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Introduction

The European Working Group on Sarcopenia in Older 
People (EWGSOP) has defined  sarcopenia as low muscle mass 
and low muscle function (strength or performance) (1) and has 
proposed a stepped process to identify persons with sarcopenia 
in clinical settings based on only assessing muscle mass when 
muscle function (measured in terms of gait speed and grip 
strength) is found to be reduced. Thus, gait speed is first 
measured and, if normal (>0.8 m/s), grip strength is measured; 
muscle mass only is assessed when either of the former 
measures is abnormal. In such cases, a person is considered to 
have sarcopenia if their muscle mass value is below a critical 
threshold. 

The EWGSOP consensus permits sarcopenia assessment in 
several ways. This means that results for the same person may 
differ depending on various factors: the technique used (e.g., 
dual energy X-ray absorptiometry vs bioimpedance analysis 
(BIA)); the parameters assessed (e.g., appendicular muscle 
mass vs total muscle mass); the devices used (e.g., strain vs 
hydraulic dynamometers when assessing grip strength); and, 
finally, threshold criteria (e.g., normative values for healthy 
young adults with cut-off points at 2 standard deviations below 

the mean reference value). Although detection and treatment 
in clinical settings is undoubtedly aided by this flexibility in 
assessment, comparability between studies is also potentially 
affected.

The above issues may explain the wide discrepancies found 
in sarcopenia prevalence according to the EWGSOP definition 
(2) when comparing different definitions (3,4) and when 
comparing different cut-off point combinations (5). 

The few existing studies examining the role of cut-off 
points in sarcopenia prevalence (3–5) have been based on 
tabulating prevalence in the same population using a limited set 
of cut-off combinations for one or more parameters. Although 
extrapolations outside the studied ranges can be unreliable, this 
limitation can theoretically be overcome by plotting prevalence 
across the entire span of possible values for each parameter. 
However, we are not aware of any study to date that has used 
this approach. 

The aim of this article is to show how different cut-off points 
for muscle mass, gait speed and grip strength affect sarcopenia 
prevalence and, in last term, comparability between studies. 
Note that our intention is not to appraise or recommend any 
particular method or cut-off point for sarcopenia assessment.
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kg/m2 to 8.87 kg/m2, the corresponding increases were from 1% to 22% and from 6% to 41%, respectively. 
Changes in gait speed and grip strength had a limited impact on sarcopenia prevalence. Conclusion: The cut-off 
points used for muscle mass affect the reported prevalence rates for sarcopenia and, in turn, affect comparability 
between studies. The main factors influencing the magnitude of the change are muscle mass index distribution in 
the population and the absolute value of the cut-off points: the same difference between two references (e.g., 7.5 
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Methods

The population in this cross-sectional analysis of the ELLI 
study — described elsewhere(6–8) — was composed of persons 
≥70 years old, recruited from geriatric outpatient clinics and 
nursing homes from Spain, able to walk by themselves with 
or without the help of technical aids, who gave their consent 
to participate in the study. Exclusion criteria were as follows: 
advanced dementia (Global Deterioration Scale score of 7); 
terminal illness (life expectancy of less than 6 months); the 
presence of edema or hydration disorders that could affect BIA 
results; corticosteroid treatment for at least 30 days previously; 
hearing or vision impairments that could interfere with the 
study; degenerative muscle diseases; and the presence of any 
other condition that could suppose a risk to the participant. A 
total of 574 persons were recruited consecutively: 298 from 5 
outpatient clinics and 276 from 7 nursing homes, those with 
incomplete data for muscle mass, gait speed or grip strength 
have been discarded.. 

