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Abstract: Background: This study aimed to analyze the prevalence of sarcopenia in elderly people
from Northern Brazil according to muscle weakness or walking slowness. Methods: The sample
consisted of 312 elderly people (72.6 ± 7.8 years). For walking slowness, a gait speed ≤ 0.8 m/s was
used as a cut-off value, and for muscle weakness the following handgrip strength criteria were used
for men and women, respectively: CI: <27.0/16.0 kg; CII: <35.5/20.0 kg; CIII: grip strength corrected
for body mass index (BMI) < 1.05/0.79; CIV: grip strength corrected for total fat mass: <1.66/0.65;
CV: grip strength corrected for body mass: <0.45/0.34. Results: Walking speed was reduced in 27.0%
of women and 15.2% of men (p < 0.05). According to grip strength criteria, 28.5% of women and
30.4% of men (CI), 58.0% of women and 75.0% of men (CII), 66.0% of women and 39.3% of men
(CIII), 28.8% of women and 19.6% of men (CIV), and 56.5% of women and 50.0% of men (CV) were
identified as having sarcopenia. Conclusions: Walking slowness is more prevalent in women and
muscle weakness is more prevalent in men in Northern Brazil. Walking slowness proved to be more
concordant with muscle weakness in both sexes when the CI for handgrip strength was adopted.

Keywords: gait speed; handgrip; sarcopenia; slowness; weakness

1. Introduction

Muscle weakness is characterized by a lack of muscle strength and has diverse causes.
Aging is the main cause of decreasing muscle strength, being identified as sarcopenia when
a certain threshold is reached (according to the definitions proposed by different working
groups) [1,2]. In addition to aging, disease, physical inactivity, sedentary behavior, and
malnutrition are also relevant causes of sarcopenia [3]. Regardless of the cause, muscle
strength is one of the key components when evaluating sarcopenia and is strongly associ-
ated with several negative outcomes in older adults [1]. Among those outcomes, limited
mobility is commonly the first sign and predisposes older adults to functional disability,
falls [1,2], fractures, increased risk of depression [4], hospitalizations [5], institutionaliza-
tion, and premature death [6]. It is noteworthy that limited mobility seems to be even more
important than multimorbidity to forecast mortality amongst older adults [7]. As a result of
its predictive ability, assessment of muscle weakness and assessment of walking slowness
(as a marker of limited mobility) are used for the identification of geriatric syndromes such
as sarcopenia, frailty, and the risk of falling [1,8].
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Some working groups focus the diagnosis of sarcopenia in assessing handgrip strength [1],
while other groups recommend the assessment of either handgrip strength or gait speed as
an alternative to each other [9]. Additionally, the cut-off values for identifying sarcopenia
are different according to different working groups criteria, especially for handgrip strength,
with a greater consensus for gait speed (≤0.8 m/s) [10–12]. This highlights the need for
further studies [12].

Muscle weakness is usually assessed using an absolute muscle strength score [7,13–15]
or by normalizing the absolute muscle strength to a body size variable [10,15]. Inaccuracy
tends to increase in the first case, especially in older people with lower body mass and
height [16]. Low absolute values may identify lighter and shorter body size older adults as
having muscle weakness, even if they sustain their basic and instrumental activities of daily
living [4]. On the other hand, the ratio standard procedure seems to overestimate the real
strength of light/short older adults and underestimate it for tall/heavy ones [4], because of
the nonlinear relationship between muscle strength and body-size variables [16].

Studies with particular body phenotypes, considering different regions of the globe,
but in particular different regions of Brazil, e.g., interior of São Paulo [17], Nova Santa
Rita [18], Macapá [19], Natal [20], and Manaus [21], contribute to the identification of
vulnerable groups with greater urgency in the intervention. This mapping is essential to
align public health policies with the needs of the elderly.

To contribute information about muscle weakness and walking slowness and sarcope-
nia prevalence from older people of Novo Aripuanã that is currently non-available, this
study aimed: (1) to analyze the prevalence of sarcopenia in elderly people from Northern
Brazil, according to the algorithms proposed by the European Working Group on Sarcope-
nia in Older People (EWGSOP) [1] and Sarcopenia Definitions and Outcomes Consortium
(SDOC) [22] for muscle weakness and slow walking, and (2) to investigate the agreement of
the prevalence between the slow walking and the different criteria of handgrip strength for
sarcopenia. This information can be used to compare the prevalence of sarcopenia between
sexes and age groups but also between national and international regions as a function of
muscle weakness and slow walking [23], aiming at tailored public health interventions.

2. Methods
2.1. Sample and Study Design

This cross-sectional study was approved by the Ethics Committee of the State Univer-
sity of Amazonas (UEA) according to the Declaration of Helsinki and Resolution 466/12 of
the National Health Council, making part of the research project: “Sarcopenic Syndrome—
Physical Function, Phenotype and Quality of life in elderly with and without sedentary
lifestyle” (CAAE 74055517.9.0000.5016/Referee 2.281.400).

The sample included 312 older adults from the community of Novo Aripuanã (Ama-
zonas, Brazil). Participants were recruited in basic health units, parks, squares, churches,
and other public places in the urban area of the city, in addition to invitations broadcast on
local radio stations. Older adults living in rural areas were excluded from the study due to
difficulties in accessing the evaluation site (distance and means of transportation needed)
(Figure 1). After explanations about the procedures and risks of the study, all participants
signed the informed consent form.

All assessments were performed out at UEA. The following criteria were considered
for participant’s inclusion: (1) older aged 60 and over residing in the community; (2) be
independent in carrying out activities of daily living; (3) moderate or high level of cognitive
functioning; (4) no contraindications for physical exertion (stroke, neurological diseases,
unstable chronic conditions); (5) without chest pain, and/or angina pectoris and limiting
joint pain [24]. The cognitive level was evaluated with the Mini-Mental State Examination
(MMSE) [25]. MMSE ≤ 15/30 points were used to exclude the participants of the study.
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Figure 1. Flowchart diagram of the participant recruitment process.

2.2. Instruments
2.2.1. Socioeconomic Status

Participants reported sociodemographic data (age and education). The Brazilian Asso-
ciation of Research Companies [26] questionnaire was applied to evaluate socioeconomic
status, which considers the possession of some consumer goods, educational level of the
head of household, and access to public services.

