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APPENDIX

Physical-strength test (translation from Japanese into
English from reference 3).

Grip strength

Grip strength is measured using a hand dynamometer. -
The handle of the dynamometer is modulated to bend the
second joint of the first finger to an angle of 90 degrees.
When the grip-strength test is given in a standing position,
the subject opens his legs to shoulder width. The subject’s
arm is positioned naturally. The subject performs the
maximum confraction by the right and left arms twice.
The higher values of the right and left arms are recorded
in kilograms.

Side step

A center line is drawn on the floor. Two side lines are
drawn at a distance of 100 cm from the center line. The
subject stands straddling the center line. At the signal,
the subject steps to the side and touches or steps over the
right {or left) side line. Then the subject steps back to the
center line. Then the subject steps to the opposite side
line and again steps back to the center line. This side-
stepping is performed for 20 seconds as rapidly as possi-
ble. Points are scored according to the number of times
the subject steps over the line. This procedure is repeated
twice and the higher point is recorded.

Vertical jump

The subject stands against a wall, stretches his arm and
marks with a fingertip the highest attained position. Then
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the subject jumps as high as possible and marks with a
fingertip the highest position he can reach. The jumping
height is the distance between the two heights. This pro-
cedure is repeated twice and the higher jump is recorded
in centimeters.

Standing trunk flexion

Standing trunk flexion is measured using a 30-cm height
stand and a rule. The subject stands with his feet together
on the stand. The subject bends his body and lowers both
hands and fingers along the rule. The subject does not
bend his knees. The subject is statiopary at the Jowest

1359

point for a few seconds. The distance from the base line
is recorded in centimeters.

Sit-ups

The subject lies on his back with his knees bent, folding
his arms at the back of his head. The subject opens his
legs to a width of 30 cm. An assistant holds the subject’s
ankles with both hands and places both knees on the sub-
ject’s insteps. At the signal, the subject sits up and
touches his elbows to his knees and then lays down. This
procedure is repeated as rapidly as possible for 30 sec-
onds. The number of repetitions is recorded.
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ABSTRACT

Background Poor muscular strength has been shown to be
associated with increased morbidity and mortality in
diverse samples of middle-aged and elderly people. How-
ever, the oldest old population (i.e.; over 85 years)is
underrepresented in such studies. Our objective was to
assess the association between muscular strength and mor-
tality in the oldest old population. ~

Methods: We included 555 participants (65% women)
from the Leiden 85-plus study, a prospective population-
~ based study of all 85-year-old inhabitants of Leiden,
Netherlands. We measured the handgnp strength of par-
ticipants at baseline and again at age 89 years. We col-
- lected baseline data on comorbidities, functional status,
“levels of physical activity, and. adJusted for potential con-
founders. Dunng the ollow-up penod we collected data
~on mortahty : :

tertile of handgnp strength at age 85 years (hazard ratio
[HR] 1.35, 95% confidence interval [Cl] 1.00-1.82, p =
0. 047) and the low, t two tertrles of handgnp strength t

]lnterpretat io p

~ment of overall muscular strength isa predlctor of all-
cause mortality in the oldest old populatlon and may serve
as-a convenient tool for prognostrcatlon of mortahty nsk ;
~among elderly people -

is the group older than 85 years, which is classified

as the oldest old age group.'” The average rate of
growth of this group is reported to be 3.8% annually at a
global level. By 2050, the oldest old age group will account
for one-fifth of all older persons.*

T he fastest growing segment of the elderly population

CMAJ

* MARCH 23, 2010 = 182(5)

Inactivity is a major problem in this age group, owing to
an increased prevalence of medical comorbidities and physi-
cal disability with age. Age-related stereotypes and miscon-
ceptions (e.g., that older people are invariably unhealthy),
coupled with a perceived lack of benefits provided by physi-
cal activity, can also represent obstacles to exercise among
the oldest old population.

The predisposing influence of a sedentary lifestyle on age-
related cardiometabolic diseases (i.e., obesity, type 2 diabetes
mellitus, hypertension and coronary artery disease) is well
established. Evidence of the protective effects of physical
activity against certain cancers, falls and mental health prob-
lems is accumulating.* Lack of exercise is also a significant
risk factor for sarcopenia,> a progressive loss of skeletal mus-
cle mass and strength with aging.” Sarcopenia is highly preva-
lent among those aged 80 years and older, with reported rates
exceeding 50%.* Reduced muscular strength is associated in
turn with outcomes such as physical disability,”*® cognitive
decline" and mortality.'>"

Handgrip strength, a simple bedside tool, has been shown to
be a valid surrogate measurement of overall muscular
strength."* A recent systematic review has shown that low
handgrip strength is associated consistently with premature
mortality, disability and other health-related complications
among various samples of middle-aged and older people.’
Despite its prognostic value, handgrip dynamometry is rarely
used in routine geriatric assessment. Epidemiologic studies
evaluating the relation in the population of the oldest old are
also lacking. We tested the association between handgrip
strength and mortality in a prospective population-based study
of the oldest old age group. We obtained approval for our study
from the Medical Ethical Committee of the Leiden University
Medical Center, and informed consent from all participants.

