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Abstract

Background
Sarcopenia is characterized by a progressive reduction in muscle mass, strength and function that comes
with aging. There is still broad disagreement regarding for understanding and establishment of universal
criteria for the screening of sarcopenia. The objective of present study is to assess differences in the
diagnosis and classi�cation of sarcopenia by applying six different criteria to the same sample.

Methods
Study using the criteria proposed by �ve groups of authors. Body composition was measured by dual-
energy X-ray absorption (DXA) using a Lunar DPX densitometer.

Results
Participated 156 older women. The frequency of sarcopenia varied depending on the criteria used. The
above frequencies exhibited statistically signi�cant differences (p = 0.009).

Conclusion
Diagnosis of sarcopenia in older women varies according to the proposed criteria.

Background
Sarcopenia is a multifactorial disease characterized by a progressive loss of appendicular skeletal
muscle mass and a loss of strength and/ or physical function. This condition is intimately related to
aging and adverse health outcomes, such as falls, fractures, disability, loss of autonomy, hospitalization
and death [1–5]. The prevalence of sarcopenia differs among countries, ranging from 4.1–16.6% in
Taiwan, 9.5–18% in Belgium and 49.3% in Korea. Furthermore, frequencies of 7.9% of women in the
United Kingdom, 13.3% in the USA and 0.9% in Finland [3, 6–8] have been reported. In the Brazilian
population, the prevalence in the general population was 17%, which corresponded to 20% in women and
12% in men [9].

In an attempt to standardize the sarcopenia diagnostic criteria, a group of researchers from the European
Working Group on Sarcopenia in Older People (EWGSOP) recommended using low muscle mass, strength
and function as indicators [2, 10, 11]. Similarly, other important research groups have published on this
topic, including the International Working Group on Sarcopenia (IWGS) and the Foundation for the
National Institutes of Health Biomarkers Consortium Sarcopenia (FNIH). Other authors have also
proposed new cutoff points for appendicular lean mass (ALM) in the diagnosis of sarcopenia [3, 4, 6, 9].
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Further, to better identify sarcopenia, some authors have proposed a sub-classi�cation into pre-
sarcopenia, sarcopenia and severe sarcopenia [2–4, 6, 9]. However, to date, there is no consensus
regarding the best diagnostic criterion for the detection of sarcopenia or the criterion for a sub-
classi�cation into stages [12].

From an operational perspective, the most commonly used methods to assess ALM are electrical bio
impedance, magnetic resonance, computed tomography, dual-energy X-ray absorption (DXA) and skin
fold thickness measurement [1–4]. There is a consensus that DXA is the best measure from a clinical
perspective. However, there is still broad disagreement regarding the cutoff points that should be adopted
[3, 4, 6, 9]. Furthermore, the different methods available to measure ALM and population-speci�c
differences hamper the understanding and establishment of universal criteria for the screening of
sarcopenia [13–15].

The objective of the present study was to screen for the presence of sarcopenia in community-dwelling
older women and to sub-classify them into sarcopenia stages by applying six different criteria proposed
in the literature.

Methods
The present work is an observational cross-sectional study. The Research Ethics Committee of the
University, under the number 1.461.306, approved this study. All participants signed an informed consent
form.We followed the STROBE recommendations.

Sample
The sample comprised 156 older women aged 65 years and older who were recruited via their registry at
Basic Health Units (BHU). All the participants were visited in their homes and answered a questionnaire to
provide information on medical history, lifestyle habits and comorbidities.

Women with cognitive impairment, detected by the Mini-Mental State Examination [16] according to
education level; those unable to walk independently; those who had been hospitalized or had suffered
fractures in the past three months; those with active cancer in the past �ve years; those under palliative
care; older women performing physical activity on a regular basis (at least three times a week); those with
severely impaired vision and hearing; and those with acute-phase cardiorespiratory diseases were
excluded.

Evaluation of Body Composition
Body mass was assessed with a digital scale (Welmy, model 110, accurate to 0.1 kg and resolution of 0.1
kg) with a stadiometer (accurate to 0.5 cm). The subjects were assessed barefoot and wearing light
clothing. Body mass index (BMI) was calculated by dividing the body mass by the squared height
(kg/m2).