2.2.2. Muscle Weakness

Muscle strength was assessed using a handgrip dynamometer (Camry EH10; Sensun
Weighing Apparatus Group Ltd., Shenzhen, China). Participants performed the handgrip
strength test in a sitting position, with arms bent to 90 degrees in the elbow and shoulder
joint. Both the left and right arms were measured twice. The results were recorded in
kilograms (kg). The mean value of all measurements was used as the final score for
each individual. Muscle weakness was identified using 5 criteria. The first criterion was
according to the EWGSOP [1] and the remaining criteria were according to SDOC [22].
Criteria were the following: (I) <27.0 kg in men and <16.0 kg in women; (II) <35.5 kg in
men and <20.0 kg in women; (III) grip over body mass index <1.05 for men and 0.79 for
women; (IV) grip strength over total body fat <1.66 for men and <0.65 for women; (V) grip
over bodyweight <0.45 for men and <0.34 for women.

2.2.3. Slow Walking

To identify slow walking, we used the 4-m gait speed test (4-MGS) [27]. The 4-
MGS speed is valid to assess gait speed, identify walking slowness, and the severity of
sarcopenia [28–30]. Other distances (2.4 m to 15 m) are also used, but less frequently [31].
Subjects were asked to walk the course at their usual gait speed. Time taken to perform
the walk was recorded, and the result was expressed as meters per second. If necessary,
canes or walkers were permitted during this test. A gait speed ≤ 0.8 m/s was considered
indicative of slow walking [2,32].
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2.2.4. Body Size and Composition

Body height, weight, fat-mass (FM), fat free mass (FFM), and muscle mass were as-
sessed using anthropometric measures. All measurements followed the recommendations
of the International Society for the Advancement of Kinanthropometry—ISAK [33]. Height
and weight were measured using a mechanical scale (Welmy, São Paulo City, Brazil), girths
of the relaxed arm, waist, abdomen, hip, and calf were measured with 2 m-metallic tape
(Cescorf, Porto Alegre City, Brazil), and the skinfold triceps, calf, subscapular, and ab-
dominal skinfolds using a skinfold caliper (Sanny, São Paulo City, Brazil). Muscle mass
(MM) was estimated applying the equation proposed by Lee et al. [34]. Posteriorly, skeletal
muscle mass index (SMMI) was obtained dividing muscle mass by height squared. Body
fat was estimated using equations proposed by Williams et al. [35]. FM was estimated by
multiplying the % body fat by weight (FM = weight x% body fat) and FFM was obtained by
subtracting FM from weight (FFM = weight − FM). Lastly, the body mass index (BMI) was
determined by dividing weight by height squared. Participants with a BMI ≥ 30 kg/m2

and a decreased grip strength according to criterion I were considered to have sarcopenic
obesity [36].

2.3. Statistics

All analyses were performed using the Statistical Package for the Social Sciences
(Version 24 for Windows; SPSS, Chicago, IL, USA). Data were stratified by sex and age
range (60–69, 70–79, ≥80 years) and presented as mean ± standard deviation (SD) or
percentage (%). Participants with muscle weakness and slow walking were identified
according to the criteria described, and the respective prevalence (%) was calculated
concerning the number of participants (total and by age group). Comparisons of prevalence
between different age groups for the same sex and between the two sexes for the same
age group were assessed using the Chi-Square Test. The proportions of limitations in
handgrip strength and gait speed were also compared using the Cochran Q test. The level
of agreement between participants with muscle weakness and slow walking was analyzed
using the kappa statistic. The level of significance was set at p ≤ 0.05.

3. Results

A total of 312 older adults living in the community of Northern Brazil were evaluated
(112 men and 200 women). Table 1 shows the educational level, body size, composition, and
physical fitness of the participants. Participants were predominantly illiterate and female,
with men presenting a higher level of academic education, greater muscle mass, gait speed,
and handgrip strength (regardless of normalization for body composition) than women.

The prevalence of low muscle strength and low gait speed of the participants strat-
ified according to the consensus definition of sarcopenia and age group is shown in
Tables 2 and 3. In women, differences in muscle weakness (criteria I and II) and walk-
ing slowness were observed. The ≥80-year-old group presented a higher prevalence
compared to the younger groups. However, when muscle strength was adjusted for body
composition, the prevalence of muscle weakness in women was similar in the three age
groups. In men, there were differences in muscle weakness (criterion I, III, and V) and
in walking slowness between age groups, from 70 years onwards compared to younger
groups, except for handgrip strength criterion I, in which the differences were evidenced
only in the ≥80-year-old group. Considering the gait speed, whose cutoff value for walking
slowness is similar for both genders, women have a higher prevalence of walking slowness
than men (p < 0.05) in different age groups, except for the 70–79-year-old group.

Table 4 presents the agreement between the diagnosis of walking slowness and mus-
cle weakness assessed through different criteria (I–V). In men, there was agreement of
the diagnosis of walking slowness with all muscle weakness criteria except criterion IV:
KI = 0.287 ± 0.095; p = 0.001; KII = 0.113 ± 0.032; p = 0.010; KIII = 0.265 ± 0.082; p = 0.001;
KIV = 0.041 ± 0.099; p = 0.661; kV = 0.196 ± 0.066; p = 0.004. In women, there was only
agreement on the diagnosis of walking slowness with criteria I and II for muscle weakness,
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i.e., with the criteria not adjusted for body composition: KI = 0.265 ± 0.074; p = 0.0001;
KII = 0.162 ± 0.055; p = 0.005; KIII = 0.076 ± 0.050; p = 0.143; KIV = 0.097 ± 0.073; p = 0.169;
KV = 0.049 ± 0.058; p = 0.424. The level of agreement between variables was, however, fair,
i.e., with a K value between 0.21–0.40.

Table 1. Characteristics of the participants.

