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Leisure-time Physical Activity Levels and Changes in Relation to Risk of Hip
Fracture in Men and Women

Susanne Høidrup,1,2 Thorkild I. A. Sørensen,1 Ulla Strøger,1 Jes Bruun Lauritzen,3 Marianne Schroll,4 and
Morten Grønbæk1

The authors prospectively studied the effect of leisure-time physical activity level on hip fracture risk along
with the influence of within-subject changes in activity levels, while taking possible confounding by other health
behaviors and poor health into account. Analyses were based on pooled data from three population studies
conducted in Copenhagen, Denmark. Among 13,183 women and 17,045 men, 1,121 first hip fractures were
identified during follow-up. In comparison with being sedentary, the relative risk (RR) of hip fracture associated
with being moderately physically active 2–4 hours per week was 0.72 (95% confidence interval (CI): 0.59, 0.89)
in women and 0.75 (95% CI: 0.55, 1.03) in men after adjustment for confounders. Being in the most active leisure
activity category did not decrease the risk of hip fracture further. Adjustment for poor health affected the risk
estimates only modestly. Subjects who, during follow-up, reduced their physical activity level from the highest or
the intermediate activity level to a sedentary level had a higher risk of hip fracture than did those who remained
moderately physically active at the intermediate level (multivariate adjusted RR = 2.19, 95% CI: 1.00, 4.84 and
RR = 1.89, 95% CI: 1.21, 2.95, for reduction from the highest and intermediate levels, respectively). There was
no evidence of a fracture-protective effect from increasing physical activity. In conclusion, moderate levels of
physical activity appear to provide protection against later hip fracture. Decline in the physical activity level over
time is an important risk factor for hip fracture. Am J Epidemiol 2001;154:60–8.
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A general adaptation to a sedentary lifestyle during the
past century is thought to be one of the causes responsible
for the steep rise in hip fracture incidence observed in most
Western countries during the last 5 decades (1–3). This
assumption rests on the observation of an osteogenic effect
of physical activity on human and animal bones (4–6) and
on findings that physical activity improves muscle strength,
balance, and physical function, thereby reducing the risk of
falling (7–10). Furthermore, numerous epidemiologic stud-

ies seem to confirm the existence of an inverse relation
between physical activity and hip fracture risk (11–26).
Considering the observational design of these studies, selec-
tion bias, recall bias, and confounding by other health
behaviors or by functional status cannot, however, be ruled
out as alternative explanations of the apparent fracture-
protective effect of physical activity. Intervention studies
may clarify the existence of a causal relation between phys-
ical activity and hip fracture, but the long lag time to occur-
rence of hip fracture makes such studies difficult to conduct.
Valuable information toward making causal inference as
well as assessing public health implications may be obtained
by observing the consequences of changes in physical activ-
ity level on hip fracture risk.

By using pooled data from three large, population-based
follow-up studies, we evaluated the effect of leisure-time
physical activity level on hip fracture risk while taking pos-
sible confounding introduced by other health behaviors and
functional status into account. Furthermore, we assessed the
influence of within-subject changes in physical activity
level on hip fracture risk.

MATERIALS AND METHODS

Study population

This study is based on data from The Copenhagen Center
for Prospective Population Studies, which compiles data
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from three longitudinal population studies conducted in the
Copenhagen, Denmark, area between 1964 and 1992: The
Copenhagen County Center for Preventive Medicine
(CCCPM) (formerly the Glostrup Population Study), with
10,191 randomly selected men and women from six birth
cohorts from Copenhagen suburbs; the Copenhagen City
Heart Study, with 15,786 randomly selected, age-stratified
men and women from central Copenhagen; and the
Copenhagen Male Study (CMS), which sampled 5,246 men
from 14 major work sites in the Copenhagen area (27–30).
The overall attendance rate at the first examination was 77
percent (range, 69–88 percent). After the exclusion of 
subjects with missing information on leisure-time physical
activity, subjects with previous hip fracture, and double par-
ticipants, 30,228 subjects were available for analysis of the
effect of physical activity levels on hip fracture risk.
Characteristics of the study population are outlined in table 1.

To study the influence of changes in physical activity lev-
els on hip fracture risk, we selected subjects who attended
the first and second examinations of the Copenhagen City
Heart Study and the CCCPM. Because of a very short inter-
val between the first and second examinations of the CMS
and the lack of analog information on leisure-time physical
activity from the third CMS examination, subjects who
attended the first and the fourth examinations of this study
were selected for the analysis of changes in physical activ-
ity. The combined population for the study of changes in
physical activity levels totaled 17,285 subjects, of whom
15,498 (8,431 women and 7,067 men) gave information on
their level of leisure-time physical activity at both examina-
tions. A total of 13,487 subjects (45 percent of the entire
study population) were not eligible for the analysis of
changes in physical activity due to the following circum-
stances: 1,311 subjects (10 percent) died between the base-
line examination and the time of the second (CMS: fourth)

examination, 3,113 subjects (23 percent) did not respond the
invitation to the second (CMS: fourth) examination, 3,416
subjects (25 percent) participated in a substudy in which no
reexaminations were performed during follow-up, and 5,647
subjects (42 percent) were recruited and/or examined for the
first time at one of the reexaminations.

