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Aim. To identify methods, index, diagnostic criteria, and corresponding cutoff points used to estimate the prevalence of sarcopenia
in older people in different countries. Methods. A systematic review was carried out in accordance with PRISMA Statement. The
search encompassed the MEDLINE and LILACS databases and was executed during March 2012 using the keyword sarcopenia.
Results. A total of 671 studies were identified by the search strategy, and 30 meet all inclusion criteria. Specifically for dual-X-ray
absorptiometry, prevalence ranged from 2.2% to 95% in men and from 0.1% to 33.9% in women. For bioelectrical impedance
analysis, the range was from 6.2% to 85.4% in men and 2.8% to 23.6% in women. Regarding anthropometric and computed
tomography, prevalence rates were, respectively, 14.1% and 55.9%. Conclusions. Heterogeneity in prevalence of sarcopenia was
identified, due to diagnostic method choice, cutoff points, and, characteristics of the population as well as reference population.
These factors should be considered in research designs to enable comparison and validation of results. Despite the limitations of
most studies that indicated high prevalence rates, the results indicate the need for early detection of this syndrome.

1. Introduction

Sarcopenia was conceptualized in the last two decades [1] and
since then, several studies have been carried out as attempts
to clarify definitions for estimation of the issue in the elderly,
resulting in a wide diversity of methods and diagnostic crite-
ria [2–4]. As a consequence of such diversity, international
research groups have proposed definitions to enable the
recommendation of parameters used in the evaluation of
sarcopenia [5–8].TheWorkingGroup on Sarcopenia inOlder
People (EWGSOP) defined it as a syndrome characterized by
the progressive and generalized loss ofmusclemass, strength,
and performance [6]. In 2011, the International Working
Group on Sarcopenia (IWGS) defined it as the loss of skeletal
muscle mass and strength, associated with the aging process
[7].

The study of sarcopenia is important in the areas of public
health, geriatrics, and gerontology due to its contribution to
adverse outcomes in the elderly [4, 9, 10], hospitalizations

[10], and early death [11]. However, knowledge on the mag-
nitude of sarcopenia in the elderly population is limited or at
least controversial due to the variety of definitions and diag-
nostic parameters utilized [3–8, 12]. We did not find system-
atic reviews focusing on the analysis of sarcopeniamagnitude
throughout different continents, nor on the different defini-
tions and diagnostic methods for muscle mass evaluation.
Analysis of existing studies, including a comparison of the
aforementioned aspects, can contribute to the knowledge
base on the use of methods and diagnostic criteria and even
help direct towards a more operational and less theoretical
definition of sarcopenia not only in clinical-epidemiological
research but also for health services. Such research can con-
tribute to the efforts to standardize diagnostic criteria applied
in different continents and establish the magnitude of sar-
copenia in the elderly.

Therefore, the objective of this study was to identify the
methods, index, diagnostic criteria, and corresponding cutoff
points used to estimate the prevalence of sarcopenia in older

Hindawi Publishing Corporation
e Scientific World Journal
Volume 2014, Article ID 231312, 11 pages
http://dx.doi.org/10.1155/2014/231312



2 The Scientific World Journal

people in different countries, defining global panorama of the
issue.

2. Methods

A systematic reviewwas carried out following the recommen-
dations for reporting systematic reviews and meta-analyses
of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (The PRISMA Statement) [13].

Searches were carried out in the MEDLINE and LILACS
databases until December, 2012, with no restriction on year of
publication. Sarcopenia was the only keyword used due to the
variety of methods for diagnosingmuscle mass, strength, and
performance. The following search limits were established:
research on humans, in English, French, German, Spanish, or
Portuguese, and age group over 45 years, with the keyword in
any field.Within the search results obtained,manual searches
were then carried out on the bibliographic references cited
within the articles.

Subsequently for the identification of studies in the
databases, duplicates were excluded and the titles and
abstracts of the remaining results were screened, following
the eligibility criteria: inclusion of prevalence rates of sar-
copenia as well as the methods for measuring muscle mass
and for diagnosing sarcopenia. All titles and abstracts were
independently screened by two authors. The eligible articles
were read in full and those that met all criteria were included.

