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Abstract

The relative importance of sarcopenia and its individual components as independent predictors of
mortality in the dialysis population have not been determined. We estimated whole-body muscle
mass using pre-dialysis bioimpedance spectroscopy measurements in 645 ACTIVE/ADIPOSE
enrolled prevalent hemodialysis patients from San Francisco and Atlanta. Low muscle mass was
defined as two standard deviations below sex-specific means for young adults from NHANES and
indexed to height?, body weight, body surface area, or body mass index. We evaluated the
association of sarcopenia (low muscle mass) by four indexing methods, weak handgrip strength,
and slow gait speed with mortality. Seventy-eight deaths were observed during a mean follow-up
of 1.9 years. Sarcopenia was not significantly associated with mortality after adjusting for
covariates. No muscle mass criteria were associated with death, regardless of indexing metrics. In
contrast, having weak grip strength or slow walking speed was associated with mortality in the
adjusted model. Only gait slowness significantly improved the predictive accuracy for death with
an increase in C-statistic from 0.63 to 0.68. However, both gait slowness and hand grip weakness
significantly improved the net reclassification index compared to models without performance
measures (50.5% for slowness and 33.7% for weakness), whereas models with muscle size did
not. Neither sarcopenia nor low muscle mass by itself was a better predictor of mortality than
functional limitation alone in patients receiving hemodialysis. Thus, physical performance
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measures, including slow gait speed and weak hand grip strength, were associated with mortality
even after adjustment for muscle size and other confounders.
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INTRODUCTION

Although muscle mass is a major determinant of muscle function, muscle strength and size
are not solely dependent upon each other.! Therefore, sarcopenia is currently defined as
generalized loss of skeletal muscle mass combined with reduced strength or physical
performance.2~ The rationale for use of two criteria is that decline in muscle strength may
occur much more rapidly than the concomitant loss of muscle mass, and maintenance or
even gain of muscle mass might not prevent functional deficits (in strength or speed).?
Accordingly, defining sarcopenia only in terms of reduced muscle size is probably
inadequate. The accelerated process of protein catabolism induced by metabolic acidosis,
(unresolved) uremia, pro-inflammatory cytokines, and the dialysis procedure itself may
result in accelerated degradation of lean mass and lead to sarcopenia in patients with
ESRD.6 Sarcopenia has been associated with adverse clinical outcomes including physical
disability, functional limitation, and all-cause mortality in community-dwelling older
people.”~2 However, whether and how the recommended methods of defining sarcopenia in
the healthy elderly population should be best applied to patients on dialysis has not been
carefully examined. Specifically, the extent to which low muscle mass and functional
limitations contribute to higher mortality in the dialysis population is not clear.

Preliminary data suggest that muscle size may be less closely associated with mortality than
functional status,10 but this result might depend on how muscle mass is measured and low
muscle mass defined. Various normalization metrics, reference populations (e.g., young
healthy individuals versus age-matched controls), and instruments to estimate muscle
quantity (e.g., bioelectrical impedance analysis, BIA; dual x-ray absorptiometry, DXA) have
been applied by investigators around the world.1! Although height-squared is commonly
employed as an indexing metric of muscle mass,? 3 12 overweight or obese individuals with
low muscle mass relative to their size may not be classified as sarcopenic by this

method, 3 14 and low muscle mass based on criteria that adjust for both height and weight
may be more strongly associated with weakness and poor physical performance than low
muscle mass based on methods using either height or weight alone.1> Therefore, some
experts have recommended indexing muscle mass to height- and weight-adjusted metrics of
body size (e.g., body mass index [BMI], body surface area [BSA]). The Foundation for the
National Institutes of Health (FNIH) Sarcopenia Project recently published suggested
cutpoints for clinically relevant low muscle mass adjusted for BMI, derived from a large,
diverse sample of older individuals.16

We conducted a prospective cohort study of prevalent hemodialysis patients and analyzed
data that includes measurements of height and weight, as well as estimation of muscle mass
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using bioelectrical impedance spectroscopy (BIS) and tests of physical performance. The
goal of the study was to compare the relative importance of sarcopenia, low muscle mass by
four indexing methods (height?, percentage of body weight, BSA, and BMI), reduced
muscle strength, and slow walking speed as predictors of mortality risk.