Examination procedure and ascertainment of leisure-
time physical activity

As part of a general health examination, all three popula-
tion studies used a self-administered questionnaire with
detailed questions regarding lifestyle habits and other health-
related items. The phrasing of questions differed slightly in
the various subcohorts, but the covariates used for this study
could be harmonized without substantial loss of information.

Participants were asked to place themselves into one of
the four following categories of leisure-time physical activ-
ity levels: 1) sedentary, i.e., physically inactive, performing
mainly sedentary tasks such as watching television, reading,
or performing moderate physical activities such as light
housekeeping, light gardening, biking, or walking less than
2 hours per week; 2) moderately physically active 2–4 hours
per week; 3) moderately physically active more than 4 hours
per week or energetically physically active 2–4 hours per
week, including energetic activities such as running, brisk
walking or biking, heavy gardening, playing tennis etc.; and
4) energetically physically active more than 4 hours per
week or participating in sports competitions. Owing to the
small number of subjects in the last category, it was neces-
sary to collapse physical activity levels 3 and 4 into a single
category in all analyses. For the analyses of changes in
physical activity levels, subjects were categorized into the
nine combinations of physical activity for the first and sec-
ond examinations.

TABLE 1. Characteristics of the study population, The Copenhagen Centre for Prospective Population
Studies, Copenhagen, Denmark, 1964–1992

Copenhagen City Heart Study
Copenhagen Male Study
Copenhagen County Center of

Preventive Medicine
1897 cohort
1914 cohort
1936 cohort
MONICA† I
MONICA II
MONICA III

Total

Substudy

8,460

228
573
584

1,837
702

1,009

13,393

7,155
5,174

239
657
517

1,932
703

1,002

17,379

Age (years)
at first

examination
(mean)

Year
of

examination

No.
of

women*

No.
of

men*

No.
of
hip

fractures

1977, 1982
1970, 1971, 1976, 1985

1976, 1977
1964, 1974, 1984, 1989
1976, 1981, 1987
1982, 1987
1987
1992

20–93 (52.7)
40–60 (48.8)

70
50
40

30–60 (45.5)
30–60 (45.3)
30–70 (50.0)

20–93 (50.3)

776
149

63
105

9
46
7

14

1,169

* Subjects with hip fracture before entrance into the study (n = 88), double participants (n = 246), subjects with
International Classification of Diseases, Eighth Revision, diagnosis code modifications indicating previous hip
fracture (n = 54), and subjects lost to follow up (n = 63) were excluded.

† MONICA, monitoring of trends and determinants in cardiovascular disease (World Health Organization
projects).
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Other covariates

Physical activity at work. Physical activity levels at work
was divided into four categories: 1) sedentary work; 2) stand-
ing and walking; 3) walking and lifting; and 4) physically
exacting work.

Smoking habits. Tobacco exposure was divided into
five categories: 1) never smokers; 2) ex-smokers; 3) current
smokers of 1–14 g/day; 4) current smokers of 15–24 g/day;
and 5) current smokers of 25 g/day or more.

Alcohol intake. Daily alcohol intake was divided into
five categories: abstainers, and 1–2, 3–5, 6–10, and 11 or
more drinks per day (one drink contained an average of 12 g
of alcohol).

Educational level. Educational level was divided into
three categories: 1) less than 8 years (completed primary
school); 2) 8–11 years; and 3) 12 or more years.

Body mass index. Body mass index was calculated as
measured weight (kg)/height (m2) and divided into four cat-
egories: 1) less than 20; 2) 20–24; 3) 25–29; and 4) 30 or
more kg/m2.

Follow-up and assessment of prevalent and incident
chronic disabling diseases

Subjects were followed from the date of the first exami-
nation to the date of their first hip fracture, death, disap-
pearance, or emigration or until the end of follow-up,
whichever occurred first. In the analyses of the influence of
changes in physical activity level on hip fracture risk, the
follow-up period started at the second examination. Vital
status of the population samples was followed by using the
unique person identification number in the Civil
Registration System until December 31, 1997. Less than 1
percent of the subjects were lost in the follow-up period.

Information on incident hip fractures was obtained
through individual-based linkage to the Danish National
Hospital Register (31). Follow-up concerned the first occur-
rence of a cervical or trochanteric hip fracture (International
Classification of Diseases, Eighth Revision (ICD-8), code
820 or International Classification of Diseases, Tenth
Revision, codes S72.0–S72.2). A sample of 110 first-time
registered hip fracture diagnosis codes identified in this
study population was validated by reviewing hospital
records. The validation showed that 93 percent of all first-
time, registered hip fracture diagnosis codes in the hospital
register represented low-energy, first-ever fractures. A more
detailed description of our follow-up and validation proce-
dure has been published elsewhere (32).

