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ABSTRACT

Background: Chronic kidney disease is associated with chronic inflammation and
progressive loss of peripheral muscle strength and the ability to exercise, and these changes
are highly pronounced in patients receiving hemodialysis (HD). We evaluated hand grip
strength (HGS) and leg muscle strength (LMS) in patients receiving HD and attempted to
identify factors associated with muscle strength.

Methods: We screened HGS (opposite the fistula side) and LMS (both sides) in HD patients
at a single center (n = 112) by using digital hand and leg dynamometers (T.K.K. 5401 and
5710e/5715, Takei Scientific Instruments Co. Ltd., Niigata, Japan).

Results: The mean age of patients was 62.6 years, and 73.2% of the patients were male.
Diabetes was the cause of kidney failure in 50% of the patients, and the median HD vintage was
34 months. A total of 77.7% of patients reported that they participated in regular home-based
exercise, and 29.5% of patients regularly participated in hospital-based resistance exercise.
HGS and LMS showed good correlation (r=0.715, P < 0.001). HGS (25.1vs. 17.0 kg) and LMS
(30.1vs. 20.4 kg) were greater in males (P < 0.001 and P < 0.001, respectively) than in females.
Older patients (> 60 years) showed less LMS than younger patients in both males and females
(P=0.012 and P=0.037, respectively), but HGS did not differ according to age. Patients
performing regular home- or hospital-based exercise showed higher HGS than those who did
not exercise (24.2 vs. 18.6 kg, P=0.011), but LMS was not significantly different (29.3 vs. 23.6
kg, P=0.185). Multiple linear regression analysis proved that male sex, younger age, and any
type of exercise were factors associated with improved HGS and LMS. Groups of older age (> 60
years), male sex, and shorter duration of HD (< median) benefitted more from exercise.
Conclusion: Sex, age, and exercise were the most important determinants of muscle strength
in HD patients. We need to encourage patients to engage in regular home or group exercise
from the beginning of dialysis and introduce new feasible forms of exercise for HD patients.

Keywords: Hand Grip Strength; Hemodialysis; Leg Muscle Strength

INTRODUCTION

Protein-energy wasting (PEW) was defined by the International Society of Renal Nutrition
and Metabolism (ISRNM) in 2008 and is characterized by the loss of body protein mass and
fuel reserves in chronic kidney disease (CKD) or acute kidney injury patients.! PEW also
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indicates metabolic and nutritional derangements in chronic disease states.2 Sarcopenia is
characterized by loss of muscle mass and strength, a decreased quality of life (QOL) with age,
morbidities, and immobility and is associated with PEW in CKD and end stage renal disease
(ESRD) patients.3 Sarcopenia is also associated with functional decline, increased risk of
falling, and increased mortality in CKD and ESRD patients as well as in older adults.24

Aging is associated with sarcopenia and an increased prevalence of CKD (the mean age +
standard deviation [SD] of dialysis patients in Korea was 62.3 + 13.4 years in 2018), which
accelerates normal physiological muscle wasting.> It is well known that CKD is associated
with ‘accelerated aging.’6,;” CKD-associated catabolic alterations can explain the profound
features of sarcopenia in CKD patients.> Muscle wasting is severe and occurs early in CKD
patients, and sarcopenia is commonly observed in ESRD patients.8:9 CKD is associated with
chronic low-grade inflammation leading to progressive weight loss, muscle weakness, and
the loss of the ability to exercise. These changes are highly pronounced in dialysis patients
due to fatigue and inactivity.1014 Inflammatory cytokines and inactivity-mediated destruction
of protein homeostasis result in the catabolic destruction of structural and functional
proteins, resulting in skeletal muscle wasting.15

The prevalence of PEW increases as renal function decreases, and its prevalence range from
28% to 54% in ESRD patients receiving maintenance dialysis.16 Sarcopenia prevalence is also
negatively correlated with declining renal function.? Its prevalence in dialysis patients was
about 50% two decades ago.17 In addition, the prevalence of frailty, defined as weakness, a

slow gait, exhaustion, low tolerance for physical activity, unintentional weight loss, and muscle
mass < 10% of that of age- and sex-matched population controls, can reach 30% in incident
hemodialysis (HD) patients. This may be due to profound deconditioning, increased vulnerability,
and characteristics related to old age as well as altered nutritional status in dialysis patients.18

