d 2947 655 2.01 (1.80-2.24)
Smoke $25 g/d 476 149 2.46 (2.07-2.94)

Body mass index, kg/m2 13 188 2811
,20 1537 322 1.65 (1.46-1.87)
20-25 6770 1175 1 (Referent)
25.01-27 1822 405 0.98 (0.89-1.11)
27.01-30 1607 424 1.1 (0.98-1.23)
.30 1452 485 1.43 (1.28-1.59)

Total cholesterol, mmol/L* 13 063 2782
,5.25 (1st quartile) 1 (Referent)
5.25-6.02 (2nd quartile) 0.95 (0.83-1.09)
6.03-6.90 (3rd quartile) 0.89 (0.78-1.02)
.6.90 (4th quartile) 1.12 (0.99-1.27)

Triglycerides, mmol/L* 12 309 2618
,0.92 (1st quartile) 1 (Referent)
0.92-1.27 (2nd quartile) 1.16 (1.03-1.31)
1.28-1.86 (3rd quartile) 1.3 (1.16-1.47)
.1.86 (4th quartile) 1.65 (1.46-1.86)

High-density lipoprotein
cholesterol, mmol/L*

5775 628

,1.08 (1st quartile) 1 (Referent)
1.08-1.33 (2nd quartile) 0.8 (0.63-1.01)
1.34-1.63 (3rd quartile) 0.65 (0.51-0.82)
.1.63 (4th quartile) 0.5 (0.40-0.62)

Systolic blood pressure,
mm Hg

13 109 2791

,120 (1st quartile) 1 (Referent)
120-130 (2nd quartile) 1.27 (1.10-1.46)
131-146 (3rd quartile) 1.22 (1.06-1.39)
.146 (4th quartile) 1.79 (1.57-2.03)

*To convert cholesterol and triglyceride values to conventional units, see
the third footnote to Table 1.

Table 4. Age-Adjusted Relative Risk (RR) and 95%
Confidence Intervals (CIs) of Mortality in Risk Factors
Other Than Physical Inactivity for Men

Risk Factor
No. of
Men

No. of
Deaths RR (95% CI)

Smoking 17 116 5609
Never smoked 2094 331 1 (Referent)
Ex-smokers 3332 942 1.25 (1.10-1.41)
Smoke 1-14 g/d 3705 1313 1.73 (1.53-1.95)
Smoke 15-24 g/d 5428 2034 2.21 (1.96-2.48)
Smoke $25 g/d 2557 989 2.36 (2.08-2.67)

Body mass index, kg/m2 17 138 5603
,20 600 248 1.69 (1.48-1.73)
20-25 7549 2204 1 (Referent)
25.01-27 3923 1240 0.93 (0.87-1.00)
27.01-30 3400 1248 1.06 (0.98-1.13)
.30 1666 663 1.21 (1.11-1.32)

Total cholesterol, mmol/L* 11 797 3739
,5.25 (1st quartile) 1 (Referent)
5.25-6.02 (2nd quartile) 0.92 (0.84-1.01)
6.03-6.90 (3rd quartile) 0.92 (0.84-1.01)
.6.90 (4th quartile) 1.06 (0.96-1.16)

Triglycerides, mmol/L* 11 026 3515
,0.92 (1st quartile) 1 (Referent)
0.92-1.27 (2nd quartile) 1.04 (0.93-1.18)
1.28-1.86 (3rd quartile) 1.09 (0.98-1.22)
.1.86 (4th quartile) 1.22 (1.10-1.35)

High-density lipoprotein
cholesterol, mmol/L*

5532 920

,1.08 (1st quartile) 1 (Referent)
1.08-1.33 (2nd quartile) 0.78 (0.67-0.92)
1.34-1.63 (3rd quartile) 0.76 (0.64-0.91)
.1.63 (4th quartile) 0.83 (0.68-1.02)

Systolic blood pressure,
mm Hg

17 078 5584

,120 (1st quartile) 1 (Referent)
120-130 (2nd quartile) 1.32 (1.19-1.47)
131-146 (3rd quartile) 1.48 (1.34-1.64)
.146 (4th quartile) 2 (1.81-2.21)

*To convert cholesterol and triglyceride values to conventional units, see
third footnote to Table 1.