To ensure that the overall effect of physical activity and
changes in physical activity level on hip fracture risk was
unaffected by poor health, we repeated the analyses of the
associations after the exclusion of subjects with prevalent
and incident chronic disabling diseases, defined as diseases
that potentially are associated with long-lasting effects on
the physical ability of affected persons. Data on prevalent
and incident cancers were obtained from the Danish Cancer
Register. Similarly, data on prevalent and incident chronic
diseases were obtained from the Danish National Hospital

Register. The chronic, disabling diseases thus identified
were all site cancers (ICD-8 codes 140–172, 174–209, and
230–239); diseases of the nervous system (ICD-8 codes
340–358); circulatory diseases, including myocardial infarc-
tion, stroke, and intermittent claudication (ICD-8 codes
393–458); chronic lung diseases (ICD-8 codes 490–493);
locomotor system diseases (ICD-8 codes 710–738); chronic
diseases of the gastrointestinal tract, liver, and pancreas
(ICD-8 codes 530–537, 560–573, and 577); chronic kidney
diseases (ICD-8 codes 580–584); chronic hematologic dis-
eases (ICD-8 codes 280–289); endocrine diseases (ICD-8
codes 240–279); and various chronic infectious diseases
(ICD-8 codes 40–46, 79, 83, 93–95, and 570).

In subjects examined before the onset of the Danish
National Hospital Register in 1977, internal data on chronic
disease were obtained from responses to questionnaires
(answering questions such as, “Did a doctor ever tell you
that you suffered from …?”) and included information on
heart disease, stroke, chronic pulmonary disease, intermit-
tent claudication, and hypertension. Approximately one
third of all subjects—those defined as having a baseline
chronic disease in this study—had this information assessed
by questionnaire, while the other two thirds had the infor-
mation assessed through records from the Danish National
Hospital Register and the Danish Cancer Register.

To eliminate the influence of subclinical, nondiagnosed
disease on the risk estimates, we finally eliminated the first
5 years of follow-up from all analyses.

Statistical analyses

The data were analyzed by means of Cox proportional
hazards regression models with age as underlying time scale
and delayed entry accordingly. The models were estimated
by the maximum likelihood method, and the effects of
covariates and first-order interactions, all treated as categor-
ical variables, were tested by using likelihood ratio tests.
Relative risks for physical activity and changes in activity
levels and other covariates did not differ significantly
between the three substudies, allowing the final analyses to
be based on the pooled data. All analyses were stratified by
study of origin, which introduces assumption of equal
effects of covariates in the three substudies but allows dif-
ferences in baseline hazard between studies.

In analysis of the effect of leisure-time physical activity
on hip fracture risk, subjects who were examined repeatedly
contributed person-years to the physical activity level in
which they had most recently described themselves. Thus, a
given subject who changed his or her habits during follow-
up contributed person-years to several physical activity lev-
els. If values were missing at any reexamination, they were
extrapolated forward from the last examination the subject
had attended. In both sexes, the model describing the over-
all relation between physical activity during leisure time and
hip fracture contained the following covariates: leisure-time
physical activity (three levels), physical activity at work
(four levels), smoking (five levels), alcohol intake (four lev-
els), body mass index (four levels), and school education
(three levels). Analyses were repeated after exclusion of
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subjects with prevalent disease at the time of the health
examinations and after additional exclusion of the first 5
years of observation.

Changes in physical activity levels during follow-up were
expressed as a combination of levels of activity at the first
and second examinations. For retention of statistical power,
the model describing the relation between changes in level of
physical activity and hip fracture included men and women.
There was no significant interaction between sex and changes
in physical activity. Likewise, no significant interactions
between sex and other covariates in the model were observed.
Subjects with disease at baseline and those with incident dis-
ease between the two examinations were subsequently
excluded, as were the first 5 years of observation.

RESULTS

Effect of leisure-time physical activity level on hip 
fracture risk

Approximately 55 percent of all men and women were
moderately physically active 2–4 hours per day. More men
than women were active at the highest levels, leaving a
slightly higher proportion of women than men in the seden-
tary group (25 vs. 21 percent, respectively).

