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Steady exercise improves hand grip and leg muscle 
strength in hemodialysis patients
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Sarcopenia due to chronic inflammation and biochemical disturbances 
in chronic kidney disease is severer and more prevalent in hemodialysis 
(HD) patients. We longitudinally evaluated the hand grip strength (HGS) 
and leg muscle strength (LMS) and evaluated the role of exercise in 
muscle strength in HD patients. We screened (January, n= 127) and fol-
lowed up (June, n= 110 and December 2020, n= 104). HGS and LMS at 
single center by using digital hand and leg dynamometer. HGS (24.2 kg 
vs. 15.5 kg) and LMS (32.8 kg vs. 22.5 kg) were better in men (P< 0.001 
and P< 0.001, respectively). Older patients ( ≥ 60 years) showed de-
creased LMS than others in women (P= 0.01). Patients who performed 
steady home- or hospital-based exercise showed marginally higher 
HGS (23.1 kg vs. 19.8 kg, P= 0.07) and significantly higher LMS (33.7 kg 
vs. 25.9 kg, P= 0.004). Steady exercise improved LMS throughout the 

study period (30.3 kg vs. 33.2 kg from Jan to Jun 2020, P= 0.004; 30.3 kg 
vs. 34.2 kg from Jan to Dec 2020, P= 0.014). Multiple linear regression 
analysis proved steady exercise was independently associated with 
better HGS and LMS. Steady exercise showed greater impact on LMS 
in male patients with longer HD vintage (≥ 44 months) and on HGS in 
younger male patients with shorter HD vintage (< 44 months). Steady 
exercise was an important determinant of muscle strength in HD pa-
tients. We need to encourage patients to steadily perform regular 
home- or group-exercise before sarcopenia develops.

Keywords: Exercise, Hand grip strength, Hemodialysis, Leg muscle 
strength 

INTRODUCTION

Sarcopenia is characterized by loss of muscle mass and strength 
and a decreased quality of life (QoL), and is associated with pro-
tein-energy wasting in chronic kidney disease (CKD) and end-stage 
renal disease (ESRD) patients (Moon et al., 2015). Sarcopenia is 
also associated with functional decline, increased risk of falling, and 
increased mortality (Goisser et al., 2015; Hanna et al., 2020). De-
pression associated with sarcopenia in dialysis patients also leads 
to decreased survival (Farrokhi et al., 2014). The prevalence of 
sarcopenia in Asian countries ranged from 5.5% to 25.7% (Chen 
et al., 2020), while the prevalence of sarcopenia in hemodialysis 
(HD) patients varies from 21 to 68% depending on the method-
ology and demographics (Slee et al., 2020). There are approximate-
ly 80,000 (1,497.6 patients/million population) ESRD patients 
receiving HD in Korea and the number of patients has been in-

creasing by 5%–8% annually.
CKD-associated catabolic changes, including chronic low-grade 

inflammation, can explain the severe manifestation of sarcopenia 
in CKD patients (Fahal, 2014). Inflammatory cytokines and inac-
tivity-mediated destruction of protein homeostasis result in the 
catabolic destruction of structural and functional proteins, result-
ing in skeletal muscle wasting (Lenk et al., 2010). Accumulation 
of uremic toxins in muscle cells and following superoxide produc-
tion and the upregulation of inflammatory cytokines such as tumor 
necrosis factor-α, interleukin-6 (IL-6), and transforming growth 
factor-β induced muscle wasting through myostatin and atrogin-1 
(Enoki et al., 2016). Mitochondrial dysfunction of skeletal mus-
cles in CKD, which is mediated by metabolic alterations, i.e., up-
regulation of antioxidative responses and downregulation of ener-
gy-generation pathways, is also considered a cause of the loss of 
muscle mass and exercise capacity (Adey et al., 2000; Sato et al., 
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2016; Tamaki et al., 2014; Yazdi et al., 2013). These changes can 
be aggravated by the catabolic effect of HD procedure itself (Iki-
zler, 2005).

