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Abstract

Sarcopenia and physical inactivity synergistically progress in patients with chronic kidney disease (CKD) and are strong predictors
of mortality in this population. Exercise training and essential amino acids and vitamin D supplements may contribute to improv-
ing sarcopenia and physical inactivity in CKD patients.
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1. Context

Sarcopenia is characterized by the loss of skeletal
muscle, which is defined by decreased muscle mass and
strength (1). Sarcopenia often is observed in patients with
chronic kidney disease (CKD) (2). The prevalence of sar-
copenia increases in line with the progression of the stages
of CKD (2).

Various pathological conditions are associated with
CKD, including accumulation of uremic toxins, chronic in-
flammation, insulin resistance, hormonal imbalance, mal-
nutrition, vitamin D deficiency, inadequate oxygen trans-
port as a consequence of anemia, metabolic acidosis, elec-
trolyte disorder, and a protein-restricted diet. These patho-
logical conditions all can contribute to the progression
of sarcopenia and increased physical inactivity in CKD pa-
tients (2-7).

Sarcopenia induces physical inactivity through the
loss of skeletal muscle, which in turn induces the loss of
physical functions, and increased physical inactivity ac-
celerates the progression of sarcopenia (8-10) (Figure 1).
Consequently, sarcopenia and physical inactivity synergis-
tically progress. Recent clinical studies show that both sar-
copenia and physical inactivity have an association with
increased mortality in CKD patients. Prevention and mit-
igation of the progression of sarcopenia and physical inac-
tivity are important to improve the prognosis of CKD pa-
tients.

This review examines those clinical studies that have
investigated the associations between sarcopenia, physical
inactivity, and mortality and looks at strategies to prevent
and improve sarcopenia and physical inactivity in CKD pa-
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Figure 1. The Flow Diagram of This Systemic Review

tients.

2. Evidence Acquisition

We systematically searched for clinical studies pub-
lished in the English language in the MEDLINE (from 2000
to 2015). For this search, we used the following terms in var-
ious combinations: physical activity, exercise, muscle, sar-
copenia, chronic kidney disease, dialysis, mortality, prog-
nosis, and survival. We included cohort studies and ran-
domized control trials that investigated the associations
between sarcopenia, physical activity, and mortality in pa-
tients with chronic kidney disease.
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3. Results

Computer and manual searches resulted in 1690 pub-
lications, of which 46 eligible articles were identified (Fig-
ure 1). Twenty-four articles were excluded because they did
not meet the outcome assessment. Subsequently, five of
these articles were excluded because two assessed muscle
volume by midarm muscle circumference, which is not in-
cluded in the definition of sarcopenia, and three articles in-
cluded specific populations, such as patients with obesity,
diabetes mellitus, and a low-protein diet. Thus, 17 articles
were included in reference to the association between sar-
copenia and physical inactivity, and mortality in CKD pa-
tients in this review. Furthermore, we discuss the thera-
peutic strategies to improve sarcopenia and physical inac-
tivity in CKD patients.

3.1. Association Between Sarcopenia and Mortality in CKD Pa-
tients

Studies that have reported an association between sar-
copenia and mortality in CKD patients at the pre-dialysis
stage and those patients on hemodialysis are summarized
in Table 1.

3.1.1. CKD Patients at the Pre-Dialysis Stage

The prevalence of sarcopenia was reported to increase
in line with the progression of the CKD stages (2). The
prevalence of sarcopenia for each CKD stage was reported
to be 4.3% for normal renal function (estimated glomeru-
lar filtration rate [eGFR]≥ 90 mL/minute/ 1.73 m2) and CKD
Stage 1 (eGFR 60 - 89 mL/minute/ 1.73 m2), 6.3% for CKD Stage
2 (eGFR 60 - 89 mL/minute/ 1.73 m2) and 15.4% for CKD Stages
3 - 5 (< 60 mL/minute/ 1.73 m2). Sarcopenia was found to be
a predictor of mortality in CKD patients (2). Several studies
have reported that sarcopenia, as evaluated by loss of mus-
cle mass and decreased gait speed and hand grip strength,
increased mortality risk in CKD patients at the pre-dialysis
stage (11-13). Renal outcome also was found to be associated
negatively with sarcopenia in this population (11).