Variables Overall Men Women p-Value

Sample size, n 312 112 200 <0.001
Age, years 72.6 ± 7.8 73.1 ± 7.3 72.4 ± 8.1 0.232

Educational level
Non-literate, n (%) 176 (56.4) 63 (56.3) 113 (56.5) 1.000

Elementary school, n (%) 83 (26.6) 29 (25.9) 54 (27.0) 0.894
High school, n (%) 28 (9.0) 6 (5.4) 22 (11.0) 0.103

Graduate or above, n (%) 25 (8.0) 14 (12.5) 11 (5.5) 0.048
Mini mental, score 21.2 ± 5.1 21.8 ± 4.6 20.8 ± 5.3 0.124

Body size and composition

Height, cm 153.7 ± 8.2 160.0 ± 8.3 150.1 ± 5.7 <0.001
Weight, kg 63.7 ± 12.7 69.3 ± 11.6 60.5 ± 12.2 <0.001

BMI, kg/m2 26.9 ± 4.7 27.1 ± 4.6 26.8 ± 4.7 0.588
Muscle mass, kg 19.9 ± 4.6 23.7 ± 3.6 17.7 ± 3.6 <0.001
SMMI, kg/m2 8.3 ± 1.5 9.2 ± 1.2 7.8 ± 1.4 <0.001

Sarcopenic obesity, n (%) 57 (18.3) 22 (19.6) 35 (17.5) 0.253

Physical performance

Gait speed, m/s 1.09 ± 0.36 1.20 ± 0.35 1.03 ± 0.35 <0.001

Muscle strength

Handgrip strength, kg 23.7 ± 9.2 31.4 ± 8.9 19.3 ± 5.9 <0.001
Handgrip/body mass, kg/kg 0.37 ± 0.13 0.46 ± 0.12 0.33 ± 0.10 <0.001
Handgrip/BMI, kg/kg.m−2 0.89 ± 0.35 1.18 ± 0.34 0.74 ± 0.23 <0.001
Handgrip/body fat, kg/kg 1.41 ± 0.88 2.07 ± 1.08 1.04 ± 0.43 <0.001

BMI: body mass index. SMMI: skeletal muscle mass index.

Table 2. Prevalence (%) of low muscle strength and low gait speed in elderly of Northern Brazil
according to consensus definition of sarcopenia and age group—WOMEN.

Age Group (Years)
Participants (n)

Overall 60–69 70–79 ≥80 p-Value
200 93 70 37

EWGSOP (2019)
Low muscle strength 57 (29.0) 20 (21.5) a 17 (24.3) a 20 (54.1) b 0.001

SDOC (2020)
Low muscle strength 116 (58.0) 49 (52.7) a 37 (52.9) a 30 (81.1) b 0.007

Low muscle strength/BMI 132 (66.0) 58 (62.4) a 45 (64.3) a 29 (78.4) a 0.205

Low muscle strength/FM 56 (28.0) 23 (24.7) a 21 (30.0) a 12 (32.4) a 0.609

Low muscle strength/BM 113 (56.5) 52 (55.9) a 39 (55.7) a 22 (59.5) a 0.922

Low gait speed 54 (27.0) 17 (18.3) a 17 (24.3) a 20 (54.1) b ≤0.001

EWGSOP, European Working Group on Sarcopenia in Older People; SDOC, Sarcopenia Definition and Outcomes
Consortium; BMI, body mass index; FM, fat mass; BM, body mass. Values expressed as n (%). a and b in subscript
indicate the existence (or not) of significant differences between the proportions of the groups according to the
Chi-square test; equal letters indicate no differences (p ≤ 0.05).
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Table 3. Prevalence (%) of low muscle strength and low gait speed in elderly of Northern Brazil
according to consensus definition of sarcopenia and age group—MEN.

Age Group (Years)
Participants

Overall 60–69 70–79 ≥80 p-Value
112 39 50 23

EWGSOP (2019)
Low muscle strength 34 (30.4) 6 (15.4) a 13 (26.0) a 15 (65.2) b ≤0.001

SDOC (2020)
Low muscle strength 84 (75.0) 26 (66.7) a 38 (76.0) a 20 (87.0) a 0.199

Low muscle strength/BMI 44 (39.3) 9 (23.1) a 22 (44.0) a,b 13 (56.5) b 0.022

Low muscle strength/FM 22 (19.6) 9 (23.1) a 7 (14.0) a 6 (26.1) a 0.386

Low muscle strength/BM 56 (50.0) 12 (30.8) a 29 (58.0) b 15 (65.2) b 0.010

Low gait speed 17 (15.2) 1 (2.6) a 10 (20.0) b 6 (26.1) b 0.020

EWGSOP, European Working Group on Sarcopenia in Older People; SDOC, Sarcopenia Definition and Outcomes
Consortium; BMI, body mass index; FM, fat mass; BM, body mass. Values expressed as n (%). a and b in subscript
indicate the existence (or not) of significant differences between the proportions of the groups according to the
Chi-square test; equal letters indicate no differences (p ≤ 0.05).

Table 4. Cross classification analysis between positive (+) cases for muscle weakness and for walking
slowness by sex.

Gait Slowness

Men Women

Muscle Weakness
Criteria (C) −Cases +Cases Total −Cases +Cases Total

CI_
Handgrip Strength

−cases 64.3% 5.4% 69.6% 57.5% 14.0% 71.5%
+cases 20.5% 9.8% 30.4% 15.5% 13.0% 28.5%

CII_
Handgrip Strength

−cases 25.0% 0.0% 25.0% 35.0% 7.0% 42.0%
+cases 59.8% 15.2% 75.0% 38.0% 20.0% 58.0%

CIII_
Handgrip/BMI

−cases 57.1% 3.6% 60.7% 27.0% 7.0% 34.0%
+cases 27.7% 11.6% 39.3% 46.0% 20.0% 66.0%

CIV_
Handgrip/FM

−cases 68.8% 11.6% 80.4% 54.5% 17.5% 72.0%
+cases 16.1% 3.6% 19.6% 18.5% 9.5% 28.0%

CV_
Handgrip/BM

−cases 47.3% 2,7% 50.0% 33.0% 10.5% 43.5%
+cases 37.5% 12.5% 50.0% 40.0% 16.5% 56.5%

CI_Hanggrip strength: <27.0 kg for men and <16.0 kg for women; CII_Handgrip strength: <35.5 kg for men and <
20.0 kg for women; BMI: body mass index; FM: Fat Mass; BM: body mass.

