
Introduction

Muscle strength is a very important prerequisite for healthy 
aging (1). It is a predictor of adverse health outcomes, such as 
dependence in activities of daily living (ADL) and mortality (2) 
in community-living older adults. Older people whose strength 
drops significantly due to chronic diseases or inactivity, and 
who lose independence in daily activities, receive support from 
home care or become institutionalised in long-term care (3). 
At admission to the institution, people are assessed for their 
need of care. However, standardized assessment of muscle 
status is typically not undertaken (4) even though nursing-
home residents are at risk for further strength and functional 
decline (3, 5). Rather, residents are specifically evaluated 
for physical capacity only when negative consequences of 
functional decline, such as falls, occur. Since low muscle 
strength and function can be improved even in frail older 
people (6), strength testing is considered important in order to 
prescribe tailored interventions in a timely manner.

The two strength tests, handgrip strength (HGS) and chair 
stand test (CST), are quick and easy to perform and reportedly 
meaningful for health-related outcomes in community-dwelling 

older people (7). The European Working Group for Sarcopenia 
in Older People (EWGSOP2) advocates these two tests with 
distinct cut-off values to detect those likely to have sarcopenia 
(probable sarcopenia): the HGS of <16 kg for women and 
< 27 kg for men, and a CST of > 15 seconds (8). In case of 
probable sarcopenia detection, recommended interventions are 
initiated to improve strength even if the diagnosis of sarcopenia 
is not/not yet confirmed (8), as prevention of decline is vital. 
However, strength testing in long-term care has been little 
explored (5), despite the urgent need for specific information 
about muscle performance in this population. Feasibility of 
strength tests in older nursing-home residents to detect probable 
sarcopenia is questionable (7, 9). Moreover, the indicative 
value of probable sarcopenia detected by the EWGSOP2 
guidelines for health-related outcomes, such as frailty and 
ADL dependence, in older nursing-home residents has not been 
explored to date. The objectives of this study, therefore, were 
to:
1.	 Evaluate the feasibility of HGS and CST in nursing-home 

residents
2.	 Evaluate the prevalence of probable sarcopenia detected 

by each test, according to cut off values defined by the 
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EWGSOP2
3.	 Explore the differences between the sub-groups with/without 

probable sarcopenia in regard to strength, function, ADL 
dependence, comorbidities and frailty

Methods

Study design
An observational, cross-sectional study to assess muscle 

strength, physical function and frailty was undertaken in Swiss 
nursing-home residents between August and December 2017. 

Participants
Older adults, aged 65 years and over, were screened for 

exclusion criteria by a certified nurse based on the RAI 
(Resident Assessment Instrument) which is routinely performed 
in nursing-home residents. Exclusion criteria were: a) severely 
impaired decision making (Cognitive performance scale > 4 
points); b) a history of acute lower limb pathology (fracture 
and/or surgery within the last 6 months); c) limb paralysis; and 
d) confinement to bed. Volunteers who were able to understand 
study content and signed informed consent, were included in 
the study. All study procedures complied with the principles of 
the Declaration of Helsinki for ethical research in humans and 
the study received approval from the local ethics committee 
(project-ID 2017-00839).

Sample size
Sample size (n=30) was estimated a priori based on 

previously published data on prevalence of sarcopenia in 
nursing-home residents (10). The calculated number would be 
sufficient to detect a prevalence of 50% at a 90% confidence 
level and with 85% precision (d = 0.15).

Data collection
Strength measures, the CST, gait speed and the frailty 

assessment were examined by a physiotherapist trained and 
experienced in musculoskeletal assessments. 

HGS was measured with a hydraulic hand dynamometer 
(Jamar®, Lafayette, USA) according to the standardized 
protocol of the American Society of Hand Therapists (11). 
The maximal value of two trials was used to identify residents 
with and without probable sarcopenia according to a cut-off 
value of 16 kg for women and 27 kg for men, as defined by the 
EWGSOP2 (8). 

CST was performed according to a standardized protocol, 
published by Guralnik (12). The test involves the completion of 
five chair rises from a full-seated position to upright stance in 
as short time as possible with the arms crossed over the chest. 
The time for completion of five chair stands was measured 
with a stop watch. Classification of “probable sarcopenia” or 
“no probable sarcopenia” was based on a cut off value of 15 
seconds (8).

