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Low muscle strength is associated with mortality, presumably as a result of low muscle mass
(sarcopenia) and physical inactivity. Grip strength was longitudinally collected in 1071 men
over a 25-year period. Muscle mass was estimated by using 24-hour creatinine excretion and
physical activity values, obtained by questionnaire. Survival analysis examined the impact of
grip strength and rate of change in strength on all-cause mortality over 40 years. Lower and de-
clining strength are associated with increased mortality, independent of physical activity and
muscle mass. In men 

 

�

 

60 years, rate of loss of strength was more important than the actual lev-
els. In men 

 

�

 

60 years, strength was more protective than the rate of loss, which persisted when
muscle mass was considered. Strength and rate of change in strength contribute to the impact of
sarcopenia on mortality. Although muscle mass and physical activity are important, they do not
completely account for the impact of strength and changes in strength.

GING is associated with a decline in skeletal muscle
mass and muscle strength, termed sarcopenia (1),

which may lead to poorer physical function in several activ-
ities of daily living. Poor physical performance has been
shown to predict disability, nursing home admission, and
mortality in community-dwelling older adults (2). The se-
quence of events illustrates a downward spiral of strength
reduction, fewer activities performed, further declines in
strength, diminished functional abilities, disabilities, loss of
independent living, and subsequent death.

There is no single theory that adequately explains the
age-associated decrements in muscle mass and strength.
The aging process accounts for 30–40% of the declines in
strength (3), with the remaining decrease explained by a re-
duction in habitual activity (4,5), nutritional deficiencies, or
chronic disease. Physical inactivity is a modifiable risk fac-
tor that, when decreased, has been associated with greater
muscle strength (6) and reduced mortality rates (7,8). How-
ever, the relationship between strength and mortality is less
clear than the relationship between physical activity and
mortality.

The effects of muscle strength may lie in the higher func-
tional capability associated with greater strength (9); the as-
sociation with greater lean body mass relative to overall
size; or the association with higher levels of physical activ-
ity and cardiovascular fitness. Several studies have shown
that stronger individuals have a lower mortality (10–12),
and that mortality is more closely related to strength levels
than to body mass (12). At present, we are unaware of evi-
dence that the effect of strength on mortality is independent
of the level of physical activity or muscle mass, though
Rantanen and colleagues (4) have shown that changing

strength levels in 75- to 80-year-old subjects are related to
their levels of activity. We are also unaware of studies that
have examined the impact of nonterminal changes in mus-
cle strength over time on mortality. This study addresses
whether muscle strength in men (as assessed by grip
strength) or rate of change in grip strength over time has an
independent impact on all-cause mortality when body mass,
muscle mass, and physical activity are considered over a
40-year period of follow-up.

 

M

 

ETHODS

 

Study Population

 

The subjects are male participants in the Baltimore Lon-
gitudinal Study of Aging (BLSA), a prospective study of the
aging process that started in 1958 (13). Women entered the
study starting in 1978, and too few women have had grip
strength measurements and deaths for us to evaluate the ef-
fect of strength on mortality. BLSA participants are com-
munity-residing volunteers who tend to be well educated,
with above-average income and access to medical care.
These subjects visit the Gerontology Research Center at
regular intervals for 2 days of medical, physiological, and
psychological testing. Each participant has a health evalua-
tion by a health provider (physician, nurse practitioner, or
physician assistant).

 

Isometric Grip Strength

 

Grip strength was measured as described by Kallman and
colleagues (14) from 1960 to 1985. A Smedley hand dyna-
mometer, calibrated to known weights, was adjusted for
hand comfort and fit. Subjects were told to place their arms
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in a relaxed, stationary position. Three maximal grips were
taken, and the highest was recorded for each hand. The co-
efficient of variation between measurements in each hand
was 6%. Test–retest reliability showed a correlation of .94
in 40 subjects tested on 2 subsequent days with no differ-
ence in mean strength levels.

