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Abstract Purposes of the study were (1) to investigate
changes in physical performance during 6 years follow-
up among high-functioning older adults and (2) to
describe the selection of study sample with reference to
measured performance. Subjects (n=1,133) born during
1917–1941 participated in the battery of health-related
fitness (HRF) tests (6.1-m walk, stair climbing, back-
wards walk, trunk side-bending, dynamic back exten-
sion, 1-km walk and body mass index) in 1996. Six
hundred and six subjects were retested in 2002. In gen-
eral, poorer fitness in the baseline assessment predicted
non-participation in retesting as well as test exclusions
and interruptions in retesting. The 6-year changes in the
HRF showed a linear trend (P<0.01) according to age
group: performance of older groups deteriorated on
average more than the performance of younger groups.
In most of the tests, gender was statistically significantly
(P<0.05) associated with the changes in performance.
The mean performance of the women deteriorated in all
tests during the follow-up, while the mean performance
of the men deteriorated only in the trunk side-bending,
6.1-m walk and 1-km walk tests. It can be concluded
that among the subjects who participated in the follow-
up testing, older age and being a woman increased
deterioration in several components of HRF. Consid-
ering the selection of the subjects, the deteriorations

identified are very likely underestimations of real fitness
changes among this sample.
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Introduction

During the last few decades, premature mortality has
decreased and life-expectancy of the population has
increased. The number of older people has increased and
this trend is going to accelerate in the future: As an
example in Finland, the population projection for 2002–
2040, suggests that the proportion of people aged
65 years and older will increase from 15.8 to 26.6%
(Statistical Yearbook of Finland 2004). There is evi-
dence that functional ability of the people decreases
(Ferrucci et al. 1996) and the recovery from disability
impairs with increasing age (Leveille et al. 2000). In
order to successfully intervene this expanding public
health burden, we need further knowledge about the
development of functional disabilities among different
population groups.

Poor muscle strength and balance as well as difficul-
ties in walking have been identified as risk factors for
impaired mobility function (Rantanen et al. 1994;
Guralnik et al. 1995, 2000), falls (Wolfson et al. 1995),
nursing home admissions (Guralnik et al. 1994), hospi-
talizations (Penninx et al. 2000) and mortality (Guralnik
et al. 1994). Studying longitudinal changes in health-
related fitness (HRF) among older adults is essential
since the change in measured physical performance may
be associated with concurrent dependency in activities of
daily living as suggested by Gill et al. (1997). Identifying
changes in HRF may therefore be useful in predicting
future mobility difficulties and disability.

Previous longitudinal studies have reported selection
of the study population to healthier and more mobile
subjects (Aniansson et al. 1983; Rantanen et al. 1997;
Rantanen and Heikkinen 1998; Hughes et al. 2001;
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Paterson et al. 2004). The selection bias will lead to
underestimations of the performance and fitness changes
with aging (Rantanen et al. 1997), and will cause the
population estimates of physical performance, if used as
norm reference values, to be too high.

The purpose of the present study was twofold. First,
the purpose was to describe the selection of the study
sample during the follow-up with reference to fitness.
Secondly, the target was to analyse the changes in sev-
eral components of HRF during 6 years of follow-up
among high-functioning older adults. The main purpose
was to identify gender and age categories that are most
vulnerable to diminishing fitness.

Materials and methods

Study sample

The study forms a part of the Kainuu Study on Living
Habits and Health. A systematic and regionally repre-
sentative sample of all residents between the ages of 19
and 63 was drawn from the 1979 census data of a med-
ium-sized industrial town and two rural municipalities in
northeast Finland (Oja et al. 1994). The sample included

6,787 men and women, of whom 5,259 (77.5%) answered
the baseline questionnaire in 1980. According to national
census data from the Central Statistical Office of Finland,
a total of 490 men and women (9.3% of the study cohort)
died between baseline survey on 1 March 1980 and fol-
low-up survey on 30 September 1996 (Malmberg et al.
2002b). In 1996 and 2002, assessment of HRF for cohort
members aged 55 years and older was included into the
study. The sample of the present study consisted of all the
men and women who were born during 1917–1941 and
who participated in the assessment of HRF in 1996
(n=1,133). The representativeness of the sample has
been described byMalmberg et al. (2002a). In the present
study selection of HRF test participants was analysed
after 6 years. Six hundred and six subjects of the original
1,133 could be retested after the follow-up. The pro-
gression of the study is presented in Fig. 1.