Muscle grip strength was assessed as the best of 3 attempts 
with the dominant hand using a hydraulic dynamometer Jamar 
5030J1 (Sammons Preston Rolyan, Chicago, USA). Gait speed 
was assessed using the 4 m walk from the Short Physical 
Performance Battery(9). Body composition in terms of fat, and 
fat-free mass was assessed by BIA using the AKERN BIA 101 
New Edition 50 Khz monofrequency device (AKERN SRL, 
Florence, Italy). Skeletal muscle mass was estimated using the 
Janssen equation (10) and the muscle mass index (MMI) was 
calculated by dividing skeletal muscle mass by squared height 
(in meters).

For the purpose of our study, sarcopenia was defined 
according to EWGSOP criteria (1) as low muscle mass with 
weakness and/or low gait speed. Default cut-off points were set 
in accordance with EWGSOP recommendations: for the MMI, 
less than 2 standard deviations below the mean for a Spanish 

reference group, namely, 8.31 kg/m2 and 6.68 kg/m2 for young 
healthy men and women, respectively (11); for gait speed, 0.8 
m/s or less; and for grip strength, less than 30 kg in men and 
less than 20 kg in women. 

We plotted the data for each variable for men and for 
women (Figures 1 to 3) separated by outpatient clinics (A) and 
nursing homes (B). For all the graphs, the vertical axis shows 
prevalence, the horizontal axis shows the threshold at which 
a parameter is considered abnormal and the continuous lines 
represent persons with sarcopenia (low MMI with slowness 
and/or weakness according to the default cut-off points of the 
variables not present in the horizontal axis).

For the MMI plots (Figure 1), the broken lines represent 
the percentage of persons with their MMI below the threshold, 
independently of muscle function. The difference between 
continuous and broken lines at a given threshold represents 
persons with preserved gait speed and grip strength at that 
MMI. For instance, in men from outpatient clinics (chart A), 
for a threshold of 9.5 kg/m2, 37% of all men have a MMI of 9.5 
kg/m2 or lower and 32% of all men have sarcopenia with the 
default cut-off values of gait speed and grip strength and 5% of 
all men have a MMI below the threshold with both gait speed 
and grip strength preserved). 

For the gait speed plots (Figure 2), broken lines represent 
persons with a low MMI (according to default values) and gait 
speed below the threshold. The difference between continuous 
and broken lines at a given threshold represents the percentage 
of persons with gait speed above the threshold but low MMI 
and weakness. For instance, in outpatient clinics (chart A), 
and referring to women, for an MMI under 6.68 kg/m2 and 
grip strength under 20 kg: at a gait speed threshold of 0 m/s, 
21% were considered to have sarcopenia, in all cases due to a 
low MMI and weakness (that is, none had low gait speed); and 
at a gait speed threshold of 0.6 m/s, 22% were considered to 
have sarcopenia, 13% due to low gait speed (independently of 

Table 1
Sarcopenia prevalence applying different muscle mass index cut-off points from the literature with the default cut-off values of gait speed and 

grip strength

Study reference Cut-off point (kg/m2)  Outpatient Nursing-home resident
Men Women Men n=109 Women 

n=187
Total n=296 Men n= 84 Women 

n=188
Total n=272

(12) 6.19 4.73 0.0% 1.6% 1.0% 0.0% 0.5% 0.4%
(13) 7.26* 5.45 0.9% 4.3% 3.0% 6.0% 9.0% 8.1%
(14) 7.25 5.67 0.9% 5.9% 4.1% 6.0% 13.3% 11.0%
(15) 8.51* 5.76 14.7% 6.4% 9.5% 22.6% 16.0% 18.0%
(16) 8.60 6.20* 17.4% 12.3% 14.2% 25.0% 28.2% 27.2%
(17,18) 8.87 6.42 22.0% 17.1% 18.9% 40.5% 37.8% 38.6%
(11) 8.31 6.68 12.8% 23.0% 19.3% 15.5% 46.8% 37.1%
(15) 10.76 6.76 57.8% 27.3% 38.5% 77.4% 51.1% 59.2%
The studies are ranked from lower to higher outpatient prevalence rates; * Value 0.01 kg/m2 lower than in the reference study.
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strength) and 9% due to weakness when gait speed was over 0.6 
m/s.

