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Prevalence of sarcopenia among the elderly: findings from broad
cross-sectional studies in a range of countries

Abstract

Sarcopenia is characterized by the generalized and progressive loss of skeletal muscle
mass and strength with age. Due to the rapid growth of the global elderly population,
it has become necessary to better understand the factors associated with the aging
process. Therefore, to describe the frequency and distribution of such factors, including
sarcopenia, it is essential to understand the issues connected with its occurrence and
provide health care to the eldetly. The aim of this review was to show the summary
findings of epidemiological population-based studies on sarcopenia prevalence among
community-dwelling elderly people, including the socio-demographic characteristics
of the populations studied and the difference in outcomes between genders. The
findings of six cross-sectional studies performed between 2002 and 2014 in the United
States, United Kingdom, Brazil, Japan, South Korea and Taiwan were described. It was
found from assessment of these six studies that sarcopenia is highly prevalent in the
population aged over 60 and in both genders. Prevalence was higher among women in
five of the six studies. Japan had the highest prevalence, followed by Brazil. Sarcopenia
increased with age in all the studies and was associated with several health problems.
It was difficult to establish a standardized assessment of sarcopenia, mainly due to the
particularities of each population, an essential feature to be considered when reading

studies about the prevalence of this syndrome.
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INTRODUCTION

Sarcopenia has been described as a
geriatric syndrome that is characterized by
the global and progressive decrease of muscle
mass and strength, severely limiting the
functionality of elderly individuals.! Multiple
mechanisms are involved in its etiology and
progression, including alterations to the
synthesis of proteins, proteolysis, decreases
inflammation,

in neuromuscular function,

oxidative stress, hormonal alterations and
metabolic and nutritional abnormalities. In
addition, risk factors, such as gender, lifestyle
habits, comorbidities and genetic factors may
also predispose an individual to the onset of
sarcopenia.”” The decline of the muscle system
involves modifications of the muscle fiber,
with decreased innervation, vasculatrization
and contractility, as well as impairment of the
tendon units. Significant alterations can also
occur in the metabolism of glucose.”” In eldetly
individuals, these losses can be reflected in

weakness and generalized fatigue. '

Studies of the frequency of sarcopenia among
the elderly in order to describe and monitor its
occurrence are currently in progress in several
regions. A high prevalence of sarcopenia has
been observed in an age-dependent proportion
of the population (over 60 years), among whom
this syndrome and its adverse effects begin to
manifestin a more accentuated manner, although
its onset and progression are correlated with a
multifactorial contingent.*”

Therefore, the aim of this literature review
was to present a synthesis of the results from
six epidemiological, population-based studies,
conducted in six different counttries, on the
prevalence of sarcopenia in community-dwelling
individuals, while also

elderly addressing

the sociodemographic characteristics of the

populations studied and the differences in the

results for men and women.

METHODOLOGY

This is a narrative literature review that
involved a systematic search for studies of the
occurrence of sarcopenia, based on ample cross-
sectional studies. The following inclusion criteria
were established: studies with samples of more
than 1000 individuals; studies of community
residents; studies of men and women aged 60
years or more.

The PubMed, Embase, SciELO, LILACS,
MedCarib and IBECS databases were searched,
with no date restrictions, for articles in English,
Spanish and Portuguese. The following search
terms were used: sarcopenia; sarcopenia and
prevalence; sarcopenia and epidemiology;
sarcopenia and prevalence or epidemiology;
prevalence of sarcopenia and community-
dwelling elderly people; sarcopenia and aging;
age-associated reductions in muscle mass. The
same terms were used for the three languages

(English, Spanish and Portuguese).

In total, 502 articles on this subject were
identified, all of which were conducted between
1998 and 2014. Of these, 416 were excluded for
one or more of the following reasons: they did
not contain an abstract; they were not in one
of the three search languages used; they were
not adequately linked to the theme proposed in
this review. Thus, 86 articles were analyzed by
three researchers. Based on the abovementioned
inclusion criteria, six cross-sectional studies were
selected, which had been published between
2002 and 2014 and fulfilled the referred criteria.
These cross-sectional studies came from six
different countries: the USA; the UK; Brazil;
Japan; South Korea and Taiwan.



