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Background. Skeletal muscle wasting is common and insidious in patients who
are undergoing hemodialysis. However, the association between lower extremity
muscle strength and all-cause mortality remains unclear in this population.

Objective. The purpose of this study was to investigate the prognostic signifi-
cance of lower extremity muscle strength on 7-year survival in a cohort of patients
who were clinically stable and undergoing hemodialysis.

Design. A prospective cohort study was conducted.

Methods. A total of 190 Japanese outpatients who were undergoing maintenance
hemodialysis 3 times per week at a hemodialysis center were followed for up to 7
years. Lower extremity muscle strength was evaluated using a handheld dynamom-
eter at the time of patient enrollment in the study. Muscle strength data were divided
by dry weight and expressed as a percentage. A Cox proportional hazards regression
model was used to assess the contribution of lower extremity muscle strength to
all-cause mortality.

Results. The median age (25th and 75th percentiles) of this study population was
64 years (57 and 72 years), 53.2% of the patients were women, and the time on
hemodialysis was 39.0 months (15.9 and 110.5 months) at baseline. During a median
follow-up of 36.0 months, there were 30 deaths. With a multivariate Cox model, the
hazard ratio in the group with a knee extensor strength of �40% was 2.73 (95%
confidence interval�1.14–6.52) compared with that in the �40% group.

Limitations. This was a small-scale observational study, and the mechanisms
underlying the higher mortality risk in patients with poor muscle strength undergoing
hemodialysis than in other patients undergoing hemodialysis remain to be elucidated.

Conclusions. Decreased lower extremity muscle strength was strongly associ-
ated with increased mortality risk in patients undergoing hemodialysis.
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Skeletal muscle wasting, which
is associated with impaired
physical performance, is com-

mon and insidious in patients under-
going hemodialysis. Previous studies
have shown that lower extremity
muscle strength in patients undergo-
ing hemodialysis was poorer than in
healthy age- and sex-matched indi-
viduals.1,2 Sterky and Stegmayr3

reported that muscle strength in
patients undergoing hemodialysis
was only about half that of healthy
adults. In general, muscular weak-
ness is believed to be associated with
lower levels of physical perfor-
mance, such as in walking ability and
standing balance function. Recently,
impaired physical performance was
reported to predict not only adverse
health-related events but also death.
In a meta-analysis of community-
dwelling populations by Cooper et
al,4 a strong association was found
between impaired physical perfor-
mance and high risk of all-cause
mortality.

The mortality rate among patients
undergoing hemodialysis is very high
despite continual improvements in
dialysis technology. To date, the
determinants of mortality in patients
undergoing maintenance hemodialy-
sis include older age, body mass,
comorbid conditions, and markers of
nutrition and inflammation.5–8 How-
ever, the association between lower
extremity muscle strength and all-
cause mortality in this patient popu-
lation remains unclear.

In this study, we investigated the
prognostic significance of lower
extremity muscle strength, evaluated
using a handheld dynamometer, in
relation to physical performance and
survival in a cohort of patients who
were clinically stable and adequately
dialyzed.

Method
Participants
Between October 2002 and February
2012, outpatients at the Hemodialy-
sis Center at Sagami Junkanki Clinic
who were clinically stable were
assessed for eligibility for inclusion
in this prospective study. Those
patients who were undergoing main-
tenance hemodialysis therapy 3
times per week were included in the
study. According to data gathered by
the Japanese Society for Dialysis
Therapy, this is the most common
hemodialysis regimen in Japan.
Patients were excluded from our
study if they had been hospitalized
within the previous 3 months; had a
recent myocardial infarction or
angina pectoris; had uncontrolled
cardiac arrhythmias, hemodynamic
instabilities, uncontrolled hyperten-
sion, or renal osteodystrophy with
severe arthralgia; or required walk-
ing assistance. Oral consent was
obtained from all patients by their
physicians.

