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ABSTRACT
CONTEXT AND OBJECTIVE: Sarcopenia is an emerging public health issue in Brazil. Because of its high 
prevalence and the lack of national data, the objective here was to identify cutoff points for appendicular 
skeletal muscle (ASM) and handgrip strength in relation to fear of falling among Brazilian older adults. 
DESIGN AND SETTING: Cross-sectional study; in the community.
METHODS: Participants underwent morphological and functional evaluations; and were asked about pre-
vious falls and fear of falling. Different adjustments to ASM and handgrip strength were used. Slow walking 
speed was defined as < 0.8 m/s or 1.0 m/s. Gender and age groups were compared using t tests, analysis of 
variance (ANOVA), chi-square test or Fisher’s exact test. Receiver operating characteristic curves were used 
to identify cutoffs for ASM and handgrip strength in relation to fear of falling. 
RESULTS: 578 older adults participated in this study. Function levels decreased with increasing age, and 
body composition differed between the sexes. In relation to fear of falling, the cutoffs for ASM adjusted 
for body mass index (BMI) were < 0.85 for men and < 0.53 for women; the cutoffs for absolute handgrip 
strength and relative handgrip strength (adjusted for BMI) were 30.0 kgf and 21.7 kgf, and 1.07 and 0.66, 
for men and women, respectively.  
CONCLUSION: The values presented can be used as references in clinical practice and research. We recom-
mend use of ASM adjusted for BMI and choosing between absolute and relative handgrip strength for men 
and women, according to study needs. 
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INTRODUCTION
Sarcopenia, defined as progressive loss of muscle mass and strength/functionality with aging, 
is an emerging public health issue in Brazil.1 Loss of muscle mass and function may result in 
loss of physical capabilities (e.g. endurance, strength and muscle power), poor quality of life, 
unfavorable metabolic effects, falls and fear of falling, frailty and mortality among older adults. 
Sarcopenia is frequently associated with multiple morbid conditions, smoking habit, low body 
mass index (BMI), malnutrition and physical inactivity.2 

Several consensuses and recommendations have been proposed by different institutions in 
attempts to standardize the conceptual approaches used to diagnose sarcopenia.2-5 Among these, 
experts agree that three key factors should be addressed: body composition (muscle mass), func-
tionality (e.g. walking speed) and muscle strength (e.g. handgrip strength). 

It has been estimated that after the age of 50, muscle mass decreases consistently at a rate of 
approximately 1% per year, walking speed at a rate of 2.0-2.2% and handgrip strength at a rate 
of 1.9-5.0%, as a result of the transition process of decreasing lean body mass and increasing fat 
accumulation.6,7 Cutoffs and reference values have also been presented in consensuses and rec-
ommendations. In addition to the international characteristics of the studies from which these 
values were compiled, most of these studies were conducted in developed countries and/or in 
countries that differ genetically, ethnically and culturally from Brazil. Moreover, even if the mis-
cegenation of the Brazilian population has been taken into consideration, there are difficulties 
and limitations in making inferences from these values in relation to Brazilian older adults.

Great importance is now placed on sarcopenia, which recently culminated in determination 
of an International Classification of Diseases (ICD-10) code.8 Furthermore, the rising prevalence 
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of sarcopenia among older Brazilians has now reached 17%,1 yet 
there is a lack of national preliminary data. Therefore, in this light, 
the aim of this study was to identify cutoff values for appendicular 
skeletal muscle (ASM), and handgrip strength in relation to fear 
of falling among Brazilian older adults.

OBJECTIVE
The aim of this study was primarily to identify evidence-based 
cutoff values for ASM and handgrip strength in relation to fear 
of falling; and secondarily, to ascertain the morphological and 
functional characteristics of Brazilian older adults according to 
gender and age groups.

METHODS

Design and ethics
This study had a cross-sectional design (frequency study) and 
data were collected during 2015 and 2016.

The present study was approved by the Ethics Committee of the 
University of Campinas, under protocol #39437514.0.0000.5404. 
All participants signed an informed consent statement in which 
they agreed to participate in the study, and this was signed before 
data collection.

Subjects
Subjects were recruited from four community centers for older 
adults in southeastern and southern Brazil during the study 
period, and were invited to participate voluntarily in a con-
venience sample. In these centers, they undertook social and 
physical activities provided by physical educators. Although 
subjects were recruited mainly in community centers, individu-
als who were not participating in regular activities (e.g, neigh-
bors, relatives and others living in the community) were also 
invited to participate. This ensured variability of this sample. 
It  is important to mention that neither center was responsible 
for rehabilitation or for any kind of medical treatment. 

The inclusion criteria were that the subjects should be: a) 
community-dwelling individuals; b) 60 years of age or older; 
and c) able to answer questions and perform functional and 
body composition tests. The exclusion criteria comprised situ-
ations of: a) uncontrolled cardiovascular or pulmonary disease, 
conditions associated with a risk of falling (i.e. Parkinson’s dis-
ease or stroke), physical and cognitive impairment (according to 
reported chronic diseases, e.g. presence of conditions that might 
entail a requirement for assistance in basic activities of daily liv-
ing) and items present in the functional assessment staging of 
Alzheimer’s disease (verified onsite); b) use of a metal prosthe-
sis and/or pacemaker (i.e. interference with the bioelectrical 
impedance analysis).