RESULTS

Prevalence of sarcopenia in the elderly

Janssen et al.® conducted a cross-sectional
study on sarcopenia in the USA using data
from The Third National Health and Nutrition
Examination Survey (NHANES III). The
NAHANES III was a national health survey that
used probabilistic cluster sampling in multiple
and stratified stages. This study assessed 4504
individuals aged 60 years or more (mean age of
70.5£7.0 years), of whom 2224 were men and 2278
were women. Potential confounding factors, such
as age, race, lifestyle habits, comorbidities and
body composition, were appropriately adjusted
according to the needs of the study.

Sarcopenia was diagnosed using
anthropometry and bioelectrical impedance
analysis (BIA) to determine the muscle mass.
The calculation muscle mass/body weight x
100 provided the skeletal muscle index (SMI).
The BIA technique that was used in this study
is strongly correlated (r=0.93) with magnetic
resonance imaging, which is recognized for
high reliability and accuracy in the analysis of
the muscular system. The standard error for the
estimated skeletal muscle mass (using BIA) was
9%. Individuals from ethnic groups whose BIA
for muscle mass had not been validated were
excluded from the final analysis. This study also
used questionnaires that addressed functional
aspects of impairment and physical capacity tests,
such as: the walking speed test over 2.4 meters;
the sit-to-stand test (SST), performed five times
consecutively and the 10-second tandem test to

assess static balance.?

Data from 6414 healthy adults (aged between
18 and 39 years) were used as reference values
to define the cut-off points for normal skeletal
muscle mass and sarcopenia. Elderly individuals
were considered normal if their SMI was at least
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one standard deviation (SD) above the gender-
specific mean of the young adults. The presence
of sarcopenia was confirmed if the SMI was 2
SD below the values of the young adults (Class 11
sarcopenia). The total prevalence of sarcopenia
in elderly individuals =60 years was 7.0% among
men and 10.0% among women. The results
confirmed that sarcopenia increases from the
third decade of life, is relatively common among
individuals aged 60 years or more, and is more
common among women than men (Figure 1).
Sarcopenia was also correlated with functional
impairment and disability.?

Patel et al.,” based on the diagnosis algorithm
proposed by the European Working Group on
Sarcopenia in Older People (EWGSOP) (Figure
2),examined 1787 elderly individuals in the United
Kingdom, of which 765 were men and 1022 were
women. All of the participants were aged 60 years
or more (6712.6 years) and had been involved in
the Hertfordshire Cohort Study (HCS), a set of
several cohort studies conducted in the English
county of Hertfordshire. The assessments were
conducted using anthropometry, adipometry (to
obtain the fat-free mass index) and the following
tests of physical capacity: handgrip strength (HS),
with a Jamar® dynamometer; the walking speed
(WS) test over three meters at normal speed; the
SST and the timed up and go (TUG) test. WS
values <0.8 m/s and HS values <30 kg for men
and <20 kg for women were used as reference
values for the detection of sarcopenia, as per the
EWGSOP. Quality of life was also assessed using
the SF-36 questionnaire.

Elderly individuals of both genders who were
diagnosed with sarcopenia were generally shorter
and lighter, with a smaller waist, hip and thigh
(meso femural) circumference. They were also
slower in the execution of the TUG and SST tests
and obtained lower scores in the SF-36 for “general

state of health” and “functional capacity””’
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Figure 1. Prevalence of sarcopenia among men and women according to age group (USA).*
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Figure 2. Diagram of the algorithm of diagnosis for sarcopenia, suggested by the EWGSOP!!