Demographic and Clinical
Factors
Information on demographic factors
(age, sex, time on hemodialysis) and
physical constitution (body mass
index [BMI], primary kidney disease,
and comorbid conditions such as car-
diac disease and diabetes mellitus)
was collected at the time of study
enrollment. Data for serum albumin
and C-reactive protein levels were
obtained from patient hospital
charts. To quantify comorbid ill-
nesses, we used a comorbidity index
that was developed specifically for
patients undergoing dialysis and can
give a single-value summary for the
following: primary causes of end-
stage renal disease, atherosclerotic
heart disease, congestive heart fail-
ure, cerebrovascular accident/tran-
sient ischemic attack, peripheral vas-
cular disease, dysrhythmia, other
cardiac diseases, chronic obstructive
pulmonary disease, gastrointestinal
bleeding, liver disease, cancer, and

diabetes. This comorbidity score was
calculated using the method previ-
ously described and performed in a
survival analysis of patients undergo-
ing hemodialysis.9

Lower Extremity Muscle Strength
Maximum voluntary isokinetic knee
extensor strength was assessed with
a handheld dynamometer (�Tas
MT-1, Anima, Japan). The dynamom-
eter pad is 56 � 56 mm, and its front
side is curved to fit the shape of the
areas to be measured on the extrem-
ities. The measurement range of this
dynamometer is 0 to 100 kg, with a
recording interval of 0.1 kg. The
accuracy and reliability of this instru-
ment have been reported in previous
studies.10,11

For knee extensor strength assess-
ment, participants were seated on a
bed in an upright posture with their
feet over the side of the bed, hands
on the bed, and knees flexed to 90
degrees. The dynamometer pad was
placed perpendicular to the leg just
above the malleoli. Before testing, all
participants received instruction
from the physical therapists regard-
ing the appropriate evaluation of
knee extensor muscle strength. Par-
ticipants were told to push against
the dynamometer pad by attempting
to straighten their knees for a period
of 5 seconds. The physical therapists
asked the participants to increase
force gradually to maximum volun-
tary effort. During the tests, the
dynamometer pad was stabilized by
the examiner’s hand. Isokinetic knee
extensor strength was measured 3
times on each side, and the highest
value for the right and left legs was
used to calculate the average knee
extensor muscle strength. Further-
more, to adjust for the difference
in physical constitution among
patients, knee extensor strength was
divided by dry weight and expressed
as a percentage.12,13 Lower extrem-
ity muscle strength was measured by
6 testers. All testers in our study
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were Japanese physical therapists
who were instructed in the assess-
ment of muscle strength by a super-
visor and had received sufficient
training before measuring muscle
strength in patients. Previous studies
have demonstrated that intrarater
and interrater reliability of handheld
dynamometry in measuring maximal
isometric knee strength is very
high.14,15

Physical Performance
Maximum gait speed and functional
reach were used in our study for
evaluation of physical performance.
Maximum gait speed is one of the
indexes of walking ability. First, par-
ticipants were asked to walk down a
10-m gait lane with acceleration area
at their usual speed to prepare for
measurement of the maximum gait
speed. Second, they were instructed
to walk safely as fast as possible with-
out running. Previous studies have
demonstrated high reliability and
validity of the 10-Meter Walk
Test.12,16,17 Maximum gait speed
was defined as the higher value of 2
attempts12 and reflected by the ratio
of distance to time (cm/s).

