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strength were not observed. These results indicate that
exercise alone is insufficient for recovery in sarcopemic
elderly women. ‘

Previous studies have indicated that declines in muscle
mass are related to declines in muscle protein synthesis
rates in older adults and that leucine-enriched essential
amino acid mixtures are primarily responsible for the
amino acid-induced muscle protein anabolism in elderly
people.!?? These studies investigated the effects of differ-
ent amino acid dosages (from 6.7 to 20.0 g/d) on protein
synthesis, and the 6.0-g/d dosage provided in this study is
lower than in previous studies, but the mean weights of
the subjects in such studies were from 71.0 to 81.3 kg,
making the dosage of amino acid between 0.090 and
0.246 g/kg of body weight. The amino acid dosage in the
current study was 0.151 g/kg, which is comparable with
the amounts found in the literature.!?*%?% The results of
the current study showed that muscle mass, appendicular
muscle mass, and leg muscle mass significantly increased in
the AAS group, which is consistent with previous findings.

Many studies have demonstrated an increase in muscle
mass from nutritional supplementation, but an increase in
muscle strength does not always accompany an increase in
muscle mass. A recent study concluded that essential AAS
alone was not sufficient to increase muscle strength.?® Sim-
ilarly, although the results of the current study showed
that AAS alone increased muscle mass, improvement in
muscle strength was not observed. The results of the pres-
ent study showed that muscle mass increased significantly
with exercise or essential AAS, although muscle strength,
measured according to knee extension strength, improved
significantly only in the exercise + AAS group.

Next, the discussion will focus on the changes in the
combined variables. One study that investigated the effects
of resistance exercise and nutritional supplementation on
muscle mass and strength in older adults concluded that
high-intensity resistance exercise was beneficial in increas-
ing muscle mass and muscle strength, but the nutritional
supplementation, which contained only a small percentage
of a soy-based protein within a mixture of mainly carbo-
hydrates, did not contribute to those gains.® As illustrated
in Figure 2, exercise alone was effective in enhancing sin-
gle variables such as leg muscle mass or usual walking
speed. Similarly, the AAS group improved usual walking
speed, but rationally, to treat sarcopenia, improvements in
single variables are not sufficient. Improvements observed
in the combined variables would presumably lead to the
most-efficient reversal of sarcopenia. Significant improve-
ments in the combinations of leg muscle mass, knee exten-
sion strength, and walking speed were seen only in the
exercise + AAS group. Although whether exercise + AAS
was better than either intervention alone remains incon-
clusive, these results suggest that exercise + AAS may be
necessary for benefits in muscle mass and strength.

This study has several limitations. First is the measure-
ment of body composition estimated using BIA. Although
magnetic resonance imaging (MRI), computed tomogra-
phy, and dual-energy X-ray absorptiometry are common,
accurate clinical methods of measuring muscle mass,*®3!
they are cost ineffective and are not always appropriate
for field studies. BIA is simple, noninvasive, and inexpen-
sive and has been widely used in field studies. The

comparison of MRI and BIA measurements has revealed a
strong correlation between the two, confirming the validity
of the BIA method for muscle mass measurement in older
adults. 31718 Therefore, the validity of the data collected
using BIA has little influence on the interpretation of the
results of this study. Second, it has been reported thar AAS
enhances muscle protein synthesis,"»?**2 but the mecha-
nism of the increase in muscle mass from AAS was not
explored in the current investigation. Therefore, the results
of this study were interpreted based on the assumption
that muscle protein synthesis had been enhanced. Third,
the effects of the exercise + AAS should have been deter-
mined with the use of placebos, bur placebo treatments
were not provided in this study, so future research should
include placebos to observe the effects of exercise and AAS
on physical function and muscle strength. Fourth, the total
number of dropouts in this study was 11 people, and they
were not included in the data analysis. Many studies have
used intention-to-treat (ITT) analyses to determine the
effects of RCTs, and the use of TTT analyses are increas-
ing, although one previous study found that only a%proxi-
mately 35% of 274 RCTs used ITT analyses.”” The
current study was not an ITT analysis because it confirmed
that there were no significant differences between the
dropouts and the participants who completed the study,
and the exclusion of the 11 dropouts from the analysis did
not affect the integrity of the baseline randomization.
Finally, previous research has shown that milk contains
essential amino acids.>*** Because some of the participants
took the AAS with milk, the exact essential amino acid
dosage in this study could not be determined, and the
effect of drinking milk on the results of this study was not
confirmed. Future research should avoid the intake of milk
with amino acids when investigating the effects of amino
acids on muscle sirength and mass and physical function.