These findings suggest that sarcopenia should be eval-
uated carefully and that prevention and mitigation of the
progression of sarcopenia and physical inactivity are im-
portant to improve the prognosis of CKD patients.

3.1.2. Hemodialysis Patients

The prevalence of sarcopenia in hemodialysis patients
is higher than in CKD patients at the pre-dialysis stage. In
elderly hemodialysis patients, the prevalence of sarcope-
nia increases up to 45% - 63% (20).

In addition to those factors observed in CKD patients
at the pre-dialysis stage, loss of amino acids and albumin

into the dialysate, systemic inflammation induced by con-
tact with artificial substances, such as the dialysis mem-
brane and circuits, and decreased physical activity due to
bed rest during dialysis also contribute to the progression
of sarcopenia in hemodialysis patients (2-6).

We previously reported that sarcopenia progressed in
accordance with duration on hemodialysis even after ad-
justment for age and sex (21). Sarcopenia is a strong predic-
tor of mortality in hemodialysis patients as well as in CKD
patients at the pre-dialysis stage (14-19).

Several studies have reported an association between
sarcopenia and mortality in hemodialysis patients (14-19).
Sarcopenia, as estimated by low muscle mass, slow gait
speed, and low hand grip strength, was found to increase
mortality risk in hemodialysis patients (14-19). Muscle
quality, calculated using hand grip strength divided by
arm lean mass, also was reported to be an independent pre-
dictor of survival in hemodialysis patients (22).

These findings suggest that sarcopenia is an important
condition that determines the prognosis of hemodialysis
patients.

3.2. Association Between Physical Inactivity and Mortality in
CKD Patients

Studies that have investigated the association between
physical inactivity and mortality in CKD patients at the pre-
dialysis stage and those patients on hemodialysis are sum-
marized in Table 2.

3.2.1. CKD Patients at the Pre-Dialysis Stage

CKD patients at the pre-dialysis stage often undertake
less physical activity than the healthy population. A cross-
sectional observational survey of 15,368 adults reported
that physical inactivity rates, as determined by a ques-
tionnaire, were 28.0% for CKD patients and 13.5% for the
non-CKD population (23). Another study reported that de-
creased renal function, estimated by eGFR, correlated with
physical inactivity in CKD patients at the pre-dialysis stage
(31).

Physical inactivity is a predictor of mortality in CKD
patients at the pre-dialysis stage. Several studies have re-
ported an association between physical inactivity and in-
creased mortality risk in this population (23-25). Another
study reported that walking habits were associated with
mortality in patients in CKD stages 3 - 5 (26). In that study,
increased walking was found to decrease overall mortality
(26). A dose-dependent negative association was found be-
tween walking frequency (1 - 2, 3 - 4, 5 - 6 and ≥ 7 times per
week) and hazard ratio of mortality (0.83, 0.72, 0.42, and
0.41) (26). That study also reported that increased walking
inhibited decreased renal function and risk for induction
of renal replacement therapy (26).
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Table 1. Studies that Investigated the Association Between Sarcopenia and Mortality in CKD Patients

References Year Patients No. Study Design Duration of Study Results

CKD Patients at Pre-Dialysis

Chang et al. (11) 2011 128 Prospective observational study 2.8 years Reduced hand grip strength was an
independent predictor of mortality and

progression to ESRD (HR: 4.55, 95% CI: 1.49
- 13.87 in men; HR: 4.56, 95% CI: 1.27 - 16.41

in women).

Roshanravan et al. (12) 2013 385 Prospective observational study 3 years Walking speed < 0.8 m/s was associated
with all-cause mortality (HR: 2.45, 95% CI:

1.09 - 5.54).