From the Department of Gerontology and Geriatrics (Ling, Taekema, de
Craen, Westendorp, Maier); the Department of Public Health and Primary
Care (Gussekloo); the Netherlands Consortium for Healthy Aging (de Craen,
Westendorp, Maier), Leiden University Medical Center, Leiden, Netherlands;
and the Department of Geriatric Medicine (Taekema), Alysis Zorggroep Rijn-
state Hospital, Arnhem, Netherlands
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Methods

Participants

We obtained data from the prospective population-based Lei-
den 85-plus study, which involved all 85-year-old inhabitants
of Leiden, The Netherlands. A total of 599 participants had
been enrolled in the study (with a response rate of 87%)
between September 1997 and September 1999. No selection
criteria had been imposed for health status or demographic
characteristics. Participants had been visited annually at their
homes, where face-to-face interviews, blood samples and var-
ious functional tests were performed. Further information on
the design of the Leiden 85-plus study and characteristics of
its cohort is published elsewhere.”

In our analysis, we included 555 participants from whom
we obtained reliable handgrip strength measurement at base-
line (i.e., age 85 years). We performed a repeat measurement
of handgrip strength in a total of 304 participants (55%) at 89
years of age.

Study design

Strength assessment

We measured grip strength to the nearest kilogram of each
participant’s dominant hand using a Jamar hand dynamome-
ter (Sammons Preston Inc., Bolingbrook, IL). We performed
the measurement with the participant in an upright position
and with the arm of the measured hand unsupported and par-
allel to the body. The width of the dynamometer’s handle was
adjusted to each participant’s hand size so that the middle
phalanges rested on the inner handle. We instructed partici-
pants to exert maximal force. For each participant, we
allowed one test trial, then took three test measurements. We
used the highest of the three recorded measurements in our
analysis. We used the same protocol for each participant’s
follow-up visit at age 89 years.

To calculate the relative change in handgrip strength over four
years, we divided the difference between the handgrip strength
measurements taken at ages 85 and 89 years by the baseline
value and multiplied the result by 100. We stratified the measure-
ments of handgrip strength at ages 85 and 89 years and relative
change in handgrip strength over four years into tertiles for men
and women separately. We then created sex-specific tertiles by
combining categories of tertiles for men and for women.

Potential confounders

We considered sex, anthropometric data, comorbidities, total
number of prescription medications and smoking status to be
potential confounders of an association between handgrip
strength and mortality, and included these data in our analy-
sis. Our measurement of body surface area was based on the
Mosteller formula.” We recorded data on seven medical
comorbidities, which were cardiovascular disease (compris-
ing ischemic heart disease, cerebrovascular disease and
peripheral vascular disease), hypertension, diabetes mellitus,
chronic obstructive pulmonary disease, neoplasm, Parkinson
disease, and arthritis (comprising osteoarthritis, rheumatoid
arthritis and polymyalgia rheumatica).

430 CMAJ

We also considered scores on the Mini-Mental State
Examination, Geriatric Depression Scale, Activities of Daily
Living disability scale, Instrumental Activities of Daily Liv-
ing disability scale and level of physical activity to represent
potential confounders. We measured scores on the Activities
of Daily Living and Instrumental Activities of Daily Living
disability scales using the Groningen Activity Restriction
Scale, where a score of 18 indicates not disabled and a score
of 72 indicates severely disabled.'

To measure levels of physical exercise beyond routine,
daily physical activity, we used four items from the Time-
Spending Patterns questionnaire” related to walking for fun,
cycling for fun, exercising (either alone or in groups) or other
physical activity, and working in the garden. We scored each
item from O (no activity) to 4 (daily participation in the activ-
ity), then added these values together to reach a sum score of
physical activity level for each participant.

We also collected data on the living arrangements of partici-
pants (i.e., independent or in residential care). We did not include
these data in the final model because living arrangement is deter-
mined primarily by factors already included in the multivariate
model (i.e., functional ablities, cognition, cormorbidities).

Follow-up

We collected data on mortality among participants until Feb-
ruary 2008. The range of the follow-up period was 8.5-10.5
years. Information on follow-up for mortality was available
for the whole study population. We obtained dates of deaths
from the Dutch civic registry and specific data on causes of
death from Statistics Netherlands, which assigns codes for all
national death certificates according to the International Clas-
sification of Diseases and Related Disorders, 10th revision
(ICD-10). Causes of death were divided into cardiovascular
causes (ICD-10 codes 100-199) and non-cardiovascular causes
(all other ICD-10 codes). Cardiovascular causes were further
classified into coronary artery disease, stroke and others. The
non-cardiovascular causes were classified into infection with
or without sepsis, pneumonia, neoplasm and others. Pneumo-
nia was included because it is one of the major causes of
death among elderly people.

Statistical analysis

Continuous variables with Gaussian distribution are presented
as mean (standard deviation [SD]) and those with non-Gauss-
ian distribution as median (interquartile range [IQR]). We
used a paired ¢ test to compare two groups of paired data that
were of Gaussian distribution. To adjust for difference in
physical capacity between men and women, we created sex-
specific tertiles of handgrip strength, which were combined
categories of tertiles for men and for women. We used a *
test to compare categoric variables and a Kruskal-Wallis test
to compare non-normally distributed variables between the
tertiles of handgrip strength.