Procedures

Postal questionnaires were sent to cohort members and
the respondents’ ability to participate in the assessment
of HRF was pre-screened on the basis of their answers.
The exclusion criteria for HRF assessment in both 1996

Fig. 1 Data collection for the
Kainun Study on living habits
and health, and selection of the
study population for the present
study
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and 2002 were ‘‘living in an institution’’ or ‘‘severe dif-
ficulties or inability to walk independently outdoors and
on stairs’’. Invitation for retesting of HRF was sent to
all eligible subjects who answered the follow-up ques-
tionnaire. Based on these criteria 16.1% (n=270)
respondents did not get an invitation to the testing ses-
sion in 1996. In 2002 35.7% (n=405) of the subjects,
tested in 1996, could not be invited for retesting (307
subjects did not respond to the follow-up questionnaire
in 2002 and 98 subjects did not meet the inclusion cri-
teria). In both 1996 and 2002, the invitation contained
information about the purpose of the study and the
option to interrupt the testing session at any time. Each
participant signed the statement of informed consent
before participating in testing. The study was approved
by the Ethical Committee of the UKK Institute for
Health Promotion Research in 1995 and by the Ethical
Committee of Pirkanmaa Hospital District in 2002.

A team of six (in 1996) and four (in 2002) trained
health and fitness professionals, all of whom had a degree
in sport or health sciences, screened and tested the par-
ticipants individually at a local gymnasium in each of the
three target communities. The testing sites and the pre-
testing health screening were the same in 1996 and 2002.
A detailed description of the health screening process has
been previously reported (Suni et al. 1998a; Malmberg
et al. 2002a). Briefly, using selected information from the
questionnaires and health screening, the testers applied a
systematic safety procedure to exclude non-eligible par-
ticipants from various tests (Suni et al. 1998a; Malmberg
et al. 2002a). For example, the participant was regarded
as non-eligible for several tests if she/he had any of the
following: severe cardiorespiratory or musculoskeletal
symptoms or diseases; risk factors for exercise-induced
cardiovascular complications, such as significant obesity
with inactivity; poor visual acuity hindering safe mobility
and testing; or poor hearing accuracy causing difficulties
in understanding test instructions.

Assessment of health-related fitness

The proposed battery of HRF tests for elderly (HRFTE)
is based on the concept of HRF (Bouchard and Shep-
hard 1994), and it was developed on the basis of a for-
mer HRF test battery for the middle-aged adults (Suni
et al. 1996, 1998a, b, 1999; Suni 2000). The proposed
HRFTE included six tests: 6.1-m (20-ft) walk (Fiatarone
et al. 1990; Bassey et al. 1992), stair climbing (Salen et al.
1994), backwards walk (Nelson et al. 1994), trunk side-
bending (Suni et al. 1996), dynamic back extension
(Mälkiä et al. 1983) and 1-km walk (Oja et al. 1991).
Description of the testing methods is presented in
Appendix. The safety and feasibility (Suni et al. 1998a;
Malmberg et al. 2002a), health (Suni et al. 1998b;
Malmberg et al. 2002a) and physical activity (Suni et al.
1999) -related content validity and reliability (Oja et al.
1991; Suni et al. 1996; Rinne et al. 2001) of the different
tests have been reported elsewhere.