Pereira et al. (13) 2015 287 Prospective observational study 3.3 years Sarcopenia, defined as low skeletal muscle
mass index and reduced hand grip

strength, was an independent predictor
of mortality (HR: 3.02, 95% CI: 1.30 - 7.05).

Patients on Hemodialysis

Carrero et al. (14) 2008 221 Prospective observational study 6 years Moderate to severe muscle atrophy was
associated with increased mortality (HR:

3.04, 95% CI: 1.61 - 5.71).

Kohl et al. (15) 2012 52 Prospective observational study 12 years Distance walked in the 6MWT was a
survival predictor (HR: 0.53, 95% CI: 0.37 -

0.74 for each 100 meters walked with a
100-meter increment).

Matsuzawa et al. (16) 2014 190 Prospective observational study 7 years Knee extensor strength of < 40% was
associated strongly with increased

mortality risk (HR: 2.73, 95% CI: 1.14–6.52).

Isoyama et al. (17) 2014 330 Prospective observational study 5 years Sarcopenia, defined as low muscle mass
and reduced hand grip strength, showed
increased mortality risk (HR: 1.93, 95% CI:

1.01 - 3.71).

Kutner et al. (18) 2015 752 Prospective observational study 3.3 years Walk speed < 0.6 m/s was associated with
increased mortality risk (HR: 2.17, 95% CI:

1.19 - 3.98).

Hemodialysis+ Peritoneal Dialysis

Torino et al. (19) 2014 296 Secondary analysis of randomized
controlled trial

3.3 years A 20-meter increase in walking during the
6MWT reduced the risk of all-cause death

(HR: 0.89, 95% CI: 0.84 - 0.94).

Abbreviations: ESRD, end stage renal disease; HR, hazard ratio; CI, confidence interval; CKD, chronic kidney disease; 6MWT, 6-minute walk test.

These findings suggest that increased physical activity
may have beneficial effects on the prognosis of CKD pa-
tients at the pre-dialysis stage. CKD patients at the pre-
dialysis stage should be encouraged to exercise to reduce
mortality risk and reduce progression to end-stage renal
diseases.

3.2.2. Hemodialysis Patients

A questionnaire survey examining the exercise habits
of 20,920 hemodialysis patients found that 53.6% of these
patients did not exercise at all or did so less than once per
week (27). This sedentary behavior was observed more of-
ten in elder patients than in younger patients and more of-
ten in female patients than in male patients.

Several studies have reported that physical inactivity
increases mortality risk in hemodialysis patients (27-30).

Exercise, such as walking, was found to decrease mortality
risk in hemodialysis patients (27). A dose-dependent nega-
tive association was found between walking frequency (1, 2
- 3, 4 - 5, and 6 - 7 times per week) and hazard ratio of mor-
tality (0.82, 0.73, 0.72, and 0.69) (27).

These findings suggest that increased physical activity
may have beneficial effects on the prognosis of hemodialy-
sis patients.

3.3. Therapeutic Strategies to Improve Sarcopenia and Physical
Inactivity

3.3.1. Exercise Training

Numerous studies have reported that both aerobic and
resistance exercise training improve sarcopenia (muscle
mass and strength) and physical inactivity in CKD patients
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Table 2. Studies that Investigated the Association Between Physical Activity and Mortality in CKD Patients

References Year Patients No. Study Design Duration of Study Results

CKD Patients at Pre-Dialysis

Beddhu et al. (23) 2009 907 Retrospective observational study 7 years Increased physical activity was associated with
reduced mortality (HR: 0.58, 95% CI: 0.42 - 0.79 for
insufficiently active group, and HR: 0.44, 95% CI:

0.33 - 0.58 for active group compared with
physically inactive group).

Ricardo et al. (24) 2013 2288 Prospective observational study 13 years Regular physical activity was associated with
decreased mortality (HR: 0.80, 95% CI: 0.65 - 0.99).