Functional reach is one of the
indexes of standing balance ability.
Participants were asked to stand
comfortably next to a wall and raise
their dominant arm until it was par-
allel to the floor (position 1). The
position of the end of the third meta-
carpal was recorded on the wall. Par-
ticipants were then asked to reach as
far forward as they could without
losing their balance (position 2), and
the position of the end of the third
metacarpal was again recorded.
Functional reach was defined as the
distance between position 1 and
position 2,18 and the higher value of
2 attempts (in centimeters) was
used. The reliability and validity of
this test have been reported in pre-
vious studies.18–21

Data Analysis
Data are presented as median (25th
percentile, 75th percentile) or num-
ber (percentage) and were tested by
the Mann-Whitney U test or chi-
square test. The Pearson product
moment correlation was used to
explore the correlation between
lower extremity muscle strength and
physical performance. For the
Kaplan-Meier estimate of survival
curves, we truncated the data for the
7-year follow-up period to avoid an
insufficient number of patients at
risk. Participants were categorized
into 2 groups by a lower extremity
muscle strength cutoff value of 40%,
and the difference between groups
was tested using a log-rank test. In a
previous study, this cutoff value
defined whether patients were able
to walk independently or depend-
ently,22 and it is commonly applied
to patients and elderly individuals in
Japan.

The 7-year cumulative survival prob-
ability was estimated using the life
table method with the interval
length set at 1 month. To assess the
predictive ability of knee extensor
muscle strength, gait speed, and
functional reach for mortality, we
used values of area under the
receiver operating characteristic
(ROC) curve. A Cox proportional
hazards regression analysis was per-
formed to estimate the independent
prognostic effect of lower extremity
muscle strength on survival after
adjustment for confounders. Within
the present study sample, there were
30 all-cause deaths, which allowed
for a maximum of 3 variables to be
included in the multivariate Cox
model. If the multivariate Cox model
includes more than 3 covariates, it
has the potential to cause overfitting.
To avoid overfitting, all potential
confounding factors of lower
extremity muscle strength, which
include age, sex, BMI, time on hemo-
dialysis, comorbidity score, and
serum albumin and serum C-reactive

protein levels, were reduced to one
composite characteristic by applying
a propensity score.23 The propensity
score reflects the likelihood of a
study participant being assigned to
the knee extensor strength �40% or
�40% group. Once a propensity
score is calculated, the score can be
used in a multivariate Cox model as
an independent variable. Probability
values �.05 were considered statis-
tically significant. Analyses were per-
formed using IBM SPSS software, ver-
sion 12.0 (IBM Corp, Armonk, New
York).

Results
Baseline Characteristics, Lower
Extremity Muscle Strength, and
Physical Performance
A total of 430 Japanese outpatients
were assessed for their eligibility for
inclusion. A total of 101 patients
who did not satisfy the inclusion cri-
teria were excluded, and 139
patients declined to participate in
the study. As a result, 190 patients
undergoing hemodialysis were
recruited (Fig. 1).

Demographic and clinical character-
istics of the participants are summa-
rized in Table 1. The study partici-
pants were 89 men and 101 women
aged 35 to 88 years (median
age�64). Time on hemodialysis was
39.0 months (25th percentile, 75th
percentile�15.9 months, 110.5
months) at baseline. The most com-
mon underlying kidney disease in
the study sample was diabetic
nephropathy (33.7%), and the next
most common was glomerulonephri-
tis (32.1%). The comorbidity score
was 5.0 (25th percentile, 75th per-
centile�3.0, 7.0). Knee extensor
muscle strength was 40.7% (25th
percentile, 75th percentile�32.1%,
49.1%). A total of 47.4% of partici-
pants were included in the group
with �40% knee extensor strength,
which was chosen as a cutoff value
for lower extremity muscle strength.
Maximum gait speed was 147.1 cm/s
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(25th percentile, 75th percen-
tile�122.4 cm/s, 173.0 cm/s), and
functional reach was 30.5 cm (25th
percentile, 75th percentile�27.0
cm, 35.0 cm).

Table 2 shows baseline characteris-
tics of the participants according to
knee extensor strength (�40% or
�40%). The percentage of women in
the �40% group was significantly
lower than in the �40% group
(P�.001). Serum albumin levels in
the �40% group were significantly
higher than in the �40% group
(P�.007). The maximum gait speed
and functional reach in the �40%
group were significantly higher than
in the �40% group (P�.001, respec-
tively). Other baseline characteris-
tics did not significantly differ
between the groups.