Participant demographics, medical history, cognitive 

performance and self-performance in ADL were obtained using 
the RAI (Minimum Data Set Version 2.0). For evaluation of 
cognition and ADL, participants’ performance was closely 
observed by trained nurses and then encoded with the 
standardized RAI-item coding system.
a)	Age was reported in years, height in meters and weight in 

kg. 
b)	Medical history included chronic diseases of the metabolic, 

musculoskeletal, neurological, and respiratory system, 
psychiatric conditions, renal insufficiency, vertigo and 
cancer. Number and type of diseases were recorded. 

c)	Cognitive performance was classified on the Minimum Data 
Set Cognitive Performance Scale ranging from 0 (= intact 
cognition) to 6 (= severely limited cognition) points (13).

d)	Basic ADL included 10 usual daily activities of nursing-
home residents: bed mobility, transfer, dressing, eating/
drinking, toilet use, personal hygiene, walking in a room and 
in a corridor, locomotion on and outside the ward. Each of 
the 10 activities was rated on a scale from 0 (independent) to 
4 (fully dependent), with a full range of 0–40, based on the 
performance of the last 7 days. Participants were categorized 
as a) independent in ADL when total score was 0, and as 
dependent in ADL when total score was ≥ 1, which reflected 
assistance or staff oversight in at least one activity.

Maximum voluntary isometric contraction strength of the 
knee extensor and elbow flexor muscles was measured using 
a hand-held dynamometer (Microfet2®, CompuFET, Hoggan 
Health Industries, Biometrics Europe). For measurement, 
the participant was seated with their back resting against a 
firm support, thighs fully supported. Knee and elbow were 
flexed at 90° respectively while the participants were asked 
to push against the dynamometer as hard as possible. The 
highest value of two trials was recorded. Intraclass Correlation 
Coefficient (ICC) reported for repeated measures of hand-held 
dynamometry range between 0.90 and 0.98 in older adults (14). 

Habitual gait speed (m/s) was evaluated over a 4-meter, level 
walkway at participant’s preferred speed. Time was recorded to 
the nearest hundredth of a second with a stopwatch. Participants 
were permitted the use of a walking aid. Test-retest reliability 
of gait speed assessments recorded over comparable distances 
have been shown to be adequate (ICC of 0.715) and related to 
measures of physical function (r = 0.554) in older individuals 
(15).

Physical frailty was evaluated according to Fried’s frailty 
criteria (16), namely unintentional weight loss < 5kg in the past 
year, weakness (low HGS), exhaustion (self-report), slowness 
(slow walking speed) and low physical activity. Participants 
were classified as “pre-frail” in case of 1-2 positive criteria and 
as “frail” in case of 3-5 positive criteria.

Statistical Analysis
IBM SPSS Statistics, Version 23 was used for statistical 

analysis. The Mann-Whitney-U Test was used to compare the 
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sub-groups, probable sarcopenia versus no probable sarcopenia, 
with respect to strength, physical function, ADL performance 
and frailty. Feasibility was based on the number of people that 
were able to complete the EWGSOP2 advocated screening 
tests for detection of probable sarcopenia. Cohen’s Kappa and 
the area under the Receiver Operating Characteristic (ROC) 
curves (AUC) were applied for relationships between the two 
detection tests and accuracy of the tests to detect frailty status 
and gait speed.

 

Results

Descriptive characteristics Of a total of 30 nursing-home 
residents with median (range) age 86.5 (68-103) years, height 
1.62 (1.49-1.72) m and weight 66.5 (35-95) kg, 23 were 
female. Prefrailty was detected in 13, frailty in 17 participants, 
and 29 had more than two chronic diseases. The cognitive 
performance, with 0 being cognitively intact, was median 
(range) 1 (0-3).

Feasibility of test performance All participants could 
perform the HGS test, however only 14 participants (47%) 
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Table 1
Crosstabulation for prevalence and overlap of people with probable sarcopenia detected by low HGS and slow/no CST

Measure of HGS Total

Probable sarcopenia No probable sarcopenia
Measure of CST Probable sarcopenia (N) 19 5 24

% within probable sarcopenia by CST 79.2 20.8 100
%within probable sarcopenia by HGS 86.4 62.5 80
No probable sarcopenia (N) 3 3 6
% within probable sarcopenia by CST 50 50 100
%within probable sarcopenia by HGS 13.6 37.5 20

Total (N) 22 8 30
% within probable sarcopenia by CST 73 26.7 100
%within probable sarcopenia by HGS 100 100 100

Figure 1
ROC curve and AUC: handgrip strength (1a) and chair stand test (1b) accuracy in discriminating frailty status
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could successfully get up from a chair at all. Subsequently, 
participants who could not complete the CST (n=16) and 
those who performed slower than the cut off value (n=8) were 
combined as the slow/no CST group. 