Navaneethan et al. (25) 2014 2153 Prospective observational study 4.5 years Low leisure time physical activity was associated
with a higher risk of death (HR: 1.36, 95% CI: 1.003

- 1.85).

Chen et al. (26) 2014 6363 Prospective observational study 2.5 years Walking was associated with lower risk for overall
mortality (HR: 0.67, 95% CI: 0.53 - 0.84).

Patients on Hemodialysis

Tentori et al. (27) 2010 20,920 Prospective observational study/ 1.8 years Mortality risk was lower among regular
exercisers (HR: 0.73, 95% CI: 0.69 - 0.78).

Matsuzawa et al. (28) 2012 202 Prospective observational study 7 years Engaging in habitual physical activity was
associated with decreased mortality risk (HR:

0.78, 95% CI: 0.66 - 0.92) per 10 min/day increase
in physical activity.

Lopes et al. (29) 2014 5763 Prospective observational study 2.5 years Aerobic activity was associated inversely with
mortality (HR: 0.60, 95% CI:0.47 - 0.77) for very

active group compared with never/rarely active
group.

Hemodialysis + Peritoneal Dialysis

O’Hare et al. (30) 2003 2837 Prospective observational study 1 year Sedentary behavior was associated with an
increased mortality risk (HR: 1.62, 95% CI: 1.16 -

2.27).

Abbreviations: CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio.

at the pre-dialysis stage and in hemodialysis patients (32-
40) (Table 3). Exercise training increases muscle mass and
strength and improves physical functions. A recent meta-
analysis reported that any type of regular exercise training
is effective in improving exercise capacity, physical func-
tions, and muscle mass and strength in all CKD patients
(41). The American College of Sports Medicine guidelines
recommend that CKD patients at the pre-dialysis stage and
hemodialysis patients perform aerobic exercise training at
mild-moderate levels for 20 - 60 minute/day, 3 - 5 days/week.
The guidelines also recommend resistance exercise train-
ing for these patients, at 70% - 75% of one repetition max-
imum for a minimum one set of 10 - 15 repetitions, 2 -
3 days/week (42). kidney disease: improving global out-
comes 2012’s clinical practice guidelines recommend reg-
ular exercise for at least 30 minutes, five times per week
to prevent muscle loss and maintain physical activity in
CKD patients (43). Cochrane collaboration guidelines also
recommend that 30 minutes of exercise training three
days/week can improve physical fitness, resulting in an im-
proved health-related quality of life in hemodialysis pa-

tients (44).

3.3.2. Essential Amino Acid Supplement

Essential amino acids are necessary for protein synthe-
sis and maintenance and repair of muscle tissue. Inade-
quate amino acid intake often can be observed in CKD pa-
tients because of their protein-restricted diet (45). In ad-
dition, 6 - 8 g of amino acids can be lost into the dialysate
during each hemodialysis session (46).

A prospective observational study reported that di-
etary protein intake of less than 1.2 g/kg/day is an inde-
pendent predictor of mortality in hemodialysis patients
(47). The international society of renal nutrition and
metabolism’s consensus statement recommends oral nu-
tritional supplements, including essential amino acids,
be taken by CKD patients at the pre-dialysis stage with
a dietary protein intake of less than 0.7 g/kg/day and by
hemodialysis patients with a dietary protein intake of less
than 1.2 g/kg/day (48). Oral administration of 3.6 g of es-
sential amino acids three times per day with meals was
reported to improve hand grip strength significantly in
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Table 3. Studies that Investigated the Effects of Exercise Training on Sarcopenia (Muscle Mass and Strength) and Physical Function in CKD Patients

References Year Patients No.
(Exercise)

Patients No.
(Control)

Study Duration of Study Exercise Training Results

CKD Patients at Pre-Dialysis

Rossi et al. (32) 2014 59 48 RCT 12 weeks Weight training and
treadmill: 2
times/week.

Improved 6-min
walk distance (P <

0.001).

Watson et al. (33) 2015 21 14 RCT 8 weeks Progressive
resistance exercise: 3

times/week.

