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Abstract

Sarcopenia, as the connotation given in its definition by academic societies “age-related loss of skeletal
muscle mass plus loss of muscle strength and/or reduced physical performance”, is an emerging clinical
disorder that has gained wide appreciation regarding its impact on the general health of aging people. The
loss of skeletal muscle mass and strength as well as consequent reduction in physical activities not only
can cause disability in the carry-out of independent daily activities in the elderly, but also can induce insulin
resistance, which has been widely recognized as a hallmark of pathogenesis in various metabolic disorders
including diabetes mellitus, dyslipidemia, and gain of fat in this specific population. The accumulation of
excessive adipose tissue with re-distribution to muscular tissue that usually accompanies the loss of skeletal
muscle (i.e. sarcopenic obesity) has been observed to frequently co-exist with cardiometabolic syndrome (a
clinical phenotype presenting with various combinations of impaired glucose tolerance, diabetes mellitus,
dyslipidemia, hypertension, and central adiposity, all risk factors that independently or in cluster closely asso-
ciated with higher cardiovascular events or mortality), the combination of which could further jeopardize the
health condition and cause higher mortality than in sarcopenia or obesity alone in the elderly population. With
the increasing life span and rapid rise of elderly populations in modern day, sarcopenic obesity thus deserves
high clinical attention as to timely diagnosis and management to bring back health to the seniors. Physical
exercises (especially resistance training) and concomitant dietary therapy with adequate protein supply are
currently the mainstay of strategies in the management of sarcopenia and sarcopenic obesity. (J Intern Med
Taiwan 2022; 33: 332-346)

Key Words: Aging, Cardiometabolic Syndrome, Physical exercise, Sarcopenia, Sarcopenic obesity

2022 : 33 1 332-346

Introduction

The quantity and quality of skeletal muscle
(SM) have been regarded as important elements in
maintaining the general health in human beings. In
addition to its primary roles of maintaining pos-
ture, breathing and locomotion, SM also functions

as important storage for nutrients and regulator of

metabolic processes. However, various observation-
al and clinical studies have noted there is impairment
in the anabolic (i.e. growth) process of the SM when
people are aging, which would then lead to reduc-
tions in muscle mass and strength, and these latter
factors have been thought to be associated with the
mortality rates in the elderly'. In age-related sarco-

penia, progressive loss of muscle mass and strength
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underlie the decrease in physical performance.
Given that muscle tissue plays multiple important
biological roles in insulin sensitivity, glucose and
lipid metabolism, sarcopenia may also be associat-
ed with cardiometabolic syndrome, a disease entity
with combination of metabolic dysfunctions mainly
characterized by insulin resistance (IR), impaired
glucose tolerance, dyslipidemia, hypertension, and
central adiposity, that may all lead to diverse adverse

health outcomes in the elderly?-4.

Pathophysiology underlying deve-
lopment of sarcopenia/sarcopenic
obesity

Since the first proposal for its definition as a
novel clinical entity by Rosenburg in 1997°, numer-
ous studies have shown that the causes of sarcope-
nia developing with aging are widely regarded as
multifactorial, with decline in neurological func-
tion, physical activity, changes in hormonal system,
activation in inflammatory pathway, coexistence of
chronic illnesses, infiltration of adipose tissue, and
poor nutrition, factors that all have been proposed
to be contributing®. Molecular level changes with
aging including apoptosis, mitochondrial decline,
and the angiotensin system in SM could all play
notable pathologic role in the development of sarco-
penia, over which the discussion in detail is beyond
the scope of this current review more on the clinical

aspects’.

Inflammation markers

As age takes toll, changes starting to occur
in structures and mechanisms at cellular and sub-
cellular levels of the muscular tissues underlie the
occurrence of dysfunction in the individual motor
unit, and dysfunction of mitochondria in the muscle
is believed to play the major role that leads to an
increased level of apoptosis and reduced capabilities
for muscle regeneration®? With progressive aging,