Reduced exercise capacity and functional decline are important because of their impact on
QOL and morbidity.19 Structural and functional changes in the cardiovascular system and
skeletal muscles, which determine exercise capacity and VO,,,,, were less than 75% of the
predicted values in CKD patients.20 Approximately 71% of HD patients had a decrease in
quadriceps force that was less than 2 SDs from the average of normal controls.5

Hand grip strength (HGS) measurement is widely used as a functional test of overall strength
as well as an indicator of general health and nutritional status.21,22 HGS has also been
studied in dialysis patients; it has been associated with a high prevalence of sarcopenia and
malnutrition and strongly associated with mortality.23,24 A meta-analysis proved the global
association of HGS with survival in dialysis patients, and a Japanese study also suggested a
link between decreased functional status and increased mortality risk.25,26

In this study, we cross-sectionally evaluated the leg muscle strength (LMS) as well as HGS of
HD patients and attempted to identify risk factors for the loss of muscle strength.

METHODS

Study design
This study was a cross-sectional study conducted at a single HD center. We screened HGS
(opposite the fistula side) and LMS (both sides) (n = 112) by using digital hand and leg
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dynamometers (T.K.K. 5401 and 5710e/5715, Takei Scientific Instruments Co. Ltd., Niigata,
Japan).

A digital hand dynamometer (T.K.K. 5401) 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 degrees elbow flexion, and neutral flexion. Participants were encouraged

to grasp strongly two times at intervals of 1 to 2 minutes, and greater HGS was used in the
analysis. A digital leg dynamometer (T.K.K. 5710¢/5715) 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 degrees of knee flexion, and measurements were repeated
two times at intervals of 1 to 2 minutes, and the greatest LMS was used in the analysis.

We collected data on demographics (age, sex); anthropometrics (height, dry weight); medical
histories, including diabetes, hypertension, coronary artery disease, cerebro-cardiovascular
disease, peripheral artery occlusive disease/interventions, malignancies, and chronic liver
diseases; cause of ESRD, and HD vintage. We also collected biochemical data, including Kt/V,
hemoglobin, blood urea nitrogen (BUN)/serum creatinine, calcium/phosphorus, total CO,,
highly sensitive C-reactive protein (hs-CRP), intact parathyroid hormone (PTH), and iron/
total iron-binding capacity (TIBC).

In addition, we evaluated the exercise status. We interviewed on the regular home-based
exercise performed at least 3 times a week. The type, duration, and strength of exercise

were variable. Therefore, we only considered whether the regular exercise would be
performed. There was no interval between the interview on exercise status and muscle
strength measurement. We also considered participation in the hospital-based resistance
exercise during the dialysis. We had implemented hospital-based resistance exercise using

a latex band during the dialysis in September 2018. All the HD patients in our center have
been encouraged to participate in the hospital-based exercise program and we followed

the patient's decision whether to exercise or not. Therefore, the duration of hospital-based
exercise before muscle strength measurement was variable due to the diversity in the

dialysis initiation and the agreement to the exercise. But, all the patients in the analysis
performed hospital-based resistance exercise more than 3 months. Patients in the exercise
program performed hospital-based resistance exercise after the initiation of dialysis on one's
own volition and an assigned physician assistant helped patients in terms of numbers of
repetition, strength, and duration. Nephrologists, physician assistants, and nurses in the HD
center had a check-up meeting once a month and gathered opinions whether to change the
exercise prescription or not. However, final decision was wholly dependent on patients.

Ethics statement
The study was approved by the Institutional Review Boards of the National Medical Center,
Seoul, Korea (NMC-2006-021). Written informed consents were acquired from participants.