Assessments
The assessments were divided into two steps: a) indirect assess-
ments based on questionnaires; and b) direct assessments based 
on morphofunctional evaluations (i.e. anthropometric charac-
teristics and physical function). Before the evaluations, all tests 
were explained in detail to all participants by an experienced 
researcher. Verbal encouragement was provided to ensure that 
the participants reached the best performance possible. 

Indirect assessments

Chronic degenerative diseases, age, fear of falling and falls
A questionnaire was used to obtain data regarding the presence 
of chronic diseases, age, fear of falling and occurrences of falls 
during the year prior to this investigation. The questionnaire 
was based on simple questions that were answered by means of 
binary constructs (i.e. yes or no), so as to avoid possible misun-
derstanding between the researchers and the subjects. First, an 
extensive list of the most prevalent chronic diseases (e.g. hyper-
tension, diabetes or osteoporosis) among older adults was pre-
sented to the participants. They then stated whether they had any 
previous clinical diagnosis of the chronic condition (in the form 
of a yes/no response). These data are not shown and were used 
solely for exclusion purposes. 

In relation to fear of falling, the following question was asked: 
“Are you afraid of falling?”. The following question was asked about 
occurrences of falls: “Have you experienced a fall in the past year?’’. 
It is important to mention that only the question about occurrences 
of falls was retrospective: all the other questions and evaluations 
were in relation to the period within which the study was conducted. 

Direct assessments

Anthropometric measurements
Height was measured using a standard stadiometer and waist and 
hip circumferences using a measuring tape. The body composi-
tion was assessed by means of bioelectrical impedance analysis 
(BIA) (Tanita BC-108, Tokyo, Japan). The equipment provided 
the weight of the subject, and the height was inserted manually 
by the researcher. The analysis gave values for absolute and seg-
mented muscle and fat mass. The Tanita BIA uses a frequency of 
50 kHz to measure the quantity of intra and extracellular water 
in the body. This equipment has eight electrodes: four under the 
subjects’ feet and four on their hands. The ASM values (sum of 
muscle mass of limbs) are useful for diagnosing sarcopenia.9 
In this study, we used several adjustments (i.e. according to BMI, 
height squared and weight), as well as the non-adjusted data, to 
ascertain the best approach for Brazilian older adults. Additional 
data concerning absolute skeletal muscle was also provided.
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Physical function
Walking speed was evaluated over a 10-meter distance that was 
clearly marked out on the ground. An additional initial distance 
of 2 m was also marked out, thus making an overall marked-out 
distance of 12 m in length. The participants were asked to walk 
the entire distance at their usual pace. The time required to com-
plete the inner 10-m distance was assessed.10 Walking speed was 
calculated as a continuous value.

Cutoffs of 0.8 m/s and 1.0 m/s cutoffs were applied. The value 
of 0.8 m/s has been suggested in other studies as representative of 
slow walking. However, considering the range in walking speed 
that is seen in such studies, and the characteristics of the sam-
ple that we studied, 1 m/s was also used.2,3

The timed up-and-go (TUG) test has been widely described. 
The time taken for the subject to stand up from a seated position 
on a chair, walk three meters ahead in a straight line, go round a 
cone and return to the chair and sit down is measured.11

Handgrip strength was measured using a Jamar digital dyna-
mometer (Jamar Plus+; Sammons Preston, Rolyon, Bolingbrook, 
IL, USA). While seated, the subject held the dynamometer with 
elbow flexed at 90° without it touching his/her body. After prepara-
tion, the subject was instructed to pull the lever as much as possible. 
Each hand was tested once and the best value was used in the analy-
sis. The subjects were also instructed to avoid the Valsalva maneuver 
or blocked breath while performing the test. Handle position two 
was set as standard for all subjects, as previously recommended.12

Statistical analyses
All analyses were carried out using the SPSS software, version 21.0 
(IBM Inc., Chicago, IL, USA) and the MedCalc statistical software 
version 17.2 (MedCalc Software, Ostend, Belgium). Values were 
presented descriptively, as the mean ± standard deviation (SD) for 
continuous variables and frequency (%) for categorical values. 

To compare the older adults’ characteristics according to gender, 
unpaired t tests and chi-square tests were used for continuous and 
categorical variables, respectively. In analyses according to age, the 
subjects were divided into five groups (60 to 64, 65 to 69, 70 to 74, 
75 to 79 and 80 plus years old). For continuous variables, analysis 
of variance (ANOVA) was used; when statistical differences were 
found, Tukey’s post-hoc test was applied. For categorical variables, 
the chi-square test or Fisher’s exact test was used. 