mitochondria homeostasis can no longer maintain

due to the build-up of reactive oxygen species (ROS)
which could be caused by the reduction in antiox-
idant enzyme levels in both muscle and neuron
cells. This accumulation of ROS results in mtDNA
deletion or mutation and dysfunction of mitochon-
dria, as had been demonstrated in both human and
animal studies'?-12. Loss of muscle mass with aging
is largely due to the progressive loss of motoneurons
(motor neurons), which is associated with reduced
number and size of muscle fiber. When motoneuron
loss is not adequately compensated for by re-inner-
vation of muscle fibers by the remaining motoneu-
rons, muscle function would progressively decline!3.
Earlier studies had demonstrated that higher con-
centration of markers of chronic inflammation like
plasma tumor necrosis factor-o (TNF-o), inter-
leukin-6 (IL-6), and C-reactive protein precede
a significant decline in muscle strength in elderly
people!*16, There was also study demonstrating
that decrease of TNF-a level mediated by muscle
training may help muscle regeneration'’. Recently,
a cross-sectional study carried out in China that
had recruited 4,224 adults (M/F:1,514/2,710, mean
age 62.3 £ 8.2 years) in the West China Health and
Aging Trend (WCHAT) study, 814 (19.3%) among
the cohort who were diagnosed as sarcopenia were
noted to be older, with higher percentage of smoking
and heavier chronic diseases burden (with two or
more chronic diseases), as compared to the non-sar-
copenic group. Among the inflammatory markers
evaluated, neutrophil-to-lymphocyte ratio, platelet-
to-lymphocyte ratio, and systemic immune-inflam-
mation index were significantly associated with
sarcopenia. Participants having the highest values
of the above parameters had significantly higher
odds for sarcopenia than those in the lowest value

group'8,

Insulin resistance
Insulin is a potent anabolic stimulus for SM.

In type 2 diabetes, IR comprising one of the most
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prominent mechanisms not only could lead to
glucose dys-regulation, but the reduced insulin sig-
naling may also lead to decreased protein synthe-
sis and increased protein degradation, which can
ultimately result in reduced muscle mass. Skeletal
muscle accounts for up to 40-50% of lean body mass
in an adult human and therefore accounting for the
majority of whole-body insulin-stimulated glucose
disposal. Previous studies have shown that physio-
logical hyperinsulinemia increases SM protein syn-
thesis and anabolism in young healthy subjects, as
long as blood flow and amino acid delivery to the
muscle are stimulated by insulin, and these have
been reported to be impaired in muscles in older
subjects, with or without diabetes mellitus as com-
pared to the non-diabetic younger age group!®. In
the elderly, it was also shown that aerobic exercise
restores muscle protein anabolism in response to
insulin by improving vasodilation in older subjects.
Studies in humans have suggested that these effects
are most likely mediated through enhanced amino
acid availability or delivery through increased per-
fusion, the impaired function of which have been
reported in aged muscle???!. Insulin resistance may
also cause aberrant distribution of adipose tissues,
including intra-muscular site, which may further
impair normal physiological function of SM in terms
of carbohydrate and lipid metabolism. Furthermore,
in vitro study had shown a link between expansion
of visceral adipose tissue (VAT) and an induced
muscle atrophy by secretome of obese adipocytes,
a phenomenon in which reduced expression of con-
tractile proteins in human myotubes was observed
when co-cultured with visceral adipocytes from
obese subjects (BMI > 40 kg/m?). The key contribu-
tors to these results were found to be cytokines and
chemokines with IL-6 and IL-1b that were secreted
by these co-cultured cells?2. These findings may
be extrapolated as the pathophysiological changes
underlying sarcopenia in aged people, especially

when sarcopenia and obesity co-exist (sarcopenic

obesity, SO), also a gradually recognized and highly
appreciated clinical finding in addition to sarcope-
nia or obesity alone when people age, due to their
association with accelerated functional decline and
increased risks of cardiometabolic diseases and

mortality?3-28,

Risk factors for development of sar-
copenia/sarcopenic obesity

Risk factors predisposing to the develop-
ment of sarcopenia in the elderly had been studied
in a telephone-survey given to 1,068 adults aged
> 65 years in Taiwan, and the results showed that
among health behaviors, an unbalanced food selec-
tion, failure to meet physical activity recommenda-
tions (< 150 min/week), and a longer time spent on
sitting (> 7 hour/day) were risk factors for sarcope-
nia among older adults. The authors concluded that
intervention programs for sarcopenia prevention in
older adults should focus on the promotion of bal-
anced food selection, sufficient physical activity,
and reduced sitting time?. Other cross-sectional
study has found age, pre-frailty, and low activity as
independent factors associated with sarcopenia.
Excess energy intake, physical inactivity, low-grade
inflammation, and IR have been proposed as predis-

posing factors to the development of SO3!.