During follow-up, 688 first hip fractures were identified in
women and 433 in men. In men, the age-adjusted relative
risk of hip fracture gradually decreased by level of leisure-
time activity compared with men who were sedentary: from
relative risk (RR) � 0.70 (95 percent confidence interval
(CI): 0.5, 0.90) in men who were moderately physically
active 2–4 hours per week to RR � 0.59 (95 percent CI: 0.45,
0.77) in men who were moderately active more than 4 hours
per week. The dose-response-like association diminished
after adjustment for confounders, but a 25 percent borderline
significant lower risk of hip fracture persisted among
nonsedentary men (table 2). In women, no dose-response-
like association between the level of physical activity and the
risk of hip fracture was observed, but after adjustment for
confounders, nonsedentary women had a significant 28 per-
cent lower risk of hip fracture than did sedentary women
(table 2). Exclusion of subjects with prevalent chronic dis-
abling diseases (3,514 women and 3,523 men) slightly weak-
ened the apparent protective effect of physical activity on hip
fracture risk in men, while the association remained almost
unaltered in women (table 2). Further exclusion of the first 5
years of follow-up strengthened the protective effect of a
high physical activity level on hip fracture in women, while
the risk estimates remained almost unaltered in men.

Changes in leisure-time physical activity level and hip
fracture risk

Of the 15,498 subjects who reported their physical activ-
ity level during leisure time twice during follow-up, 607
sustained a first hip fracture after the second assessment of
physical activity. The mean interval between the two exam-
inations was 6.3 years (standard deviation, ±3 years).

The distribution of the subjects according to changes in
physical activity level between the first and second exami-

nations is shown in table 3. Disease status differed only a lit-
tle among subjects with different patterns of physical activ-
ity changes, but a slightly higher proportion of baseline and
incident disease was observed among subjects who were
sedentary at both examinations and among subjects who
became physically inactive between two examinations
(table 3). Finally, a relatively high proportion of subjects
who raised their activity from the sedentary level to the
highest level of physical activity had a history of disease
between the two examinations.

Subjects who reduced their physical activity during
leisure time from being moderately active 2–4 hours per
week to a sedentary level had a higher risk of subsequent hip
fracture than did those who remained moderately physically
active at this level (multivariate adjusted RR � 1.53, 95 per-
cent CI: 1.12, 2.08) (table 4). Likewise, subjects who
reduced their physical activity from the highest level to the
sedentary level exhibited an elevated, but insignificant, risk
of hip fracture compared with those who remained moder-
ately physically active at the intermediate level (multivariate
adjusted RR � 1.61, 95 percent CI: 0.97, 2.51). Sequential
exclusion of subjects with baseline and incident disease and
of the initial 5 years of follow-up further strengthened the
association between decreased physical activity and hip
fracture risk (table 4).

Generally, increments in the physical activity level
between examinations did not influence the risk of hip frac-
ture. However, subjects who increased their activity level
from a sedentary state to the highest level of leisure-time
activity exhibited an increased risk of hip fracture relative to
those who remained physical active at the intermediate level
(multivariate adjusted RR � 1.73, 95 percent CI: 1.10,
2.70), but the risk gradually diminished after the exclusion
of subjects with baseline and incident disease and after
exclusion of the first 5 years of follow-up (table 4).

Subjects who participated in the baseline examination and
were alive and free of hip fracture at the time of the reex-
amination, but did not attend this examination (“nonrespon-
ders to reexamination”), were at a higher risk of hip fracture
compared with those who participated in both examinations
(“responders to reexamination”) (multivariate adjusted 
RR � 1.57, 95 percent CI: 1.29, 1.90). At baseline, more
nonresponders than responders were physically inactive
during leisure time and were smoking, while only minor dif-
ferences with respect to age, sex distribution, alcohol intake,
physical activity at work, and body mass index were
observed in the two groups (table 5). The elevated risk of
hip fracture among nonresponders to reexamination was
equal at all levels of baseline leisure-time activity (data not
shown).

DISCUSSION

This large, prospective study of the influence of leisure-
time physical activity levels and longitudinal changes on
subsequent risk of hip fracture supports the existence of a
causal relation between physical inactivity and hip fracture.
Even a relatively low level of physical activity, correspond-
ing to 2–4 hours of moderate physical activity per week,

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/154/1/60/117352 by guest on 23 April 2024



64
H

øidrup et al.

A
m

 J E
pidem

iol
V

ol.154, N
o.1, 2001

TABLE 2. Relative risks of hip fracture according to physical activity level during leisure time among men and women in the Copenhagen Centre for Prospective
Population Studies, Copenhagen, Denmark, 1964–1997

All subjects (13,183 women/17,045 men)
Sedentary
Moderate activity 2–4 hours/week
Moderate activity >4 hours week

After exclusion of subjects who had a
history of chronic disease (3,514
women/3,523 men)

Sedentary
Moderate activity 2–4 hours/week
Moderate activity >4 hours week

After additional exclusion of initial 5
years of follow-up (637 women/
1,078 men)

Sedentary
Moderate activity 2–4 hours/week
Moderate activity >4 hours week

Physical
activity
during
leisure
time

203
340
145

123
203
96

89
156
76

1.00
0.76
0.74

1.00
0.73
0.73

1.00
0.71
0.69

Men

Age-
adjusted
relative

risk*

Women

No.
of
hip

fractures

95% CI†

0.63, 0.91
0.59, 0.92

0.58, 0.92
0.55, 0.96

0.54, 0.93
0.51, 0.95

1.00
0.72
0.72

1.00
0.69
0.72

1.00
0.64
0.66

0.59, 0.89
0.57, 0.92

0.52, 0.90
0.52, 0.98

0.47, 0.87
0.46, 0.94

* Stratified on study of origin.
† CI, confidence interval.
‡ Stratified on study of origin and adjusted for age, physical activity at work, smoking, alcohol intake, body mass index, and school education.