There have been many approaches to treat sarcopenia, but only 
exercise and nutritional support have proven to be effective as pre-
vention and treatment strategies for sarcopenia (Morley, 2018). 
Protein and amino acid supplementation improved body compo-
sition, physical function, and nutritional status by increasing se-
rum albumin levels and body mass index (BMI), while it reduced 
inflammatory markers in dialysis patients (Caetano et al., 2017; 
Liu et al., 2018; Tomayko et al., 2015). Resistance training during 
protein restriction counteracted impaired muscle cell metabolism 
(Cupisti et al., 2014). We previously reported that exercise was 
one of the most important determinants of muscle strength in HD 
patients (Cha et al., 2021).

The Kidney Disease Outcome Quality Initiative (K/DOQI) and 
European guidelines recommend that nephrologists counsel and 
encourage dialysis patients to increase physical activity (Fouque et 
al., 2007; K/DOQI Workgroup, 2005). However, providing exer-
cise therapy to patients who are unable to perform conventional 
dynamic training due to position limitations, hemodynamic in-
stability during dialysis, low motivation, or fatigue is a major chal-
lenge (McGregor et al., 2018). HD patients, especially elderly pa-
tients, reported low levels of physical activity, which is associated 
with poor physical function and frailty (Johansen et al., 2000).

In this study, we longitudinally evaluated hand grip strength 
(HGS) and leg muscle strength (LMS) in patients receiving HD 
and tried to consolidate the role of exercise as a prevention and 
treatment strategy.

MATERIALS AND METHODS

Study design
This study was a longitudinal study conducted at a single HD 

center. We screened in January 2020 (n=127) and followed up in 
June 2020 (n=110) and in December 2020 (n=104). HGS (op-
posite the fistula side) and LMS (both sides) by using digital hand 
and leg dynamometers (T.K.K. 5401 and 5710e/5715, Takei Sci-
entific Instruments Co., Ltd., Niigata, Japan).

A digital hand dynamometer (T.K.K. 5401, Takei Scientific 
Instruments Co., Ltd.) was used to measure the sitting position 
HGS (opposite the fistula side). Participants were seated, with the 
shoulder along the body and no rotation, 90° elbow flexion, and 
neutral flexion. Supporting pads or tables were applied. Partici-
pants were encouraged to grasp strongly 2 times at intervals of 1 

to 2 min, and the greater HGS was used in the analysis. A digital 
leg dynamometer (T.K.K. 5710e/5715, Takei Scientific Instru-
ments Co., Ltd.) was used to measure the LMS of the knee joint 
extension muscles (both sides) as directed in the manufacturer’s 
instructions. Participants were seated, with 90° of knee flexion, 
and measurements were repeated 2 times at intervals of 1 to 2 min. 
The greatest LMS was used in the analysis.

We collected data on demographics (age, sex); anthropometrics 
(height, dry weight); medical histories, including diabetes, hyper-
tension, coronary artery disease, cerebrocardiovascular (CCV) dis-
ease, peripheral artery occlusive disease/interventions, malignancies, 
and chronic liver diseases; cause of ESRD; and HD vintage. We 
also collected biochemical data, including  dialysis efficiency (Kt/V), 
hemoglogin, blood urea nitrogen/serum creatinine (SCr), calcium/
phosphorus, total CO2, highly sensitive C-reactive protein (hs-CRP), 
intact parathyroid hormone, and iron/total iron-binding capacity.

We evaluated the exercise status. We interviewed regular home-
based exercise as follows: (1) Do you regularly exercise at home? 
(2) Which type of exercise do you do? (3) How many hours do 
you exercise at once? (4) How many times do you exercise during 
a week? (5) Do you feel tiredness or exhaustion during the exer-
cise? The type, duration, and intensity of exercise were variable. 
Therefore, we only considered whether regular exercise was per-
formed, i.e., at least 3 times a week. We also considered participa-
tion in hospital-based intradialytic resistance exercise using a latex 
band. Patients in the intradialytic exercise (IDE) program per-
formed resistance exercise after the initiation of dialysis on one’s 
own volition, and an assigned physician assistant helped patients 
in terms of the number of repetitions, intensity, and duration.

Ethics statement
The study was approved by the institutional review boards 

(NMC-2021-04-054). Written informed consent was acquired 
from the participants.