The main purpose of the HRFTE is to identify
individuals with signs of risks for mobility difficulties
among the high-functioning older adults. There is evi-
dence that decline in mobility function precedes changes
in activities of daily living (Dunlop et al. 1997). The
proposed HRFTE, including all the main components of
HRF (cardiovascular fitness, muscular fitness and motor
fitness; Bouchard and Shephard 1994) was also designed
to serve as a tool in promoting physical activity. The
fitness assessments help to target exercise individually to
specific components of fitness, which are important to
mobility function.

In both 1996 and 2002, the testers were trained to
conduct the tests in a standard manner. The test order
and instructions were consistent for all subjects per-
forming a given test. In timed tests (6.1-m walk, stair
climbing, backwards walk, dynamic back extension and
1-km walk) the participants were consistently encour-
aged to perform the test as fast as possible without
risking their health to obtain their best test perfor-
mance.

Covariates

Age, education, physical activity, perceived health status
and body mass index (BMI) were regarded as potential
confounding factors when describing selection of the
study sample during the follow-up. Education was
measured by a self-administered questionnaire in 1980
by answering this following question: ‘‘How long is your
vocational education?’’ The original response alterna-
tives were (1) no vocational training or education, (2)
vocational training (preparatory courses), (3) secondary
education (middle or high school/vocational institute)
for 2 years or less, (4) secondary education (middle or
high school/vocational institute) for more than 2 years
and (5) higher education (university/college). Physical
activity and perceived health status were measured by a
self-administered questionnaire in 1996. Respondents
were asked to report their level of physical activity by
answering to this following question: ‘‘Which of the
following categories best describes your physical activity
during the past 12 months? Consider all types of phys-
ical activity, including walking and cycling to and from
work, if the trip takes at least 15–20 min one way’’. The
original response alternatives were (1) vigorous activity
at least twice a week, (2) vigorous activity once a week
and in addition other light activities, (3) light intensity
activity weekly and (4) no regular weekly activity.
Vigorous activity was described in the instructions as
intense enough to cause perspiration or breathlessness.
Perceived health status was measured by a question that
asked: ‘‘How do you rate your current state of health?’’
The original response alternatives were (1) good, (2)
fairly good, (3) average, (4) fairly poor and (5) poor.
BMI was calculated from the measured weight and
height (weight in kilograms divided by height in metres
squared) in 1996.
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Data analysis

The subjects were divided into four categories according
to their age in 1996: 55–59 years (subjects born 1937–
1941), 60–64 years (subjects born 1932–1936), 65–
69 years (subjects born 1927–1931) and 70–79 years
(subjects born 1917–1926).

The selection of the study sample

Differences of group means (1996) between the retest
participants and non-participants were analysed by the
analysis of variance. The selection of the study sample
tested in 1996 was analysed by multinomial logistic
regression analysis separately among the men and
women. Baseline HRF test results were regarded as
continuous independent variables and subjects’ ability
to be retested in 2002 was regarded as a dependent
variable (1=tested, 2=test-specific exclusion,
3=interruption, 4=not eligible to be invited and
5=non-response). Group of tested subjects (1) was
used as a reference category. Test-specific exclusions
were mainly based on cardiovascular and musculo-
skeletal symptoms and diseases. Interruptions were
mainly due to subjects’ inability to perform the test
according to test instructions. Odds ratios (OR) were
computed according to one unit change in test results.
Units are presented as sub-indexes of OR (ORx). The
analyses were adjusted for covariates. Due to small
number of subjects in some categories of covariates, the
original response alternatives were combined into two
categories for these analyses (original response alter-
natives are presented in parenthesis): the education
variable was categorized to the subjects with (2–5) and
without (1) vocational training or education, the
physical activity variable was categorized to the sub-
jects who reported (1–2) and who did not report (3–4)
vigorous activity and the health status variable was
categorized to the subjects with good (1–2) and with
average or poor (3–5) perceived health.

