ORIGINAL ARTICLE

Korean J Intern Med 2019;34:599-607
https://doi.org/10.3904/kjim.2017.083

D

Check for
u| S

-
KJIM'

Impact of sarcopenia on long-term mortality and
cardiovascular events in patients undergoing

hemodialysis

Jwa-Kyung Kim', Sung Gyun Kim', Ji-Eun Oh?, Young-Ki Lee?, Jung-Woo Noh?, Hyung Jik Kim', and

Young Rim Song’

'Department of Internal Medicine,
Hallym University Sacred Heart
Hospital, Anyang; *Department

of Internal Medicine, Hallym
University Kangdong Sacred Heart
Hospital, Seoul; *Department of
Internal Medicine, Hallym University
Kangnam Sacred Heart Hospital,
Seoul, Korea

Received: February 28, 2017
Revised : March 27, 2017
Accepted: April 11, 2017

Correspondence to

Young Rim Song, M.D.
Department of Internal Medicine,
Hallym University Sacred Heart
Hospital, 22 Gwanpyeong-ro 170
beon-gil, Dongan-gu, Anyang
14068, Korea

Tel: +82-31-380-3720

Fax: +82-31-386-2269

E-mail: yrisong@hanmail.net

Background/Aims: A high body mass index (BMI) is known to correlate with
better survival in patients on hemodialysis (HD). However, the impacts of body
composition and sarcopenia on survival have not been well studied in this popu-
lation.

Methods: One hundred and forty-two prevalent HD patients were recruited
and followed prospectively for up to 4.5 years. Low muscle mass (measured us-
ing a portable, whole-body, bioimpedance spectroscopic device) was defined as a
lean tissue index (LTT) two standard deviations (SD) or more below the normal
gender-specific mean for young people. Low muscle strength was a handgrip
strength (HGS) of less than 30 kg in males and less than 20 kg in females. Sarco-
penia was considered present when both LTT and HGS were reduced.

Results: The mean age was 59.8 + 13.1 years; 57.0% were male and 47.2% had dia-
betes. Forty-seven patients (33.1%) had sarcopenia. During follow-up, 28 patients
(19.7%) died, and low LTT (adjusted hazard ratio [HR], 2.77; 95% confidence interval
[CI], 1.10 to 6.97) and low HGS (HR 5.65; 95% CI, 1.99 to 16.04) were independently
associated with mortality. Sarcopenia was a significant predictor for death (HR,
6.99; 95% CI, 1.84 to 26.58; p = 0.004) and cardiovascular events (HR, 4.33; 95% CI,
1.51 t0 12.43; p = 0.000).

Conclusions: Sarcopenia was strongly associated with long-term mortality and
cardiovascular events in HD patients. Assessment of muscle strength and muscle
mass may provide additional prognostic information to survival in patients with
end-stage renal disease.

Keywords: Cardiovascular diseases; Kidney failure, chronic; Hand strength; Sar-
copenia; Mortality

INTRODUCTION

Protein-energy wasting (PEW) is a common complica-
tion in patients with chronic kidney disease (CKD), and
is considered to be an important predictor of low quality
of life, poor cardiovascular outcomes, and mortality [1].

Copyright © 2019 The Korean Association of Internal Medicine
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Skeletal muscle protein accounts for 50% to 60% of all
body protein and is involved in many metabolic func-
tions. Therefore, muscle mass and strength have been
suggested to be useful markers of both nutritional sta-
tus and PEW.