Lower Extremity Muscle Strength
and Physical Performance
Figure 2 shows the associations
between knee extensor strength and
physical performance. Knee exten-
sor strength significantly correlated
with maximum gait speed (r�.55,
P�.001) and functional reach
(r�.42, P�.001).

Kaplan-Meier Estimate of Patient
Survival
Participants were followed for up to
7 years. Overall follow-up duration
ranged from 2 to 84 months (X�36).
A total of 30 participants died by the
end of the follow-up period: 16 of
cardiovascular disease, 5 of infec-
tion, 1 of cerebrovascular disease, 1
of gastroenterologic disease, and 7 of
unknown causes. The 7-year cumu-
lative survival rates were 92.0% in
the �40% group and 75.6% in the
�40% group. More than half of the
participants in each group were alive
at the end of follow-up. Twenty-five
percent of participants with low
knee extensor strength died after 45
months. However, the mortality rate
of participants with high knee exten-
sor strength at the end of the

follow-up period was �25%. This
finding indicates superior survival in
patients with high knee extensor
strength (P�.003) (Fig. 3).

Effect of Lower Extremity Muscle
Strength on Survival Using a Cox
Proportional Hazards Regression
Analysis
The area under the ROC curve was
0.66 (95% confidence interval
[CI]�0.55–0.77, P�.005) for knee
extensor muscle strength, 0.74 (95%
CI�0.64–0.84, P�.001) for gait
speed, and 0.68 (95% CI�0.58–
0.77, P�.002) for functional reach.
With a Cox proportional hazards
model, the crude hazard ratio (HR)
in the �40% group was 3.20 (95%
CI�1.42–7.20, P�.005) compared
with that in the �40% group, indi-
cating that low muscle strength of
the lower extremities was associated
with an elevation in all-cause mortal-
ity risk (Tab. 3). After adjustment for
the effects of age, sex, BMI, time on
hemodialysis, comorbidity score,
and serum albumin and C-reactive
protein levels, the HR became 3.71
(95% CI�1.46–9.40, P � 0.006). An
analysis with the propensity score,

performed to adjust for the effect of
knee extensor strength by transform-
ing all other confounding variables
into a single estimator, revealed that
after adjustment, low knee extensor
strength still had a significant nega-
tive effect on survival (HR�2.73,
95% CI�1.14–6.52, P�.02).

Discussion
In this prospective study, we exam-
ined all-cause mortality in a cohort of
190 patients undergoing hemodialy-
sis. After an observation period of up
to 7 years, 15.8% of the patients had
died, and cardiovascular disease was
the leading cause of death. The main
finding of this study is the significant
effect of lower extremity muscle
strength at study entry on mortality
in patients undergoing hemodialysis.
The effect was independent of age,
sex, BMI, time on hemodialysis,
comorbid conditions, and markers of
nutrition and inflammation. To our
knowledge, this is the first study
showing the association between
lower extremity muscle strength and
mortality in patients undergoing
hemodialysis. On the basis of our
findings, participants with severely

430 Japanese outpatients undergoing hemodialysis
3 times per week at the Hemodialysis Center at
Sagami Junkanki Clinic from October 2002 to
February 2012

101 patients were excluded because they did not meet criteria
•32 patients had severe cardiovascular disease
•16 patients were hospitalized or changed clinics within 3 mo
       prior to the study
•11 patients needed assistance in walking or activities of daily living
•5   patients had an amputated leg or toe
•37 patients were excluded for other reasons

329 patients were eligible for the study

139 patients declined to participate in the study

190 patients agreed to participate in the study and
were followed for up to 7 y

Figure 1.
Flow diagram of the participant selection and exclusion process.
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decreased lower extremity muscle
strength (�40%) had a 2.7-fold
higher risk of death than those with
high lower extremity muscle
strength (�40%).