Comparing the prevalence of slow walking with that of muscle weakness in criterion
I, i.e., the criterion with the greatest agreement, differences were observed between these
prevalence in men aged 80 years and over (Figure 2).
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4. Discussion

This study aimed to describe the prevalence of sarcopenia in older adults from the
Northern Brazil, according to the two main criteria based on muscle weakness and walking
slowness and to investigate the concordance of the prevalence between these criteria. The
results reveal a prevalence of ~20.0% in muscle weakness and walking slowness in women
aged 60–79 years and more than 50.0% at 80 years and older, considering a handgrip
strength < 16.0 kg as a cut-off value for the identification of sarcopenia (criterion I). Taking
a handgrip strength < 20.0 kg as the cut-off value for the identification of sarcopenia in
women (criterion II), the prevalence rises to ~53% between the ages of 60 and 79 years
and to 81.0% at age 80 and over. In men, muscle weakness is more prevalent than slow
walking, especially from the age of 80 where it reaches 65.0% (criterion I) or 87.0% (criterion
II) against a prevalence of 26.1% for slow walking. Walking slowness was shown to be
more concordant with muscular weakness when the cut-off value for handgrip strength
was 16.0 kg for women and 27.0 kg for men (Criterion I).

The use of different cut-off values for muscle weakness in the present study is due to
the lack of consensus that still exists regarding the assessment of sarcopenia [20]. The criteria
adopted are normative (positioning of an individual in relation to a group) [1] or referred
to functional capacity (mobility limitation) and risks (falls, hip fractures, mortality) [22].
However, in both cases, the establishment of cut-off values will depend not only on sexual
dimorphism but possibly also on population polymorphism concerning body size [37–40].

The handgrip cut-offs have been widely used to diagnose sarcopenia in populations
living in developed countries, where they were originally defined, so the use of such values
in other populations may lead to inaccurate prevalence rates [41], particularly when the
criteria is not adjusted for body dimensions. According the EWGSOP [1], the prevalence
of muscle weakness in our study was ~30% considering the total sample in both men and
women. This prevalence is higher than those observed in other regions of Brazil for the
same muscle weakness criterion as in the Interior of São Paulo (17.5%) [17], Nova Santa
Rita (23.7%) [18], Macapá (6.1%) [19], Natal (4.6%) [20], or Manaus [21].

As the comparison of the prevalence of sarcopenia between geographic regions can
be affected by the composition of the groups in terms of sex and age, we proceeded
with a more selective analysis: in addition to the average age in these studies being
lower than that of our sample, possible differences in body height (not reported in some
studies) may be the main reason for prevalence discrepancies. For example, the average
handgrip strength for men and women aged 65 to 74 years in an international study was,
respectively, 41.68 kg and 22.85 kg in Kingston (Canada), 34.09 kg and 20.78 kg in Tirana
(Albania), 31.88 kg and 18.94 kg in Natal (Brazil) [42]. The corresponding values for our
sample of Novo Aripuanã (Amazonas, Brazil), comprising only participants aged 65 to
74 years, was 31.62 kg and 20.24 kg for men and women, respectively, showing relatively
close handgrip strength for similar body heights as is the case with our sample (men:
1.61 ± 0.07 m; women 1.51 ± 0.05 m) and the Natal sample in Brazil (men: 1.64 ± 0.07 m;
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women: 1.50 ± 0.05 m). Surprisingly, identical or higher values were evidenced for gait
speed by our sub-sample aged 65 to 74 (men: 1.32 ± 0.36 m/s; women: 1.07 ± 0.32 m/s),
having the same international study as a reference [42]. This observation may have to do
with the usual physical activity of our sample whose livelihood comes from agriculture and
fishing: 73.0% of women and 89.0% of men are considered active according to international
recommendations [43].

Findings support the use of handgrip strength as a proxy for detecting slow walking
speed (≤0.8 m/s) in community-dwelling older adults owing [44]. Several cutoff values for
the handgrip have been proposed for this purpose [45–50]. We highlight the cutoff values
of the group of Vasconcelos and colleagues (<25.8 kg for men; <17.4 kg for women) [48],
but also of the group of Alley and colleagues (<26.0 kg for men; <16.0 kg for women) [50],
as they are very similar to those observed in our sample to discriminate mobility limitation,
namely 27.3 kg for men and 18.6 kg for women (data not shown; men: AUC 0.791, 95% CI:
0.689–0.892; Se 70.6%; Sp 74.7%; p < 0.001; women: AUC: 0.657, 95% CI: 0.565–0.749; Se
61.1%; Sp 63%; p = 0.001).

The latest SDOC panel confirmed the need to include muscle weakness and slowness
in the definition/screening of sarcopenia because of its strong association with incidence
of falls, hip fracture, and mobility limitation [10,22]. In addition, the low level of physical
activity and muscle weakness related to age may affect the lower limbs, directly compro-
mising the elderly autonomy [51]. Further research with larger samples and follow-up is
needed to validate the cutoff values. It is also necessary to investigate the universality of
cut-off values for muscle weakness and slow gait, considering not only physical impairment
but also cognitive impairment [52].

Since sarcopenia has serious implications, early identification is an important task.
Several sarcopenia evaluation tools have been proposed and it is necessary to investigate its
validity in different population groups due, at least, to differences in body dimensions. For
example, the population of Novo Aripuanã in Northern Brazil has lower body dimensions
than other populations in southern and southeastern Brazil, where the prevalence of
sarcopenia has been characterized [17,18,41,53].

In recent years, sarcopenia has been discussed by two large working groups: the EWG-
SOP2 [1] and the SDOC [22]. Both agree with the general concept that involves impairment
of function (muscle weakness and slowness). However, there is divergence concerning the
third component of screening: structural damage (low muscle quantity/quality). While the
EWGSOP2 recommends that low muscle mass be the confirmation criterion for sarcopenia,
the SDOC does not consider muscle mass (evaluated by DXA or BIA) in its guidelines,
as it has not been associated with adverse outcomes in longitudinal studies and large
clinical trials [22]. Thus, the SDOC proposes the interpretation of the handgrip strength
with or without adjustment for body mass or body mass index, body fat, or arm muscle
mass [22]. However, we did not find handgrip strength studies with this type of adjustment
for comparative purposes.

The suggested use of muscle weakness or walking slowness for the identification of
sarcopenia [22,50,54] raises the question of the possibility of agreement between the two
for diagnosis, although the correlation appears to be weak between the values of these two
criteria [55].