We applied Kaplan-Meier curves to display survival
according to tertiles of handgrip strength for participants at age
85 years and for those at age 89 years, and for the relative
change in handgrip strength over four years. We assessed the
analysis of survival using Cox regression analyses. We

* MARCH 23, 2010 ¢ 182(5)
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adjusted the hazard ratios (HR) of mortality for potential con-
founders using baseline data reflecting presence of comorbidi-
ties, total number of prescription medications and smoking sta-
tus, and data collected at baseline or age 89 years for body
surface area, for scores on the Mini-Mental State Examination,
the Geriatric Depression Scale, the Activities of Daily Living
disability scale and the Instrumental Activities of Daily Living
disability scale, and for level of physical activity.

We corrected the HRs for relative change in handgrip
strength using data on comorbidities, total number of pre-
scription medications and smoking status at baseline, on
body surface area at age 89 years, and on absolute change in
scores on the Mini-Mental State Examination, Geriatric
Depression Scale, Activities of Daily Living disability scale,
Instrumental Activities of Daily Living disability scale, and
in level of physical activity over four years. In addition, we

. RESEARCH

analyzed handgrip strength as a continuous variable in the
multivariable model with adjustment for the above vari-
ables. For all fully adjusted models, we calculated the coef-
ficient of determination (i.e., R?) using the method of
Nagelkerke.» We considered a two-tailed p-value of less
than 0.05 to be significant.

Results

The baseline clinical characteristics of the 555 participants in
the study according to tertile of handgrip strength are pre-
sented in Table 1. Cardiovascular disease was the most preva-
lent comorbidity. At baseline, the median Mini-Mental State
Examination score was 26, with evidence of severe cognitive
impairment (i.e., score < 19) in 13% of participants. At age 89
years, impairment was evident in 25%. The median score on

'Téble 1: Ciinicéi characteristics at baseline "(a‘ge'S‘S yearé) of the study population by sei(—speciﬁc tertile of handgrip strength

Sex-specific tertile of handgrip strength*

Total population Low Middle High
Variable n=555 n=184 n=177 n=194 p value
- Sex, female, % = 6850 647 o :‘64.\4',‘ , 660 . 094
Living arrangement, % . . o . o <0.001
{ndependent living - 859 73.9 88.7 948 o
 Residential care o141 261 ' 50
b Smokmg sta‘tus (%) ,k : = L . ’ G ‘ 053
[ Nonsmoker e L "'5'0 4" ; 582 495 e
'  Previous smoker - o341 301 356
Currentsmoker : \,“155 i : 148 ' : 149 o
\Comorbldlty, % e ' . L o e
. Cardiovascular dlsease 62;5 L 6‘6.8~ .1 552 0.031

- Hypertension 37 332 8 om2 016
Diabetes mellitus 3 es g e 0.20
75.'2222‘;‘","?“’“"““‘* pulmonary - 107 L 078
History of neoplasm ’ 179 188 4y 206 " 094
Parkinson disease B rd0 Pl L 2'1';” ' '0.,2,5‘

, :Ar‘chrms o : o 3T 304 358 321 0.54

. Total no. of prescnptuon medlcatlons, . 2 (1—4) ' 2 (1—-4) 2 (1-4). 2 (1—4) -0.07.

[n= 526], median (IQR) . G

,~Menta| status, median (IQR) = e i o L o

~ MMSE score - 26(23-28)  24(18-27) 27(4-28)  27(25-29)  <0.001

. GDS-15score [n = 484] L2 2 «2,(1—'3) 102 <0001

Functlonalstatus, medlan (IQR) S . e e e .

‘ ”ADL disability score [n =553] 10013 111 ";'110(9—12) . 9(9-10)  <0.001
IADL disability score [n = 553] 1701225 24(16-32)  17(13-22) 14(10-19)  <0.001
 GARSscore =553 . 27@137) 36(25-48) ,27,(22,-,34), o 280300 1,<‘o.oq1, .

, PAs,,med.an (IQR) [n = 538) - 7.(5-8) ‘648 7 (4-8) , 769  <0.001

Note: ADL = Activities of Daily Living (score range 9-36), GARS = Groningen Activity Restriction Scale (score range 18-72), GDS-15 = Geriatric Depression Scale-15

(score range 0-15), IADL =

Instrumental Activities of Daily Living (score range 9-36), IQR =

interquartile range, MMSE = Mini-Mental State Examination (score

range 0-30), PAS = Physical Activity Score (sum score of four physically active items on the Time Spending Pattern questionnaire; score range 0-16).
*Reference range for sex-specific handgrip strength tertiles: low (women: 1-16 kg; men: 10-27 kg), middle (women: 17-20 kg; men: 28-33 kg), high (women:

21-31 kg; men: 34-54 kg).