This study demonstrated that exercise and nutrition
may be necessary for the basic treatment of increasing
muscle mass and strength to reverse the effects of sarcope-
nia in community-dwelling sarcopenic women. Exercise
and AAS together have significant effects on enhancing not
only muscle strength, but also the combined variables of
muscle mass and walking speed and -of muscle mass and
strength in this study population, but further follow-up
studies on larger populations are required to confirm these
results.
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Abstraet Sarcopenia is a geriatric syndrome in which there
is a decrease of muscle mass and strength with aging. In
age-related loss of muscle strength, thére are numerous
observations supporting the assertion that neural factors
mediate muscle strength. A possible contributing cause may
be that aging changes systemic extracellular heat shock
protein (eHsp)72 activity. The present study was designed
to assess the plasma levels of eHsp72 in elderly people and
to investigate its potential interaction with components of
sarcopenia. A total of 665 men and women participated in
an official medical health examination and an infegrated
health examination, including psychological and physical
fitness tests. Blood samples were assayed for levels of
plasma Hsp72, seruin C-reactive protein, mierleukin 6,
tumor necrosis factor o, and regular biomedical parameters.
We found that higher Hsp72 in-plasma is associated with
lower muscle mass, weaker grip strength, and slower
walking speed, and may be a potential biomarker of
sarcopenia in elderly people. This finding was supported
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by other results in the present study: (1) older age and
shrinking body and lower hemoglobin levels, all of which
characterize sarcopenia, were related to higher eHsp72
tertiles and (2) the ORs of the highest tertile of eHsp72 for
the lowest tertiles of muscle mass, grip strength, and
walking speed were 2.7, 2.6, and 1.8, respectively. These
ORs were independent of age, sex, and the incidence of
related diseases. Our results would reveal that eHsp72 in
plasma is linked to sarcopenia factors and is a potential
biomarker or predictor of sarcopenia.
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Extiracellular Hsp - Skeletal muscle - Grip strength

Introduction

Sarcopenia is a geriatric syndrome in which there is a
decrease of muscle mass and strength with aging
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(Rosenberg 1997). The prevalence of sarcopenia has been
estimated at 5-13% of elderly people aged 60-70 years,
and the numbers increase to 11-50% for those aged 80 or
above (Haehling et al. 2010). It is a normal part of aging,
but if unchecked, it can lead to weakness, disability, falls,
loss of independence, and fraiity (Roubenoff and
Hughes 2000). Recently, the European Working Group
on Sarcopenia in Older People developed a definition and
diagnosis of sarcopenia (Cruz-Jentoft et al. 2010), introducing
quantitative assessments of muscle mass, muscle strength,
and physical performance, and established cutoff points
based on measurements of muscle mass, gtip strength, and
gait speed. The International Working Group on Sarcopenia
has also proposed criteria for diagnosing sarcopenia
(Fielding et al. 2011), including gait speed and muscle
mass. Unfortunately, since those cutoff points were based
on data from specific ethnic groups, the utilization of these
cutoff points or criteria could be limited. However, we
may universally assess the data of muscle mass, grip
strength, and gait speed with regard to the definition of
sarcopenia, respectively. Sarcopenia has many causative
factors, including a sedentary lifestyle and neyurological,
hormonal, nutritional, and immunological determinants
(Roubenoff and Hughes 2000). Sarcopenic changes in the
muscles include losses in muscle fiber quality and
quantity, o-motor neurons, protein synthesis rates, and
anabolic and sex hormone production (Waters et al. 2010).
Many mechanisms have been proposed to cause the
aforementioned sarcopenic changes, but the overall
etiology is still not completely understood (Narici and
Maffulli 2010). In age-related loss of muscle strength,
* there are numerous observations supporting the assertion
that neural factors mediate muscle strength, and aging
adaptations may involve changes in supraspinal drive
generated from the cortex, coactivation of the antagonist
muscle, as well as maximal spinal cord output and
muscle coordination (Clark and Manini 2008). A possible
contributing cause may be that aging changes systemic
extracellular heat shock protein (Hsp) 72 activity.

Hsp are highly conserved proteins that are expressed
both constitutively and under stressful conditions. The
major role of Hsp appears to be the protection of the
proteome via their molecular chaperone function. Hsp
recognize damaged proteins and either channel such
proteins into the repair/refolding pathways or to the
proteolytic pathway (Lindquist and Craig 1988). In terms
of cell survival, Hsp allow cells to respond to damage
and begin the processes required to resolve cellular
insults (Kampinga et al. 1995). Among the Hsp, the
Hsp70 family is intrinsic to cellular life, permitting
proteins to perform essential enzymatic reactions, signaling,
and structural functions within the tightly packed milieu
of the cell, and working to avert the catastrophe of

@ Springer

protein aggregation during stress (Lindquist and Craig
1988; Georgopoulos and McFarland 1993). Hps70s are
induced to extremely high levels by stress along with a
cohort of other Hsp through powerful transcriptional
activation, mRNA stabilization, and preferential transla-
tion (Lindquist and Craig 1988). Hsp72, which is a
member of the Hsp70 family, circulates in the blood
(Pockley et al. 1998), where it is referred to as an
extracellular Hsp (eHsp, Fleshner et al. 2003).