Statistical analysis

Continuous variables are expressed as mean + SD (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 y? test, Student's -test, Mann-Whitney U
test, or ANOVA/Kruskal-Wallis tests, as appropriate. Multiple regression analysis was used to
identify significant factors related to muscle strength by using variables with Pvalues below
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0.05. All statistical analyses were performed with IBM SPSS Statistics, Version 20.0 (IBM
Corp., Chicago, IL, USA). Pvalues were 2-sided and were considered significant at P < 0.05.

Muscle Strength in Hemodialysis Patients

RESULTS

Baseline characteristics
A total 0f 112 patients receiving maintenance HD participated. The baseline characteristics of total
participants and the comparison according to the exercise status are summarized in Table 1. The

Table 1. Baseline characteristics of participants

Variables Total (n =112) No exercise (n = 21) Home- or Both home- and Pvalue
hospital-based hospital-based
exercise (n = 61) exercise (n = 30)

Age, yr 62.6 £12.7 62.5£13.2 61.3+12.3 65.4 +13.1 0.346
Sex (male) 82 (73.9) 18 (85.7) 49 (68.9) 929 (73.3) 0.375
Cause of ESRD 0.780

Diabetic nephropathy 56 (50.0) 12 (57.1) 30 (49.2) 14 (46.7)

Hypertensive nephrosclerosis 10 (8.9) 0 (0) 7 (1.7) 3(10.0)

Glomerulonephritis 6 (5.4) 2(9.5) 4 (6.7) 0 (0.0)

Polycystic kidney disease 3(2.7) 0(0.0) 2(3.3) 1(3.3)

Others 13 (11.6) 3(14.3) 6 (10.0) 4(13.3)

Unknown 24 (21.4) 4(19.0) 12 (20.0) 8 (26.7)
Past medical history

Diabetes 72 (64.3) 17 (81.0) 38 (62.3) 17 (56.7)

Hypertension 109 (97.3) 21 (100.0) 60 (98.4) 28 (93.3)

Cerebro-cardiovascular disease 42 (37.5) 8(38.1) 21 (34.4) 13 (43.3)

Peripheral artery obstructive disease 10 (8.9) 4 (18.9) 5(8.2) 1(27.0)

Malignancy 9 (8.0) 2(9.5) 4 (6.6) 3(10.0)

Chronic liver disease 9 (8.0) 1(4.8) 4 (6.6) 4 (13.3)
No exercise 21 (18.8) 21 (100.0)
Regular home-based exercise 88 (78.6) 58 (95.1)
Hospital-based intradialytic resistance exercise 33(29.5) 3(4.9)
Both home- and hospital-based exercise 30 (26.8) 30 (100.0)
Dry weight, kg 61.6 £10.6 60.1+8.8 61.7 +12.1 62.6 + 8.6 0.721
BMI, kg/m? 22.7 +3.3 21.8 +3.1 22.6 £3.4 23.4+3.2 0.251
HD vintage, mon 34 (11-62) 25 (8-62) 49 (18-74) 21 (7-41) 0.030
Kt/V 1.43+0.19 1.34 £ 0.15 1.47 £ 0.21 1.42 £ 0.7 0.025
Hemoglobin, g/dL 10.5 (9.9-11.1) 9.9 (9.3-10.9) 10.4 (10.0-11.2) 10.6 (10.2-11.3) 0.068
Blood urea nitrogen, mg/dL 59 (48-77) 49 (41-72) 63 (49-80) 58 (50-75) 0.251
Serum creatinine, mg/dL 9.97 +2.52 8.07 +2.66 9.71+2.62 9.22 +1.92 0.035
Serum albumin, g/dL 4.0 (3.8-4.3) 3.6 (3.2-3.9) 41(3.9-4.3) 4.0 (3.9-4.9) <0.001
Serum calcium, mg/dL 8.8+ 0.6 8.4+0.6 8.9+0.5 8.8+ 0.6 0.007
Serum phosphorus, mg/dL 4.6+13 4.2+1.5 4.8+1.2 4.4+1] 0.103
Total CO,, meq/L 19.6 £3.7 19.4+3.3 19.6 £3.6 20.0 4.0 0.808
hs-CRP, mg/dL 0.14 (0.05-0.48) 0.41 (0.18-1.51) 0.09 (0.04-0.30) 0.08 (0.03-0.56) 0.001
Intact PTH, pg/mL 146.1 (77.8-238.7) 114.9 (60.4-166.1) 149.2 (70.9-269.2) 148.7 (96.2-264.8) 0.331
Iron, pg/dL 63 (47-79) 59 (51-84) 67 (50-79) 60 (44-90) 0.692
TIBC, pg/dL 299 (187-263) 179 (166-229) 238 (196-270) 934 (189-266) 0.004
Transferrin saturation, % 28.9 (21.0-38.8) 36.2 (21.7-42.0) 97.3 (22.7-36.0) 97.2 (17.5-40.9) 0.326
Hand grip strength, (opposite the fistula side, kg) 21.8 (17.0-29.2) 18.4 (11.4-23.9) 24.7 (18.5-30.3) 21.6 (16.6-25.3) 0.013