Health outcomes associated with
sarcopenia/sacropenic obesity

By using data obtained from the Korea
National Health and Nutrition Examination Survey
(KNHANES) 2008-2010 (n = 20,812, > 20 years
old), one of the calculations used to define sarco-
penia was to divide appendicular SM mass (ASM)
as measured by dual energy X-ray absorptiometry
(DEXA) by weight in kilogram (ASM/wt). Sar-
copenia was then stratified into class I or class II
defined by one or two standard deviations (SDs),
respectively, below the sex-specific means of ref-

erence values obtained from adults aged 20-29
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years. The results showed that the prevalence rates
of class I and class II sarcopenia based on ASM/
wt index were 25.1% and 4.7% in men, and 23.6%
and 5.5% in women, respectively. The rate of meta-
bolic syndrome (MetS) and IR index increased with
the severity of sarcopenia?. A meta-analysis using
data derived from recent studies (published between
2012 and 2015) that had been designed for prospec-
tive follow-up (ranging from 3 months to 9.8 years)
had found that, in addition to the significant asso-
ciation between sarcopenia and functional perfor-
mance decline, a higher rate of falls and a higher
incidence of hospitalizations, there was also a sig-
nificantly higher rate of mortality among sarcopenic
subjects as compared to the non-sarcopenic coun-
terpart [pooled odds ratio (OR) 3.596; 95% confi-
dence interval (CI), 2.96 - 4.37]. Subgroup analysis
revealed that age by itself had played a significant
role since there existed a significantly higher associ-
ation between sarcopenia and mortality in subjects
aged 79 years or older (OR 4.42; 95% CI, 3.60 - 5.42)
as compared with the figure for the younger subjects
(OR 3.09; 95% CI, 2.49 - 3.84; p = 0.02)*3.

Lean muscle mass generally contributes up
to ~50% of total body weight in young adults but
declines with aging to half that amount at 75-80
years of age, and the loss of muscle mass is typi-
cally replaced by gains in fat mass. Sarcopenia has
also been observed to be frequently associated with
higher percentage of body fat, from which derived
the term SO3*+33. One of the morphologic changes in
sarcopenia is the infiltration of muscle tissue compo-
nents by lipids because of the increased frequency of
adipocyte or lipid deposition within muscle fibers®.
As with precursor cells in bone marrow, liver, and
kidney, muscle satellite cells that can express an adi-
pocytic phenotype increase with age’’. In a 2-year
follow-up study in 26 healthy, elderly African-
American women (age at baseline: 75.5 £ 5.1 year),
it was observed that there were age-related body

composition changes encompassing progressive loss

of SM mass and increases in both visceral abdomi-
nal adipose tissue (VAT) and intermuscular adipose
tissue (IMAT). This change of body composition
with time showed that, by DEXA measurement,
there were significant decreases in both total body
SM and bone masses, and regional analyses showed
a decrease in leg SM; while increases in VAT and
IMAT were identified in whole-body magnetic res-
onance imaging®. In a multi-continent observa-
tional study conducted in countries across Europe,
Asia, South America, and Africa where the preva-
lence of sarcopenia has been found to range from
12.6% to 17.5%, higher percentage of body fat was
found to be associated with lower SM mass in sub-
jects of sarcopenia in all participating countries, and
the prevalence of SO ranged from 1.3% to 11.0%.
Furthermore, there also existed a dose-dependent
association between higher numbers of chronic dis-
eases and SO*.

Impact from sarcopenia and obesity in combi-
nation has been associated with disability and worse
outcomes in older adults. Using data obtained from
two Swedish population studies (521 women and
men aged 75 from the Gothenburg H70 Birth Cohort
Studies, and 288 men aged 87 from the Uppsala Lon-
gitudinal Study of Adult Men (ULSAM)), the risk of
mortality associated with SO and its various compo-
nents was examined*’, In this prospective observa-
tional study, sarcopenia was defined by the updated
EWGSOP2 definition*, and obesity was defined by
any of three established definitions as follows: body
mass index (BMI) > 30 kg/m?, fat mass > 30%/ >
42% or waist circumference (WC) > 88 cm/ >102
cm for women and men, respectively. The results
showed that SO was observed in 4% of the women
and 11% of the men in the H70 cohort, and in 10%
of the ULSAM male cohort. The 75-year-old women
with SO had a higher risk (HR 3.25; 95% CI, 1.2-
8.9) of mortality within 10 years compared to those
with a normal phenotype. A similar trend of asso-