CMAJ
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the Geriatric Depression Scale at baseline was 2 (IQR 1-3),
with evidence of depression (i.e., score = 4) in 113 partici-
pants, who represented 23.4% of those without severe cogni-
tive impairment at baseline compared with 27.7% at age 89
years. At baseline, the median score on the Activities of Daily
Living disability scale was 10 (IQR 9-13); on the Instrumen-
tal Activities of Daily Living disability scale it was 17 (IQR
12-25); and on the Groningen Activity Restriction Scale it
was 27 (IQR 21-37). The median sum scores for level of
physical activity at baseline was 7 IQR 5-8).

Lower handgrip strength was significantly related to
higher rates of cardiovascular disease (p = 0.031) but not to
other comorbidities. Lower handgrip strength was also sig-
nificantly associated (p < 0.001) with lower scores on the
Mini-Mental State Examination and with higher scores on
the Geriatric Depression Scale, the Activities of Daily Liv-
ing disability scale and the Instrumental Activities of Daily
Living disability scale, and, finally, with a lower score for
level of physical activity. We also observed a significant
difference in living arrangement among participants in dif-
ferent tertiles of handgrip strength, with a greater propor-
tion of participants with lower handgrip strength living in
residential care.

Anthropometric data and measurements of handgrip
strength collected at ages 85 and 89 years and stratified by sex
are presented in Table 2. Of the 555 participants, 357 (64.3%)
lived to age 89 years. Measurements of handgrip strength were
not available for 53 participants at age 89 years, most of whom
withdrew from the study. Participants who were lost to follow-
up measurement of handgrip strength did not differ signifi-
cantly (p = 0.083) from the group as a whole in comorbidities,
cognitive status and functional status at baseline.

Handgrip strength among men was consistently higher
than among women, both at baseline (30.6 kg [SD 8.2] v.
18.7 kg [SD 5.5], p < 0.001) and at age 89 years (25.6 kg [SD
7.8] v. 16.4 kg [SD 5.0], p < 0.001). Among both women and

men, handgrip strength declined significantly from age 85 to
89 years, with an average loss of strength of 1.53 kg per year
among men and 0.85 kg per year among women. However,
no significant difference was evident between men and
women in relative loss of handgrip strength over four years
(-19.2% [SD 16.7] v. -15.9% [SD 22.4], p = 0.156).

During a follow-up period of 9.5 years (range 8.5-10.5
years), 444 deaths (80%) occurred, with a greater proportion
of deaths among men, at 88.1%, compared with women, at
75.6% (p < 0.001). Mean lifespan was 89.7 years (SD 3.0)
among men and 91.0 years (SD 3.0) among women. Of the
deaths, 36.7% had cardiovascular causes (coronary artery
disease 30.1%, stroke 26.4%, unspecified 43.5%). Of the
deaths that were attributed to noncardiovascular causes,
28.8% were caused by neoplasm, 10.0% were caused by
infection (of which 85.7% were related to pneumonia) and
61.2% were unspecified.

Kaplan—Meier cumulative survival curves for all-cause
mortality are presented in Figure 1. The curves are stratified
by sex-specific tertile of handgrip strength at baseline, of
handgrip strength at 89 years of age, and of relative change in
handgrip strength over four years. The unadjusted and
adjusted HRs for all-cause mortality are shown in Table 3.
The HRs are stratified by tertile of handgrip strength at age 85
years, handgrip strength at age 89 years and relative change in
handgrip strength from age 85 to 89 years.

After adjusting for possible confounders, we found a sig-
nificant elevation in risk for all-cause mortality among partic-
ipants in the lowest tertile of handgrip strength at age 85 years
(HR 1.35, 95% CI 1.00-1.82, p=0.047) and the lowest two
tertiles of handgrip strength at age 89 years (HR 2.04, 95% CI
1.24-3.35, p=0.005 and HR 1.73, CI 1.11-2.70, p = 0.016),
with greater HRs in the latter age group. We also observed a
significantly increased mortality among participants in the
tertile with the highest relative loss of handgrip strength over
four years (HR 1.72, CI 1.07-2.77, p = 0.026). The coeffi-

Table 2: Handgrip strength and antyh‘r‘opometrical measurements at baseline (age 85 years) and at age 89 yéafs; bysex

Measurements for women, mean (SD)

Measurements for men, mean (SD)