Male 95.1 (19.7-30.4) 18.9 (13.1-24.9) 28.5 (24.0-32.1) 23.9 (19.7-28.1) 0.001

Female 17.0 (14.5-20.5) 1.1 (11.1-117) 18.4 (16.6-20.6) 15.8 (13.9-21.0) 0.210
Leg muscle strength (better side, kg) 26.9 (20.3-33.5) 24.5 (14.5-30.8) 30.4 (20.5-36.8) 24.0 (19.4-30.4) 0.107

Male 30.1(23.0-37.2) 24.5 (14.5-30.8) 33.1(24.9-43.9) 97.8 (22.4-31.3) 0.005

Female 20.4 (15.8-25.0) None 20.3 (15.1-25.8) 21.8 (17.8-25.5) 0.849

Continuous variables are expressed as the mean = SD (normal distribution) or median (25-75 percentile) (non-normal distribution), and categorical variables are

expressed as number (%).

BMI = body mass index, ESRD = end stage renal disease, HD = hemodialysis, hs-CRP = highly sensitive C-reactive protein, TIBC = total iron-binding capacity.
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mean age was 62.6 years, and 73.2% of the patients were male. Diabetes was the cause of kidney
failure in 50% of the patients, and the median HD vintage was 34 months. A total of 78.6%

of patients reported that they performed regular home-based exercise, and 29.5% of patients
regularly participated in hospital-based intradialytic resistance exercise. 26.8% of patients
performed both home- and hospital-based exercise while 18.8% of patients did not exercise at
all. Median HGS opposite the fistula side and LMS (greater value between both sides) were 21.8
and 26.9 kg, respectively. HD vintage, Kt/V, serum level of creatinine, albumin, calcium, hs-
CRP, and iron showed statistical difference among exercise status groups.

HGS and LMS

Table 2 compares HGS and LMS between the general population (Korea National Health and
Nutrition Examination VI-3 survey27 and Takei Scientific Instruments Co. Ltd. presented)
and HD patients. The HGS of HD patients was approximately 25%-50% less than that of the
general population in almost all age groups in both males and females. The LMS of female
and male HD patients started to decrease after the age of 60 (female) and 70 (male), and it
was approximately 30%—-40% less than that of the general population.

HGS and LMS showed good correlation (r=0.715, P< 0.001). HGS (25.1vs. 17.0 kg) and LMS
(30.1vs. 20.4 kg) were greater in males (P < 0.001 and P < 0.001, respectively) than females.
Older patients (> 60 years) had less LMS than younger patients in both sex (P=0.012 and P
=0.037, respectively), but HGS did not differ by age (P=0.060 and P = 0.640, respectively)
(Fig. 1A). Patients performing regular home- or hospital-based exercise had greater HGS