Aging is associated with the degeneration of Hsp
expression with time and the loss of resistance to
cellular oxidants (Calderwood 2008). The effects of heat
shock factor (Hsf)l and Hsp on longevity appear to be
particularly mediated through their ability to protect
motor neurons (Calderwood 2008). It has been shown
that the presence of eHsp72 can have a protective effect
against necrotic cell death of smooth muscle cells
(Johnson and Tytell 1993) and against apoptosis of motor
neurons (Robinson et al. 2005). On the other hand, the
elderly, even when considered healthy, frequently present
systemic low-grade inflammation (Ogawa et al. 2010). It
has shown that interleukin (IL)-18, IL-6, and TNF-a
levels in elderly people are related to severe muscle
wasting and cachexia (Roubenoff and Hughes 2000),
because these inflammatory cytokines are involved in the
muscle catabolic processes associated with inflammation
(Degens 2010). ’

While eHsp72 can have a protective effect against
apoptosis of motor neurons (Robinson et al. 2003) for the
muscle anabolic process, based on the category of
sarcopenia, it has been hypothesized that inflammatory
cytokines and eHsp72 have independent effects that are
potentially associated with prevalent sarcopenia. Thus,
whereas inflammatory cytokines are related to muscle
catabolism, eHsp72 might be related to anabolic protec-
tion of motor neurons. Investigating this hypothesis will
help advance our understanding of the involvement of these
two distinct components of sarcopenia mechanisms. To test
this hypothesis, a cross-sectional analysis of data from the
Kusatsu study was conducted, evaluating the associations
between prevalent lower muscle mass, grip strength, and gait
speed, individually and in combination.

Methods
Subjects

A total of 665 participants aged 65-96 years living in a
community setting participated in an official medical
health examination for community residents adminis-
tered by the local government of Kusatsu, Gunma, The
total population aged 65 or over was 1,928. All of the
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elderly people received information on an official
medical health examination for community residents
by post. Therefore, the ratio of those having the
medical examination was 34% (665/1,928). The sex
ratio distribution of the participants: was significantly
different from a random distribution (male, n=264;
female, n=356; P<0.001), but there were no significant
differences in the mean ages between the sexes [meanz
standard deviation (SD): male 73.5+6.0 years, female
73.4+6.3 years]. All participants were informed of the
purpose and risks of the study before giving written
informed consent. This study was conducted in accordance
with the Declaration of Helsinki, and its protocol was
approved by the ethics committee at Tokyo Metropolitan
Institute of Gerontology.

Assessment of functional health status, lifestyle, and life
satisfaction, and measurement of physical performance

Functional health status, lifestyle, and life satisfaction
can possibly confound sarcopenia symptoms. To examine
healthiness, the lack of which leads to low daily activity
and low total energy expenditure, functional health status
was assessed using six parameters: (1) poor hearing, (2)
poor sight, (3) walking aid, (4) bathing, (5) dressing, and
(6) toileting status. To examine daily activity and
locomotive status, which is related to low activity and
other factors that reflect on chronic diseases, lifestyle
was assessed by five parameters: (1) shopping, (2)
cooking, (3) frequency of outdoor activity, (4) alcohol
drinking status, and (5) smoking status. To exariine
mental health status, which is related to low daily
activity, life satisfaction was assessed by self-rated health
(1-4, score 4 represents self-reported unhealthy status),
Geriatric Depression Scale (0-15, a total score of 15
represents depressive moods), and Mini-Mental State
Examination (0-30, a total score of 30 represents normal
cognitive condition).

The physical performance test consisted of grip strength
and walking speed (Suzuki et al. 2003; Studenski et al.
2011; Cooper et al. 2010). The grip strength of the
preferred hand was measured two times using a handheld
Smedly-type dynamometer. The higher value was adopted.
In the walking test, the participant walked along a straight
walkway of 11 m on a flat floor. The speed and number of
steps were measured for the middle 5-m portion of the
walkway. The participant took the test by walking at a
preferred speed two times, and the faster speed was recorded.

Clinical history and medical examination

In the medical examinations, body height (using a body
height meter), body weight, and skeletal muscle mass were

measured using bioelectrical impedance analysis systems
(InBody; BIOSPACE, Tokyo, Japan). During the medical
examination, a blood sample was collected from the
antecubital vein for routine hematological and biochemical
tests, including white blood cell count, hemoglobin, albumin,
total cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, and triglycerides.
Clinical histories and medical examinations were carried
out by physicians.