Page 5/16

Body composition was measured by DXA using a Lunar DPX densitometer and en CORE 2005 software.
The lean muscle mass of the upper and lower limbs was obtained by DXA and used to calculate the ALM
[4]. The skeletal muscle mass index (SMI) was calculated by dividing the ALM by the squared height (h²)
of the participants [1–3, 15]. The ALM adjusted for BMI was also calculated, i.e., ALM/BMI [4].

All evaluations were conducted from 8:00 to 11:00 a.m. Trained professionals, with blinding between the
evaluator performing the DXA measurements and those performing the functional tests, performed the
tests. The sequence of the functional tests was randomized by drawing.

Muscle strength and functional performance
Handgrip strength (HGS) was measured using a Jamar® dynamometer by applying an isometric
contraction of the dominant hand to the handles of the dynamometer. HGS was expressed as kg force
(kgf). The participant was instructed to remain seated, with the shoulders in a neutral position, the elbow
�exed at 90 degrees and the �st in a neutral position. Three measurements were obtained,and the mean
was calculated for analysis [15].

The Short Physical Performance Battery (SPPB) was used to assess the physical capacity of the older
women [17]. This battery of tests includes the following assessments: static standing balance, usual gait
speed and muscle strength of the lower limbs estimated by the sit-to-stand test using an arm less chair.
The performance in each test was scored from 0 to 4 (lowest and highest performance, respectively), and
the highest possible score was 12 points. Thus, scores of 0 to 3 represented poor performance or
disability, scores of 4 to 6 represented low performance, scores of 7 to 9 represented moderate
performance and scores of 10 to 12 represented high performance [18]. An SPPB cutoff of ≤ 8 points
was considered for sarcopenia [2].

Identi�cation of sarcopenia and sub-classi�cation
according to six criteria proposed in the literature
We made the choice to compare criteria widely used in the literature. In this way, the �rst criterion used for
the diagnosis of sarcopenia was that proposed by Baumgartner et al., which was based on the SMI [1].
This proposal is based on data obtained from a population-based survey on 883 older people of both
sexes living in New Mexico (New Mexico Elder Health Survey, 1993–1995). An anthropometric equation
was developed to predict the ALM from a random subsample (n = 199) of the participants and was
extended to the total sample. Sarcopenia was de�ned as an SMI of less than two standard deviations
(SD) below the mean of a young reference group obtained in the study of Rosetta et al. The proposed cut
off points for the diagnosis of sarcopenia were SMI ≤ 7.26 kg/m² for men and SMI ≤ 5.45 kg/m² for
women [1].

Subsequently, the criterion proposed by the EWGSOP study was used [2]. Although EWGSOP has made a
new proposal [10, 11], after recent revision, it was decided to consider the �rst proposed criterion to
compare with widely published data to date. In this case, the authors proposed a cutoff point of SMI ≤ 
7.26 kg/m² for men and SMI ≤ 5.54 kg/m² for women. In addition to a low SMI, the researchers also
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considered low SPPB and HGS scores for screening and subclassifying sarcopenia. Thus, according to
the EWGSOP, the suggested cutoff points are (i) SMI ≤ 7.26 kg/m² for men and SMI ≤ 5.54 kg/m² for
women; (ii) HGS < 30 kgf for men and HGS < 20 kgf for women; and (iii) SPPB performance score ≤ 8. The
EWGSOP also sub-classi�ed the sample as follows: non-sarcopenia (NS), in the absence of 3 of the
above items; pre-sarcopenia (PS), in the presence of alow SMI; sarcopenia (SA), in cases with a low SMI
associated with low HGS or low performance in the SPPB; and severe sarcopenia (SS), in the presence of
a low SMI associated with low HGS and low performance in the SPPB [2].

Based on data from the basal cohort of the Health ABC Study: The Dynamics of Health, Aging and Body
Composition (1761 participants, 769 women), Delmonico et al. proposed the following cutoff points for
men and women: SMI ≤ 7.25 kg/m² and SMI ≤ 5.67 kg/m², respectively [5]. The above authors did not
propose a sub-classi�cation of sarcopenia.