 

Assessment of Physical Activity

 

Leisure-time physical activity (LTPA) was self-reported
and based on the amount of time spent performing 97 activ-
ities since the last biennial visit. The reported time spent in
daily activities was based on a routine day. The intensity of
each reported activity was expressed in metabolic units
(METs, or metabolic equivalents of oxygen consumption)
based on the coding catalog described by Ainsworth and
colleagues (15) and Jetté and colleagues (16). One MET
corresponds to an oxygen uptake of 3.5 ml per kilogram per
minute, which approximates resting oxygen utilization. The
number of minutes spent performing each activity was mul-
tiplied by the assigned MET value (MET-minutes). As a
way to adjust for overestimation or underestimation of time
reported performing activities, the data from all 97 activities
and reported sleep were normalized to 1440 minutes, that is,
24 hours (17). Activities were further categorized according
to estimated intensity: low-intensity LTPAs were those
activities requiring an energy expenditure of less than 4
METs, such as playing cards or walking slowly; moderate-
intensity LTPAs were those requiring between 4 and 5.9
METs, such as walking quickly or bicycling recreationally;
and high-intensity LTPAs were those requiring an energy
expenditure of 6 METs or greater, such as swimming laps or
running. Total LTPA was computed by totaling the MET-
minutes for all three intensity levels of LTPA. The question-
naire was not necessarily completed at each visit, but at
3300 of 4749 visits. When the questionnaire was completed
in subsequent visits within 10 years of the missing visit, the
response from the subsequent visit was used. We did not use
data from earlier visits because of known age-associated de-
clines.

 

Assessment of Muscle Mass

 

Total body muscle mass was estimated by using 24-hour
creatinine excretion values, obtained by standard clinical
procedures (18), which is a widely used method to estimate
muscle mass (19,20). Muscle is estimated to be 17–20 kg
whole wet mass/g of urinary creatinine. The variability in
excretion has been reported (21) with a mean residual that
was 8.5% of the mean, which is within the test–retest vari-
ability range reported in the literature (20,22). Body mass
index (BMI) was calculated as weight (kilograms) divided
by the square of height (meters).

 

Assessment of Endpoints

 

Deaths were ascertained by intermittent telephone follow-
up of inactive participants, correspondence from relatives,
and annual searches of the National Death Index. Ascertain-
ment of deaths was high, with an ability to track 98% of sub-
jects. For deceased BLSA subjects, the cause of death was
determined by the consensus of three physicians reviewing
all available information, including death certificates, letters

from physicians and families, medical records, and autopsy
reports.

 

Data Analysis

 

Differences in baseline characteristics between survivors
and decedents were assessed, for the whole sample and
when stratified at age 60, by one-way analysis of variance to
determine the equality of means while chi-square tests were
applied to compare percentages. Descriptive data are ex-
pressed as mean 

 

�

 

 

 

SD

 

 unless otherwise stated. For all anal-
yses, a two-tailed value of 

 

p

 

 

 

�

 

 .05 was used to indicate sta-
tistical significance.

As a way to assess how initial levels of strength were as-
sociated with time to death, proportional hazard models and
Kaplan–Meier survival curves were estimated from data
collected at the first assessment. A log rank test (23) was ap-
plied to test for equality of survival among various strata in
the Kaplan–Meier analysis. Two strata were constructed on
the basis of age greater than or equal to 60 years, or less
than 60 years, and initial strength was categorized into four
groups on the basis of quartiles of grip strength derived
from the entire cohort of men. S-PLUS 2000 (Insightful, Se-
attle, WA) was used to perform all analyses.

Proportional hazard analysis was used to determine the
longitudinal contribution of strength and rate of change in
grip strength on mortality, using the survival functions de-
veloped by Therneau (24). Time-dependent covariates in
the longitudinal analyses used the Anderson–Gill formula-
tion as a counting process. For each subject, time was di-
vided into intervals between evaluations, and the covariates
were based on the evaluation at the start of the interval. Rate
of change in muscle strength at a given evaluation was cal-
culated as the difference in strength from the previous visit
divided by the time between visits. Thus, both grip strength
and rate of strength change could increase or decrease over
time. Longitudinal models included, for each visit, rate of
changes in grip strength, grip strength itself, age, height,
and BMI, with physical activity and creatinine excretion
added sequentially. Analysis included all subjects with
stratification at age 60, and separate analyses for men who
were 

 

�

 

60 years of age and for those who were 

 

�

 

60 years.
Age cut points were chosen (a) to ensure a sufficient num-
ber of events in the two age groups, (b) to account for a
Martingale residual analysis which found excess mortality
in older subjects starting near age 60 years, and (c) to depict
the age-associated loss in grip strength observed in men
over age 60 (14).

