
 

 

 

Muscle strength and quality in old and oldest-old
people
Citation for published version (APA):

Wearing, J. (2021). Muscle strength and quality in old and oldest-old people. [Doctoral Thesis, Maastricht
University]. Maastricht University. https://doi.org/10.26481/dis.20210119jw

Document status and date:
Published: 01/01/2021

DOI:
10.26481/dis.20210119jw

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.26481/dis.20210119jw
https://doi.org/10.26481/dis.20210119jw
https://cris.maastrichtuniversity.nl/en/publications/7b28ea3b-1b85-48a5-a8d4-3d94683c141b


 

 

 

 
	

 

 

 

Muscle strength and quality in old and oldest-old people 
 

 

 

DISSERTATION 

 

to obtain the degree of Doctor at Maastricht University, 
on the authority of the Rector Magnificus Prof.dr. Rianne M. Letschert 

in accordance with the decision of the Board of Deans, 
to be defended in public on 

 
Day, month, year at ..... hours 

 
by 
 

Julia Wearing 
 

	
	

	
	
	
	
 

	
	
	
	
	
	
	



 

Supervisor: 
Prof. dr. Rob A. de Bie, Maastricht University, The Netherlands 

 

Co-supervisors: 
Prof. dr. Eling D. de Bruin, ETH Zurich, Switzerland 
Prof. dr. Maria Stokes, University of Southampton, United Kingdom 
 

	
	
	
	
	
	
	
	
 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



 

Table of Contents 

Chapter 1  

1. General introduction 6 
1.1 Background 7 

1.1.1 Demographic trend and health consequences in the aging population 7 
1.1.2 Sarcopenia - skeletal muscle disorder in old age and physical consequences 7 
1.1.3 Importance of muscle strength detection 10 
1.1.4 Significance of detection of muscle quality 12 
1.1.5 Underlying neuromuscular changes in oldest-old people 13 

1.2 Aims, objectives and outline of the research 14 
1.2.1 Overall research aim 14 
1.2.2 Objectives and outline of the thesis 14 

1.3 References 16 

 

Chapter 2  

2. Handgrip strength in old and oldest old Swiss adults – a cross-sectional study 22 
2.1 Abstract 23 
2.2 Background 24 
2.3 Methods 26 
2.4 Results 28 
2.5 Discussion 33 
2.6 References 36 

 

Chapter 3  

3. Prevalence of probable sarcopenia in community-dwelling older Swiss people  
     – a cross-sectional study 40 

3.1 Abstract 41 
3.2 Background 42 
3.3 Methods 44 
3.4 Results 46 
3.5 Discussion 50 
3.6 References 53 

 

Chapter 4  

4. Feasibility and relevance of detection tests of probable sarcopenia  
    in nursing-home residents 56 

4.1 Abstract 57 
4.2 Introduction 58 
4.3 Methods 59 
4.4 Results 62 
4.5 Discussion 66 
4.6 References 69 



 

Chapter 5  

5. Quadriceps muscle strength is a discriminant predictor of dependence in  
    daily activities in nursing home residents 72 

5.1 Abstract 73 
5.2 Introduction 74 
5.3 Methods 75 
5.4 Results 79 
5.5 Discussion 84 
5.6 References 87 
5.7 Supporting information 93 

 

Chapter 6  

6. Relationship between sonographic index of muscle quality and quadriceps  
    muscle strength in nursing-home residents – a proof-of-concept study 96 

6.1 Abstract 97 
6.2 Introduction 98 
6.3 Methods 100 
6.4 Results 103 
6.5 Discussion 107 
6.6 References 110 

 

Chapter 7  

7. General Discussion 112 
7.1 Main findings and clinical implications 113 

7.1.1 Handgrip strength in oldest-old adults 113 
7.1.2. Prevalence of probable sarcopenia in community-living older people 114 
7.1.3. Feasibility and relevance of strength tests in nursing-home residents 115 
7.1.4 Relationship between quadriceps muscle strength and dependence in  
         daily activities in nursing home residents 117 
7.1.5 Muscle quality in muscles of oldest-old, institutionalized people 118 

7.2 Methodological considerations and limitations 120 
7.3 Future research questions 123 
7.4 Conclusions 125 
7.5 References 126 

 

Chapter 8  

8. Valorisation 131 
8.1 Relevance of the topic 131 
8.2 Main objectives and findings in brief 131 
8.3 Implication, implementation and dissemination plans 132 
8.4 Barriers for implementation of strength assessments and interventions in  
      nursing-homes 135 
8.5 References 136 



 

Summary 137 

Acknowledgement 141 

About the author 143 
 
  



Chapter 1 

 6 

Chapter 1  

1. General introduction 
 
This chapter summarizes information about health-related consequences of the 
demographic trend and the importance of muscle strength for physical health in older 
people. The significance of detection of strength and muscle quality in oldest-old 
people (> 85 years), particularly in the specific group of nursing-home residents, and 
the subsequent need for better understanding of sarcopenia management in this age 
group is outlined. It is explained why further research related to strength and strength 
testing in community-dwelling and nursing-home residents was important to improve 
clinical practice and support further investigations of cohort studies.  
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1.1 Background 
1.1.1 Demographic trend and health consequences in the aging population 
An increase in life expectancy is predicted to occur in industrial countries over the next 
30 years [1] leading to a rapid rise in the number of individuals aged 65 years and over 
[1, 2]. Accounting for just 18.5% in the Swiss population in 2018 [3], the number of 
those aged 65 years and over will have almost doubled by 2045 [4]. Although men 
and women are anticipated to live longer, the onset of age-related disease is expected 
to remain unchanged without intervention; leading to record levels of morbidity [5]. 
Therefore, older people in the near future will reportedly experience a high prevalence 
of morbidity, which will lead to limitations in daily activities [5]. In turn this will place a 
greater demand on institutionalization in long-term care facilities [6], which currently 
involves 13% in the Swiss population [7]. 
 
This demographic trend requires a modification to health care in old people, to delay 
the progression of chronic disease, prevent disability [2, 5] and increase life quality in 
nursing-home residents by minimizing life style-related risk factors [5]. Previous 
research in older people, which was primarily directed towards the so-called young-
old (65-74 years), contributed to the improvement in health condition of this age group 
[8]. Health care needs specifically tailored to the older-old and oldest-old age group 
(75-84 years, and 85 years and over) have not been sufficiently explored to date, 
especially in those that are institutionalized in nursing-homes. 
 
1.1.2 Sarcopenia - skeletal muscle disorder in old age and physical consequences  
Sarcopenia is an important geriatric syndrome. In 2016, the International Classification 
of Disease recognized sarcopenia as an independent medical condition [9], which 
highlighted the importance of its relationship to health and adverse health outcomes 
[10]. The prevalence of sarcopenia will increase by as much as 73% as a consequence 
of the aging population, so that approximately 20% of older people will be affected by 
2045 [11].  
Sarcopenia is a generalized, progressive skeletal muscle disorder affecting strength, 
muscle mass and function of the whole body [12]. Possible consequences range from 
muscle-specific impairment in daily functioning to decreased capacity of whole organ 
systems with adverse outcomes for the independence in activities of daily life [13, 14], 
restrictions in participation in the environment [12] and mortality [15].  
 
Moreover, low muscle condition is highly associated with impairments in the skeletal 
and the endocrine system [16] as it has negative impact on bone mineral density and 
insulin metabolism which are important for the origin of Osteoporosis [17] and 
Diabetes [16]. It is associated with the incidence of cardiovascular diseases [18], the 
most common non-communicable disease leading to premature death [19]. Figure 1 
shows organ systems that can potentially be affected by sarcopenia. 
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Figure 1: Organ systems potentially affected by age-related muscle wasting. Sarcopenia expresses in 
decreased neuro-muscular-metabolic function affecting the skeletal muscles and the neurological 
system involved in muscle contraction. Muscle dysfunction is associated with cardiovascular disease 
(cardiovascular system), insulin resistance (insulin-related organ system), bone mineral density 
(skeletal system) and breathing disorders (respiratory system). 
Illustration from: https://www.tes.com/teaching-resource/revision-guide-to-anatomy-and-physiology-
skeletal-muscular-respiratory-and-cardiovascular-system-12028493, download July 7th 2020, with 
permission. 
 

Probable sarcopenia, a pre-stage of sarcopenia, is characterized by low muscle 
strength, which directly affects important functions of the legs, the upper body and the 
diaphragm [12]. Leg muscle dysfunction can result in e.g. walking instability and higher 
chance for falling and fall injuries [20], while weakness of the diaphragm can lead to 
impaired airway clearance with increased risk of respiratory infections [21]. Figure 2 
shows consequences of sarcopenia on different health-related domains, using the 
example of knee extensor dysfunction. 
 

 
Figure 2: Probable sarcopenia and its consequences of knee extensor dysfunction on different health-
related domains classified by the International classification of Functioning, Disability and Health. 
Restrictions in life, becoming more radical, the more health domains are affected. 

Restriction in 
participation

limitation in 
activities
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function 
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Furthermore, low muscle strength is closely related to frailty [22], a state of extreme 
vulnerability to stressors and decreased resilience with high impact on mobility [23, 
24]. People with those dysfunctions are at increased risk of disabilities, however, high 
muscle strength prevents disabilities even in the presence of chronic diseases [25]. 
Therefore, it can be summed up that in community-living older people, good overall 
muscle strength and mass is essential for physical health, ADL independence even in 
case of chronic disease, and healthy life expectancy.  
 
Community-living older people with comorbidities who cannot live at home 
independently or with support of care givers, get institutionalized in long-term care [6]. 
At that time, people are often in their last stage of life, highly affected by multi morbidity 
and poly medication [26], sarcopenia, physical limitations and frailty [27]. However, 
physical health is still a major resource, essential for the individual’s overall reserve 
that helps to prevent lasting negative consequences [8] of acute diseases and further 
functional decline. Bed rest due to a flu, for example, is accompanied by muscle disuse 
which rapidly leads to degradation of muscle properties [26]. People who already have 
very low strength might not fully recover to their previous physical condition after 
overcoming the infection which further decreases independence in ADL, quality of life 
[28, 29] and mortality [30]. At admission to a nursing-home, older people have 
approximately 3.5 further life years ahead [31]. Remaining overall muscle strength is 
important to live with the best quality of life possible. 
 
The definition of key disease characteristics and subsequent algorithms for the 
detection of sarcopenia rapidly change topics due to most recent research findings of 
changes associated with strength and their role in health and disease [22]. The 
recently published update of sarcopenia detection is based on recent research 
findings about muscular changes and their contribution to health outcomes [22]. The 
first stage of sarcopenia, according to the updated version of the European Working 
Group on Sarcopenia in Older People EWGSOP2, is called probable sarcopenia and 
is defined as low muscle strength [22] while diagnosis of sarcopenia requires both, low 
muscle mass and low strength. The recommended measures of strength include 
handgrip strength and a timed task of standing up from a chair. Low strength is defined 
by a handgrip strength <16 kg for women and <27 kg for men or a chair stand test > 
15 seconds. Probable sarcopenia requires optimal health care since the 
consequences of untreated weakness can not only be immense for the individual but 
also in terms of health care costs [32]. Figure 3 shows the chronological trend of 
strength and function decrease with age and its potential consequences for physical 
health. 
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Fig.3 Maintaining functional capacity over the life course. Dependent on the strength and function 
peak in early life, the maintenance of strength during adult life and the loss of strength in older life, the 
range of strength in old and oldest age varies and might drop below the threshold for increased risk of 
limitations in daily activities or even disability. 
Reprinted from Publication Active Ageing A policy framework, WHO/NMH/NPH/02.8, World Health 
Organization, Page No.14, Copyright (2002), with permission. 
https://apps.who.int/iris/bitstream/handle/10665/67215/WHO_NMH_NPH_02.8.pdf? sequence=1, 
accessed July 8th 2020 
 

1.1.3 Importance of muscle strength detection  
Ongoing muscle wasting can lead into a downward spiral of health-related 
impairments [12] with an immense disease burden for the individual, as well as societal 
and economic implications [33]. Low muscle strength is an initial sign of muscle 
wasting and provides important information about muscle status and overall health 
condition [34].  
As an estimate of whole body strength, handgrip strength has been shown to be a 
valid and reliable measure [35] reflecting overall neuromuscular capacity and integrity 
of organ systems [36]. Handgrip strength is referred to as a vital sign of health since it 
predicts health outcomes in many aspects, such as the incidence of functional 
limitation, diseases and mortality [37]. Early detection of low strength is essential to 
timely assess potential causes and underlying diseases of strength decline, and to 
initiate effective interventions to counteract further decline [38].  
The presence of chronic diseases such as metabolic and neurological disorders, as 
well as malnutrition and inactivity, can immensely enhance strength decline that 
naturally occurs with ageing [38]. However, strength decline is still (partly) reversible 
through monitoring of disease-related medication, adequate diet and progressive 
resistance exercise [38, 39]. Even in nursing-home residents with very low strength, 
multi morbidities, frailty, undernourishment and functional impairments, 
multidisciplinary interventions have the potential to improve strength since 
neuromuscular plasticity, the ability of muscles and nerves to adapt to specific stimuli 
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like exercise, is maintained in older people [40, 41]. Older people with low strength, 
independent of their health status, benefit from strength increases; in young-old 
people, the intention of interventions is to maintain optimal physical health and prevent 
negative consequences of muscle wasting [38, 41]; in oldest-old nursing-home 
residents it is the prevention of disability with high importance for life quality [31, 41].  
 
Large long-term benefits of early strength detection and improvement for the individual 
and the health care system can be derived from research evaluating individual disease 
burden of sarcopenia and health care costs likely to be related to adverse outcomes 
of sarcopenia [11]. The most effective intervention for improving strength in older 
adults is resistance training [38]. Studies determining health benefits of resistance 
training provide evidence that properly designed exercise interventions are effective 
in countering excessive age-related strength decline and adverse outcomes in 
healthy, community-living, older people [41]. In people with chronic diseases and 
functional impairment, strength training needs to be adjusted to their specific risks, 
However, strength improvements show the capacity for muscular and neuromuscular 
adaptations even in people with sarcopenia [41]. Therefore, the World Health 
Organization (WHO) strongly recommends to include handgrip strength and measures 
of functional performance in the routine geriatric assessment and progressive strength 
training as part of a multi-disciplinary intervention in people with decreased physical 
capacity [42]. 
 
However, in clinical practice, muscle wasting is often underappreciated as an age-
related disease with potentially severe negative consequences [22]. This is reflected 
by infrequent strength testing in routine geriatric assessment to detect probable 
sarcopenia [43] and a small percentage of people fulfilling the requirements for health-
beneficial physical activity and strength training [33]. One reason might be that 
reference values of handgrip strength, available in the booklet of the commonly used 
hand-held dynamometer, are limited to the age of 74 years [44]. In scientific literature, 
the older-old and oldest-old age groups are not considered sufficiently yet. In order to 
detect age-specific strength decline in all age groups, reference values for people 75 
and over are required. Moreover, detection of the prevalence of probable sarcopenia 
is needed to increase awareness for the overall muscle status indicating physical 
health and risk of adverse health outcomes. 
Chapter 2 addresses reference values of handgrip strength for the Swiss population 
75 years and over. Chapter 3 reports on the prevalence of probable sarcopenia in 
community-living Swiss adults and associated activity limitations.  
 
In institutionalized older adults, muscle strength and mass is even lower than in 
community-living elderly [45, 46] and is accompanied by a loss of independence in 
activities of daily living [47]. ADL performance progressively worsens in about 50% of 
nursing-home residents due to further functional decline [47, 48].  
While institutionalized older adults are assessed for their need for support in daily 
activities at admission, standardized assessment of muscle status is typically not 
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included in entry assessment or subsequent checks [49]. However, low strength in old 
people with comorbidities, even in nursing-home residents, can be improved [50, 51] 
with important benefits for their independence in daily activities and life quality [29, 
52]. Therefore, routinely performed strength assessments are necessary to screen for 
people at risk of further decline and to initiate timely interventions. It is not clear to date 
whether strength tests and prescribed cut-off values, commonly used in community-
living older people to detect probable sarcopenia, are also feasible in and applicable 
to nursing-home residents [53]. Moreover, the indicative value of strength tests for 
health-related outcomes, such as frailty and ADL dependence, in older nursing-home 
residents has not been explored to date. Chapter 4 addresses the feasibility and 
relevance of strength tests recommended to detect probable sarcopenia [22] in 
nursing-home residents while Chapter 5 covers the muscular determinants of ADL 
performance in this cohort. 
 