The fourth criteria used in the present study were that of Lera et al. The above authors based their
conclusions on a secondary analysis of cross-sectional data from 164 participants that was retrieved
from a sample of 440 Chilean elders [18, 19].The suggested SMI cutoff points for sarcopenia were SMI < 
7.19 kg/m² for men and SMI < 5.77 kg/m² for women [19]. Sarcopenia levels were sub-classi�ed by gait
speed (GS < 0.8m/s) and HGS (HGS < 15 kgf for women and HGS < 27 kgf for men) [3, 19].

Finally, the two criteria proposed by Studenski et al. in collaboration with the FNIH were assessed. The
authors used grouped data from 26,625 subjects (11,427 men and 15,198 women) from nine different
studies. Initially, the authors used the ALM alone and established cutoff points of ALM < 19.75kg for men
and ALM < 15.02kg for women, which was used as our �fth criterion. The authors then adjusted the ALM
for BMI (ALM/BMI) and adopted the cutoff points of ALM/BMI < 0.789 for men and ALM/BMI < 0.512 for
women, which was used as our sixth criterion.The above authors also proposed a sub-classi�cation of
sarcopenia stages according to the EWGSOP that uses cutoff points of HGS < 26kgf for men, HGS < 
16kgf for women and GS < 0.8m/s for functionality [4].

Statistical Analysis
Data regarding sample characterization were expressed in a descriptive manner based on the mean and
SD. Comparisons between the frequency of the different criteria for the diagnosis of sarcopenia and its
stages were assessed with the Chi-square test of independence. The level of signi�cance was set at 5%.
Data were analyzed with SPSS statistical software, version 22.

Results
The �owchart in Fig. 1 describes the sample recruitment process. Participated in the study 156
community-dwelling older women (mean age of 74.4 ± 7.21 years). The sample characteristics are
exhibited in Table 1.
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Table 1
Characterization of the total sample (n = 156).

Sample characteristics Mean and Standard Deviation (SD)

Age (years) 74.46 (7.21)

Weight (kg) 61.07 (10.89)

Height (m) 1.49 (0.54)

BMI (kg/m²) 27.16 (4.60)

HGS (kgf) 20.38 (5.56)

GS (m/s) 0.99 (0.27)

SPPB (total score) 8.30 (2.21)

ALM 14.68 (2.45)

SMI = ALM/h² (kg/h²) 6.53 (0.99)

Number of drugs 3.55 (1.98)

Number of falls 0.47 (1.77)

Smoking 1.05 (0.22)

Alcohol consumption 1.24 (0.43)

Table 2 shows the frequency of sarcopenia among the studied older women according to the six
proposed criteria. The frequency of sarcopenia varied between 13.4% and 57.1%. After the Chi-square
analysis of independence, the results revealed signi�cant variations in the frequency of older women
classi�ed according to the criteria proposed by the EWGSOP (p = 0.009) compared to the frequencies
found using the criteria proposed by Studenski et al. and Lera et al., thus showing no agreement between
these means.
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Table 2
Frequency of sarcopenia according to the six analyzed criteria.

De�nition/cutoff point Frequency of sarcopenia (n = 156) Percentage (%)

Baumgartner 21 13.4

(SMI ≤ 5.45 kg/m²)

Cruz-Jentoft 26 16.6

(SMI ≤ 5.54 kg/m²)

Delmonico 34 21.1

(SMI ≤ 5.67 kg/m²)

Lera (SMI ≤ 5.77 kg/m²) 40 25.6

FNIH (ALM < 15.02 kg) 89 57.1

FNIH (ALM/BMI < 0.512) 53 33.9

Table 3 shows the number of older women sub-classi�ed into the different stages of sarcopenia
according to the authors who proposed this sub-classi�cation. However, the frequencies obtained using
the criteria of Lera et al. and Studenski et al. exhibited no signi�cant differences between one another (p 
> 0.05).
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Table 3
Sub-classi�cation of the sample by sarcopenia stage according to the cutoff points proposed by the