Sarcopenia is defined by progressive declines in mus-
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cle mass and strength upon aging [2], and is also appar-
ent in patients (even younger ones) with chronic disease
[3]- Loss of muscle mass and strength commences in
the fourth decade oflife and the declines approach 50%
in the eighth decade [2]. Patients with chronic disease
probably experience similar age-associated changes in
bodily composition, but muscle mass loss in such pa-
tients is much more marked and occurs earlier than in
subjects who do not have chronic illnesses. A high body
mass index (BMI) is associated with better outcomes in
patients with end-stage renal disease (ESRD) [4-8]. How-
ever, the BMI does not differentiate lean from fat mass
and isless correlated with muscle mass in ESRD patients
than in others [9]. Reductions in both muscle mass and
strength are common and significantly affect both the
morbidity and the mortality of dialysis patients [10-12].
In our previous study, we found that BMI was associated
with fat mass rather than muscle mass; we also showed
that muscle loss with relative conservation of fat mass is
common in patients with CKD [13]. Although a high BMI
has consistently been shown to correlate with better sur-
vival, the impacts of body composition and sarcopenia
on survival have not been well studied in ESRD patients.
It has been suggested that muscle strength may be more
important than muscle mass when evaluating sarcope-
nia; low muscle strength was more strongly associated
with mortality than was low muscle mass [14]. Physical
performance and muscle strength were significant risk
factors for mortality in patients with ESRD [12,15]. De-
spite growing recognition of the importance of muscle
quality, only a few studies have evaluated the association
between muscle mass or strength and survival in dial-
ysis patients. We previously reported that sarcopenia
was prevalent in elderly patients with ESRD, and was as-
sociated with inflammation, depression, and cognitive
dysfunction [13]. In the present study, we defined sarco-
penia by muscle mass and handgrip strength (HGS) and
evaluated the impact of sarcopenia on the mortality and
cardiovascular events of adult patients on maintenance
hemodialysis (HD).

METHODS

Study subjects
This was a prospective observational study on 142 pa-
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tients undergoing HD in three dialysis units of Hallym
University Sacred Heart Hospital, South Korea. The pa-
tients were recruited between January 2011 and December
2o11. All patients had been on HD for at least 3 months.
The exclusion criteria were: age less than 18 years; an ac-
tive infection or bleeding within 3 months prior to enrol-
ment; a history of malignancy or a chronic inflammatory
disease; the presence of any implantable device including
a cardiac pacemaker or defibrillator, or a metallic im-
plant; amputee status; and pregnancy. All patients had
been on regular HD three times weekly for 4 hours each
time. The study was approved by the Ethics Review Com-
mittee of our hospital (IRB No: 2012-I053) and was con-
ducted in compliance with tenets of the Declaration of
Helsinki. All patients gave written informed consent for
participation in the study and data processing.

Blood samples were collected for biochemical tests
immediately before a midweek HD session, and the se-
rum levels of albumin, prealbumin, glucose, uric acid,
and parathyroid hormone were measured using routine
laboratory methods. High-sensitivity C-reactive protein
(hs-CRP) levels were measured with the aid of a BN II
analyzer (Dade Behring, Newark, DE, USA) running a la-
tex-enhanced immunonephelometric method.

Nutritional assessment

To assess nutritional status, we measured albumin and
prealbumin levels, performed Subjective Global Assess-
ment (SGA), and collected anthropometric data (height,
weight, BMI, and triceps skin-fold thickness). BMI was
calculated using the following equation: BMI = weight/
height? (kg/m?). Triceps skin-fold thicknesses were ob-
tained immediately after HD sessions by a single trained
clinician using a Lange skin-fold caliper (Beta Technol-
ogy Inc., Cambridge, MD, USA). To measure the SGA,
five components of medical history (weight change, di-
etary intake, gastrointestinal symptoms, functional ca-
pacity, and comorbid conditions and their relationships
to nutritional requirements) and three components of a
brief physical examination (signs of fat and muscle wast-
ing, alterations in fluid balance) were evaluated using a
seven-point scoring system [16].