Changes in health-related fitness

The age and gender differences of 6-year changes in the
HRF were analysed by the two-way analysis of covari-
ance with log-transformed test variables (due to the
skewed distributions of some variables). The test results
in 2002 were used as dependent variables, age group and
gender as factors and the test result in 1996 as a co-
variate. Both interaction and main effects of age and
gender were tested. Interactions with P values less than
10% (P<0.10) and main effects less than 5% (P<0.05)
were considered statistically significant. The anti-log
transformation of mean differences in log-transformed
variables gives an estimate of the ratio of group means.
This also allows the presentation of results as relative
changes (percentages) of the test variables. Additionally,
changes in HRF were analysed according to gender- and

age-specific thirds of the test results in 1996 by the
analysis of covariance. The absolute changes in the test
results (result in 2002 minus result in 1996) were used as
dependent variables, test-specific thirds as factors, and
age and gender as covariates.

Results

Selection of the study sample with reference
to assessments of health-related fitness

The retested subjects were on an average 4 years youn-
ger, had better perceived health status, were less likely to
be current smokers and more likely to be physically
active than the subjects who could not be retested
(Table 1). The crude analysis showed that the subjects
who could be retested in 2002 had better baseline HRF
than the other subjects (Table 2).

According to confounder-adjusted multinomial
logistic regression analysis poorer baseline performance
in the 1-km walk (ORmin=1.32, 95% CI 1.02–1.71
among the men, ORmin=1.32, 95% CI 1.02–1.70 among
the women) increased the risk for questionnaire non-
response between both genders in 2002. Additionally,
poorer performance in the dynamic back extension
(ORrepetitions=1.07, 95% CI 1.00–1.14) and backwards
walk (ORsec=1.07, 95% CI 1.03–1.12) tests increased
the risk among the men. Poorer baseline performance in
the 1-km walk (ORmin=2.11, 95% CI 1.43–3.12 among
the men, ORmin=1.78, 95% CI 1.37–2.32 among the
women), dynamic back extension (ORrepetitions=
1.19, 95% CI 1.07–1.32 among the men and
ORrepetitions=1.14, 95% CI 1.03–1.26 among the
women) and stair climbing (ORsec=1.16, 95% CI 1.09–
1.25 among the men and ORsec=1.08, 95% CI 1.04–1.13
among the women) tests increased the risk for not being
eligible to be invited in retesting. In addition, poorer
baseline performance in the 6.1-m walk (ORsec=2.00,
95% CI 1.22–3.27) increased the risk among the men.
(see also Table 2).

In 2002 the average percentage of test exclusions was
the lowest in the 6.1-m walk and the highest in the
dynamic back extension (Fig. 2). The overall exclusion
rate increased with age, being on average 4.4% in the
subjects aged 55–59 years and 16.2% in the subjects
aged 70–79 years. The percentage of subjects who were
unable to perform the tests according to test instructions
(interruption) was the lowest in the 6.1-m walk and the
highest in the backwards walk test (Fig. 3). The rate of
being unable to perform the test correctly increased with
age, being 3.1% in subjects aged 55–59 years and 14.8%
in the subjects aged 70–79 years.

Poorer baseline performance in the 1-km walk
(ORmin=2.10, 95% CI 1.49–2.97 among the men,
ORmin=1.54, 95% CI 1.14–2.08 among the women)
increased the risk for retest exclusion in both genders.
Additionally, poorer baseline performance in the
dynamic back extension test among the men
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(ORrepetitions=1.11, 95% CI 1.03–1.21) and in the stair
climbing (ORsec=1.06, 95% CI 1.02–1.11) and trunk
side-bending (ORcm=1.59, 95% CI 1.04–2.42) tests
among the women increased the risk for exclusion.

Baseline level of HRF was also associated with
inability to follow the test instructions in retesting.
Among the women poorer performance in the 1-km
walk (ORmin=1.61, 95% CI 1.09–2.40) and dynamic
back extension (ORrepetitions=1.17, 95% CI 1.02–1.35)
tests increased the risk for test interruption. Among the
men poorer performance in the backwards walk test
(ORsec=1.09, 95% CI 1.04–1.14) increased the risk for
interruption.