(REPRINTED) ARCH INTERN MED/ VOL 160, JUNE 12, 2000 WWW.ARCHINTERNMED.COM
1625

©2000 American Medical Association. All rights reserved.
 on November 21, 2009 www.archinternmed.comDownloaded from 

http://www.archinternmed.com


ment for each single CHD risk factor did not change the
estimates, and after multiple adjustment, estimates were
0.90 and 0.86, respectively. In the most physically ac-
tive group at work, a significant protection after full ad-
justment was found (P,.001). In men, no difference was
found in age-adjusted mortality rates between levels of
physical activity at work, and even after adjustment for
educational level, only a tendency toward a decrease in
mortality with higher physical activity at work was seen.

BICYCLING TO WORK

Information on bicycling as transportation to work was
available for 783 women and 6171 men. Among these
6954 subjects, 2291 died during follow-up. The same ten-

dencies were found in men and women when mortality
rates were compared between those who cycled to work
and those who did not, but the estimates were not sig-
nificant in women. The average time spent cycling in those
who did cycle to work was 3 hours per week. The analy-
ses are presented for the whole group, with adjustment
for sex. Bicycling to work was inversely related to years
of education. Among the less educated subjects (,8 years
of school), 27.8% used the bicycle to work, in the middle
group (8-12 years of school) 24.5% cycled, and in the
most educated group ($12 years of school) 20.3% cycled.
After adjustment for age, sex, and educational level, the
relative risk in those who cycled was 0.70 (95% CI,
0.55-0.89). After additional adjustment for leisure time
physical activity, body mass index, blood lipid levels,
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Figure 1. The estimated relative risk in women for leisure time physical
activity levels 2, 3, and 4 in relation to the inactive. The upper curve is
adjusted for cholesterol level, triglyceride levels, body mass index, systolic
blood pressure, educational level, smoking, and age at baseline.
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Figure 2. The estimated relative risk in men for leisure time physical activity
levels 2, 3, and 4 in relation to the inactive. The upper curve is adjusted for
cholesterol level, triglyceride levels, body mass index, systolic blood
pressure, educational level, smoking, and age at baseline.

Table 5. Relative Risk of Mortality in Women in Leisure
Time Physical Activity (LTPA) Group 2 (Moderate)
and Groups 3 and 4 (High) vs Group 1 (Low)

Age Group
No. of

Women
No. of
Deaths

Relative Risk
(95% Confidence Interval)

Moderate
vs Low LTPA

High vs
Low LTPA

20-44 y
Age-adjusted 4347 192 0.78 (0.57-1.07) 0.66 (0.43-1.03)
Multivariate* 4235 181 0.75 (0.54-1.04) 0.66 (0.42-1.05)

45-64 y
Age-adjusted 6557 1527 0.67 (0.60-0.75) 0.59 (0.50-0.69)
Multivariate* 6339 1469 0.73 (0.65-0.83) 0.66 (0.56-0.77)

$65 y
Age-adjusted 1434 851 0.52 (0.45-0.60) 0.48 (0.39-0.60)
Multivariate* 1373 808 0.52 (0.45-0.61) 0.49 (0.39-0.61)

All age groups
Age-adjusted 13 116 2738 0.64 (0.59-0.69) 0.55 (0.49-0.62)
Multivariate* 11 947 2458 0.65 (0.60-0.71) 0.59 (0.52-0.67)

*Relative risk adjusted for age, systolic blood pressure, serum cholesterol
level, triglyceride levels, smoking status, and years of education.