 

R

 

ESULTS

 

Subjects consisted of 1071 men who were followed for a
total of 24,357 years, with 533 deaths. Deaths were grouped
into categories as presented in Table 1. Cardiovascular dis-
eases and cancer accounted for over 60% of the deaths. The
average age at death was 79.5 

 

�

 

 11.5 years; the average age
in September 1999 for survivors was 66.3 

 

�

 

 13.8 years. The
mean time from the last evaluation to death was 10.3 

 

�

 

 7.0
years (range 0.1–32 years), and that from initial evaluation
to death was 17.5 

 

�

 

 9.4 years (range 0.1–38 years). Subject
characterization at baseline for the entire sample and by age
group is shown in Table 2. For men 

 

�

 

60 years, survivors
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were younger, had longer follow-up, lower BMI, greater
height, and greater muscle mass; they did more physical ac-
tivity but did not differ in grip strength. For those men 

 

�

 

60
years at baseline, the main differences between those still
alive and those who were dead were in the length of follow-
up, level of physical activity, and grip strength. Strength de-
creased with increasing age, as has been previously reported
(14). In addition, the mean strength decline between visits
was 0.8 

 

�

 

 6.5 kg per year (

 

p

 

 

 

�

 

 .0001), with decedents
showing a significantly greater decline in strength between
visits, at 1.5 

 

�

 

 6.2 kg per year, than the 0.22 

 

�

 

 6.6 kg per
year decline for those who survived (

 

p

 

 

 

�

 

 .004, adjusted for
age differences). The differences in rates of decline per-
sisted when only visits that were more than 5.0 years before
death were considered (

 

p

 

 

 

�

 

 .004).
Initial muscle strength was a significant predictor of all-

cause mortality after stratification for age 

 

�

 

60 years, with a
relative risk (RR) 

 

�

 

 .985, and a 95% confidence interval
(CI) of .980–.991, per kilogram increase in grip strength,
which implies that a man at the 25th percentile of grip
strength (83 kg for both hands) would have a RR of 1.22 (a
22% increased risk of death) compared with a man at the
median for grip strength (96 kg for both hands). When ini-
tial grip strength was examined as four groups (divided at
quartiles 83, 96, and 108 kg) with age 60 years as strata,
there was a progressive reduction in risk as compared with

 

the lowest quartile with a second quartile RR of .715 (.576–
.888), a third quartile of .656 (.513–.839), and a highest
quartile of .509 (.379–.684). A Kaplan–Meier plot stratified
at age 60 years for grip strength quartiles is shown in Figure
1, with a significant (

 

p

 

 

 

�

 

 .0001) difference between the
quartiles. When the two age strata were examined sepa-
rately, the impact of strength was observed in the older age
group (

 

p

 

 

 

�

 

 .0002), but not the younger group (

 

p

 

 

 

�

 

 .14).
The findings based on a baseline analysis persisted when
only subjects who survived for at least 5 years after the as-
sessment were included.

Longitudinal changes in grip (14) and arm strength (6)
have been reported in the BLSA. Figure 2 presents exam-
ples of the time course of change in grip measurements
from subjects who were evaluated on at least 12 occasions.
When strength was examined longitudinally over the 25
years, a significant relationship (

 

p

 

 

 

�

 

 .0001) was found, with
mortality demonstrating a RR of .989 (CI .984–.994) per ki-
logram of strength after age was adjusted for. The risk asso-
ciated with lower strength levels in the longitudinal analysis
was very similar to what was found in the baseline analysis
(see previous paragraph). The relationship persisted for men
who were 

 

�

 

60 years at their first evaluation (

 

p

 

 

 

�

 

 .01, RR 

 

�

 

.991, CI 

 

�

 

 .984–.998) and for men 

 

�

 

60 years of age at first
evaluation (

 

p

 

 

 

�

 

 .007, RR 

 

�

 

 .990, CI 

 

�

 

 .982–.997).
The rate of change in muscle strength between assess-

ments declined with increasing age by 

 

�

 

.045 kg per year
(

 

p 

 

�

 

 .0001; Figure 3). When men showing a decline in
strength between visits were compared with those showing
no change or an increase in strength, strength loss was asso-
ciated with an increased risk of mortality (RR 

 

�

 

 1.34, CI 

 

�

 

1.12–1.62); age, height, BMI, and grip strength were ad-
justed for at each visit (Table 3, Model 1). The risk associ-
ated with loss of strength was particularly important for
men who were 

 

�

 

60 years of age at their first evaluation
(RR 

 

�

 

 1.75, CI 

 

�

 

 1.31–2.74; Table 5, Model 1). In the men

 

�

 

60 years at their first evaluation, grip strength had a RR of
.99 (

 

p

 

 

 

�

 

 .04, CI 

 

�

 

 .98–1.00) per kilogram of strength,
while change in strength was not significant. The effect of
change in grip strength persisted for subjects who survived
more than 5 years following their last evaluation.