Changes in health-related fitness

Among the subjects who were tested in both years, test
results were on an average better among the younger age
groups when compared with the older groups, and
among the men when compared with the women in both
1996 and 2002. The mean changes in the test results and
their 95% confidence intervals from the analysis of
covariance by test, age group and gender are presented
in Table 3 and Fig. 4. Positive percentages indicate
improvement and negative percentages indicate deteri-
oration of the results.

In general, the gender-adjusted analysis of covariance
showed that there was a linear trend in the changes of
HRF test results according to the age group: the per-
formance of the older groups deteriorated on an average
to a greater extent than the performance of the younger
groups. Confidence intervals were the largest in the
oldest age groups, which indicates a smaller number of
subjects in this group and also a larger variability in the
test results of the oldest subjects. According to the age
group-adjusted analysis, the difference in the changes of
the test results between the genders varied between the
tests.

The only statistically significant interaction between
age group and gender was found in the 1-km walk test
(Fig. 4). In general, the test results deteriorated in the
subjects aged 60–79 years, but not in the subjects aged
55–59 years. The statistically significant differences in
the changes between the men and women were found in
the youngest age group, where the men improved their
performance but there was no change among the
women. In the oldest age group (subjects aged
70–79 years) women deteriorated their performance to
a greater extent than the men. In the subjects
aged 60–69 years there was no differences between the
genders.

With reference to age group, the mean of the test
results in the trunk side-bending test deteriorated in the

Table 1 The general characteristics of the study sample

Retested in 2002,
n=606 (%)

Tested only in 1996,
n=527 (%)

P

Gender Female 55 56
Male 45 44 0.716

Age group 55–59 years 39 22
60–64 years 28 21
65–69 years 22 25
70–79 years 11 32 <0.001

Marital status Single 8 10
Married 85 79
Widowed 3 6
Divorced 4 5 0.050

Education No vocational training or education 29 38
Vocational training (preparatory courses) 39 43
Secondary education (middle or high
school/vocational institute), for
2 years or less 17 9
More than 2 years 10 7
Higher education (university/college) 5 4 <0.001

Physical activity Vigorous activity at least twice a week 31 18
Vigorous activity once a week and
in addition other light activities

29 20

Light intensity activity weekly 39 59
No regular weekly activity 1 3 <0.001

Smoking Never smoke 65 61
Current smoker 9 16
Past smoker 26 23 0.001

Perceived health status Good 12 7
Fairly good 36 29
Average 49 55
Fairly poor 3 9
Poor 0 0 <0.001

BMI Mean (SD) 27.2 (3.6) 28.4 (4.2) <0.001

BMI body mass index (kg/m2)
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subjects aged 60–79 years, while there was no change
in the mean of the test results in the subjects aged
55–59 years. The mean of the 6.1-m walk test results
deteriorated in all age groups. The deteriorations in
these tests (6.1-m and trunk side-bending) were on an
average greater in the older age groups than in the
younger groups.

The mean of the results in backwards walk improved
in the subjects aged 55–59 years, stayed unchanged in
the subjects aged 60–64 years and deteriorated in the
subjects aged 65–79 years. The mean of the test results in
dynamic back extension improved in the subjects aged
55–59 years, remained unchanged in the subjects
aged 60–64 years and deteriorated in the subjects
aged 65–69 years, but the change in the subjects aged
70–79 years was not statistically significant. In the stair
climbing test the mean of the test results improved in the
subjects aged 55–64 years, while the mean of the test
scores in the subjects aged 65–79 years deteriorated.

With reference to gender, the mean results in the
backwards walk test, dynamic back extension and stair
climbing test deteriorated among the women, while there
were no statistically significant changes in the means of
the results among the men. In the 6.1-m walk, the means
of the results deteriorated in both genders, but among
the women the deterioration was on an average greater
than among the men. In trunk side-bending, there were
no statistically significant difference between the men
and the women.

