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Abstract

p<0.05).

undergoing HD.

Introduction Walking ability is an important prognostic factor for patients undergoing maintenance hemodialysis
(HD). Since complications such as poor nutrition, anemia, malnutrition, and inflammation in patients undergoing HD
may affect walking ability, the factors affected by 10-m walking speed must be investigated. This cross-sectional study
enrolled 1205 outpatients undergoing HD and measured their 10-m walking speed.

Methods Lower extremity muscle strength (LES), grip strength, one-leg standing time (OLST), and short physical
performance battery (SPPB) score were measured as physical functions. Age, sex, body mass index, dialysis history,
comorbidities, and hematological data were collected.

Results A multiple regression analysis revealed that the 10-m walking speed was significantly associated with LES,
grip strength, OLST, SPPB, and % creatinine production rate, even after adjusting for corresponding variables (R*=0.69,

Conclusion Muscle strength and muscle mass may be essential factors for the 10-m walking speed in patients
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Introduction

The age of patients undergoing hemodialysis is increas-
ing, and according to a statistical survey by the Japanese
Society of Dialysis Medicine in 2017, the average age of
patients undergoing hemodialysis (HD) is 68.43 years [1].
Patients undergoing HD are also susceptible to frailty [2]
due to increased levels of bioactive substances, low nutri-
tion, endocrine abnormalities, and uremic symptoms
caused directly by chronic kidney disease, leading to
impaired skeletal muscle function and decreased endur-
ance [3, 4]. Previous studies have shown that decreased
walking speed in patients undergoing HD is significantly
associated with all-cause mortality [5, 6], hospitaliza-
tion [6], and cardiovascular disease [7]. Moreover, older
patients undergoing HD have difficulties in activities of
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daily living (ADL) compared to community-dwelling
older adults not on HD [8], and a decrease in walking
ability may be associated with low performance in ADL
in the aforementioned population. Evaluating and ame-
liorating the ability to walk is essential for maintaining
ADLs and improving the prognosis of patients undergo-
ing HD.

The 10-m walking speed is a widely used assessment
for walking ability in clinical settings. Elucidating the
factors that affect 10-m walking ability is considered
important for planning care to improve walking abil-
ity. Studies on healthy subjects have shown that factors
affecting the 10-m walking speed were lower limb muscle
strength, balance ability [9], shortening of stride length,
and a decrease in walking rate [10]. In a study on patients
undergoing HD, cardiac disease, history of fracture,
decreased leg strength, and poor standing balance were
independently associated with slow walking speed [11].
However, the factors affecting the 10-m walking speed
in patients on HD have not been thoroughly investigated
and must be elucidated to appropriately intervene in
their walking ability.

Factors associated with walking ability in patients
undergoing HD need to be considered when assess-
ing the pathophysiology of complications, including
malnutrition [12], anemia [13], and inflammation [14],
which may influence the decline in physical function.
Anemia associated with impaired renal function has
been reported to decrease exercise tolerance due to the
decreased production of erythropoietin and red blood
cells [13]. Furthermore, malnutrition in patients under-
going HD is characterized by decreased food intake due
to gastrointestinal disorders and chronic inflammation
due to the influence of inflammatory cytokines, including
interleukin-6 and tumor necrosis factor [15]. To properly
manage the walking ability of patients undergoing HD,
the pathophysiology associated with HD should be con-
sidered, and factors affecting walking should be investi-
gated. Identifying factors associated with walking ability
may help manage patients undergoing HD in order to
maintain their walking ability; however, this has not been
thoroughly investigated.

This multicenter cross-sectional study aimed to iden-
tify the factors related to walking ability associated with
HD-related pathologies and physical function in patients
undergoing ambulatory HD.

Materials and methods

This multicenter cross-sectional study was conducted
at 22 outpatient dialysis clinics of Japan from April
2012 to April 2021. Data were retrospectively extracted
from a database. The inclusion criteria were as follows:
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(1) Patients without ischemic heart disease, arrhythmia,
or severe aortic stenosis, which are contraindications
to exercise therapy as stipulated in the Clinical Prac-
tice Guideline for renal rehabilitation [16], and who are
deemed by the attending physician to exhibit stability
during hemodialysis treatment were included in the
study, and (2) those willing to start an intradialytic exer-
cise program. The exclusion criteria were as follows: (1)
patients who could not walk independently, (2) patients
who did not measure their walking speed, (3) patients
who were hospitalized within the past 3 months, (4)
patients with age of<18 years, and (5) patients who
underwent HD for less than 6 months. This study was
approved by the Ethics Committee (approval number:
18004._01SJ). Patients’ rights to avoid enrollment was
pledged in an opt-out fashion.