authors that suggested this sub-classi�cation.
De�nition/cutoff
point

Non-
sarcopenia

Pre-
sarcopenia

Sarcopenia Severe
Sarcopenia

Total

  n = 
156

Baumgartner 135 - 21 - 21

SMI ≤ 5.45 kg/m²

Delmonico 122 - 34 - 34

SMI ≤ 5.67 kg/m²

Cruz Jentoft          

SMI ≤ 5.54 kg/m² 130 4 11 11 26

HGS ≤ 20kgf

SPPB ≤ 8          

Lera          

SMI ≤ 5.77 kg/m² 116 24 12 4 40

HGS ≤ 15kgf

SPPB ≤ 8          

FNIH (ALM)          

ALM < 15.02 kg 67 47 30 12 89

HGS ≤ 16kgf

GS < 0.8 m/s          

FNIH (ALM/BMI)          

ALM/BMI < 0.512 103 30 18 5 53

HGS ≤ 16kgf

GS < 0.8 m/s          

Appendicular lean mass = ALM (obtained by the sum of the appendicular lean mass of the upper and
lower limbs); Skeletal muscle mass index = SMI (SMI = ALM/h2; h, individual’s height); Foundation for
the National Institutes of Health Biomarkers Consortium Sarcopenia = FNIH; Body mass index = BMI;
Skeletal muscle mass adjusted for BMI = ALM/BMI; Handgrip strength = HGS; Gait speed = GS; Short
Physical Performance Battery = SPPB; Chi-square test value: 22.70. p-value = 0.009.
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Discussion
To our knowledge, this is the �rst study to compare six different criteria for the diagnosis and sub-
classi�cation of sarcopenia within the same sample of Brazilian community-dwelling older women. The
results show that the criteria proposed by Baumgartner et al. and Cruz-Jentoft et al. identi�ed fewer older
women with a loss of muscle mass (13% and 16%, respectively), whereas the highest frequency of older
women diagnosed with sarcopenia was found using the criteria proposed by Studenski et al.

Of note, the cutoff points proposed by the different authors were based on populations with different
characteristics, whereas only Studenski et al. used data from nine studies with populations from different
countries.This suggests that the studied population, speci�cally population-speci�c characteristics and
racial factors can in�uence the criteria for the diagnosis of sarcopenia. Thus, the cutoff points proposed
by Studenski et al. in the FNIH [4] study exhibited a higher speci�city in the identi�cation of pre-
sarcopenia and sarcopenia among elders. Similarly, some authors have promoted studies that advocate
cutoff points that identify the highest number of elders with sarcopenia, thus allowing for the
development of sarcopenia treatment and prevention strategies [13.20].

By applying the criteria proposed by the EWGSOP, we found a sarcopenia prevalence of 16.6% in older
women in this study. These data are similar to those found in a study from Hong Kong that applied the
same criteria and found a frequency of 12.4%. However, when the above authors applied the criteria
proposed by the Asian Working Group for Sarcopenia on the same sample, the prevalence increased to
67.7% [8].

More recently, a research group also assessed the association of the European criteria of the EWGSOP
and FNIH and found that individuals who were diagnosed with sarcopenia according to the criteria
proposed by the FNIH [5] exhibited twice as high a risk of negative health outcomes. However, when the
authors applied the criteria proposed by the EWGSOP, no association was found between negative health
outcomes and the occurrence of falls [21].

Among all the consulted studies, reduced lean mass was related to muscle weakness or impaired
physical performance, and all authors promoted the use of the DXA as an instrument to assess ALM [1–
5]. However, other authors rejected the above assumption and sustained that lean mass is not always
directly associated with low strength and function among older people. Scott et al. argued that studies
using muscle mass alone for the screening of sarcopenia could be considered faulty because prospective
population-based studies examining the associations of low total muscle mass exhibited no predictive
linearity of functional loss in the older person [22].

