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Abstract

The aim of the study was to determine whether habitual physical activity can compensate for the

increased mortality risk among older people with poor muscle strength. Mortality was followed-

up for 10 years after laboratory examination in 558 community-dwelling 75- and 80-year-old

men and women. Maximal isometric strength of 5 muscle groups was measured and tertile cut-

off points were used to categorize participants. Participants, who reported moderate physical

activity for at least 4 hours a week, were categorized as physically active and the others as

sedentary. High muscle strength and physical activity both protected from mortality, but their

effect was not additive. Within each muscle strength tertile, physically active people had a lower

mortality risk than sedentary people, the effect being most pronounced among those with lower

strength in all muscle groups. A high level of physical activity may thus compensate for the

increased mortality associated with low muscle strength.

Keywords: physical exercise, sedentary, muscle force, survival, aged
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Introduction

With increasing age physical function declines and a sedentary lifestyle becomes more

prevalent (DiPietro 2001). Physical activity may help to counteract the age-related decline in or

improve muscle, cardio-vascular, respiratory and metabolic function. Additionally, physical

activity may inhibit the onset of certain diseases as well as improve health and function among

people with diseases, disabilities or depressive symptoms (e.g. reviewed by the American

College of Sports Medicine, 1998; Bean et al., 2004; Taylor et al., 2004). Consequently,

longitudinal studies have demonstrated that high physical activity is protective for all-cause

mortality (e.g. reviewed by Lee & Skerrett, 2001) and mortality from major chronic diseases

such as cardiovascular disease (Kaplan et al., 1996; Kushi et al., 1997; Bijnen et al., 1998; Greg

et al., 2003), respiratory disease (Kushi et al., 1997), and cancer (Greg et al., 2003).

Though sedentary lifestyle and poor muscle strength often coexist, they do not correlate

fully (Rantanen et al. 1997). Some people with good muscle strength may be quite sedentary,

while some people with low strength are physically quite active. Multiple factors underlying the

individual differences in strength, including genetic factors (Tiainen et al., 2004), are a potential

explanation for this. Previous longitudinal analyses have shown that the association of strength

and all-cause mortality persisted even after adjustment for multiple factors potentially explaining

the association, such as age, presence of chronic conditions, inflammation, nutritional status and

depressive symptoms (e.g. Rantanen et al., 2003). Therefore it is possible that strength may be a

constitutional marker of vulnerability to adverse health events, such as disease, disability, falls

and injury, or poor recovery from these conditions, thus also increasing mortality risk.
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The aim of the study was to examine the combined effects of physical activity and muscle

strength on all-cause mortality. The analyses were carried out to better understand whether

physical activity may modify the risk of mortality among people with different levels of strength.
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Methods

Participants

This study is part of the Evergreen project, a longitudinal study on health and functional

capacity among older residents in the city of Jyväskylä, Finland. A detailed description of the

study design has been reported elsewhere (Heikkinen, 1997). Briefly, all community-dwelling

people of the city aged 75 and 80 years were invited to participate in the study and 663 people

were found eligible. In the autumn of 1989 and the winter of 1990, 93% (n=617) of the eligible

population agreed to participate and were interviewed at home. Ninety percent of the participants

responded to the question about physical activity (men: 109 aged 75 years and 67 aged 80 years;

and women: 204 aged 75 years and 178 aged 80 years) and 81% (n=500) of them visited the

laboratory for examination. Participation in the muscle strength measurements was

contraindicated for 6 women and 9 men due to cardiovascular diseases, musculoskeletal

problems or poor cooperation (Rantanen et al., 1994, Rantanen et al., 1998). Handgrip strength

was the muscle strength test most commonly taken and was measured in 101 men aged 75 years

and 55 aged 80 years, and in 186 women aged 75 years and 136 aged 80 years. In total, 478

people participated in at least 1 strength test, while 444 participated in the tests of all 5 muscle

groups (Appendix 1). All participants signed an informed consent prior to the examinations.