Measurements

Patient background and blood data were collected from
the medical records. Physical function was measured
at the beginning of participation in the intradialytic
exercise program. Grip strength, 10-m walking speed,
knee extensor strength, and one-leg standing time were
measured.

Age, sex, body mass index (BMI), HD vintage, Hyper-
tension (HT), Diabetes mellitus (DM), and Dyslipi-
demia (DL), and hematological data were investigated.
Hematological data including serum albumin (Alb),
blood urea nitrogen (BUN), serum creatinine (Cr),
serum phosphorus (P), serum calcium (Ca), intact
parathyroid hormone (PTH-INT), hemoglobin (Hb),
total iron-binding capacity (TIBC), ferritin, C-Reactive
Protein (CRP), geriatric nutritional risk index (GNRI),
% creatinine production rate (%CGR), standardized
protein catabolic rate (nPCR), and standardized dialy-
sis volume (Kt/V) were retrieved from the medical
records. The formulas for calculating GNRI, %CGR,
nPCR, and Kt/V were calculated as follows:

GNRI = {14.89 x serum albumin (g/dl) }
+ {41.7 x (body weight/ideal body weights) }
xIdeal weight (male) = height (cm) — 100[(height) — 150) /4]
+Ideal weight (female) = height (cm) — 100[(height) - 150) /2.5]
%CGR = Cs x [7056 - A + ABW
+IBW x 240 = (72 — Td)]
A = 3354 + (7.8 x Td + 411) x In(Cr = Cs) — 1.5
x Td — 1449 =+ [(0.019 x Td + 0.999)
xIn(Ce + Cs)]
Cr = [—81.622 x In(Ce + Cs) + 60 x Td + 0.943] x Ce
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Cs: Cre concentration at predialysis (mg/dL); Ce:
Cre concentration at post-dialysis (mg/dL); Td: HD
duration time (hours); ABW: Change in body weight
between pre- and post-dialysis (kg)

IBW (male):Height (cm) — 100 — [ (height) — 150]/4
IBW (female):Height (cm) — 100 — [ (height) — 150]/2.5

If DW was more than the ideal body weight, the value
of DW =IBW was calculated as 1.

nPCR = Cy/(a + bKt/V + c[Kt/V]) + 0.0168

C,: Predialysis BUN (mg/dL); Kt/V: Single-pool esti-
mate of the dialysis dose.

The corresponding coefficients for a, b, and ¢ were
adjusted for differences in the interdialytic time interval
for patients who received dialysis three times weekly.

Kt/V was used as an index of dialysis volume and was
calculated using the method [17] used in the Japanese
Society for Dialysis Therapy statistical survey.

Kt/V = —In (R — 0.008 x ) + (4 — 3.5 x R) x (UF/W)
R=Ct/Co

Ct: Postdialysis BUN (mg/dL); Co: C,: Predialysis
BUN (mg/dL); t: The duration of HD session (hour);
UF: Ultrafiltration volume (kg); W: The body weight
after the HD session.

The 10-m walking speed was measured at a comfort-
able pace along a 14-m straight walking path, including
a 2-m front and rear runway, and the time required for
patients to walk 10 m was measured with a stopwatch
[18]. Grip strength was measured using a grip strength
meter (Grip D Digital Grip Strength Meter, Takei)
according to a previous study [19] in the upright stand-
ing posture. Lower extremity muscle strength (LES)
was assessed using a manual muscle tester (pTasF-1,
Anima) with the patient seated on a chair and their
knees flexed at a 90° angle. The manual muscle tester
pad was placed perpendicularly to the leg, just above
the ankle. Isokinetic knee extensor strength was meas-
ured twice on each side, and the highest values for both
the right and left legs were selected as the measured
values [20]. The value divided by body weight was sub-
sequently used as the knee extensor muscle strength.
In one-leg standing time (OLST), a measurer stated the
following instructions to the patients: "stand with one
eye open, your hands on your hips, and one leg raised
5 cm from the floor for as long as possible," and one
or two practice tests were conducted. The actual test
was conducted using the same instructions. The time
until the subject was about to fall was measured [21].
Short physical performance battery (SPPB) comprised a
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test of walking ability based on the 4-m walking speed,
balance function based on tandem standing time, and
lower limb muscle strength based on five chair standing
times. SPPB reflects composite physical function and
is scored on a range of 0—12 points [21]. All physical
functions were measured before the HD session.