 

Table 1. Cause of Death

 

Cause

 

n

 

 % Age (y)

Coronary heart disease 156 29.2 76.1
Other heart disease  12  2.2 80.0
Stroke  50  9.3 81.5
Cancer 113 21.2 76.7
Accident  19  3.6 72.2
Other 116 21.8 83.4
Unknown  57 10.7 85.1
Vascular disease  10  1.9 84.3

 

Note

 

: Underlying cause of death was assessed by a three-physician panel who
reviewed all available data and grouped deaths into eight categories.

 

Table 2. Differences in Baseline Characteristics Between Survivors and Decedents

 

Total

 

�

 

60 y

 

�

 

60 y

Characteristic
Survivors
(

 

n

 

 

 

�

 

 538)
Decedents
(

 

n 

 

�

 

 533)

 

p

 

Survivors
(

 

n

 

 

 

�

 

 518)
Decedents
(

 

n

 

 

 

�

 

 228)

 

p

 

Survivors
(

 

n

 

 

 

�

 

 20)
Decedents
(

 

n

 

 

 

�

 

 305)

 

p

 

Age (y)  38.4 

 

�

 

 11.2 62.0 

 

�

 

 12.8 .0000 37.2 

 

�

 

 9.3 49.7 

 

�

 

 7.4 .0001 70.8 

 

�

 

 7.4 71.1 

 

�

 

 7.0 .84
Follow-up (y) 27.9 

 

�

 

 6.8 17.5 

 

�

 

 9.4 .0000 28.3 

 

�

 

 6.6 21.8 

 

�

 

 9.3 .0001 18.8 

 

�

 

 6.4 14.3 

 

�

 

 8.0 .016
BMI (kg/m

 

2

 

) 25.0 

 

�

 

 3.0 25.3 

 

�

 

 3.0 .19 25.0 

 

�

 

 3.0 25.6 

 

�

 

 3.2 .01 24.1 

 

�

 

 2.8 25.0 

 

�

 

 2.8 .17
Height (cm) 178.2 

 

�

 

 6.6 174.9 

 

�

 

 6.3 .0000 178.4 

 

�

 

 6.5 176.2 

 

�

 

 6.2 .0000 173.5 

 

�

 

 7.0 174.0 

 

�

 

 6.2 .72
Weight (kg) 79.6 

 

�

 

 11.1 77.4 

 

�

 

 10.9 .0013 79.8 

 

�

 

 11.1 79.7 

 

�

 

 11.7 .91 72.6 

 

�

 

 9.0 75.6 

 

�

 

 9.9 .18
Creatinine excretion (gm/24 h) 1798 

 

�

 

 307 1516 

 

�

 

 309 .0000 1770 

 

� 306 1559 � 232 .004 1410 � 273 1371 � 255 .32
Low LTPA (MET-min) 1706 � 287 1633 � 307 .0003 1705 � 289 1637 � 315 .009 1744 � 203 1630 � 301 .17
Moderate LTPA (MET-min) 321 � 267 263 � 237 .0007 324 � 269 289 � 246 .14 228 � 135 239 � 226 .87
High LTPA (MET-min) 175 � 226 70 � 124 .0000 176 � 228  82 � 135 .0001 162 � 163 58 � 112 .002
Total LTPA (MET-min/24 h) 2203 � 479 1966 � 395 .0000 2204 � 482 2009 � 425 .0001 2134 � 341 1927 � 363 .046
Grip strength (kg; both hands) 102.4 � 17.0 89.1 � 18.2 .0000 102.7 � 17.0 100.2 � 15.7 .06 94.6 � 15.6 80.7 � 15.3 .0001

Notes: t tests were used to assess the equality of means. BMI � body mass index; LTPA � leisure-time physical activity; MET-min � number of minutes spent per-
forming each activity, multiplied by the assigned metabolic equivalent value.
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Strength may reflect muscle mass, level of physical activ-
ity, or both. An unresolved question is whether strength or
change in strength contributes to mortality independent of
physical activity and muscle mass. The effect of strength
could be explained by either of these factors. Models in Ta-
bles 3–5 explore this question by sequentially adding physi-
cal activity (Model 2) and muscle mass (Model 3) to the
survival model for all men (Table 3), and then for men ini-
tially older (Table 4) or younger (Table 5) than 60 years of
age. The addition of physical activity (Table 3, Model 2)
found a protective effect against mortality for higher grip

strength and for no loss of strength over time, and high-
intensity LTPA had an independent contribution. As with
the models that did not consider physical activity, loss of
strength was a significant risk for young but not older men,
whereas the actual grip strength was important in older men.
The impact of high-intensity LTPA was primarily seen in
younger men (Table 5, Model 2).