In addition, receiver operating characteristic (ROC) curve 
analyses were used to ascertain cutoff values for ASM and handgrip 
strength in relation to fear of falling. For this, different adjustments 
of ASM and handgrip strength were used; the curves were then com-
pared to investigate statistical differences among them. The ROC 
curve compares the true-positive rate (sensitivity) versus the false-
positive rate (1 - specificity) across a range of values, regarding 
the ability to predict a dichotomous outcome. High sensitivity 

corresponds to high negative predictive value, while high speci-
ficity corresponds to high positive predictive value. Sensitivity and 
specificity were used to identify the cutoff values for ASM and hand-
grip strength in this study.13 

The area under the curve (AUC) measures test performance 
and describes the probability that a test will correctly identify indi-
viduals who did or did not have a condition and who were ran-
domly selected from the cohort. Generally, the closer the AUC is 
to 1, the better the overall diagnostic performance of the test will 
be, and the closer to 0.5 that it is, the poorer the test will be.14,15 

Sensitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV) and likelihood ratios (positive [LR+] 
and negative [LR-]) for ASM and handgrip strength in relation 
to fear of falling were computed. Predictive values describe the 
probability that a person has a condition once the results of his 
or her tests are known. LR+ and LR- indicate what the odds are 
that a disease will increase or decrease when a test is positive or 
negative, respectively.

Fear of falling was selected as the primary outcome for this 
study because of its association with psychological and physical 
issues such as falls, loss of confidence, restriction of activities and 
social withdrawal, which may lead to dependence and disabil-
ity.16,17 Other variables were considered as outcomes, such as falls 
and walking speed; however, due to the small number of subjects 
with positive results or missing data, no further analyses were con-
ducted. In all analyses, statistical significance was set at P < 0.05.

RESULTS
In total, 578 older adults (122 males and 456 females) partici-
pated in this study. These individuals presented diversity of race, 
ethnicity and geographic area of origin, and a range of health and 
functional states. Their characteristics are shown descriptively in 
Table 1. The mean age was 70.0 ± 6.7 years for males and 69.4 ± 
6.6 for females. Women had lower strength and were more over-
weight than men. Moreover, more women experienced a fall 
event during the year prior to this investigation (women 25.3% 
and men 14.4%) and reported fear of falling (women 65.7% and 
men 43.7%). Regarding physical function, women had slow 
walking speed than men (Table 1).

Tables 2 and 3 present the study data according to gender, 
divided into age groups. The highest rates of fear of falling were 
shown by the group aged 80 years and over, for both men and 
women. However, the difference was statistically significant only 
for men. Among the men, those aged 60 to 64 years were stron-
ger than those aged 80 and over, regarding the absolute values of 
handgrip strength. This difference was not seen when the data were 
adjusted according to BMI. The age group from 60 to 64 years also 
had higher levels of skeletal muscle (total and adjusted according 
to height squared) and total ASM. Regarding walking speed and 
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Table 1. Participants’ characteristics

Variables
Older adults (n = 578)

P
Male (n = 122) Female (n = 456)

Age (years) 70.5 ± 6.7 69.4 ± 6.6 0.11
Handgrip strength (kgf ) 37.4 ± 8.1 24.2 ± 4.8 < 0.001
Relative handgrip strength (adjusted for body mass index) 1.4 ± 0.3 0.8 ± 0.2 < 0.001
Body mass index (kg/m2) 26.8 ± 3.5 28.3 ± 4.9 < 0.001
Fat percentage (%) 26.2 ± 6.1 41.1 ± 6.8 < 0.001
Total skeletal muscle mass (kg) 51.4 ± 6.7 36.2 ± 3.3 < 0.001
Skeletal muscle mass
(adjusted for body mass index)

1.94 ± 0.2 1.31 ± 0.1 < 0.001

Skeletal muscle mass (kg/m2) (adjusted for height squared) 18.4 ± 1.4 15.3 ± 0.8 < 0.001
Skeletal muscle mass
(adjusted for weight)

0.7 ± 0.05 0.5 ± 0.06 < 0.001

Total appendicular skeletal muscle (kg) 25.2 ± 4.0 16.4 ± 1.8 < 0.001
Appendicular skeletal muscle 
(adjusted for body mass index)

0.95 ± 0.1 0.59 ± 0.08 < 0.001

Appendicular skeletal muscle (kg/m2) (adjusted for height squared) 9.04 ± 1.0 6.9 ± 0.6 < 0.001
Appendicular skeletal muscle (adjusted for weight) 0.34 ± 0.03 0.25 ± 0.02 < 0.001
Falls during the year prior to study 17 (14.4) 113 (25.3) 0.01
Fear of falling 52 (43.7) 291 (65.7) < 0.001
Waist circumference (cm) 97.5 ± 9.6 95.2 ± 11 0.03
Hip circumference (cm) 100.6 ± 6.3 103.5 ± 9.8 < 0.001
Timed Up and Go (s) 7.6 ± 2.6 8 ± 2.4 0.14
Usual walking speed (m/s) 1.3 ± 0.3 1.2 ± 0.2 0.03
Slow walking speed (using cutoff < 0.8 m/s) 6 (5.0) 17 (3.8) 0.56
Slow walking speed (using cutoff < 1.0 m/s) 18 (14.9) 62 (13.8) 0.77

Values are mean ± standard deviation or n (%).