Table 6. Relative Risk of Mortality in Men in Leisure
Time Physical Activity (LTPA) Group 2 (Moderate)
and Groups 3 and 4 (High) vs Group 1 (Low)

Age Group
No. of

Women
No. of
Deaths

Relative Risk
(95% Confidence Interval)

Moderate
vs Low LTPA

High vs
Low LTPA

20-44 y
Age-adjusted 5005 469 0.71 (0.57-0.88) 0.6 (0.46-0.78)
Multivariate* 4000 306 0.73 (0.56-0.96) 0.74 (0.55-1.01)

45-64 y
Age-adjusted 7618 2956 0.75 (0.68-0.82) 0.69 (0.62-0.77)
Multivariate* 5332 1978 0.75 (0.67-0.84) 0.75 (0.67-0.85)

$65 y
Age-adjusted 1374 1021 0.6 (0.52-0.70) 0.59 (0.50-0.71)
Multivariate* 1318 975 0.62 (0.53-0.73) 0.6 (0.50-0.72)

All age groups
Age-adjusted 14 776 4672 0.71 (0.66-0.76) 0.65 (0.59-0.70)
Multivariate* 10 650 3259 0.72 (0.66-0.78) 0.71 (0.65-0.78)

*Relative risk adjusted for age, systolic blood pressure, serum cholesterol
level, triglyceride levels, smoking status, and years of education.
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smoking, and blood pressure, the relative risk was 0.72
(95% CI, 0.57-0.91).

COMMENT

The present study analyzed self-reported physical activ-
ity at baseline and subsequent all-cause mortality. The
major findings of this large-scale epidemiological study
were that in both sexes and in all age groups there was a
lower mortality in the physically active compared with
the inactive. Those who used the bicycle as transporta-
tion to work experienced a lower mortality rate even af-
ter adjustment for leisure time physical activity, and sports
participation discriminated mortality rates even among
the more physically active subjects. Physical inactivity
at work was only a risk factor in women.

RELATIVE RISK OF PHYSICAL
INACTIVITY IN WOMEN

The benefit of physical activity in women seems to be con-
troversial, mainly because only a few studies have in-
cluded women and relatively few deaths were observed. The
present study includes a large sample of women, in whom
there were almost 3000 deaths during the follow-up. We
found consistently lower mortality rates, in all age groups,
with higher levels of physical activity of any kind in con-
trast to Blair et al.8 In a 12-year prospective study of 1462
Swedish women, Lapidus and Bengtsson17 found a rela-
tive risk of death of 1.9 (95% CI, 1.1-3.2) in the inactive
group during leisure time compared with their more ac-
tive counterparts. They used the same questionnaire as in
the present study. The relative risk for being inactive at work
was increased more than 5 times in their study (95% CI,
2.8-9.7). The study only included middle-aged women. Af-
ter a further 8 years of follow-up of the same cohort of
women, Lissner et al7 found that those who were inactive
during leisure time had a double risk of mortality. Even
with only 147 deaths, the results were highly significant.
The relative risk for inactivity at work was 4 times that of
the most active group. Salonen et al18 studied 3784 women
and 4015 men from North Karelia and Kuopio. There were
75 deaths among women during the 7-year follow-up. The
relative risk of low physical activity at work was 2.4 (90%
CI, 1.6-3.5) in women. During leisure time, the relative risk
for a low physical activity level was 1.6 (90% CI, 1.1-2.3)
in women. All these Scandinavian studies used the same
physical activity questions of leisure time and at work. The
studies all showed a significant protection from a high level
of physical activity in women.

DOSE-RESPONSE RELATIONSHIP IN LEISURE
TIME PHYSICAL ACTIVITY

A dose-response relationship was found in both women
and men, with the most striking difference in mortality
between the inactive group compared with others. Could
the small difference in mortality rate between the mod-
erately and highly active participants be caused by the
formulation of the questions? To elucidate this ques-
tion, we excluded the sedentary and analyzed an addi-
tional question of sports participation in the remaining

population. The mortality was less than half in the sports
participants compared with nonparticipants. Therefore,
the small difference in mortality rates between moder-
ately active and highly active subjects found in the analy-
sis of the 4-category leisure time physical activity ques-
tion may be a bias from the formulation of the question.
Recent recommendations of physical activity for health
have focused on moderate-intensity exercise,19 and it may
be more feasible to make a sedentary person moderately
active than vigorously active, although sports partici-
pants only experienced half the mortality rate of the mod-
erately active.