Clinical assessment

The presence of chronic medical conditions, with a minimum duration of three months, was

ascertained by a physician in a clinical examination. Sixty-two percent of the participants

suffered from cardiovascular diseases, such as ischemic heart disease and hypertension.

Additionally, musculoskeletal diseases (e.g. osteoarthritis) were present in 39% of the

participants, and neurological (e.g. cerebrovascular ischemia) and sensory (e.g. glaucoma and
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cataract) diseases in 26% of the participants. Less prevalent disease categories were metabolic

diseases (15%; e.g. diabetes), respiratory diseases (12%), diseases in the digestive system (10%),

mental diseases (4%), cancer (9%), and other non-classified diseases (17%). Additionally, the

physician assessed contraindications to the muscle strength tests.

Physical activity

A modified version of the multiple-choice question developed and validated by Grimby

(1986) and Mattiasson-Nilo et al. (1990) was used to assess the level of physical activity related

to leisure time, work and carrying out daily activities. The participants were asked to choose the

description that best pictured their level of physical activity over the last year: 1) hardly any

activity, mostly sitting; 2) light physical activity, such as light household tasks; 3) moderate

physical activity about 3 hours a week: walking longer distances, cycling and domestic work; 4)

moderate physical activity at least 4 hours a week or heavier physical activity 1 to 2 hours a

week; 5) heavier physical activity or moderate exercise for at least 3 hours a week; and 6)

competitive sports. This scale is feasible in older independent populations as it is easy and quick

to use and it also rates domestic activities. To avoid small group sizes in the analyses the scale

was dichotomized. Participants were considered physically active if they reported moderate

physical activity for at least 4 hours a week. The test-retest Pearson correlation coefficients were

r=0.634 for men and r=0.655 for women (Sihvonen et al., 1998).

Muscle strength

Maximal isometric strength of handgrip, elbow flexion and knee extension were measured

on the dominant side in a sitting position using an adjustable dynamometer chair, and expressed

in Newton (N) (Heikkinen et al., 1984). For the measurement of handgrip strength a

dynamometer was fixed to the arm of the chair. Elbow flexion strength was measured with a
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strain-gauge system at the wrist, the elbow supported at an angle of 90o and the hand in the

neutral position (thumb up). Knee extension strength was measured at a knee angle of 60o from

the fully extended leg towards flexion. The ankle was attached to a strain-gauge system.

Maximal isometric trunk flexion and trunk extension strength were measured in a standing

position according to Viitasalo et al. (1977).

After two to three practise trials, each strength test was performed three times with an inter-

trial rest period of one minute. The best result was used as the measure of maximal strength in

the analyses. The test-retest Pearson correlation coefficients were r=0.97 for handgrip, knee

extension and trunk flexion strength, and r=0.90 for elbow flexion, and r=0.92 for trunk

extension (Rantanen et al., 1997). As muscle strength is highly dependent on gender and age,

tertile cut-off points were determined for 75- and 80-year-old men and women separately

(Appendix 1). In this way an equal number of men and women were placed in each tertile.

Confounders

The number of chronic diseases, obtained from the clinical assessment, was used as an

indicator of morbidity. Depressive symptoms, smoking and the level of education were assessed

by means of a questionnaire. The self-rated Center for Epidemiologic Studies -Depression Scale

(CES-D; Radloff, 1977) was used to assess the presence of depressive symptoms (cut-off score

16). The respondents were asked to rate the frequency, ranging from 0 (rarely or none of the

time) to 3 (most or all of the time), of 20 listed symptoms over the past week. Additionally,

participants were classified as 1) nonsmoker and 2) previous or current smoker and the level of

education was described as 1) less than primary school, 2) primary or junior high school, 3)

senior high school, or 4) technical school or university. Age and gender were registered and body

height and weight were measured at the research laboratory.
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Mortality

All-cause mortality was followed-up at 10 years from baseline. Death dates were received

from the Population Register. Survival time was calculated from baseline to the day the subject

died. Subjects not known to have died or lost to the follow-up were given a survival time of 10

years.