Measurements of body composition and muscle

strength
Body composition was assessed using a portable, whole-

https://doi.org/10.3904/kjim.2017.083


www.kjim.org

Kim JK, et al. Sarcopenia and mortality in hemodialysis

body, bioimpedance spectroscopic device (Body Compo-
sition Monitor, Fresenius Medical Care, Bad Homburg,
Germany). The instrument yields objective indicators
of muscle mass (lean tissue mass, LTM), fat mass, and
hydration status. LTM and fat mass levels were nor-
malized to the body surface area (m?) to obtain a lean
tissue index (LTT) and fat tissue index (FTT). Low mus-
cle mass was defined as an LTI two standard deviations
(SDs) or more below the normal gender-specific means
for young people. To determine muscle strength, the
HGS of the non-fistulated hand after a dialysis session
using a Jamar handheld dynamometer (JAMAR PLUS+,
Sammons Preston Inc., Bolingbrook, IL, USA). All sub-
jects stood with both arms extended sideways from the
body, with the dynamometer facing away from the body.
Three trials were performed with a rest period of at least
1 minute between trials, and averages were calculated.
Low muscle strength was classified as an HGS below 30
kg in males and below 20 kg in females.

Statistical analysis

All statistical analyses were performed using SPSS version
18.0 (SPSS Inc., Chicago, IL, USA). Continuous variables
are expressed as means + SDs and categorical variables
as numbers and percentages. The Kolmogorov-Smirnov
test was used to explore the normality of distribution.
Skewed data, including hs-CRP levels, were converted
to natural logarithms. Pearson correlation analysis was
used to clarify the relationships between body compo-
sitions and biochemical and nutritional parameters.
Logistic regression tests were performed to explore cor-
relations among the assessed parameters. Survival curves
were plotted using the Kaplan-Meier method and evalu-
ated with the aid of the log-rank test. The hazard ratios
(HRs) for mortality were determined via both crude and
multivariate Cox regression analyses and are presented
with 95% confidence intervals (CIs). A p value < 0.05 was
deemed to indicate statistical significance.

RESULTS

Patients characteristics

The mean patient age was 59.8 + 13.1 years (range, 21
to 88). Eighty-one patients (57.0%) were male and 67
(47.2%) had diabetes. The mean time on dialysis was 4.2
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+ 4.0 years. The mean follow-up duration was 4.3 + 0.8
years. Forty-seven patients (33.1%) had sarcopenia and
68 (47.9%) both an appropriate LTI and HGS. Twenty
patients (141%) had low muscle mass but appropri-
ate muscle strength and 8 (5.6%) exhibited low muscle
strength but appropriate muscle mass.

Table 1 shows baseline characteristics by sarcope-
nic status. No significant among-group difference was
evident in any of gender, age, the prevalence of diabe-
tes, BMI, the duration of dialysis, the cause of ESRD,
or a previous history of coronary artery disease (CAD)
or cerebrovascular disease (CVD). The serum levels of
hemoglobin, cholesterol, intact parathyroid hormone,
albumin, and prealbumin were similar between the
groups. However, the serum level of 25-hydroxyvitamin
D was lower, and the serum levels of f2-microglobulin,
glycated hemoglobin (HbA1c), and hs-CRP were higher,
in patients with than without sarcopenia. Among the
nutritional parameters, only the SGA score differed be-
tween the two groups. Of the 47 patients with sarcopenia,
only 12 patients were underweight (BMI < 20 kg/m?) and
five patients were overweight (BMI > 25 kg/m?).