The change of test results from 1996 to 2002 was
associated with the test performance in 1996 in all tests
(Table 4). Results in the 6.1-m walk, trunk side-bending
and 1-km walk tests deteriorated during the follow-up
among the subjects who belonged to the best performing
(highest) and intermediately performing (middle) thirds
in 1996. Results in the trunk side-bending test improved
among the subjects who belonged to the poorest per-
forming (lowest) third in 1996, but there was no change
in the results of 6.1-m walk and 1-km walk tests in the
lowest third. Results in the backwards walk and
dynamic back extension tests deteriorated in the highest
third, remained unchanged in the middle third and
improved in the lowest third. In the stair climbing test,
the results remained unchanged in the highest and
middle thirds and deteriorated in the lowest third.
Despite the changes of the test results, the performance
of the subjects in the initially highest third remained on
an average better in 2002 than the performance of the
subjects in the middle and lowest thirds.

Discussion

We investigated 6-year changes (between 1996 and 2002)
in several components of measured HRF among high-
functioning older Finnish men and women. The aim of
the study was twofold: (1) to describe the selection of the
study sample with reference to the assessment of HRF
and (2) to identify gender and age categories withT
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diminishing HRF among the subjects who could be
retested in 2002.

Selection of the study sample with reference
to assessments of health-related fitness

The sample of the present study consisted of the high-
functioning older men and women without severe self-
reported mobility difficulties in 1996. The selection of
the sample between 1980 and 1996 has been described by

Malmberg et al. (2002a, b). The HRF test results in 1996
served as a baseline to assess the selection for partici-
pation in the retesting in 2002. Poorer performance in
1996 was associated with lower participation in retest-
ing. In addition, subjects with poorer baseline perfor-
mance were more likely to interrupt or be excluded from
specific tests in 2002.

The subjects who undertook the HRF testing in both
years had on an average better self-rated health status
and were physically more active than the subjects who
were tested only in 1996. However, the present study still

Fig. 3 Percentages of subjects
who were unable to perform the
tests according to test
instructions (=interruptions) in
2002

Fig. 2 Percentange of subjects
with test-specific exclusions in
2002
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included subjects with chronic diseases and physically
inactive lifestyles. Corresponding selection bias has been
reported in other studies (Aniansson et al. 1983;
Rantanen et al. 1997; Rantanen and Heikkinen 1998;
Hughes et al. 2001; Paterson et al. 2004).

The selection of the study sample during 6 years
follow-up period causes underestimation of the true
deterioration in fitness. In the present study, the deteri-
oration in HRF was the greatest in those test items
where the exclusion rates were lowest, i.e. in 6.1-m walk,
backwards walk and trunk side-bending (see Fig. 2).
These are the physically least strenuous test items of the
battery. The bias is bigger in the physically more stren-
uous tests that had the highest exclusion rates, i.e. the
dynamic back extension, 1-km walk and stair climbing
(see Fig. 2). Since the exclusion rates in general increase
with age, the feasibility of these strenuous tests may be
limited among the older age groups.

Changes in health-related fitness

There was a linear trend in the changes in HRF
according to age group: the older groups deteriorated to
a greater extent than the younger groups. The overall

deterioration in test performance among the older age
groups in the present study is in line with other studies
(Aniansson et al. 1983; Rantanen et al. 1997), although
the study designs and testing procedures were not ex-
actly the same. In some tests (backwards walk, stair
climbing and dynamic back extension) the younger
subjects even improved their performance. Improve-
ments in these age groups might be due to increased level
of physical activity after recent retirement. This is sup-
ported by the findings of a large national survey in
Finland, which reported that physical activity was most
common in the youngest age groups of those subjects
who had reached retirement age (Health 2000). The
other explanation could be the regression to mean
hypothesis as suggested by Hebert et al. (1999), who
studied functional decline and improvement among
older Canadians. Accordingly, in most of the tests
analysed in the present study the greater deterioration of
the results in the initially highest third may be an indi-
cation of a regression to mean effect: the best performers
had greater reserve to deteriorate. However, it is
important to notice that despite the deterioration, the
subjects in the initially highest third performed on an
average better than the subjects in the middle and lowest
initial thirds after the follow-up.