Statistical methods

The gender-specific differences in characteristics of the sedentary and physically active

groups were determined by an independent T-test, or cross-tabulation with a Chi-square test.

Mortality rates relative to survival time were calculated and expressed as the number of

deaths/100 person years.

Cox proportional hazard analyses were first executed separately for both age and gender

groups to investigate the association of the level of physical activity and muscle strength,

separately and combined, with all-cause mortality. Eventually, the data were combined in a

single model, as the direction of the associations was similar and the group sizes were small for

meaningful separate analysis. The results were adjusted for age, gender, body height and weight,

number of chronic diseases, presence of depressive symptoms, smoking and level of education.

SPSS computer software was used for the analyses. Significance was set at p<0.05.
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Results

In this study, 38% of the men and 31% of the women were considered to be physically

active. These men and women reported to engage in moderate physical activity for at least 4

hours a week (28% and 29%, respectively) or in heavier physical activity and moderate exercise

for at least 3 hours a week (10% and 3%, respectively). None of the participants took part in

competitive sports. The sedentary men and women (in total 62% and 69%, respectively) reported

hardly any activity (12% and 6%, respectively), light physical activity (19% and 21%,

respectively) or moderate physical activity about 3 hours a week (33% and 42%, respectively).

The sedentary participants had lower strength in all the muscle groups (Table 1). However,

among the women some of the strength differences did not reach statistical significance.

Depressive symptoms were more common among the sedentary men (37%) than active men

(20%, p=0.024), whereas among both the sedentary and active women the corresponding

prevalence was 40%. Twenty-nine percent of the men and 92% of the women had never smoked.

During the 10-year follow-up period, 56% of the participants included in the analyses died

(men: 63 aged 75 years and 48 aged 80 years; and women: 89 aged 75 years and 111 aged 80

years). After checking that the association of physical activity with mortality was similar in both

the gender and age groups, all participants were jointly included in subsequent analyses. In the

sedentary participants, the relative risk for mortality (RR) was 1.7 times (95% confidence

interval: 1.3-2.2) that of physically active participants and adjusting for confounders did not

change the risk estimate (RR=1.7, 95% confidence interval: 1.2-2.2). Table 2 presents the crude

and adjusted mortality risks according to the level of strength in each muscle group. Crude RR

for death was approximately twofold among those in the lowest muscle strength tertile compared
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to the highest, adjusting for confounders did not materially change the estimates. Similar results

were obtained for all muscle groups.

To study the combined effects of the muscle strength tertiles and physical activity

categories six groups were formed for each muscle group tested. For example, for grip strength,

78% of those in the lowest tertile were sedentary, while the corresponding figures in the middle

and highest tertile were 65% and 58%, respectively. Figure 1 shows the mortality rates of

sedentary and physically active men and women by the strength tertiles in each muscle group. A

highly similar mortality rate pattern according to muscle strength and physical activity was

observed for men and women even though the rates were generally lower in women. Within each

strength tertile, the mortality rate was lower among the physically active than sedentary

participants. This difference was particularly evident among those in the lowest strength tertile

where the overall mortality rate was higher. Among those in the highest strength tertile with a

lower overall mortality rate, physical activity was not equally systematically associated with a

lower death rate. The crude and adjusted RR’s of mortality according to the level of strength in

the groups of sedentary and physically active are shown in Table 2. For each group of muscles

tested, the crude risk for death was 2-3 times higher among sedentary participants in the lowest

strength tertile than among physically active participants in the highest strength tertile. The

results show that the elevated risk of death associated with lower strength was substantially

lower among those who were physically active. However, among those with higher strength, the

risks of death were generally lower and physical activity did not show a noticeable association

with reduced risk. Adjusting for the confounders did not materially change the results.
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Discussion

We found that a high level of physical activity may compensate for the increased mortality

risk among older people with poorer muscle strength. To our knowledge, this was the first study

to determine the combined effects of physical activity and muscle strength on all-cause mortality,

an indicator of general health, in older people. However, many longitudinal studies, including

this one, using a large variety of measures, have found that poor muscle strength (e.g. Metter et

al., 2002; Rantanen et al., 2003) and low physical activity (e.g. Lee & Skerrett, 2001, for review)

are consistently associated with an increased risk for mortality.