Table 2. Characteristics of older men (n = 122) according to age
Variables 60~64 (n = 25) 65~69 (n = 35) 70~74 (n = 27) 75~79 (n = 24) 80+ (n = 11) P
Falls during the year prior to study 3 (12.5) 5 (14.7) 3 (11.1) 3 (13.0) 3 (30.0) 0.69
Fear of falling 8 (32.0) 13 (38.2) 8 (30.8) 15 (65.2) 8 (72.7) 0.02
Waist circumference (cm) 99.9 ± 8.3 95.4 ± 8.1 99.6 ± 9.7 97.6 ± 11.3 93.4 ± 11.3 0.16
Hip circumference (cm) 102.3 ± 6 100.2 ± 4.6 100.8 ± 6.3 101.0 ± 7.4 96.4 ± 8.8 0.16
Handgrip strength (kgf ) 40.4 ± 8.3 39.3 ± 6.5 37.7 ± 8.7 35.6 ± 6.8 28.6 ± 6.9ǂ < 0.001
Relative handgrip strength  
(adjusted for body mass index)

1.4 ± 0.2 1.4 ± 0.3 1.4 ± 0.4 1.3 ± 0.2 1.2 ± 0.2 0.13

Usual walking speed (m/s) 1.4 ± 0.2 1.4 ± 0.2 1.3 ± 0.3 1.2 ± 0.3† 1.0 ± 0.3ǂ† < 0.001
Slow walking speed (using cutoff < 0.8 m/s) -- -- 1 (3.7) 3 (12.5) 2 (18.2) 0.01
Slow walking speed (using cutoff < 1.0 m/s) 1 (4) 1 (2.9) 5 (18.5) 5 (20.8) 6 (54.5) < 0.001
Timed Up and Go (s) 7 ± 1.8 6.6 ± 1.6 7.5 ± 2.10 8.8 ± 3.9† 10 ± 2.4ǂ† < 0.001
Fat percentage (%) 27.5 ± 5.3 25.2 ± 5.9 26.7 ± 6.3 27.1 ± 5.3 22.3 ± 8.9 0.16
Body mass index (kg/m2) 27.8 ± 3.3 26.5 ± 3.2 27.1 ± 3.5 26.9 ± 3.8 23.4 ± 3.1ǂ 0.03
Total skeletal muscle mass (kg) 54.4 ± 6.8 52.4 ± 4.4 50.4 ± 6.5 50.8 ± 7.8 44.0 ± 5.7ǂ 0.001
Skeletal muscle mass  
(adjusted for body mass index)

1.9 ± 0.2 1.9 ± 0.2 1.9 ± 0.2 1.9 ± 0.2 1.8 ± 0.2 0.51

Skeletal muscle mass (kg/m2)  
(adjusted for height squared)

18.9 ± 1.2 18.5 ± 1.5 18.4 ± 1.1 18.4 ± 1.5 17.1 ± 1.7ǂ 0.03

Skeletal muscle mass (adjusted for weight) 0.6 ± 0.05 0.7 ± 0.05 0.7 ± 0.05 0.6 ± 0.05 0.7 ± 0.08 0.22
Total appendicular skeletal muscle (kg) 26.3 ± 3.9 25.7 ± 2.8 26.6 ± 4.1 25.3 ± 5.0 21.6 ± 3.7ǂ 0.03
Appendicular skeletal muscle  
(adjusted for body mass index)

0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.70

Appendicular skeletal muscle (kg/m2)  
(adjusted for height squared)

9.1 ± 0.8 9.1 ± 0.9 8.9 ± 0.9 9.0 ± 1.1 8.4 ± 1.2 0.34

Appendicular skeletal muscle (adjusted for weight) 0.3 ± 0.02 0.3 ± 0.02 0.3 ± 0.03 0.3 ± 0.02 0.3 ± 0.04 0.15

Values are mean ± standard deviation or n (%). Tukey’s post-hoc test: ǂ: ≠ 60~64; †: ≠ 65~69.
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the TUG tests, function also decreased as age increased; a simi-
lar trend was observed regarding BMI, but not regarding fat per-
centage (Table 2).

It was evident that older women had slower walking speed 
and TUG, and lower muscle strength than younger women, as 
shown by both absolute and relative handgrip strength. Fat per-
centage, BMI and skeletal muscle (total and adjusted accord-
ing to BMI, height squared and weight) also decreased with 
increasing age. Regarding ASM, only the total value and the 
value adjusted according to height squared failed to show sta-
tistical differences (Table 3).