According to the
by EWGSOP, the prevalence of sarcopenia

algorithm  proposed

was 4.06% in men and 7.9% in women. This
prevalence was based on the lower third of the
gender-specific distribution of the fat-free mass
index, which was used as an indicator of losses in
muscle mass. Itis significant that the adipometry
used to estimate the fat-free mass index in this
study was strongly correlated (r=0.91) with the
technique of dual energy x-ray absorptiometry
(DEXA), which is used to estimate muscle mass
and is considered the gold standard for this type
of assessment. DEXA was used in a sub-study
of the HCS with a similar, although smaller,
sample.” In conclusion, the authors highlighted
the use of the diagnostic algorithm proposed
by the EWGSOP as a practical resource in the
detection of sarcopenia in community-dwelling
elderly individuals.” Figure 2 displays a model of
the complete algorithm.

In Brazil, Alexandre et al.'® studied 1149
healthy individuals (437 men and 712 women)
aged 60 years or more (69.61£0.6 years) who
resided in an urban area of the municipality of
Sio Paulo. This sample was provided by the
SABE (Saiide, Benr-Estar e Envelbecimento — Health,
Wellbeing and Aging) project, which involved a
population-based, multicentric study in several
Latin American and Caribbean countries.
Sarcopenia was again defined according to the
algorithm proposed by the EWGSOP. Muscle
mass was estimated by measuring appendicular
skeletal muscle mass (ASMM), using the
equation proposed by Lee."" Subsequently, the
ASMM was adjusted for height* in order to
obtain the SMI. This equation was validated
for the Brazilian population using DEXA as
a reference. A strong correlation was found
between DEXA and the referred equation for
both genders (r=0.86 for men and r=0.90 for
women)." The cut-off point used to identify the
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loss in muscle mass was the lowest 20% of the
distribution of the population (8.90 kg/m? for
men and 6.37 kg/m? for women). This study also
measured the HS using a Takei® dynamometer
and the WS for 2.4 meters at normal speed. The
parameters recommended by the EWGSOP for
the identification of sarcopenia were adopted
(HS <30 kg for men and <20 kg for women;
WS <0.8 m/s). Furthermore, anthropometric,
sociodemographic and behavioral data was
collected form the sample, including: body
composition; health status; lifestyle habits;
marital status; income and education. This data
was gathered using interviews and validated
questionnaires.'

The results of this Brazilian study confirmed
that sarcopenia in the elderly was significantly
correlated with the following: advancing age;
unmarried individuals; low income; infrequent
physical activity (only women); decreased
cognitive status; low body mass index (BMI)
and SMI; malnutrition or risk of malnutrition;
low prevalence of diabetes (only women) and
osteoarthritis (only men). The total prevalence
of sarcopenia in the sample studied, using the
assessment proposed by the EWGSOP, was
15.4%. Sarcopenia was prevalent in 14.4% of the
men and in 16.1% of the women. The sample
was split into three age groups (60-69, 70-79
and 280 years) and prevalence increased with
age, with no significant differences recorded
for gender in all groups (Figure 3). However,
several factors were significant: age group from
70 to 79 years (OR=2.00; CI195%=1.01-3.95); age
group =80 years (OR=7.53; C195%=3.79-14.97);
cognitive impairment (OR=2.68; CI195%=1.23-
5.84); low income (OR=2.57; C195%=1.06-6.20);
smokers (OR=2.00; CI95%=1.11-3.63); risk of
malnutrition (OR=3.15; CI195%=2.03-4.89) and
malnutrition (OR=11.54; C195%=3.45-38.59)."
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Figure 3. Prevalence of sarcopenia among men and women according to age group (Brazil)."’

A cross-sectional study in Japan examined
1882 healthy elderly community-dwellers aged
between 65 and 89 years (74.9 £5.5 years), of
which 568 were men and 1314 were women.
The participants were separated by gender and
stratified in five groups based on age: 65-69,
70-74, 75-79, 80-84 and 85-89 years. The BIA
was used to assess muscle mass. The calculation
muscle mass/height® provided the SMI. Physical
capacity tests were also performed (WS for 10
meters at normal speed and the HS, with a
dynamometer). Sarcopenia was confirmed when
the SMI was 2 SD below the gender-specific
mean value of the reference data, obtained from
38,099 healthy adults aged between 18 and 40
years.”” The same classification parameters as
previously described in the two abovementioned
studies were used in the WS and HS tests.
Sarcopenia was also diagnosed using the
algorithm suggested by the EWGSOP."?