Muscle strength is a potential marker for resiliency to poor health in old age. Our

observation that mortality risk was lower among the physically active people with poorer

strength than among the sedentary suggests that physical activity may partly compensate for less

favourable expected health trajectory among those with poorer strength. The associations

remained after adjusting for morbidity, body height and weight, depressive symptoms, smoking

history and educational background. Age did not affect the associations either, as the age-range

was relatively small. The severity of the diseases could not be taken into account and therefore,

some residual confounding may have remained in the models. However, we do not believe that

disease severity would fully explain the current findings. Taking into account the cause of death

could have added information about the pathway leading to death. However, since the

independent effects of muscle strength (Rantanen et al., 2003) and physical activity (Kaplan et

al., 1996; Bijnen et al., 1998; Greg et al., 2003) on all-cause and cause-specific mortality have

been found to be similar, the results of this study would likely not have changed.

Participants were considered physically active if they reported moderate physical activity

for at least 4 hours a week, which is approximately the same amount of activity as currently
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recommended for maintaining a healthy life. Leisure walking is the most common activity

among older people (DiPietro, 2001, Taylor et al., 2004); however, its intensity may not be high

enough for it to be associated with higher muscle strength (American College of Sports

Medicine, 1998). The health benefits, including reduced mortality, associated with physical

activity were thus more likely to be induced by improvements in cardio-vascular and respiratory

function.

Having high muscle strength and being physically active did not seem to have an additional

effect in reducing mortality in this study population. However, high levels of both muscle

strength and physically activity may be important for other health outcomes or for disability.

The amount of physical activity needed to maintain good health in older age is still unclear,

and currently there is no standardized method to assess physical activity in older people. In this

study, physical activity was assessed by a short and easy self-report question, which was

dichotomized for the analyses. Even this rough indicator of physical activity was predictive of

mortality. Potentially larger effects of physical activity on mortality may be found when a more

precise measure, differentiating people more adequately, is used. The association between

isometric muscle strength and mortality was similar in the five muscle groups. Additionally,

83.1% of the participants were assigned to the same category for at least 3 muscle groups, while

8.3% had at least 1 measure missing. These missing values altered the distribution of the data in

the respective muscle groups. Handgrip strength may be preferred as indicator of general muscle

strength, considering its frequent use in previous studies (Philips, 1986; Fujita et al., 1995; Al

Smih et al., 2002; Metter et al., 2002; Rantanen et al., 2003) and its high correlation with muscle

strength in other muscle groups (Rantanen et al., 1997). Additionally, handgrip strength is easy

and quick to assess.
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The population used in this study was representative of the urban, community-dwelling

population of this age in Central Finland. However, we believe that the range of muscle strength

was truncated at the lower end, as those unable to attend the laboratory for the examinations and

those with contraindications for the muscle strength assessments generally had poorer health

status. Of those unable to participate in the muscle strength tests, 68% were 80 years old, and the

mortality rate was 12.8 deaths/100 person years among the men and 8.3 deaths/100 person years

among the women. In comparison, men with at least 1 muscle strength measurement had a

mortality rate of 6.7 deaths/100 person years and women a mortality rate of 5.2 deaths/100

person years, respectively. The mortality rate and risk estimates found in this study may

therefore underestimate the effect of muscle strength.

The mortality rates in were strikingly similar in the different muscle groups, and in men

and women. However, considering the small group sizes, especially those of active men, further

study is warranted. Larger studies are needed to allow for gender specific analyses and more

comprehensive analysis of confounding factors.