The ROC curves and comparisons among them are presented 
in Figure 1. Regarding ASM, the adjustment according to BMI 
showed the best AUC in relation to fear of falling. Cutoff values 
were identified both for men and for women. For men, as shown 
in Table 4, the cutoff was 0.85 (AUC = 0.81; 95% confidence inter-
val, CI = 0.73-0.89; P < 0.001). Table 5 shows the accuracy data 
for ASM for men and Table 6 for women. For women (Table 7), 
the cutoff was 0.53 (AUC = 0.76; 95% CI = 0.71-0.81; P < 0.001).

Concerning handgrip strength, absolute values showed slight 
better AUC than did relative values among the men, while rela-
tive handgrip strength showed better AUC among the women. 
Therefore, we present cutoff values for both absolute and relative 

values: for men, as shown in Table 8, the cutoff for absolute handgrip 
strength was 30.0 kgf (AUC = 0.75; 95% CI = 0.66-0.84; P < 0.001). 
Table 9 shows the accuracy values for HGS for men, such as sen-
sitivity, and Table 10 shows these values for women. The cut-
off for women was  21.7 kgf (AUC = 0.56; 95% CI = 0.51-0.62; 
P = 0.02), as shown in Table 11. The cutoffs for relative handgrip 
strength were 1.07 (AUC = 0.74; 95% CI = 0.65-0.83; P < 0.001).

DISCUSSION
This study presented reference values for strength, physical func-
tion tests, body composition, anthropometric measurements, 
falls and fear of falling according to age from a community-
based cohort of older men and women aged 60 years and over. 
Moreover, cutoff values for ASM and handgrip strength, which 
are useful for ascertaining the existence of sarcopenia in older 
adults, were also presented in relation to fear of falling. 

As extensively reported in the literature, differences according 
to gender concerning ASM, strength and body composition were 
observed, as well as decline in physical function with increasing 
age among older adults. The tests used in this study have clinical 
relevance, and reference values of this nature are scarce in the 
Brazilian literature, which increases the external validity of this 
study. Even though some of these values were similar to those 

Table 3. Characteristics of older women (n = 455) according to age
Variables 60~64 (n = 127) 65~69 (n = 123) 70~74 (n = 102) 75~79 (n = 68) 80+ (n = 35) P
Falls during the year prior to study 25 (20.2) 30 (25.0) 27 (27.0) 21 (31.3) 9 (26.5) 0.52
Fear of falling 75 (60.5) 73 (60.8) 69 (69.7) 49 (73.1) 24 (75) 0.06
Waist circumference (cm) 95.7 ± 10.9 94.9 ± 10.1 97.2 ± 12.1 92.7 ± 10.8 93.3 ± 10.2 0.07
Hip circumference (cm) 104.7 ± 9 102.7 ± 8.9 105.2 ± 11.7 101.7 ± 9.9 100.7 ± 7.3 0.03
Handgrip strength (kgf ) 25.5 ± 5 25.1 ± 4.5 24.5 ± 4.4 21.5 ± 3.8ǂ†‖ 20.9 ± 4.7ǂ†‖ < 0.001
Relative handgrip strength  
(adjusted for body mass index)

0.8 ± 0.2 0.9 ± 0.2 0.8 ± 0.2 0.8 ± 0.1† 0.8 ± 0.2 0.01

Usual walking speed (m/s) 1.3 ± 0.2 1.3 ± 0.2 1.2 ± 0.2ǂ 1.2 ± 0.3ǂ† 1 ± 0.3ǂ†‖‡ < 0.001
Slow walking speed (using cutoff < 0.8 m/s) -- 3 (2.5) 1 (1.0) 7 (10.4) 6 (17.6) < 0.001
Slow walking speed (using cutoff < 1.0 m/s) 8 (6.5) 11 (9.2) 13 (12.7) 15 (22.4) 15 (44.1) < 0.001
Timed Up and Go (s) 7.0 ± 1.4 7.5 ± 1.9 8.2 ± 2.1ǂ 9.0 ± 2.9ǂ† 11.0 ± 3.8ǂ†‖‡ < 0.001
Fat percentage (%) 42.0 ± 6.1 40.9 ± 6.5 42.6 ± 6.7 39.4 ± 6.9‖ 37.3 ± 8.2ǂ†‖ < 0.001
Body mass index (kg/m2) 29.2 ± 5.5 28.1 ± 4.2 29.1 ± 4.9 27.0 ± 4.3ǂ‖ 25.9 ± 4.1ǂ‖ < 0.001
Total skeletal muscle mass (kg) 36.9 ± 3.2 36.5 ± 3.2 35.9 ± 3.3 35.2 ± 3.4ǂ 34.9 ± 3.7ǂ 0.001
Skeletal muscle mass  
(adjusted for body mass index)

1.3 ± 0.2 1.3 ± 0.1 1.2 ± 0.1 1.3 ± 0.1 1.3 ± 0.2‖ 0.008

Skeletal muscle mass (kg/m2)  
(adjusted for height squared)