Multi-
variate

adjusted
relative
risk‡

95% CI

Age-
adjusted
relative

risk*

No.
of
hip

fractures

95% CI

Multi-
variate

adjusted
relative
risk‡

95% CI

99
213
121

51
129
73

37
100
56

1.00
0.70
0.59

1.00
0.78
0.64

1.00
0.79
0.63

0.55, 0.90
0.45, 0.77

0.57, 1.09
0.45, 0.93

0.54, 1.16
0.41, 0.96

1.00
0.75
0.76

1.00
0.77
0.82

1.00
0.69
0.73

0.55, 1.03
0.54, 1.07

0.50, 1.20
0.52, 1.32

0.42, 1.14
0.43, 1.24
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appears to reduce the risk of hip fracture by approximately
25 percent, while higher levels of physical activity appar-
ently exert no further notable risk reduction. Our study indi-
cates that the inverse association between physical activity
and hip fracture is not due to physical inability among inac-
tive subjects. The association is independent of the inclusion
of early endpoints and of confounding by otherwise healthy
behavior among the physically active subjects. The observa-
tion that intraindividual reductions in physical activity lev-
els are predictive of subsequent hip fracture suggests a
causal interrelation and proposes that maintenance of mod-
erate levels of physical activity at leisure time during aging
provides protection against later hip fracture.

Consistent with our findings, three prospective studies
observed a significantly lower risk of hip fracture among
physically active subjects compared with physically inac-
tive subjects (11–13). A Norwegian and a British cohort
study also suggested an inverse relation between physical
activity and hip fracture, but, due to low study power (few
hip fracture cases), the risk estimates did not reach statisti-
cal significance (33, 34). In accordance with the findings of
the prospective studies, several case-control studies
reported an inverse relation between leisure-time activity
and risk of hip fracture (14–26). Altogether, previous stud-
ies suggest that weight-bearing physical activities of rela-
tively low intensity lower the risk of later hip fracture by
30–50 percent.

The inverse association between leisure-time activity and
hip fracture in our study appeared to be only moderately
confounded by tobacco smoking, alcohol intake, body mass
index, and level of education. A slight positive confounding
effect of these factors was evident in men at the highest level
of physical activity, while the effect of adjustment for con-
founders in women was negligible. The modest influence of
confounders on the association between physical activity
and hip fracture in this study matches observations from
several others (11, 12, 15, 16, 19, 20, 33, 34) and stresses
that the inverse relation between physical activity and hip
fracture is not likely to be explained by a healthier lifestyle
among the most physically active subjects.

Among the elderly, measurement of physical activity is
probably also a measure of disability or reduced function.
Since reduced function is associated with increased risk of
falls and, consequently, fractures (35–37), the elevated risk
of hip fracture among the physically inactive may be inter-
preted as the effect of reduced ability rather than of a phys-
ically sedentary lifestyle. Previous studies that excluded
subjects who reported discontinued or reduced physical
activity due to injury or ill health observed only a modest
influence of such exclusions on the risk estimates (11, 12).
Similarly, we observed no notable change in risk estimates
after our far-reaching exclusion of subjects with diagnosed
chronic, disabling diseases. Furthermore, additional elimi-
nation of undiagnosed disabling disease by exclusion of
early endpoints appeared to have only a negligible effect on
risk estimates in our study. Altogether, these findings indi-
cate that the inverse relation between physical activity and
hip fracture is not confounded by disability or poor health
among inactive subjects.TA
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This study expands previous research by evaluating the
influence of intraindividual changes in leisure-time physical
activity on fracture risk. We found that subjects who reduced
their physical activity from the highest or the intermediate
level to a sedentary level almost doubled their risk of hip
fracture in comparison with those who remained moderately
physically active at the intermediate level over time. This
finding proposes that maintaining (not reducing) one’s phys-
ical activity levels during aging may provide protection
against hip fracture. The observation that exclusion of sub-
jects with baseline and incident disabling disease further
strengthened the association between decreased physical

activity level and hip fracture was somewhat unexpected but
may be explained by the relative high proportions of dis-
abling disease in the comparison group (unchanged physical
activity at the intermediate level) as noted in table 3.