than those performing no exercise (24.2 vs. 18.6 kg, P=0.011), but LMS was not significantly
different between the groups (29.3 vs. 23.6 kg, P=0.185) (Fig. 1B). Serum albumin (r=0.30, P
=0.002 and r=0.27, P=0.007, respectively) and creatinine (r= 0.35, P=0.001 and r=0.35, P=
0.001, respectively) were positively correlated with HGS and LMS, and hs-CRP was negatively
correlated only with HGS (r=-0.23, P=0.020). Body mass index (BMI) was positively
correlated with LMS (r=0.24, P=0.020), but HGS was not influenced by BMI (r= 0.16, P =
0.094). The presence of diabetes, hypertension, cerebro-cardiovascular disease, peripheral
artery obstructive disease, malignancy, and chronic liver disease did not affect LMS. However,
HGS was lower in patients with cerebro-cardiovascular disease than in those without cerebro-
cardiovascular disease (20.6 vs. 24.8 kg, P=0.018). There were no differences in HGS and LMS
according to HD vintage tertile (P=0.059-and 0.929, respectively).

Table 2. Comparison of mean hand grip and leg muscle strength between general population and hemodialysis patients

Age Hand grip strength, kg Leg muscle strength, kg
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) 292.3 (2) 93.4 (4) 33.6 (23) 29.7 (28) 64.7 (1) 24.8 (4)
40-49 43.7 (367) 8.6 (464) 31.8 (8) 16.6 (3) 32.4 (24) 93.2 (19) 33.4 (8) 23.8 (3)
50-59 40.6 (423) 94.7 (548) 26.4 (22) 16.2 (4) 32.0 (26) 929.5 (20) 34.7 (21) 24.1 (3)
60-69 37.8 (330) 93.3 (405) 97.3 (21) 17.2 (9) 392.7 (46) 925.9 (75) 32.7 (18) 18.5 (7)
70-79 31.2 (204) 20.2 (252) 20.1 (19) 17.2 (7) 36.2 (81) 26.1 (91) 95.1 (16) 20.2 (6)
>80 26.9 (56) 16.7 (191) 923.5 (7) 9.4 (1) 36.2 (10) 19.7 (6) 22.2 (6) 13.0 (1)

Data are presented as mean (number).
2Source: 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. °Source: 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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A
80 P=0.06 P=0.64 P=0.01 P=0.04
60 -
0 404
. LI
O T T T T T T T T
<60yr 260yr <60yr 260yr <60yr 260yr <60yr >60yr
Male (n =79) Female (n = 28) Male (n =70) Female (n = 24)
Hand grip strength Leg muscle strength
B
80+ P=0.01 P=019
60 -
¥ 404
20
O T T T T
Exercise (-)  Exercise (+) Exercise (-)  Exercise (+)
(n=18) (n=89) (n=11) (n=83)
Hand grip strength Leg muscle strength

Fig. 1. Hand grip and leg muscle strength according to age and sex (A) and the home- or hospital-based exercise
(B). Whiskers go from minimum to maximum values with 1st and 3rd quartile box points. The horizontal dotted
line represents the median level.

Factors related with muscle strength

Multiple linear regression analysis considering sex, age, BMI, exercise, and biochemical
markers proved that male sex, younger age, and any type of exercise were factors associated
with greater HGS and LMS. And groups of older age (> 60 years), male sex, and shorter
duration of HD (< median [34 months]) benefitted more from exercise than their
corresponding counterparts (Table 3). The association of muscle strength with male sex,
younger age, and any type of exercise were maintained even after we selected patients who
checked both HGS and LMS (n = 93) (Supplementary Table 1).

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 greater impact on LMS than HGS. HGS and LMS in
patients who performed regular home- or hospital-based exercise were greater than those in
patients who did not exercise, although the difference was significant for only HGS. Serum
albumin and creatinine were positively correlated with both HGS and LMS. CRP showed a
negative correlation with HGS while BMI showed a positive correlation with LMS. Sex, age,

https://doi.org/10.3346/jkms.2021.36.e76 6/13
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Table 3. Multiple linear regression analysis of the factors related with hand grip and leg muscle strength