In our study, we used a handheld
dynamometer to evaluate knee
extensor muscle strength. It was pre-
viously reported that intrarater and
interrater reliability of values with
the handheld dynamometer were
very high.14,15,24 Piao et al25 reported
that measurements of knee extensor
muscle strength with a handheld
dynamometer were generally consis-
tent with values derived using a gold-

standard device (Kin-Com, Chattecx
Corp, Harrison, Tennessee). In this
study, we evaluated patients’ lower
extremity muscle strength using a
similar handheld dynamometer. In
addition, we used knee extensor
muscle strength instead of handgrip
strength as an index of muscle
strength because handgrip strength
of patients undergoing hemodialysis
is decreased by the presence of the
hemodialysis shunt in the arm and, in
some cases, because of carpal tunnel
syndrome, cubital tunnel syndrome,
or destructive cervical spondylosis
due to dialysis-related amyloidosis.
Knee extensor muscle strength is

not directly influenced by the hemo-
dialysis shunt or these comorbidities
in the upper extremities.

We examined the association of
knee extensor muscle strength with
physical performance in order to
reconfirm the validity of the hand-
held dynamometer in our study.
Bohannon17 reported that knee
extensor muscle strength was signif-
icantly correlated with maximum
gait speed in healthy individuals. Fur-
thermore, Kutsuna et al12 assessed
knee extensor muscle strength and
other physical performance parame-
ters in patients undergoing mainte-
nance hemodialysis, who demon-
strated significant effects of knee
extensor muscle strength on maxi-
mum gait speed, independent of clin-
ical characteristics and physical
activity levels. Knee extensor muscle
strength significantly correlated with
physical performance tests in our
study, and our findings agree with
those of prior studies. However,
although knee extensor muscle
strength is a good indicator of gait
ability and balance function in
patients undergoing hemodialysis,
evaluation of muscle strength in the
clinical setting alone is not sufficient.
A comprehensive assessment of
physical function is necessary for
predicting outcomes such as disabil-
ities or survival.

We categorized patients into 2
groups on the basis of knee extensor
muscle strength using a cutoff value
of 40%. In Japan, people with values
under this cutoff point may need
assistance with walking. However,
although all patients in our study
population walked unassisted,
approximately half of them had mus-
cle strength lower than the cutoff
value. Yamamoto et al26 reported
that knee extensor strengths evalu-
ated using a handheld dynamometer
in elderly patients with a first
acute myocardial infarction and
community-dwelling elderly adults

Table 1.
Patient Characteristics, Lower Extremity Muscle Strength, and Physical Performance
at Baselinea

Characteristic Total (N�190)

Age (y) 64 (57, 72)

Women 101 (53.2)

Body mass index (kg/m2) 20.9 (19.0, 23.0)

Time on hemodialysis (mo) 39.0 (15.9, 110.5)

Primary kidney disease

Diabetic nephropathy 64 (33.7)

Glomerulonephritis 61 (32.1)

Hypertension 17 (8.9)

Polycystic renal disease 6 (3.2)

Other nephropathies 42 (22.1)

Comorbid condition

Presence of cardiac diseaseb 93 (48.9)

Presence of diabetes mellitus 73 (38.4)

Comorbidity score 5.0 (3.0, 7.0)

Laboratory values

Serum albumin (g/dL) 3.9 (3.7, 4.1)

Serum C-reactive protein (mg/dL) 0.1 (0.0, 0.3)

Lower extremity muscle strength

Knee extensor strength (%) 40.7 (32.1, 49.1)

�40% 90 (47.4)

�40% 100 (52.6)

Physical performance

Maximum gait speed (cm/s) 147.1 (122.4, 173.0)