The prevalence of sarcopenia among the
elderly Japanese participants (65-89 years)
was 21.8% for men and 22.1% for women.

Prevalence increased with age among both
men and women (Figure 4). This increase was
greater among women up to the age group of
75-79 years (w=27.1% vs m=23.3%) but was
greater among men in the age groups from
80-84 years (m=43.9% vs w=35.6%) and 85-
89 years (m=75.0% vs w=54.3%). Among
individuals aged under 75 years, the prevalence
of sarcopenia was higher for women than for
men (OR 65-69 years=4.81; C195%=1.2-20.55;
OR  70-74 years=2.41; CI95%=1.18-4.91).
Among individuals aged between 85-89 years,
the prevalence was lower for women than for
men (OR=0.39; C195%=0.17-0.88). Sarcopenia
was significantly correlated with falls and a fear
of falling (OR falls=3.16; C195%=2.04-4.89; OR
fear of falling=6.23; CI195%=4.04-9.60). The
authors highlighted that, although obtaining
the SMI using the BIA is not recommended
by the EWGSOP, it is a practical method when
secking to assess large samples, particularly in
studies conducted in a community where no

interventions occur.'?
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Figure 4. Prevalence of satcopenia among men and women according to age group (Japan).'?

The Fourth Korean National Health and
Nutritional Examination Survey (KNHANES
IV) was a national health survey in South
Korea which also used a probabilistic, stratified,
multistage sample design. Kim et al."” analyzed
10,485 people (4486 men and 5999 women) aged
20 years or more. In this sample, 2332 of the
participants were aged 65 years or more, of which
962 were men and 1370 were women. The mean
age of the elderly individuals was not provided.
DEXA was used to assess muscle mass and
thus, the ASMM, which was adjusted for body
weight (ASMM/weight x 100) in order to obtain
the SMI. The cut-off point for sarcopenia was
established based on the gender-specific mean
and standard deviation of the SMI of healthy
adults aged between 20 and 39 years, the data
of whom were used as reference values.” The
presence of sarcopenia was confirmed when the

SMI was 2 SD below the values of the young
adults (Class II sarcopenia), similar to the study
conducted by Janssen et al.®

In this South Korean study, the prevalence
of sarcopenia was 9.7% for men and 11.8% for
women. A significant decrease in the ASMM was
correlated with age for both men and women.
Among men, this decline was progressive
throughout all age groups (Figure 5). Among
women, the ASMM was effectively stable after
70 years of age. The prevalence of sarcopenia
increased to 25.6% among those aged =80 years.
In addition, the ASMM estimated in this study
exhibited a strong correlation with body weight
for men (r=0.84) and women (r=0.78). However,
it is important to note that physical capacity tests,
such as the WS and the HS,"® were not conducted
in this study.
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Figure 5. ASMM values (adjusted for weight) among men and women according to age group (South

Korea)."”

In Taiwan, Wu et al.,'* based on the data from
five cohort studies that integrated the Sarcopenia
and Translational Aging Research in Taiwan
(START) project, assessed 2867 individuals aged
65 years or more (74£6 years), of whom 50%
were women. The authors used anthropometry
and the BIA 7o estimate the SMI (ASMM/height?).
The presence of sarcopenia was confirmed when
the SMI was 2 SD below the reference values,
which were estimated from 998 healthy adults
aged between 20 and 40 years (cut-off points:
6.76 kg/m? for men and 5.28 kg/m? for women)."
WS was also assessed based on a walk of between
three and five meters (depending on the cohort
study analyzed) at normal speed. The authors
analyzed the distribution of the stratified WS
based on the gender-specific median height. A
decreased WS was confirmed for individuals who

were in the portion below 20% of the gender and
height-specific distributions. HS was assessed
with a Jamar® dynamometer. The distribution
of stratified force was analyzed according to
the gender-specific quartiles of the BMI, and
individuals in the portion below 20% of the
BMI and gender-specific distributions were
classified with decreased HS. Again, sarcopenia
was defined using the algorithm proposed by
the EWGSOP. Functional assessments were
also performed using appropriate tools and
interviews to gather data for co-variables, such
as age, gender, education level, smoking, body
composition and comorbidities."