5. Study Limitations and Strengths

We acknowledged some limitations of the present study that must be considered
when interpreting the results. First, the cross-sectional design is inadequate to capture the
temporal relations that occur throughout life, and this approach precludes inference of
causality between muscle weakness or walking slowness and sarcopenia. However, besides
this being a descriptive study, we considered the algorithms proposed by EWGSOP2 [1]
and SDOC [22] for muscle weakness and slow walking in the calculations of sarcopenia.
Second, the sample did not include older people living in rural areas and only included
participants that could walk without assistance or aid of other people where the assessments
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were conducted. The generalizability of our findings to less-mobile populations of Novo
Aripuanã and people who live in rural areas is not possible. Third, the heterogeneity among
the participants of this study can introduce bias in the identification of sarcopenia due to
different physical phenotypes (larger dimensions), favoring the increase in the prevalence
of muscle weakness and walking slowness in our sample.

However, when women’s handgrip is adjusted for body size (BMI or body mass), the
prevalence of muscle weakness remains or increases, while in men, it remains or decreases.
Finally, the prevalence of muscle weakness is also affected by morbidity, information which
was not properly collected in this study, constituting a limitation, especially at the level of
comparison between geographic regions. Nonetheless, the strongest point is the analysis
of the agreement between muscle weakness and walking slowness for the identification
of sarcopenia in this population of the northern region of Brazil. We acknowledged that
further research with larger samples and follow-up is necessary to validate the cutoff values
of muscle weakness and walking slowness in intrinsic capacity and adverse events such as
falls, hospitalization, and mortality.

6. Conclusions

In conclusion, walking slowness was more prevalent in women than in older men from
the north of Brazil, while muscle weakness was more prevalent in men. The prevalence
of muscle weakness seems to be higher in this elderly population than in other regions of
Brazil or internationally. Despite a weak level of agreement, the walking slowness was
more in agreement with muscle weakness in both sexes when the criterion was that of
the EWGSOP2.

Author Contributions: Conceptualization, A.B.d.L. and F.B.; methodology, A.B.d.L., E.R.G. and
D.H.-N.; software, D.H.-N. and G.d.S.R.; validation, E.R.G. and F.B.; formal analysis, D.H.-N. and
G.d.S.R.; investigation, A.B.d.L., F.B. and E.R.G.; resources, A.B.d.L. and F.B.; data curation, F.B. and
E.R.G.; writing—original draft preparation, A.B.d.L. and D.H.-N.; writing—review and editing, F.B.,
E.R.G. and G.d.S.R.; visualization, F.B. and E.R.G.; supervision, F.B. and E.R.G.; project administration,
A.B.d.L., F.B. and E.R.G.; funding acquisition, A.B.d.L. and F.B. All authors have read and agreed to
the published version of the manuscript.

Funding: F.B. was partly supported by the Fundação para a Ciência e Tecnologia, under Grant
UIDB/00447/2020 to CIPER—Centro Interdisciplinar para o Estudo da Performance Humana (unit
447). E.R.G. acknowledges support from LARSyS—Fundação para a Ciência e Tecnologia (FCT)
pluriannual funding 2020–2023 (Reference: UIDB/50009/2020).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Universidade do Estado
do Amazonas (UEA) (CAAE: 74055517.9.0000.5016; Number: 2.281.400; Brazil Platform).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to belonging to a database of a Ph.D.
thesis in progress.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.

Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef] [PubMed]
2. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.-P.; Rolland, Y.; Schneider,

S.M.J.A.; et al. Sarcopenia: European consensus on definition and diagnosisReport of the European Working Group on Sarcopenia
in Older People. Age Ageing 2010, 39, 412–423. [CrossRef] [PubMed]

3. Keller, K. Sarcopenia. Wien. Med. Wochenschr. 2019, 169, 157–172. [CrossRef] [PubMed]
4. Abdalla, P.P.; Dos Santos Carvalho, A.; Dos Santos, A.P.; Venturini, A.C.R.; Alves, T.C.; Mota, J.; de Sousa Oliveira, A.; Ramos,

N.C.; Marini, J.A.G.; Machado, D.R.L. Cut-off points of knee extension strength allometrically adjusted to identify sarcopenia risk
in older adults: A cross-sectional study. Arch. Gerontol. Geriatr. 2020, 89, 104100. [CrossRef]

http://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/20392703
http://doi.org/10.1007/s10354-018-0618-2
http://www.ncbi.nlm.nih.gov/pubmed/29411194
http://doi.org/10.1016/j.archger.2020.104100


Int. J. Environ. Res. Public Health 2022, 19, 9297 10 of 12

5. Kim, T.N.; Choi, K.M. Sarcopenia: Definition, epidemiology, and pathophysiology. J. Bone Metab. 2013, 20, 1–10. [CrossRef]
6. Alexandre, T.D.S.; Scholes, S.; Ferreira Santos, J.L.; Duarte, Y.A.O.; de Oliveira, C. The combination of dynapenia and abdominal

obesity as a risk factor for worse trajectories of IADL disability among older adults. Clin. Nutr. 2018, 37, 2045–2053. [CrossRef]
7. Abdalla, P.P.; Bohn, L.; da Silva, L.S.L.; dos Santos, A.P.; Junior, M.F.T.; Venturini, A.C.R.; dos Santos Carvalho, A.; Gomez, D.M.;

Mota, J.; Machado, D.R.L. Identification of muscle weakness in older adults from normalized lower and upper limbs strength.
BMC Sports Sci. Med. Rehabil. 2021, 13, 161. [CrossRef]

8. Clark, B.C.; Manini, T.M.J.N. What is dynapenia? Nutrition 2012, 28, 495–503. [CrossRef]
9. Lin, Y.H.; Chen, H.C.; Hsu, N.W.; Chou, P. Using hand grip strength to detect slow walking speed in older adults: The Yilan study.