Statistical analysis

The missing components of the variables were comple-
mented using multiple assignment methods based on the
missing-at-random assumption to minimize missing bias
via IBM SPSS Missing Values 28 (IBM corp.; Armonk,
NY, United States). Pearson’s correlation coefficient and
multiple regression analysis were used to analyze the
relationship between the 10-m walking speed and each
variable. In a multiple regression analysis, the dependent
variable was the 10-m walking speed, and explanatory
variables were selected as follows: knee extensor strength
and grip strength as muscle strength; one-leg standing
time as balance function; SPPB as an index of full body
and complex physical function; %CGR as an index of
muscle mass; GNRI and nPCR as indices of nutritional
status; Hb as an index of anemia; and CRP as an index
of inflammation. The forced entry method was used for
variable selection. Potential confounders were adjusted
for age, BMI, sex, DM, HT, DL, and HD vintage (model
1). Model 2 was adjusted for Alb, BUN, Cr, P, Ca, PTH-
INT, TIBC, ferritin, and KT/V, in addition to the varia-
bles of model 1. Dummy variables (0 and 1) were used for
the categorical data. The coefficient of determination and
standardized partial regression coefficients are shown
as R? and B, respectively. Results of multiple regression
analysis were listed with standardized /8 values, 95% con-
fidence intervals for unstandardized 3, and adjusted R
The variance inflation factor (VIF) was used to check for
collinearity. A VIF of<10 reflected a lack of collinearity
and was selected as an explanatory variable. Statistical
analysis was performed using IBM SPSS version 28 (IBM
corp.; Armonk, NY, United States). A p-value<0.05 was
considered statistically significant.

Results

A total of 1276 outpatients undergoing HD participated
in the intradialytic exercise program; 71 patients were
excluded because they were unable to walk or lacked
data on their 10-m walking speed. The final analysis
included 1205 patients (mean age, 69.8 + 11 years; Fig. 1).
The baseline characteristics of the study participants are
shown in Table 1. Figure 2 shows a histogram of the 10-m
walking speed of patients. The average 10-m walk speed
was 1.3+0.4 m/s, and the mode value ranged from 1.4 to
1.6 m/s.
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4846 Japanese outpatients who were undergoing
hemodialysis at dialysis clinics of the Kaikoukai
Healthcare Group from April 2012 to October 2021

3570 patients did not agree for
participating of exercise program

1276 participants in the intradialytic exercise program

71 participants unable to walk or
missing data of 10m walk speed

1205 participants included in the final analysis

Fig. 1 Flow of participants

Table 2 shows the relationship between the 10-m walk-
ing speed and each measurement value in a single cor-
relation and multiple regression analysis. Moreover, the
10-m walking speed significantly correlated with grip
strength (r=0.51), LES (r=0.6), OLST (r=0.44), SPPB
(r=0.74), % CGR (r=0.27), nPCR (r=0.21), GNRI
(r=0.15), and CRP (r=-0.11) (p<0.05). Results of the
multiple regression analysis showed that grip strength
(8=0.19,0.19), LES (3=0.19, 0.19), OLST (8=0.07, 0.07),
SPPB (5=0.5, 0.5), and %CGR (=0.11, 1) had a signifi-
cant relationship with 10-m walking speed after adjust-
ment for some confounding factors (R*=0.69 and 0.69
for models 1 and 2, respectively; p<0.05). The variables
of all items had a VIF of<10, and there was no multicol-
linearity. The sensitivity analysis results are presented in
supplement tables without substituting missing values
and without including the SPPB variable in the multi-
ple regression analysis (Additional file 1: Supplemental
Tables 1 and 2). The finding did not show a significant
change.