Blood sampling for other laboratory assays

Blood samples were collected from the antecubital vein for
plasma in a tube containing 30 i of EDTA, and serum in a
plain tube, and spun at 1,000xg at 4°C for 10 min, and the
supernatant was stored at —80°C until analysis. For
analysis of eHsp72, enzyme-linked immunosorbent assay
(ELISA) kits were used to measure the plasma concen-
trations of Hsp72 (#ADI EKS-715; Enzo Life Sciences,
Inc. NY, USA). Serum C-reactive prbtein (CRP), IL-6,
B2-microglobulin ($2-MG), and tumor necrosis factor
(TNF)-’oc levels were measured using ELISA and enzyme
immunoassay, respectively (SRL Co., Tokyo, Japan). The
interassay coefficient of variance was 3.6-11.1%. The

intra-assay coefficient of variance was 4.6-9.2%.

Statistics

Average values and SD are given in the total numbers
of age results. However, eHsp72 had a non-normal
distribution as evaluated using the Kolmogorov—-Smitnov -
test (P<0.01). As a consequence, in the analysis of these
parameters, nonparametric tests were used when comparing
and correlating the parameters according to eHsp72 levels.
Median and interquartile range (25-75th percentile) or
average values=SD are given in the “Results” section,
depending on the measured level.

Age differences in eHsp72 were analyzed using
Kruskal-Wallis analysis as shown in Fig. 1. Sex differ-
ences in eHsp72 in the same age groups were analyzed
using the Mann-Whitney test as shown in Fig. 1. The
subjects were classified according to tertile levels of
eHsp72 shown in Table 1. We then analyzed anthropo-
metric variables, physical fitness variables, biochemical
variables, and inflammatory biomarkers using the Jonck-
heere—Terpstra test to compare the tertile groups. Since
sex differences might have biased the relationships
between physical fitness variables and other parameters,
the values based on eHsp72 tertiles were expressed as
totals for men and women separately. The associations
between eHsp72 levels and these variables are repre-
sented by Spearman correlation coefficients shown in
Table 2 and Fig. 2A-C.

@_ Springer
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Fig. 1 Box and whisker plots
on plasma levels of eHsp72 by
age group and sex. Significant
differences between sexes in
the same age group were
analyzed using Mann—Whitney
analysis.t1P<0.01. Circles
outliter. No differences were
found between any of the age
groups within the same sex, as
analyzed using Kruskal-Wallis
analysis
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Previous studies have shown that diseases are
known confounding factors of sarcopenia (Fried et al.
2001) and can trigger it; diseases induce lower physical
activity or disuse of muscle. To test which diseases
might influence eHsp72 levels, differences in eHsp72
tertiles between patients were evaluated using the
Jonckheere-Terpstra test. To examine whether serious
underlying diseases confounded the association of
eHsp72 with sarcopenia, odds ratios were derived from
multiple logistic regression analysis of eHsp72 tertiles
adjusted by sex, age, and the incidence of disease (Table 3).

To better understand the gradient of weaker muscle
strength risk associated with combined levels of IL-6 and
eHsp72, differences in grip strength were explored
according to the five combination groups using multiple
logistic regression analysis (Leng et al. 2007; Bautmans
et al. 2007). For grip strength, values were divided into
two groups: a lower strength group (below one SD of the
average value) and a higher strength group (above one SD
of the average value) with men and women, respectively.
To explore potential synergy between IL-6 and eHsp72
tertile levels, we divided five mutually exclusive groups
in increasing order of severity: group 1—IL-6 bottom
tertile + eHsp72 bottom tertile (the reference group);
group 2—IL-6 bottom + eHsp72 middle, and IL-6
middle+eHsp72 bottom; group 3—IL-6 bottom + eHsp72
top, IL-6 top + eHsp72 bottom, and TL-6 middle + eHsp72
middle; group 4—IL-6 middle + eHsp72 top, and IL-6 top +
eHsp72 middle; and group 5—IL-6 top+eHsp72 top (Leng et
al. 2007). The analyses were adjusted for age and sex

(Fig. 3).

All reported P values were two tailed, and the level of
significance was set at P<0.05. Statistical analysis was
performed using IBM SPSS version 19 for Japanese
(Nihon IBM Inc., Tokyo, Japan).
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Results

eHsp72 profiles in relation to age and sex

The number of total subjects was 665; however, the plasma
levels of eHsp72 in 13 subjects were undetectable. The
plasma levels of eHsp72 with sex and age groups are
shown in Fig. 1. A significant interaction in the age
groups was not found using Kruskal-Wallis analysis. In
the age group 75-79, eHsp72 in female subjects was
higher than that in male subjects. However, there were
no significant differences between the sexes in the other
age groups. No differences were found between any of
the age groups.