BMC Geriatr. 2021, 21, 428. [CrossRef]
10. Cawthon, P.M.; Manini, T.; Patel, S.M.; Newman, A.; Travison, T.; Kiel, D.P.; Santanasto, A.J.; Ensrud, K.E.; Xue, Q.L.; Shardell, M.;

et al. Putative Cut-Points in Sarcopenia Components and Incident Adverse Health Outcomes: An SDOC Analysis. J. Am. Geriatr.
Soc. 2020, 68, 1429–1437. [CrossRef]

11. Manini, T.M.; Patel, S.M.; Newman, A.B.; Travison, T.G.; Kiel, D.P.; Shardell, M.D.; Pencina, K.M.; Wilson, K.E.; Kelly, T.L.;
Massaro, J.M. Identification of sarcopenia components that discriminate slow walking speed: A pooled data analysis. J. Am.
Geriatr. Soc. 2020, 68, 1419–1428. [CrossRef] [PubMed]

12. Cawthon, P.M.; Travison, T.G.; Manini, T.M.; Patel, S.; Pencina, K.M.; Fielding, R.A.; Magaziner, J.M.; Newman, A.B.; Brown,
T.; Kiel, D.P.; et al. Establishing the Link Between Lean Mass and Grip Strength Cut Points With Mobility Disability and Other
Health Outcomes: Proceedings of the Sarcopenia Definition and Outcomes Consortium Conference. J. Gerontol. A Biol. Sci. Med.
Sci. 2020, 75, 1317–1323. [CrossRef]

13. Albrecht, B.M.; Stalling, I.; Bammann, K. Sex- and age-specific normative values for handgrip strength and components of the
Senior Fitness Test in community-dwelling older adults aged 65–75 years in Germany: Results from the OUTDOOR ACTIVE
study. BMC Geriatr. 2021, 21, 273. [CrossRef]

14. Lima, R.M.; de Oliveira, R.J.; Raposo, R.; Neri, S.G.R.; Gadelha, A.B. Stages of sarcopenia, bone mineral density, and the prevalence
of osteoporosis in older women. Arch. Osteoporos. 2019, 14, 38. [CrossRef] [PubMed]

15. Gadelha, A.B.; Vainshelboim, B.; Ferreira, A.P.; Neri, S.G.R.; Bottaro, M.; Lima, R.M. Stages of sarcopenia and the incidence of
falls in older women: A prospective study. Arch. Gerontol. Geriatr. 2018, 79, 151–157. [CrossRef] [PubMed]

16. Maranhao Neto, G.A.; Oliveira, A.J.; Pedreiro, R.C.; Pereira-Junior, P.P.; Machado, S.; Marques Neto, S.; Farinatti, P.T. Normalizing
handgrip strength in older adults: An allometric approach. Arch. Gerontol. Geriatr. 2017, 70, 230–234. [CrossRef]

17. de Almeida Campos, M.V.; Miguel, H.; dos Santos, D.; Fileni, C.H.P.; Martins, G.C.; do Nascimento, L.C.G. Prevalência de
sarcopenia em idosos sedentários de uma instituição de longa permanência para idosos. Int. J. Dev. Res. 2020, 10, 33549–33552.

18. de Oliveira, N.C.; Miraglia, F.; Tadini, F.S.M.; Filippin, L.I. Sarcopenia E estado nutricional de idosos residentes em uma
comunidade no sul do brasil. Estud. Interdiscip. Sobre O Envelhec. 2020, 25, 2. [CrossRef]

19. Esteves, C.L.; Ohara, D.G.; Matos, A.P.; Ferreira, V.T.; Iosimuta, N.C.; Pegorari, M.S. Anthropometric indicators as a discriminator
of sarcopenia in community-dwelling older adults of the Amazon region: A cross-sectional study. BMC Geriatr. 2020, 20, 518.
[CrossRef]

20. Fernandes, S.G.G.; Lima de Andrade, L.E.; Dos Santos Aguiar Goncalves, R.S.; Aires da Camara, S.M.; Guerra, R.O.; Cavalcanti
Maciel, A.C. Cut-off points to screening for sarcopenia in community-dwelling older people residents in Brazil. PeerJ 2021, 9,
e12038. [CrossRef]

21. Miranda, K.A.; Gouveia, É.R.; Gouveia, B.R.; Marques, A.; Campos, P.; Tinôco, A.; Jurema, J.; Kliegel, M.; Ihle, A. Sarcopenia and
physical activity predict falls in older adults from Amazonas, Brazil. Retos Nuevas Tend. En Educ. Física Deporte Y Recreación 2022,
43, 215–222.

22. Bhasin, S.; Travison, T.G.; Manini, T.M.; Patel, S.; Pencina, K.M.; Fielding, R.A.; Magaziner, J.M.; Newman, A.B.; Kiel, D.P.; Cooper,
C.; et al. Sarcopenia Definition: The Position Statements of the Sarcopenia Definition and Outcomes Consortium. J. Am. Geriatr.
Soc. 2020, 68, 1410–1418. [CrossRef] [PubMed]

23. Tey, S.L.; Chew, S.T.H.; How, C.H.; Yalawar, M.; Baggs, G.; Chow, W.L.; Cheong, M.; Ong, R.H.S.; Husain, F.S.; Kwan, S.C. Factors
associated with muscle mass in community-dwelling older people in Singapore: Findings from the SHIELD study. PLoS ONE
2019, 14, e0223222. [CrossRef] [PubMed]

24. Rikli, R.E.; Jones, C.J. Development and validation of criterion-referenced clinically relevant fitness standards for maintaining
physical independence in later years. Gerontologist 2013, 53, 255–267. [CrossRef]

25. Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”: A practical method for grading the cognitive state of patients for
the clinician. J. Psychiatr. Res. 1975, 12, 189–198. [CrossRef]

26. ABEP—Associação Brasileira de Empresas de Pesquisa. Critério de Classificação Econômica Brasil. In Critério Brasil; ABEP: São
Paulo, Brazil, 2019.

27. Guralnik, J.M.; Simonsick, E.M.; Ferrucci, L.; Glynn, R.J.; Berkman, L.F.; Blazer, D.G.; Scherr, P.A.; Wallace, R.B. A short physical
performance battery assessing lower extremity function: Association with self-reported disability and prediction of mortality and
nursing home admission. J. Gerontol. 1994, 49, M85–M94. [CrossRef]