ciation with mortality among the 75-year-old men
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was also noted, although statistically non-signifi-
cant. However, in the very old men aged 87 years,
obesity was instead associated with increased sur-
vival. It was concluded from this study that, in
75-year-old women, SO appeared to be associated
with an increased risk of mortality within 10 years.
The possible explanation why there was no clear
corresponding association between SO or obesity
and mortality among the 75-year-old men could be
that there was gender difference in the health con-
sequences of obesity. The male pattern of obesity is
usually more related to increased risks, e.g., MetS
that may explain the fact that men have a shorter life
expectancy than women*?. It is possible, therefore,
that some men at increased risk had passed away
before the age of 75. Thus, a selection of men with
less metabolically active obesity could have been
included in this study and a corresponding selec-
tion may not yet have occurred in the counterpart
comprising 75-year-old women. Other evidences
supporting an earlier development of MetS in male
population as compared to the females could be
found in a cross-sectional study investigating into
gender differences in the prevalence and develop-
ment of MetS in a cohort of Chinese population with
abdominal obesity that was defined as WC > 90 cm
in male or > 80 cm in female subjects according
to the International Diabetes Federation criteria®3
(n = 19,046, M/F:6,261/12,785). The results showed
that there were significantly higher prevalence of
MetS (73.7% vs 36.9%, p <0.001) and a significantly
higher proportions of combinations of three or four
MetS components than females (36.4% vs 30.2% and
18.4% vs 5%, respectively). Males developed MetS
significantly faster than females in the group aged
< 50 years [relative risk (RR): 1.533; 95% CI, 1.178-
1.993)], whereas no such difference in rate of devel-
opment time existed between males and females aged
50 years and older (RR: 0.974; 95% CI, 0.837-1.134).
The authors concluded that, compared with females,

Chinese males with abdominal obesity should be

paid more clinical attention not only because of their
higher prevalence of MetS and its components, but
also a faster development in age of this metabolic
disorder**. Risks that may lead to higher mortality
in this group of elderly subjects might be multifac-
torial. In overweight and obese elderly adults, self-
reported mobility capacity is markedly diminished
as compared with lean counterpart, and disability
per se, regardless of underlying disorders has been
noted to be associated with higher mortality in the
elderly**. A general belief is that measured BMI
is inversely associated with physical performance
assessed in the elderly population, be the conclu-
sions drawn from results from cross-sectional or
longitudinal follow-up studies*0-4%, although these
observations have been challenged by findings
from one recent study carried out in the very old
populations (> 80 of age) indicating a higher BMI,
but not underweight, may instead be protective in
daily activities performance®. From these studies
specifically designed for and conducted in individ-
uals with sarcopenia or obesity, it would be intui-
tive to consider that having both low muscle mass
and high fat mass levels in the same individual (an
SO phenotype) may lead to more functional limita-
tions, as well as to more metabolic disorders due to
the underlying pathophysiological mechanisms that
could be added up>®3!. Studies have indicated that
individuals with SO are associated with increased
WC, elevated fasting blood glucose, IR, higher blood
pressure, and dyslipidemia as compared to sarcope-
nia or obesity alone32-33. A meta-analysis including
606 articles has demonstrated that SO increases the
risk of type 2 diabetes by almost 38% compared to
individuals with excess weight or obesity alone>*.
The cluster of abdominal obesity, hyperglycemia,
hyperinsulinemia, dyslipidemia, and hypertension
progressively leads to diabetes and CVD. Meta-
bolic disorders including cardiometabolic syndrome
(CMS), diabetes, and CVD have been noted to be

common comorbidities of SO, as compared to non-
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sarcopenic or non-obese counterpart>>3°, All these
findings indicate there are higher risks for and
worse outcomes in cardiometabolic events in sub-
jects having both sarcopenia and obesity, a clinical
entity that should gain higher attention for timely
recognition and optimal management in order to

reduce the associated morbidities and mortality.

Diagnosis of sarcopenia/sarcopenic
obesity

The term of Sarcopenia (in Greek sarx for flesh
and penia for loss) was first described by Irwin
Rosenberg in 1988 in a conference convened to look
at various measurements related to the assessment
of age-related decrease in SM mass and function®’.
After a decade or so, Baumgartner and colleagues
proposed an equation (ASM mass in kg/ square of
height in meter = kg/m?) to define sarcopenia as
being less than two SDs below the mean of a young
reference group®. After more robust data have been
accrued from serial and systemic researches, cur-
rently the diagnosis of sarcopenia is clearly delin-
eated by academic societies for the formation of
guidelines or consensus, though criteria may differ
due to differences caused by geographical, cultural,
and ethnic reasons. According to the consensus
reached by experts from different countries in Asia,
the Asian Working Group for Sarcopenia (AWGS)
had recommended the requirement in assessing
both quality and quantity of the SM system. A
summary of diagnostic criteria is given below: low
muscle strength as handgrip strength (GS) < 28 kg
for men and < 18 kg for women; low physical per-
formance includes 6-meter walk < 1.0 m/s, Short
Physical Performance Battery score < 9, or 5-time
chair stand test > 12 seconds. Cutoffs for height-
adjusted muscle mass are: < 7.0 kg/m? in men and
< 5.4 kg/m? in women when measured by DEXA;
and < 7.0 kg/m? in men and < 5.7 kg/m? in women
when bioimpedance method is used. For screening