Based on the EWGSOP definition, the total
prevalence of sarcopenia in the samples assessed
was 54% for men and 2.5% for women. As



in the other studies, the prevalence increased
significantly with advancing age among both men
and women (Figure 6). The presence of sarcopenia
in the elderly individuals assessed was significantly

Prevalence of sarcopenia

correlated with an increase in age, low weight and
chronic diseases. Sarcopenia was correlated with
functional limitations and disabilities, regardless
of the potential confusion factors."
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Figure 6. Prevalence of sarcopenia among men and women according to age (Taiwan)."

Upon analysis of the six studies in this
literature review, the total prevalence of
sarcopenia among individuals aged 60 years or
more ranged from 4.6% (United Kingdom) to
21.8% (Japan) for men and from 2.5% (Taiwan)
to 22.1% (Japan) for women. Therefore, the
highest prevalence values for sarcopenia were
recorded in the Japanese study, followed by
the Brazilian study (m=14.4%; w=16.1%). The
prevalence among women was higher than
among men in five of the six studies assessed.
The lowest prevalence values were recorded in
the United Kingdom (men) and Taiwan (women),
with the lowest difference between both for
men. The countries that provided the closest
prevalence rates (smallest range) were the USA
and Taiwan for men and the USA and South
Korea for women. The Brazilian study recorded

the greatest prevalence of sarcopenia among the
Western countries (Brazil, USA and UK). The
Japanese study recorded the greatest prevalence
of sarcopenia among the Eastern countries
(Japan, South Korea and Taiwan) (Figure 7).

In the age group of 80 years or more, the
highest prevalence values for sarcopenia were
recorded in Japan, reaching 75% in men and
54.3% in women, while the lowest values were
recorded in Taiwan (m=9.4%; w=4.8%). In
all of the studies, the prevalence of sarcopenia
increased with age, although this phenomenon
was more subtle in the USA and more
accentuated in Japan and Brazil. The mean age in
the prevalence studies used in this review ranged
between 67£2.6 (United Kingdom) and 74.9+5.5

years (Japan).
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DISCUSSION

The presence of sarcopenia is strongly
influenced by a number of factors that directly
affect the quality and quantity of muscle mass
or act as risk factors that can affect physiological
body functions, with a parallel alteration in
body composition, resulting in a decline of the
muscular system and the musculoskeletal system
as a whole.>">1°

Cross-sectional  studies tend to provide
different prevalence rates due to the difficulty
of establishing a specific standard definition
for sarcopenia in the elderly population. This
is due to the peculiarities of each population
assessed and the multiple factors that affect
mass and muscle strength.”">'""!* Consequently,
the inclusion criteria for the articles in this
literature review were based on a search for

greater sample representability, which led to the
search for population-based studies with large
samples. The age group 60 years or more was
selected due to the need to use chronological age
as a reference, despite the fact that the WHO
has stated that classifications used to identify
elderly individuals differ in developed and
developing countries.” This review also sought
an identification between the studies in relation
to the diagnostic methods used, prioritizing the
most reliable, and the descriptive characteristics
of the populations studied, without seeking more
detailed comparisons.

Despite the fact that confounding factors
are identified and adjusted correctly in many
studies, they can create difficulties in studies
of sarcopenia, particularly in terms of planning
and implementing an adequate study design that
enables a consistent methodological development



at all stages of the scientific investigation.'
Confounding factors can be negative or positive,
in that they interfere in favor of (negative)
or against (positive) muscular decline.”® The
negatives, such as age, gender, race, smoking
and comorbidities, were addressed in several of
the studies in this review, although the positives
were not mentioned.