1.1.4 Significance of detection of muscle quality  
Clinically evaluated muscle strength typically involves maximal voluntary isometric 
muscle contraction [54]. Precondition for achieving the highest possible muscle 
contraction is, beside the maximal effort of the participant, the functioning and integrity 
of the neurological and muscular components involved in this action [12, 55, 56]. 
Traditionally, the main change thought to impair muscle strength was a decline in 
muscle mass. More recent research, however, has shown that in addition to muscle 
mass other neuromuscular changes also contribute to significant declines in strength 
[57]. According to the model of biologic mechanisms contributing to age-associated 
loss of strength first published over a decade ago [12], reduced muscle mass, impaired 
contraction quality and decreased neural output are proposed to be determinants of 
strength with some components having mutual impact on each other.  
	
Muscle mass is attributed to muscle fibre size and number [12] and is e.g. reflected by 
the cross-sectional muscle area. The reduction in contraction quality referrers to 
intramuscular changes that affect the ability of muscle fibres to contract. Beside factors 
such as muscle architecture, protein synthesis and muscle anabolism [55], a major 
change that impairs strength is muscle composition [58]. In young active people, 
muscle mainly consists of dense muscle tissue (contractile tissue) while infiltrations of 
lose connective and adipose tissue among and within muscle fibres appear in old, 
inactive people and people with muscle diseases [55, 58]. The neurological 
component reflects the sum of nerve-related changes that leads to impaired 
neuromuscular transmission. It includes degeneration of movement-related brain 
areas, decreased afferent and efferent nerve conduction and reduced number of 
motor neurons [56].  
 
When low strength is detected in older people, the subsequent action needed for 
preventing, stopping or delaying the negative spiral of disability, is to undertake an in-
depth examination of the underlying cause and to initiate timely interventions. The 



Chapter 1 

 13 

cause of low muscle strength often dictates which combination of interventions 
(change of medications, adaptation of nutrient intake, exercise) is likely to be most 
effective [59]. However, the type and combination of exercises depends on the central 
and peripheral changes, and the relative contribution to the decline [41, 55, 59]. 
Particularly in people with a very low muscle condition due to poly-medication, 
sedentary behavior, comorbidity and malnutrition, such as in nursing-home residents 
[39, 45, 60, 61], the muscle might show a specific pattern of biological changes. The 
exercise dosage in terms of frequency of sessions per week, duration of each session, 
and intensity and repetitions of the exercises is relevant for specificity of the 
neuromuscular adaptations to training [41, 62, 63]. Modifications of exercise dosage 
specifically addressing neural and muscular changes that lead to low strength are 
expected to improve muscle strength even in oldest-old nursing-home residents and 
will advance intervention strategies [59].  
 
While muscle mass increases best through resistance exercises of high intensity [41], 
resistance as well as endurance exercises show initial positive effects on muscle 
quality [64, 65]. Cognitive-motor training and resistance exercise have shown some 
improvements in neuromuscular transmission along with functional benefits [41, 66]. 
Despite promising results of interventions applying different muscle loading 
paradigms, the responsiveness to training varies a lot and the most effective 
combination has not been found yet [67]. More research is warranted to evaluate 
relationships between muscle changes, strength and physical health, indicative for the 
design of effective exercise interventions to improve strength and function [58].  
 
1.1.5 Underlying neuromuscular changes in oldest-old people 
As muscle strength decreases with age, particularly rapidly after the age of 80 years  
[68], the percentage contribution of muscular and neural changes leading to strength 
decline also changes [57, 68, 69]. While muscle mass is not consistently associated 
with strength in all older people, strength declines are uniformly accompanied by 
altered muscle quality due to e.g. altered fibre architecture and intramuscular adipose 
tissue [70-72]. Moreover, impairments in neural integrity substantially contribute to 
decreased strength in older adults [73] by impairing maximal voluntary contraction and 
motor unit discharge rate [74]. Since the sensitization to training is impaired in older 
people [59] and changes are not as reversible as in young people [75], prevention of 
strength decline is most important to keep lifelong muscle health. However, older 
people that already have sarcopenia and co-morbidities, the treatment of muscle 
strength is necessary to prevent negative consequences of muscle wasting and to 
maintain well-being [41]. Relationships between strength, muscle quality and neural 
components have not been explored in oldest-old people with chronic diseases. This 
issue is addressed in Chapter 6.  
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1.2 Aims, objectives and outline of the research 
1.2.1 Overall research aim 
There is a discrepancy between the need for information regarding muscle strength in 
the oldest-old population on one hand, and the available research data on the other 
hand [76, 77]. In particular, basic investigations that researchers can build on to 
advance intervention strategies to improve strength and physical function of 
institutionalized seniors are lacking. The overall research aim was to contribute 
knowledge to the small existing body of literature about muscle strength in oldest-old 
people and the prevalence of low strength in community-living and institutionalized 
seniors to provide data for public health monitoring. Furthermore, the research aimed 
to provide initial evidence of relationships between low muscle strength and functional 
performance, as well as neuromuscular changes in nursing-home residents to 
underpin further investigations.  
 
1.2.2 Objectives and outline of the thesis 
A series of cross-sectional studies was designed to evaluate the research objectives 
addressing the overall aim. The specific objective of Chapter 2 was to evaluate 
handgrip strength in a sample of the Swiss population aged 75 years and over to 
provide reference values for further investigations and evaluation of clinical practice. 
The evaluation of prevalence of probable sarcopenia, as defined by low handgrip 
strength, in older community-living people in Switzerland, and the association between 
low handgrip strength and strength-related determinants was the objective of Chapter 
3. To evaluate the feasibility of two strength tests in nursing-home residents, which 
are commonly used to detect probable sarcopenia in community-living people, was 
the objective of Chapter 4. As well, to determine the prevalence of probable 
sarcopenia, detected by each test, and the indicative value of low strength for overall 
strength, frailty and ADL performance. The specific objective of Chapter 5 was to 
evaluate the relationship between muscle characteristics of knee extensor and elbow 
flexor muscles, physical function and ADL performance in nursing-home residents. 
The evaluation of potential relationships between muscle strength of the knee 
extensor muscles and sonographic measures of muscle thickness and muscle quality, 
gait speed and physical activity in nursing-home residents was the objective of 
Chapter 6. 
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Chapter 2 
2. Handgrip strength in old and oldest old Swiss adults – a 
cross-sectional study 
 
 
 
This study was designed to address research aim 1 and evaluated handgrip strength 
in the Swiss population aged 75 years and over to provide reference values for further 
investigations and measures of clinical practice.  
 
The chapter has been reformatted from the published article: 
Wearing J, Konings P, Stokes M, de Bruin ED: Handgrip strength in old and oldest old 
Swiss adults – a cross-sectional study. BMC Geriatrics (2018) 18:266. 
 
 
Contributions of co-authors: 
P. Konings contributed to study design, participant recruitment and data collection, 
and preparation of the manuscript. 
M. Stokes contributed to study design, data interpretation, and preparation of the 
manuscript. 
E.D. de Bruin contributed to study conception and design, data analysis and 
interpretation, and preparation of the manuscript. 
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2.1 Abstract 
Background: Handgrip strength is indicative of overall physical health and mobility in 
the elderly. A reduction in strength below a certain threshold severely increases the 
risk of mobility limitations and is predictive for adverse outcomes such as functional 
impairment and mortality. An overview of age- and geography- specific handgrip 
strength values in older adults provide a reference for further investigations and 
measures in clinical practice to identify people at risk for clinically meaningful 
weakness. 
 
Methods: In a cross-sectional study, maximal isometric handgrip strength of the 
dominant hand was evaluated in a sample of 244 Swiss people aged 75 years and 
over (62.7% women), with mean age (SD) of 84.5 (5.6) years in men and 83.1 (5.9) 
years in women. Demographic data and information about comorbidities, medication, 
fall history, global cognitive function, self-reported physical activity and dependence in 
activities of daily living were collected, and correlated with grip strength measures. 
Age- and gender specific grip strength values are reported as means, standard 
deviations and standard error of mean. 
 
Results: Sex-stratified handgrip strength significantly decreased with age in men 
(p<.01), from 37.7 (6.5) kg to 25.6 (7.6) kg and in women (p<.01) from 22.2 (4.0) kg to 
16.5 (4.7) kg. Handgrip strength in our sample was significantly higher than in 
Southern European countries. Handgrip strength was independently associated with 
age, height and ADL dependence in men and women. Overall, 44% of men and 53 % 
of women had handgrip strength measures that were below the clinically relevant 
threshold (32 kg in men and 20 kg in women) for mobility limitations. 
 
Conclusion: This study reports the age- and sex-stratified reference values for 
handgrip strength in a representative sample of the Swiss population, aged 75 - 99 
years. Although grip strength decreased with age in both sexes; the relative decline 
was greater in men than women. Nonetheless men had significantly higher grip 
strength in all age groups. While the Swiss population sampled had a greater grip 
strength than that reported in other European countries, about 50% were still classified 
as at risk of mobility limitations.  
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2.2 Background 
Muscle strength is an important determinant of healthy aging [1]. A reduction in muscle 
mass and strength is known to impair physical function and can have substantial 
consequences directly for the individual but also for economic costs [2]. Physical 
impairment initially results in difficulties in performing common daily activities such as 
carrying household items; however, once body strength drops below a clinically 
relevant threshold, physical limitations increase and can affect mobility and 
independence in basic daily life activities [3, 4]. Loss of independence requires the 
support of care-givers and often leads to social withdrawal and negatively effects on 
wellbeing and quality of life [2]. Early detection of strength loss in the elderly may help 
identify those at risk of physical impairment and apply interventions to avoid or slow 
down the spiral of negative outcomes. 
 
Muscle deterioration in old age is primarily explained by neural and muscular decline 
due to the aging process and concomitant physical inactivity and malnutrition [1]. 
However, mobility-limiting muscle weakness can potentially be counteracted or 
improved through preventive exercise and rehabilitation respectively [1, 5]. Increased 
physical activity and resistance exercise have been shown to improve muscle strength 
and -function even in older people with severe disability [6]. 
 
An easily applicable measure of muscle strength is hand-held dynamometry. Maximal 
isometric handgrip strength, measured with a dynamometer in a standard procedure, 
has high to excellent inter-tester and test-retest reliability [7]. Low handgrip strength is 
indicative for decline of upper extremity strength [8] and lower extremity function [9] 
with high predictive value of adverse outcomes [10]. In clinical research, grip strength 
is often used in detection of age-related loss of muscle strength, associated with 
sarcopenia [11] and frailty [12]. Low grip strength is related to poor mobility of the 
elderly [13] and dependence in activities of daily living [14], and even predicts decline 
in physical functioning and mortality [10].  
Moreover, measurement of grip strength alone has been proposed to be a reliable 
marker of frailty [15] and has, in combination with gait speed, a positive predictive 
value of 87.5% to identify frailty [16]. Handgrip strength in older adults is considered a 
meaningful measure of current physical decline and future outcome by the World 
Health Organization [17].  
 
Theoretical models of demographic trends show an increasing average life 
expectancy in industrial countries [18]. Particularly the percentage of older adults over 
65 years will expand, in Switzerland from 18% in 2015 to 26% in 2045, whereas the 
old and oldest old age group (75 years and over) will increase the most. 60% of the 
over 80 year olds in Switzerland seek private help or live in old peoples- or nursing- 
homes because of limitations in basic and/or complex activities in daily living [19, 20]. 
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The severity of consequences of age-associated muscle weakness provide 
significance to determine strength across all ages, particularly in the 75 years and over 
group. In this context, “hand-grip dynamometry can be considered a fundamental 
element of the physical examination of patients, particularly if they are older adults” 
[21].  
 
Although many studies have collected grip strength data in the elderly, only few have 
systematically assessed grip strength in the most advanced age groups spanning the 
range from 90 up to 100 years and over [22, 23]. To the best of our knowledge, so far 
only one study evaluated grip strength in the Swiss population [24]. Since average grip 
strength differs depending on geographic regions [25, 26], an extension of Swiss 
reference values is important for interpreting region-specific handgrip strength 
measures in clinical practice. 
This study aimed to assess handgrip strength in the Swiss population aged 75 years 
and above to provide reference values for further investigations and measures in 
clinical practice. 
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2.3 Methods 
Study design 
A cross-sectional study of handgrip strength involving older people living in two 
different urban regions (Basel and St Gallen) of the German-speaking part of 
Switzerland was undertaken. Recruitment targeted community-living elderly, as well 
as those dwelling in assisted living apartments, and residential aged-care/nursing 
homes to ensure a broad representative sample of the general older population. 
Participants meeting the following inclusion criteria were eligible for the study: male 
and female adults aged 75 years or older, able to follow verbal instructions in German, 
able and willing to sign informed consent. Participants were excluded from the study 
based on the following criteria: self-reported upper extremity pain, aching or stiffness 
of the upper extremity on most days (over 50%) of the past month, injury or surgery or 
acute diseases of upper extremity within the past 6 months, and inability to follow the 
procedures of the study. 
 
Sample size 
Participant numbers (n = 240) were estimated a priori based on previously published 
grip strength data for Swiss older adults (Werle et al., 2009). The number would be 
sufficient to detect a 30% difference in grip strength for each 10-years age group 
cluster at an alpha (ɑ) level of .05 and with 80% power (β = .20).  
 
Data collection and methods 
Prior to data collection, research assistants at both study sites were trained in 
conducting the interview of the participants and in using the study equipment for 
measuring handgrip strength according to the study protocol. Factors previously 
shown to influence handgrip strength including demographic characteristics, 
medication and fall history, osteoarthritis of the hands, global cognitive function, 
physical activity and dependence in activities of daily living were also collected. 
 
Information about the intake of sedative medication, fall history and osteoarthritis of 
the hands were self-reported by the participants. 
 
Measurements of body height were made to the nearest centimeter with a stadiometer 
and body weight was measured to the nearest kilogram on a digital weigh scale.  
 
Global cognitive function was evaluated with the Mini Mental State Exam (MMSE) [27] 
and expressed as a score out of 30. The MMSE has a reported sensitivity of 77% and 
specificity of 91% in detecting cognitive impairment in older, community dwelling, 
hospitalized and institutionalized adults [28].  
 
Independence in daily activities was assed via two questionnaires; the Barthel Index, 
which assesses basic activities of daily living (ADL) [29], and the Lawton Scale which 
evaluates instrumental activities of daily living (IADL) such as telephone use, shopping 
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and food preparation [30]. Both self-rated assessments are widely used in elderly 
cohorts and have been shown to have high levels of reliability (Intra Class Correlation 
and Cronbach’s alpha 0.9) [31, 32]. The questionnaires were conducted as interviews 
and categorized participants as either independent (when all activities were scored 
highest), dependent in IADL (when at least one complex activity was rated with 0 
points) or dependent in ADL (when at least one basic activity was rated with less than 
maximum score).  
 
Physical activity was assessed with the Freiburg Questionnaire of Physical Activity; a 
self-reported questionnaire comprised of 8 items evaluating occupational, household, 
and leisure activities during the previous 7-day/30-day period [33]. Energy cost per 
week was quantified using a specific coding scheme that classifies physical activity by 
rate of energy expenditure [34, 35]. 
 
Handgrip strength was assessed using a hydraulic hand dynamometer (Jamar®) 
according to the standardized protocol recommended by the American Society of hand 
therapists [36]. The participant was seated in a chair without arm support, and with 
their hips flexed at 90° and feet resting on the floor. The elbow of the test arm was 
flexed to 90°, the forearm in neutral, and the wrist positioned at 15-30° of extension 
(dorsiflexion) and 0- 15° of ulnar deviation. The examiner supported the base of the 
dynamometer for testing and the second smallest dynamometer handle position was 
used. Following a demonstration of the protocol, the participant was asked to squeeze 
the handle with as much force as possible for three seconds. Three repeated trials 
were recorded for both hands with a rest period of at least 15 seconds between trials. 
The maximum value of the three trials was used for analysis and data presentation. 
To enable comparison of results with those of other authors, the mean value of three 
trials was also reported. Hand dominance was self-reported by the participant based 
on their preferred hand use in activities including writing and brushing teeth, according 
to the Edinburgh Handedness Inventory [37]. 
 
IBM SPSS Statistics, Version 23 was used for statistical analysis. Descriptive statistics 
for categorical variables were expressed in percentage frequency distribution, for 
continuous variables mean and standard deviation was used. Grip strength of the 
dominant hand (mean and maximum value of three trials) was reported as means and 
standard deviations (SD) and standard error of mean (SEM) for men and women by 
age group. Measures of handgrip strength controlled for height were also presented. 
Spearman’s correlation coefficient and multiple regression analysis was used to 
calculate relationships of grip strength with demographic data and information about 
comorbidities, medication, fall history, global cognitive function, self-reported physical 
activity and dependence in activities of daily living. Multivariate analysis of variance 
with Bonferroni-adjusted post-hoc analysis was used to detect strength differences 
between age groups and sexes.  
 
This manuscript adheres to reporting guidelines for cross-sectional studies [38]. 
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2.4 Results 
A total of 244 participants were recruited in the period from June 2016 to march 2017, 
including 164 people from the canton Basel and 80 from the canton St Gallen. There 
was no statistically significant difference in mean age- and sex-stratified grip strength 
between the two sites (p = .24).  
 