When muscle mass (24-hour excretion of creatinine) was
entered into the models (Tables 3–5, Model 3), change in
grip strength remained significant (p � .003; Table 3,
Model 3). An independent effect of grip strength on mortal-
ity persisted in men �60 years (Table 4, Model 3), whereas
loss of strength over time remained a significant risk in the
younger men (Table 5, Model 3). High-intensity LTPA no
longer had an independent protective effect on survival.

DISCUSSION

Lower muscle strength and muscle mass and greater de-
clines in strength over time are associated with increased
risk of mortality, independent of physical activity and body
mass. In older men, the protective effect of muscle strength
was greater than the effect of rate of change in muscle,
whereas in younger men, the rate of change in strength was
far more important than the actual levels. The effect of
strength on mortality can be accounted for in part by the
level of muscle mass. However, strength continued to have
an independent contribution to all-cause mortality in men
�60 years, while loss of strength over time continued to be
important in younger men.

In younger men, strength levels tend to be high and are
not likely to contribute to functional disabilities and mortal-
ity. In previous work, we have shown that younger men
tend to have a large degree of functional reserve that allows
for an excess in strength, well above thresholds required for
functional requirements (9). Thus, the level of strength
tends to be less important. Changes in strength over time ap-
pear to have a different impact, because men who gain
strength over time have a lower risk than men who lose
strength. The protective effect appears to be independent of
muscle mass and may have to do with levels of fitness,
while being independent of physical activity. Physical activ-
ity and cardiovascular fitness are only modestly correlated
(17), so both may have an independent impact on strength,
disability, and mortality.

In older men, functional performance becomes more di-
rectly dependent on strength, as these men show age-associ-
ated changes in strength and muscle mass, that is, sarcope-
nia. Sarcopenia is associated with increasing frailty in the
elderly population (25), with functional disability, and with
increased risk for age-associated diseases. In men �60
years, we found that lower strength is a risk for mortality
that persists after the amount of lean body mass, which pri-
marily represents muscle, is accounted for. In general, the
more muscle mass, the stronger the individual. However,
this association is modulated by age, as the quality (the
force generated per unit of muscle) declines with age (26).
The persistence of strength as an independent risk after
muscle mass is accounted for suggests that the quality of the
muscle as well as the muscle size is likely important in de-
termining risk. Sarcopenia likely contributes to mortality

Figure 1. Kaplan–Meier plot of survival in men by quartile
strength at their initial assessment age stratified at 60 years. The four
groups are based on quartiles (lowest quartile group is �83 kg sum of
grip in both hands, second quartile group is 83.1–96 kg, third quartile
group is 96.1–108 kg, and fourth quartile group is �108 kg). The
quartile groups differed (p � .0002) in men 60 years and older, but
were not significantly different in younger men (p � .14). The four
groups were divided at the quartiles (83, 96, and 108 kg)

Figure 2. Longitudinal plots by age of total right- and left-hand
grip strength for the 11 men who had 12 or more assessments. Each
plot represents the data from an individual man over many years.
Each subject is presented as a separate line with symbols denoting
measurement times. The same symbol and line element are used for
more than one subject.
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through both a reduction in muscle size and the amount of
force the muscle can generate. This combination is associ-
ated with functional disability, frailty, and decreased coping
ability (25, 27).

Muscle strength represents a potential surrogate for other
aspects of the changing body physiology that occur with
increasing age. Strength is associated with loss of muscle
mass and motor units, altered hormonal, insulin, and growth
factor secretion, and other changes. Declining hormonal and
growth factor secretion is associated with decreasing mus-
cle protein metabolism (28), altering muscle function and

mass. However, muscle protein metabolism does not neces-
sarily change with age (29). Replacement of at least some of
these hormones is associated with increasing levels of mus-
cle mass and strength (30,31). Whether such therapeutic ap-
proaches have an impact on mortality is currently an open
question.