15.4 ± 0.8 15.3 ± 0.8 15.4 ± 0.7 15.1 ± 0.6 14.9 ± 0.8ǂ‖ 0.009

Skeletal muscle mass (adjusted for weight) 0.5 ± 0.05 0.5 ± 0.06 0.5 ± 0.05 0.5 ± 0.06ǂ‖ 0.5 ± 0.07ǂ†‡ < 0.001
Total appendicular skeletal muscle (kg) 16.4 ± 1.7 16.6 ± 1.8 16.4 ± 1.8 16.1 ± 2.0 16.3 ± 2.1 0.62
Appendicular skeletal muscle  
(adjusted for body mass index)

0.5 ± 0.07 0.5 ± 0.07 0.5 ± 0.07 0.6 ± 0.08ǂ 0.6 ± 0.09ǂ‖ < 0.001

Appendicular skeletal muscle (kg/m2)  
(adjusted for height squared)

6.8 ± 0.6 6.9 ± 0.6 7.1 ± 0.6 6.9 ± 0.6 7.0 ± 0.7 0.15

Appendicular skeletal muscle  
(adjusted for weight)

0.2 ± 0.02 0.2 ± 0.02 0.2 ± 0.02 0.2 ± 0.03ǂ‖ 0.2 ± 0.03ǂ†‖ < 0.001

Values are mean ± standard deviation or n (%). Tukey’s post-hoc test: ǂ: ≠ 60~64; †: ≠ 65~69; ‖: ≠ 70~74; ‡: ≠ 75~79.
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found in other populations, local values are preferable when 
available, given that regional characteristics can alter results 
and comparisons. These data may be useful for clinicians who 
need reference values to make comparisons with observed per-
formance within clinical practice and research, and to compare 
different populations.

Table 4. Appendicular skeletal muscle (ASM) adjusted for body 
mass index (BMI), in relation to fear of falling among men

Fear of falling
Total

Present Absent
ASM (BMI) < 0.85 14 5 19
ASM (BMI) > 0.85 28 67 95
Total 42 72 114

Pearson chi-square P < 0.001. 

ASM (non-adjusted) ≠ ASM (adjusted for height squared), P = 0.03
ASM (adjusted for BMI) ≠ ASM (adjusted for height squared), P = 0.02
ASM (non-adjusted) ≠ ASM (adjusted for BMI), P < 0.001
ASM (adjusted for BMI) ≠ ASM (adjusted for weight), P < 0.001
ASM (adjusted for BMI) ≠ ASM (adjusted for height squared), P < 0.001
ASM (adjusted for height squared) ≠ ASM (adjusted for weight), P < 0.001
Handgrip strength (absolute) ≠ Relative handgrip strength (adjusted for BMI), P < 0.001
AUC = area under the curve; ASM = appendicular skeletal muscle; BMI = body mass index; HGS = handgrip strength.

Figure 1. Receiver operating characteristic curves for appendicular skeletal muscle with different adjustments and for handgrip strength 
(absolute value and adjusted for body mass index). Fear of falling was used as the outcome variable. Data on men (A-B) and women (C-D) 
are presented. Statistical differences among or between curves are presented, as applicable. 
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Table 5. Accuracy of appendicular skeletal muscle (ASM) for 
prediction of fear of falling among men
Sensitivity {14/(14+28)} 0.33 33%
Specificity {67/(5+67)} 0.93 93%
Positive predictive value (PPV) {14/(14+5)} 0.73 73%
Negative predictive value (NPV) {67/(28+67)} 0.70 70%

Positive likelihood ratio (LR+)
sensitivity/

(1-specificity)
4.71

Negative likelihood ratio (LR-)
(1-sensitivity)/

specificity
0.72

Table 6. Accuracy of relative appendicular skeletal muscle 
(ASM) for prediction of fear of falling among women
Sensitivity {84/(84+194)} 0.30 30%
Specificity {140/(12+140)} 0.92 92%
Positive predictive value (PPV) {84/(84+12)} 0.87 87%

Negative predictive value (NPV)
{140/

(194+140)}
0.41 41%

Positive likelihood ratio (LR+)
sensitivity/

(1-specificity)
3.75

Negative likelihood ratio (LR-)
(1-sensitivity)/

specificity
0.76

Table 7. Appendicular skeletal muscle adjusted (ASM) for body mass 
index (BMI), in relation to fear of falling among women 

Fear of falling
Total

Present Absent
ASM (BMI) < 0.53 84 12 96
ASM (BMI) > 0.53 194 140 334
Total 278 152 430

Pearson chi-square P < 0.001. 

Table 8. Absolute* and relative† handgrip strength (HGS) in relation to 
fear of falling among men

Fear of falling
Total

Present Absent
Absolute HGS < 30 kgf 18 4 22
Absolute HGS > 30 kgf 28 71 99
Total 46 75 121
Relative HGS (BMI) < 1.07 12 5 17
HGS (BMI) > 1.07 31 69 100
Total 43 74 117

*Pearson chi-square P < 0.001; †Pearson chi-square P = 0.002.