Characteristics of participants (62.7% female) and mean grip strength are shown in 
Table 1. There were no differences between sexes for age, global cognitive function, 
dependence in activities in daily living, amount of people living in assisted-living 
facilities, taking sedative medication or experiencing a fall but males were significantly 
taller, heavier, stronger, more physically active and had less hand osteoarthritis than 
females. 
 

Table 1: Participants characteristics 

Characteristic men 
mean (SD) or % 

women 
mean (SD) or 

% 
age (years) 83.1 (5.6) 84.5 (5.9) 
height (m) 1.73 (0.7) 1.59 (0.7)* 
weight (kg) 
handgrip strength (kg) 
Global cognitive function (points) 
Physical activity (kcal/week) 
ADL dependence 
  in instrumental activities of daily living 
  in instrumental and basic activities of daily 
living 
Living in assisted-living facilities/ 
nursing homes 
Medication 
Osteoarthritis in hands 
Fall history 

75.2 (10.4) 
32.0 (8.2) 
27.6 (2.4) 

1467.4 (1435.9) 
 

18.2 
17.0 

 
6.8 

 
23.9 
11.4 
52.3 

63.3 (13.2)* 
19.4 (4.3)* 
26.9 (3.1) 

828.2 (1005.1)* 
 

16.0 
23.7 

 
9.6 

 
34.0 
27.6* 
64.7 

 
* significant difference between values of men and women with p < .05 

 

 

Handgrip strength in men significantly correlated with age (r = -.41, p < .01), height (r 
= .31, p < .01) and ADL dependence (r = -.42, p < .01). After multiple regression 
analysis, all three variables showed independent association with grip strength, with a 
regression coefficient of -.4 for age in years and .3 for height in m and -7.5 for ADL 
dependence. In women, handgrip strength significantly correlated with age (r = -.49, 
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p < .01), weight (r = .20, p < .02), height (r = .30, p < .01) and ADL dependence (r = 
-.49, p < .01). After multiple regression analysis, only sex, age, height and ADL 
dependence were independently associated with grip strength, with a regression 
coefficient of -.2 for age in years and .1 for height in m and -2.8 for ADL dependence. 
 
For presentation of handgrip strength results as reference values and to aid 
comparisons with previous research, mean as well as maximum values of three trials 
were given for participants categorized into four age groups: 75-79 years, 80-84 years, 
85-89 years, 90-99 years. Age distribution is presented in Table 2. Handgrip strength 
was calculated for men and women separately. Handgrip strength results in kg of male 
and female participants are presented with and without controlling the values for height 
(assuming all males and females had the same height within their respective groups) 
in Tables 3 and 4, respectively. Unadjusted maximum handgrip strength is graphically 
shown in figure 1.  
 
Table 2: Number of participants per age group in absolute (n) and percentage values 
(%) 
	
Age (years) 75-79 80-84 85-89 90-99 
Men      
Absolute n   
percentage %  

 
30               
34.1 

 
28                
31.8 

 
17                
19.3 

 
13 
14.8 

Women         
absolute n   
percentage % 

 
37 
23.7 

 
45                
28.8 

 
37               
23.7 

 
37                
23.7 

 
	
	
Table 3: Height-adjusted handgrip strength of the dominant hand, categorized in age 
groups 
	
Age (years) 75-79  80-84  85-89 90-99 
Men 
mean of 3 trials (kg) 35.9 ± 6.3  27.5 ± 7.7  30.6 ± 6.2  24.7 ± 7.2  
max of 3 trials (kg) 37.7 ± 6.5  28.8 ± 7.7 32.1 ± 5.9  26.1 ± 8.2 
 
Women 
mean of 3 trials (kg) 21.0 ± 3.9 18.2 ± 3.0  18.0 ± 3.7  15.4 ± 4.6  
max of 3 trials (kg) 22.2 ± 4.0  19.7 ± 3.0  19.0 ± 3.8  16.5 ± 4.7  

 
Handgrip strength is presented as maximum value of three trials and mean value of three trials ± SD 
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Table 4: Handgrip strength (unadjusted to height) of the dominant hand, categorized 
in age groups  
	
Age (years) 75-79 80-84 85-89 90-99 
Men 
mean of 3 trials (kg) 35.9 ± 6.3 (1.2) 27.5 ± 7.7 (1.5) 30.6 ± 6.2 (1.5) 24.1 ± 7.2 (2.0) 
max of 3 trials (kg) 37.7 ± 6.5 (1.2) 28.8 ± 7.7 (1.5) 32.1 ± 5.9 (1.4) 25.6 ± 7.6 (2.1) 
 
Women 
mean of 3 trials (kg) 21.0 ± 3.9 (0.6) 18.2 ± 3.0 (0.4) 18.1 ± 3.7 (0.6) 15.3 ± 4.6 (0.8) 
max of 3 trials (kg) 22.2 ± 4.0 (0.7) 19.7 ± 3.0 (0.4) 19.0 ± 3.8 (0.6) 16.5 ± 4.7 (0.8) 

 
Handgrip strength is presented as maximum value of three trials and mean value of three trials ± SD 
(SEM – standard error of mean) 
 

 
	
Figure 1: Maximum handgrip strength in kg of the Swiss population 75 years and over 
 
* Significant difference in grip strength in men (p <.05)  
∘ Significant difference in grip strength in women (p <.05) 
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Analysis of variance for maximum handgrip strength in men showed that age group 
75-79 was significantly stronger than age group 80-84 (p < .01, 95% CI 4.0-13.9) and 
90-99 (p < .01, 95% CI 5.8 – 18.4), and not than age group 85-89 (p = .56, 95% CI -.1 
– 11.4). Handgrip strength of the other age groups did not significantly differ from each 
other (p = .79 - 1.0). 
 
Loss in mean handgrip strength was 8.9 ± 1.8 kg (23.6 ± 4.7%) between the youngest 
two age groups (75-79 and 80-84) and 12.1 ± 2.3 kg (32.1 ± 6.1%) between the 
youngest and the oldest (75-79 and 90-99). 
 
In women, analysis of variance for handgrip strength was significantly higher in age 
group 75-79 than in the other three groups (80-84, p = .02, 95% CI 0.2-4.8; 85-89, p 
< .01, 95% CI 0.8-5.6; and 90-99, p < .01, 95% CI 3.4-8.2). Handgrip strength of age 
group 80-84 and 85-89 were significantly stronger than age group 90-99 (p < .01, 95% 
CI 0.9-5.5; p = .03,95% CI 0.1-5.0), but did not differ from each other (p = 1.0). 
Loss in mean handgrip strength was 2.5 kg ± 0.9 (11.3 ± 4.1%) between the youngest 
two age groups (75-79 and 80-84) and 5.8 ± 0.9 kg (26.1 ± 4.1 %) between the 
youngest and the oldest (75-79 and 90-99). 
 
For identification of participants with clinically meaningful weakness, handgrip strength 
was classified in three categories: weak, intermediate and normal, according to cut-
off values published by Alley et al. [3]. Allocation of participants to individual categories 
is presented in Table 5. Men and women show equal percentage distribution for each 
category except for intermediate strength, where women were significantly higher. 
About 50% of both sexes have normal strength and 50% were categorised as having 
reduced strength (category weak and intermediate). The percentage distribution of 
participants living in assisted-living facilities did not differ between sexes but 
significantly differed between categories. In men and women, more people 
categorised as weak lived in assisted-living facilities than people with intermediate or 
normal strength. 
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Table 5: Classification of participants (%) into three handgrip strength categories  
 men (%) 

 
women (%) 
 

Weak (men < 26 kg, women < 16 kg) 
assisted-living (%) 
community-living (%) 
 

22.7 
20ˆ 
80 

18 
21ˆ 
79 

Intermediate (men ≥ 26 < 32 kg, women ≥ 16 < 20 kg 
assisted-living (%) 
community-living (%) 
 

21.6 
7 
93 

35.3* 
10 
90 

Normal (men ≥ 32 kg, women ≥ 20 kg) 
assisted-living 
community-living 

55.7 
4 
96 

46.7 
5 
95 

 
Three groups for handgrip strength: weak, intermediate and normal. Percentage of people living in 
assisted-living facilities per group is presented in %. 
* Significant difference between men and women, p <.05. ˆ Significant difference of people living 
assisted (%) between strength categories, p <.05.  
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2.5 Discussion 
The present study evaluated handgrip strength in a sample of Swiss individuals aged 
75 years and over to provide reference values for further investigations and measures 
in clinical practice. Our study results showed handgrip strength values confirm and 
equal previously published data in the Swiss population 75 – 85 years [24] and 
confirmed the validity of provided reference values for this geographic region. For the 
first time, additional reference values specifically for the age groups 85-90 and 90-99 
years of the Swiss population are presented. 
 
Compared to grip strength data of a previously published Swiss sample (up to 85 years 
of age) [24], the older people in our study presented with comparable strength values 
(mean of three trials) in all age groups, except from women aged 75-79 years who 
were significantly weaker in the present study. Where Werle et al. included community-
living older adults and elderly living in senior residences, our sample included nursing 
home dwellers as well. It is possible, therefore, that our sample had a lower level of 
physical condition than participants in the Werle et al. study. Therefore, handgrip 
strength could be expected to be lower in our sample as seen in women aged 75-79 
years. The age group 85+ reported in the study of Werle et al. could not be compared 
to our sample since information on average age of their 85+ cohort was not provided. 
In comparison to handgrip strength values published by other authors who included a 
random sample of the general nonagenarian population [22, 23], mean handgrip 
strength of the 90-99-year-old participants were significantly higher than in Southern 
France and Italy. These findings are consistent with previous comparisons among 
different European countries showing a North-South slope [22, 25]. Contrasting our 
results with studies of two cohorts from Denmark (mean age 96.8 years in men and 
100 years in women, 92-92 years in men and women respectively) who included 
volunteers of oldest old people registered in the national civil registration system [22, 
23], men of our Swiss sample were similar in strength, whereas women were 
significantly stronger. The difference could be due to variances in mean age, with 
women of one Danish cohort being 7 years older on average, as well as due to higher 
percentage of the participants living in assisted living facilities/nursing homes in both 
Danish samples (30.6% [22] and 47.6% [23] versus 8.4% in our sample). 
 
The differences in age- and gender-specific grip strength among different countries 
likely vary due to e.g. birth weight, lifestyle and health care in the elderly [25]. In the 
Swiss population, these factors are above average on international comparison, which 
might contribute to the higher grip strength observed in the elderly Swiss. More 
specifically, the average birth weight (3.3 kg) of Swiss newborns in 2016 [39] 
corresponds with the average value of international standards for newborns [40]. 
However, at 83.3 years, the Swiss population had the second highest life expectancy 
at birth in 2016 [41]. Moreover, 56% of the population aged 75 years and over met the 
WHO-recommendations for physical activity in 2016, and therefore were within the 
highest quartile of the prevalence range (20-60%) of physical activity in older adults 
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[42]. Remarkably, Switzerland has the highest social and economic wellbeing of older 
people worldwide, considering income and health status, education and employment, 
and enabling environment [43], which may be important preconditions for remaining 
active in old age. 
 
Another finding of our study, consistent with previous research in the elderly [14, 25], 
was that handgrip strength in men and women was independently associated with 
age, height and ADL dependence. Handgrip strength decreased significantly with age 
in men and women. Between 75 and 99 years, men demonstrated a greater decrease 
in strength than women but had still higher overall values even in the oldest age group. 
When considering the entire age range (75 – 99 years), the largest reduction in grip 
strength occurred in men in their early 80’s while the biggest difference in women’s 
strength appeared in their early 90’s. The finding is consistent with a longitudinal study 
of Danish older adults, in which males lost handgrip strength more rapidly than females 
but were still stronger in absolute values [44] and less dependent in daily living [23]. 
As more women aged 90-99 years in the current study were dependent in daily 
activities than men (51% of women, 31% men), it would appear that absolute strength 
rather than the relative loss in grip strength may be more important for remaining 
independent in daily living in the elderly. 
 
To identify people with a clinically meaningful reduction in handgrip strength in our 
sample of Swiss older adults, we applied cut-off values for detection of people at risk 
for mobility impairment, associated with sarcopenia/ dynapenia [2, 3]. According to cut 
off values published by Alley et al. [3] classifying people as weak (grip strength less 
than 26 kg for men and 16 kg for women), 22.7% male and 18% female participants 
in our sample were in this category. These individuals have a 7.6 (men) and 4.4 
(women) times increased risk for mobility impairment, compared to older people with 
normal strength. In addition, 35.3% of the women and 21.6% of the men had 
“intermediate strength” (cut-off thresholds of 32 kg in men and 20 kg in women), with 
concomitant 3.6 (men) and 2.4 (women) times higher risk of impairment compared to 
older adults with normal strength values. In total, the percentage of participants with 
reduced strength according the proposed thresholds is 44% in men and 53% in 
women. Comparing the men and women with normal strength to the at risk of mobility 
impairment groups regarding dependency in daily living, those with normal strength 
were more than 2-5 times less likely living in a care home facility. 
 
Even though cut-off values are not confirmed to be valid in detecting mobility 
impairment in the Swiss population yet, these results might give insight into current 
physical health and might indicate future need for help and care in the Swiss 
population. 
 
In this study, handgrip strength was evaluated in two urban regions of German-
speaking Switzerland with comparable handgrip strength observed at both sites. The 
age- and gender- distribution, as well as the percentage of people dependent in daily 
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activities, were comparable with the Swiss population of the same geographic region 
[19, 20]. Hence, grip strength values reported in this study are likely representative of 
the urban, German-Swiss population. We cannot rule out, however, that handgrip 
strength may differ in French-, Italian- and Romansh-speaking areas of Switzerland. 
 
Limitations 
Although this study included grip strength data in one of the most advanced age 
groups reported within the literature, only a limited number of male participants (n = 
13) were able to be recruited from the oldest age group (90-99 years). Handgrip 
strength values might still be externally valid since geographically comparable data of 
other authors show equal results in a high number of nonagenarians. Secondly, this 
study recruited people from urban rather than rural areas of Switzerland. As people 
from rural backgrounds have been shown to have greater grip strength than those 
from urban environments [45], reference values in this study may be viewed as lower 
estimates of grip strength in the Swiss population. It is noteworthy, however, that our 
data are comparable with previously published grip strength in Swiss adults (aged 75-
85) which included urban, suburban and rural populations.  
 
Conclusion 
This study reports the age- and sex-stratified reference values for handgrip strength 
in a representative sample of the Swiss population, aged 75 - 99 years. Grip strength 
decreased with age in both sexes with the relative decline being greater in men than 
in women. Nonetheless, men had significantly higher grip strength values in all age 
groups. While the Swiss population sample had a greater grip strength than that 
reported in other European countries, 44% (men) and 53% (women) were still 
classified as being at risk of developing mobility limitations. 
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Chapter 3 

3. Prevalence of probable sarcopenia in community-dwelling 
older Swiss people – a cross-sectional study 
 
 
This study was designed to address research aim 2 and evaluated the prevalence of 
probable sarcopenia, as defined by low handgrip strength, in older people in 
Switzerland. The association between low handgrip strength and strength-related 
determinants was evaluated to determine predictors of probable sarcopenia.  
 
The chapter has been reformatted from the published article: 
Wearing J, Konings P, Stokes M, de Bie R, de Bruin ED: Prevalence of probable 
sarcopenia in community-dwelling older Swiss people – a cross-sectional study. BMC 
Geriatrics (2020) 20:307. 
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preparation critical revision of the manuscript. 
R.A. de Bie contributed to study conception and design, data interpretation, and 
preparation and critical revision of the manuscript. 
E.D. de Bruin contributed to study conception and design, statistical analysis and 
interpretation, and preparation and critical revision of the manuscript.  
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3.1 Abstract 
Background: The European Working Group on Sarcopenia in Older People has 
recently defined new criteria for identifying “(probable) sarcopenia” (EWGSOP2). 
However, the prevalence of probable sarcopenia, defined by these guidelines, has not 
been determined extensively, especially in the oldest old. This study aims to determine 
the prevalence of probable sarcopenia in older, community-living people and its 
association with strength-related determinants. 
 
Methods: Handgrip strength and reported determinants (age, height, weight, 
osteoarthritis of hands, medications, fall history, physical activity, activities of daily 
living (ADL) and global cognitive function) were collected in a cross-sectional study of 
219 community-living Swiss people (75 years and over). Probable sarcopenia was 
estimated based on cut-off values for handgrip strength as recommended by 
EWGSOP2. Spearman correlations, binary-regression analyses and contingency 
tables were used to explore relationships between variables. 
 