purpose, either calf circumference (< 34 cm in men,

< 33 c¢m in women), SARC-F (sluggishness, assis-
tance in walking, rise from a chair, climb stairs,
falls) questionnaire > 4, or SARC-CalF (including
calf circumference as an additional item) > 11, is
recommended to facilitate earlier identification of
people at risk for sarcopenia®® (Table 1). For diag-
nosis of SO, there is currently no consistent crite-
ria available. Nevertheless, an adequate one should
include the individual diagnosis given for obesity
and sarcopenia. For Asian population, a BMI > 27.5
kg/m? or WC >90 cm in men and > 80 ¢cm in women
is considered obese*0. Subsequent validation
based on homogeneous study designs and databases
is required to reach a consensus for diagnosis of SO,
which would help the setting of the most effective

prevention and treatment strategies ©'.

Management of sarcopenia/sarco-
penic obesity in the elderly

Physical exercise

Physical exercise has been found to be effective
in preventing deterioration or even reversal of SO
in the elderly people. Recommendations on several
kinds of physical exercise with aims to “grow stron-
ger” and at the same time “keep safe” in senior pop-
ulation have been available®>%3, A combination of
resistance training and aerobic training seems to be
the most practical way to improve physical perfor-
mance %463,

Among different kinds of exercise programs
recommended, the progressive elastic band resis-
tance training (ERT) as resistance exercise is
regarded pragmatic to promote similar strength
gains equal to those achieved by conventional resis-
tance training programs, especially for its being a
relatively easy and safe task to adopt by the seniors®.
A pilot randomized controlled trial aiming to assess
the effect of progressive ERT was conducted in a
group of elderly women with SO in Taiwan. A total
of 35 women aged > 60 years old were recruited and

the resistance training given to 18 women lasted
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for 12 weeks (3 times per week), while the other 17
women received only exercise concept lessons. The
results showed that, in the exercise group, various
parameters of body compositions as measured by
the DEXA method had found significant decrease
in proportion of fat in the right upper extremity (p =
0.03), left upper extremity (p = 0.04), total fat (p =
0.035), and fat percentage (p=0.012), as compared to
the baseline measurement. Increase in bone mineral
density (BMD) (p = 0.026), T-score (p = 0.028), and
Z-score (p =0.021) in the exercise group were noted,
while no such findings were observed in the control

group. The authors concluded that progressive ERT

over 12 weeks can significantly reduce fat mass and
increase BMD in elderly women with SO%7.

In another clinical study aiming to assess the
effect of ERT on muscle mass and physical func-
tion in older women with sarcopenic obesity, 56 Tai-
wanese women (mean + SD age 67.3 £ 5.1 years)
were recruited and randomly assigned to the exper-
imental group receiving 12 weeks of ERT and to
the control group without exercise intervention. All
patients in the active exercise group were trained
and supervised by a licensed senior physical thera-
pist who was unware of the study assignment. The

training protocol was designed based on the Ameri-

Table 1. Diagnosis for sarcopenia/sarcopenic obesity in Asian population and treatment strategies

Clinical entity Diagnostic criteria (AWGS)*

Treatment

Sarcopenia Screening purpose:
m Calf circumference-
<34 cm (men),
<33 c¢cm (women).
m SARC-F questionnaire > 4, or

m SARC-CalF > 11

Quality assessment:
m Low muscle strength-
GS <28 kg (men),
< 18 kg (women);
m Low physical performance-
6-meter walk < 1.0 m/s,

Short Physical Performance Battery

score <9, or

5-time chair stand test > 12 seconds.