Characteristics of participants

Association
mortality

Characteristics of the participants are shown in Table 1. The average age was 56.7+14.5
years; 41.4% were women. Sixty-two percent of participants were black, 24% were white,
and 44% had diabetes. Median dialysis vintage was 2.8 (251, 75t percentile 1.3, 5.4) years.
Muscle mass, handgrip strength, and gait speed were significantly higher among men. The
prevalence of low muscle mass ranged from 12.2 to 37.3% in men and 2.3 to 25.5% in
women depending on the criterion used to index total-body muscle mass. The prevalence of
weakness was not significantly different between men and women (30.6% vs 28.8%,
respectively, p=0.63). In contrast, slow walking speed was almost twice as common among
women as among men (24.7% vs48.3%, p<0.001). Patients with sarcopenia (low muscle
mass by all indexing methods accompanied by weak handgrip strength or slow gait speed by
FNIH criteria) were older and had significantly lower muscle contents and serum creatinine
concentrations than those without sarcopenia (Table 2 and Supplemental Table 1).

Patients who were classified as having low muscle mass by percentage of body weight,
BSA, and BMI combined with weakness were significantly less likely to be black and had a
higher prevalence of diabetes. Sarcopenic patients with low muscle mass by height? and
BSA accompanied with either weakness or slowness had significantly lower BMI than those
without sarcopenia. In contrast, weak patients with low muscle mass indexed to body weight
and BMI had significantly higher percent body fat (35.6+6.3 v529.1+10.4%, and 33.8+8.2
v529.2+10.4%, p<0.001) than those with no weakness and normal muscle mass by these
criteria.

of sarcopenia, muscle mass, strength, and physical performance with

Seventy-eight deaths (12.1%) were observed during a mean follow-up period of 1.9 years
(range 0.1-3.2 years). The incidence rate of death was 6.4 per 100 person-years; 95% CI
5.1-8.0. Sarcopenic patients had significantly higher mortality rate compared with those
without sarcopenia (Table 2 and Supplemental Table 1) and had a significantly higher risk of
death in unadjusted models (Table 3). However, in adjusted models, none of the definitions
of sarcopenia that included weakness were significantly associated with death, whereas
patients with low muscle mass indexed to height? and BMI combined with slowness were
more than twice as likely to die relative to individuals with normal muscle mass and no
slowness in the fully adjusted model (HR 2.92; 95% CI 1.33-6.41, p=0.01 and HR 2.51;
95% CI 1.41-4.66, p=0.002, respectively).

We then assessed whether individual components of sarcopenia (reduced muscle mass,
weakness, or slowness) were independent predictors of mortality. In unadjusted analysis,
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low muscle mass by all indexing methods was associated with significantly higher mortality
compared with normal muscle mass, with the lowest and highest HR being observed for
muscle mass indexed to body weight (HR 1.75; 95% CI 1.10-2.78, p=0.02) and muscle
mass indexed to height? (HR 2.71; 95% CI 1.52-4.83, p=0.001), respectively. However, all
of the low muscle mass criteria were attenuated after adjusting for covariates, and only
muscle mass/height? (HR 2.03; 95% CI 1.00-4.10, p=0.05) and muscle mass/BMI (HR 1.70;
95% CI 0.94-3.05, p=0.08) were of borderline statistical significance in adjusted models
(Table 4). In contrast, having low grip strength (HR 1.68; 95% CI 1.01-2.79, p=0.04) or
slow walking speed (HR 2.25; 95% CI 1.36-3.74, p=0.002) was associated with mortality
risk even after adjusting for potential confounders including age, sex, race, comorbidities,
and serum albumin concentration. Patients with weakness had a significantly higher rate of
death (11.1 per 100 person-years; 95% CI 8.1-15.2) than those with normal grip strength
(4.6 per 100 person-years; 95% CI 3.4-6.3, p<0.001). The death rate of patients with slow
walking speed were 11.9; 95% CI 8.9-15.8 compared with 3.9 per 100 person-years; 95%
Cl 2.7-5.5, p<0.001 in patients having normal gait speed. The associations of sarcopenia,
low muscle mass, strength, and gait speed with mortality were not modified by sex, the
presence of diabetes, or obesity (¢>0.1 for all interactions, Supplemental Table 2-4).
However, non-elderly patients (<65 years) who were classified as having sarcopenia based
on low muscle mass by height? and BSA combined with weakness had significantly higher
risk of death compared with those without sarcopenia (Supplemental Table 5).