Baseline Age 89 Baseline Age 89

Variable (n =361) (n = 255) p value (n =194) (n=102) p value
Handgripstrength, kg ~ 187(55) 164 (5.0 <0001 30682 256078t <0001
Absolute loss in handgrip Lo -34(4.2) L ‘ - -6.1(5.2) e
strength, kg : : L o
Relative loss in handgrip '~15.9(22.4) ~192(16.7) =
strength, % i ! : ; S . e ’
Weight, kg 67.7(127)  655(126)5  <0.001 741 (19* 711119t <0.001
Height, m 156 (0.06)  1.55(0.06)5  <0.001 " 1.68 (0.06)** 167 (0.06) 1t <0.001
BSA, m’ 1.71 (0.18)% 1.68(0.18)5 <0.001 186(0.17** 181(0.17)tf <0.001
BMI, kg/m’ 27.7 (4.8)% 274478  0.049 26.1 3.7)** - 255(38) 1t <0.001
Note: BMI = body mass index, BSA = body surface area, SD = standard deviation.
*n=215
th =89
¥n =347
§n =217
**n =183
Ttn =92
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cients of determination were 0.18 for handgrip strength at 1.01-1.23, p = 0.040) and at age 89 years (HR 1.24, CI 1.04—
baseline, 0.27 for handgrip strength at age 89 years and 0.23 1.48, p = 0.019). Similarly, we observed an increase in risk
for relative loss of handgrip strength. Baseline handgrip  for all-cause mortality for every additional 5% loss of relative
strength, handgrip strength at age 89 years and relative loss of ~ handgrip strength (HR 1.06, CI 1.01-1.12, p = 0.033).
handgrip strength were not associated with increased risk for

mortality from specific causes. Interpretation

When we analyzed handgrip strength as a continuous vari-
able in our multivariable analysis, we found that, for each 5- Our results show that low handgrip strength at ages 85 and 89
kg reduction in handgrip strength, an increase in risk for all-  years, and a greater decline in strength over time, are associ-

cause mortality occurred at age 85 years (HR 1.11, CI  ated with increased all-cause mortality. Our findings also sug-

A: Age 85 years B: Age 89 years
1.0 1.0 4
—. 0.8 — 0.8
z 2
2 06 2 0.6 4
504 B 04 High
3 E]
g . . g kN R
© 02 e b 02 T, o Mide
ﬂw*% Middle "-;
" Low "aee Low
0 - 0 -
85 87 89 91 93 95 89 91 93 95
Age, years Age, years
Tertile, n: Tertile, n:
High 194 171 136 105 82 61 High 100 85 70 54
Middle 177 154 119 82 53 34 Middle 103 72 53 33
Low 184 137 102 65 36 17 Low 101 62 32 15

C: Relative change, 85-89 years

1.0 e
— 0.8
©
2
E
3064
@
2
S
£ 0.4
E
3 Tgrtile of handgrip strength
0.2 4 High
Middle -----
0- Low ...
89 91 93 95
Age, years
Tertile, n:
High 102 81 58 43
Middle 97 76 59 36
Low 105 62 38 23

Figure 1: Kaplan-Meier cumulative survival curves for all-cause mortality based on sex-specific tertile of handgrip strength (A) at age 85
years, (B) at age 89 years and (C) by relative change in handgrip strength over four years. The highest tertile of relative change in
handgrip strength refers to the tertile with the lowest loss of handgrip strength over four years.
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"T‘able‘ 3: Mortality strat|f|ed by sex- specuflc tertiles of handgrip strength at baseline (age 85 years), handgnp
strength at age 89 years and relatwe change in handgrip strength over four years : o

Unadjusted Adjusted*

Tertile (range, women/men) n HR (95% CI) n HR (95% ClI)
A9e85year5-k9 el i ,
low  (-16y(10-27 184 187(1.48-234) 115  135(1.00-182)
~M|dd|e (17-20)(28-33) 177 130(1.03-165 153  124(095-162)
High (21-31/3450) 194 100(ef) 170 1.00(ref)
AgeBByears,kg . .. :
low  (14Y621) 101 3.10(216-444) 55 204(124-335)
Middle (518229 103 190(131-275) 80  173(1.11-270)
High (19-31)/(2948) 100 100(el 90  1.00(ef

:Rélatl ve change in handgnp strength :
_over time, %t

Low - (-87. 5 to -—25 0)/(—76 9 to —26 3) kk 105

Middle (-23.8t0-6.7)/(-256t0-138) 97
High  (-6.25t090.0/(-13.6t0200) 102

207(147-290) 58 172(1.07-277)

1.18(0.82-1.68) 82 129(081-204)
100(eh 84 1 00(ref)

Note: CI = confidence interval, HR = hazard ratio, ref = reference group.

*Hazard ratios for handgrip strength at ages 85 and 89 years were corrected for baseline data for comorbidities, total number of
prescription medications and smoking status, and data at baseline or age 89 years for body surface area, for scores on the Mini-
Mental State Examination, the Geriatric Depression Scale, the Activities of Daily Living disability scale and the Instrumental Activities
of Daily Living disability scale, and for level of physical activity. Hazard ratios for relative change in handgrip strength were corrected
for comorbidities, total number of prescription medications and smoking status at baseline, body surface area at age 89 years, and
absolute change in scores on the Mini-Mental State Examination, Geriatric Depression Scale, Activities of Daily Living disability scale,
Instrumental Activities of Daily Living disability scale, and level of physical activity over four years.

tThe highest tertile (i.e., reference tertile) refers to that showing the least loss of handgrip strength over four years.

gest a greater association between handgrip strength and mor-
tality with increasing age.

The mechanisms underlying the association between mus-
cle strength and mortality are not well understood. We were
unable to ascertain whether the relation between muscle
strength and mortality is direct or whether muscular strength
is a surrogate marker of other factors underlying mortality.
Future studies of interventions like resistance training, which
has been shown to be efficacious in preserving muscular
strength,? could show whether maintenance of muscular
strength translates into a reduction in mortality among weak
elderly people. Our finding of increased risk for mortality
among weak elderly people suggests that family physicians
need to pay special attention to general prevention-related
measures in these patients.