Grip strength plots (Figure 3) are interpreted in an analogous 
way to the gait speed plots: broken lines represent persons 
with a low MMI and grip strength below the threshold. The 
difference between continuous and broken lines at a given 
threshold represents the percentage of persons with grip 
strength above the threshold but with low MMI and slowness.

Figure 1
Muscle mass index (MMI): Prevalence of sarcopenia and 
distribution of MMI in outpatient clinics (A) and nursing  

homes (B)

Changes in prevalence are expressed as absolute percentage 
points. We used the McNemar test for paired proportions to 
compare sarcopenia prevalence with different cut-off points.

Results

Overall, elderly people attending outpatient clinics had 
higher MMI, gait speed and grip strength values than elderly 
people in nursing homes.

MMI distribution was sigmoid in shape in all cases (Figure 
1). The lines for groups with a higher MMI (men vs women 

and outpatients vs nursing-home residents) were displaced to 
the right. Prevalence of sarcopenia followed a similar pattern 
(Figure 1), growing as the MMI threshold increased but never 
reaching 100% of the population, given that grip strength 
and gait speed were preserved in some cases: when the cut-
off point was set at the highest MMI value measured in the 
group (each person with slow gait speed or low grip strength 
was thus considered to have sarcopenia), prevalence reached 
nearly 100% (187/188) in nursing homes and 93% (175/187) 
in outpatient clinics for women and 93% (78/84) in nursing 
homes and 84% (92/109) in outpatient clinics for men. All men 
with an MMI under 8.5 kg/m2 and all women with an MMI 
under 5.5 kg/m2 had slow gait speed and/or weak grip strength. 
No minimum MMI was found that guaranteed preservation of 
gait speed and/or grip strength. Furthermore, for the 20% of 
persons with the highest MMI in each group, in the best case 
over 8 out of 10 subjects had slowness and/or weakness. The 
slope between the change in MMI and the change in sarcopenia 
prevalence was not uniform but was influenced by the absolute 
MMI value, sex and setting. In outpatient men, for instance, 
a change in MMI from 7.5 kg/m2 to 8.5 kg/m2 to 9.5 kg/m2 
produced a rise in sarcopenia prevalence from 5% to 15% to 
32%, respectively. 

To demonstrate the impact of the MMI threshold, we 
tabulated sarcopenia prevalence in our sample using cut-off 
points as used in other studies (Table 1) (11–18). Discarding 
the lowest and highest cut-off values for men and women, 
in women, an MMI increase from 5.45 kg/m2 to 6.68 kg/m2 
produced an absolute change of 19 and 38 percentage points 
in outpatients and nursing-home residents, respectively; for 
men, for an MMI increase from 7.25 kg/m2 to 8.87 kg/m2, 
the corresponding changes were 21 and 35 percentage points, 
respectively.

In relation to gait speed (Figure 2), noteworthy was the fact 
that 1 in 4 nursing-home residents was unable to walk safely. 
Rated slow at a 0.6 m/s threshold were 77%, 51%, 63% and 
23% of female nursing-home residents, female outpatients, 
male nursing-home residents and male outpatients, respectively; 
the corresponding figures for a 1 m/s threshold were 97%, 94%, 
92% and 84%, respectively. Nevertheless, in the range 0.6 m/s 
to 1 m/s, we only detected a change in sarcopenia prevalence in 
outpatient clinics women, from 22% to 25%.