When we compared the discrimination of the Cox models using C-statistics, only slowness
significantly improved the predictive accuracy for death beyond demographic characteristics
with an increase in the C-statistic from 0.63 to 0.68, p=0.004 (Table 5). However, slowness
and weakness each individually improved discrimination compared to the adjusted models
without performance measures (overall continuous NRI of 50.5%; 95% CI 24.3-73.0% for
slowness and 33.7%; 95% CI 9.8-62.7% for weakness).

When we examined associations of total muscle mass by each indexing method and risk of
death using cubic splines, we found them to be fairly linear without obvious cutpoints. The
relations between probability of death and muscle mass indexed by each method were not
significantly different from linear models without splines (Figure 1). Similarly, the
probability of death across the range of handgrip strength and gait speed demonstrated
relatively linear associations without thresholds suitable for dichotomizing (Figure 1). We
therefore performed analyses in which the measures of muscle size and function were
treated as continuous variables. Higher total muscle mass (per 1 SD) according to muscle
mass indexed to height?, body weight, and BSA were all associated with lower hazard of
death. However, these associations were no longer significant in adjusted models (Table 4;
Figure 2). By contrast, higher muscle strength and faster gait speed were associated with
lower likelihood of death after adjusting for covariates. Each 1 SD of stronger handgrip
strength and faster gait speed was associated with a HR of death of 0.64; 95% CI 0.50-0.83,
p=0.001 and 0.64; 95% CI 0.48-0.84, p=0.001, respectively). Models with handgrip strength
as a linear predictor had significantly higher C-statistics than the base model adjusted for
demographic characteristics and comorbidities (0.68 v50.63, p=0.03) and improved the
overall continuous NRI (30.2; 95% CI 6.8-59.2%), but models with gait speed and muscle
size did not (Table 5).
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DISCUSSION

We found that sarcopenia by most definitions and low muscle mass, regardless of indexing
method, were not significantly associated with mortality after adjustment for covariates. In
contrast, slow gait speed and low muscle strength were significantly associated with
mortality among patients on maintenance hemodialysis.

The lack of association of most sarcopenia definitions with all-cause mortality in the
adjusted model in our study differed from the results of a 7-year follow-up study in a very
elderly population,1” in which sarcopenic participants had a 2-3 fold higher risk of death
compared with their non-sarcopenic counterparts. Albumin appeared to mitigate the
association between sarcopenia and survival. It is possible that albumin serves as a marker of
nutritional status or general health and may capture some of the same information as
sarcopenia. However, our results are in agreement with a previous study by Kim et a/, 18
which reported that sarcopenia was not associated with higher risk of death in community-
dwelling elderly women. The lack of unified criteria and consensus cutpoints of low muscle
mass, weak grip strength, and slow gait speed might account for the conflicting results
among studies addressing sarcopenia and its associations with adverse outcomes.
Furthermore, we found some indication that sarcopenia may be worse among younger
individuals, which might be expected as they would not have accrued as much age-related
muscle mass loss and therefore may have experienced greater disease-related loss.