Limitations
Our study had limitations. Our assessment of comorbidities
was limited to common chronic diseases. We did not address
severity of disease, which could affect probability of survival.
Lower handgrip strength can be an indicator of subclinical dis-
eases that affect mortality. In addition, we were unable to adjust
for the interim development or progression of comorbidities.
We did not observe an association between handgrip
strength and cause-specific mortality, although several previous
studies have linked poorer grip strength to mortality resulting
from cardiovascular diseases,? respiratory diseases® and can-
er.” This finding may be explained by the relatively small

number of deaths from each specific cause in our study. The
values for handgrip strength in our study population were com-
parable to other population-based studies involving older adults
of similar ages.* However, handgrip strength has been shown
to be associated with ethnicity, and is weaker among Asian
populations compared with Western.” Given that our study was
based on a homogenous Dutch population, the cutoff threshold
for handgrip strength, below which is an increased risk for mor-
tality, may not be generalizable to all elderly populations.

Conclusion

Our findings have substantial implications for care of a grow-
ing elderly population. Application of handgrip dynamometry
as a screening tool in a multidimensional geriatric assessment
may help identify older people at risk for disability and holds
potential for use in prognostication of survival among elderly
people. Further studies exploring factors that contribute to
loss of muscular strength could provide valuable information
toward the development of strategies for preserving muscular
strength with advancing age.
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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. Mor-
tality was followed up for 10 years after laboratory exam-
ination in 558 community dwelling 75- and 80-year-old men
and women. Maximal isometric strength of five muscle
groups was measured and tertile cut-off points were used
to categorize participants. Participants, who reported mod-
erate physical activity for at least 4 h a week, were categor-

ized 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 compen-
sate for the increased mortality associated with low muscle
strength.

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, cardiovas-
cular, respiratory and metabolic function. Addition-
ally, 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 Position Stand, 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 (Ka-
plan et al., 1996; Kushi et al., 1997; Bijnen et al,,
1998; Gregg et al., 2003), respiratory disease (Kushi
et al., 1997) and cancer (Gregg et al., 2003).
Although 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 associa-

tion 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.

The aim of the study is 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.

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 Jyviskyld, 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 to be eligible. In the autumn of 1989 and the winter
of 1990, 93% (n=617) of the eligible population agreed to
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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 contra-
indicated for six women and nine men due to cardiovascular
diseases, musculoskeletal problems or poor cooperation (Ran-
tanen et al., 1994, Rantanen & Heikkinen, 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 one strength test,
while 444 participated in the tests of all five muscle groups
(Appendix A). All participants signed an informed consent
before the examinations.

Clinical assessment

The presence of chronic medical conditions, with a minimum
duration of 3 months, was ascertained by a physician in a
clinical examination. Sixty-two percent of the participants had
cardiovascular diseases, such as ischemic heart disease and
hypertension. Additionally, musculoskeletal diseases (e.g. 0s-
teoarthritis) were present in 39% of the participants, and
neurological (e.g. cerebrovascular ischemia) and sensory (e.g.
glaucoma and cataract) diseases in 26% of the participants.
Less prevalent disease categories were metabolic diseases
(15%; e.g. diabetes), respiratory diseases (12%), diseases of
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 3h a week: walking longer distances, cycling and
domestic work; (4) moderate physical activity at least 4h a
week or heavier physical activity 1-2h a week; (5) heavier
physical activity or moderate exercise for at least 3h 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 con-
sidered physically active if they reported moderate physical
activity for at least 4h a week. The test-retest Pearson
correlation coefficients were = 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 strain-gauge system at the wrist, the elbow supported at
an angle of 90° and the hand in the neutral position (thumb
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up). Knee extension strength was measured at a knee angle of
60° from the fully extended leg toward 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 practice trials, each strength test was
performed three times with an inter-trial rest period of 1 min.
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 sepa-
rately (Appendix A). 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 (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 O (rarely or none of the time) to 3 (most or all of
the time), of 20 listed symptoms over the past week. Addi-
tionally, participants were classified as (1) non-smoker 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.

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 the 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 sepa-
rately 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. Sig-
nificance was set at P<0.05.



Physical activity, strength and mortality

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 one muscle strength measure

Men Women

Sedentary™ Active' test Sedentary Active ttest

n Mean £ SD n Mean & SD P n Mean &+ SD n Mean + SD P
Body height (cm) 98 169.2 +6.6 59 1694 +58 0.826 221 1558 +56 101 1554+ 54 0.563
Body weight (kg) 98 75.0+121 59 734+£97 0.387 221 675+119 101 63.8+88 0.007
Chronic diseases. (n) 98 26+ 1.4 58 18+13 0.002 222 27 +17 101 24+16 0.109
Handgrip strength (N) 97 3433 +834 59 396.0+863 <0.001 221 208 £576 101 227.5+634 0.007
Elbow flexion strength (N) 97 231.4+568 59 271.3+426 <0.001 222 1482 +405 101 1564 +£432 0.100
Knee extension strength (N) 96 3182+ 1041 59 378.7+814 <0001 220 2181712 101 2327+809 0.104
Trunk extension strength (N) 87 4785+ 2144 58 657141769 <0001 207 2934 +1338 97 3261 +1409 0.051
Trunk flexion strength (N) 88 4594 £176.7 57 544.2 +133.0 0.002 204 270.2+96.0 95 2946 +112.6 0.053

*Sedentary: about 3h of moderate physical activity a week or less.
TActive: moderate physical activity at least 4 h a week.