RELATIVE RISK OF LEISURE TIME PHYSICAL
INACTIVITY IN DIFFERENT AGE GROUPS

The present study showed a tendency toward increased
benefit of physical activity associated with higher age. In
women, the mortality rate in the most active group in
the oldest age group was less than half the mortality rate
in the sedentary group, whereas the relative risk be-
tween physical activity groups in the youngest group was
0.66. In men, no trend was observed. The relative risk
between physical activity groups in the elderly was greater
than seen in other studies. It has been proposed that physi-
cal activity prevents premature death but does not ex-
tend the life span.20 In the Harvard Alumni Study,3 the
estimated number of added years gained by having an ac-
tive lifestyle decreased with increasing age at entry. Other
studies have found lower mortality rate with higher physi-
cal activity level in the elderly. Lindsted et al21 studied
older men up to the age of 90 years, and Kaplan et al22

studied men and women older than 70 years. Both stud-
ies found lower mortality among the physically active.
Simonsick et al23 found a 23% to 55% lower mortality rate
in highly active men and women older than 65 years, and
in the Framingham studies a relative risk of 0.24 was found
in physically active women older than 75 years, but no
difference was found in men.24

It seems that most studies with a large number of
older subjects find that a physically active lifestyle is ben-
eficial in old age. To what extent mortality rates differ
between activity groups among the elderly is still uncer-
tain. The present study suggests that physical activity is
as important in old age as it is in younger age in both
sexes and may be even more important in older women.

PHYSICAL INACTIVITY AT WORK AND
BICYCLING TO WORK

In women, the group with the highest physical activity
level at work experienced a protective effect after adjust-
ment for other risk factors and educational level. No ben-
efit with increasing physical activity at work was found
in men. Physical activity at work may have changed dur-
ing the last decades with the introduction of labor-
saving devices in the workplace. Powell et al1 stated that
the study of San Francisco longshoremen would not now
be possible because the proportion of men in the high-
est energy category at work has fallen from 40% to 5%.
In some studies,5 where both physical activity at work
and during leisure time have been assessed, researchers
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have failed to show a benefit of job-related activity in men;
most other Scandinavian studies17,25 support the present
findings in women.

To our knowledge, no other study has analyzed the
independent benefit of bicycling to work, probably be-
cause it is rare in most countries. Morris26 presented data
on cycling and myocardial infarction from the study of
civil servants at a 1-day conference in 1990. Seven per-
cent reported cycling, and of those who cycled, most ex-
perienced only half the myocardial infarctions of those
who reported no cycling. In Denmark, 46% of the 25-
year-old men and women use the bicycle to travel to work
every day throughout the year and about 70% in the sum-
mer.27 Even after adjustment for other risk factors, in-
cluding leisure time physical activity, those who did not
cycle to work experienced a 39% higher mortality rate
than those who did.

Accepted for publication November 17, 1999.
This study was supported by a grant from The Danish

Medical Research Council (12-1661-1) and the Danish Heart
Foundation.

Corresponding author: Lars Bo Andersen, PhD, DMSc,
Institute for Exercise and Sport Sciences, Nørre Alle 51, DK
2200 Copenhagen, Denmark (e-mail: lbandersen@ifi.ku.dk).

REFERENCES

1. Powell KE, Thompson PD, Caspersen CJ, Kendrick CS. Physical activity and the
incidence of coronary heart disease. Annu Rev Public Health. 1987;8:253-287.

2. Morris JN, Clayton DG, Everitt MG, Semmence AM, Burgess EH. Exercise in lei-
sure time: coronary attack and death rates. Br Heart J. 1990;63:325-334.

3. Paffenbarger RS, Hyde RT, Wing AL, Hsieh C. Physical activity, all-cause mor-
tality, and longevity of college alumni. N Engl J Med. 1986;314:605-613.

4. Leon AS, Connett J. Physical activity and 10.5 year mortality in the Multiple Risk
Factor Intervention Trial (MRFIT). Int J Epidemiol. 1991;20:690-697.