The importance of strength on mortality has not been
completely studied. Rantanen and colleagues (12) found, in
middle-aged men, that grip strength is an independent risk
factor when stratifying based on body weight with a RR of
1.24 (1.11–1.39) in the lowest tertile and 1.14 (1.03–1.26)

Figure 3. Rate of change in total right- and left-hand grip strength between adjacent evaluations by age for all men. As an example, a point
would represent the slope of the line between each pair of visits for a subject shown in Figure 2. The rate of change declines with increasing age
by .045 kg/y (p � .0001).

Table 3. All Subjects: Change in Muscle Strength Relationship to Mortality by Proportional Hazard Analysis

Model 1 Model 2 Model 3

Variable RR CI p RR CI p RR CI p

Grip strength (kg) .991  .985–.997 .004 .992 .984–.999 .035 .995 .986–1.00 .280
Change in strength (kg/y) � 0 1.34 1.11–1.62 .002 1.415 1.123–1.784 .003 1.514 1.152–1.99 .003
Age 1.078 1.068–1.088 .000 1.083 1.070–1.096 .000 1.078 1.063–1.09 .000
BMI 1.013 .984–1.043 .400 1.014 .980–1.050 .420 1.038 .993–1.085 .099
Height (cm) .997 .981–1.013 .720 .998 .978–1.019 .840 1.00 .977–1.03 .870
Low activity (100 MET-min) 1.009 .970–1.049 .670 1.009 .965–1.05 .700
Moderate activity (100 MET-min) .982 .934–1.032 .470 .979 .928–1.03 .440
High MET activity (100 MET-min) .862 .770–.966 .010 .938 .837–1.05 .270
Creatinine excretion (g/24 h) .999 .999–1.00 .000

Notes: The table presents the relative risks for grip strength and the rate of change in grip strength after adjustments for other variables. Change in strength (kg/y) � 0
refers to whether a man has shown a loss in muscle strength between two visits. Model 1 includes adjustments for age, BMI, and height; Model 2 includes adjustments
for age, BMI, height, and low, moderate and high levels of physical activity; Model 3 includes adjustments for age, BMI, height, physical activity, and creatinine ex-
cretion as an estimate of muscle mass. BMI� body mass index; MET-min � number of minutes spent performing each activity, multiplied by the assigned metabolic
equivalent value; RR � relative risk; CI � confidence interval.
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in the middle tertile, with the strongest tertile as the refer-
ence with adjustments for age, occupation, smoking, physi-
cal activity, and body size. Fujita and colleagues (10) found,
in a Japanese health promotion program, that strength inde-
pendently predicts mortality with a RR of 1.92 (1.16–3.16)
in low versus high strength levels for men, but not in
women. The RRs found in both studies are similar to our
findings for grip strength. Neither of these studies examined
the effect of strength over time or rate of changes in
strength. In fact, the rate of changes in strength appears to
have a greater effect than the actual level, at least in men
�60 years of age.

The effect of rate of change in strength raises the question
of whether the observations are based on terminal changes
that occur during the latter years of life. Against this argu-
ment is that the time from the last grip strength measure-
ment to death was on average over 10 years, and two mea-
surements were required to be included in the longitudinal
analyses involving rate of change in grip strength. In addi-
tion, participation in the study required a visit to the Geron-
tology Research Center, and 2–3 days of research studies.
Subjects tended to be in excellent to good self-reported

health. Furthermore, the consideration of only those sub-
jects who survived at least 5 years following an evaluation
did not affect the findings. A terminal effect seems unlikely
to explain the observations in this study.

Increasing mortality with decreasing strength and muscle
mass may be related to changing levels of physical fitness
with age. Work by Fleg and Lakatta (32) has shown that
BLSA subjects demonstrate the typical age-related loss of
cardiovascular fitness measured by O2 max as observed in
other studies. Talbot and colleagues (17) have shown a di-
rect, but relatively weak, association between physical ac-
tivity and cardiovascular fitness in the BLSA. The declining
level of high-intensity activity with age was found to be
an independent predictor of mortality in this study after
strength changes were accounted for. These observations
suggest that the contributions of strength and fitness to mor-
tality are somewhat different, but both are directly related to
what happens to muscle mass.