Functional reach (cm) 30.5 (27.0, 35.0)

a Values are expressed as median (25th percentile, 75th percentile) or number (percentage of total).
b History of coronary disease, congestive heart failure, myocardial infarction, peripheral vascular
disease, or other cardiac disease.
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were 47.6% and 60.2%, respectively.
Because knee extensor muscle
strength in our study participants
was 40.7%, knee extensor muscle
strength may be lower in patients
undergoing hemodialysis than in
other populations. This finding is
consistent with previous studies that
reported muscle weakness in
patients undergoing hemodialysis1–3

and highlights the necessity for an
objective evaluation of muscle
strength even though patients may
not display gait abnormality.
Decreased muscle strength may
already be present in patients under-
going hemodialysis before they
exhibit difficulty in walking. In our
study, decreased lower extremity
muscle strength predicting a worse
prognosis in this patient population
without severe difficulty in walking
was of clinical significance.

Risk factors that may be associated
with low muscle strength in patients
undergoing hemodialysis include
systemic inflammation, protein
energy malnutrition, and comorbid
conditions, which are all common in
this patient population.27 In addi-
tion, a sedentary lifestyle has a neg-
ative effect on muscle strength.
Many resistance training trials have
been conducted with these patients.
The majority of these trials demon-
strated that prolonged exercise is
safe and beneficial for this patient
population. In 2005, Cheema and
Singh28 systematically reviewed trials
of exercise training involving adult
patients undergoing hemodialysis
and showed the positive effects of
high-intensity exercise training on
muscle strength. Recently, the bene-
fits of resistance training during dial-
ysis sessions have been report-
ed.29–31 Although the association of
muscle strength improvement with
survival remains unclear, improve-
ment in lower extremity muscle
strength in this patient population is
believed to be associated with
improved quality of life, improve-

Figure 2.
Correlation between lower extremity muscle strength and physical performance. Scat-
ter plots reflect the correlation between knee extensor strength and maximum gait
speed or functional reach.

Table 2.
Baseline Characteristics by Knee Extensor Strength (�40% or �40%)a

Characteristic

Knee Extensor Strength

P<40% (n�90) >40% (n�100)

Age (y) 64 (57, 72) 64 (57, 73) .57

Women 63 (70.0) 38 (38.0) �.001

Body mass index (kg/m2) 20.4 (18.8, 22.9) 21.2 (19.0, 23.0) .54

Time on hemodialysis (mo) 45.5 (17.0, 153.3) 31.6 (11.9, 97.5) .12

Primary kidney disease .93

Glomerulonephritis 26 (28.9) 35 (35.0)

Diabetic nephropathy 31 (34.5) 33 (33.0)

Hypertension 9 (10.0) 8 (8.0)

Polycystic renal disease 3 (3.3) 3 (3.0)

Other nephropathies 21 (23.3) 21 (21.0)

Comorbid condition

Presence of cardiac diseaseb 45 (50.0) 48 (48.0) .45

Presence of diabetes mellitus 35 (38.9) 38 (38.0) .51

Comorbidity score 5.0 (3.0, 7.0) 4.0 (2.0, 6.0) .09

Laboratory values

Serum albumin (g/dL) 3.8 (3.7, 4.1) 3.9 (3.8, 4.1) .007

Serum C-reactive protein (mg/dL) 0.1 (0.0, 0.3) 0.1 (0.1, 0.3) .35

Lower extremity muscle strength

Knee extensor strength (%) 31.6 (27.3, 35.8) 48.8 (45.0, 56.3) �.001

Physical performance

Maximum gait speed (cm/s) 133.0 (114.1, 149.0) 161.7 (145.9, 183.7) �.001

Functional reach (cm) 29.0 (25.0, 31.5) 33.0 (28.0, 37.5) �.001

a Values are expressed as median (25th percentile, 75th percentile) or number (percentage of total).
b History of coronary disease, congestive heart failure, myocardial infarction, peripheral vascular
disease, or other cardiac disease.