Perspectives

Low level of physical activity (e.g. Lee & Skerrett, 2001, for review) and muscle strength

(Philips, 1986; Fujita et al., 1995; Al Smih et al., 2002; Metter et al., 2002; Rantanen et al., 2003)

are acknowledged risk factors for mortality. This study showed that physical activity may

counteract the increased mortality risk associated with poor muscle strength. Physical activities,

not specifically targeting to increase muscle strength, such as leisure walking, are likely to

induce health benefits, reflected in reduced mortality, as the effects of high muscle strength and

high physical activity were not additive. Especially, people with low muscle strength are likely to

benefit from strategies promoting high levels of physical activity and should therefore be
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targeted for prevention and intervention. However, further study is needed to determine the

mechanisms through which physical activity and muscle strength jointly affect mortality and

health in older men and women.
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Table 1: Means and standard deviations (SD) of the baseline characteristics of sedentary and physically active 75- and 80-year-old

men and women with at least 1 muscle strength measure.

Men Women

Sedentary Active t-test Sedentary Active t-test

n Mean±SD n Mean±SD p n Mean±SD n Mean±SD p

Body Height (cm) 98 169.2±6.6 59 169.4±5.8 0.826 221 155.8±5.6 101 155.4±5.4 0.563

Body Weight (kg) 98 75.0±12.1 59 73.4±9.7 0.387 221 67.5±11.9 101 63.8±8.8 0.007

Chronic Diseases (n) 98 2.6±1.4 58 1.8±1.3 0.002 222 2.7±1.7 101 2.4±1.6 0.109

Handgrip Strength (N) 97 343.3±83.4 59 396.0±86.3 <0.001 221 208±57.6 101 227.5±63.4 0.007

Elbow Flexion Strength (N) 97 231.4±56.8 59 271.3±42.6 <0.001 222 148.2±40.5 101 156.4±43.2 0.100

Knee Extension Strength (N) 96 318.2±104.1 59 378.7±81.4 <0.001 220 218.1±71.2 101 232.7±80.9 0.104

Trunk Extension Strength(N) 87 478.5±214.4 58 657.1±176.9 <0.001 207 293.4±133.8 97 326.1±140.9 0.051

Trunk Flexion Strength (N) 88 459.4±176.7 57 544.2±133.0 0.002 204 270.2±96.0 95 294.6±112.6 0.053

* physically active: moderate physical activity at least 4 hours a week: sedentary: about 3 hours of moderate physical activity a week

or less
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Table 2: Relative risks (RR) for mortality and 95% confidence intervals (95%CI)* according to muscle strength tertiles for each

muscle group (all) and for groups based on physical activity and muscle strength.

Crude Adjusted §

All Sedentary # Active + All Sedentary Active

Tertile RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI

Handgrip Lowest 1.8 1.3 - 2.5 2.2 1.5 - 3.4 1.2 0.7 - 2.2 1.7 1.2 - 2.5 2.0 1.2 - 3.3 1.2 0.6 - 2.4

Medium 1.3 0.9 - 1.7 1.7 1.1 - 2.6 0.9 0.5 - 1.6 1.4 1.0 - 2.0 1.8 1.1 - 2.9 1.0 0.5 - 1.8

Highest 1.0 1.1 0.7 - 1.8 1.0 1.0 1.2 0.7 - 2.0 1.0

Elbow Lowest 2.0 1.5 - 2.7 2.7 1.7 - 4.2 1.2 0.6 - 2.3 1.9 1.3 - 2.7 2.6 1.6 - 4.3 1.4 0.7 - 2.9

Flexion Medium 1.3 1.0 - 1.8 1.7 1.1 - 2.7 1.2 0.7 - 2.1 1.3 0.9 - 1.8 1.8 1.1 - 2.9 1.2 0.7 - 2.2