Anthropometrics, physical finess, and biomaiker profiles
in relation to eHsp72 tertiles

‘When eHsp72 levels were divided into three equally spaced
categories (tertiles), the cutoff values for eHsp72 tertiles
were as follows: the lowest tertile of eHsp72 was under
0.12 ng/ml., the middle tertile was 0.13-0.22, and the
highest tertile was over 0.23 ng/mL (P<0.01). The
anthropometric, physical finess, and biomarker profiles in
relation to the eHsp72 tertiles are summarized in Table 1.
Using the Jonckheere-Terpstra test, we found significant
higher in age (both sexes and females) stepwise from
low eHsp72 to middle eHsp72 to high eHsp72 tertiles.
They were significantly lower in height (both sexes),
weight (both sexes), muscle volume (both sex and males),
grip strength (both sexes and males), and walking speed
(both sexes and females) increasing stepwise from low
eHsp72 to middle eHsp72 to high eHsp72 tertiles
(Table 1).

Among the biomarkers and the inflammatory markers,
there was a significant decrease in hemoglobin (Hb) levels
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Table 1 Median and interquartile ranges of anthropometric physical fitness factors flammatory and biomarker levels in relation to
tertiles of eHsp72 ’

Lowest (<0.13 ng/mL) Middle (0.13-0.22 ng/ml) Highest (0.22 <ng/mL) Jonckheere-Terpstra

Male/female (#) 109/120 85/122 76/140 Total 270/382
Median IQR Median IQR Median IQR P value

Hsp72 (ng/mL) .

Total 0.08 0.05-0.11 0.16 0.14-0.19 0.53 0.29-0.95 0.000*

Male 0.09 0.04-0.11 0.16 0.14-0.19 0.54 0.31-0.91 0.000*

Female 0.07 0.05-0.11 0.16 0.14-0.18 0.52 0.28-1.06 0.000*
Age (year)

Total 72 68-77 71 68-76 73 69-78 0.040%*

Male 72 68-77 72 68-77 73 69-79 0.427

Female 71 67-78 71 68~76 74 69-78 0.035%*
Height (cm)

Total 154 148-162 153 147-160 151 146-158 0.002%

Male 162 158-165 161 157-165 159 157-164 0.067
Female 148 143-153 149 144-153 147 144-151 0441
Weight (kg)

Total 56 49-64 53 47-61 53 46.2-59.5 0.005%
Male 61 55-68 60 53-65 58 52-66 0.079
Female 51 44-58 50 45-55 50 44-57 0.611
Muscle volume (kg)

Total 21.1 17.6-24.7 19.9 17.4-23.6 18.8 17-224 0.000%*
Male 24.7 22.8-27.1 24.3 22.2-26.4 24 21.5-26 0 0.023%*
Female 17.8 15.6-19.9 18 16.2-19.5 17.8 15.9-18.9 0.222
Grip strength (kg)

Total 24.8 19.6-34.0 24.0 19.5-31.3 22.5 18.4-29.0 0.005%
Male 345 30.0-38.5 33.0 28.5-37.0 325 26.5-37.0 0.029*+*
Female 20.0 16.8-22.5 21.0 16.8-24.0 19.5 16.5-22.5 0.722
Walking speed (m/s)

Total 1.38 1.22-1.56 1.37 1.22-1.52 1.30 1.1-135 0.002*
Male 1.43 1.25-1.56 1.39 1.25-1.52 1.37 1.2-16 0.068
Female 1.39 1.19-1.52 1.35 1.19-1.52 1.28 1.1-14 0.037**
CRP (ULL) ,

Total 602 274-1,027 510 222-1,070 562 271-1,140 0.874
Male 624 247-1,150 510 239-1,300 602 302-1,200 0.730
Female 590 277-1,010 510 217-870 491 231-1,090 0.728
IL-6 (pg/ml)

Total 2.0 1.3-2.5 19 1.2-29 1.91 3-3.0 0.399
Male 2.1 1.5-27 2.1 1.3-34 2.0 1.4-28 0.890
Female 1.7 12-25 1.9 1.2-2.6 1.9 1.3-3.1 0.210
TNF-e (pg/mL)

Total 1.2 09-1.6 1.1 09-1.5 1.3 0.9-19 0.079
Male 1.2 0.9-1.7 1.2 1.0-1.6 1.5 1.1-22 0.010**
Female 1.2 09-1.5 1.1 0.8-14 1.2 0.9-1.7 0.570
B2-MG (mg/L)

Total 1.8 1.6-2.1 ) 1.8 1.5-2.0 1.8 1.6-23 0.065
Male 19 1.6-2.1 1.9 1.6-2.2 1.9 1.6-23 0.620
Female 1.8 1.5-2.1 1.7 1.5-2.0 1.8 1.6-23 0.016%*
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Table 1 {continued)

Lowest (<0.13ng/mL) Middle (0.13-0.22ng/mL) Highest (0.22<ng/mL) Jonckheere—Terpstra
Male/female (n) 109/120 85/122 76/140 Total 270/382
Median IQR Median IQR Median IQR P value

WBC/mL .