The most appropriate method of indexing muscle mass remains unknown, although recent
evidence suggests that low muscle mass indexed to body size has more robust associations
with poor physical performance than criteria adjusted only for height or body

weight.13. 15. 16 Because having low muscle mass is a fundamental component of sarcopenia,
we sought to find the low muscle mass criterion that was most suitable based on its
performance as an independent predictor of mortality. We hypothesized that height? might
not be the best method to index muscle mass among patients receiving dialysis, particularly
among obese individuals as it would not recognize patients with “sarcopenic obesity,” a
condition recently identified as sarcopenia that co-occurs with excess adiposity.1® However,
contrary to our expectations, our study showed that although low muscle mass based on
other indexing metrics identified a higher proportion and categorized different patients as
“sarcopenic,”13 no indexing method appeared superior in terms of discrimination, at least
with respect to survival, after adjusting for demographic and case mix factors. Although
previous epidemiologic studies?? 2! in hemodialysis patients have reported that higher
muscle mass, representing by higher quartile of mid-arm muscle circumference, was
significantly associated with greater survival, those studies analyzed the data by using
arbitrary cutpoints for high muscle mass derived from within their cohort rather than
cutpoints derived from normative data from young, healthy individuals as recommended in
the definition of sarcopenia.2 3: 11 In addition, reliance on anthropometric measures in those
studies could lead to misclassification because of interobserver variation?2 and fatty
infiltration of muscle compartments that occurs with atrophy.23 Isoyama and colleagues’®
also recently found that patients new to dialysis with low muscle mass (defined as
appendicular muscle mass by DXA/height? at least 2 SDs below the sex-specific mean of
young adults) were not at higher risk of mortality.
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We considered that the lack of association of muscle size with mortality could be because
thresholds determined in healthy elderly populations are not appropriate in the dialysis
population. If loss of muscle mass occurs by different mechanisms or in different patterns
among patients on dialysis than among healthy elderly, it may not be as well detected by
some methods of assessment and may not have the same association with outcomes. For
example, atrophy preferentially affects type 2 muscle fibers compared to type 1 muscle
fibers in patients on dialysis, shifting the fiber type distribution towards slower fibers,24 and
atrophy can be accompanied by replacement of muscle with fatty and fibrotic infiltration.2>
In addition, there is evidence that the hydration of muscle varies across the dialysis cycle, at
least in the calf muscles.?6 Such variation would add variability to measures of muscle mass
by all techniques, but perhaps more by BIS than others, and likely contributes to the
difficulty of applying a particular threshold of muscle mass in defining sarcopenia in the
dialysis population. Perhaps for these reasons, we were not able to identify alternative
optimal cutpoints to define levels of atrophy associated with higher mortality by any
indexing method. In addition, insufficient study power may be an issue, as our study had
relatively few deaths and a limited period of follow-up. A longer period of time with larger
sample size may be needed in order to better determine the association of muscle size with
mortality.

Our data suggest that muscle strength and gait speed may be more relevant predictors of
survival than muscle size. Patients with slow walking speed and low handgrip strength had
significantly higher hazard of death in the adjusted analysis compared with having low
muscle mass alone. In particular, models with grip strength as a linear predictor and slow
gait speed as a dichotomous predictor significantly improved the C-statistic and continuous
NRI compared to the base model. Our results are in agreement with those of Yoda and
colleagues,?” who reported that diminished handgrip strength per unit of muscle mass was a
significant predictor of death in dialysis patients regardless of total arm muscle mass.
Likewise, Vogt and colleagues?® found that grip strength was an independent risk factor of
all-cause mortality, whereas muscle mass assessed by mid-arm muscle circumference did
not differ significantly among surviving and non-surviving patients on dialysis. Prospective
studies have shown that both weak handgrip strengthl0: 2% and decreased lower extremity
muscle strength3? were independent risk factors for mortality among patients undergoing
hemodialysis, although various cutpoints have been applied to define weakness. Given that
handgrip strength is easy and inexpensive to measure and is not affected by hydration status,
it could be assessed in dialysis facilities to improve predictions of survival.