Statistical analysis
Continuous variables are expressed as the mean±standard devi-

ation (for variables with normal distributions) or medians (25th–
75th percentiles) (for variables with nonnormal distributions), and 
categorical variables are expressed as number (%). The baseline 
characteristics, biochemical results, and muscle strength results 
were compared using the χ2 test, Student t-test/Mann–Whitney 
U-test, paired t-test/Wilcoxon signed-rank test, or analysis of vari-
ance/Kruskal–Wallis tests, as appropriate. Multiple regression 
analysis was used to identify significant factors related to muscle 
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strength by using variables with P-values below 0.05. All statisti-
cal analyses were performed with IBM SPSS Statistics ver. 20.0 
(IBM Co., Armonk, NY, USA). P-values were two-sided and were 
considered significant at P<0.05.

RESULTS

Baseline characteristics
The demographic and biochemical characteristics of the partici-

pants at each measurement are summarized in Table 1. In Decem-
ber 2020, the mean age was 62.1 years, and 73.2% of the patients 
were male. Diabetes was the cause of kidney failure in 49.6% of 
the patients, and the median HD vintage was 44 months. A total 
of 49.0% of patients reported that they performed regular home-
based exercise, and 15.4% of patients regularly participated in 
IDE. The proportion of patients who performed regular home- or 
hospital-based exercise decreased from January to December. Mean 
HGS and LMS were 21.5 and 29.8 kg, respectively.

HGS and LMS
Table 2 compares HGS and LMS between the general popula-

tion (Korea National Health and Nutrition Examination VI-3 
survey [Yoo et al., 2017] and Takei Scientific Instruments Co., Ltd. 
presented) and HD patients in December 2020. The HGS of HD 
patients was approximately 15%–50% less than that of the gener-
al population in almost all age groups in both males and females. 
The LMS of HD patients started to decrease after the age of 70 in 
both males and females, and it was approximately 20%–40% less 
than that of the general population.

HGS and LMS showed good correlation (r=0.658, P<0.001). 
HGS (24.2 kg vs. 15.5 kg) and LMS (32.8 kg vs. 22.5 kg) were 
greater in males (P<0.001 and P<0.001, respectively) than in  
females. Muscle strength was greater in males irrespective of age, 
although LMS in younger patients was not different between 
males and females. Older patients (≥60 years) had less LMS than 
younger patients in females (P=0.01), but HGS in both sexes  
and LMS in males did not differ by age (P=0.23, P=0.10, and 

Table 1. Demographic and biochemical characteristics of participants at each time points

Variable Jan 2020 (n= 112) June 2020 (n= 110) Dec 2020 (n= 104)

Age (yr) 62.6± 12.7 63.1± 12.58 62.1± 12.50
Male sex 82 (73.2) 88 (72.1) 93 (73.2)
Cause of ESRD, diabetic nephropathy 56 (50.0) 58 (47.9) 63 (49.6)
Regular home-based exercise 88 (78.6) 72 (64.9) 51 (49.0)
Hospital-based intradialytic resistance exercise 33 (29.5) 44 (39.6) 16 (15.4)
Home- and/or hospital-based exercise 91 (81.2) 65 (65.7) 55 (52.9)
Dry weight (kg) 61.6± 10.6 60.9± 10.83 60.8± 11.07
Body mass index (kg/m2) 22.7± 3.3 22.6± 3.19 21.8± 4.94
HD vintage (mo) 34 (11–62) 37 (13–66) 44 (20–73)
Dialysis efficiency (Kt/V) 1.43± 0.19 1.47 (1.33–1.59) 1.42 (1.32–1.57)
Hemoglobin (g/dL) 10.45 (9.9–11.1) 10.2 (9.6–10.7) 10.4 (9.7–10.9)
Blood urea nitrogen (mg/dL) 59 (48–77) 62.8± 17.93 68.3± 20.06
Serum creatinine (mg/dL) 9.27± 2.52 9.66± 2.674 9.9 (8.7–11.4)
Serum albumin (g/dL) 4.0 (3.8–4.3) 4.1 (3.9–4.3) 4.0± 0.46
Serum calcium (mg/dL) 8.8± 0.6 8.89± 0.545 8.7± 0.62
Serum phosphorus (mg/dL) 4.6± 1.3 4.21± 1.074 4.4 (3.5–5.3)
total CO2 (meq/L) 19.6± 3.7 20 (12-31) 21.6± 3.41
hs-CRP (mg/dL) 0.14 (0.05–0.48) 0.11 (0.5–4.7) 0.50 (0.14–0.64)
Intact PTH (pg/mL) 146.1 (77.8–238.7) 134.8 (57.2–221.2) 196.7 (107.9–323.6)
Iron (μg/dL) 63 (47–79) 172 (54–256) 109 (58–206)
TIBC (μg/dL) 229 (187–263) 200 (86.5–271) 184 (69–273)
Transferrin saturation (%) 28.9 (21.0–38.8) 48.4 (25.5–307.7) 43.1 (26.6–293.1)
Hand grip strength (opposite to fistula side, kg) 21.8 (17.0–29.2) 19.8± 8.13 21.5± 8.09
Leg muscle strength (greater side, kg) 26.9 (20.3–33.5) 28.4 (21–38) 29.8± 12.06