Total 5,400 4,500-6,400 5,500 4,400-6,500 5,300 4,525-6,175 0.579

Male 5,500 4,600-6,500 5,600 4,300-6,600 5,400 4,525-6,200 0.900

Female 5,300 4,425-6,175 5,450 4,400-6,425 5,200 4,525-6,075 0.620
Hb (g/dL)

Total 139 13-14.9 13.6 12.9-14.5 13.6 12.7-14.3 0.005*

Male 14.9 14.1-15.5 14.5 13.4-15.4 14.4 13.8-15.3 0.040%*

Female 13.1 12.6-139 133 12.7-13.9 13.2 12.6-13.8 0.530
Albumin (g/dL)

Total 4.2 4044 4.2 4.0-4.4 4.2 4.0-4.3 0.234
Male 42 4044 4.2 4.0-4.3 4.2 4.0-44 0.375
Female 4.2 4.0-4.3 4.2 4.1-4.4 4.2 4.043 0.335
LDL-Cho (mg/dL)

Total 114 95-135 114 95-138 116 98-138 0.439
Male 109 90-132 107 86-128 114 97-137 0.290
Female 117 102-141 123 101-141 118 98-138 0.660
Triglyceride (mg/dL) ’

Total 132 86~-189 126 90-185 122 88-159 0.187
Male 139 80-197 127 84-185 126 87-189 0.600
Female 122 88-185 123 93-185 119 89-153 0.198
HDL-Cho (mg/dL)

Total 55 47-66 56 48-65 58 48-67 0.296
Male 53 45-61 52 45-61 53 44-62 0.910
Female 60 49-69 60 50-67 60 50-69 0.676

IOR interquartile range, 2-MG B2-microgrobulin, WBC white blood cells, Hb hemoglobin, LDL-Cho low-density lipoprotein, HDL-Cho

high-density lipoprotein
*P<0.01; *P<0.05, using Jonckheere—Terpstra

(both sexes and males) stepwise from low eHsp72 to
middle eHsp72 to high eHsp72 tertiles. They were
significantly higher in TNF-« levels in males increasing
stepwise from low eHsp72 to middle eHsp72 to high
eHsp72 tertiles. f2-MG levels in females, both in the
lowest and highest tertiles of eHsp72, were higher than that
in the middle tertile group (Table 1).

Correlation analysis in relation to eHsp72 concentration

Correlation coefficients are shown in Table 2 and
Fig. 2a—c. Height, weight, skeletal muscle volume, grip
strength, walking speed, and Hb in total subjects were
associated with lower eHsp72 (negative correlation).
TNF-oo in male subjects was positively correlated with
eHsp72 (Table 2).

@_ Springer

Multiple logistic regression analysis

For disease history, no significant trends for eHsp72 tertiles
among the specific diseases were found. Previous studies
have shown that diseases are known confounding factors of
sarcopenia (Fried et al. 2001) and can trigger it. Sarcopenia,
including the accompanying lower physical activity, can, in
turn, induce diseases. To confirm that no diseases seriously
confounded the association of eHsp72 with sarcopenia, we
performed logistic regression analysis of eHsp72 tertiles
with additional adjustments for age, sex and the incidence
of disease (e.g., the incidence of other disease). Table 3
shows the odds ratios for muscle mass, grip strength, and
walking speed, adjusted sex, age, and the incidence of
disease. The highest tertile of eHsp72 retained significant
associations with the lowest tertile of skeletal muscle



Author's personal copy

Plasma heat shock protein 72 as a biomarker of sarcopenia

Table 2 Significant Spearman correlations between eHsp72 and other
variables )

Hsp72
r P value

Height

Total -0.106 0.008%
Male -0:085 0.168
Female -0.023 0.664
‘Weight

Total -0.095 0.017%*
Male ~0.060 0.336
Female —-0.020 0.703
Muscle volume

Total —-0.138 0.001%
Male —-0.104 0.092
Female ~0.055 0.295
Grip strength

Total ~0.111 0.006*
Male -0.111 0.075
Female -0.037 0.485
Walking speed

Total -0.117 0.004*
Male -0.093 0.140
Female -0.114 0.034%%
TNF-a (pg/mL)

Total 0.062 0.139
Male 0.164 0.012%*
Female 0.013 0.804
Hb

Total ~0.090 0.022%*
Male —-0.088 0.149
Female -0.026 0.619

Total n=652, male n=270, female n=382
TNF tumor necrosis factor, b hemoglobin
*P<0.01; **P<0.05

mass [odds ratio (OR), 2.72; 95% confidence interval
(CI), 1.21-6.16, P<0.01], the lowest tertile of grip
strength [OR 2.60, 95% CI 1.17-5.81; P<0.01], and the
lowest tertile of walking speed [OR 1.82, 95% CI 1.03-3.20;
P<0.01] using logistic regression models (Table 3).