Baseline nutritional status

Baseline nutritional parameters by survival status are
shown in Table 2. No significant between-group differ-
ence was evident in any of BMI, triceps skin-fold thick-
ness, or the FTI. However, the HGS, the LTI, and the
serum prealbumin level were significantly lower in pa-
tients who died. Table 3 shows correlates between body
compositional and nutritional parameters. BMI and tri-
ceps skin-fold thickness were strongly associated only
with the FTT, thus not with the LTI. Conversely, the SGA
was closely associated with the LTI (r = 0.243, p = 0.019)
and the HGS (r = 0.347, p = 0.001), but not with the FTT.
The serum levels of prealbumin and albumin were not
associated with any of the LTT, HGS, or FIT. The serum
level of hs-CRP was associated with the HGS, but not
the FTT or LTI. Multivariate logistic regression analysis
revealed that the LTT was significantly associated with
only the SGA score, and the HGS only with the hs-CRP
level and the SGA score. Among the biochemical, nu-
tritional, and anthropometric parameters, the hs-CRP
level (odds ratio [OR], 1.95; 95% CI, 1.26 t0 3.02; p = 0.003),
the SGA (OR, 0.45; 95% CI, 0.21 to 0.96; p = 0.039), and the
B2-microglobulin level (OR, 1.11; 95% CI, 1.01 to 1.21; p =
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0.025) were significantly associated with sarcopenia after
adjusting for age, sex, diabetes status, CAD history, CVD

history, BMI, and the albumin and hs-CRP levels.

Table 1 Baseline characteristics of study subjects

Multivariate predictors of all-cause mortality

During the follow-up period, 28 patients died: 10 of car-
diovascular disease, 13 of infection, three of CVD, and
two of malignancy. Fig. 1 shows the Kaplan-Meier surviv-

Variable Sarcopenia (n = 47, 33.1%) No sarcopenia (n = 95, 66.9%) pvalue
Age, yr 62.4+14.0 59.2 +13.0 0.178
Male sex 24 (51.1) 57 (60.0) 0311
Body mass index, kg/m? 21.9£2.8 22735 0.146
Triceps muscle thickness, mm 1.0+ 0.5 1.1+03 0.485
Cause of end-stage renal disease 0.541

Diabetic 29 (617 48 (50.5)

Hypertensive 12 (25.5) 25 (26.3)

Glomerulonephritis 3(6.4) 14 (14.7)

Others 3(6.4) 8(8.5)
Coronary artery disease 14 (29.8) 21 (22.1) 0.502
Cerebrovascular disease 14 (29.8) 19 (20.0) 0.326
Duration of dialysis, mon 50.7 £ 41.9 50.0 +50.6 0.934
Mean arterial pressure, mmHg 08.1+22.2 105.0 £11.4 0.053
Hemoglobin, g/dL 10.3 +1.0 10.0 + 0.8 0.099
Glucose, mg/dL 130.0 £ 90 112.7 £ 49.2 0.198
Albumin, g/dL 3.7+03 3.8+0.4 0.580
Prealbumin, mg/dL 23.5£10.9 273+8.0 0.103
HDL-C, mg/dL 44.5+13.1 44.8 £11.6 0.900
LDL-C, mg/dL 74.8 £30.5 79.5 +24.8 0390
Triglyceride, mg/dL 92.1 £55.6 85.0 £ 43.0 0.465
Uric acid, mg/dL 103165 7.7£1.5 0.355
Serum ferritin, pg/L 214.4 £167.3 199.8 £110.4 0.590
Intact parathyroid hormone, pg/mL 175.9 £ 270.9 171.7 £197.9 0.929
B2-Microglobulin, mg/L 20.2+ 9.2 24.7£7.1 0.013
25-Hydroxyvitamin D, ng/mL 7.4 % 4.0 10.4+5.0 0.002
hs-CRP? 0.8+13 —0.2+1.2 0.001
HbAic, % 7.5+1.4 6.8+1.1 0.038
spKt/V 1.5+ 0.4 1.5+0.2 0.668
nPCR, g/kg/day 1.1+03 1.1+03 0.919
SGA, score 53+1.4 6.1+07 0.008
Overhydration, L 0.8+2.4 0.2+2.6 0.725
Lean tissue index, kg/m® 11.0 2.2 13.9 £2.9 <0.001
Fat tissue index, kg/m® 10.6 £3.7 8.4%43 0.004
Handgrip strength, kg 18.2+ 6.5 27.2+8 <o0.001

Values are presented as mean + SD or number (%).

HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive
protein; HbA1c, glycated hemoglobin; spKt/V, single pool Kt/V; nPCR, normalized protein catabolism rate; SGA, Subjective

Global Assessment.
*Log-transformed.
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Figure 1. Kaplan-Meier survival probabilities for all-cause mortality based on the lean tissue index (LTI) and the handgrip
strength (HGS). (A) Appropriate muscle mass with muscle strength had a significantly lower risk for mortality. Whereas, pa-
tients with (B) low muscle strength or (C) low muscle mass or (D) sarcopenia were at higher risk of death from all causes (p < 0.05

by the log-rank test).

Table 2. Baseline nutritional status of patients according to survival status

Variable Deceased (n = 28, 19.7%) Survived (n =114, 80.3%) pvalue
Body mass index, kg/m? 22.1%2.9 22.5+3.4 0.557
Triceps muscle thickness, mm 10.1+3.8 11.1+3.6 0343
Subjective Global Assessment, score 53+0.8 6.0+1.0 0.002
Handgrip strength, kg 20.2+7.5 25.2+ 8.6 0.007
LTT, kg/m? 113 +2.4 13.4+2.8 0.001
Fat tissue index, kg/m® 10.4 £3.6 8.8+43 0.092
Albumin, g/dL 3.7+045 3.8+03 0.134
Prealbumin, mg/dL 21.7+ 8.0 27.7+8.9 0.004
Low LTI 19 (67.9) 48 (42.1) 0.014
Low HGS 17 (60.7) 37 (32.5) 0.006
LTT and HGS categories (4 groups) 0.016

Low LTI and Low HGS 14 (50.0) 33 (28.1)

Low HGS and appropriate LTI 3(10.7) 5(4-4)

Low LTT and appropriate HGS 5(17.9) 15 (13.2)

Appropriate LTT and HGS 6 (21.4) 62 (54.4)

Values are presented as mean = SD or number (%).
LTI, lean tissue index; HGS, handgrip strength.
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Table 3. Correlation coefficient (r) between various nutritional parameters and biochemical markers

Variable LTI FTI HGS BMI Triceps SGA Albumin Prealbumin hs-CRP
LTI —0.481% 0.544% 0.158 —0.106 0.243% 0.041 0.014 —-0.146
FTI —-0.481% —0.411* 0.645% 0.421*  —0.080 0.009 0.035 0.137
HGS 0544  —o0.411* 0.022 —o0.101 0.347% 0.036 0.172 —0.241*
BMI 0.158 0.645% 0.022 0.489* 0.158 0.184 0.113 0.103
Triceps —-0.106 0.489* —oa01 0.489* 0.281% 0.155 0.384* 0.060
SGA 0.243* 0.158 0.347% 0.158 0.281% 0.106 0396° —0.201
Albumin 0.041 0.184 0.036 0.041 0.155 0.106 0.314% —-0.157
Prealbumin 0.014 0.113 0.172 0.014 0.384% 0.396° 0.314% —0.093
hs-CRP® —0.146 0.103 -0.241° 0.103 0.060 —0.201 —0.157 —0.093

LTI, lean tissue index; FTT, fat tissue index; HGS, handgrip strength; BMI, body mass index; SGA, Subjective Global Assess-

ment; hs-CRP, high-sensitivity C-reactive protein.
*p<o0.05.
PLog-transformed.

Table 4. Multivariate Cox regression analyses for all-cause mortality and cardiovascular events