Quantity assessment:
Height-adjusted muscle mass:
m DEXA method:
< 7.0 kg/m? (men),
< 5.4 kg/m? (women)
m Bioimpedance method:
< 7.0 kg/m? (men),
< 5.7 kg/m? (women)

Sarcopenic obesity As for sarcopenia, plus
m BMI > 27.5 kg/m?
m WC > 90 cm (men),

>80 (women)

Physical exercise:

m Combination of resistance and aerobic training,

m Progressive elastic band resistance training
(recommended)

Nutritional intervention:

m Protein intake-
> 1 g/kg adjusted
body weight/day

m f-hydroxyl f-methylbutyrate®*

m Nutritional intervention plus physical exercise:
helps gain more

Pharmacologic therapy***
m For patients with more severe frailty or
at bedridden status

As for sarcopenia

Abbreviations: AWGS: the Asian Working Group for Sarcopenia (*ref. 59); BMI: body mass index (kg/m2); DEXA: dual energy
X-ray absorptiometry; GS: handgrip strength; SARC-F: sluggishness, assistance in walking, rise from a chair, climb stairs, falls;
SARC-CalF: including calf circumference as an additional item; WC: waste circumference.

** a metabolite of the essential amino acid leucine.

***Medicines designed to promote mitochondria biogenesis, restore mitochondrial functions, reduce inflammation reactions,
promote muscle tissue regeneration, and muscle strength restoration could all be of therapeutic potential, but more clinical

evidences are required (ref. 93-95).



Sarcopenia and Sarcopenic Obesity 339

can College of Sports Medicine guidelines for resis-
tance training for older subjects®®. Assessment
included lean muscle mass (by DEXA) and physi-
cal capacity by the global physical capacity score.
The results showed that, at 3- and 9-month follow-
up assessment, there were significant mean differ-
ences with greater increase in total SM of 0.70 kg
(95% CI, 0.12-1.28; p < 0.05) and 0.72 kg (95% CI,
0.21-1.23; p < 0.01), respectively, as compared to the
baseline measurement than figures observed in the
control group. Similar results were found for results
in muscle quality, physical capacity, and physical
function. The authors concluded that ERT showed
significant benefit in SM mass, muscle quality, as
well as physical function in older women having
sarcopenic obesity®’.

In a systemic review on data derived from 5
randomized, controlled trials (RCT) that all had
tested the efficacy of isolated exercise programs
to improve sarcopenia components in the elderly
as compared to without physical intervention (only
health education given), it was found that resis-
tance training was the main intervention applied
in all the trials. Muscle strength, muscle quality,
and muscle function were improved after physical
training applying the resistance training protocols
in the elderly’. A more recent meta-analysis out
of a total of 25 eligible studies (n = 2,267 partici-
pants) had also revealed that resistance training pro-
grams lasting for at least 8 weeks had resulted in
significantly favorable changes presented as effect
sizes (ES, calculated as the standardized mean dif-
ferences between the resistance training group and
the control group). Significant differences between
the two groups existed as handgrip (ES = 0.51, p =
0.001), lower-limb strength (ES = 0.93, p < 0.001),
agility (ES = 0.78, p = 0.003), gait speed (ES = 0.75,
p < 0.001), postural stability (ES = 0.68, p = 0.007),
functional performance (ES = 0.76, p < 0.001), fat
mass (ES = 0.41, p = 0.001), and muscle mass (ES =
0.29, p=0.002). Based on these findings, the authors

concluded that resistance training interventions
are particularly beneficial to delay and reduce the
causes (e.g., loss of muscle mass) and consequences
(e.g., loss of muscular strength or functionality)
of sarcopenia and physical frailty in the elderly’!.
Supervised exercise has also been advocated to be
adopted as an effective strategy to treat sarcope-
nia and physical frailty, which may consequently
prevent severe functional decline and strength loss
in institutionalized older adults’2.

Osteoporosis in the elderly often coexists with
reduced muscle mass and muscle strength, as well
as an increase in adiposity, from which derived the
term osteosarcopenic obesity (OSO) given by inves-
tigators who have noted the clinical significance
regarding its association with decreased physical
performance’-7. Loads on skeletal system are dom-
inated by muscle action. Both bone and muscle share
environmental, endocrine and paracrine influences.
One of the physiological factors considered to con-
tribute to this relationship is that muscles may also
behave as an endocrine system that produces bioac-
tive molecules, regulating homeostasis of masses of
both muscle and bone’. In a cross-sectional study
to find relationship between BMD and body com-
position (obesity, sarcopenia, and SO) as measured
by DEXA, 128 very-old subjects aged between 80
and 95 years were recruited for assessment. The
results showed that subjects with sarcopenia had
lower BMD compared to the obesity group, with
higher risk for presence of osteopenia/osteoporosis
in the spine (OR: 2.81; 95% CI, 1.11-7.11) and femur
(OR: 2.75; 95% CI, 1.02-7.44). Obesity, instead, was
shown to be a protective factor for osteopenia/osteo-
porosis in the spine. The authors concluded from this
study which was carried out in this very-old popula-
tion that lean muscle mass is more directly related to
BMD (of total, femur, and spine), and sarcopenia is
associated with the presence of osteopenia/osteopo-
rosis’’. Physical trainings to enhance BMD, hence

the strength gained by the skeletal system, may in
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a reciprocal way help build muscle mass due to the
close connection of structures and coordination of

functions between these two systems.