Results: The prevalence of probable sarcopenia in women (n = 137, age 84.1 ± 5.7 
years) and men (n = 82, age 82.6 ± 5.2 years) was 26.3% and 28.0%, respectively. In 
women, probable sarcopenia correlated positively with age and falls (rs range 0.332 – 
0.195, p < .05), and negatively with weight, cognition, physical activity, using stairs 
regularly, participating in sports activities and ADL performance (rs range = -0.141 - -
0.409, p < .05). The only significant predictor of probable sarcopenia at the multivariate 
level was ADL performance (Wald(1)= 5.51, p= .019). In men, probable sarcopenia 
was positively correlated with age (rs = 0.33, p < .05) and negatively with physical 
activity, participation in sports and ADL performance (rs range -0.221 – -0.353, p < 
.05). ADL performance and age (Wald (1) = 4.46, p= .035 and Wald (1) = 6.30, p= 
.012) were the only significant predictors at the multivariate level. Men and women 
with probable sarcopenia were 2.8 times more likely to be dependent in ADL than 
those without. 
 
Conclusion: Probable sarcopenia affected one in every four community-living, oldest 
old people and was independently associated with impaired ADL performance in both 
sexes. This highlights the importance of detection of handgrip strength in this age 
group in clinical practice. Although prospective studies are required, independence in 
ADL might help to protect against probable sarcopenia. 
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3.2Background 
Sarcopenia is a generalized, progressive muscle disease/disorder [1] that has 
considerable, negative health-related consequences such as an increased rate of falls 
and incidence of hospitalization [2]. It is characterized by quantitative and qualitative 
alterations in muscles that may emerge from middle age onwards [3] and cumulatively 
occur in people with chronic diseases and an inactive lifestyle [4]. The prevalence of 
sarcopenia in Europe was between 11% - 20% in healthy men and women aged ≥ 60 
years in 2016 [5, 6] and an accumulated 17% in a recently studied Swiss sample in 
the Italian speaking part of Switzerland where seven different Sarcopenia definitions 
were applied [7]. The prevalence significantly increases with age and is expected to 
rise within the next 30 years, particularly in the highest age groups [5]. Through 
concomitant diseases, sarcopenia is accompanied by a high personal and social 
burden when it remains untreated [1]. Sarcopenia can be prevented, delayed and 
probably counteracted by physical training and nutritional adaptations [4, 8]. However, 
in clinical practice sarcopenia is not contemplated sufficiently as a determinant of 
health deterioration [9] notwithstanding the fact that an ICD-10-CM code for 
sarcopenia was established in 2016. Therefore, sarcopenia can gradually lead to 
mobility limitations with loss of independence in activities of daily living (ADL) [10] and 
a decrease of life quality [11]. The European Working Group on Sarcopenia in Older 
People (EWGSOP) published a consensus paper in 2010 on the definition of 
sarcopenia in older people based on clinical measures [6]. Pre-sarcopenia was 
diagnosed by low muscle mass, and sarcopenia was defined by low muscle mass and 
either low muscle strength (e.g. handgrip strength) or low muscle performance (e.g. 
low gait speed). Certain cut-off values were set for each assessment. In 2018, the 
algorithm of clinical measures was updated based on scientific evidence of the 
previous decade (EWGSOP2) [1] and takes into account the dominant role of muscle 
strength in age-associated muscle wasting rather than muscle mass. According to the 
new guidelines, a muscle strength test, such as handgrip strength, is recommended 
as the initial assessment in detecting sarcopenia, therewith identifying individuals with 
probable sarcopenia when handgrip strength is < 16 kg for women and < 27 kg for 
men. Confirmation of the diagnosis sarcopenia is received by an additional detection 
of low muscle mass or quality. However, low strength on its own is considered enough 
to initiate interventions [1] since negative consequences of untreated muscle 
weakness, even without low muscle mass and quality, can be immense for the 
individual and in terms of health care costs [2]. The evaluation of probable sarcopenia 
provides important information, relevant for sarcopenia prevention and health 
promotion.  
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The handgrip strength test is easily applicable to older adults and provides important 
information on current and future health status. Low muscle strength increases the 
probability of mobility limitations [12], impaired performance in daily activities [13-15] 
and is a marker of frailty [16]. In older people, high grip strength has a protective effect 
for developing disability [17] while low handgrip strength is a direct, disease-
independent predictor of mortality [18, 19]. Therefore, detection of low handgrip 
strength in older individuals is particularly important to evaluate the status of 
sarcopenia, which bears relevance for timely initiation of preventive or curative 
interventions [1]. Since the detection of pre-/probable sarcopenia is now based on 
muscle strength rather than muscle mass, applying the new guidelines (EWGSOP2) 
might lead to different population proportions identified with pre-sarcopenia that would 
qualify for preventive or curative associated care. 
 
To date, information about the prevalence of probable sarcopenia, defined by low 
muscle strength according to the latest guidelines of the EWGSOP is rare, especially 
in oldest old men, and not evaluated yet for community living, non-hospitalized women 
[20-23]. The primary objective of this study was, therefore, to provide data regarding 
the prevalence of probable sarcopenia in older, community-living women and men in 
Switzerland. The secondary objective was to evaluate the association between 
probable sarcopenia and strength-related determinants.  
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3.3 Methods 
Study design 
A cross-sectional study, adhering to reporting guidelines [24], was carried out between 
June 2016 and March 2017 in the Basel and St Gallen urban regions of Switzerland. 
The aim was to evaluate handgrip strength of community-living Swiss-German older 
adults. Recruitment was targeted towards people 75 years and over, living 
independently at their own home. Written information about the study was given to the 
target population through employees of the study sites (relatives, friends, 
communities) and organizations for seniors (senior education center and service 
organization) in the related cities. Interested potential participants were screened for 
inclusion and exclusion criteria via phone call. Volunteers were included when they 
had no self-reported upper extremity pain or stiffness on more than 50% of days of the 
past month, no acute diseases, no injury or surgery of the upper extremity within the 
past 6 months, were able to understand instructions in German and to sign informed 
consent. People were excluded when they did not meet the inclusion criteria. Of the 
potential participants, n=2 had to be excluded due to pain in their hands. The 
recruitment process was finished when a priori calculated sample size was attained. 
 
Sample size 
Participant numbers (n=219) were estimated a priori based on previously published 
prevalence data for Swedish older adults [20]. The estimated number would be 
sufficient to detect a prevalence of 28% at a level of confidence of 0.1 and with 95% 
precision (d = 0.05).  
 
Data collection 
The assessors were trained and experienced in all testing procedures. 
Handgrip strength was evaluated with a calibrated hydraulic hand dynamometer 
(Jamar®) in accordance with the standardized procedure defined by the American 
Society of Hand Therapists [25]. In brief, participants were seated with their elbow 
flexed at 90° and holding the dynamometer in their dominant hand. The handle grip of 
the dynamometer was standardized to the second smallest grip position. The weight 
of the dynamometer was counterbalanced by the examiner throughout testing. Based 
on the cut off value of handgrip strength for probable sarcopenia in women and men, 
defined by the EWGSOP, the participants were categorized in two groups: category 1 
= “probable sarcopenia” (handgrip strength < 16 kg and < 27 respectively) and 
category 0 = “no probable sarcopenia” (handgrip strength ≥ 16 kg and ≥ 27 kg). 
 
Factors associated with handgrip strength, as reported in the literature, were also 
assessed. These were age, height, weight, sedative medication, fall history, 
osteoarthritis of the hands, global cognitive function, physical activity and basic and 
instrumental activities of daily living. Data collection is outlined briefly in Table 1, for 
more detailed explanations we refer to [26]. 
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Table 1: Measured variables 
	
Grip strength-related factors 
 

Measure Rating, categorization 

Demographic characteristics 
[3, 27] 
 

Self-reported age, 
height and weight 
 

 

Sedative medication intake 
[28] 

self-reported 
 

category 0: no sedative 
medication  
category 1: ≥ 1 medication  
 

Fall history [29] self-reported 
 

category 0: no falls  
category 1: ≥ 1 fall  
 

Osteoarthritis of the hands [30] self-reported 
 

category 0: yes 
category 1: no 
 

Global cognitive function [31] Mini Mental State 
Exam (MMSE) [32] 
 

points 0-30 

Physical activity [27] 
 

Freiburg 
Questionnaire of 
Physical Activity 
[33]  
 

energy expenditure in 
kcal/week [34, 35] 
 

Basic activities of daily living 
(ADL) [36] 

the Barthel Index 
[37] 
Questionnaire as 
interview 
 

category 0: independent in 
IADL and ADL 
highest value in every 
instrumental and basic 
activity 
  
category 1 (dependent in 
IADL and/or ADL): 0 points 
in at least one instrumental 
activity and less than 
highest value in at least one 
basic activity 

Instrumental activities of daily 
living (IADL) [38] 

Lawton Scale [39] 
Questionnaire as 
interview 
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Statistical Analysis 
IBM SPSS Statistics, Version 23 was used for statistical analysis. Normal distribution 
of continuous and categorical variables was tested with the Kolmogorov Smirnov and 
the Shapiro Wilk test. For further analyses, parametric tests were used for data with a 
normal distribution and non-parametric tests for non-normal distributed data and 
categorical variables. Prevalence of probable sarcopenia was estimated by the 
percentage of individuals with handgrip strength below the cut off value per gender. 
Correlations between sarcopenia-categorizations and independent variables were 
analyzed using Spearman’s correlation coefficient and binary-logistic regression. 
Prevalence of ADL performance in people with probable sarcopenia was evaluated by 
2x2 contingency tables, calculating the ratio of: number of ADL dependent participants 
affected by the disease/total cases affected by the disease and number of ADL 
dependent participants not affected by the disease/total cases not affected by the 
disease. Pairwise deletion was used in statistical analysis of missing data. 
	
3.4 Results 
The prevalence analysis of probable sarcopenia in community-living older people was 
based on a representative sample of 219 older adults, aged 75 years and over, mean 
age 83.6 (± 5.6) years (n=137 women, n=82 men) from two urban, German-speaking 
areas in Switzerland. Mean (SD) handgrip strength in women was 18.4 kg (4.15) and 
in men 30.9 kg (7.92). The overall percentage of people independent in IADL and ADL 
was 66%. 
 
Prevalence of probable sarcopenia 
The prevalence of probable sarcopenia, detected by gender-specific handgrip strength 
cut-off values, was 26.3% in women (n=36) and 28% in men (n=23).  
 
Associations of probable sarcopenia with factors related to handgrip strength 
The variables that were associated with the sarcopenia category (no probable 
sarcopenia/ probable sarcopenia) varied between sexes. Therefore, further analysis 
was performed separately for women and men. 
 
Correlation analysis 
In women, probable sarcopenia correlated positively with age and falls (rs range 0.332 
– 0.195, p < .05), and negatively with body weight, cognition, physical activity, using 
stairs regularly, participating in sports activities and ADL performance (rs range = -
0.141 - -0.409, p < .05). 
In men, probable sarcopenia was positively correlated with age (rs = 0.33, p < .05) and 
negatively with physical activity, participation in sports and ADL performance (rs range 
-0.221 – -0.353, p < .05). ADL performance had the highest correlation of the 
independent variables in both sexes (Table 2).  
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Table 2: Correlations between sarcopenia category and independent variables in 
women and men  
 

Independent variables women men 
 

 Correlation 
coefficient  

Level of  
Significance 

Correlation 
coefficient 

Level of 
Significance 

age rs = 0.332* p < .001 rs = 0.33* p = .002 
height  rs = -0.141 p = .100 rs = 0.095 p = .394 
weight rs = -0.176* p = .039 rs = -0.187 p = .092 
medication rs = 0.091 p = .291 rs = 0.062 p = .578 
falls rs = 0.195* p = .022 rs = 0.136 p = .224 
osteoarthritis in hands rs = -0.037 p = .672 rs = 0.073 p = .515 
cognition rs = -0.242* p = .005 rs = -0.004 p = .975 
physical activity rs = -0.323* p < .001 rs = -0.234* P = .034 
taking stairs regularly rs = -0.224* p = .009 rs = 0.001 p = .995 
participating in Sport 
activities 

rs = -0.258* p < .001 rs = -0.221* p = .046 

ADL performance rs = -0.409* p < .001 rs = -0.353* p < .001 
 
*significant correlation (p < .05) 

	
Regression analysis 
In women, regression analysis showed that the significantly correlating variables age, 
weight, cognition, physical activity, regularly climbing stairs, participating in sports 
activities, falls and ADL performance explained whether a participant had probable 
sarcopenia or not to 32.5% (Nagelkerke’s R2= 0.325, Chi-squared (8) = 33.606, p < 
.000). ADL performance was the only variable significantly impacting on sarcopenia 
category (Wald (1) = 5.516, p = .019) with an Odd’s ratio of 0.263 (Table 3). 
 
In men, the significantly correlating variables age, physical activity, participating in 
sports activities and ADL performance explained the outcome of no probable 
sarcopenia/ probable sarcopenia to 29.3% (Nagelkerke’s R2= 0.293, Chi-squared (4) 
= 18.667, p = .001. Higher age and lower ADL performance had significant impact on 
having probable sarcopenia (Wald (1) = 6.298, p = .012; Wald (1) = 4.461, p = .035), 
age with an Odd’s ratio of 1.153, ADL performance with an Odd’s ratio of 0.295 (Table 
4). 
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Table 3: Regression analysis of sarcopenia category by correlated variables in women 

 

Variables Wald Degrees 
of 
freedom 

Sig-
nifica
nce 
p 

Exp(B)/ 
Odd’s 
ratio 

95% Confidence 
intervall for 
Exp(B) 
lower upper 

age 3.211 1 .073 1.093 .992 1.205 
weight .429 1 .512 .987 .951 1.026 
fall 1.628 1 .202 1.959 .697 5.503 
cognition .931 1 .335 1.090 .915 1.298 
physical activity .067 1 .796 1.000 .999 1.001 
participating in Sport 
activities 

.603 1 .438 .592 .158 2.224 

taking stairs regularly 2.208 1 .137 .486 .188 1.259 
ADL 5.516 1 .019 .263 .086 .802 
constant 2.725 1 .099 .000   

 

 

Table 4: Regression analysis of sarcopenia category by correlated variables in men 

 

Variables Wald Degrees of 
freedom 

Sig-
nificance 
p 

Exp(B)/ 
Odd’s 
ratio 

95% Confidence 
intervall for Exp(B) 
lower upper 

age 6.298 1 .012 1.153 1.032 1.289 
physical activity .432 1 .511 1.000 .999 1.000 
participating in 
Sport activities 

.655 1 .418 .554 .132 2.318 

ADL 4.461 1 .035 .295 .095 .916 
constant 5.989 1 .014 .000   

 

 

Prevalence of ADL performance with and without probable sarcopenia 
Of the women with probable sarcopenia (n=36), 70% (n=25) were dependent in IADL 
and/or ADL. In the group of women without probable sarcopenia (n=101) only 25% 
(n=25) were dependent in IADL and/or ADL. In the 23 men with probable sarcopenia, 
57% (n=13) were dependent in IADL and/or ADL, while in the 59 without probable 
sarcopenia only 20% (n=12) were dependent in IADL and/or ADL. Women and men 
with probable sarcopenia were 2.8 times more likely to be dependent in ADL than 
those without (Table 5). 
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Table 5: Prevalence of ADL dependence in people with and without probable 
sarcopenia 
 

 Women (n) 
 

Men (n) 

Probable  
sarcopenia  

No 
probable 
sarcopenia 

ratio Probable  
sarcopenia  

No 
probable 
sarcopenia 

ratio 

IADL and/or ADL 
dependent (dep) 
	

25 25  13 12  

IADL/ADL 
independent 
(indep) 
	

11 76  10 47  

Total 
	

36 101  23 59  

Prevalence (ADL 
dep/total) 

0.694 0.247 2.8 0.565 0.203 2.8 
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3.5 Discussion 
The sample complies with the oldest old population of Switzerland in regard to mean 
age, gender participation and functional performance in ADL [40]. Handgrip strength 
of this sample is in accordance with strength values previously evaluated in the 
German-Swiss population of similar age [41]. Therefore, the study sample can be 
considered representative of the oldest old population in Switzerland. 
This study has applied updated EWGSOP2 guidelines to give insights into probable 
sarcopenia in community-living, non-hospitalized, oldest old women. Thereby, it 
provides important health-related data of a group not previously studied. The results 
demonstrate that a high percentage of community-living older women has such low 
strength that negative consequences, such as dependence in ADL, are likely to occur 
when strength decline is not counteracted.  
The findings build on existing evidence of probable sarcopenia in oldest old men, in 
which the prevalence of probable sarcopenia is reportedly 28% [21], to also include 
new data in oldest old women. In the current study, the prevalence of probable 
sarcopenia in community-living older people aged 75 years and over was 26.3% in 
women and 28% in men. These results are in accordance with studies in other 
countries that assessed people of the same age group [20, 21]. Reiss et al. detected 
a prevalence of low handgrip strength of 28% in women, and 33% in men in 144 
geriatric inpatients (mean age 80.7 years) [21] while Franzon et al. evaluated a 28% 
prevalence in 287 community-living Swedish men (mean age 86 years) [20]. Two 
studies of younger populations from Korea and Japan reported lower prevalences of 
people with low handgrip strength (14.6% in men and women combined [22], 17.2% 
in men and 10.1% in women [23]). The differences between the previous studies and 
the present results may be explained by the age differences (mean age 76 years in 
their studies versus 83 years in the present study) and/or ethnic origin of the study 
population [22, 23], since handgrip strength declines with age [26] and is reportedly 
lower in Asian than in European countries [42].  
 