The use of the SMI for the diagnosis of sarcopenia was reported by four research groups [1–3, 5],
whereas only one group recommends the use of ALM alone [4] or ALM adjusted for BMI (ALM/BMI) [4].
This shows the lack of consensus regarding whether BMI should be used in the diagnosis of sarcopenia.
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The proposed sub-classi�cation of sarcopenia has also been a point of debate in the literature.
Preserving functionality in the process of aging is the focus of geriatricians and gerontologists. Thus,
although there is no consensus regarding the cutoff points for the diagnosis of sarcopenia, there is
agreement in considering both reduced muscle mass and worsening of physical function, which is
assessed by functional tests [2, 4, 7, 20]. Thus, one might think that criteria that include the evaluation of
physical function are more indicative of identifying sarcopenia.

The present work shows that the criteria suggested by the EWGSOP and FNIH rendered differences
regarding the prevalence of sarcopenia of approximately 43%, with signi�cant variability in the number of
older women sub-classi�ed with any of the stages, thus con�rming the great variability obtained by using
different diagnostic and functional criteria. Further reinforcing this context of disagreement, Scott et al.
have reported that the proposed criteria to assess the prevalence of sarcopenia and its sub-classi�cation
into stages detected fewer individuals with a loss of muscle mass [22]. Bishoff-Ferrari et al. have made
similar observations and state that the sub-classi�cation of elders into stages of sarcopenia seems to
identify fewer community-dwelling elders with sarcopenia [11]. Conversely, Kim et al. have reported that
criteria that consider the functionality of individuals could be more relevant for the assessment of the
long-term effects of sarcopenia [23]. Notably, sarcopenia is characterized by quantitative and qualitative
losses in skeletal muscle that progress with aging [20] and, as such, both dimensions should be
considered for evaluation [24].

Furthermore, muscle strength seems to diminish at a faster rate than muscle mass among older people
[22]. The physiological mechanisms that explain muscle weakness with aging are multifactorial and
result from impaired neural activation, reduced intrinsic capacity to generate muscle strength and the loss
of muscle mass [25, 26]. In light of the results of our study, we hypothesize that subjects with low muscle
mass might have previously suffered from reduced strength, thus reinforcing the relevance of considering
individuals with pre-sarcopenia and of determining adequate cutoff points for the early detection of
sarcopenia.

Thus, regarding measurements of physical and muscle function, although HGS is widely used in the
literature as an indirect measure of global and lower limb muscle strength, some studies do not support
these statements [24–28]. Speci�cally, studies on older Brazilian people comparing the results of HGS
measurements with those of isokinetic performance found no agreement between both types of
assessment [15].This discrepancy of the results might be due to the cutoff points adopted for HGS in
different populations [15, 24]. The literature shows that cutoff values per age-range and sex are well
above those found in the population of the present study [25, 27], thus suggesting the need to establish
speci�c values for the Brazilian population [25].

Finally, the criteria proposed by Lera et al., who de�ned speci�c cutoff points for the Chilean population
[3, 19], provide a different approach to the diagnosis of sarcopenia by considering population-speci�c
and cultural variations. A robust comparison of the prevalence of sarcopenia among different
populations poses a challenge given the variability of factors that in�uence its development, progression
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and diagnosis [9]. Characteristics, such as socioeconomic and cultural aspects, lifestyle habits of each
country and the individuality of senescence and senility can affect the diagnosis and sub-classi�cation
of sarcopenia stages [9].

We stress that the sample assessed with six different criteria in the present work was the same, thus
excluding any interference by clinical, sociodemographic, cultural, functional or lifestyle habit-related
variables found in the several previously studied populations. In addition, the use of DXA, which is
considered the gold standard for measuring lean muscle mass, the randomization of functional tests, the
blinding of researchers with respect to the DXA results and the functional tests and the strict inclusion
and exclusion criteria were strengths of this study. However, further studies should be performed
comparing the new criteria proposed by the EWGSOP and whether it determines any differences in the
prevalence of sarcopenia.

Conclusions
Of the six criteria proposed by the literature to identify the frequency of sarcopenia in a single sample of
community-dwelling older women, that proposed by Studenski et al. detected the highest frequency of
older women with sarcopenia (57%), whereas those proposed by Baumgartner et al .detected the lowest
frequency (13%). Further studies are necessary to reduce the discrepancies in the identi�cation and sub-
classi�cation of sarcopenia in the older people.
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