Discussion

To our knowledge, this study is the first to show the fac-
tors associated with the 10-m walking speed in patients
undergoing HD. The multicenter, large cross-sectional
data of this study revealed that muscle strength, muscle
mass, and balance ability, but not anemia, inflammation,
and nutrition were significantly associated with the 10-m
walking speed. Since anemia, malnutrition, and inflam-
mation are common complications in most patients
undergoing dialysis, the results of this study showed
that the 10-m walking speed is an independent indica-
tor of physical function and provides valid evidence for
the assessment and interventions of walking ability in
patients undergoing HD.
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Table 1 Patient characteristics
n=1205
Participant background data
Age (years) 69.8+11
Sex (male/female) 687/518
BMI (kg/m?) 219+42
Dialysis vintage (month) 783+96.2
Cause of dialysis (n, %)
Diabetic nephropathy 411 (34.1)
Chronic glomerulonephritis 234 (19.4)
Nephrosclerosis 176 (14.6)
Polycystic kidney disease 38(3.2)
Chronic pyelonephritis 5(04)
RPGN 10 (0.8)
Other 73 (6.1)
Unknown 258 (21.4)
Comorbidities (n, %)
Hypertension 728 (60.4)
Diabetes 531 (44.6)
Dyslipidemia 228 (18.9)
Hematological data
Alb (g/dL) 35+04
BUN (mg/dL) 582+148
Cr (mg/dL) 96+26
P (mg/dL) 52+12
Ca (mg/dL) 86+0.8
PTH-INT (pg/mL) 1685+1479
Hb (g/dL) 11414
TIBC (ug/dL) 2446+62.2
Ferritin (ng/mL) 99.2+104.8
CRP (g/dL) 04+07
GNRI 92.1+£82
% CGR (%) 9534293
nPCR (g/kg/day) 0.8+0.2
A% 16+03
Physical function
10-m walking speed (m/s) 13+04
Grip strength (kg) 22179
LES (%) 404+£14.9
OLST (s) 16.2+29.2
SPPB (point) 96+27

Values are expressed as mean £ SD or numbers (%)

BMI body mass index, RPGN rapidly progressive glomerulonephritis, Alb albumin,
BUN blood urea nitrogen, Cr creatinine, P phosphorus, Ca calcium, PTH-INT
intact-parathyroid hormone, Hb hemoglobin, CRP C-reactive protein, GNR/
geriatric nutrition risk index, %CGR creatinine generation rate, nPCR normalized
protein catabolism rate, TIBC total iron-binding capacity, LES lower extremity
muscle strength, OLST one-leg standing time, SPPB short physical performance
battery

The decline in the walking ability of patients undergo-
ing HD is an important problem. Previous studies have
shown that walking speed in patients undergoing HD is
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Table 2 Multiple regression analysis of the 10-m walk speed
Univariate correlation Multiple regression Model 1 Multiple regression Model 2
r 95% Cl p B 95% Cl P B 95% Cl p
Grip strength 051 0.5-0.58 <0.01 0.19 0.008-0.013 <0.01 0.19 0.008-0.014 <0.01
LES 0.6 0.58-0.65 <0.01 0.19 0.004-0.007 <0.01 0.19 0.004-0.007 <0.01
OLST 044 0.4-049 <0.01 0.07 0-0.002 <0.01 0.07 0-0.002 <0.01
SPPB 0.74 0.74-0.78 <0.01 0.5 0.076-0.089 <0.01 0.5 0.076-0.09 <0.01
%CGR 0.27 0.25-0.35 <0.01 0.11 0.001-0.002 <0.01 0.1 0.001-0.002 <0.01
nPCR 021 0.17-0.28 <0.01 —-0.01 —-0.12410 0.06 049 —-0.06 —0.322t0 0.001 0.06
GNRI 0.15 0.14-0.25 <0.01 0.02 —0.001 to 0.003 0.25 -0.01 —0.005 to 0.004 0.87
Hb 0.02 —-0.02t0 0.09 0.25 —-0.01 —0.013 t0 0.007 0.55 —-0.01 —0.013t0 0.008 0.6
CRP -0.11 -0.18t0-0.07 <0.01 -0.01 -0.027t0 0.014 0.53 -0.01 -0.027 10 0.014 0.55

Model 1: Adjusted for age, BMI, sex, DM, HT, DL, and HD vintage, R?=0.69, p < 0.05

Model 2: Adjusted for age, BMI, sex, DM, and HD vintage, as well as Alb, BUN, Cr, P, Ca, KT/V, PTH-INT, TIBC, and Ferritin, R?=0.69, p <0.05