Prevalence of probable sarcopenia Low HGS was prevalent 
in 78% (n=22) while the prevalence of probable sarcopenia 
detected by slow/no CST was 80% (n=24). Cohen’s Kappa 
showed an overlap of n=19 between the people assessed by low 
HGS and those assessed by slow/no CST. The Kappa value of 
0.259 (95%CI 0.293-0.311) demonstrates a fair relationship 
between the two tests (17) (Table 1).

Differences between the sub-groups with/without probable 
sarcopenia Participants with probable sarcopenia detected 
by low HGS also had lower elbow flexor and knee extensor 
strength, slower gait speed, were more often dependent in 
ADL and had more symptoms of frailty than people without 
(p < .05). However, there was no significant difference in age, 
height, weight, comorbidities or the ability to perform the CST 
between sub-groups (Table 2).

Participants with probable sarcopenia detected by slow 
CST, had significantly slower gait speed and more frailty 
symptoms than those without. Age, height, weight, strength, 

ADL performance and comorbidities did not differ between 
sub-groups (Table 2).

The AUC showed that probable sarcopenia detected by HGS 
distinguished between frailty statuses to 72% and gait speed to 
77%. The CST distinguished between frailty statuses to 85% 
and gait speed to 79% (Fig. 1 and 2). 

    
Discussion

This group of 30 nursing-home residents was heterogeneous 
in their health and frailty status. However, the participants are 
representative of institutionalized, older people in regard to 
muscle strength and physical function (18). 

The feasibility of performing the two EWGSOP2 advocated 
tests differed significantly in this group of nursing-home 
residents. While all participants could perform the HGS test, 
more than half of the residents could not stand up from a 
seated position without the use of their upper limbs. Oldest-
old nursing-home residents often experience an excessive 
loss in muscle strength which might drop below the necessary 
threshold needed for standing up (19). Hence, the floor effect 
of the CST observed in this study might limit its usefulness 

Table 2
Differences (median (min-max)) between participants with and without probable sarcopenia detected by low HGS  

and low/no CS

HGS-probable 
sarcopenia

HGS-no probable 
sarcopenia

p-values CST-probable 
sarcopenia

CST-no probable 
sarcopenia

p-values

Demographics

   N 22 8 24 6
   Age (years) 86.5 (68-103) 86.5 (78-89) .540 87.0 (69-98) 83.0 (68-103) .265
   Height (m) 1.61 (1.49-1.72) 1.63 (1.49-1.67) .827 1.63 (1.49-1.72) 1.57 (1.49-1.67) .234
   Weight (kg) 67.6 (44-95) 65.5 (35-83) .362 67.6 (35-95) 59.0 (39.5-74) .245
Strength

   Knee extensor (kg) 10.5 (6.8-15.8) 13.2 (11.8-17.5) .007* 12.3 (6.8-17.5) 11.2 (7.5-15.5) .503
   Elbow flexor (kg) 8.2 (4.9-14.4) 11.0 (8.9-14.5) .012* 9.2 (4.9-14.4) 9.2 (5.8-14.5) .756
Function

   Gait speed (n=28) 0.55 (0.19-0.85) 0.75 (0.43-1.09) .028* 0.55 (0.19-0.87) 0.77 (0.55-1.09) .032*
   Chair stand test† yes/no (n=30) 41/59 63/37 .417
   Chair stand test sec (n=14) 19 (12.0-41.0) 15 (9.5-48.3) .346
ADL disability

   ADL category† (indep/dep) 41/59 88/12 .039* 54/46 50/50 .100
Comorbidities

   Number 3 (2-5) 3.5 (0-7) .848 3 (2-7) 3 (0-5) .675
Frailty

   Number of symptoms (max 5) 3 (2-5) 2 (1-3) .007* 3 (1-5) 2 (1-2) .002*
   Frailty category† (prefrail/frail) 32/68 75/25 .049* 29/71 100/0 .003*
Continuous variables are documented as median (range); *p-values with exact significance, 2-tailed; †categorical variables are presented as percentages
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in this population even if participants who have not been able 
to perform the test were also classified as having probable 
sarcopenia, as were participants who had results below the 
threshold. Modifications of the proposed CST performance 
(8) that are recommended to avoid floor effects in older people 
suggest to use the 30s CST (7) or the fastest of two chair stands 
at comfortable speed (20). However, even if the original test 
was modified to just one repetition, this floor effect would 
remain as none of the participants in this study who were 
unable to perform the CST including five repetitions, were 
able to complete even a single chair stand. The test might be 
sufficiently meaningful if test results are dichotomized in the 
subgroups slow/no CST and normal CST. 