Values are presented as mean± standard deviation, number (%), or median (25th–75th percentile).
ESRD, end-stage renal disease; HD, hemodialysis; hs-CRP, highly sensitive C-reactive protein; PTH, parathyroid hormone; TIBC, total iron-binding capacity.
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P=0.54, respectively) (Fig. 1). Dry weight (r=0.432, P<0.001 
and r=0.364, P<0.001, respectively), SCr (r=0.259, P=0.012 
and r=0.334, P=0.001, respectively), and serum albumin (r= 
0.220, P=0.033 and r=0.282, P=0.007, respectively) were pos-
itively correlated with HGS and LMS. Age (r=-0.27, P=0.008 
and r=-0.283, P=0.007, respectively) and Kt/V (r=-0.238, P= 
0.009 and r=-0.243, P=0.02, respectively) were negatively cor-
related with HGS and LMS. HD vintage (r=-0.231, P=0.025) 
and hs-CRP (r=-0.23, P=0.02) were negatively correlated only 
with HGS.

The presence of diabetes, hypertension, CCV disease, peripheral 
artery obstructive disease, malignancy, and chronic liver disease did 
not affect LMS. However, HGS was lower in patients with CCV 

disease than in those without CCV disease (19.2 kg vs. 23.2 kg, 
P=0.016).

Relationship between exercise and muscle strength
We gave one point to each type of exercise at each time point (a 

total of 6 points). Patients with high exercise scores (3–6) showed 
marginally higher LMS (31.8 kg vs. 26.5 kg, P=0.06), but HGS 
did not show statistical significance (22.5 kg vs. 19.9 kg, P=0.17). 
Patients who performed steady home- or hospital-based exercise 
from January to December 2020 showed marginally higher HGS 
(23.1 kg vs. 19.8 kg, P=0.07) and significantly higher LMS  
(33.7 kg vs. 25.9 kg, P=0.004) (Fig. 2).

High exercise scores (3–6) showed an improving trend of LMS 

Fig. 1. Hand grip and leg muscle strength in December 2020 according to age and sex. Whiskers go from minimum to maximum values with 1st and 3rd quartile box 
points. The horizontal dotted line represents the median level.
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Table 2. Comparison of mean hand grip and leg muscle strength in December 2020 between general population and hemodialysis patients

Age

Hand grip strength (kg), mean (n) Leg muscle strength (kg), mean (n)

General population Hemodialysis patients General population Hemodialysis patients

Male* Female* Male Female Male† Female† Male Female

20–29 41.3 (329) 24.4 (339) 35.1 (7) 21.8 (6)
30–39 44.4 (298) 26.2 (416) 19.8 (1) 22.4 (3) 33.6 (23) 22.7 (28) 19.9 (1) 29.3 (3)
40–49 43.7 (367) 28.6 (464) 28.4 (9) 17.2 (4) 32.4 (24) 23.2 (19) 33.0 (9) 28.8 (3)
50–59 40.6 (423) 24.7 (548) 24.5 (18) 12.7 (3) 32.0 (26) 22.5 (20) 34.8 (20) 25.8 (3)
60–69 37.8 (330) 23.3 (405) 25.9 (19) 16.2 (8) 32.7 (46) 25.9 (75) 37.7 (18) 25.0 (7)
70–79 31.2 (204) 20.2 (252) 18.8 (10) 13.3 (10) 36.2 (81) 26.1 (91) 28.7 (9) 16.1 (9)
≥ 80 26.9 (56) 16.7 (191) 22.2 (8) 12.0 (1) 36.2 (10) 19.7 (6) 22.4 (8) 14.4 (1)