BMI body mass index, DM diabetes mellitus, HT hypertension, DL Dyslipidemia, LES lower extremity muscle strength, OLST one-leg standing time, SPPB short
physical performance Battery, % CGR creatinine generation rate, PCR normalized protein catabolism rate, GNRI Geriatric Nutrition Risk Index, Hb hemoglobin, CRP
C-reactive protein, R? adjusted coefficient of determination, B standardized partial regression coefficient, 95% Cl confidence interval, 95% confidence intervals for

unstandardized

significantly associated with higher mortality [5, 6] and
affects quality of life more than other measures of physi-
cal function [18]. Ambulatory patients with end-stage
renal disease undergoing dialysis have decreased walking
speed, being 60% of that of age-matched controls [22].
Another study showed that a 10-m walking speed decline
was observed without an accompanying decline in LES
and SPPB over 1 year in a group of older patients under-
going HD without exercise intervention [23]. These stud-
ies suggest that a 10-m walking speed is a good indicator

with high power to detect mortality and decline in physi-
cal function. Additionally, previous studies have reported
that many ambulatory patients undergoing HD have
difficulty with activities, walking, and passing through
stairways, despite their high scores on the "mobility"
item of the functional independence measure (FIM) and
the fact that they do not require assistance [24, 25]. The
high mobility of patients undergoing HD as assessed by
FIM does not indicate that they can move without prob-
lems, but rather that a certain number of patients have
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difficulty moving around. Evaluation of walking ability
in patients undergoing HD is important to improve life
expectancy and performance of ADLs and to solve diffi-
culties in mobility.

This study showed that walking ability is associated
with muscle strength and mass in patients undergoing
HD. Prior research on 10-m walking speed has explored
variables such as age [26], gender [27], muscle strength
[27], and balance [27]. This study introduces a novel
aspect by demonstrating the significance of the %CGR
as a specific metric for patients undergoing HD. A recent
study showed that muscle strength declines with age
[28], and a decrease in LES predicts a decrease in walk-
ing speed in older adults [9]. Additionally, because the
muscle strength of patients undergoing dialysis is lower
than that of age-matched healthy controls [29], the walk-
ing ability of patients undergoing dialysis may be affected
by muscle strength affected by both aging and renal fail-
ure. Muscle mass is also a factor that influences walking
ability. Handgrip strength is associated with the tension
exerted by different muscle groups [30] and is also related
to whole-body muscle mass [31] and nutritional status
[32] in patients undergoing HD. %CGR also indicates
muscle mass in patients undergoing HD [33], as well as
reduced muscle mass due to uremic sarcopenia [34]. The
results of the present study may support those of the
abovementioned studies; the 10-m walking speed may be
an indicator that reflects not only LES, but also the mus-
cles of the whole body.

OLST and SPPB, which reflect balance ability and
whole-body physical function, were also associated with
10-m walking speed. The acquisition of weight-bearing
function in both lower limbs is a prerequisite for inde-
pendent walking, and standing on one leg is a movement
that requires these functions. A previous study reported
that a higher OLST was associated with whether patients
were able to walk independently [7]. Another study
showed that in 122 outpatients on HD, the factors that
independently discriminated lower walking speed were
poor standing balance in addition to cardiac disease, his-
tory of fracture, and decreased leg strength after adjust-
ing for confounders [7]. Additionally, lower SPPB scores
are associated with the likelihood of falls through step
length and slow-walking speed in patients with CKD
[35]. A previous randomized controlled trial showed
that intradialytic exercise for older patients undergoing
HD affected SPPB without improvement of LES [36].
Muscle strength is an indicator of the functional factors
of a single motor unit, whereas OLST and SPPB reflect
whole-body neuromuscular control and functional fac-
tors. Balance capacity and SPPB are important factors of
walking ability in addition to muscle strength and muscle
mass.
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An interesting aspect of the results of the present study
is that anemia, nutritional status, and inflammation sta-
tus in patients undergoing HD showed no significant
association with the 10-m walking speed. A previous
study showed the nutritional status [37], inflammatory
status [38], and anemia [39] have been identified as deter-
minants influencing the walking speed of community-
dwelling older persons. In addition aging, prolonged
dialysis period, and inflammatory status in patients
undergoing HD worsen nutritional status, as well as skel-
etal muscle function and walking ability [12—14]. Other
studies have shown that low nutritional status is associ-
ated with physical functions, including the 10-m walking
speed and muscle strength [40, 41]. Furthermore, factors
such as chronic inflammation and endocrine abnormali-
ties in patients on HD are associated with sarcopenia
[42]. Therefore, although nutritional status and inflam-
mation do not directly affect the 10-m walking speed,
they may indirectly affect the speed by affecting sarcope-
nia and skeletal muscle mass loss. One plausible expla-
nation for the lack of association between 10 m walking
speed and nutritional status, inflammation, and ane-
mia in this study could be the absence of severely com-
promised GNRI, CRP, or Hb level among the included
HD patients. A prior study investigating the extent of
independent ambulation among individuals undergo-
ing HD documented the impact of insufficient nutrition
(GNRI<86) [12] and inflammation (CRP decline in the
walking independence group mean: 0.43, no decline in
the walking independence group: 0.08 g/dL) [14]. How-
ever, within the context of the present study, the GNRI
exhibited elevated values (mean 92), and the CRP levels
were diminished (mean 0.4 g/dL). Therefore, no signifi-
cant differences were discernible in terms of GNRI and
CRP. Previous research has noted the influence of anemia
on walking distance [13], but its impact on walking speed
among dialysis outpatients remained uncertain. Hence, in
ambulatory patients receiving HD, such as the subjects in
this study, further investigation is required to determine
the relationship between anemia and walking speed. The
10-m walking speed may be an index that reflects sys-
temic factors related to whole-body motor control more
than physiological and functional structural factors do.
The relationships between nutritional status, inflam-
mation, physical function, and walking ability should be
investigated.