Lower Extremity Muscle Strength and All-Cause Mortality in Japanese Patients Undergoing Dialysis

952 f Physical Therapy Volume 94 Number 7 July 2014



ment in activities of daily living, and
increased exercise tolerance.30–32

Based on these findings, it may be
important to include exercise ther-
apy in routine care for patients
undergoing hemodialysis.

With respect to our results, several
possibilities may be considered.
First, previous studies have shown
that decreased muscle strength was
associated with decreased walking
ability and standing balance func-
tion,12,30,33 as was the case in our
study. Patients with impaired physi-

cal performance are considered to
be at increased risk for falls, and falls
can predict hospitalization, the need
for long-term institutional care, or
bedridden status.34–36 In addition,
Cooper et al4 reported that in a meta-
analysis, people in community-
dwelling populations with impaired
physical performance were at a high
risk for death. In our study, physical
performance parameters such as gait
speed and functional reach were sig-
nificantly associated with mortality,
and prognosis prediction ability of
physical performance tests was higher

than knee extensor muscle strength,
which is one of the factors affecting
gait ability and balance function.
Therefore, impaired physical perfor-
mance would have a potentially detri-
mental effect on mortality, not only in
general populations but also in
patients undergoing hemodialysis.

Second, physical activity in patients
with lower muscle strength who are
undergoing hemodialysis may be less
frequent than in other patients. Kut-
suna et al12 reported that knee exten-
sor muscle strength evaluated with a
handheld dynamometer correlated
with objectively measured physical
activity in patients undergoing
hemodialysis. Previous studies have
established the strong benefits of
increased physical activity on mortal-
ity in the general population, older
patients with cardiovascular disease,
and patients with chronic kidney dis-
ease.37–40 Furthermore, we previ-
ously reported the prognostic signif-
icance of habitual physical activity,
evaluated using an accelerometer
(gold standard), on survival in a
cohort of patients undergoing hemo-
dialysis.41 Engaging in physical activ-
ity improves the risk factors for car-
diovascular disease,42–46 which is the

Figure 3.
Kaplan-Meier analysis of survival for 190 patients undergoing hemodialysis. Participants
with knee extensor strength above the median value of 40% (thick dark line) at baseline
had significantly better survival than those with a lower value (dotted line) (P�.003 by
log-rank test).

Table 3.
Univariate and Multivariate Cox Models for the Effects of Lower Extremity Muscle Strength on Survivala

Factor Unit of Increase

Univariate Cox Modelb Multivariate Cox Model 1c Multivariate Cox Model 2d

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Knee extensor strength (%) (vs �40) 3.20 (1.42–7.20) .005 3.71 (1.46–9.40) .006 2.73 (1.14–6.52) .02

Age (y) 1 y 1.09 (1.05–1.13) �.001 1.07 (1.02–1.12) .008

Women (vs men) 0.69 (0.34–1.43) .33 0.63 (0.26–1.54) .30

Body mass index (kg/m2) 1 kg/m2 0.91 (0.80–1.04) .17 0.92 (0.80–1.07) .28

Time on hemodialysis (mo) 1 mo 1.00 (0.99–1.00) .40 1.00 (1.00–1.01) .45

Comorbidity score 1 point 1.25 (1.12–1.39) �.001 1.17 (1.02–1.33) .02

Serum albumin (g/dL) 0.1 g/dL 0.92 (0.82–1.04) .17 1.10 (0.96–1.26) .17

Serum C-reactive protein (mg/dL) 0.1 mg/dL 1.09 (1.05–1.12) �.001 1.09 (1.05–1.13) �.001

Propensity score 2.58 (0.39–16.95) .33

a Analyses were performed using a Cox proportional hazards regression model. HR�hazard ratio, 95% CI�95% confidence interval.
b Unadjusted by clinicopathological factors of survival.
c Adjusted by age, sex, body mass index, time on hemodialysis, comorbidity score, and levels of serum albumin and C-reactive protein.
d Adjusted by applying a propensity score, which is a conditional probability of knee extensor strength determined by other clinicopathological factors.