Slowness was also consistently associated with mortality in our cohort when we defined
slowness as <0.8 m/s, in accordance with other analyses in healthy elderly individuals3! and
the FNIH-adopted definition of mobility limitation.32 Moreover, models containing slowness
significantly improved the predictive power of the models based on both the C-statistics and
continuous NRI. In a pooled analysis of several large cohorts among community-dwelling
older adults,33 gait speed <0.8 m/s was significantly associated with 5- and 10-year survival
in all studies. Our finding that the association between gait speed and mortality was fairly
linear in our dialysis population is consistent with the observation that slow gait speed using
a different cutpoint of walking speed less than 0.6 m/s was also associated with higher risk
of mortality within one year.34
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Taken together, functional limitations (in strength or speed) were associated with mortality
among patients receiving hemodialysis, whereas muscle size appeared to be less important
with regard to survival. Handgrip strength and gait speed, both easy to perform in clinical
practice, provide integrated information about muscle size, strength, activation, and neural
control, with the possible additional component of balance for gait speed.

Some limitations of our study should be taken into account. We used total-body rather than
appendicular muscle mass, which may be have a more robust association with muscle
function. Compared with DXA, BIS is an inexpensive and clinically feasible method of
estimation of muscle mass. However, this technique has some drawbacks, mainly due to
patients’ hydration status in the predialysis setting, which may lead to overestimation of
muscle mass and thus lower the number of patients classified as having low muscle mass in
our cohort. Nevertheless, we performed BIS at a midweek session and used an equation to
calculate muscle mass that was derived from pre-dialysis BIS measures and separately
estimates intracellular and extracellular fluid, allowing for excess extracellular fluid.
However, we did not further validate this equation in our study population. Furthermore, we
used a single measurement of muscle mass and physical performance to predict the
subsequent risk of death, whereas changes in muscle mass or physical performance over
time or other methods of estimating muscle mass, such as DXA or serum creatinine, might
be more informative.

In conclusion, neither sarcopenia nor low muscle mass by itself was a better predictor of
mortality than functional limitation alone in patients receiving hemodialysis. Physical
performance measures, including slow gait speed and weak grip strength, were associated
with mortality even after adjustment for muscle size and other confounders.

MATERIALS AND METHODS

Study design and participants

ACTIVE/ADIPOSE (A Cohort To Investigate the Value of Exercise/Analyses Designed to
Investigate the Paradox of Obesity and Survival in ESRD) was a United States Renal Data
System (USRDS) Special Study conducted by the Nutrition and Rehabilitation/Quality of
Life Special Studies Centers3 that enrolled 771 prevalent adult hemodialysis patients from
seven dialysis centers in the San Francisco Bay Area and seven centers from the Atlanta,
Georgia metropolitan area from June 2009 and August 2011. Eligible participants were over
18 years of age, receiving maintenance hemodialysis for at least 3 months, English or
Spanish-speaking, and able to provide informed consent. The exclusion criteria were
participants scheduled for living donor kidney transplantation or planning to relocate to
another center or change to peritoneal dialysis within the next 6 months. The study was
approved by the Institutional Review Boards (No.10-02719) at the University of California
San Francisco and Emory University, and all participants provided written informed consent.

Study coordinators interviewed participants, abstracted recent clinical and laboratory data
from medical records, and measured body composition by BIS and physical performance on
the same day prior to the start of the dialysis session. We collected a blood sample at the
time of testing. Serum albumin was measured in duplicate using a Polychem Nephelometer
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(Walpole, MA, USA) and the values averaged. We linked patients” ACTIVE/ADIPOSE data
to data from the ESRD Medical Evidence Report (Center for Medicare & Medicaid Services
Form 2728) available in the USRDS at the time of dialysis initiation. In addition, we used
information from coordinators’ chart review, and participants were considered to have
comorbid conditions if they were listed on the 2728 or in the medical record. Participants
who had data for body composition and muscle strength available (n=645, 84%) were
included in these analyses.