Variables Total Age <60 Age > 60 Male Female HD vintage <34  HD vintage > 34
SC  Pvalue SC  Pvalue SC  Pvalue SC  Pvalue SC  Pvalue SC  Pvalue SC  Pvalue
Hand grip strength
Sex (female) -0.521 <0.001 -0.365 0.132 -0.545 <0.001 -0.38 0.029 -0.68 <0.001
Age, yr -0.265 0.004 -0.245  0.037 -0.459  0.101 -0.327  0.021 0.012  0.933
HD vintage, mon -0.17 0.051 -0.163 0.398 -0.222 0.054 -0.211 0.054 0.166 0.484
Exercise, home- or 0.314 0.001 0.22 0.233 0.362  0.010 0.354  0.004 -0.148 0.667 0.446 0.004 0.081 0.600
hospital-based (yes)
BMI, kg/m?* 0.08 0.400 -0.01 0.957 0.14 0.259 0.05 0.670 0.523 0.068 0.037  0.790 0.135 0.340
Kt/V 0.068 0.571 -0.123 0.646 0.142 0.341 0.088 0.495 -0.431 0.194 -0.025 0.879 0.322 0.077
Serum albumin, g/dL 0.024 0.884 0.207 0.465 -0.004 0.973 -0.004 0.967 0.057 0.864 0.01 0.938 0.184  0.247
Serum creatinine, mg/dL 0.013 0.112 0.162 0.438 0.84 0.128 0.217 0.07 0.n 0.637 0.147 0.310 0.169 0.244
hs-CRP, mg/dL -0.062 0.502 -0.047 0.821 -0.065 0.619 -0.038 0.745 -0.693 0.035 -0.012 0.932 -0.02 0.889
Serum calcium, mg/dL -0.013  0.892 0.116 0.587 -0a73 0.191 -0.003 0.981 -0.416 0.106 -0.069 0.662 0.01 0.941
Iron, pug/dL -0.044 0.610 -0.05 0.523 -0.043 0.966 -0.006 0.954 -0.288 0.164 0.08 0.562 -0.024 0.851
Leg muscle strength
Sex (female) -0.421 0.001 -0.135 0.585 -0.478 0.007 -0.356 0.050 -0.542 0.008
Age, yr -0.368 <0.001 -0.384 0.003 -0.488 0164 -0.5 0.001 -0.13 0.833
HD vintage (months) -0.051 0.611 0.046 0.826 -0.093 0.504 -0.051 0.670 0.261 0.425
Exercise, home- or 0.234  0.026 0.212 0.268 0.318 0.048 0.273 0.031 0.299 0.059 0.157 0.320
hospital-based (yes)
BMI, kg/m?* 0.108  0.330 0.242  0.241 0.013 0.934 0.087 0.505 0.288  0.450 0.203 0.174 -0.093 0.607
Kt/V -0.02 0.884 -0.327 0.225 0.091 0.629 -0.031 0.831 -0.39 0.517 0.142 0.420 -0.118 0.585
Serum albumin, g/dL 0.021 0.830 0.389 0.203 -0.07 0.615 0.018  0.879 0.165 0.712 0.06 0.668 0.262  0.201
Serum creatinine, mg/dL 0.126 0.250 0.067 0.770 0.123 0.430 0.186  0.159 -0.183 0.500 0.165 0.293 0.045 0.789
hs-CRP, mg/dL 0.036  0.727 0.068 0.750 0.124 0.416 0.095 0.457 -0.309 0.323 0.115 0.446 0.045 0.792
Serum calcium, mg/dL 0.01 0.928 -0.233 0.313 0.089 0.566 0.016  0.908 -0.191 0.616  -0.139 0.380 0.07 0.689
Iron, pg/dL -0.012 0.903 -0.41 0.424 0.193 0.178 0.071 0.565 -0.443  0.092 0.005 0.974 -0.003 0.984

Units of age and HD vintage are years and months, respectively.
BMI = body mass index, hs-CRP = highly sensitive C-reactive protein, SC = standardized coefficient.
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and exercise were the most important determinants of both HGS and LMS in HD patients.
And groups of older age, male sex, and shorter duration of HD benefitted more from exercise.