A major limitation of this study is that we had little data
for women. We have followed women for the past 20 years,
but we had only 6–7 years of hand grip measurements on
approximately 200 women, with very few deaths. Initial ex-

V
•

Table 4. Men �60 Years: Change in Muscle Strength Relationship to Mortality by Proportional Hazard Analysis

Model 1 Model 2 Model 3

Variable RR CI p RR CI p RR CI p

Grip strength (kg)  .988 .977–.999  .024  .982  .967–.996 .011  .980 .965–.995 .001
Change in strength (kg/y) � 0 1.078 .817–1.424  .60 1.200  .829–1.736 .33 1.020 .691–1.507 .92
Age 1.043 1.020–1.066  .0002 1.029 1.00–1.058 .042 1.030 .999–1.062 .057
BMI 1.023 .983–1.065  .26 1.028  .981–1.078 .25 1.059 .990–1.133 .10
Height (cm) 1.014  .990–1.039  .25 1.016  .980–1.053 .38 1.021 .980–1.064 .33
Low activity (100 MET-min)  .989  .937–1.044 .69  .985 .937–1.043 .61
Moderate activity (100 MET-min)  .977  .895–1.066 .60  .970 .879–1.069 .54
High MET activity (100 MET-min)  .881  .708–1.095 .25  .952 .748–1.211 .69
Creatinine excretion  .999 .998–1.000 .004

Notes: The table presents the relative risks for grip strength and the rate of change in grip strength after adjustments for other variables. Change in strength (kg/y) � 0
refers to whether a man has shown a loss in muscle strength between two visits. Model 1 includes adjustments for age, BMI, and height; Model 2 includes adjustments
for age, BMI, height, and low, moderate, and high levels of physical activity; Model 3 includes adjustments for age, BMI, height, physical activity, and creatinine ex-
cretion as an estimate of muscle mass. BMI � body mass index; MET-min � number of minutes spent performing each activity, multiplied by the assigned metabolic
equivalent value; RR � relative risk; CI � confidence interval.

Table 5. Men �60 Years: Change in Muscle Strength Relationship to Mortality by Proportional Hazard Analysis

Model 1 Model 2 Model 3

Variable RR CI p RR CI p RR CI p

Grip strength (kg)  .997 .988–1.00 .40 1.000 .970–1.010 1.00 1.005 .992–1.02 .45
Change in strength (kg/y) � 0 1.758 1.315–2.35 .000 1.724 1.204–2.470 .003 2.178 1.38–3.41 .000
Age 1.054 1.038–1.07 .000 1.067 1.045–1.088 .000 1.066 1.04–1.09 .000
BMI 1.019 .975–1.07 .41 1.028 .973–1.085 .32 1.044  .971–1.12 .25
Height (cm)  .984 .963–1.01 .15  .987 .961–1.013 .32 .996  .963–1.03 .83
Low activity (100 MET-min) 1.003 .941–1.069 .93 1.006  .934–1.08 .88
Moderate activity (100 MET-min)  .989 .930–1.052 .72 .976  .911–1.05 .48
High MET activity (100 MET-min)  .843 .729–.975 .02 .912  .790–1.05 .21
Creatinine excretion .999  .999–1.00 .044

Notes: The table presents the relative risks for grip strength and the rate of change in grip strength after adjustments for other variables. Change in strength (kg/y) � 0
refers to whether a man has shown a loss in muscle strength between two visits. Model 1 includes adjustments for age, BMI, and height; Model 2 includes adjustments
for age, BMI, height, and low, moderate, and high levels of physical activity; Model 3 includes adjustments for age, BMI, height, physical activity, and creatinine ex-
cretion as an estimate of muscle mass. BMI � body mass index; MET-min � number of minutes spent performing each activity, multiplied by the assigned metabolic
equivalent value; RR � relative risk; CI � confidence interval.
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ploration of the data found little influence of muscle
strength in women, but the analysis did not have sufficient
power to justify elaboration. Another consideration is the
degree to which grip strength is a reasonable choice for
body strength. Grip strength was chosen because it has been
reported in other studies that have examined the relation-
ships between muscle strength and disability (33) and mor-
tality (12).

Muscle strength and rate of change in muscle strength
have an impact on all-cause mortality. Risk of mortality was
directly related to strength in older men (�60 years),
whereas rate of change in strength was more important in
men �60 years of age. Having a low level of muscle mass,
which has been referred to as sarcopenia, is an important
contributor to mortality but did not totally account for the
effect of strength.
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