Combined IL-6 and eHsp72 levels and weaker hand grip

Figure 3 shows the odds ratio of risks for weaker hand grip
with combined levels of IL-6 and eHsp72 level. We divided
five mutually exclusive groups in increasing order of
severity: group 1—76 participants IL-6 bottom tertile +
eHsp72 bottom tertile (the reference group); group 2—168

participants [L-6 bottom + eHsp72 middle, and IL-6
middle + eHsp72 bottom; group 3—197 participants IL-6
bottom + eHsp72 top, IL-6 top + eHsp72 bottom, and
IL-6 middle + eHsp72 middle; group 4—120 participants
IL-6 middle + eHsp72 top, and IL-6 top + eHsp72
middle; and group 5—69 participants IL-6 top + eHsp72
top. For weaker hand grip strength, only those in the
group 4 (IL-6 middle + eHsp72 top, and IL-6 top +
eHsp72 middle) had significantly higher risk for being
weaker hand grip strength [OR 3.31, 95% CI 1.48-7.41],
adjusted age, and sex.

Discussion

We focused on the biological significance of eHsp72 in
elderly people. We demonstrated that higher Hsp72 in
plasma is associated with lower muscle mass, weaker grip
strength, and slower walking speed, and is a potential
biomarker of sarcopenia in elderly people. This finding was
supported by other results in the present study: (1) older age
and shrinking body (i.e., shorter height and lighter body
weight) and lower hemoglobin levels, all of which
characterize sarcopenia, were related to higher eHsp72
tertiles and (2) the ORs of the highest tertile of eHsp72 for
the lowest tertiles of muscle mass, grip strength, and
walking speed were 2.7, 2.6, and 1.8, respectively. These
ORs were independent of age, sex, and the incidence of
related diseases (Table 3).

We also found that inflammatory cytokines and eHsp72
were independent and potentially associated with prevalent
sarcopenia. Group 4 (IL-6 middle + eHsp72 top, and IL-6
top + eHsp72 middle) had a significantly higher risk for
being in the weaker grip strength group (R 3.31, 95% CI
1.48-7.41; P=0.004) compared to group 5 (IL-6 top +
eHsp72 top). One possible explanation is that IL-6 and
eHsp72 negate each other. These results might imply that
eHsp72 reflects the opposite status of inflammation. Baut-
mans et al. (2008) investigated the effect of IL-6 and
eHsp72 on muscle endurance in elderly nursing home
residents, and demonstrated that subjects with both high
serum levels of IL-6 and eHsp72 had worse muscle
endurance compared to those with high IL-6 and low
eHsp72, or with low IL-6 and high eHsp72. They pointed
out the possibility that the response of eHsp72 to exercise
might reflect the anti-inflammatory status of elderly people,
which might support our present results. Clark and Manini
(2008) suggested the term “dynapenia” to specifically
describe the age-associated loss of muscle strength. They
argued that (1) longitudinal aging studies indicate a
disassociation between the loss of muscle mass and strength
and (2) the changes in muscle mass and the changes in
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Fig. 2 a Regression plot
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of Hsp72 levels in plasma and
muscle volume. Circles female,
triangles male. R=—0.138,
P=0.001, as analyzed using
Spearman correlation.

b Regiession plot of Hsp72
levels in plasma and grip
strength. Circles female,
triangles male. R=—0.111,
P=0.006, as analyzed using
Spearman cormelation.

€ Regression plot of Hsp72
levels in plasma and walking

Muscle volume (kg)

Grip strength (kg)

speed. Circles female, °© @ ..
tfiaﬂgl@.? male. R=“0.117, @ B 2 300 & ;:s o 1o 200 36 Iy Tg
P=0.004, as analyzed using Hsp72 (ng/mL) Hsp72 (ng/ml)

Spearman correlation

Walking speed (m/sec)

@ (T

strength resulting from alterations in physical activity levels
(i.e., exercise training or disuse) do not follow the same
time course, suggesting that the human neuromuscular

T T T e
o k! Ix-] 03

Hsp72 (ng/mL)

system must be involved in the regulation of strength
(Clark and Manini 2008). Since eHsp72 (Asea et al. 2000)
is involved in the inflammatory cytokine cascade yielding

Table 3 Sarcopenia factors

associated with eHsp72 Lowest (<0.13 ng/mL) Middle (0.13-0.22 ng/mL) Highest (0.22<ng/mL)
fevels in plasma, adjusted Male/female (1) 109/120 85/122 76/140
for age and sex Reference OR [95% CT} OR [95% CI]
Muscle mass tertile
Low 1 2.379 {1.067-5.303] 2.724 [1.205-6.157]
Middle 1 2.143 [1.119-4.105] 2.226 [1.143-4.335]
High 1 (reference) 1 1
P for trend 0.041 0.016
Grip strength tertile
Low 1 1.076 [0.482-2.402] 2.604 [1.168-5.805]
Middle 1 1.375 [0.715-2.645] 2.270 [1.181-4.362]
High 1 (reference) 1 1
P for trend 0.858 0.019
Walking speed tertile
Low 1 1.322 [0.766-2.283] 1.815 [1.029-3.202]
Adjusted age, sex, and Middle 1 1.459 [0.892-2.388] 1.802 [1.068-3.042]
the incidence of other diseases High 1 (reference) 1 1
OR odds ratio, 95% C1 95% P for trend 0316 0.040

confidence interval
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Fig. 3 Odds ratio of risks for
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{n=76)