We found no beneficial effect in improving one’s leisure-
time activity from a sedentary level to a higher level. In con-
trast, our results were suggestive of an excess risk among
those who increased their activity level from the sedentary
level to the highest activity group. The finding that the ele-
vated risk among these subjects gradually disappeared after
exclusion of prevalent disease, incident disease, and early
endpoints, however, strongly suggests that this subgroup

TABLE 4. Multivariate adjusted relative risk* of hip fracture and 95% confidence interval by leisure-time physical activity levels
at first and second examinations, The Copenhagen Centre for Prospective Population Studies, 1964–1997†

All subjects
Sedentary
Moderate activity 2–4 hours/week
Moderate activity >4 hours week

Exclusion of subjects with a history
of chronic disease at baseline

Sedentary
Moderate activity 2–4 hours/week
Moderate activity >4 hours week

Additional exclusion of subjects
with a history of chronic
disease between examinations
1 and 2

Sedentary
Moderate activity 2–4 hours/week
Moderate activity >4 hours week

Further exclusion of initial 5 years
of follow-up after examination
2

Sedentary
Moderate activity 2–4 hours/week
Moderate activity >4 hours week

Physical activity
level at

first examination

1.22
1.53
1.61

1.05
1.65
1.91

1.02
1.73
2.46

1.16
1.89
2.19

0.83, 1.81
1.12, 2.08
0.97, 2.76

0.66, 1.69
1.17, 2.32
1.08, 3.34

0.55, 1.90
1.14, 2.63
1.26, 4.81

0.61, 2.21
1.21, 2.95
1.00, 4.84

Moderate activity
>4 hours/week

Moderate activity
2–4 hours/week

Physical activity level at second examination

Sedentary

RR

1.26
1.00
0.98

1.25
1.00
0.99

1.13
1.00
1.03

1.16
1.00
1.06

0.88, 1.81

0.69, 1.38

0.83, 1.87

0.68, 1.44

0.67, 1.89

0.65, 1.63

0.67, 2.02

0.65, 1.76

1.73
0.97
1.16

1.58
0.98
1.19

1.36
0.89
1.20

1.24
0.91
1.10

* Stratified by study of origin and adjusted for age, sex, physical activity at work, smoking, alcohol intake, body mass index, and school
education measured at the second examination (Copenhagen Male Study fourth examination).

† Relative risk (RR) is set at 1.0 in subjects who were moderately physically active 2–4 hours/week at both examinations.
‡ CI, confidence interval.

95% CI‡ RR 95% CI RR 95% CI

1.10, 2.70
0.72, 1.30
0.85, 1.58

0.94, 2.65
0.70, 1.35
0.85, 1.67

0.72, 2.58
0.59, 1.34
0.80, 1.79

0.59, 2.61
0.59, 1.41
0.70, 1.73

TABLE 5. Baseline characteristics of responders and nonresponders to reexamination, The Copenhagen Centre for Prospective
Population Studies, 1964–1997

Responders*
Nonresponders†

17,285
3,113

49.9
50.7

<8 years
education

(%)

Sedentary
at

work
(%)

No.
of

subjects

Age
(mean)

Men
(%)

49
51

19
30

26
24

* Subjects who participated in the baseline examination and the second examination (Copenhagen Male Study fourth examination).
† Subjects who participated in the baseline examination and were alive and without hip fracture at the time of the second  examination

(Copenhagen Male Study fourth examination), but did not attend this examination.

Sedentary
at

leisure time
(%)

Smokers
(%)

Drinkers of
≥6 drinks
per day

(%)

Body mass
index

≥30 kg/m2

(%)

60
68

13
16

47
50

10
14
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included highly selected subjects who may have increased
their activity levels with the purpose of preventing deterio-
ration of preexisting disease (for example, on a doctors
advice). The critical question of whether sedentary subjects
do benefit from improving physical activity level with
respect to hip fracture risk still remains to be answered,
however.

In this study, information on physical activity at work was
handled as a confounding factor in the association between
leisure-time physical activity and hip fracture and not as an
independent measurement of physical activity. We find
physical activity at work to be a less useful measurement of
physical activity, since subjects who perform heavy tasks
are likely to be healthier than those who have more seden-
tary jobs, making this measurement very prone to bias.

Some methodological problems may influence the inter-
pretation of our results. First, the self-reported categorization
of leisure-time physical activity levels are crude, making the
reliability and validity of the exposure questionable. In this
context, it may be noted that similar versions of question-
naires on leisure-time physical activity level have been able
to discriminate between sedentary and physically active sub-
jects with respect to maximal oxygen uptake (38). Further-
more, physically active subjects tended to have a lower body
mass index than did sedentary subjects in our study (data not
shown). Finally, supplementary questions on engagement in
sport activities in a subgroup of the study population gave a
correlation of 0.36 with the four-point leisure-time activity
scale. The completeness of hip fracture identification during
the course of follow-up from the Danish National Hospital
Register may also be questioned. The study period
1964–1977, representing 10 percent of the total person-years
of follow-up, was not covered by the register. During this
period, hip fracture cases from the CCCPM were identified
from validated, self-reported diagnoses collected during suc-
cessive examinations of the cohorts and by screening admis-
sions at the regional hospitals for cohort members. During
the first 7 years of follow-up (1970–1977), no fracture diag-
noses were available from the CMS. Since this period repre-
sented only 5 percent of the total person-years of follow-up
and since subjects were middle-aged men (mean age, 48.8
years at the start of the study), it is unlikely that any serious
bias was introduced in this way.