28. Mazocco, L.; Chagas, P.; Barbosa-Silva, T.G.; Gonzalez, M.C.; Schwanke, C.H.A. Accuracy of SARC-F and SARC-CalF for
sarcopenia screening in older women from southern Brazil. Nutrition 2020, 79, 110955. [CrossRef]

http://doi.org/10.11005/jbm.2013.20.1.1
http://doi.org/10.1016/j.clnu.2017.09.018
http://doi.org/10.1186/s13102-021-00390-1
http://doi.org/10.1016/j.nut.2011.12.002
http://doi.org/10.1186/s12877-021-02361-0
http://doi.org/10.1111/jgs.16517
http://doi.org/10.1111/jgs.16524
http://www.ncbi.nlm.nih.gov/pubmed/32633834
http://doi.org/10.1093/gerona/glz081
http://doi.org/10.1186/s12877-021-02188-9
http://doi.org/10.1007/s11657-019-0591-4
http://www.ncbi.nlm.nih.gov/pubmed/30868338
http://doi.org/10.1016/j.archger.2018.07.014
http://www.ncbi.nlm.nih.gov/pubmed/30237121
http://doi.org/10.1016/j.archger.2017.02.007
http://doi.org/10.22456/2316-2171.93453
http://doi.org/10.1186/s12877-020-01923-y
http://doi.org/10.7717/peerj.12038
http://doi.org/10.1111/jgs.16372
http://www.ncbi.nlm.nih.gov/pubmed/32150289
http://doi.org/10.1371/journal.pone.0223222
http://www.ncbi.nlm.nih.gov/pubmed/31596873
http://doi.org/10.1093/geront/gns071
http://doi.org/10.1016/0022-3956(75)90026-6
http://doi.org/10.1093/geronj/49.2.M85
http://doi.org/10.1016/j.nut.2020.110955


Int. J. Environ. Res. Public Health 2022, 19, 9297 11 of 12

29. Grosicki, G.J.; Travison, T.G.; Zhu, H.; Magaziner, J.; Binder, E.F.; Pahor, M.; Correa–de–Araujo, R.; Cawthon, P.M.; Bhasin, S.;
Orwig, D. Application of cut–points for low muscle strength and lean mass in mobility–limited older adults. J. Am. Geriatr. Soc.
2020, 68, 1445–1453. [CrossRef]

30. Arnal-Gómez, A.; Cebrià i Iranzo, M.A.; Tomas, J.M.; Tortosa-Chuliá, M.A.; Balasch-Bernat, M.; Sentandreu-Mañó, T.; Forcano, S.;
Cezón-Serrano, N. Using the updated EWGSOP2 definition in diagnosing sarcopenia in Spanish older adults: Clinical approach.
J. Clin. Med. 2021, 10, 1018. [CrossRef]

31. Mehmet, H.; Robinson, S.R.; Yang, A.W.H. Assessment of gait speed in older adults. J. Geriatr. Phys. Ther. 2020, 43, 42–52.
[CrossRef]

32. Studenski, S.; Perera, S.; Patel, K.; Rosano, C.; Faulkner, K.; Inzitari, M.; Brach, J.; Chandler, J.; Cawthon, P.; Connor, E.B. Gait
speed and survival in older adults. Jama 2011, 305, 50–58. [CrossRef] [PubMed]

33. Marfell-Jones, M.; Olds, T.; Stew, A.; Carter, L. International Standards for Anthropometric Assessment; The International Society for
the Advancement of Kinanthropometry, Australia: Melbourne, Australia, 2006.

34. Lee, R.C.; Wang, Z.; Heo, M.; Ross, R.; Janssen, I.; Heymsfield, S.B. Total-body skeletal muscle mass: Development and
cross-validation of anthropometric prediction models. Am. J. Clin. Nutr. 2000, 72, 796–803. [CrossRef] [PubMed]

35. Williams, D.P.; Going, S.B.; Lohman, T.G.; Hewitt, M.J.; Haber, A.E. Estimation of body fat from skinfold thicknesses in middle-
aged and older men and women: A multiple component approach. Am. J. Hum. Biol. 1992, 4, 595–605. [CrossRef] [PubMed]

36. Donini, L.M.; Busetto, L.; Bischoff, S.C.; Cederholm, T.; Ballesteros-Pomar, M.D.; Batsis, J.A.; Bauer, J.M.; Boirie, Y.; Cruz-Jentoft,
A.J.; Dicker, D. Definition and diagnostic criteria for sarcopenic obesity: ESPEN and EASO consensus statement. Obes. Facts 2022,
15, 321–335. [CrossRef]

37. Bijlsma, A.Y.; Meskers, C.G.; Ling, C.H.; Narici, M.; Kurrle, S.E.; Cameron, I.D.; Westendorp, R.G.; Maier, A.B. Defining sarcopenia:
The impact of different diagnostic criteria on the prevalence of sarcopenia in a large middle aged cohort. Age 2013, 35, 871–881.
[CrossRef] [PubMed]

38. Bahat, G.; Yilmaz, O.; Kilic, C.; Oren, M.M.; Karan, M.A. Performance of SARC-F in Regard to Sarcopenia Definitions, Muscle
Mass and Functional Measures. J. Nutr. Health Aging 2018, 22, 898–903. [CrossRef] [PubMed]

39. Bahat, G.; Tufan, A.; Kilic, C.; Karan, M.A.; Cruz-Jentoft, A.J. Prevalence of sarcopenia and its components in community-dwelling
outpatient older adults and their relation with functionality. Aging Male 2020, 23, 424–430. [CrossRef]

40. Bahat, G.; Kilic, C.; Ozkok, S.; Ozturk, S.; Karan, M.A. Associations of sarcopenic obesity versus sarcopenia alone with functionality.
Clin. Nutr. 2021, 40, 2851–2859. [CrossRef]

41. Moreira, V.G.; Perez, M.; Lourenco, R.A. Prevalence of sarcopenia and its associated factors: The impact of muscle mass, gait
speed, and handgrip strength reference values on reported frequencies. Clinics 2019, 74, e477. [CrossRef]

42. de Souza Barbosa, J.F.; Zepeda, M.U.P.; Béland, F.; Guralnik, J.M.; Zunzunegui, M.V.; Guerra, R.O.J.A. Clinically relevant weakness
in diverse populations of older adults participating in the International Mobility in Aging Study. Age 2016, 38, 25. [CrossRef]

43. World Health Organization. WHO Guidelines on Physical Activity and Sedentary Behaviour: Web Annex: Evidence Profiles; WHO:
Geneva, Switzerland, 2020.