Studies that applied the updated guideline EWGSOP2, as in the present study, but 
used different measures than handgrip strength for the detection of probable 
sarcopenia, showed higher prevalences [20, 23]. One study defined male participants 
(mean age 87 years) as having probable sarcopenia when handgrip strength and/or 
chair stand test was below cut-off values [20]. This resulted in a prevalence of 73% of 
which 61% was due to participants who performed poorly in the chair stand test. 
Another study, applying the same assessment method, also found higher prevalences 
in comparison to a handgrip strength test alone (23.5% versus 13.7%), even though 
the participants were younger (mean age 75 years) [23]. Prevalence of probable 
sarcopenia was shown to be dependent on applied measures of detection in previous 
literature. However, it is not clear yet which of the strength tests detecting probable 
sarcopenia is most likely to predict people developing sarcopenia.  
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However, all studies indicate that handgrip strength below a cut-off value of <16 kg for 
women and <27 kg for men is present in a substantial percentage of the older old 
population, even in non-institutionalized people. The results have clinical implications 
since they may increase the awareness of older individuals but also medical doctors 
and insurance companies about the importance of low muscle strength and the 
associated high risk of developing sarcopenia. Since probable sarcopenia is a pre-
stage of sarcopenia, early detection of low muscle strength is crucial to prevent further 
decline. These data show that about 27% would benefit from further sarcopenia 
assessment and specific interventions to avoid the consequences of untreated muscle 
wasting.  
 
Associations of probable sarcopenia with factors related to handgrip strength 
Factors related to handgrip strength differed between sexes. Low handgrip strength in 
men was related to higher age, low physical activity and dependence in ADL. In 
addition, it was also associated with less weight, falls and less cognition in women. 
ADL performance was independently associated with probable sarcopenia in women 
and men. Dependence in instrumental and/or basic ADL was 2.8 times more likely in 
participants with probable sarcopenia than in participants without. Previous cross-
sectional studies have shown that handgrip strength, gait speed and chair stand 
abilities were correlated with restrictions in ADL in older adults [38, 43]. The results of 
the present study demonstrate the specific risk of ADL dependence, when handgrip 
strength is below the proposed cut off value by the EWGSOP2.  
 
Low handgrip strength has been shown to be an important indicator of future ADL 
performance [13-15]. However, it would seem not only important to maintain adequate 
handgrip strength to ensure independence in daily activity, but also to remain as 
independent as possible to maintain handgrip strength. The present data may also 
suggest that independence in ADL execution might help to protect people from 
probable sarcopenia. A cause-and-effect relationship cannot be drawn by this cross-
sectional study but existing prospective studies support this hypothesis, showing that 
handgrip strength decreases as a consequence of a sedentary lifestyle and a reduced 
engagement in demanding household activities [17, 44]. Moreover, regular house 
work and strenuous activities in daily living, such as gardening, have been shown to 
be protective against dependence in ADL [44, 45]. As performance in ADL as well as 
muscle strength are modifiable and have the potential to prevent or delay excessive 
muscle weakness [4, 8], it would be useful to detect decline in muscle strength as soon 
as possible to ensure timely interventions.  
 
Limitations 
Some limitations of this cross-sectional study should be mentioned. Firstly, the sample 
included a representative group of 219 community-living people 75 years and over in 
German-speaking Switzerland. Generalizability of the results to the French-, Italian- 
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and Romansh-speaking parts of Switzerland as well as to other countries is dependent 
on region-specific variation in handgrip strength. However, given that handgrip 
strength of adults 75 years and over in German-speaking Switzerland is similar to that 
of northern European countries, such as Denmark [26], the results of the current study 
are likely to be representative for older people from other northern and central 
European countries. Secondly, the subgroup of male participants was relatively small 
compared to the total population studied but is useful since published data from men 
>80 years are rare. Thirdly, determinants of handgrip strength were not exhaustive but 
limited to key characteristics consistently identified within the literature to explain the 
variance in handgrip strength. Fourthly, considering that handgrip strength has been 
shown to be related to body weight [27], categorization into probable sarcopenia-
groups based on strength thresholds normalized to body weight might have changed 
the significance of our findings. A sub-analysis of our results, however, showed that 
weight did not differ between sarcopenia and ADL subgroups. Hence, normalization 
of grip strength would not have changed our results. Finally, the rigidity and weight of 
the Jamar-dynamometer has been suggested to afford difficulties in assessing 
handgrip strength in very old populations [46]. However, in our study, the weight of the 
device was supported by the examiner and the handle position was standardized and 
comfortable for all participants. 
 
Conclusions and implications 
The present study provided new insight into the prevalence of probable sarcopenia 
detected by low handgrip strength in community-living, non-hospitalized, oldest old 
women and men, and highlights the importance of detection of probable sarcopenia 
in clinical practice. With reference to the present data, one in every four community-
dwelling people aged 75 years and over in German-speaking Switzerland could 
benefit from sarcopenia management to prevent negative consequences associated 
with the condition. Handgrip strength tests should be applied routinely in clinical 
assessments of older people to detect loss in muscle strength and to initiate timely 
intervention.  
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Chapter 4 

4. Feasibility and relevance of detection tests of probable 
sarcopenia in nursing-home residents 
 
	
This study was designed to address research aim 3. The study evaluated the feasibility 
of two strength tests, commonly used to detect probable sarcopenia in community-
living people, in nursing-home residents, and the prevalence of probable sarcopenia, 
detected by each test. The study evaluated the indicative value of low strength, 
detected by each test, for overall strength, frailty and ADL performance. 
 
The chapter has been reformatted from the published article: 
Wearing J, Stokes M, de Bie R, de Bruin ED: Feasibility and relevance of detection 
tests of probable sarcopenia in nursing-home residents. Journal of Nursing Home 
Research 2020;6:93-99. 
 
Contributions of co-authors: 
M. Stokes contributed to study design, statistical analysis, data interpretation, and 
preparation critical revision of the manuscript. 
R. de Bie contributed to study conception and design, data interpretation, and 
preparation and critical revision of the manuscript. 
E.D. de Bruin contributed to study conception and design, statistical analysis and 
interpretation, and preparation and critical revision of the manuscript. 
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4.1 Abstract 
Background: Handgrip strength and a chair-stand-test are often used to evaluate 
strength and function, and to detect probable sarcopenia in community-living, older 
adults. In institutionalized, frail older people, evaluation of muscle performance is of 
particular importance but it has received little attention.  
Objectives: To evaluate the feasibility of handgrip strength and the chair stand test in 
nursing-home residents, and their relation to overall strength, daily functioning and 
frailty.  
 
Methods: In a cross-sectional study 30 nursing-home residents, 23 women, age 
median (range) 86.5 (68-103) years were assessed for handgrip strength, the chair 
stand test, knee extensor and elbow flexor strength, gait speed, activities of daily living 
and frailty. The Mann-Whitney-U Test was used to compare sub-groups of sarcopenia 
(probable sarcopenia versus no probable sarcopenia) while Cohen’s Kappa and Area 
under the Receiver Operating Characteristic curve examined relationships between 
tests.  
 
Results: All participants were able to perform the handgrip strength test, while only 
14 could complete the chair rise test. Probable sarcopenia was detected by handgrip 
strength in 22 and chair stand test in 24 (8 slow; 16 unable to complete) participants, 
with an overlap of 19. Probable sarcopenia, detected by each of the tests, was 
significantly associated with low gait speed and severe frailty status, while low 
handgrip strength also indicated low elbow flexor and knee extensor strength, and 
high dependence in activities of daily living.  
	
Conclusions: Handgrip strength test is superior to the chair stand test as a strength 
test to detect probable sarcopenia in nursing-home residents, as it could be completed 
by more frail people. Sarcopenia-specific cut off values in handgrip strength indicated 
overall strength, leg function, performance of daily activities and frailty, hence, the test 
could be used as a screening test for physical condition. Although further research is 
needed, given the importance of detecting muscle performance, handgrip strength 
testing is recommended in nursing-home residents. 
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4.2 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 EWGSOP2 
3. Explore the differences between the sub-groups with/without probable 

sarcopenia in regard to strength, function, ADL dependence, comorbidities and 
frailty 
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4.3 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. 
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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. 
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Statistical Analysis 
IBM SPSS Statistics, Version 23 was used for statistical analysis. The Mann-Whitney-
U Test was used to compare the 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. 
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4.4 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%) 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). 
	
	
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) 
% within probable sarcopenia by CST 
%within probable sarcopenia by HGS 
 

19 
79.2 
86.4 

5 
20.8 
62.5 

24 
100 
80 

No probable sarcopenia (N) 
% within probable sarcopenia by CST 
%within probable sarcopenia by HGS 
 

3 
50 

13.6 
 

3 
50 

37.5 
 

6 
100 
20 

Total (N) 
% within probable sarcopenia by CST 
%within probable sarcopenia by HGS 

22 
73 

100 

8 
26.7 
100 

30 
100 
100 
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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). 
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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       

   Quadriceps (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 (min-max), p-values with exact significance, 2-tailed; 
categorical variables# are presented as percentages 
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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).  

     

           Fig.1a                                            Fig.1b 

Fig.1 ROC curve and AUC: handgrip strength (1a) and chair stand test (1b) accuracy 
in discriminating frailty status 
	

 

           Fig.2a                                           Fig.2b 

 

Fig. 2 ROC curve and AUC: handgrip strength (Fig.2a) and chair stand test (Fig.2b) 
accuracy in determining gait speed 
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4.5 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 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.  



Chapter 4 

 67 

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.  
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. 
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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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Chapter 5 

5. Quadriceps muscle strength is a discriminant predictor of 
dependence in daily activities in nursing home residents 
 
	
This study was designed to address research aim 4 and evaluated the relationship 
between muscle characteristics of knee extensor and elbow flexor muscles, physical 
function and ADL performance in nursing-home residents. 
 
The chapter has been reformatted from the published article: 
Wearing J, Stokes M, de Bruin ED: Quadriceps muscle strength is a discriminant 
predictor of dependence in daily activities in nursing home residents. PLoS ONE 
(2019) 14(9) 
 
Contributions of co-authors: 
M. Stokes contributed to study design, statistical analysis, data interpretation, and 
preparation critical revision of the manuscript. 
E.D. de Bruin contributed to study conception and design, statistical analysis and 
interpretation, and preparation and critical revision of the manuscript. 
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5.1 Abstract 
Objective: This study aimed to explore the relationship between dependence in 
Activities of Daily Living and muscle strength, muscle morphology and physical 
function in older nursing home residents, taking possible confounders into 
consideration. 
 
Methods: A total of 30 nursing home residents (age, 85.6±7.1 years) were included in 
this observational cross-sectional study. Performance of basic Activities of Daily Living 
(ADL) was assessed with the Resident Assessment Instrument and categorized as 
either independent or dependent. Isometric grip, quadriceps and elbow-flexor strength 
were determined by hand-dynamometry, muscle thickness and echo intensity by B-
mode ultrasonography, a sit-to-stand task by using a stop watch and physical activity 
by the German-Physical-Activity Questionnaire. Degree of frailty was evaluated 
according to Fried’s frailty criteria, whereas cognition, depression, incontinence, pain 
and falls were part of the Resident Assessment Instrument. 
 
Results: Dependence in Activities of Daily Living was negatively correlated with 
physical activity (rs=-0.44, p=.015), handgrip (rs=-0.38, p=.038), elbow-flexor (rs=-0.42, 
p=.032) and quadriceps strength (rs=-0.67, p<.001), analysed by Spearman’s 
correlation. Chronic diseases (rs=-0.41, p=.027) and incontinence (rs=-0.39, p=.037) 
were positively correlated with ADL while the other variables were not related. Only 
quadriceps strength remained significant with logistic regression (Wald (1)=4.7, p=.03), 
when chronic diseases, quadriceps and handgrip strength were considered (R2 .79). 
11 kg was the best fitting value in this sample to predict performance in Activities of 
Daily Living, evaluated with Receiver-Operating Characteristic analysis, with a 
sensitivity of 100% and a specificity of 79%. 
 
Conclusion and implication: Quadriceps strength had a positive independent 
relationship with performance in ADL in the nursing home residents studied. Although 
a large prospective study is needed to verify the results, maintaining quadriceps 
strength above 11 kg may be helpful in retaining independence in this cohort. 
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5.2 Introduction 
In 2017, 15.7% of the Swiss population aged 80 years and over were institutionalized 
[1]. The demand for long-term care is expected to expand [2] since life expectancy will 
continue to increase in industrialized countries [3], with an expected rise of the old-old 
population by 300% in 2050 [4]. Admission of older persons to nursing homes is 
dependent on cognitive and/or functional impairment in combination with a lack of 
assistance in daily home life, which often leads to dependence in activities of daily 
living (ADL) [5]. In 30-50% of these people, dependence actually increases within the 
first 18 months of institutionalization due to further functional decline [6, 7], which 
adversely affects quality of life [8] and health care costs [7]. Prevention of physical 
decline in nursing home residents is, therefore, essential to maintain a certain amount 
of independence, with beneficial effects for the individual as well as for the health care 
system.  
The ability of nursing home residents to perform ADL independently is associated with 
multiple factors, both modifiable and non-modifiable, but is mainly dependent on age, 
chronic disease and disability, with the latter factor being the most discriminant 
predictor [9]. Physical disability in old age is highly associated with low muscle 
strength, which decreases progressively due to an age-related decline in muscle mass 
and quality [10]. Muscle strength is reduced by up to 50% in people aged 80 years and 
over [11], with highest rates of loss in physically inactive individuals [12, 13] that are 
institutionalized in nursing homes [14].  
Previous studies involving community dwelling older people have shown the relevance 
of quadriceps strength for e.g. independent performance of sit-to-stand tasks [15, 16] 
and the effortless execution of ADL [15, 17]. In older people in need of long-term care, 
only a few studies investigated whether quadriceps strength relates to the level of 
required care and findings were inconclusive [18-20]. A positive association between 
quadriceps strength and ADL performance was confirmed by intervention studies that 
have shown training to be effective in improving physical function even in non-healthy, 
non-robust, ADL-dependent older adults suffering from disuse-related muscle 
weakness [21-26]. However, the optimal program remains unclear [23]. Therefore, 
specifying the underlying physical determinants of dependence in basic ADL of 
institutionalized older adults would help to determine the most important component of 
a specific training program. 
In the present study, we aimed to investigate whether muscle structure, strength, 
function or physical activity were predictive variables of dependence in ADL in nursing 
home residents, when accounting for cognition, depression, falls, incontinence, chronic 
disease, sedative medication and pain.  
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5.3 Methods 
 
Study Design 
A cross-sectional study of muscle characteristics and physical function of nursing 
home residents was undertaken in a long-term care institution in Switzerland between 
August and December 2017. Recruitment targeted older adults, aged 65 years and 
over. Exclusion criteria were a) an inability to understand study content and provide 
sign informed consent; b) severely impaired decision making (Cognitive performance 
scale > 4 points) [27]; c) a history of acute lower limb pathology (fracture and/or surgery 
within the last 6 months); d) skin disorders involving the anterior thigh and/or arm; e) 
limb paralysis; and f) confinement to bed. 
Nursing home residents were screened by the senior nurse for exclusion criteria based 
on the last RAI assessment. Only participants who were deemed competent to consent 
and voluntarily agreed to participate were considered for study inclusion. 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). 
Details are presented in the following report, which adheres to the reporting guidelines 
for cross-sectional studies [28].  
 
Sample size 
Sample size was calculated a priori using published data for quadriceps strength in 
nursing home residents [20]. A total sample size of 19 participants was required to 
ensure sufficient statistical power (β=0.2) to detect a 25% difference in strength 
between ADL independent and dependent groups (α=.05). It has been previously 
shown that disabled older adults, as defined by self-reported independence in basic 
and instrumental ADL, exhibit up to 50% lower muscle strength than non-disabled 
individuals [17].  
 