Table 3 Changes (%) in the mean test results according to age group and gender from the analysis of covariance

Change %
(95% CI)
6.1-m walk (s)

Stair climbing
(s)

Backwards
walk (s)

Trunk side-bending
(cm)

Dynamic back
extension
(rpt./30 s)

1-km walk
(min)

Age group
55–59 years �3.4

(�5.3 to �1.4)
9.0
(6.9–11.0)

8.5
(4.7–12.2)

�0.8
(�3.2 to 1.6)

3.9
(0.4–7.4)

0.7
(�0.5 to 1.9)

60–64 years �7.6
(�10.0 to �5.3)

2.7
(0.1–5.2)

1.5
(�3.5 to 6.2)

�4.4
(�7.0 to �1.6)

�2.8
(�6.8 to 1.3)

�1.8
(�3.3 to �0.4)

65–69 years �14.0
(�16.8 to �11.2)

�6.4
(�9.8 to �3.2)

�10.3
(�17.8 to �3.2)

�9.5
(�12.3 to �6.7)

�7.9
(�12.2 to �3.4)

�6.4
(�8.3 to �4.6)

70–79 years �17.4
(�21.8 to �13.2)

�10.1
(�15.9 to �4.6)

�19.3
(�36.3 to �4.4)

�15.9
(�19.7 to �11.9)

�6.8
(�14.2 to 1.4)

�7.4
(�10.6 to �4.4)

P value* <0.001 <0.001 <0.001 <0.001 <0.001 <0.001�

P value for
linearity**

<0.001 <0.001 <0.001 <0.001 0.008 <0.001

n
55–59 years 233 220 184 230 198 206
60–64 years 168 157 125 164 127 149
65–69 years 135 112 70 135 95 99
70–79 years 65 45 17 63 32 38
Gender
Men �7.2

(�9.1 to �5.2)
2.1
(�0.1 to 4.3)

4.5
(�0.3 to 9.1)

�8.7
(�10.8 to �6.5)

�0.5
(�4.1 to 3.2)

2.4
(�3.7 to �1.1)

Women �13.8
(�15.8 to �11.9)

�4.1
(�6.5 to �1.8)

�14.0
(�20.2 to �8.1)

�7.0
(�8.9 to �5.0)

�6.4
(�9.7 to �3.0)

�5.0
(�6.3 to �3.7)

P value� <0.001 <0.001 <0.001 0.223 0.010 0.002�

n
Men 269 255 194 264 207 221
Women 332 279 202 328 245 271

Positive percentages indicate improvement and negative percentages deterioration of the results
*P value for the differences of changes between cohorts
**P value for linear trend in changes according to birth cohort
�P value for differences of changes between men and women
�Statistically significant interaction between age group and gender (P=0.041), see Fig. 4
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6.1 m walk (s)

-30 -20 -10 10 20 30

55-59y ears M

55-59y earsF

60-64y ears M

60-64y earsF

65-69y ears M

65-69y earsF

70-79y ears M

70-79y ears F

55-59y ears M

55-59y earsF

60-64y ears M

60-64y earsF

65-69y ears M

65-69y earsF

70-79y ears M

70-79y ears F

change %

improved improveddeteriorated deteriorated

Stair climb and descent (s), 
three flights (8 steps in each)

55-59y ears M

55-59y ears F

60-64y ears M

60-64y ears F

65-69y ears M

65-69y ears F

70-79y ears M

70-79y earsF

change %

Trunk side-bending (average 
range of motion, cm)