*Each value means the average of age-specific hand grip strength using data from the Korea National Health and Nutrition Examination Survey (KNHANES) VI-3 (2015) survey. 
†Takei Scientific Instruments Co., Ltd., Niigata, Japan presented. ‘Participants from Department of Physical Education and Department of Public Health, Gifu University, Japan’.
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from January to December 2020 (29.8 kg vs. 32.0 kg from Janu-
ary to June 2020, P=0.02; 30.4 kg vs. 32.5 kg from January to 
December 2020, P=0.07). Steady exercise improved LMS from 
January to December 2020 (30.3 kg vs. 33.2 kg from January to 
June 2020; P=0.004, 30.3 kg vs. 34.2 kg from January to De-
cember 2020, P=0.014) Patients with low exercise scores (0–2) 
or patients who did not exercise steadily showed a significant de-
crease in LMS between June and December 2020 (32.1 kg vs. 
27.5 kg, P=0.003 and 30.0 kg vs. 26.4 kg, P=0.005, respective-
ly) (Fig. 3). LMS changes from January to December 2020 were 
3.2±7.72 and -1.7±8.57 kg in patients who did and did not 
perform steady exercise, respectively (P=0.01).

Factors related to muscle strength
Multiple linear regression analysis proved that a high exercise 

scores (3–6) or steady exercise were factors associated with better 
HGS and LMS (Table 3). High exercise scores (3–6) showed a 
greater impact on LMS in older (≥60 years) male patients with 
longer HD vintage (≥44 months) and on HGS in male patients 
with shorter HD vintage (<44 months). Steady exercise showed a 
greater impact on LMS in male patients with longer HD vintage 
(≥44 months) and on HGS in younger male patients with shorter 
HD vintage (<44 months). SCr also influenced LMS, while age, 
dry weight, HD vintage, and hs-CRP affected HGS.

DISCUSSION

This study showed a good correlation between HGS and LMS, 
and both HGS and LMS were greater in men than in women. Age 
had a greater impact on LMS in women. HD patients who exer-

Fig. 2. Hand grip and leg muscle strength in December 2020 according to exercise score and steady exercise. Whiskers go from minimum to maximum values with 
1st and 3rd quartile box points. The horizontal dotted line represents the median level.

80

60

40

20

0

P= 0.17

P= 0.06

kg

Exercise score 
(0–2) (n= 40)

Exercise score 
(3–6) (n= 52)

Hand grip strength

Exercise score 
(0–2) (n= 40)

Exercise score 
(3–6) (n= 52)

Leg muscle strength

80

60

40

20

0

P= 0.07

P= 0.004

kg

Steady exercise 
(–) (n= 49)

Steady exercise 
(+) (n= 43)

Hand grip strength

Steady exercise 
(–) (n= 49)

Steady exercise 
(+) (n= 43)

Leg muscle strength

Fig. 3. Progress of leg muscle strength according to exercise score and steady exercise. Data were expressed as mean and standard error. 
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cised more (high exercise scores and steady exercise) had better 
muscle strength. In particular, steady exercise significantly im-
proved LMS. Dry weight, serum albumin, and SCr were positive-
ly correlated with HGS and LMS. Kt/V showed a negative cor-
relation with HGS and LMS. HD vintage negatively correlated 
with HGS. Sex and exercise were the most important determi-
nants of both HGS and LMS in HD patients. Male patients, pa-
tients with a shorter vintage of HD for HGS, and those with a 
longer vintage of HD for LMS benefitted more from exercise. SCr 
also influenced LMS, while age, dry weight, HD vintage, and hs-
CRP affected HGS.