Measurement of Body Composition

Study personnel measured height using a stadiometer and recorded weight to the nearest 0.1
kg immediately prior to a midweek dialysis session. We evaluated total-body muscle mass
using multifrequency whole-body BIS, performed immediately before the same midweek
dialysis session, using a portable device that scans 256 frequencies between 4 and 1000 kHz
(SFB7; ImpediMed, San Diego, CA). All jewelry, metallic equipment, and socks were
removed prior to the testing. Patients were placed in a supine position at least 10 minutes
before measurement. We placed electrodes in a tetrapolar configuration using the wrist and
ankle on the side opposite the dialysis vascular access with proximal and distal electrodes 5
cm apart and avoided contacting the patients’ arms and legs with one another. Ten
consecutive measures were performed within a 1-minute period. We used a program based
on the Cole-Cole model to calculate extracellular and intracellular resistance. We estimated
total body water and extracellular volume using the resistance extrapolated to infinite and
zero frequency, respectively.36 The equation for calculation of total-body muscle mass (kg)
was 9.52 + 0.331 x whole body BIS-derived intracellular volume (L) + 0.180 x pre dialysis
weight (kg) + 2.77 (if male) — 0.113 x age (years). The results of this equation gave a value
of £Z=0.937, p<0.0001 compared to muscle mass from whole-body MRI in a cohort of
patients on hemodialysis.3’

Definitions of low muscle mass, weakness, and physical performance

We indexed the BIS-derived total-body muscle mass to height?, body weight, BSA, and
BMI. For these calculations, we used the mean of the last three post-dialysis weight
measurements within the past 7 days. Body surface area was derived from the Du Bois
formula using post- dialysis weight.38 Body mass index was calculated as post-dialysis
weight divided by height in meters squared. We defined low muscle mass as muscle mass of
two standard deviations (SD) or more below sex-specific means of healthy young adults
(18-49 years) based on each indexing strategy as recommend by the European Working
Group on Sarcopenia in Older People.2 We obtained reference populations and cutoff points
of BIS-derived whole body muscle mass from the National Health and Nutrition
Examination Survey (NHANES) 2003-20043° using a Stata specific survey command that
accounts for the stratified, multistage, probability sampling survey design of NHANES.

Weakness was based on measurement of handgrip strength using a hydraulic hand
dynamometer (BASELINE®; Fabrication Enterprise, Inc., Irvington, NY, USA) immediately
before a dialysis session. For participants with an indwelling dialysis catheter, we tested
handgrip strength on both sides and used the higher of the two. We performed three trials
with a 15-second rest period between each trial. We discarded the first trial as a “warm up”
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session, and the highest force exerted in the latter two trials was recorded. We defined low
muscle strength as handgrip strength of less than 26 kg in men and 16 kg in women.40

We asked participants to walk a marked 15-foot course at their usual pace before a dialysis
session and used the faster of the two walks for analysis. We defined low physical
performance as gait speed of less than or equal to 0.8 m/sec according to the FNIH
criteria.32

Mortality follow-up

We evaluated the association of weakness, poor physical performance, and low muscle mass
according to different indexing metrics with all-cause mortality. We obtained vital status and
date of death from the USRDS. We censored follow-up time at recovery of renal function,
kidney transplantation, or end of study (August 31, 2013).