All-cause mortality

Cardiovascular events

Variable

Hazard ratio 95% CI pvalue Hazard ratio 95% CI pvalue
Age 1.06 1.00-1.02 0.003 1.10 1.04-1.15 <0.001
Sex 0.46 0.17—2.22 0.457 0.25 0.05-1.21 0.084
Diabetes 1.95 0.63-10.5 0.437 1.08 0.15-7.90 0.943
Coronary artery disease 3.57 1.40—9.11 0.008 7.07 2.11-23.74 0.002
Cerebrovascular disease 0.72 0.67-1.96 0.518 1.44 0.51—4.12 0.493
BMI, kg/m? 1.01 0.85-1.21 0.907 1.20 1.00-1.44 0.053
hs-CRP? 2.53 1.73-3.68 0.001 1.41 0.98-2.03 0.640
SGA (B vs. A) 6.71 2.13-21.08 0.001 0.87 0.34-3.18 0.827
Albumin 039 0.10-1.57 0185 0.59 0.12-2.89 0.512
Low lean tissue index 2.77 1.10-6.97 0.030 3.01 1.09-8.29 0.033
Low handgrip strength 5.65 1.99-16.04 0.001 4.09 1.26-13.29 0.019
Sarcopenia 6.99 1.84—26.58 0.004 433 1.51-12.43 0.006

Multivariate Cox regression analysis was performed after adjusting for age, gender, BMI, Kt/V, albumin, diabetes, dialysis vin-

tage, hs-CRP and previous history of coronary artery disease and cerebrovascular disease.
CI, confidence interval; BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein; SGA, Subjective Global Assessment.

“Log-transformed.

al probabilities for all-cause mortality based on the LTI
and the HGS. Patients with low muscle mass or low mus-
cle strength were at higher risk of death from all causes (p
< 0.05 by the log-rank test). Clinical indicators associated
with mortality are shown in Table 4. Old age, a low SGA,
CAD, and a high hs-CRP level were significantly asso-
ciated with increased all-cause mortality risk. None of
BM]I, the FTT, or triceps muscle thickness affected sur-
vival. Both a low HGS (HR, 5.65; 95% CI, 1.99 to 16.04; p
= o.001) and a low LTI (HR, 2.77; 95% CI, 1.10 to 6.97; p =
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0.030) were significantly associated with a higher risk of
death. Sarcopenia was a strong predictor of cardiovascu-
lar events (HR, 4.33; 95% CI, 1.51 to 12.43; p = 0.006) and
mortality (HR, 6.99; 95% CI, 1.84 to 26.58; p = 0.004).

DISCUSSION

Our principal findings in this study were that sarcope-
nia was prevalent and important predictor of all-cause
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mortality and the development of cardiovascular events
in patients undergoing HD. None of BMI, the triceps
skin-fold thickness, or the FTT (reflecting body fat com-
position) was associated with mortality. The SGA, CAD,
and hs-CRP levels were significantly associated with
mortality, even after adjustment for age, gender, diabe-
tes status, and BMLI.

Sarcopenia was originally defined as age-related skel-
etal muscle loss with associated muscular dysfunction.
Today, however, the term is used to describe loss of
muscle mass and function upon aging, development of
chronic disease, physical inactivity, and inappropriate
nutrition. Recently, the effect of sarcopenia on long-
term clinical outcomes has become clearer; sarcopenia
has become recognized as an important prognostic
marker in various populations. In HD patients, sarco-
penia strongly affects mortality. We found that approx-
imately one-third (33.1%) of current HD patients had
sarcopenia; low muscle mass and low muscle strength
increased the all-cause mortality risks 2.8- and 5.6-fold,
respectively.

In patients with renal dysfunction, increased levels
of uremic toxins and chronic inflammation may accel-
erate normal physiological muscle wasting and reduce
muscle force [17]. Indeed, selective muscular structural
changes, and significant muscle wasting, have been doc-
umented in patients with uremic conditions; the phe-
nomenon has been termed “uremic sarcopenia” [18,19].
Deterioration of renal function is associated with many
complications including fluid and metabolic abnormal-
ities, and electrolyte and hormone imbalances. The cu-
mulative effects of CKD and associated complications in
terms of skeletal muscle wasting are usually amplified
when progressive renal dysfunction is in play [17,19,20].