In relation to grip strength (Figures 3) — for which typical 
weakness thresholds are 26-32 kg in men and 16-21 kg in 
women — setting the threshold at 32 kg as opposed to 26 kg 
increased weakness prevalence from 59% to 92% for male 
outpatients and from 86% to 96% for male nursing-home 
residents; for women, setting the threshold at 21 kg as opposed 
to 16 kg increased weakness prevalence from 65% to 90% 
for outpatients and 81% to 97% for nursing-home residents. 
Nevertheless, for the above ranges, we only detected a change 
in sarcopenia prevalence in outpatient clinics women, from 20% 
to 23%.
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Figure 2
Gait speed (GS): Prevalence of sarcopenia and prevalence of 

low muscle mass index (MMI) with low GS in outpatient clinics 
(A) and nursing homes (B)

Discussion

Our findings are similar to those of the Foundation for the 
National Institutes of Health (FNIH) Sarcopenia Project, which 
reported sarcopenia prevalence based on muscle mass alone 
ranging from 7% to 50% (19, 20). However, since that study 
used appendicular lean mass measured by DXA rather than 
absolute muscle mass, the results are not directly comparable 
with our results. Another study (4) reported variations in 
sarcopenia prevalence — depending on the criteria used — 
ranging from 2% to 34% in elderly outpatients and from 0% 
to 15% in healthy elderly persons; however, this study did not 
explore the individual impact of muscle mass, grip strength and 
gait speed on prevalence.

Changes in cut-off points for gait speed and grip strength 
can affect prevalence rates for slowness or weakness. However, 
when sarcopenia is defined according to alterations in at least 
one of these parameters, use of Fried (19) or FNIH Sarcopenia 
Project (20, 21) values has little impact on prevalence and 
does not greatly affect comparability between studies, even 
when these are conducted in different settings. This fact can 

be explained by the lack of correlation between MMI and gait 
speed/grip strength scores(7, 8); thus, persons with a normal 
MMI may be weak and/or slow and persons with preserved gait 
speed and grip strength may have a low MMI. In our study, 
the correlation between gait speed and grip strength was weak, 
especially in nursing-home residents: of persons with a low 
MMI, most with normal gait speed were weak and most with 
normal grip strength were slow. Due to limitations of the study, 
we cannot state if this lack of correlation is due to presence of 
highly prevalent conditions (as arthritis or osteoporosis) that 
may affect muscle function (22, 23). Nevertheless, since our 
sample is not representative of the general population, data on 
gait speed and grip strength must be interpreted with care. 

Figure 3
Muscle grip strength (MGS): Prevalence of sarcopenia and 

prevalence of low muscle mass index (MMI) with low MGS in 
outpatient clinics (A) and nursing homes (B)

The wide range of criteria typically used to define low gait 
speed and weakness had little impact on the comparability of 
sarcopenia prevalence rates in our outpatient and nursing-home 
populations. In contrast, small changes in MMI thresholds 
significantly affect comparability. Given the shape of the 
distribution of the MMI, the magnitude of the change — the 
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increase of the prevalence per each additional MMI unit — 
responds to 2 factors: first, muscle mass distribution in the 
studied population, that is, whether the MMI curve is displaced 
to the left or the right, and second, the absolute cut-off values 
rather than the difference between thresholds; this is because 
the same difference between thresholds — e.g., 7.5 kg/m2 to 
8.5 kg/m2 vs 8.5 kg/m2 to 9.5 kg/m2 — may result in different 
changes in prevalence. These results suggest that is relatively 
safe the comparison of studies with high cut-off points for gait 
speed(24) or grip strength as far as they have the same or very 
close MMI thresholds.

A simplistic classification of persons as “having sarcopenia” 
or “not having sarcopenia” implies a loss of meaningful 
information. Two reporting strategies would prevent this 
loss and improve comparability between studies. We thus 
recommend reporting (as well as prevalence data) median and 
interquartile range data for muscle mass, grip strength and gait 
speed, as these do not rely on definition criteria and are less 
affected than means and standard deviations by a non-normal 
distribution of the parameters. We also recommend providing 
a breakdown of the aforementioned data for men and women, 
given that each sex has different cut-off points for muscle mass 
and grip strength.
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