Statistical analysis

We described patient characteristics using mean = SD for normally distributed or median
(interquartile range) for non-normally distributed variables and proportions for categorical
variables. We compared patients’ characteristics using chi squared, unpaired t-tests, and
Mann-Whitney U test as appropriate. We used Cox proportional hazards models to estimate
the association between sarcopenia based on low muscle mass by each definition and its
components (i.e., low muscle mass, low muscle strength, and low physical performance
individually) as categorical variables with mortality. Because appropriate cutpoints have not
been established in the dialysis population, we also assessed the associations of total muscle
mass, handgrip strength, and gait speed as continuous variables with mortality. To explore
non-linear associations among muscle mass, grip strength and gait speed and mortality, we
created cubic splines for the continuous variables associations and used the Wald test to test
whether these associations deviated from a linear relationship. We examined a model that
included age, sex, and race (model 1). We then added diabetes mellitus, congestive heart
failure, and coronary artery disease as comorbidities (model 2) and serum albumin
concentration (model 3). We tested for interactions among muscle mass, handgrip strength,
and gait speed as categorical and continuous variables and sex. We used Harrell’s C and net
reclassification index (NRI) to compare the discrimination of the survival models.41 42 We
calculated the continuous NRI with 95% bootstrap CI to quantify the improvement in
discrimination offered by adding each new predictor on the base model adjusted for
comorbidities. We conducted all analyses in Stata 13 (StataCorp LP, College Station, TX),
and Pvalues less than 0.05 were considered statistically significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Linear and restricted cubic spline analyses of association of probability of death and total
muscle mass by each indexing method, handgrip strength and gait speed. P-values are for the
comparison between linear and spline curves of associations of the probability of death with
total muscle mass by each indexing method, handgrip strength and gait speed.
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Figure 2.
Unadjusted and fully adjusted hazard ratio of death (age, race, sex, diabetes mellitus,

coronary artery disease, congestive heart failure, and serum albumin) per 1 SD of total
muscle mass by each criterion, handgrip strength, and gait speed among all participants.
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Table 1
Patient characteristics
Parameters Total (Nn=645) Men (n=378) Women (n=267) P value
Age, years 56.7 (14.5) 55.5 (14.3) 58.5 (14.5) 0.01
Black, % 61.5 59.0 65.2 0.11
Diabetes, % 43.9 394 50.2 0.01
CAD, % 8.8 10.3 6.7 0.11
CHF, % 18.8 19.6 17.6 0.53
Dialysis vintage, years 2.8 (1.3-5.4) 2.6 (1.2-5.2) 29(1.4-5.9) 0.20
BMI, kg/m? 28.1(6.9) 27.4 (6.4) 29.2 (7.6) 0.001
BSA, m? 1.9(0.3) 1.9(0.2) 1.8(0.2) <0.001
Body fat, % 29.9 (10.2) 25.5(9.2) 36.1(8.2) <0.001
Total muscle mass (kg) 26.6 (6.5) 29.0 (6.0) 23.1(5.6) <0.001
Handgrip strength, kg 26.4 (10.6) 31.5(10.2) 19.2 (5.9) <0.001
Gait speed, m/s 0.9 (0.3) 1.0 (0.3) 0.9(0.3) <0.001
Serum creatinine, mg/dl 8.4 (2.7) 8.9 (2.9) 7.6 (2.3) <0.001
Serum albumin, g/dI 4.0 (0.4) 4.0 (0.4) 4.0 (0.3) 0.08
Serum prealbumin, g/dI 29.9 (7.3) 30.2 (7.7) 29.4 (6.6) 0.14
Prevalence of low muscle mass *by each indexing method, %
Muscle mass/height? 8.1 12.2 2.3 <0.001
Muscle mass/BW ( “100) 25.3 218 217 0.08
Muscle mass/BSA 324 373 25.5 0.002
Muscle mass/BMI 25.0 249 25.1 0.95
Prevalence of low muscle strength ™™ % (n) 29.9 30.6 288 0.63
345 24.7 48.3 <0.001

Prevalence of slow gait speed t % (n)

BMI, body mass index; BSA, body surface area; BW, body weight; CAD, coronary artery disease; CHF, congestive heart failure

Data are presented as mean (SD) and median (25th to 75th).

p<0.05 consider significantly different between men and women

Page 15

*
Presence of low muscle mass defined as muscle mass >2SDs below normal mean of young adults. The mean-2SD values for men and women are
7.89 and 6.05 kg/m2 for muscle mass/heightz, 32.68 and 27.85 % for muscle mass/body weight (%), 14.31 and 11.64 kg/m2 for muscle mass/BSA,

0.97 and 0.72 m2 for muscle mass/BMI, respectively.

Hok

Defined as handgrip strength <26 and <16 kg in men and women, respectively.

fDefined as gait speed < 0.8 m/s.
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