Muscle strength (HGS and LMS) in HD patients, except LMS in male HD patients, was
25%-50% less than that of general population in almost all age groups. Structural and
functional decline to the cardiovascular system and skeletal muscle occur in CKD and ESRD
patients, and this contributes to an exercise capacity that is 40%-50% less than that of
normal people.20 Muscle strength is not the sole factor determining physical function, but
the results of this study may offer a way to explain the decrease in physical function in CKD
and ESRD patients.

Prevention of PEW and sarcopenia are important clinical issues in CKD and ESRD patients.
Insufficient food intake due to loss of appetite and diet restrictions, especially protein restriction
for CKD patients with progression of renal dysfunction, contributes to PEW, and an increased
catabolic state, including persistent inflammation, metabolic acidosis, hormonal imbalance,
and physical inactivity, leads to excessive muscle wasting.218,28,29 Therefore, serum bicarbonate
normalization, serum uric acid and phosphorus control, and exercise as well as nutritional
support are receiving attention as ways to treat these patients.2 ATP-dependent ubiquitin-
proteasome (UPS) proteolysis is the major cause of increased skeletal muscle degradation in
CKD. Inflammation and metabolic acidosis play a major role in activating the UPS.5

Inflammation markers, including interleukin (IL)-6 and CRP, were negatively correlated
with muscle mass in dialysis patients.30 NFkB and insulin/insulin growth factor (IGF)-1 are
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well-known to be involved in protein catabolism.5> Hyperphosphatemia also induced systemic
inflammation and malnutrition independent of renal function in animal models.31 In this
study, CRP was negatively correlated with HGS, which is concordant with previous reports,
although serum phosphorus levels were not associated with muscle strength.

Although total CO, did not show any correlation with muscle strength in this study,
metabolic acidosis has a prominent role in PEW and sarcopenia. Metabolic acidosis can
induce glucocorticoid secretion and insulin resistance and increase branched chain amino
acid (BCAA) oxidation in skeletal muscles, which is associated with decreased muscle protein
synthesis.32-34 In addition, sodium bicarbonate supplementation in CKD patients slowed the
decline in renal function, increased dietary protein intake, and reduced normalized protein
nitrogen appearance, which reflects decreased protein breakdown associated with increased
lean body mass.35 Bicarbonate supplementation in pre-dialysis CKD patients also increased
total and appendicular lean muscle mass and reduced plasma myostatin level which is a
surrogate of muscle degradation in addition to the improvement in lower extremity muscle
strength.36,37

Serum albumin and creatinine were positively correlated with both HGS and LMS in this study.
Malnutrition is considered as a nontraditional cardiovascular risk factor in dialysis patients.
Hypoalbuminemia is one of the most potent risk factors for mortality in HD patients.38

The 2012 Kidney Disease Improving Global Outcomes (KDIGO) guideline recommends a
protein intake of 0.8-1.3 g/kg/day in CKD patients with progressive renal dysfunction.38 The
typical dietary protein intake recommendation for ESRD patients is 1.2 g/kg/day.39 However,
some experts recommended a dietary protein intake of more than 1.8 g/kg/day in dialysis
patients because they do not have to prevent CKD progression and are in a hypercatabolic
state due to dialysis itself.40 Protein restriction in CKD patients should be regulated
considering the development of PEW, which can lead to poor clinical outcomes. The obesity
paradox and reverse epidemiological trends in CKD and ESRD patients should also be
considered. Weight loss of more than 10% was 50% less common in obese than in nonobese
CKD patients.#! Significant weight loss occurred at a relatively early stage of CKD and was
associated with an increased risk of mortality after dialysis.42

BMI, possibly implies nutritional state and muscle mass, was positively correlated with LMS
in this study, which is concordant with previous reports. And serum creatinine was positively
correlated with both HGS and LMS in this study. Serum creatinine can be a good surrogate
marker of muscle mass in dialysis patients with no or minimal residual renal function, and

a study analyzing 2 Korean HD cohorts and matched US Caucasian and African American
cohorts reported better survival in patients with higher BMI and serum creatinine than in
patients with lower BMI and serum creatinine.43-45 A new simplified PEW scoring system that
includes serum creatinine/body surface area successfully predicted survival in HD patients
and could potentially replace the muscle wasting category in the diagnosis of PEW.46