Moreover, the two tests detected different sub-groups as 
having probable sarcopenia. The EWGSOP2 advocates that 
both tests can be used interchangeably as estimates of strength 
(8). However, they may identify different determinants of 
muscle strength. HGS may be reflective of overall isometric 
strength (21) while the CST does not only measure pure muscle 
strength but also reflects other neuro-muscular properties such 
as power and balance [25, 26]. Arguably, power and balance 
are not normally required in nursing-home residents as the chair 
stand is typically performed slowly with use of arms/hands as 
additional support (27). 

The prevalence of probable sarcopenia was almost threefold 
higher in this group of nursing-home residents than in 
community-living older people of similar age (22), and 20% 
higher than in nursing-home residents who were 10 years 
younger (23). Nursing-home residents are at particular risk of 
strength decline (3) due to physical inactivity and malnutrition 
(1). Given the negative associations of muscle weakness, 

such as mobility limitations and high risk of falls (1), the 
high prevalence of probable sarcopenia highlights the need 
for feasible strength assessment in these individuals to initiate 
adequate interventions and to avoid further decline.

Overall, both detection tests had an indicative value for gait 
speed and frailty, while HGS was also suggestive of overall 
strength and ADL performance in this study of elderly nursing-
home residents. 

The participants with probable sarcopenia had lower 
isometric elbow flexor and knee extensor strength than those 
without, but only when detected by low HGS. This may reflect 
that HGS is an indicator of general neuromuscular capacity 
(2, 21) whereas CST covers task-specific capabilities such as 
leg power (see previous section) (24, 25). Further research is 
needed to evaluate the relationship between HGS, the CST and 
different aspects of strength as well as feasible modifications of 
the CST for the very old population.

The sub-groups differed in gait speed, independent of test for 
detection by 0.2 m/s. Both tests were almost equally accurate 
in distinguishing gait speed. An increase of 0.1m/s has been 
reported to be a substantial change (26) that significantly 
improves survival after one year (27). Previous literature 
evaluating physical function in nursing-home residents reported 
a significant correlation between HGS and gait speed (r = 
0.24, p<.001) (23). The present results, applying sarcopenia-
specific cut off values for HGS (8), contribute the knowledge 
that people with low HGS and CST are likely to have gait 
speed indicating particular risk for falls and hospitalization 
(28). Hence, detection of probable sarcopenia as an indicator 
of walking speed, can be used to initiate individual gait 
assessment. 

Figure 2
ROC curve and AUC: handgrip strength (Fig.2a) and chair stand test (Fig.2b) accuracy in determining gait speed
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Regarding ADL, only low HGS could detect differences, 
not the CST. More people with probable sarcopenia were 
dependent in ADL than those without, which is consistent with 
findings reported in community-living older adults (22), and in 
people across different health care settings (5). Independence 
in ADL is of particular importance in older people due to its 
relation to quality of life and health care costs (29). Therefore, 
HGS had an additional value over CST in this population as 
it could potentially be used for frequent screening of ADL 
performance.

Number of comorbidities were not different between sub-
groups, independent of the detection test. These findings 
correspond with previous literature that evaluated the 
relationship between HGS and the occurrence of comorbidity 
(≥ 3 chronic diseases) in community-living older adults (30). 
Hence, low HGS and CST have indicative value for physical 
function in older nursing-home residents independent of 
chronic diseases. 

Both detection tests of probable sarcopenia might also be 
useful as screening tests for frailty status with the CST being 
superior to HGS, since it was more accurate in distinguishing 
between prefrail and frail nursing-home residents. Even though 
frailty symptoms occurred in all 30 participants, reflecting a 
very vulnerable population, the status of frailty is meaningful 
for adverse outcomes and mortality (16). 

Limitations of the study
A limitation of this study is the small number of participants 

which led to small sub-groups. The findings could therefore be 
under/overestimated. However, since information about muscle 
status in nursing-home residents is rare, the findings may still 
provide indicative evidence for future research. Secondly, 
participants were only recruited from one nursing-home in 
Switzerland. However, important health parameters are similar 
across residents of nursing-homes in Europe, such as functional 
decline and severity of disability (3). Therefore, the results 
could be considered generizable to nursing-homes in this 
continent.

Conclusions

Muscle strength testing is crucial in older people who 
are at risk for strength decline, as well as for those already 
experiencing consequences of muscle weakness, such as 
functional limitations and ADL dependence. The present results 
provide novel, clinically relevant data about the feasibility 
of strength tests for nursing-home residents that can be used 
for detection of probable sarcopenia but also as screening 
tests for health outcomes. Low HGS as well as slow/no CST 
demonstrate high prevalence of probable sarcopenia in nursing-
home residents, indicating low level of physical function 
and frailty. However, the CST may not be an implementable 
measure of strength in clinical practice of nursing-homes, 
hence, HGS is recommended as a routine test for detection of 

probable sarcopenia.  
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