Nutritional intervention

Low protein intake has been linked to reduced
muscle strength and physical performance in older
adults. In a longitudinal 5-year follow-up study that
was conducted among a cohort of very old com-
munity-dwelling individuals (n = 722, > 85 year of
age, % M/F:60/40), the effects of low protein intake
[defined as intake of < 1 g protein/ adjusted (ideal)
BW/day (< 1 g/kg aBW/d)] on muscle strength and
physical performance were periodically assessed for
changes in GS and timed up-and-go (TUG) tests over
the 5-year study period at baseline, 18, 36, and 60
months, respectively. Protein intake was estimated
with a validated 24-hr multiple-pass dietary recall.
In those 390 (54%) participants who had reported
low protein intake, as opposed to those with good
intake (> 1 g/kg aBW/d), there was a 1.62 kg lower
GS (p = 0.008) in all participants. It was concluded
that intake of < 1 g protein/kg aBW/d may nega-
tively affect muscle strength and physical perfor-
mance in late life, independently of other important
covariates adjusted, examples of which included
factors from anthropometry, multi-morbidity, cog-
nitive impairment, or protein intake distribution as
diet-related factors’®. Among a very-old population
(people aged 85.0 years old (+ 0.5)), a longitudinal
study has found that higher protein intake was more
likely to have fewer disabilities at baseline assess-
ment and shallower disability trajectories over the
subsequent 5 years of follow-up’®.

Since amino acids (AA) and energy are
required for muscle synthesis, studies on the effect
of nutritional therapy on sarcopenia have included
evaluation of whole protein, essential AA and
B-hydroxyl B-methylbutyrate (HMB). Whole-pro-
tein supplementation failed to show a consistent

effect on muscle mass, strength or function. Essen-

tial AA supplements also failed to show consistent
effect. Variations in study design, composition of
the protein supplement and the failure to monitor
voluntary food intake, adherence and baseline nutri-
tional status could all contribute to the inconsistent
findings. As a metabolite of the essential AA leucine
and one of the dietary supplements promoted to
enhance gains in strength and lean body mass, some
studies on HMB supplement have shown beneficial
effect for young or older adults3%-3!. However, with
limited clinical trials available thus far and the dif-
ferent methodologies that have been applied, more
studies are still needed to confirm the role of HMB
as a promising agent to treat sarcopenia®?. Regard-
ing the effect of timing and distribution of dietary
proteins consumption on protein absorption, differ-
ent proposals have been raised from various studies.
One of those is there existing a ceiling effect on
the amount of protein used for synthesis at a given
meal and an optimum protein intake of 20-30 g per
meal would be optimal®3. Protein that is fed evenly
spread throughout meals gives greater fractional
synthesis rate compared with a skewed distribu-
tion has been advocated by some investigators®.
However, others had argued against this view and
instead proposed that a large bolus of protein should
be as useful as providing the same amount spread
over the day®>. There are also evidences showing
that pulse feeding of protein (72-80 % provided at
lunch) could increase whole-body protein reten-
tion, lean muscle index (lean soft-tissue mass/height
m?) and ASM mass index (sum of lean soft-tissue
in the four limbs/height m?) compared with evenly
spread protein consumption®®. The acquirement of
nutrition by the periphery tissues after food diges-
tion may also play another critical role in build-up
of muscles. An increased splanchnic AA sequestra-
tion with age has been observed in human studies
comparing splanchnic extraction of dietary leucine
in different age groups (68.2 = 0.8 vs 22.7 £ 0.4

years). Study results showed that in elderly men
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there is higher leucine extraction by the gut, liver,
or both during feeding (two-fold as high in elderly
men (50 = 11% compared with 23 + 2%, p < 0.05),
which could lead to a lower peripheral availability
of dietary leucine, and this could potentially com-
plicate the supplementation of essential AA to stim-