Data collection 
Participant demographics  
Participant demographics, medications history, medical history and independence in 
ADL were obtained using of the Long-Term Care Facility Resident Assessment 
Instrument (RAI; Minimum Data Set Version 2.0). For assessment of ADL, urinary 
incontinence, cognitive performance and depressive symptoms, observations were 
judged and encoded by one of four nurses who were experienced RAI-item coders. All 
nurses had received the same training on the use of the tool in its application. Detailed 
RAI items are shown in Table 1. 
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Table 1: Items of the Resident Assessment Instrument obtained from the study 
participants  
	
RAI items Units and classification 

 
age  years 
height meters 
weight kilogram 
urinary continence 4-point-scale from 0 (= continent) to 4 (= always 

incontinent, no bladder control) 
pain intensity Numeric Analog Scale from 0 (= no pain) to 10 (=worst 

pain) 
falls frequency within last three months 
cognitive performance Minimum Data Set Cognitive Performance Scale (scale 

ranging from 0 (= intact cognition) to 6 (= severely 
limited cognition) 

frequency of depressive 
symptoms 

scale from 0 (symptoms weren’t shown) to 2 (symptoms 
shown on 6/7 days/week) 

amount and type of 
chronic diseases 

metabolic, musculoskeletal, neurological, psychiatric, 
respiratory disease, renal insufficiency, vertigo and 
cancer 

regular intake of 
medication 
 

antidepressants, sedatives and muscle relaxants 
 

self-performance in 
activities of daily living 
(ADL) 

bed mobility, transfer, walking in a room, walking in a 
corridor, locomotion on the ward, locomotion outside the 
ward, dressing, eating/drinking, toilet use and personal 
hygiene over the past 7 days,  
each rated on a scale from 0 (independent) to 4 (fully 
dependent), full range of possible outcome 0-40. 
Categorization as independent in ADL when total score 
= 0, which reflected no need for assistance or staff 
oversight. Categorization as dependent when total 
score ≥ 1, which reflected a need for assistance or staff 
oversight in at least one activity 
 

 

One investigator, a physiotherapist, trained and experienced in musculoskeletal 
assessments and ultrasonography, completed the following test series for all 
participants. 
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Muscle strength 
Maximal isometric quadriceps and elbow-flexor muscle strength, as the highest of two 
trials, was evaluated using a hand-held dynamometer (Microfet2®, CompuFET, 
Hoggan Health Industries, Biometrics Europe). For measurement of elbow-flexor 
strength, the participant was seated on a chair, elbow flexed at 90°and forearm 
supinated. For measurement of quadriceps strength, the participant was seated on a 
plinth, with their back resting against a firm support, thighs fully supported, knees 
flexed to 90° and the lower legs hanging freely. The curved transducer pad of a hand-
held dynamometer was positioned at 80% of the forearm and tibial length respectively, 
to resist maximal isometric force of the elbow flexors and quadriceps. The participants 
were asked to push against the dynamometer as hard as possible for 3 seconds. 
Strength was measured in Newtons (N), and converted into Kilograms (kg) by dividing 
N by 9.81. Torque was calculated in Newtonmeters (Nm) by multiplying force by the 
lever arm length of the forearm and tibia respectively. Hand-held dynamometry has 
been shown to be a valid and reliable technique to assess isometric strength in older 
adults [29, 30]. Test-retest reliability of hand-held dynamometry is high when assessed 
by a trained examiner using a standardized protocol [31]; with intra-rater reliability 
Intraclass Correlation Coefficient (ICC) ranging between 0.90 and 0.98 [29]. 
Handgrip strength was measured with a hand dynamometer (Jamar®, Lafayette, USA) 
according to the standardized protocol recommended by the American Society of hand 
therapists [32].  
 
Muscle morphology 
Real-time, B-mode ultrasonography (Nemio MX Type SSA-590A, Toshiba, Japan) with 
a 12 MHz linear transducer array (45 mm footprint) was used to obtain transverse 
images of the dominant extremities. Images of the rectus femoris/vastus intermedius 
as well as the biceps brachii/brachialis were taken using a previously published 
protocol for community-dwelling older adults [33, 34], and post-processed using semi-
automated MATLAB code (MathWorks®, Massachusetts, USA). Muscle thickness and 
primary muscle echotexture statistics were subsequently calculated, with the mean of 
two images taken for further analysis.  
The thickness of the muscles was defined as the distance between the inner border of 
the fascial layer that distinguishes muscles from superficial fat and bone. Ultrasound-
based measures of thigh tissue thickness are highly correlated with the gold standard 
of Magnetic Resonance Imaging (r=0.99) [35] and have a reported intra-rater reliability 
of ICC 0.88-0.99 in older people [33, 36].  
For grayscale analysis, settings of the ultrasound scanner (gain, time gain control, 
dynamic range value, focus and power) were adjusted to assure good quality of the 
images and kept constant for all participants; depth was readjusted to individual muscle 
thickness. Echogenicity of rectus femoris and biceps brachii was defined as the 
average grayscale within a rectangular region of interest and recorded as unspecified 
units (UU) 0-255. The analysis method has been previously shown to have high intra-
rater reliability, with a reported ICC of 0.97-0.99 [37]. High muscle echo intensity is 
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associated with low tissue density in CT scans [38] and high adipose tissue content in 
muscle biopsies [39]. 
 
Functional mobility 
Functional mobility was estimated using the sit-to-stand task repeated 5 times [40]. A 
chair with a straight backrest, 40 cm seat height and without armrests was placed 
against a solid support. Participants were instructed to complete 5 sit-to-stand 
maneuvers as fast as possible without the use of their arms. The time taken for 
completion was recorded. Times in excess of 13.6 seconds are associated with 
increased disability [41].  
 
Physical activity 
The German physical activity 50+ questionnaire was used to calculate energy 
expenditure (kcal/week) [42]. The questionnaire has a test-retest reliability of r=0.52-
0.6 [42] and is widely used in German speaking countries to evaluate physical activity 
in older people. 
	
Frailty 
Physical frailty was evaluated according to Fried’s frailty criteria [43]. Participants were 
characterized as “not frail”, “pre-frail” or “frail” according to the number of positive 
criteria identified (0, 1-2 and ≥ 3, respectively). 
 
Statistical Analysis 
The Statistical Package for the Social Sciences (SPSS Statistics, Version 23.0. IBM 
Corporation, Armonk, NY) was used for analysis. Shapiro-Wilk test was used to test 
for normality. Dependent on data distribution, descriptive statistics are presented as 
mean ± standard deviation or median (range); differences between the ADL groups 
were analyzed using independent t-tests and Mann-Whitney-U-test. Relationships of 
ADL performance with independent variables were identified by Spearman’s 
correlation coefficients and binary logistic regression analysis. Receiver-Operating 
Characteristic (ROC) curve was utilized for sensitivity/specificity analysis of predictors 
of ADL performance.  
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5.4 Results 
 
Characteristics of study population 
Of 177 nursing home residents who were screened, 30 fulfilled the eligibility criteria 
and were included in the study (mean age (SD) 85.7 (7.1) years, 76.7% female). 43% 
of the study sample were categorized as pre-frail, 57% as frail, 97% had ≥ two chronic 
diseases, 30% experienced depressive symptoms, 20% took sedative medication, 
62% were cognitively impaired, while 70% were diagnosed with dementia, 23% had 
fallen, 34% experienced pain and 28% were incontinent. Four participants were 
excluded from strength measurements due to concerns associated with the risk of 
osteoporotic fracture and 14 were incapable of rising from a chair without using their 
arms. Given that only half of the participants could rise from a chair 5 times without 
using their arms, functional mobility was dichotomized into the categories “able to 
complete 5STS” and “unable to complete 5STS” for further analysis. 
Of the 30 participants, 16 were categorized as independent and 14 as dependent in 
ADL based on items of the RAI. There were no statistically significant differences 
between groups in terms of age, weight, height, number of years institutionalized, 
medication history, as well as for muscle morphology, functional mobility and physical 
activity. The group dependent in ADL experienced a significantly higher number of 
chronic diseases and more severe incontinence, lower handgrip, elbow-flexor and 
quadriceps strength. Quadriceps strength of participants independent in ADL was 
greater by a median of 4.3 kg than those dependent in ADL (Fig 1).  
 

 
*significant difference between groups 

Fig 1: Quadriceps strength in people independent and dependent in ADL 

	
	
Characteristics of participants are presented in Table 2.  



Chapter 5 

 80 

Table 2: Participants’ characteristics of the ADL dependent and independent group 

Characteristic 

(unit) 

ADL 

independent 

ADL 

dependent 

equality of means/ 

medians 

 Mean (SD)/ 

Median (range) 

Mean (SD)/ 

Median (range) 

t/U p 

Demographics     

Age† (years) 87.0 (15) 86.0 (35) U = 100.5 .64 

Weight† (kg) 66.5 (52.2) 68.0 (51) U = 98.0 .58 

Height† (m) 1.64 (0.23) 1.59 (0.21) U = 80.5 .19 

Incontinence (0-4 points) 0 (1) 0 (4) U = 68 .038* 

Pain intensity (0-10) 0.53 (0.74) 0.64 (1.60) t(18.1) = -.234 .82 

Falls (number) 0.63 (1.63) 0.29 (0.47) t(17.8) = .797 .44 

Cognitive performance (0-6) 1.0 (3) 2.0 (3) U = 79 .24 

Depressive symptoms (0-32) 1.62 (3.95) 0.71 (1.27) t(25) = 0.815 .42 

Chronic diseases (number) 2.75 (1.24) 3.86 (1.29) t(27.1) = -2.387  .024* 

Medication (number) 0.81 (0.40) 0.79 (0.43) t(27.0) = .176 .86 

Institutionalization (years) 2.9 (2.2) 3.4 (1.8) t(27.8) = -.572 .57 

Muscle strength     
Handgrip strength† (kg) 16.0 (22) 13.3 (13) U = 63.0 .043* 

Quadriceps strength† (kg) 13.1 (5.7) 8.8 (6.9) U = 18.5 <.001* 

Quadriceps strength† (N) 128.2 (56.4) 85.4 (63.3) U = 18.5 <.001* 

Strength/body weight (N/kg) 2.1 (0.7) 1.4 (0.4) t(16.7) = 2.797 .013* 

Quadriceps torque† (Nm) 39.1 (18.8) 26.8 (20.3) U = 20 .001* 

Torque/body weight (Nm/kg) 0.6 (0.2) 0.4 (0.1) t(16.9) = 2.763 .013* 

Elbow-flexor strength† (kg) 9.7 (7.3) 7.0 (9.5) U = 43.0 .036* 

Muscle morphology     
Quadriceps thickness (mm) 17.7 (4.7) 18.7 (6.7) t(28) = -.465 .65 

Rectus femoris grayscale† (UU) 117.2 (78) 115.5 (101) U = 109.0 .92 

Elbow-flexor thickness† (mm) 24.8 (18) 26.5 (16) U = 111 .98 

Biceps brachii grayscale† (UU) 132 (81) 133 (86) U = 111 .98 

Functional mobility     
5 sit-to-stand (sec) 20.3 (11.6) 20.6 (12.3) t(8.0) = -.051 .96 

Physical activity (kcal/week) 842 (879) 508 (1347) t(21.9) = .792 .44 
 

* significant difference, † data not normally distributed, differences determined with the Mann-Whitney-
U test, p equates exact significance 
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Quadriceps strength, in the present study, was not related to body weight. Therefore, 
actual strength values in kg were used for analysis. To aid comparison with previous 
research, quadriceps strength was also expressed as a ratio of strength [(N)/body 
weight (kg)].  
Of the group that was independent in ADL (n=16), 9 participants could complete the 
5STS, while 7 could not. Of the group that was dependent in ADL (n=14), 5 participants 
could complete the 5STS, while 9 were not able to complete the 5STS. 
 
Correlations of ADL category with demographics, medical and medications 
history  
The level of ADL dependence significantly correlated with a higher number of 
comorbidities (rs=.41, p=.027) and incontinence (rs=.39, p=.037), but was not 
associated with sex, age, falls, cognitive performance, sedative medication, 
depressive mood, pain or physical frailty at the univariate level (S1 Appendix). 
 
Correlations of ADL category with muscle strength, muscle morphology, 
functional mobility and physical activity 
Dependence in ADL was weakly associated with lower handgrip strength (rs=-0.38, 
p=.038), lower elbow-flexor strength (rs=-0.42, p=.032) and lower physical activity (rs=-
0.44, p=.015) but moderately correlated with lower quadriceps strength (rs=-0.67, 
p<.001). There was no correlation of ADL dependence with muscle morphology and 
functional mobility/the ability to rise from a chair 5 times (S2 Appendix). 
 
Regression and ROC analysis 
To determine factors that were predictive of ADL performance, binary logistic 
regression was undertaken iteratively using different combinations of covariates, 
including the factor with the highest correlation with ADL (quadriceps strength) and 
factors that were moderately correlated with ADL (handgrip strength, elbow-flexor 
strength, urinary incontinence and number of chronic diseases) at the univariate level 
(S1 and S2 Appendix). 
 
The combination of variables that best explained the variance in ADL performance 
included quadriceps strength, chronic diseases and handgrip strength (S3 Appendix). 
Approximately 79% of the variance was explained by these three factors (Nagelkerke’s 
R2=0.786). However, quadriceps strength was the only independent predictor of 
dependence with an Odds Ratio (OR) of 0.353 (95% CI 0.138-0.905, p=.030), 
indicating a 65% lower risk of being dependent when quadriceps strength increased 
by 1 kg (Table 3). 
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Table 3 
Binary logistic regression with inclusion analysis of the variables quadriceps strength, 
chronic diseases and physical activity 
	
predictor Regression 

coefficient (B) 
Significance 
level (p) 

Exp(B)=O
R 

95% CI for 
Exp(B) 

    lower upper 
	

quadriceps strength -1.040 .030 0.353 0.138 0.905 
chronic diseases 1.325 .074 3.763 0.877 16.139 
handgrip strength -.213 .390 0.809 0.498 1.313 
constant 10.863 .067 52183.975   

 

The ROC curve for analysis of sensitivity and specificity of quadriceps strength to 
identify people independent and dependent in ADL showed an area under the curve 
of 0.89. Strength of 11.25 kg was the best fitting value with a sensitivity of 100% and 
a specificity of 79%. Sensitivity and specificity of quadriceps strength values are shown 
in Table 4. 
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Table 4 
Coordinates of ROC curve analysis for accuracy of quadriceps strength in detecting 
residents of nursing homes dependent in ADL 
	
Quadriceps strength (kg) 
greater than or equal to 

Sensitivity 1-specificity 

5.800 1.000 1.000 
7.000 1.000 .929 
7.350 1.000 .857 
7.550 1.000 .786 
7.900 1.000 .643 
8.450 1.000 .571 
8.750 1.000 .500 
9.300 1.000 .429 
10.150 1.000 .357 
10.600 1.000 .286 
‡11.250 1.000 .214 
11.950 .833 .214 
12.150 .750 .214 
12.300 .667 .214 
12.550 .583 .214 
12.850 .583 .143 
13.100 .500 .071 
13.350 .417 .071 
13.600 .333 .071 
13.900 .333 0.000 
14.950 .250 0.000 
16.650 .083 0.000 
18.500 0.000 0.000 