Table 9. Accuracy of absolute and relative handgrip strength (HGS) for prediction of fear of falling among men
Absolute

Sensitivity {18/(18+28)} 0.39 39%
Specificity {71/(4+71)} 0.94 94%
Positive predictive value (PPV) {18/(18+4)} 0.81 81%
Negative predictive value (NPV) {71/(28+71)} 0.71 71%
Positive likelihood ratio (LR+) sensitivity/(1-specificity) 6.5
Negative likelihood ratio (LR-) (1-sensitivity)/specificity 0.64

Relative
Sensitivity {12/(12+31)} 0.27 27%
Specificity {69/(5+69)} 0.93 93%
Positive predictive value (PPV) {12/(12+5)} 0.70 70%
Negative predictive value (NPV) {69/(31+69)} 0.69 69%
Positive likelihood ratio (LR+) sensitivity/(1-specificity) 3.85
Negative likelihood ratio (LR-) (1-sensitivity)/specificity 0.78

Table 10. Accuracy of absolute and relative handgrip strength (HGS) for prediction of fear of falling among women
Absolute

Sensitivity {87/(87+204)} 0.29 29%
Specificity {115/(42+115)} 0.73 73%
Positive predictive value (PPV) {87/(87+42)} 0.67 67%
Negative predictive value (NPV) {115/(204+115)} 0.36 36%
Positive likelihood ratio (LR+) sensitivity/(1-specificity) 1.07
Negative likelihood ratio (LR-) (1-sensitivity)/specificity 0.97

Relative
Sensitivity {65/(65+218)} 0.22 22%
Specificity {141/(14+141)} 0.90 90%
Positive predictive value (PPV) {65/(65+14)} 0.82 82%
Negative predictive value (NPV) {141/(218+141)} 0.39 39%
Positive likelihood ratio (LR+) sensitivity/(1-specificity) 2.2
Negative likelihood ratio (LR-) (1-sensitivity)/specificity 0.86
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The evidence from this study highlights the imminent haz-
ard that surrounds the oldest age group (80 years and over). 
These individuals showed the highest fear of falling, which may 
have impacted on their physical performance, which was the 
worst among the groups. It is difficult to predict when this cas-
cade effect will begin, but it is crucial to implement interventions 
addressing physical and psychosocial issues, in order to face up 
to these conditions and thus promote health.

The values for handgrip strength that we found here were simi-
lar to those shown by Yoshimura et al.18 However, the subjects in 
their study performed better regarding walking speed. Importantly, 
in their study, the subjects were categorized into decades of age 
and walking speed was measured along a 6-m path. 

The Asian Working Group for Sarcopenia (AWGS) recom-
mended using the lowest 20th percentile of handgrip strength of 
the study population as the cutoff value for low strength, due to the 
lack of outcome-based cutoff values. Thus, they suggested values of 
< 26 kgf for men and < 18 kgf for women.2 Similarly, the European 
Working Group on Sarcopenia in Older People (EWGSOP) sug-
gested < 30 kgf for men and < 20 kgf for women as cutoff val-
ues.3 In our study, we found cutoffs of 30 kgf for Brazilian men 
and 21.7 kgf for Brazilian women, for absolute handgrip strength 
values. Although we were unable to contribute cutoff values for 
walking speed among Brazilian older adults at this time, both of 
these previous studies (AWGS and EWGSOP) recommended use 
of < 0.8 m/s as the cutoff for slow walking performance.2,3

Concerns have been raised regarding the influence of body 
mass on the relationships between performance, strength and 
muscle mass. These were raised especially by the Foundation for 
the National Institutes of Health (FNIH Sarcopenia Project), a large 
sample study that used multiple existing data sources to identify 
criteria for clinically relevant weakness and low lean mass.5,19,20 
Therefore, we performed several analyses to clarify the need to adjust 
handgrip strength and muscle mass for body mass. Through this, 
we found cutoffs for relative handgrip strength adjusted for BMI 
of 1.07 for men and 0.66 for women. The definitions for weakness 
suggested from the FNIH Sarcopenia Project were ratios < 1.0 for 

men and < 0.56 for women.20 The necessity for this adjustment 
will be further discussed below.

Regarding the TUG, Bohannon (2006) conducted a descrip-
tive meta-analysis and found mean values according to age (60 to 
69, 70 to 79 and 80 to 99 years) of 8.1 seconds (95% CI = 7.1-9.0), 
9.2 seconds (95% CI = 8.2-10.2) and 11.3 seconds (95% CI = 10.0-
12.7), respectively.11 Individuals whose performance was outside 
the limits of these confidence intervals could be considered to 
have worse-than-average performance. These values were within 
the range that we found in our study. Furthermore, considering 
healthy Japanese individuals aged 60 years and over, Kamide et al. 
found that the weighted mean for TUG with maximum effort 
was 6.60 seconds (95% CI = 6.18-7.02) and that at the usual pace 
it was 8.86 seconds (95% CI = 7.99-9.72).21 This was certainly faster 
than has been found in other populations.