Concerning negative confounding factors,
Janssen et al.,® Alexandre et al.” and Wu et al."
addressed the presence of comorbidities in their
studies. Alexandre et al.'’ and Wu et al."* dealt
with the prevalence of sarcopenia in specific
conditions (Z.e., sub-groups), such as: diabetes;
cardio/pulmonary diseases; arthritis and strokes.
Although these conditions are quite common
among the elderly population, and may have
been present in the samples of the other studies
assessed, thereby affecting the prevalence of
sarcopenia in some way, a complex bidirectional
mechanism should be considered, in which the
loss of mass and muscle strength can either
precede, occur simultaneously, or succeed these
conditions.” In light of etiological and temporal
distinctions, other terms have been proposed
to define these muscle losses more clearly,
particularly those caused by specific health
conditions that are not strictly associated with
the eldetly, such as myopenia.”">** Therefore,
since this literature review clearly defined the
population and conditions of the study, greater
discussions of these confounding factors
would clarify the aim in question and should
be accessed in the literature available on this

subject.1’4’7’8'10’14’15’20

The following techniques were used to
assess muscle mass in the studies selected for
this literature review: bioelectrical impedance
analysis (BIA) (in three); dual-energy x-ray
absorptiometry (DEXA) (in one) and adipometry
(in one). All of the studies used anthropometric
measurements such as height, weight and BMI.
The algorithm proposed by the EWGSOP to
determine the presence of sarcopenia was used

Prevalence of sarcopenia

in four of the six studies. The following physical
capacity tests were used to detect sarcopenia in
four of the six studies: assessment of handgrip
strength using a dynamometer (HS) and the
walking speed test (WS). These functionality
measurements are often used in studies that
intend to assess sarcopenia. The only instrument
used to measure muscle strength in the articles
assessed was the handgrip dynamometer, which
has been used in research and in clinical practice
to assess HS. Previous studies have reported a
correlation between HS and global strength.*"**
However, in a recent cross-sectional study of 221
elderly community dwellers (71.07+4.93 years),

Felicio et al.??

compared the muscle strength
assessed using an isokinetic dynamometer, which
is considered the gold standard for assessments
of muscle strength, and found no correlation
between most of the variables assessed and
the manual dynamometer. This suggests that
caution is required when interpreting the data
provided by this instrument and inferring such

correlations.

Since 1989, when the term sarcopenia was
proposed as a reduction of mass and muscle
strength in old age, it has been widely stated that
the conduction should be clinically measured
based on mass and muscle strength.!*101214.15.24
In recent years, however, muscle strength has
been addressed independently of muscle mass,
since longitudinal studies have demonstrated
that the loss of muscle mass (sarcopenia) has little
influence on the loss of strength (dynapenia) and
the mechanisms implicated in the onset of these
phenomena in old age are different.”"*

All of the previously mentioned techniques
used to assess muscle mass have been widely used
in cross-sectional studies of sarcopenia and are
considered reliable in terms of its identification
among the elderly. The DEXA technique is
considered the gold standard for muscular
assessments. However, this techniqueis expensive
and requires qualified personnel to execute and
interpret the results in a laboratory environment.
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The BIA has been indicated as a practical and
inexpensive method, enabling the performance
of studies with community-dwelling elderly
individuals.*'*"*!* The different techniques of
muscular assessment, as well as the different
adjustment formulae and cut-off points used to
classify sarcopenia in distinct populations, have
led to a variety of results.*>!7!8% This can be
considered a limitation of this literature review.

CONCLUSION

Sarcopenia is highly prevalent among the
population aged 60 years or more. An increase of
sarcopenia in association with advancing age was
referred to in all studies and for both genders.
Although Japan is a developed country, with a
health system that is considered excellent, the
Japanese study contained the highest prevalence
rates for both genders, followed by Brazil. The
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