 
‡ Best fitting quadriceps strength value to detect dependent/independent performance of ADL 
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5.5 Discussion 
This study aimed to evaluate potential muscle-related predictors of dependence in ADL 
in nursing homes residents, taking cognitive function, depression, pain, urinary 
incontinence, chronic diseases, medication and falls into consideration.  
Of the investigated parameters, greater handgrip-strength, elbow-flexor strength, 
quadriceps strength and physical activity, as well as less incontinence and chronic 
diseases, were positively associated with the ability to independently perform basic 
ADL whereas quadriceps strength was the only independent predictor.  
The positive relationship observed between quadriceps strength and ADL performance 
is consistent with a previous study in which functional performance was evaluated in 
older people with dementia in need of long-term care [20]. ADL-independent 
participants in their study had 40-45% higher strength than ADL-dependent, while ours 
differed by about 33%. Suzuki and colleagues specifically included people diagnosed 
with dementia, whereas the present study also included participants without dementia 
and of different cognitive performance levels. Interestingly, neither quadriceps strength 
nor ADL dependence was related to cognitive performance in our population. This is 
opposed to previously reported findings [44] and might be due to the small size of our 
sample. 
The present findings do not correspond with other studies in which the level of care 
was observed to be independent of quadriceps strength in old, physically disabled 
people [18, 19]. These earlier studies differed in regard to the assessment instrument 
(care time [19], respectively a non-specified instrument [18] versus RAI), included ADL 
(basic and instrumental ADL [19] respectively non-specified assessment [18] versus 
basic ADL) and categorization of ADL performance (3-point scale [18, 19] versus 
dichotomous classification). However, the main difference is potentially the type of ADL 
on which the categorization is based. In contrast to most basic activities, many 
instrumental ADL, such as the regulation of finances and telephone use, do not require 
appreciable quadriceps strength. Hence, it could be expected that when ADL 
dependence is categorized on the basis of instrumental activities, it is unlikely to be 
correlated with quadriceps strength.  
Consequently, the present study adds the following new information to previous 
findings: 1. the relationship between low quadriceps strength and ADL dependence 
may be valid for residents in nursing homes independent of cognitive performance; 2. 
quadriceps strength not only has a significant relation to dependence in basic ADL but 
also has a strong independent association with ADL dependence regardless of muscle 
structure, muscle function, physical activity and important confounding factors of 
demographics, medical and medication history. 
It is an interesting outcome that low quadriceps strength but not low muscle thickness 
or high echo intensity was associated with ADL dependence. One possible explanation 
for this finding could be that a decline in motor cortical properties rather than changes 
in muscle morphology accounted for low voluntary strength in our population. Muscle 
weakness associated with aging has diverse underlying mechanisms and is not solely 
explained by atrophy of muscle [45]. The nervous system’s overall ability to maximally 
activate a muscle, including descending drive from the motor cortex, also declines with 
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age and significantly contributes to decreased voluntary contraction of available 
musculature [46]. Particularly in older-old individuals, voluntary activation, defined as 
“the level of voluntary drive during an effort” [47, 48] is diminished [49-51] and may 
account for up to one third of the loss in force production [52]. 
Furthermore, it seems contradictory that an older person may have adequate 
quadriceps strength to rise from a chair independently but is not able to complete the 
repeated sit-to-stand exercise (5STS). However, while poor performance on the STS 
test (>10-13 seconds) has been shown to predict incidence of disability in older 
community-living older adults [40, 53], its sensitivity is limited (50%) and its clinical use 
could be largely restricted to high functioning, community-living older people [54]. 
Quadriceps strength is one important underlying precondition of the ability to stand up 
from a chair [55], however, it is not the only determinant. In most elderly nursing home 
residents the ability to rise from a standard-height chair is also dependent on the use 
of arms and arm rests [56] and, when not constrained by artificially imposed time limits, 
may still be performed independently. Completion of the 5STS test, in comparison, 
requires more complex abilities, as it is performed without the use of arms and is timed. 
Hence, the 5STS test needs coordinated contraction and high contraction speed 
(power) of multiple lower extremity muscles, including the gluteal and ankle dorsi flexor 
muscles [57-59]. Secondly, successful completion of 5STS also requires balance, 
proprioception and tactile sensation [58], all of which also decrease with age and 
disease. Thirdly, voluntary functional strength in older people might be mainly 
explained by reduced voluntary activation due to changes in central and peripheral 
nervous systems [46]. The functional mobility task of 5STS with its physical 
requirements, therefore, may not reflect the abilities necessary to live an ADL 
independent, nursing home life. Rather, quadriceps strength would appear to be a 
better predictor of ADL disability than the 5STS test in this population of lesser 
functioning older people. 
An isometric quadriceps strength of > 11kg predicted ADL-independence by 100% and 
ADL-dependence by 79% in this study sample. The findings show that quadriceps 
strength was of high importance for explaining the variance in ADL performance; an 
improvement of 1 kg lowers the risk of becoming dependent by 65%. Interventional 
studies have shown that exercise programs of 8-12 weeks, including resistance 
exercises 2-3 times weekly, were effective in increasing quadriceps strength in older, 
nursing home residents by a minimum of 3 kg [18, 22]. Thus, nursing home residents 
with physical disability may be able to improve ADL independence through quadriceps 
strengthening. This finding supports the call for preventive measures to avoid 
functional decline in nursing home dwellers [7].  
Previous research has established that quadriceps strength differs significantly in 
community living older people independent in ADL (3.5-3.8 N/kg) from those partially 
dependent (2.2-2.9 N/kg) [15], when independence is considered as being able to e.g. 
walk 50 m without any personal or device support and without loss of normal speed 
and safety. In comparison, the present study showed that frail, disabled, nursing home 
residents of the same age were only half as strong, with the independent group having 
a median strength of 2.1 N/kg, compared to the ADL dependent group with median 
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strength of 1.4 N/kg. However, approximately half of the participants could still perform 
usual nursing-home ADL, such as walking a few meters with a walker and rising from 
a chair with the use of arm rests, without supervision or assistance of another person.  
Some limitations of this cross-sectional study should be mentioned. Firstly, 
observations by nursing staff of behavior and emotions by nursing staff entailed the 
risk that some actions of the participants could have been unrecognized and therefore 
not recorded adequately. However, the observation period included seven days in 
which residents were closely observed by a trained nurse attentive to precise 
assessment. Therefore, the risk of information bias was likely to be small. Even though 
RAI data were obtained by different assessors, data can still be assumed sufficiently 
reliable since inter-rater reliability of the RAI items has been shown to be 0.63-0.92 
(weighted Kappa) [60]. Secondly, physical activity measures were based on self-report 
and behavioral observations of nursing staff. Although previous studies have 
questioned the accuracy of self-reported measures of physical activity in older 
populations [61], participants were closely monitored during the study so that any 
discrepancy between reported and actual activity was likely to be small. Thirdly, the 
number of participants who could complete the timed sit-to-stand task was rather small. 
Findings with regard to this variable could therefore be underpowered. However, even 
when the participants were categorized into two groups depending on their ability to 
complete the task, results did not change. Therefore, the results were assumed to be 
valid for this cohort. Fourthly, a causal relationship between ADL performance and 
quadriceps strength cannot be made due to the nature of the cross-sectional study 
design. However, the results indicate a strong association between ADL dependence 
and low quadriceps strength and longitudinal studies have demonstrated beneficial 
effects of quadriceps’ strength training on physical function [21-26]. Fifthly, the study 
sample only included participants from one nursing home. Therefore, the results of the 
sample might not be generalizable to a wider population of older, frail nursing home 
residents. The study did, however, include a wide variety of participants with regard to 
ADL performance. Therefore, the participants could be considered representative of 
the target population. 
 
Conclusions 
This study has shown that strength, physical activity and incontinence were potentially 
modifiable factors associated with ADL dependence in nursing home residents, with 
quadriceps strength being the only independent predictor of dependence in ADL, 
independent of age, frailty status, co-morbidities and cognitive function.  
Although further research is required, interventions aimed at increasing these physical 
abilities with a specific focus on enhancing leg muscle strength beyond target threshold 
values may be a useful strategy for reducing dependence in ADL of nursing home 
dwellers.  
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S2 Appendix. Correlations of ADL category with muscle-related parameter  
S3 Appendix. Binary logistic regression 
 
S1 Appendix: Correlations of ADL category with demographics 
 
variable Correlation 

coefficient (rs) 
Significance (p) 

demographics   
   age -.09 .639 
   sex -.12 .542 
   height -.24 .194 
   weight .11 .570 
urinary incontinence .39 .037* 
pain intensity -.12 .543 
falls .07 .701 
cognitive performance .23 .238 
frequency of depressive symptoms .09 .660 
symptoms of physical frailty .22 .234 
amount of chronic diseases .41 .027* 
regular intake of medication -.03 .861 

 
*significant difference 
 

S2 Appendix: Correlations of ADL category with muscle-related parameter 

 
variable Correlation 

coefficient (rs) 
Significance (p) 

muscle strength   
   handgrip strength -0.38 =.038* 
   elbow flexor strength -0.42 =.032* 
   quadriceps strength -0.67 <.001* 
muscle morphology   
   quadriceps thickness .01 =.968 
   rectus femoris grayscale -.02 =.903 
   elbow-flexor thickness -.01 =.968 
   biceps brachii grayscale .01 =.968 
functional mobility/ 5 sit-to-stand category -.21 =.276 
physical activity -0.44 =.015* 

 
*significant difference 
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S3 Appendix: Binary logistic regression 
 
predictor Regression 

coefficient (B) 
Significance 
level (p) 

Exp(B)=OR 95% CI for Exp(B) 
lower              upper 

Quadriceps 
strength 

-.992 .014 0.371 0.167 0.821 

constant 11.782 .017 130829.640   
 
Nagelkerke’s R2=0.65 
 
 
predictor Regression 

coefficient (B) 
Significanc
e level (p) 

Exp(B)=OR 95% CI for Exp(B) 
lower             upper 

Quadriceps 
strength 

-1.166 .031 0.312 0.108 0.901 

Incontinence 
category 

1.957 .174 7.078 0.422 118.848 

constant 13.251 .038 568610.962   
 
Nagelkerke’s R2=0.69 
 
 
predictor Regression 

coefficient (B) 
Significance 
level (p) 

Exp(B)=O
R 

95% CI for Exp(B)  
lower           upper 

Quadriceps 
strength 

-1.128 .018 0.324 0.127 0.825 

Chronic diseases 1.092 .091 2.979 0.839 10.579 
constant 9.575 .083 14403.725   

 
Nagelkerke’s R2=0.77 
 
 
predictor Regression 

coefficient (B) 
Significance 
level (p) 

Exp(B)=OR 95% CI for Exp(B) 
lower          upper 

Quadriceps 
strength 

-.992 .053 0.317 0.136 1.012 

Chronic diseases 1.091 .090 2.979 0.845 10.504 
Elbow-flexor 
strength 

-.205 .591 0.815 0.387 1.717 

constant 10.483 .087 19426.475   
 
Nagelkerke’s R2=0.78 
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predictor Regression 
coefficient (B) 

Significance 
level (p) 

Exp(B)=OR 95% CI for Exp(B) 
lower          upper 

Quadriceps 
strength 

-1.127 .019 0.324 0.126 0.832 

Chronic diseases .998 .149 2.712 0.699 10.528 
Incontinence 
category 

.709 .607 2.203 0.108 44.774 

constant 9.614 .094 14967.836   
 
Nagelkerke’s R2=0.76 
	
 
predictor Regression 

coefficient (B) 
Significance 
level (p) 

Exp(B)=OR 95% CI for Exp(B) 
lower          upper 

Quadriceps 
strength 

-1.149 .019 0.317 0.121 0.828 

Chronic diseases .976 .126 2.655 0.761 9.262 
Physical activity .000 .572 1.000 0.998 1.001 
constant 10.483 .089 35706.192   

 
Nagelkerke’s R2=0
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Chapter 6 

6. Relationship between sonographic index of muscle quality 
and quadriceps muscle strength in nursing-home residents – a 
proof-of-concept study 
 
 
This study was designed to address research aim 5 and evaluated the relationship 
between muscle strength of the knee extensor muscles and sonographic measures of 
muscle thickness and muscle quality, gait speed and physical activity in nursing-home 
residents.  
 
The chapter has been reformatted from the published article: 
Wearing J, Stokes M, de Bie R, de Bruin ED: Relationship between sonographic index 
of muscle quality and quadriceps muscle strength in nursing-home residents. Journal 
of Nursing Home Residents 2020;6 
 
Contributions of co-authors: 
M. Stokes contributed to study design, data interpretation, and preparation critical 
revision of the manuscript. 
R. de Bie contributed to study conception and design, data interpretation, and 
preparation and critical revision of the manuscript. 
E.D. de Bruin contributed to study conception and design, statistical analysis and 
interpretation, and preparation and critical revision of the manuscript. 
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6.1 Abstract 
Background: Age-related neurological and muscular changes lead to low strength and 
function in older people. The proportional contribution of these changes to strength 
decline alters with increasing age. However, it is not clear how the muscle changes in 
the older people which have excessive loss of strength due to multimorbidity and 
inactivity. Unlike community-living older adults, intramuscular alterations are rarely 
evaluated in nursing-home residents despite their potential importance for specific 
sarcopenia assessment and guiding interventions to improve strength.  
Objectives: To explore potential relationships between muscle strength, muscle 
quantity, contractile quality and physical activity in older nursing-home residents. 
Design: A cross-sectional proof-of-concept study. 
Setting: A nursing-home in Switzerland. 
Participants: 24 nursing-home residents, median age (range) 86.5 (68-103) years.  
Measurements: Sonographic measures of muscle thickness and echotexture were 
used as surrogate measures of muscle quantity and contractile quality of the 
quadriceps muscle. The relationship between sonographic measures and isometric 
strength of the knee extensors, gait speed and physical activity was evaluated using 
Pearson’s and Spearman’s correlation coefficients. A subgroup analysis of low (n=12) 
and normal (n=12) physical activity, based on energy expenditure cut off values of 383 
kcal/week for men and 270 for women, was also undertaken. 
Results: In nursing home residents with normal physical activity, muscle quality 
positively correlated with knee extensor strength (r=0.727, p=.007) and gait speed 
(r=0.588, p=.044) while muscle thickness was not (p=0.966 and p=.564 respectively). 
There was no correlation among variables for n=24 or the subgroup with low physical 
activity. 
Conclusions: The results provide proof of concept that poor muscle quality is 
associated with low strength in older nursing-home residents that are physically active. 
Ultrasound derived muscle quality assessment has potential to detect activity-related 
muscle differences in old age, associated with sarcopenia, and may be more 
appropriate than muscle thickness measures. 
 
Keywords: knee extensor strength, muscle quality, heterogeneity, nursing-home 
residents, physical activity  
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6.2 Introduction 
 
Age-related neurological and muscular changes lead to low strength in older people 
with an increased risk of functional decline [1]. Residents of nursing homes, in 
particular, often have excessive muscle weakness [2] due to multiple chronic diseases, 
inactivity and malnutrition [1]. To prevent adverse health outcomes, assessment of 
muscle disorders, and preservation or improvement in muscle strength are essential 
[3]. 
For several decades, the age-related muscle disorder sarcopenia has been mainly 
attributed to a reduction in muscle mass [1]. Recently, however, it has been shown that 
the relationship between strength and muscle mass is inconsistent in older people and 
that strength decreases to a higher extent than mass with aging [4]. Explanatory 
models have now highlighted the potential role of muscle quality and neural function, 
in addition to muscle mass, as key determinants of muscle strength [4]. Muscle quality 
has been shown to decrease with age but is suspected to change more due to muscle 
disuse, which often accompanies aging [5]. In the clinical context of strength, muscle 
quality refers to contractile characteristics of muscle fibres [5] and can be determined 
e.g. by the ratio of muscle strength per body mass or muscle imaging techniques [6]. 
The quality of muscular contraction is thought to be diminished by multiple factors [5], 
including the accumulation of intramuscular connective and adipose (non-contractile) 
tissue [7], muscle fibre necrosis and inflammation that change the density and 
heterogeneity of the muscle structure [8].  
Evaluation of intramuscular non-contractile tissue has been recently applied in 
research that focuses on age-related changes in muscle as well as in patients with 
muscle impairments such as muscular dystrophy [5, 9]. While Magnetic Resonance 
Imaging has been widely used to quantify morphologic abnormalities in muscles, B-
mode ultrasound imaging has been shown to be a reliable alternative in clinical 
settings, complementing functional measures of muscles and demonstrating disease 
progression by changes in thickness and echo intensity [9]. Clinical trials evaluating 
healthy older, community-living people have shown that strength consistently declines 
along with altered muscle quality, however its relation to muscle quantity is 
controversial [10-12]. Moreover, muscle quality has been shown to be positively related 
to gait performance [12, 13]. Despite the high informative value of ultrasound measures 
in detecting muscle changes in healthy elderly, there is a lack of studies using 
ultrasound in older (≥ 65 years), particularly in oldest-old (≥ 85 years), comorbid people 
[14]. 
Only a few studies to date have evaluated muscle characteristics in nursing-home 
residents. As muscle strength decreases with age, particularly rapidly after the age of 
80 years [15], the proportional contribution of muscular and neurological changes 
leading to strength decline also changes [4, 15]. Particularly in people with a very low 
muscle condition such as in nursing-home residents [1, 2, 16], the muscle might show 
a specific pattern of biological changes. Moreover, as the evaluation of muscle function 
by assessments typically used in older adults is limited in people with very low muscle 
condition due to physical restrictions [17], evaluation of ultrasound-derived muscle 
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changes might be a valuable alternative for this cohort. Therefore, morphologic 
changes in muscle, and relationships between strength, function and physical activity 
in this population merit separate attention to improve clinical assessment of sarcopenia 
in this population. So far, it has been shown in computer-tomographical scans that 
cross-sectional area of the quadriceps femoris was related to knee extensor strength 
and gait speed in frail, older nursing-home residents [18]. However, whether there is a 
relationship between ultrasound measures of muscle morphology and strength of the 
lower extremities in nursing-home residents has not been explored to date [7]. 
The objectives of this study were 1. To explore potential relationships between 
sonographic measures of muscle quantity, quality and strength of the knee extensors 
in older nursing-home residents, specifically including oldest-old people, and 2. To 
examine the relationships of knee extensor characteristics and gait speed within 
subgroups based on physical activity level. 
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6.3 Methods 
 
Study design 
An observational, cross-sectional proof-of-concept [19] study design was used to 
explore the potential relationships between muscle strength, sonographically 
measured thickness, indices of quality, and physical function in a convenience sample 
of older, comorbid residents of a nursing-home in Switzerland, including oldest-old 
people (≥ 85 years).  
 