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 4h a week (28% and 29%,
respectively) or in heavier physical activity and
moderate exercise for at least 3h 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 phy-
sical activity (19% and 21%, respectively) or mod-
erate physical activity about 3h 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: §9
aged 75 years and 111 aged 80 years). After checking
that the association of physical activity with mortal-
ity was similar in both the gender and age groups, all
participants were jointly included in subsequent
analyses. In the sedentary participants, the relative
risk (RR) for mortality was 1.7 times (95% con-
fidence 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 low-
est muscle strength tertile compared with 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 correspond-
ing 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
RRs 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 23 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
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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”
Al Sedentary* Active’ Al Sedentary Active

Tertile RR 95% Cl RR 95% Cl RR  95% Ci RR 95% Cl RR 95% Cl RR 95% Cl

Handgrip
Lowest 1.8 13-25 22 15-3.4 12 0722 17 12-25 20 1.2-3.3 1.2 06-24
Medium 13 0917 1.7 1.1-2.6 09 05-16 14 1.0-20 1.8 1.1-2.9 1.0 05-1.8
Highest 1.0 1.1 0.7-1.8 1.0 1.0 1.2 0.7-2.0 1.0

Elbow flexion
Lowest 20 1527 27 1.7-4.2 1.2 06-23 1.9 13-27 26 1.6-4.3 14  07-29
Medium 1.3 1.0-1.8 1.7 11-2.7 12 0.7-21 13  09-18 18 1.1-2.9 12 07-22
Highest 1.0 1.2 0.8-2.0 1.0 1.0 14 0.8-2.4 1.0

Knee extension
Lowest 22 16-30 33 2.0-5.3 19 1136 20 14-29 3.0 1.8-5.1 2.1 1.1-4.2
Medium 1.8 13-25 26 1.6-4.2 1.9 1033 17 1.2-25 26 1.5-4.4 1.9 1.0-36
Highest 1.0 15 0.9-2.6 1.0 1.0 1.7 1.0-3.0 1.0

Trunk extension
Lowest 2.3 16-32 29 1.8-4.6 22  1.2-441 1.9 13-28 23 1.4-3.9 1.8  09-338
Medium 15 1.0-2.1 2.1 1.3-3.3 13 0.7-23 14 1.0-2.1 2.1 1.2-35 1.1 0.6-2.0
Highest 1.0 14 0.8-2.4 1.0 1.0 1.3 0.7-2.3 1.0

Trunk flexion
Lowest 1.9 1.3-26 28 1.7-4.4 15 0828 16 1.1-24 23 1.4-3.9 1.2 06-24
Medium 13 09-18 1.8 1.1-3.0 1.3 0.7-24 1.1 0.8-17 1.6 09-27 1.0  05-20
Highest 1.0 15 0.9-2.5 1.0 1.0 1.4 1.0

*(Obtained from Cox proportional hazard analysis.

TAdjusted for age, gender, body height and weight, number of diseases,
fAbout 3h of moderate physical activity a week or less.

SModerate physical activity at least 4h a week.

physical activity did not show a noticeable associa-
tion with reduced risk. Adjusting for the confounders
did not materially change the results.

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 gen-
eral health, in older people. However, many long-
itudinal 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 a 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 seden-
tary suggests that physical activity may partly com-
pensate for less favorable expected health trajectory
among those with poorer strength. The associations
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presence of depressive symptoms, smoking and education level.

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 confound-
ing 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, as the
independent effects of muscle strength (Rantanen
et al., 2003) and physical activity (Kaplan et al.,
1996; Bijnen et al., 1998; Gregg 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
4h a week, which is approximately the same amount
of activity as currently 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
Position Stand, 1998). The health benefits, including
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physical activity for at least 4h 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.

reduced mortality, associated with physical activity
were thus more likely to be induced by improvements
in cardiovascular 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. How-
ever, high levels of both muscle strength and physi-
cally activity may be important for other health
outcomes or for disability.

The amount of physical activity needed to main-
tain 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 activ-
ity 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 three muscle groups, while 8.3% had at least

one measure missing. These missing values altered
the distribution of the data in the respective muscle
groups. Handgrip strength may be preferred as an
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.

The population used in this study was representa-
tive 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 contraindica-
tions for the muscle strength assessments generally
had poorer health status. Of those unable to partici-
pate 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 one muscle strength measurement
had a mortality rate of 6.7 deaths/100 person years
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and women a mortality rate of 5.2 deaths/100 person
years, respectively. The mortality rate and risk esti-
mates found in this study may therefore underesti-
mate the effect of muscle strength.