IL-6 and is known to function as a cytokine, this has
prompted us to consider it as an inflammatory factor;
however, it also plays a role as an anti-inflammatory factor.
Accordingly, it might be that inflammatory cytokines are
related to muscle mass changes per se (i.e., sarcopenia),
including muscle catabolism and synthesis, whereas
eHsp72 is related to muscle strength for the protection of
motor neurons (i.e., dynapenia),

Interestingly, in the nervous system, as in other tissues,
the induction of Hsps not only serves as a marker for stress
but has a protective effect as well (Tidwell et al. 2004). It is
generally assumed that a cell must produce its own proteins
(e.g., Hsps) to be protected by them (Lasek et al. 1977).
Robinson et al. demonstrated that not only expressed Hsp72
but also extracellular Hsp72 plays a role after stress to
promote the maintenance of survival pathways and/or
inhibit the activation of cell death-specific events in
motoneurons (Robinson et al. 2005). They claimed that
considering the size of and metabolic demands on
rﬁdtoneurons, it is possible that these cells are only capable
of synthesizing amounts of Hsc70 or Hsp70 necessary for the
maintenance of cell function and survival. The cells do not
appear able to increase production in response to the greater
demands of stressful stimuli. The extracellular Hsp72 derived
from other cell types may compensate for this deficit
(Robinson et al. 2005).

Acute bouts of aerobic exercise induce eHsp72 elevation
(Walsh et al. 2001). This elevation is transient; once the

IL-6(M)+eHsp72(M)
{n=168) (n=197) {n=120) (n=69)

stressor (i.e., exercise) is removed, the levels of eHsp72
return to normal. At the resting level in young humans,
Hsp72 concentrations in cerebrospinal fluid (CSF) are
threefold higher than in plasma (Steensberg et al. 2006),
suggesting enhanced neuronal stress tolerance (Guzhova et
al. 2001). However, whether acute exercise contributes to
the system or not remains unknown, because the CSF levels
of Hsp72 are not affected by 2 h of exhausting exercise
(Steensberg et al. 2006). However, a study has shown that a
12-week resistance training program induces a reduction of
¢Hsp72 in elderly women (Ogawa et al. 2010), and
centenarians are an exception in that they have decreased
eHsp72, suggesting that lower eHsp72 leads to healthy
outcomes later in life (Terry et al. 2004). Accordingly,
higher eHsp72 may relate to unhealthier conditions in aged
people, as our results implied. On the other hand, a number
of studies have reported reduced levels of circulating Hsp70
in the elderly, and some more historic data have indicated
that the ability to mount a stress response is decreased with
aging (Rea et al. 2001). Results from cultured cells suggest
that the age-related decline in Hsp70 expression is
constitutive and is due to decreased binding of the heat
shock factor (Hsf) 1 to the heat shock element (Hse) and
diminished Hsp 70 transcription (Horowitz and Robinson
2007). Alternatively, there may be an age-associated
increase in abnormal or denatured proteins that could
interfere with Hsf biding to Hse (Munro and Pelham
1985). Since mitochondria in old animals are more
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vulnerable to incurring and less able to repair oxidative
damage that occurs in résponse to a physiologically
relevant heat stress, an increase in free radical production
and oxidative damage with aging might induce a decrease
in stress tolerance at both cellular and whole-organism
levels (Haak et al. 2009). In vivo, severe ATP depletion can
cause destabilization and aggregation of many proteins
(Kabakov et al. 2002). If Hsp70, a known ATP-dependent
chaperone induced by the appearance of denatured
proteins within a cefl following stress, is not being properly
induced in old rats following heat stress (Fargnoli et al. 1990),
the resultant subcellular stress caused by the toxic
accumulation of protein aggregates could be significant
enough to cause damage to mitochondria, peroxisomes,
rough endoplasmic reticulum, and membrane lipids
(Oberley et al. 2008). Interestingly, decieased ATP levels
in old rats compared with young throughout most of
recovery time course indicated an overall decreased ability
of senescent animals to compensate for a loss in energy
metabolism (Oberley et al. 2008). Mechanisms for an
attenuated stress response in aging remain complex and
unknown, and this warrants further investigation.

The present investigated the biological significance of
€Hsp72 in an elderly population. Our results would reveal
that eHsp72 in plasma is linked to sarcopenia factors and is
a potential biomarker or predictor of sarcopenia. Geriatric
syndromes have a biological basis and are considered to be
highly prevalent and carry a high risk for adverse health
outcomes. The present results could lead to the develop-
ment of methods for screening those who require effective,
targeted care,
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