Lower Extremity Muscle Strength and All-Cause Mortality in Japanese Patients Undergoing Dialysis

July 2014 Volume 94 Number 7 Physical Therapy f 953



primary cause of death in hemodial-
ysis populations. In particular, we
had previously examined the associ-
ation of physical activity measured
by accelerometer with high-density
lipoprotein cholesterol (HDL-C)
level in Japanese patients undergo-
ing hemodialysis and reported the
significant effect of physical activity
on HDL-C level.47 Therefore, physi-
cal inactivity might increase the risk
of mortality, whereas increasing
physical activity improves muscle
strength. Lower extremity muscle
strength and physical activity param-
eters may interact.

Third, patients with adequate mus-
cle strength often have good nutri-
tion. Malnutrition is a predictor of
mortality in patients undergoing dial-
ysis.48 Wang et al49 reported that
muscle strength may be used as a
nutrition-monitoring tool. The par-
ticipants in the current study with
poor lower-extremity muscle
strength may have had malnutrition,
which could have contributed to a
poor outcome.

Fourth, muscle strength is associated
with insulin resistance. Shinohara et
al50 reported that insulin resistance
was a strong risk factor for cardiovas-
cular mortality in patients with end-
stage renal disease, and Rasic-
Milutinovic et al51 reported an
association between muscle wasting
and insulin resistance in patients
undergoing hemodialysis. In a previ-
ous study, exercise interventions
improved the insulin sensitivity of
patients with lifestyle-related dis-
eases such as type 2 diabetes and
hypertension.52 However, in another
study, although patients with hemo-
dialysis engaged in exercise classes
twice weekly for 3 months, the inter-
vention had no effect on insulin
resistance.45 The reason for this find-
ing was discussed in the same article;
the duration and frequency of exer-
cise appeared to be inadequate.

Our study had some limitations.
First, because it was a small-scale
observational study, the results of
our study might lack general versatil-
ity. The percentage of women in the
high muscle strength group was sig-
nificantly lower than in the low
strength group. Thus, the accuracy
of results might be improved by ana-
lyzing the data for each sex sepa-
rately. Further large-scale prospec-
tive cohort studies are needed.
However, we analyzed the associa-
tion of lower extremity muscle
strength with survival after adjust-
ment for the effect of sex and other
factors.

Second, we adopted the method
used for propensity scoring to avoid
overfitting and neglect of all
observed covariates. For observa-
tional, nonrandomized studies, pro-
pensity scores appear to represent
one of the best available methods to
adjust for differences of patients.
However, the differences of patient
characteristics attributed to knee
extensor strength �40% versus
�40% in our study were adjusted by
only observed factors. Therefore, we
may need to obtain additional infor-
mation regarding patient characteris-
tics that potentially affect lower
extremity muscle strength in
patients undergoing maintenance
hemodialysis.

Third, because we measured muscle
strength only at baseline, we did not
consider the change of muscle
strength in our participants. Ideally,
muscle strength would have been
evaluated at differing time points.
However, the patients in our study
were in relatively stable condition
within a general dialysis population
and were not treated with any regu-
lar exercise therapies. As stated
above, dramatic fluctuations of mus-
cle strength over time would not be
observed in our study participants
unless they started muscle strength-
ening exercise on their own during

the observational period. Therefore,
we believe that the measurement of
muscle strength at baseline fairly
accurately predicts the future value.

Fourth, although we reported that
participants with poor muscle
strength experienced a higher mor-
tality risk than the other participants,
the underlying mechanisms remain
to be elucidated.

In conclusion, decreased lower
extremity muscle strength is strongly
associated with survival in patients
undergoing hemodialysis who are
clinically stable. Future studies are
needed to determine the potential
mechanisms underlying this
association.
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