A tool was developed to analyze data, which contained
the following information: authors, year of publication, geo-
graphical location of the population, study type, sample size,
age range, measurements and techniques for diagnosis of
sarcopenia, population used as reference to compare muscle
mass, type of evaluation method for muscle mass, indices,
diagnostic criteria, cutoffpoints, cutoff values, andprevalence
according to each technique by sex and number of men and
women in each study. The confidence intervals (95% CI)
were calculated in STATA 12.0 and were presented in graph-
type high-low. If the article did not have the information for
calculating the CI, we contacted the corresponding author
by e-mail requesting the data. Due to heterogeneity between
studies, meta-analysis was not performed.

To assess the quality of articles, we adopted the method-
ology proposed by Downs and Black [14], whose purpose is
to guide auditors in identifying the methodological features
of most relevant observational studies. The proposed score is
composed of 27 questions that assess clarity of writing (nine
items), external validity (two items), internal validity (seven
items), confounders (four items), and power of the study (one
item). This tool was adapted as described by Monteiro and
Victora [15]; because those criteria were originally designed
for the evaluation of clinical trials being excluded four
questions apply only to this type of study.Thus, themaximum
possible score for each item was 24.

3. Results

Through the utilization of search strategies, 854 undupli-
cated articles were identified: 808 in MEDLINE and 46 in
LILACS. After reading of titles and abstracts, 794 articles

were excluded, of which 430 were off-topic and 384 were
excluded due to the type of study (review, meta-analysis,
clinical trials, and case control). Sixty articles were eligible for
a full reading, and after a second round of exclusions, the final
sample size was of 28 articles (Figure 1). Critical appraisal of
the studies included in our analysis revealed that they were of
high quality and credibility.

The mean score of methodological quality was 17.5.
Regarding the general characteristics of the articles, cross-
sectional studies were predominant (60%), with publications
dating from 1998 to 2012. Ten studies were conducted in Asia,
nine in North America, and eight in Europe and one was
conducted in South America (Brazil) (Table 1).

Twenty-six studies (92.8%) used exclusively muscle mass
for the definition of sarcopenia, while two studies (7.2%)
included mass, strength, and performance, as recommended
by the European Sarcopenia Consensus. For this reason
we decided to evaluate only muscle mass for comparison
purposes (Tables 1, 2, and 3).

To estimate muscle mass, eighteen studies (64.3%) used
dual-energy X-ray absorptiometry (DXA) (Table 1), eight
used bioelectrical impedance analysis (BIA) (Table 2), and
two used anthropometricmeasurements (calf circumference)
(Table 3).

Within the DXA studies, all 18 used the appendicular
muscle mass index (AMMI), defined as the sum of fat-free
arm and leg mass in kg (appendicular muscle mass, AMM)
divided by the square of the height in meters (AMMI =
AMM/height2). Nine of the studies compared AMMI with
other indices: three with total muscle mass (TMM), defined
as AMM × 1.33/height2, and five with mass from a regression
analysis adjusting fat mass and height (Table 1).

Three different BIA indices were found. The skeletal
muscle index (SMI) adjusted for squared height was used in
six studies and adjusted for weightmultiplied by 100 was used
in three studies (37.5%). For the calculation of SMI, muscle
mass was estimated by the equation: Skeletal Muscle Mass
(SMI) = [(Height2/Resistance × 0.401) + (sex × 3.825) + (age
× −0.071)] + 5, where height is given in cm and resistance
in ohms, female = 0, male = 1, and age is expressed in
years (Bahat et al. 2010). Only one index estimated muscle
mass using the DuBois formula: Body Surface Area (BSA) =
(kg0.425×m0.725) × 0.007184 (Table 2).

The two anthropometric studies measured muscle mass
using calf circumference, with a cutoff point of 31 cm (Table
3).