Backwards walk 6.1 m (s)

-60 -40 -20 20 40 60

55-59 yearsM

55-59y earsF

60-64 yearsM

60-64y earsF

65-69 yearsM

65-69y earsF

70-79 yearsM

70-79y earsF

change %

improveddeteriorated

change %

improveddeteriorated

0

-30 -20 -10 10 20 300

-40 -20-30 -10 10 20 30 400

-30 -20 -10 10 20 300

-20 -10 10 200

0

Dynamic back extension 
repetitions/3 0s

55-59 yearsM

55-59y ears F

60-64y earsM

60-64y ears F

65-69 yearsM

65-69y ears F

70-79y ears M

70-79 yearsF

55-59 yearsM

55-59y ears F

60-64y earsM

60-64y ears F

65-69 yearsM

65-69y ears F

70-79y ears M

70-79 yearsF

change %

improveddeteriorated

1 km Walk Test
time (min,s)

change %

improveddeteriorated

Fig. 4 Changes (%) in the
health-related fitness test results
between the years 1996 and
2002. Age groups indicate the
subjects’ ages in 1996. Letter M
refers to males and letter F to
females
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With reference to gender, the women had lower level
of HRF in all tests than the men in 1996. During the
follow-up period, the average test performances of the
women deteriorated to a greater extent than the average
performances of the men, especially in the backwards
walk, dynamic back extension and stair climbing tests.
This may provide one mechanism to explain previous
findings that disability is more common among women
than among men (Leveille et al. 2000).

Performance in 6.1-m walk, stair climbing, back-
wards walk and trunk side-bending showed marked
deterioration in the older age groups during the fol-
low-up period. In the present study the stair climbing
test is an indicator of lower extremity strength, the
backwards walk test indicates dynamic balance and
6.1-m walk is an indicator of walking performance.
Several previous studies have shown that the tests of
balance, lower extremity strength and walking over
short distances are valuable in predicting mobility
limitations and disabilities in activities of daily living
(Guralnik et al. 1995, 2000). Walking speed has been
suggested to be the best single measure of these for
predicting the onset of mobility limitations and dis-
abilities (Guralnik et al. 1995, 2000). The findings of
the present study indicate marked deteriorations in all
of these mobility-related performances.

Previous studies among older populations have paid
little attention to flexibility. In the present study, the
mean flexibility in trunk side-bending deteriorated
markedly in all age groups. Phillips and Haskell (1995)
and Holland et al. (2002) also reported age-related
declines in flexibility at the trunk and at several joints
(shoulder, hip, knee, angle) with functional importance.
According to former cross-sectional findings among the
present study sample (Malmberg et al. 2002a), poor
flexibility in trunk side-bending is associated with poor
self-rated mobility function. Loss of height (Suominen
1997) due to the degenerative changes and the loss of
bone in the spine can cause changes in posture as well
as deterioration of spinal flexibility (Holland et al.
2002). Both of these can affect postural control. Thus,
a decrease in trunk side-bending may also reflect de-
creased postural stability and unwillingness to lean
over.

Conclusions

During the 6-year-follow-up, the study sample was se-
lected towards better performing, healthier, physically
more active and younger subjects. Among the subjects
who could be retested the deteriorations in HRF were
on an average greatest in the 6.1-m walk, stair climb-
ing, backwards walk and trunk side-bending tests. It is
not possible to indicate which of these factors of HRF
starts to deteriorate first. However, it can be suggested
that older women, subjects who have poor baseline
HRF and subjects who are approaching the age of
70 years, are the most vulnerable group. These groupsT
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should be the priority groups in targeting the pre-
ventive actions to maintain the mobility function of the
older adults. It is worth noticing that the selection in
follow-up studies among older populations is marked
and has effects on the performance-level differences
between age groups.
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Description of the health-related fitness tests and test-
specific exclusion criteria.
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