Increased rectus
femoris anatomical
cross-sectional area
(P = 0.006), volume

(P = 0.009), and knee
extensor strength (P

< 0.001).

Patients on Hemodialysis

DePaul et al. (34) 2002 20 18 RCT 12 weeks Resisted isotonic
quadriceps and

hamstring exercises
and ergometer: 3

times/week.

Improved hamstring
and quadriceps

muscle strength (P =
0.02).

Castaneda et al. (35) 2004 14 12 RCT 12 weeks Resistance training:
45 min, 3

times/week.

Improved muscle
strength (P = 0.001).

van Vilsteren et al.
(36)

2005 53 43 RCT 12 weeks Cycling during
dialysis, together
with pre-dialysis

strength training: 2 -
3 times/week.

Increased lower
extremity muscle

strength (P < 0.05).

Cheema et al. (37) 2007 24 25 RCT 12 weeks High-intensity,
progressive

resistance training
during routine
hemodialysis

treatment.

Improved muscle
strength (P = 0.002),

midthigh
circumference (P =
0.04) and midarm
circumference (P =

0.004).

Kirkman et al. (38) 2014 12 11 RCT 12 weeks Resistance training:
3 times/week during

hemodialysis
sessions.

Increased thigh
muscle volume (P =

0.007) and knee
extensor strength (P

= 0.012)

Matsufuji et al. (39) 2015 12 15 RCT 12 weeks Chair stand exercise
3 sessions/week.

Increased thigh
circumference (p <

0.05).

Howden et al. (40) 2015 36 36 RCT 48 weeks Aerobic and
resistance exercise
150 minutes/week.

Improved grip
strength (P = 0.03)

and 6-minutes’ walk
distance (P < 0.001).

Abbreviations: CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio; RCT randomized control study.

hemodialysis patients with hypoalbuminemia, compared
with a placebo group (49).

These findings suggest that essential amino acid sup-
plementation may be considered for CKD patients with
an inadequate dietary protein intake and with hypoalbu-
minemia to prevent sarcopenia, resulting in an improved
prognosis.

3.3.3. Vitamin D Supplement

The vitamin D receptor is expressed in muscle tissue,
and its activation promotes de novo protein synthesis in
muscle (50).

The serum 25-hydroxy vitamin D (25-OHD) level was re-
ported to be associated positively with muscle strength
of the lower extremities, estimated using a micro man-
ual muscle tester, in hemodialysis patients (51). Supple-
mentation of 25-OHD was found to improve physical per-
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formance significantly, evaluated by the timed up and go
test, gait velocity test, the timed chair stand test, and the
stair climb test, in CKD patients at the pre-dialysis stage
and hemodialysis patients who had vitamin D deficiency
(a serum 25-OHD level less than 50 nmol/L) (52).

These findings suggest that 25-OHD supplementation
is important to prevent sarcopenia and physical inactivity
in CKD patients and that it may be considered for CKD pa-
tients who have a vitamin D deficiency.

4. Conclusions

Various pathological conditions associated with CKD
can contribute to the progression of sarcopenia and in-
creased physical inactivity in CKD patients (Figure 2). Sar-
copenia and physical inactivity are associated strongly
with an increased mortality risk in CKD patients. Thera-
peutic strategies, including exercise training and essential
amino acid and vitamin D supplementation, may improve
sarcopenia and physical inactivity. This may result in an
improved prognosis for CKD patients.

Figure 2. The Various Factors Associated With CKD That Contribute to the Progres-
sion of Sarcopenia and Physical Inactivity in CKD Patients

•Uremic Toxins,
•Chronic Inflammation
•Insulin Resistance.
•Hormonal Imbalance
•Malnutrition, Anemia
•Metabolic Acidosis
•Electrolyte Disorder

Factors Associated with CKD

Sarcopenia Physical Inactivity

Mortality

Sarcopenia and physical inactivity synergistically progress. Abbreviations: CKD,
chronic kidney disease.
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