In this study, HD patients who exercised more (high exercise 
scores and steady exercise) had better muscle strength. In particu-
lar, steady exercise significantly improved LMS. Exercise was one 
of the most important determinants of both HGS and LMS in HD 
patients even after multivariable adjustment. Inactivity induces 
glucocorticoid, myostatin, NF-κB, and reactive oxygen species, 
which accelerate protein degradation (Fahal, 2014). Exercise is an 
anabolic-based strategy and improves muscle size, the protein 
synthesis rate, neuromuscular function, insulin sensitivity, and in-
flammation associated with increased insulin-stimulated glucose 
and amino acid transport (Goisser et al., 2015; Jung et al., 2018).

Resistance training restored muscle cell metabolism during pro-
tein restriction (Cupisti et al., 2014). Resistance training together 
with protein or amino acid supplementation showed beneficial ef-
fects on muscle mass and/or muscle function. Regular exercise also 
showed positive effects on nutritional markers such as serum albu-
min, prealbumin, and energy intake (Cupisti et al., 2014). In ad-
dition, IDE combined with oral or parenteral nutrition enhanced 

amino acid uptake and the protein content in the muscles of HD 
patients, indicating an improved anabolic effect of nutritional 
supplementation (Majchrzak et al., 2008). A review pointed that 
exercise should be prescribed at the right patient (a patient who 
can tolerate and benefit from the exercise), right time (when the 
patient’s stamina is the highest), and right dose (beneficial exercise 
intensity but not ineffective or even harmful) (Ikizler, 2019).

Physical inactivity is an important clinical problem among CKD 
and dialysis patients (Cupisti et al., 2014). Both the K/DOQI and 
European guidelines emphasize the role of nephrologists in encour-
aging dialysis patients to increase physical activity, such as aerobic, 
resistance, coordination, and flexibility exercises (Fouque et al., 
2007; K/DOQI Workgroup, 2005). However, we often fail to en-
courage HD patients to perform exercise because patients’ moti-
vation to exercise is lacking.

IDE can be a convenient option to ensure compliance and re-
duce uncomfortable dialysis-related symptoms such as restless legs 
and cramping (Kirkman et al., 2014a). IDE can enhance or re-
place physical exercise in frail and exercise-hesitant HD patients. 
Intradialytic cardiovascular and strengthening exercise improved 
oxygen uptake, inflammation, arterial compliance, muscle strength, 
physical activity, and psychosocial functioning. These types of ex-
ercise also improved the efficiency of dialysis (Kt/V) and solute 
clearance, QoL, depression, and the hospitalization rate (Heiwe et 
al., 2014; Johansen and Painter, 2012; Kirkman et al., 2014b; Koh 
et al., 2010; Moraes et al., 2014; Rhee et al., 2019; Salhab et al., 
2019).

Intradialytic neuromuscular electrical stimulation (NMES) can 
also be a good option to enhance muscle strength and physical 

Table 3. Multiple linear regression analysis of the factors related with hand grip and leg muscle strength in December 2020

Variable

Exercise score from Jan to Dec 2020 (3–6) (reference: 0–2) Steady exercise (yes) (reference: no)

Hand grip strength Leg muscle strength Hand grip strength Leg muscle strength

Standardized 
coefficient P-value Standardized 

coefficient P-value Standardized 
coefficient P-value Standardized 

coefficient P-value

Female sex -0.482 < 0.001 -0.345 0.001 -0.490 < 0.001 -0.358 < 0.001
Age (yr) -0.209 0.029 -0.195 0.061 -0.194 0.039 -0.178 0.067
Exercise status 0.185 0.030 0.268 0.006 0.219 0.010 0.367 < 0.001
HD vintage (mo) -0.239 0.006 - - -0.231 0.007 - -
Dry weight (kg) 0.307 0.011 0.199 0.139 0.326 0.006 0.234 0.066
Dialysis efficiency (Kt/V) 0.114 0.347 0.04 0.763 0.127 0.289 0.056 0.653
Serum albumin (g/dL) 0.138 0.130 0.175 0.076 0.139 0.121 0.163 0.082
Serum creatinine (mg/dL) 0.033 0.712 0.201 0.043 0.028 0.753 0.186 0.047
hs-CRP (mg/dL) -0.259 0.005 - - -0.242 0.008 - -