Highest 1.0 1.2 0.8 - 2.0 1.0 1.0 1.4 0.8 - 2.4 1.0

Knee Lowest 2.2 1.6 - 3.0 3.3 2.0 - 5.3 1.9 1.1 - 3.6 2.0 1.4 - 2.9 3.0 1.8 - 5.1 2.1 1.1 - 4.2

Extension Medium 1.8 1.3 - 2.5 2.6 1.6 - 4.2 1.9 1.0 - 3.3 1.7 1.2 - 2.5 2.6 1.5 - 4.4 1.9 1.0 - 3.6

Highest 1.0 1.5 0.9 - 2.6 1.0 1.0 1.7 1.0 - 3.0 1.0

Trunk Lowest 2.3 1.6 - 3.2 2.9 1.8 - 4.6 2.2 1.2 - 4.1 1.9 1.3 - 2.8 2.3 1.4 - 3.9 1.8 0.9 - 3.8

Extension Medium 1.5 1.0 - 2.1 2.1 1.3 - 3.3 1.3 0.7 - 2.3 1.4 1.0 - 2.1 2.1 1.2 - 3.5 1.1 0.6 - 2.0



21

Highest 1.0 1.4 0.8 - 2.4 1.0 1.0 1.3 0.7 - 2.3 1.0

Trunk Lowest 1.9 1.3 - 2.6 2.8 1.7 - 4.4 1.5 0.8 - 2.8 1.6 1.1 - 2.4 2.3 1.4 - 3.9 1.2 0.6 - 2.4

Flexion Medium 1.3 0.9 - 1.8 1.8 1.1 - 3.0 1.3 0.7 - 2.4 1.1 0.8 - 1.7 1.6 0.9 - 2.7 1.0 0.5 - 2.0

Highest 1.0 1.5 0.9 - 2.5 1.0 1.0 1.4 1.0

* obtained from Cox  proportional hazard analysis

§ adjusted for age, gender, body height and weight, number of diseases, presence of depressive symptoms, smoking and education

level

# sedentary: about 3 hours of moderate physical activity a week or less

+ active: moderate physical activity at least 4 hours a week
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Figure 1: Mortality rate (number of deaths / 100 person years over follow-up) in sedentary and physically active (moderate physical

activity for at least 4 hours a week) men and women according to strength tertiles for each muscle group. The number of deaths

relative to the group size is noted at the end of each bar.
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Appendix 1. Age- and gender-specific cut-off points for strength, expressed in Newton, in each

muscle group.

Men Women

Tertile 75-year-old 80-years-old 75-year-old 80-years-old

Handgrip (n=478)

Lowest < 328.0 < 316.3 < 205.0 < 177.3

Medium 328.0- 404.0 316.3- 371.3 205.0- 253.0 177.3- 219.0

Highest ≥ 404.0 ≥ 371.3 ≥ 253.0 ≥ 219.0

Elbow Flexion (n=478)

Lowest < 231.0 < 206.0 < 144.0 < 118.3

Medium 231.0- 267.0 206.0- 266.0 144.0- 178.0 118.3- 156.7

Highest ≥ 276.0 ≥ 266.0 ≥ 178.0 ≥ 156.7

Knee Extension (n=476)

Lowest < 330.3 < 257.6 < 209.7 < 160.0

Medium 330.3- 402.0 257.7- 343.0 209.7- 268.3 160.0- 221.0

Highest ≥ 402.0 ≥ 343.0 ≥ 268.3 ≥ 221.0

Trunk Extension (n=449)

Lowest < 504.0 < 375.0 < 285.0 < 183.3

Medium 504.0- 681.0 375.0- 559.0 285.0- 409.7 183.3- 278.3

Highest ≥ 681.0 ≥ 559.0 ≥ 409.7 ≥ 278.3

Trunk Flexion (n=444)

Lowest < 455.0 < 423.0 < 265.3 < 200.0

Medium 455.0- 590.0 423.0- 536.0 265.3- 339.7 200.0- 278.0
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Highest ≥ 590.0 ≥ 536.0 ≥ 339.7 ≥ 278.0