The mortality rates were strikingly similar in the
different muscle groups, and in men and women.
However, considering the small group sizes, espe-
cially those of active men, further study is warranted.
Larger studies are needed to allow for gender-specific
analyses and more comprehensive analysis of con-
founding 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 physi-
cal activity may counteract the increased mortality
risk associated with poor muscle strength. Physical
activities, not specifically targeting at increasing
muscle strength, such as leisure walking, are likely

to induce health benefits, reflected in reduced mor-
tality, 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 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.

Key words: physical exercise, sedentary, muscle force,
survival, aged.
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Appendix A1. Age- and gender-specific cut-off points for strength, expressed in Newton, in each muscle group

Tertile Men Women
75-year-old 80-year-old 75-year-old 80-year-old
Handgrip (n= 478)
Lowest <3280 <316.3 <205.0 <1773
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 <1440 <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 > 4020 > 343.0 > 268.3 > 2210
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
Highest > 590.0 > 536.0 > 339.7 > 278.0
479
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Handgrip Strength and Cause-Specific and Total Mortality
in Older Disabled Women: Exploring the Mechanism

Taina Rantanen, PhD,*t Stefano Volpato, MD, MPH,* Luigi Ferrucci MD, PhD,?
Eino Heikkinen MD, PhD,’ Linda P. Fried, MD, MPH,S and Jack M. Guralnik, MD, PhD*

OBJECTIVES: To examine the association between mus-
cle strength and total and cause-specific mortality and the
plausible contributing factors to this association, such as
presence of diseases commonly underlying mortality, in-
flammation, nutritional deficiency, physical inactivity, smok-
ing, and depression.

DESIGN: Prospective population-based cohort study with
mortality surveillance over 5 years.

SETTING: Elderly women residing in the eastern half of
Baltimore, Maryland, and part of Baltimore County.
PARTICIPANTS: Nine hundred nineteen moderately to
severely disabled women aged 65 to 101 who participated
in handgrip strength testing at baseline as part of the
Women’s Health and Aging Study.

MEASUREMENTS: Cardiovascular disease {CVD), can-
cer, respiratory disease, other measures (not CVD, respira-
tory, or cancer), total mortality, handgrip strength, and
interlenkin-6.

RESULTS: Over the S-year follow-up, 336 deaths oc-
curred: 149 due to CVD, §9 due to cancer, 38 due to re-
spiratory disease, and 90 due to other diseases. The unad-
justed relative risk (RR) of CVD mortality was 3.21 (95%
confidence interval (CI) = 2.00-5.14) in the lowest and
1.88 {95% CI = 1.11-3.21) in the middle compared with
the highest tertile of handgrip strength. The unadjusted
RR of respiratory mortality was 2.38 (95% CI = 1.09-
5.20) and other mortality 2.59 {95% CI = 1.59-4.20) in
the lowest versus the highest grip-strength tertile. Cancer
mortality was not associated with grip strength. After ad-
justing for age, race, body height, and weight, the RR of
CVD mortality decreased to 2.17 {95% CI = 1.26-3.73)
in the lowest and 1.56 {95% CI = 0.89-2.71) in the mid-
dle, with the highest grip-strength tertile as the reference.
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Further adjustments for multiple diseases, physical inactiv-
ity, smoking, interleukin-6, C-reactive protein, serum al-
bumin, unintentional weight loss, and depressive symp-
toms did not marerially change the risk estimates. Similar
results were observed for all-cause mortality.

CONCLUSION: In older disabled women, handgrip
strength was a powerful predictor of cause-specific and
total mortality. Presence of chronic diseases commonly un-
derlying death or the mechanisms behind decline in muscle
strength in chronic disease, such as inflammation, poor
nutritional status, disuse, and depresston, all of which are
independent predictors of mortality, did not explain the
association. Handgrip strength, an indicator of overall
muscle strength, may predict mortality through mecha-
nisms other than those leading from disease to muscle im-
pairment. Grip strength tests may help identify patients at
increased risk of deterioration of health. J Am Geriatr Soc
51:636-641, 2003. ‘

Key words: handgrip strength; muscle strength; predictor
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andgrip strength, an easy test that correlates with el-

bow flexion strength (r = 0.672), knee extension
strength (r = 0.514), and trunk extension strength (r =
0.541) and thus gives an approximation of total body
muscle strength,' has been found to be a robust predictor
of mortality and disability.2* The association between grip
strength and mortality has been observed in multiple pop-
ulations ranging from hospitalized female geriatric pa-
tients to healthy middle-aged men followed for 30 years,**
but neither the association between strength and cause-
specific mortality nor the potential mechanisms explaining
the association between muscle strength and mortality
have been examined.

Chronic conditions, such as coronary heart disease,
stroke, chronic obstructive pulmonary disease (COPD),
and diabetes mellitus are common underlying causes of
death in old age. The presence of these diseases is asso-
ciated with decreased muscle strength.” The suggested
pathways from disease to muscle impairment include
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