The data of our study showed through specific tests that physi-
cal performance declined for both genders as age increased, but that 
the changes in skeletal muscle depended on the adjustment applied. 
The ASM cutoff values (adjusted for BMI) that were identified among 
older adults according to gender were 0.85 for men and 0.53 for 
women. Interestingly, the values proposed by the FNIH Sarcopenia 
Project were 0.789 and 0.512, for men and women, respectively.5 
We also found that adjustments for BMI were the best approach in 
relation to both genders. Therefore, we suggest that these cutoffs 
should be used to screen older adults of both sexes for higher risk of 
disability, in relation to fear of falling. These values provide a more 
realistic approach towards Brazilian older individuals.

Because of the adjustments to the data that we implemented, 
our results are not directly comparable with other proposed defini-
tions for low ASM or sarcopenia. Initially, both the EWGSOP and 
AWGS groups suggested the approach of using –2 SD of ASM in 
young individuals as a cutoff point for muscle mass.2,3 However, low 
muscle mass alone is not consistently associated with adverse health 
outcomes,5 which thus poses the challenge of implementing new 
approaches. Hence, the methodology adopted in our study limited 
our ability to make comparisons, but it stimulates other research-
ers to provide more suitable and comparable data.

Considering the role of body mass, it differed according to 
gender. In men, the AUC was slightly smaller for relative than for 
absolute handgrip strength. However, in women, relative handgrip 
strength showed better results. Interestingly, Alley et al. reported 
a similar finding.19 In our study, this was seen despite our small 
sample size in the men’s group and with a different outcome-based 
variable. It remains unclear why this occurred. BMI would be more 
important for women than for men.

To our knowledge, this was the first study to provide refer-
ence data and cutoff values adjusted according to body mass, for 
Brazilian older adults. We expect that these data will be useful 
both for clinicians within their practice and for researchers, who 

Table 11. Absolute* and relative† handgrip strength (HGS) in 
relation to fear of falling among women

Fear of falling
Total

Present Absent
Absolute HGS < 21.7 kgf 87 42 129
Absolute HGS > 21.7 kgf 204 115 319

Total 291 157 448

Relative HGS (BMI) < 0.66 kgf 65 14 79

Relative HGS (BMI) > 0.66 kgf 218 141 359

Total 283 155 438

*Pearson chi-square P = 0.48; †Pearson chi-square P < 0.001.
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will now be able to use Brazilian data regarding physical function 
and muscle mass in older adults.

We provided several adjustments to the data, but for consis-
tency, we encourage researchers to use ASM adjusted for BMI and, 
according to convenience, to choose between absolute and relative 
handgrip strength adjusted for BMI, for both men and women, 
or even different types of indicators for each gender. For walking 
speed, a cutoff value < 0.8 m/s, as previously suggested,2,3,5 can 
be applied within both research and clinical practice to identify 
mobility impairment. Values for physical function tests and other 
variables can be used as references, according to age categories, as 
we presented in this study.   

The limitations of this study included: (i) its cross-sectional 
design, which did not allow determination of a cause-effect rela-
tionship between the variables; (ii) the small number of older male 
subjects; (iii) the retrospective nature of the data on occurrences of 
falls, which may have been biased; and (iv) the use of fear of fall-
ing, and no other disability condition or mortality, as the outcome. 
Longitudinal analyses are preferable over cross-sectional designs 
and are appropriate for establishing clinical diagnostic cutoff val-
ues.5 Moreover, even though mortality or other disability outcomes 
seem more representative for sarcopenia, fear of falling was highly 
associated with sarcopenia among older adults,22 as previously veri-
fied, thus justifying its use as an outcome. We suggest that future 
studies should recruit larger numbers of male subjects and use 
different sampling fields and alternative methods for investigat-
ing body composition, such as dual-energy x-ray absorptiometry. 
In addition, longitudinal studies using disability or mortality as 
an outcome are necessary in order to determine optimal cutoffs 
for ASM, handgrip strength and walking speed.   

In summary, we identified age-related decline in physical func-
tion and changes in body composition and anthropometric measure-
ments. Moreover, cutoff values for handgrip strength (absolute: men 
< 30 kgf; women < 21.7 kgf; and relative: men < 1.07; women < 0.66) 
and for ASM (ASM adjusted for BMI: men < 0.85; women < 0.53), 
in relation to fear of falling among Brazilian older adults were also 
provided. Further analyses also suggested that adjustment for BMI 
may influence how the data can be interpreted. The cutoff value for 
walking speed was established as < 0.8 m/s, as previously recom-
mended. In future studies, we intend to evaluate the capacity of these 
cutoff values to identify individuals who are in a vulnerable condi-
tion, especially regarding low quality of life and frailty. 

CONCLUSION
The values for physical function tests and other variables, pre-
sented according to age groups, highlight the hazards that sur-
round the most elderly individuals. These data are useful references 
both for clinicians within practice and for researchers. Moreover, 
ASM adjusted for BMI was the best approach, while adjustment of 

handgrip strength varied according to gender. We recommend use 
of ASM adjusted for BMI and to choose either absolute handgrip 
strength or relative handgrip strength (adjusted for BMI), for both 
men and women, according to study needs.
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