Any type of exercise (regular home-based or hospital-based resistance exercise) showed

a beneficial effect on muscle strength in this study. One anabolic-based strategy for the
treatment of PEW is exercise in addition to nutritional support, anabolic steroids, and
growth hormones. The reduction in protein intake reduces protein catabolism as well as
protein synthesis; therefore, nitrogen balance is not disturbed. Net protein catabolism occurs
when protein and energy intake are inadequately low. However, resistance training during
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protein restriction counteracts impaired muscle cell metabolism.47 Experts report that
resistance training together with protein or amino acid supplementation can have beneficial
effects on muscle mass and/or muscle function. Exercise improves muscle size, the protein
synthesis rate, neuromuscular function, insulin sensitivity, and inflammation associated
with increased insulin-stimulated glucose and amino acid transport.448 Regular exercise
also showed positive effects on nutritional markers such as serum albumin, prealbumin,
and energy intake regardless of type, intensity, length, or supervision.4’ These results may
be related to the alleviation of depression or improvement in appetite due to exercise.49 In
addition, intradialytic exercise (IDE) combined with oral or parenteral nutrition enhanced
amino acid uptake and protein content in the muscles of HD patients, indicating an improved
anabolic effect of nutritional supplementation.50

Cardiovascular exercise, such as cycle training, was well tolerated during HD and improved
oxygen uptake, inflammation, arterial compliance, muscle strength, physical activity, and
psychosocial functioning.5153 Exercise induced vascular adaptation and improved endothelial
function, which are associated with improved exercise capacity.>4 Strengthening exercise
was associated with skeletal muscle hypertrophy and increased muscle strength in CKD and
ESRD patients.55 It also reduced inflammation and improved PEW by increasing muscle
IGF-1 and decreasing myostatin in HD patients.56 In addition, IDE improved the efficiency

of dialysis (Kt/V) and solute clearance, including serum phosphorus; physical function;
arterial stiffness; QOL; depression; and the hospitalization rate.5%58 IDE also increased
blood pressure in patients with intradialytic hypotension, which has been associated with
decreased cardiac output and increased mortality.5%00 IDE can be a convenient option to
ensure compliance and reduce uncomfortable dialysis-related symptoms such as restless legs
and cramping.61

Physical inactivity is an important clinical problem among CKD and dialysis patients.4”
Providing exercise therapy to patients who are unable to perform conventional dynamic
training due to position limitations, hemodynamic instability during dialysis, low
motivation, or fatigue is a major challenge.20 HD patients, especially elderly patients,
reported low levels of physical activity, which is associated with poor physical function and
frailty. HD itself contributes to physical inactivity.62 The Kidney Disease Outcome Quality
Initiative (K/DOQI) and European guidelines recommend that nephrologists counsel and
encourage dialysis patients to increase physical activity.63,64 Physicians caring for CKD and
ESRD patients should encourage patients to engage in physical activity such as aerobic,
resistant, coordination, and flexibility exercises.62

Patient groups of older age, male sex, and shorter duration of HD benefitted more from
exercise than their corresponding counterparts in this study. This may imply that patients
with reduced habitual physical activity (older age) and a considerable amount of muscle
mass (male sex and shorter duration of HD) can benefit from exercise. We need to encourage
patients to exercise from the beginning of HD, even from pre-dialysis CKD stages.

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), the lack of
information on dietary and nutritional status, and systemic shortcomings due to the cross-
sectional study design. However, we obtained general features of HGS and LMS in HD
patients in this study.
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In conclusion, sex, age, and exercise were the most important determinants of muscle
strength in HD patients. We need to encourage patients to do regular home or group exercise
from the beginning of dialysis and introduce and implement new feasible forms of exercise
for HD patients.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Multiple linear regression analysis of the factors related with muscle strength in patients who
checked both hand grip and leg muscle strength

Click here to view
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