5. Holme I, Helgeland A, Hjermann I, Leren P, Lund-Larsen PG. Physical activity at
work and at leisure in relation to coronary risk factors and social class. Acta Med
Scand. 1981;209:277-283.

6. Paffenbarger RS, Hale WE. Work activity and coronary heart mortality. N Engl J
Med. 1975;292:545-550.

7. Lissner L, Bengtsson C, Björkelund C, Wedel H. Physical activity levels and changes
in relation to longivity: a prospective study of Swedish women. Am J Epidemiol.
1996;143:54-62.

8. Blair SN, Kohl HW, Barlow CE. Physical activity, physical fitness, and all-cause
mortality in women: do women need to be active? J Am Coll Nutr. 1993;12:368-
371.

9. Andersen LB, Vestbo J, Juel K, et al. A comparison of mortality rates in three
prospective studies from Copenhagen with mortality rates in the central part of
the city, and the entire country. Eur J Epidemiol. 1998;14:579-585.

10. Appleyard M, Hansen AT, Jensen G, Schnohr P, Nyboe J. The Copenhagen City
Heart Study: Østerbroundersøgelsen: a book of tables with data from the first
examination (1976-78) and a five-year follow-up (1981-83). Scand J Soc Med.
1987;41(suppl):1-160.

11. Schroll M, Jørgensen T, Ingerslev J. The Glostrup Population Studies, 1964-
1992. Dan Med Bull. 1992;39:204-207.

12. Gyntelberg F. Physical fitness and coronary heart disease in Copenhagen men
aged 40-59, III. Dan Med Bull. 1974;21:49-56.

13. Saltin B, Grimby G. Physiological analysis of middle-aged and old former ath-
letes: comparison with still active athletes of the same ages. Circulation. 1968;
38:1104-1115.

14. Jensen G. Epidemiology of chest pain and angina pectoris. Acta Med Scand. 1983;
682(suppl):13-19.

15. StataCorp. Stata Statistical [computer program]. Release 5.0. College Station,
Tex: StataCorp; 1997.

16. Cox DR. Regression models and life-tables. J R Stat Assoc. 1972;34:187-220.
17. Lapidus L, Bengtsson C. Socioeconomic factors and physical activity in relation

to cardiovascular disease and death: a 12 year follow up of participants in a popu-
lation study of women in Gothenburg, Sweden. Br Heart J. 1986;55:295-301.

18. Salonen JT, Slater JS, Tuomilehto J, Tauramaa R. Leisure time and occupational
physical activity: risk of death from ischemic heart disease. Am J Epidemiol. 1988;
127:87-94.

19. Pate RR, Pratt M, Blair SN, et al. Physical activity and public health. JAMA. 1995;
273:402-407.

20. Pekkanen J, Nissinen A, Marti B, Tuomilehto J. Reduction of premature mortality
by high physical activity: a 20-year follow-up of middle-aged Finnish men. Lancet.
1987;1:1473-1477.

21. Lindsted KD, Tonstad S, Kuzma JW. Self-report of physical activity and patterns
of mortality in Seven-Day Adventist men. J Clin Epidemiol. 1991;44:355-364.

22. Kaplan GA, Seeman TE, Cohen RD, Knudsen LP, Guralnik J. Mortality among
the elderly in Alameda County Study: behavioral and demographic risk factors.
Am J Public Health. 1987;77:307-312.

23. Simonsick EM, Lafferty ME, Phillips CL, et al. Risk due to inactivity in physically
capable older adults. Am J Public Health. 1993;83:1443-1450.

24. Sherman SE, D’Agostino RB, Cobb JL, Kannel WB. Does exercise reduce mor-
tality rates in the elderly? experience from the Framingham Heart Study. Am Heart
J. 1994;128:965-972.

25. Pekkanen J, Tuomilehto J, Uutela A, Vartiainen E, Nissinen A. Social class, health
behaviour, and mortality among men and women in eastern Finland. BMJ. 1995;
311:589-593.

26. Morris JN. Cycling and health. In: Proceedings From Friends of the Earth
Conference, London. London, England: Hammerschmidt & Fulham; 1990:14-19.
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