ulate muscle protein synthesis and distribution®7-88,

Nutritional intervention plus physical
exercise helps gain more

The clinical effects of healthy diet (e.g. good
intake of protein > 1 g/kg aBW/day) on the preven-
tion and treatment of sarcopenia in the elderly has
been recognized as having positive effect on sarco-
penia management; however, concomitant physi-
cal exercise programs designed to improve muscle
mass and its function should be key to reduce con-
sequences associated with sarcopenia®®?0. To evalu-
ate the effects of types and levels of physical activity
(PA) in conjunction with protein intake and vitamin
D on sarcopenia and obesity status in an elderly
population, a survey among a large cohort of partici-
pants > 60 year of age (n =4,452, M/F = 1,928/2,523)
who had completed a body composition analysis by
DEXA method and provided health and dietary data
had been conducted in Korea. Body composition
revealed higher appendicular SM mass/weight in the
non-obese (BMI < 25 kg/m?) group. Sarcopenic par-
ticipants had a significantly higher index of homeo-
stasis model assessment of insulin resistance than
those without sarcopenia in both the obese and non-
obese groups, after adjusting for age, sex, and exer-
cise. A diet deficient of protein intake and vitamin
D was associated with relatively increased preva-
lence of obesity, sarcopenia, and sarcopenic obesity.
The rate of all types of exercise (vigorous PA: >3 d
of vigorous activity for > 20 min/day; moderate PA
or walking PA: > 5 d of moderate-intense activity
or walking for > 30 min/day; flexibility or strength
exercise: > 2 day/week) was much higher in par-

ticipants without sarcopenia compared with those

with sarcopenia, in both obese groups. It is sug-
gested from this cross-sectional study that enhanced
protein intake and vitamin D and resistance exercise
may help maintain healthy body weight and, hence

offset sarcopenia in people of this age group?!.

Pharmacological therapy

Despite its obvious effect on subjects with sar-
copenia, physical exercise intervention may be only
feasible for those who are actively mobile, and may
not be practically applicable to patients with more
severe frailty or at bedridden status, who in fact
are also in need for an effective therapy to reduce
further loss or even restore muscle mass to achieve
better QoL. There had been clinical trials performed
on testing the effects of hormonal replacement (tes-
tosterone, dehydroepiandrosterone and growth
hormone) in an attempt to reverse age-related loss of
muscle mass and strength, however, with inconsis-
tent results obtained”?. With today’s advent of regen-
erative medicine owing to their ability to regrow,
repair or replace damaged or diseased cells, organs
or tissues, novel pharmacological therapeutics that
are designed to promote mitochondria biogenesis or
restore mitochondrial functions, reduce inflamma-
tion reactions in aging muscle, and promote muscle
tissue regeneration and concomitantly muscle
strength restoration could all be potential therapeu-
tics for subjects with sarcopenia/sarcopenic obesity.
Taking stem cell therapy as an example, such trans-
plantation could potentially be a novel intervention
for sarcopenia alleviation owing to its regenerative
capabilities and its ability to produce anti-inflam-
matory cytokines that in turn change the microen-
vironment into one that promotes re-innervation
and regeneration. Further studies in this advanced
field are required before definite conclusion could

be drawn?3-%,

Conclusion

Thanks to the progressive understanding of
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the physiological basis of ageing and more hygienic
conditions of modern life (at least observed in high-
income countries), fewer sources of physical stress,
earlier interventions to maintain health and medical
approaches to counteract disease in later life, people
worldwidely are now living longer and for the first
time in history, most people can expect to live into
their sixties and beyond?®’. However, along with
longer life span comes with more critical prospects
with hope of extending the period free of age-related
disability and disease, with sarcopenia/sarcopenic
obesity becoming such common clinical scenario
in the elderly population living in this era. Having
sarcopenia or sarcopenic obesity renders the elderly
not only to suffer from reduced abilities in free per-
formance of daily activities as when young, but also
the underlying pathophysiology that cause reduced
muscle mass, muscle strength, as well as the accu-
mulation of adipose tissue distributed to ectopic
sites may accrue with time more risk factors for
metabolic and CV disorders, and even a higher mor-
tality than those without sarcopenia. Early recogni-
tion and diagnosis of the reductions in muscle mass
and strength in the elderly is fundamental to the ini-
tiation of optimal management comprising physi-
cal exercise therapy and nutritional intervention by
providing adequate amount of dietary proteins, the
combination of which is regarded most effective
strategy in bring back muscle mass and strength,
and hence healthier status for the seniors in current

clinical practice.
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