44. Visser, M.; Newman, A.; Nevitt, M.; Kritchevsky, S.; Stamm, E.; Goodpaster, B.; Harris, T.; Health, Aging, and Body Composition
Study Research Group. Reexamining the sarcopenia hypothesis: Muscle mass versus muscle strength. Ann. N. Y. Acad. Sci. 2000,
904, 456–461. [CrossRef]

45. Lauretani, F.; Russo, C.R.; Bandinelli, S.; Bartali, B.; Cavazzini, C.; Di Iorio, A.; Corsi, A.M.; Rantanen, T.; Guralnik, J.M.; Ferrucci,
L. Age-associated changes in skeletal muscles and their effect on mobility: An operational diagnosis of sarcopenia. J. Appl. Physiol.
2003, 95, 1851–1860. [CrossRef] [PubMed]

46. Sallinen, J.; Stenholm, S.; Rantanen, T.; Heliovaara, M.; Sainio, P.; Koskinen, S. Hand-grip strength cut points to screen older
persons at risk for mobility limitation. J. Am. Geriatr. Soc. 2010, 58, 1721–1726. [CrossRef] [PubMed]

47. Dong, R.; Wang, X.; Guo, Q.; Wang, J.; Zhang, W.; Shen, S.; Han, P.; Ma, Y.; Kang, L.; Wang, M.; et al. Clinical Relevance of
Different Handgrip Strength Indexes and Mobility Limitation in the Elderly Adults. J. Gerontol. A Biol. Sci. Med. Sci. 2016, 71,
96–102. [CrossRef] [PubMed]

48. Vasconcelos, K.S.; Dias, J.M.; Bastone Ade, C.; Vieira, R.A.; Andrade, A.C.; Perracini, M.R.; Guerra, R.O.; Dias, R.C. Handgrip
Strength Cutoff Points to Identify Mobility Limitation in Community-dwelling Older People and Associated Factors. J. Nutr.
Health Aging 2016, 20, 306–315. [CrossRef] [PubMed]

49. Duchowny, K.A.; Peterson, M.D.; Clarke, P.J. Cut Points for Clinical Muscle Weakness Among Older Americans. Am. J. Prev. Med.
2017, 53, 63–69. [CrossRef] [PubMed]

50. Alley, D.E.; Shardell, M.D.; Peters, K.W.; McLean, R.R.; Dam, T.T.; Kenny, A.M.; Fragala, M.S.; Harris, T.B.; Kiel, D.P.; Guralnik,
J.M.; et al. Grip strength cutpoints for the identification of clinically relevant weakness. J. Gerontol. A Biol. Sci. Med. Sci. 2014, 69,
559–566. [CrossRef]

51. Henwood, T.R.; Taaffe, D.R. Improved physical performance in older adults undertaking a short-term programme of high-velocity
resistance training. Gerontology 2005, 51, 108–115. [CrossRef]

52. Chou, M.-Y.; Nishita, Y.; Nakagawa, T.; Tange, C.; Tomida, M.; Shimokata, H.; Otsuka, R.; Chen, L.-K.; Arai, H. Role of gait speed
and grip strength in predicting 10-year cognitive decline among community-dwelling older people. BMC Geriatr. 2019, 19, 182.
[CrossRef]

http://doi.org/10.1111/jgs.16525
http://doi.org/10.3390/jcm10051018
http://doi.org/10.1519/JPT.0000000000000224
http://doi.org/10.1001/jama.2010.1923
http://www.ncbi.nlm.nih.gov/pubmed/21205966
http://doi.org/10.1093/ajcn/72.3.796
http://www.ncbi.nlm.nih.gov/pubmed/10966902
http://doi.org/10.1002/ajhb.1310040505
http://www.ncbi.nlm.nih.gov/pubmed/28524586
http://doi.org/10.1159/000521241
http://doi.org/10.1007/s11357-012-9384-z
http://www.ncbi.nlm.nih.gov/pubmed/22314402
http://doi.org/10.1007/s12603-018-1067-8
http://www.ncbi.nlm.nih.gov/pubmed/30272090
http://doi.org/10.1080/13685538.2018.1511976
http://doi.org/10.1016/j.clnu.2021.04.002
http://doi.org/10.6061/clinics/2019/e477
http://doi.org/10.1007/s11357-016-9888-z
http://doi.org/10.1111/j.1749-6632.2000.tb06500.x
http://doi.org/10.1152/japplphysiol.00246.2003
http://www.ncbi.nlm.nih.gov/pubmed/14555665
http://doi.org/10.1111/j.1532-5415.2010.03035.x
http://www.ncbi.nlm.nih.gov/pubmed/20863331
http://doi.org/10.1093/gerona/glv168
http://www.ncbi.nlm.nih.gov/pubmed/26409067
http://doi.org/10.1007/s12603-015-0584-y
http://www.ncbi.nlm.nih.gov/pubmed/26892580
http://doi.org/10.1016/j.amepre.2016.12.022
http://www.ncbi.nlm.nih.gov/pubmed/28190692
http://doi.org/10.1093/gerona/glu011
http://doi.org/10.1159/000082195
http://doi.org/10.1186/s12877-019-1199-7


Int. J. Environ. Res. Public Health 2022, 19, 9297 12 of 12

53. Pinheiro, P.A.; da Silva Coqueiro, R.; Carneiro, J.A.O.; Correia, T.M.L.; Pereira, R.; Fernandes, M.H.J.E.C. Anthropometric
indicators as screening tools for sarcopenia in older adult women. Enfermería Clínica 2020, 30, 269–274. [CrossRef]

54. Chen, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Chou, M.Y.; Iijima, K.; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J. Am. Med. Dir. Assoc. 2020, 21,
300–307.e302. [CrossRef] [PubMed]

55. Stuck, A.K.; Mader, N.C.; Bertschi, D.; Limacher, A.; Kressig, R.W. Performance of the EWGSOP2 Cut-Points of Low Grip Strength
for Identifying Sarcopenia and Frailty Phenotype: A Cross-Sectional Study in Older Inpatients. Int. J. Environ. Res. Public Health
2021, 18, 3498. [CrossRef] [PubMed]

http://doi.org/10.1016/j.enfcli.2018.12.010
http://doi.org/10.1016/j.jamda.2019.12.012
http://www.ncbi.nlm.nih.gov/pubmed/32033882
http://doi.org/10.3390/ijerph18073498
http://www.ncbi.nlm.nih.gov/pubmed/33800552

	Introduction 
	Methods 
	Sample and Study Design 
	Instruments 
	Socioeconomic Status 
	Muscle Weakness 
	Slow Walking 
	Body Size and Composition 

	Statistics 

	Results 
	Discussion 
	Study Limitations and Strengths 
	Conclusions 
	References