Since nonresponse appeared to be linked to leisure-time
inactivity and nonresponders per se were at higher risk of
hip fracture, selection bias may potentially have influenced
the estimates of the association between change in physical
activity levels and hip fracture. On the other hand, we found
that the increase in the risk of hip fracture among nonre-
sponders was equal at all levels of baseline physical activity,
indicating that nonresponse to reexamination is unlikely to
have introduced bias in the analysis of the influence of
change of physical activity on hip fracture risk.

Misclassification of leisure-time physical activity levels
due to under- or overreporting is inevitable and may have
led to incorrect classification of subjects with respect to
decreased or increased activity levels over time. According
to the prospective design of this study, this misclassification
is likely to be random or unrelated to future fracture history

and can therefore only serve to dilute any true association
between changes in physical activity levels and hip fracture.

Some degree of residual confounding may be present in our
study because of insufficient adjustment of time-dependent
covariates. In the analysis of the association between physical
activity and hip fracture, we eliminated some of this residual
confounding by updating the individual exposure status
according to the current status at successive reexaminations
during follow-up. Furthermore, in the “change in physical
activity analysis,” we adjusted for confounders measured at
the second examination in accordance with the closer time
relation of these covariates to the start of the follow-up period.

In conclusion, this study substantiates that moderate lev-
els of physical activity during leisure time provide protec-
tion against later hip fracture and that decline in physical
activity levels is associated with increased risk of hip frac-
ture. Recommendation of regular physical activity and
maintenance of physical activity during the aging process
should become an essential part of strategies aimed at con-
trolling the alarming increase in hip fractures worldwide.

ACKNOWLEDGMENTS

Supported by the Danish Insurance Association, the
Health Insurance Fund, the Copenhagen Hospital
Corporation, the Danish Research Academy, the Danish
Medical Research Council, the Danish National Board of
Health, and the Danish Medical Research Foundation.

The authors thank the Copenhagen County Center for
Preventive Medicine, the Copenhagen City Heart Study, and
the Copenhagen Male Study for collecting the original data
and secretary B. Bredesen for her linguistic assistance.

REFERENCES

1. Melton LJ 3rd, Therneau TM, Larson DR. Long-term trends in
hip fracture prevalence: the influence of hip fracture incidence
and survival. Osteoporosis Int 1998;81:68–74.

2. Kanis JA. The incidence of hip fracture in Europa. Osteoporos
Int 1993;3:10–15.

3. Parkkari J, Kannus P, Niemi S, et al. Increasing age-adjusted
incidence of hip fractures in Finland: the number and inci-
dence of fractures in 1970–1991 and prediction for the future.
Calcif Tissue Int 1994;55:342–5.

4. Burr, DB, Martin RB, Martin PA. Lower extremity loads stim-
ulate bone formation in the vertebral column: implications for
osteoporosis. Spine 1983;8:681–6.

5. Block JE, Genant HK, Black D. Greater vertebral bone mineral
mass in exercising young men. West J Med 1986;145:39–42.

6. Pocock NA, Eisman JA, Yeates MG, et al. S. Physical fitness
is a major determinant of femoral neck and lumbar spine bone
mineral density. J Clin Invest 1986;78:618–21.

7. Nelson ME, Fiatarone MA, Morganti CM, et al. Effects of
high-intensity strength training on multiple risk factors for
osteoporotic fractures. A randomized controlled trial. JAMA
1994;24:1909–14.

8. Province MA, Hadley EC, Hornbrook MC, et al. The effects of
exercise on falls in elderly patients. A preplanned meta-analy-
sis of the FICSIT trials. JAMA 1995;273:1341–7.

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/154/1/60/117352 by guest on 23 April 2024



68 Høidrup et al.

Am J Epidemiol Vol. 154, No. 1, 2001

9. Heinonen A, Kannus P, Sievänen H, et al. Randomised con-
trolled trial of effect of high-impact exercise on selected risk
factors for osteoporotic fractures. Lancet 1996;348:1343–7.

10. Campbell AJ, Robertson MC, Gardner MM, et al. Randomised
controlled trial of a general practice programme of home based
exercise to prevent falls in elderly women. BMJ 1997;315:
1065–9.

11. Paganini-Hill A, Chao A, Ross RK, et al. Exercise and other
factors in the prevention of hip fracture: The Leisure World
Study. Epidemiology 1991;2:16–25.

12. Gregg E, Cauley JA, Seeley DG, et al. Physical activity and
osteoporotic fracture risk in older women. Ann Intern Med
1998;129:81–8.