Complex interventions for LES, muscle mass, and bal-
ance capacity may be important for improving the walk-
ing ability of patients on HD. The results presented in
this study suggest the importance of balance training and
exercises requiring control of whole-body movements,
including exercises requiring multiple neuromuscular
coordination rather than a single joint movement, for



Yabe et al. Renal Replacement Therapy (2023) 9:40

improving the 10-m walking speed. Previous studies have
shown that intradialytic exercise affect muscle strength,
balance, and walking ability [43, 44]. Additionally, aero-
bic exercise and resistance training on non-dialysis days
improve balance function [45]. Exercise on non-dialysis
days, which does not limit the type of exercise, may be
more important than that on dialysis days for improving
walking ability because it allows whole-body movement.
In contrast, a previous systematic review showed that
exercise therapy for patients on dialysis had a poor effect
on increasing the effect of skeletal muscle mass [46],
which may be due to low nutrition and inflammation.
Several studies have reported that a combination of nutri-
tional and exercise therapy significantly improves physi-
cal function compared with nutritional therapy alone [47,
48]. In the future, improving walking ability may require
a combination of nutritional and exercise therapies to
address malnutrition and inflammation and non-dialysis
interventions to provide whole-body exercise.

This study had some limitations. First, the 10-m walk-
ing speed was evaluated at a comfortable pace. This is
because a comfortable walking speed was determined
to be more reflective of the patient’s daily activity than
maximum walking speed; however, maximum walking
speed may provide a more perceptive assessment of the
patient’s walking ability. Second, this study only included
subjects who voluntarily participated in an exercise pro-
gram. Although the results are from a large cohort, and
the patient backgrounds are indicative of patients under-
going dialysis in general, generalizability to the overall
population of dialysis patients may be limited. Third, this
study exclusively examines factors associated with the
10-m walking speed and does not explore other indices
of physical functionality, such as the 6-min walk test. It
is important to duly acknowledge and consider factors
related to additional measures of physical function in
future research. The fourth limitation of this study is the
inability to adequately adjust for comorbidities as a con-
founding factor. Specific comorbidities, including frac-
tures and cardiac disease, may influence walking speed
in patients undergoing HD. Unfortunately, due to the
nature of secondary analysis and the available data, it was
impossible to include information on these comorbidi-
ties as explanatory variables. Future studies should aim to
adjust for comorbidities further to explore their impact
on walking speed in HD patients.

This cross-sectional large data study investigated the
factors associated with 10-m walking speed in outpa-
tients undergoing ambulatory HD. Muscle strength,
muscle mass, balance capacity, and whole-body physical
function were extracted as factors related to the 10-m
walking speed. In addition to nutritional status, inflam-
mation and anemia were not associated with the 10-m
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walking speed. Improvements in strength, muscle mass,
and balance capacity are important for improving the
walking ability of patients undergoing dialysis.
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ADL Activity Daily Living

BMI Body mass index

Alb Serum albumin

BUN Blood urea nitrogen
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OLST One-leg standing time

SPPB Short physical performance battery
VIF Variance inflation factor
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