Four different criteria for sarcopenia diagnosis were iden-
tified: sarcopenia was defined when AMM was two standard
deviations (SD) below the mean of a young reference popu-
lation, by sex (20 studies), or when 20th percentile was below
the elderly sample distribution (3 studies); sarcopenia was
defined by the residual method (5 studies); and finally using a
cutoff point by Roc curve analysis. Seven studies used the ref-
erence population of theUSA. Rosetta study has a cutoff point
of 7.26 kg/m2 for men and 5.45 kg/m2 for women. The other
studies used their own young population, with ages rang-
ing from 18 to 40 years. Three studies classified sarcopenia
into Class 1 for muscle mass between −1 and −2 standard
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Figure 1: Flow diagram for identification, screening, eligibility, and inclusion of articles in systematic review.

deviations from the mean and Class 2 for muscle mass below
−2 standard deviations from the mean, both for their refer-
ence population.The variations in cutoff points for estimation
of muscle mass are shown in Tables 1, 2, and 3.

Considering all methods and diagnostic criteria, preva-
lence of sarcopenia in the elderly ranged from 0.0% to 85.4%
in men and 0.1% to 33.6% in women. For DXA, prevalence
ranged from 0.0% to 56.7% in men and 0.1% to 33.9% in
women (Table 1). For BIA, the range was from 6.2% to 85.4%
and from 2.8% to 23.6%, in men and women, respectively
(Table 2). Figures 2 and 3 summarize all prevalence and
confidence intervals (95%) of 21 studies for men and 25
studies for women.

4. Discussion

This systematic review provides a broad panorama of sar-
copenia prevalence in elderly people from five continents,
allowing for comparisons of different diagnostic methods
and cutoff points, thus contributes to defining the magnitude
of the problem in different parts of the world, highlighting
lacunae in some geographic areas and the lack of uniformity
in diagnostic criteria, and so encourages reflections and
propositions on the study of sarcopenia.

The first sarcopenia prevalence studies were only pub-
lished 10 years after the term was coined in 1989. The first

index proposed for diagnosing sarcopenia by muscle mass
was the appendicular muscle mass index (AMMI), which
is currently widely used in studies from different countries
[12, 22, 23, 25, 26, 31, 41, 42]. When using AMMI, muscle
mass is measured by DXA (kg) and the result is compared
to a young reference population [4].

The use of the AMMI classification criterion for other
populations (𝑛 = 18) has provided a wide range of
prevalence, varying from 0.0% to 56.7% in men and from
0.0% to 33.9% in women. These results can be attributed to
racial characteristics, highlighting physical constitution and
cultural aspects that imply physical activity levels, dietary
regimes, and life quality of the elderly in different countries.
This can be exemplified by the low prevalence encountered
among the Chinese population, [25, 26, 41] leading to the
authors conclusion that AMMI is not an appropriate method
to diagnose sarcopenia in this specific population. The cutoff
points for the Chinese [41] population are lower than for
Americans [4] (<5.72 versus 7.26 in men and <4.82 versus
<5.45 in women, resp., for Chinese and North-Americans),
with young people of the same ethnic group as reference.
The mean AMMI of young Asians was approximately 15%
lower than that of Caucasians even after height adjustments
[22, 41]. Therefore, low muscle mass in young Asians will
result in lower prevalence rates in the elderly. Moreover,
sarcopenia may be less prevalent in Asians due to differences
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in risk factors such as a better dietary profile and higher levels
of physical activity than Western populations, which act as
protective factors against sarcopenia [26].

Although several studies apply AMMI (𝑛 = 15) and the
recommendations to use it [6], other criteria and indices have
been proposed to diagnose sarcopenia. Newman et al. [12]
proposed a criterion based on the appendicular muscle mass
adjusted for body weight (fat mass) and height, where the
cutoff point was the 20th percentile of the distribution of
linear regression residuals.Thismethodwas used in five stud-
ies [12, 23, 26, 41, 42] and presented better sensitivity in the
identification of sarcopenic individuals, particularly among
elderly patients with a high prevalence of overweight and
obesity [31, 37]. This method is recommended for sarcopenia
studies, in overweight and/or obese populations [12].

Melton III et al. [16] developed the TMMI, which was
used in four studies [16, 18, 22, 41]. This index also shows
important differences in prevalence due to the same factors
that explain the variation in prevalence with AMMI. As
TMMI identifies the total muscle content, the prevalence
of sarcopenia could be higher in comparison with AMMI
since appendicular muscle mass represents 75% of total body

muscle mass [16, 43]. However, prevalence measured by
TMMI was lower than that calculated by AMMI and is
justified by errors in the estimation of total musclemass, such
as a potential overstatement of water or fat contents, which
limit the usefulness of TMMI [43].