13. Farmer ME, Harris T, Madans JH, et al. Anthropometric indi-
cators and hip fracture: the NHANES I Epidemiologic Follow-
up Study. J Am Geriatr Soc 1989;37:9–16.

14. Johnell O, Gullberg B, Kanis JA, et al. Risk factors for hip
fracture in European women: the MEDOS Study. J Bone
Miner Res 1995;10:1802–15.

15. Nieves JW, Grisso JA, Kelsey JL. A case-control study of hip
fracture: evaluation of selected dietary variables and teenage
physical activity. Osteoporos Int 1992;2:122–7.

16. Jaglal SB, Kreiger N, Darlington G. Past and recent physical
activity and risk of hip fracture. Am J Epidemiol 1993;138:
107–18.

17. Michaëlsson K, Holmberg L, Mallmin H, et al. Diet and hip
fracture risk: a case-control study. Int J Epidemiol 1995;24:
771–82.

18. Cumming RG, Klineberg RJ. Case-control study of risk factors
for hip fractures in the elderly. Am J Epidemiol 1994;139:
493–503.

19. Lau E, Donnan S, Barker DJP, et al. Physical activity and cal-
cium intake in fracture of the proximal femur in Hong Kong.
BMJ 1988;297:1441–3.

20. Cooper C, Barker DJP, Wickham C. Physical activity, muscle
strength, and calcium intake in fracture of the proximal femur
in Britain. BMJ 1988;297:1443–6.

21. Paganini-Hill A, Ross RK, Gerkins VR, et al. Menopausal
estrogen therapy and hip fractures. Ann Intern Med 1981;95:
28–31.

22. Coupland C, Wood D, Cooper C. Physical inactivity is an
independent risk factor for hip fracture in the elderly. J
Epidemiol Community Health 1993;47:441–3.

23. Boyce WJ, Vessey MP. Habitual physical inertia and other fac-
tors in relation to risk of fracture of the proximal femur. Age
Ageing 1988;17:319–27.

24. Grisso JA, Kelsey JL, O’Brien LA, et al. Risk factors for hip

fracture in men. Am J Epidemiol 1997;145:786–93.
25. Kanis J, Johnell O, Gullberg B, et al. Risk factors for hip frac-

ture in men from southern Europe: the MEDOS Study.
Mediterranean Osteoporosis Study. Osteoporos Int 1999;9:
45–54.

26. Stevens JA, Powell KE, Smith SM, et al. Physical activity,
functional limitations, and the risk of fall-related fractures in
community-dwelling elderly. Ann Epidemiol 1997;7:54–61.

27. Appleyard M, Hansen AT, Schnohr P, et al. The Copenhagen
City Heart Study. A book of tables with data from the first
examination (1976–78) and a five year follow-up (1981–83).
Scand J Soc Med 1989;170:1–160.

28. Hagerup L, Schroll M, Hollnagel H, et al. The Glostrup
Population Studies. Collection of epidemiological tables.
Reference values for use in cardiovascular population studies.
Scand J Soc Med 1981;20(suppl):5–112.

29. Schroll M. The World Health Organization MONICA project
(monitoring trends and determinants in cardiovascular dis-
ease): a major international collaboration. J Clin Epidemiol
1988;41:105–14.

30. Hein HO, Suadicani P, Gyntelberg F. Alcohol consumption,
serum low density lipoprotein cholesterol concentration, and
risk of ischaemic heart disease: six year follow up in the
Copenhagen male study. BMJ 1996;312:736–41.

31. Andersen TV, Madsen M., Jørgensen J, et al. The Danish
National Hospital Register. Dan Med Bull 1999;46:263–8.

32. Høidrup S, Grønbæk M, Gottschau A, et al. Alcohol intake,
beverage preference, and risk of hip fracture in men and
women. Am J Epidemiol 1999;149:993–1001.

33. Meyer HE, Tverdal A, Falch JA. Risk factors for hip fracture
in middle-aged Norwegian women and men. Am J Epidemiol
1993;137:1203–11.

34. Wickham CAC, Walsh K, Cooper C, et al. Dietary calcium,
physical activity, and risk of hip fracture: a prospective study.
BMJ 1989;299:889–92.

35. O’Loughlin JL, Robitaille Y, Boivin J, et al. Incidence of and
risk factors for falls and injurious falls among the community-
dwelling elderly. Am J Epidemiol 1993;137:342–54.

36. Grisso JA, Kelsey JL, Strom BL, et al. Risk factors for falls as
a cause of hip fracture in women. N Engl J Med 1991;324:
1326–31.

37. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls
among elderly persons living in the community. N Engl J Med
1988;319:1701–7.

38. Saltin B, Grimby G. Physiological analysis of middle-aged
and older former athletes: comparison with still active athletes
of the same age. Circulation 1968;38:1104–15.

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/154/1/60/117352 by guest on 23 April 2024