Units of age and HD vintage are years and months, respectively.
hs-CRP, highly sensitive C-reactive protein; SC, standardized coefficient.
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functioning as well as exercise compliance in HD patients, espe-
cially exercise-hesitant patients. Several studies have proven the 
effectiveness of NMES in HD patients. Intradialytic NMES im-
proved muscular strength, muscle cross-sectional area, cardiore-
spiratory reserves (VO2 peak, VO2 anaerobic threshold), functional 
capacity, and QoL (Dobsak et al., 2012; McGregor et al., 2018; 
Simó et al., 2015; Suzuki et al., 2018).

An increased catabolic state, including persistent inflammation, 
metabolic acidosis, hormonal imbalance, and physical inactivity, 
leads to excessive muscle wasting (Carrero et al., 2013; Hanna et 
al., 2020; Hyun et al., 2017). ATP-dependent ubiquitin-protea-
some (UPS) proteolysis is the major cause of increased skeletal 
muscle degradation in CKD. Inflammation and metabolic acido-
sis play a major role in activating the UPS (Fahal, 2014). In this 
study, hs-CRP affected HGS after adjustment for multiple vari-
ables. This is concordant with previous reports. Inflammation 
markers, including IL-6 and CRP, were negatively correlated with 
muscle mass in dialysis patients (Kaizu et al., 2003). Nuclear fac-
tor-kappa B and insulin/insulin growth factor-1 were associated 
with protein catabolism (Fahal, 2014).

In this study, serum albumin, dry weight, and SCr were posi-
tively correlated with HGS and LMS, while Kt/V showed a nega-
tive correlation with HGS and LMS. SCr influenced LMS even  
after adjustment for multiple variables. Malnutrition is considered 
a nontraditional cardiovascular risk factor in dialysis patients. The 
typical dietary protein intake recommendation for ESRD patients 
is 1.2 g/kg/day (Kidney Disease Improving Global Outcomes 
[KDIGO], 2013; K/DOQI Workgroup, 2005). Some experts even 
recommended a dietary protein intake of more than 1.8 g/kg/day 
in dialysis patients because they do not have to prevent CKD pro-
gression and are in a hypercatabolic state due to dialysis itself 
(Bauer et al., 2013). The Korea National Health and Nutrition 
Examination Survey 2012–2016 data showed that 40.5% and 
59.9% of males and females older than 75 years had protein in-
takes that were less than the estimated average requirements. And 
many patients receiving dialysis maintain the protein-restricted 
diet recommended for predialysis CKD patients. The positive cor-
relation between serum albumin and muscle strength is in line 
with previous reports (Caetano et al., 2017; Liu et al., 2018; To-
mayko et al., 2015).

SCr can be a good surrogate marker of muscle mass in dialysis 
patients with no or minimal residual renal function, and several 
studies reported better survival in patients with higher BMI and 
SCr than in patients with lower BMI and SCr (Canaud et al., 2014; 
Park et al., 2013; Patel et al., 2013) The positive and negative 

correlations of dry weight and Kt/V with muscle strength, respec-
tively, imply the same meaning because small patients usually have 
high levels of Kt/V.

In this study, male patients, patients with a shorter vintage of 
HD for HGS, and patients with a longer vintage of HD for LMS 
benefitted more from exercise. In addition, SCr and dry weight, 
which reflect muscle mass, were also important in determining 
muscle strength. This may imply that patients with reduced ha-
bitual physical activity (older age) and a considerable amount of 
muscle mass (male sex, shorter duration of HD for HGS, and lon-
ger duration of HD for LMS) can benefit from exercise.

This study has several limitations, including the absence of 
body composition data, inaccurate measurement of home-based 
exercise (i.e., exercise was self-reported and the information on the 
type, duration, and strength of exercise was incomplete), and the 
lack of information on dietary and nutritional status.

In conclusion, steady exercise was an important determinant of 
muscle strength in HD patients. We need to encourage patients 
to steadily perform regular home- or hospital-based group- exer-
cise before sarcopenia develops. We also have to introduce new 
feasible forms of exercise for HD patients.
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