Although the pathophysiological mechanisms have
not been clear, malnutrition, chronic inflammation,
and various changes in humoral factors in uremia may
cause sarcopenia and resultant cardiovascular events.
Low-grade systemic inflammation is very common in
even early-stage CKD patients, contributing to the high-
er mortality rate of HD patients compared with that in
the general population [21]. Increased chronic inflam-
mation enhances muscle wasting [22,23]. Tumor necro-
sis factor-o (TNF-a) increases muscle wasting by acti-
vating the nuclear factor-xf pathway; TNF-a attenuates
insulin-stimulated protein synthesis [24]. Similarly, the
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infusion of cytokines including TNF-a and interleu-
kin-6 increases muscle protein degradation mediated
via the NF-xf pathway [25,26]. Metabolic acidosis may
also explain the link between sarcopenia and increased
mortality from CKD. Such acidosis is very common in
patients with advanced renal failure; most prior obser-
vational studies found significant associations between
metabolic acidosis and high-level mortality in patients
with CKD in ESRD [27]. Metabolic acidosis promotes
muscle protein wasting and degradation. One recent
study found that sodium bicarbonate supplementation
of patients with predialysis CKD slowed the decline in
renal function, increased dietary protein intake, and re-
duced the level of normalized protein nitrogen. Thus,
protein breakdown was reduced, improving lean body
mass as measured by the mid-arm muscle circumfer-
ence [28-30]. Reduction in protein degradation with
preservation of muscle mass may explain why mortality
is reduced after the correction of metabolic acidosis in
dialysis patients [30]. Low vitamin D levels may also ex-
plain the observed association. Vitamin D status is pos-
itively associated with muscle strength [31], and physical
performance [32], and inversely associated with the risk
of falling [33]. We found that sarcopenic patients had
significantly lower vitamin D levels than those without
sarcopenia. This suggests that vitamin D deficiency may
play a role in CKD myopathy; early clinical reports in-
deed recognized the potential association between vita-
min D status and muscle strength in CKD patients. Also,
sarcopenic patients commonly experience functional
impairment and physical disability which causes a re-
duction in muscle contraction-induced factors such as
myokines. As these myokines have an anti-inflammato-
ry effect, the relative paucity of myokines in sarcopenia
may increase the risk of CVD [34,35].

Of the two components of sarcopenia, muscle power
has recently been recognized as being more important
than muscle mass. Isoyama et al. [14] explored the influ-
ences of muscle mass and strength on the mortality of di-
alysis patients, and found that reduced muscle strength
was more strongly associated with aging, PEW, physical
inactivity, inflammation, and mortality than was low
muscle mass. The cited authors emphasized that assess-
ment of muscle functionality was critical in sarcopenia
patients. In contrast, we found that both a low HGS and
a low LTT affected mortality. These discrepancies may
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be explained by differences in the studied patients. The
cited study included only patients starting on dialysis,
but we included both such patients and those on long-
term dialysis. Indeed, the median dialysis duration was
4 years in the present study. As the duration of dialysis
increases, muscle mass may fall, associated with more
severe disability and increased mortality.

Our study had several limitations. First, when we
assessed sarcopenia, we did not measure physical per-
formance. Many patients could not move at all without
assistance from caregivers. We thus did not explore
physical performance in detail. Second, we enrolled a
relatively small number of patients, increasing the CIs
around our predictions.

In conclusion, we found that both low LTI and low
HGS, but especially the combination of both are associ-
ated with increased risk for all-cause mortality and car-
diovascular events in patients undergoing HD. These
results suggest that noninvasive assessment of LTI and
HGS may provide additional prognostic information in
HD patients.

KEY MESSAGE

1. Sarcopenia is prevalent in patients undergoing
hemodialysis, and could be an important pre-
dictor of all-cause mortality and the develop-
ment of cardiovascular events

2. None of body mass index, the triceps skin-fold
thickness, or the fat tissue index was associated
with mortality.

3. Assessment of muscle strength and muscle mass
may provide additional prognostic information
to survival in patients with end-stage renal dis-
ease.
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