Although DXA is precise and is recommended, muscle
mass was validated through other measurements in order
to enable operationalization and applicability to clinical set-
tings, such as electrical impedance (BIA) and anthropometric
measurements. Starting from BIA, Janssen et al. [32] pro-
posed that SMI be adjusted both for height and for weight.
Sarcopenia prevalence according to this method also pre-
sented significant differences, [33–35] attributed to the differ-
ent characteristics of study populations and cutoff point refer-
ences, as well as to the inherent limitations of BIA, which
presents a standard error of 9% [32] in the estimation of mus-
cle mass. The increase in total body water, particularly extra-
cellular water, may result in underestimation of fat bodymass
and overestimation of lean body mass [3].

Less frequently (𝑛 = 3) the anthropometric measurement
was also utilized to evaluate muscle mass and diagnose
sarcopenia, due to the low cost, noninvasive character, and
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basic training requirements. Prevalence found through this
method was significantly lower than that obtained with DXA
or BIA [39, 40].

From the 28 articles selected for review, four types of
cutoff points for sarcopenia diagnosis were identified, being
two standard deviations below themean for a young reference
population, the most used cutoff point (𝑛 = 17), despite its
limitations. Only one cohort study defined sarcopenia as a
loss of 3% of baseline AMM, based on the coefficient of varia-
tion for the measurement of AMM using DXA, which was 2-
3% [21]. Visser [44] points out that most definitions include
a cutoff point for low muscle mass, but not for loss of mus-
cle mass. The statement of sarcopenia refers to a relative defi-
ciency in muscle mass and does not specify loss [44]. At this
point it is discussed that the comparison with elderly popu-
lation of the same population, noninstitutionalized and with

high life quality standards, could reflect with greater precision
the deficiency of muscle mass instead of the comparison with
young population. The affirmation is supported by studies
that show that after the age of 30, the musculoskeletal system
starts to undergo a progressive loss, with a 1-2% decrease in
muscle mass starting at the age of 50, which becomes more
pronounced after the age of 60 [45]. Caution must be exer-
cised when making comparisons with a young population, as
young people have not been exposed to the same factors that
older people have experienced throughout their lives, besides
the progressive loss ofmusclemass that is characteristic of the
natural aging process. Thus, studies [46] on the causes of sar-
copenia evaluate a wide variety of conditions that go beyond
known risk factors, such as sedentary lifestyles, dietary intake,
influence of hormones, and cytokine levels, supporting the
definition of sarcopenia as a geriatric syndrome.
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Despite the differences encountered between the studies,
regarding methods and definitions for estimating muscle
mass, the present study demonstrates that a substantial pro-
portion of the elderly population has sarcopenia, even in
healthy populations. It is questioned, however, what the
acceptable progression of loss of muscle mass is as a conse-
quence of the aging progress and what values can identify
a harmful loss; that is, that could place the elderly at risk of
falling, dependence, and frailty syndrome. These are ques-
tions that can direct future research and therefore prospective
studies are required and recommended to delineate the
natural progression of sarcopenia and its predispositional fac-
tors.

The evaluation of sarcopenia, as proposed by the first defi-
nitions and by the EWGSOP and IWGS consensus, has been
performed in research, even with its inherent limitations.The
use of DXA for the estimation of muscle mass guarantees
higher reliability and must be the method chosen to evaluate
muscle mass in research and for patients of higher clinical
complexity. DXA, however, is of difficult operationalization
and access in the health service routine, due to elevated
cost and specialized professional requirements. It is rec-
ommended that other methods, such as BIA and CC, be
developed and validated by research devoted to the tracking
and consequently to the screening of sarcopenia in health ser-
vices, due to easiness of application and low cost.

In conclusion, more than one operational definition, it
is necessary that the current methods are applied in clini-
cal practice, because sarcopenia presents low visibility in the
health services and has not achieved the same space in clin-
ical settings as in research.Therefore, propagation among ger-
iatrics and gerontology healthcare professionals is important
and must be included in the context of public health politics.
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