Participants recruitment 
Residents were included if they were able to walk, with or without the aid of a walking 
device, and cognitively able to understand study content. Exclusion criteria were a) 
severe impairment in decision making (Cognitive performance scale > 4 points) [20], 
b) acute illness, c) a history of acute lower limb pathology within the last 6 months 
(fracture and/or surgery) and d) skin disorders involving the anterior thigh. 
All participants provided informed consent following a verbal and written explanation 
of the study procedures, which complied with the principles of the Declaration of 
Helsinki for ethical research in humans. The study received approval from the local 
ethics committee (Ethikkommission Nordwest- und Zentralschweiz (EKNZ), project-ID 
2017-00839). 
 
Data collection 
Participants demographics 
Age, height and body mass of the participants and number of chronic diseases that 
may affect muscle characteristics (metabolic, musculoskeletal, neurological, 
psychiatric, respiratory disease, renal insufficiency and cancer) were extracted from 
nursing assessments and medical history.  
 
Muscle strength, muscle morphology, physical function and physical activity were 
examined by a physiotherapist trained and experienced in musculoskeletal 
assessments. 
 
Muscle strength 
Maximal isometric strength of the knee extensor was measured with a hand-held 
dynamometer (Microfet®, CompuFET, Hoggan Health Industries, Biometrics Europe). 
For measurements, participants were seated on a plinth, with their back and thighs 
fully supported, knee positioned at 90° and lower leg hanging freely. The curved 
transducer pad of the dynamometer was positioned at 80% of the length of the tibia. 
Participants were requested to push against the dynamometer as hard as possible for 
3 seconds. 
The peak force measured during two trials was recorded in kg. Relative strength was 
calculated by normalizing peak force to body mass. Isometric muscle strength 
determined by hand-held dynamometry in older adults has been shown to be 
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comparable to strength values measured with the gold standard method of isokinetic 
strength testing [21] with a high test-retest reliability (ICC 0.90-0.98) [22]. 
 
Muscle morphology 
Real-time, B-mode ultrasonography (Nemio MX Type SSA-590A, Toshiba, Japan) with 
a 12-MHz linear transducer array (45 mm footprint) was used to obtain two transverse 
scans of the rectus femoris and vastus intermedius muscles at a site two-thirds of the 
distance between the antero-superior iliac spine and the superior pole of the patella. 
Standardized sonographic settings were used for all participants and images were 
acquired using a uniform protocol developed for older adults [23]. Ultrasound images 
were post-processed using a MATLAB code (MathWorks®, Massachusetts, USA). 
Muscle thickness was calculated as the distance between the fascial layers that 
distinguish muscles from the subcutaneous fat layer, and muscles from bone. 
Thickness values were expressed as a percentage of total thigh thickness to account 
for individual body composition [23]. Sonographic measures of quadriceps thickness 
have been previously shown to be highly correlated (r = 0.98) with gold standard 
measures obtained from Magnetic Resonance Imaging [14], and have a reported intra-
rater reliability of ICC 0.88-.099 in older people [8, 23]. 
Muscle echotexture was characterized by echo intensity and heterogeneity, 
determined over a rectangular region of interest. Echo intensity was estimated by 
calculating the mean grayscale value in unspecified units (UU), ranging between 0–
255. High values reflected hyperechoic tissue which reportedly reflects the 
accumulation of non-contractile tissue [9], muscle fibre necrosis and inflammation [8]. 
Tissue heterogeneity was estimated by calculating the standard deviation (SD) of 
grayscale value [24]. Low SD reflected low heterogeneity which indicates homogenous 
tissue structure and evenly distributed non-contractile tissue within muscle [24]. 
Homogeneous muscle tissue patterns have been shown to be positively associated 
with muscle disorders [24], and age-related strength differences [25]. Quantification of 
tissue heterogeneity has been demonstrated to be sensitive in detecting 
neuromuscular disorders including myopathy and muscle dystrophy [26]. 
 
Physical function 
Preferred gait speed was evaluated over a 4m distance. This method is commonly 
used for evaluation of functional performance in older adults and shows excellent test-
retest reliability in older people with comorbidities [17]. 
 
Physical activity 
Physical activity was evaluated using the German Physical Activity 50+ questionnaire 
[27], which measures the duration of various household and leisure time activities and 
allows for estimation of energy expenditure based on the Compendium for Physical 
Activities [28]. Its performance characteristics have been reported elsewhere [27]. 
Energy expenditure was reported in kcal/week and dichotomized into low- and normal 
physical activity based on cut off values of 383 and 270 kcal/week for men and women, 
respectively [29]. For evaluation of physical activity, participants as well as nurses 
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responsible for their care, who closely observe the nursing-home residents 24h/7d 
were interviewed, to increase precision of the responses. 
 
Statistical analysis 
Normal distribution of the data was evaluated using the Shapiro-Wilk test. Normally 
distributed data have been reported as mean (SD), not normally distributed data as 
median (range). For normally distributed data, Pearson’s correlation coefficient was 
used to evaluate correlations between measures of muscle strength, muscle 
morphology, physical performance and physical activity, and to analyze relationships 
between knee extensor characteristics within the physical activity subgroups. For not 
normally distributed data, Spearman’s correlation coefficient was used accordingly. 
 
  



Chapter 6 

 103 

6.4 Results 
Descriptive Analysis 
The study sample included n=24 participants (18 women), median age (range) 86.5 
(68-103) years, with n=12 participants in each physical activity-subgroup (Table 1). 
 
Table 1: Descriptive characteristics of the participants 

  Normal physical 
activity 
Mean (SD)/  
median (range) 

Low physical 
activity 
Mean (SD)/  
median (range) 

Total group  
 
Mean (SD)/ 
median (range) 

Demographics     
n  12 12 24 
Sex† (female, n) 
Age† (years) 

 
 

9 
88 (69-103) 

9 
86 (68-98) 

18 
86.5 (68-103) 

Height† (m)  1.6 (1.49-1.70) 1.6 (1.49-1.72) 1.6 (1.49-1.72) 
Body mass† (kg)  67.6 (39.5-86.0) 73.0 (44.0-87.2) 69.6 (39.5-87.2) 
Number of chronic diseases (n) 
 

 2.7 (1.2) 3.9 (1.4) 3.3 (1.4) 

Leg characteristics     
Knee extensor strength/ body 
mass (kg/kg) 

 
 

0.2 (0.08) 0.16 (0.03) 0.18 (0.06) 

Quadriceps thickness in 
percentage of total thickness† 
(%) 

 
 

50 (43-73) 48 (35-73) 50 (35-73) 

Rectus femoris grayscale† (UU)  113 (82-173) 116 (72-127) 113 (72-173) 
Rectus femoris grayscale SD† 
(UU) 
 

 32 (24-39) 34 (18-43) 32 (18-43) 

Physical function and physical 
activity 

    

Gait speed over 4 meters† 
(m/s) 

 0.60 (0.38-1.09) 0.55 (0.19-0.85) 0.56 (0.19-1.09) 

Physical activity (kcal/week)  1297 (1445) 77 (100) 682 (1182) 
 
†data not normally distributed 
 

Correlation analysis (n=24) 
Knee extensor strength normalized to body mass was not significantly correlated to 
sex or measures of muscle morphology, physical function or physical activity (Table 
2). 
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Table 2: Correlations among demographic parameters, quadriceps muscle strength 
and morphology, physical function and physical activity (n= 24) 
	

  
Age 

Height CD KES QT RG RGSD GS PA 

Sex 
 
Age  

r 
P 
r 

0.021† 
.923 

 -0.105† 
.627 

-0.013† 

-0.189† 
.378 

0.176† 

0.097† 
.651 

-0.084† 

-0.445†* 
.029 

-0.078† 

0.083† 
.698 

0.263† 

-0.042† 
.847 

-0.284† 

-0.174† 
.417 

-.480†* 

-0.042† 
.845 

-0.042† 
 P  .953 .411 .697 .716 .214 .179 .017 .847 
Height  r   -0.314† 0.027† -0.034† -0.012† -0.200† 0.258† 0.148† 
 P   .135 .902 .875 .955 .348 .224 .489 
CD r    -0.401 0.138† -0.117† -0.173† -0.403† -0.201 
 P    .052 .519 .585 .419 .051 .347 
KES r     0.031† 0.262† 0.237† 0.364† -0.014 
 P     .885 .217 .264 .081 .948 
QT r      -0.037† -0.099† -0.023† 0.049† 
 P      .865 .645 .915 .819 
RG  r       0.181† -0.120† -0.141† 
 P       .398 .575 .512 
RGSD  r        0.024† -0.148† 
 P        .912 .490 
GS r         0.272† 
 P         .199 

 
CD = number of chronic diseases, KES = knee extensor strength normalized to body mass, QT = 
quadriceps thickness in relation to total thickness, RG = Rectus grayscale, RGSD = rectus grayscale 
standard deviation, GS = gait speed, PA = physical activity, Significance p<.05 
†correlations determined by Spearman’s Correlation Coefficient 
Body mass was excluded from the correlation analysis as muscle strength has been normalized to 
mass. 
 

Correlations within physical activity subgroups (n=12 each)   
To determine if a higher activity level, mainly achieved by walks in the garden and 
outside the nursing-home, is important to determine relationships of morphological 
measures and strength of the quadriceps, the sample was divided into two subgroups 
categorized by the physical activity cut-off value of 270kcal for women and 383kcal for 
men. The cut off value determines whether a person is at risk for frailty [39]. Both 
subgroups included n=12 participants with an energy expenditure of mean (SD) 68 
kcal/week (100) in the slow group and 1297 kcal/week (1445) in the group with normal 
physical activity. 
Within the subgroup with normal physical activity, knee extensor strength was 
positively correlated with tissue heterogeneity (r = 0.727, p = .007) but not with muscle 
thickness (r = 0.014, p = .966). Similarly, muscle tissue heterogeneity was positively 
correlated with gait speed (r = 0.588, p = .044). However, within the subgroup of people 
with low physical activity, there were no significant correlations among knee extensor 
strength normalised to body mass, comorbidities, muscle thickness and muscle echo 
intensity and heterogeneity, or gait speed, as shown in Table 3.  
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Table 3: Correlation analysis between muscle characteristics of the knee extensor and 
gait speed within subgroups of physical activity 
	
  KES CD QT RG RGSD GS 

Normal physical activity 
sex 

 
r 
P 

 
0.139† 
.666 

 
-0.148† 

.647 
	

 
-0.139† 

.666 

 
-0.307† 

.332 

 
0.028† 
.931 

 
-0.168† 

.603 

KES r  -0.472 0.014† 0.371† 0.727†* 0.228† 
 P  .121 .966 .236 .007 .477 

CD r   0.100† 0.030† -0.289† -0.694†* 
 P   .757 .927 .363 .012 

QT r    -0.084† 0.077† 0.186† 
 P    .795 .812 .564 

RG r     0.056† -0.245† 
 P     .863 .442 

RGSD r      0.588†* 
 P      .044 

Low physical activity        

sex r 
P 

-0.028† 
.931 

-0.291† 
.359 

-0.697†* 
.012 

0.474† 
.120 

-0.084† 
.796 

-0.139† 
.666 

	
KES r  0.062 0.042† 0.126† 0.056† 0.427† 

 P  .848 .897 .697 .863 .167 

CD r   0.241† -0.339† -0.237† 0.007† 
 P   .451 .281 .458 .982 

QT r    -0.182† -.112† 0.203† 
 P    .572 .729 .527 

RG r     0.322† 0.007† 
 P     .308 .983 

RGSD r      -0.350† 
 P      .265 

 
CD = number of chronic diseases, KES = knee extensor strength normalized to body mass, QT = 
quadriceps thickness in relation to total thickness, RG = Rectus grayscale, RGSD = rectus grayscale 
standard deviation, GS = gait speed, PA = physical activity 
†correlations determined by the Spearman’s correlation coefficient 
*significance p<.05 
 
Correlations of rectus femoris tissue heterogeneity with knee extensor strength, in 
those with normal and low physical activity are shown in Figure 1. Figure 2 presents 
two ultrasound images with different muscle tissue heterogeneity.  
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Figure 1: Correlations between rectus femoris tissue heterogeneity and knee extensor 
strength  

 
(A)                                                             (B) 

Scatterplot of rectus femoris tissue heterogeneity and knee extensor strength normalized to body mass 
in those with normal physical activity (A) and low physical activity (B). 
	
Figure 2: Comparison of two ultrasound images different in grayscale standard 

deviation  

      
(A)                                  (B) 

Two ultrasound images with similar grayscale value of muscle tissue (region indicated by yellow line) 
but different in grayscale standard deviation (SD): (A) higher grayscale SD (heterogeneous tissue) of a 
participant with normal physical activity level, (B) lower grayscale SD (homogenous tissue) of a 
participant with low physical activity level; the length of the yellow arrow defines the muscle thickness 
between subcutaneous tissue above it and bone below.  
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6.5 Discussion 
This study explored potential relationships among ultrasound derived indices of muscle 
quality characteristics, muscle function (gait speed) and physical activity in older, 
multimorbid nursing-home residents. This proof-of-concept study targeting muscle 
aging mechanisms showed that ultrasound assessments explored the relationship 
between muscle quality, strength of the knee extensors and gait speed in older 
nursing-home residents with normal physical activity. Ultrasound imaging seems to be 
a useful measure for detecting physical-activity-related muscle differences in this 
cohort, contributing to comprehensive sarcopenia assessment. It can be useful to 
detect differences in muscle quality associated with limitations in muscle function in 
people not capable of performing functional measures of strength.  
 
While knee extensor strength values in the current study are comparable to strength 
values reported for nursing-home residents of other European countries [18], strength 
and muscle morphology were not related to age. Although muscle characteristics 
change over the lifespan, differences within a group of older, comorbid people might 
be more related to disuse than to age per se [1]. The relationship between knee 
extensor strength, muscle thickness and muscle morphology differed depending on 
the physical activity level in this sample of participants. The cut-off value for low- and 
normal-physical activity (279/383 kcal per week) in the current study is equivalent to 
the energy expended by a 50-kg body mass woman whose only activity is to walk at a 
comfortable speed for 20 minutes a day, 5 times a week. Physical activity at this level 
reflects very little activity even for nursing home residents and is considered to be 
indicative of high disability [16].  
In elderly residents with normal physical activity, tissue heterogeneity, a measure of 
muscle quality [6, 25], correlated with knee extensor strength but not thickness. This 
finding is consistent with previous literature in community-living elderly [10-13]. Muscle 
quality might, therefore, be a more appropriate indicator of age-related changes in 
muscle strength than muscle thickness. In the present study, muscle heterogeneity 
was not only related to strength in the subgroup with normal physical activity but also 
to gait speed, an important measure of functional status [1]. Even if a causal 
relationship cannot be established by these data, they indicate mutual impact between 
these factors. It is possible that minimizing the accumulation of non-contractile tissue 
in muscle through physical activity interventions [5] could also effectively improve non-
contractile tissue dispersion and positively affect gait. Further research evaluating the 
impact of physical activity on muscle heterogeneity could verify this suggestion.  
Within the low physical activity subgroup, no significant relationships were observed 
between knee extensor strength and common sonographic measures of muscle 
morphology (muscle thickness and echo intensity). This finding cannot be compared 
to the literature as, to our knowledge, this is the first study to evaluate those 
relationships in nursing-home residents concerning physical activity. One potential 
reason for the present results might be that once muscle strength drops below a certain 
threshold, morphological interactions are less apparent. Alternatively, it is possible that 
the sonographic approach in the present study is not sufficiently sensitive to detect 
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physical activity-related differences in muscle of highly reduced condition. The 
detection of catabolic biomarkers in blood samples could potentially give more detailed 
information about muscular changes [5]. Another reason might be that neurological 
components of strength were not considered in this study as an explanatory factor for 
low strength. However, echotexture analysis of ultrasound images provides important 
information in the context of age-related muscle disorder even in older, comorbid 
nursing-home residents.  
 
The present findings are indicative of the following hypotheses: 1. Muscle quality 
contributes to age-related decrease in strength in nursing-home residents. Further 
research is needed to verify this hypothesis and should also focus on the neurological 
determinant of muscle strength. 2. Grayscale SD evaluated by echo intensity of 
ultrasound images could be used to detect differences in age-related muscle quality. 
The accordance of different methods detecting heterogeneity in muscle structure 
would have to be evaluated.  
 
Limitations 
One potential limitation of this study is that tissue heterogeneity is likely to vary within 
a given muscle and may be dependent on subcutaneous tissue thickness [25]. While 
this study adopted a standardized region of interest for estimating tissue heterogeneity, 
it should be recognized that calculation of parameters at the midpoint of the muscle, 
without taking subcutaneous tissue into consideration, may not be reflective of the 
whole muscle unit. The findings are, however, consistent with other studies in which 
tissue heterogeneity has been shown to be altered in neuromuscular disease and age-
related muscle wasting [24, 25]. Secondly, we cannot be certain that the isometric 
strength measurements involved maximal effort of the participants. Discrepancies 
between voluntary muscle contraction und maximal possible contraction could have 
been detected by electrical muscle stimulation using the interpolated twitch technique 
[30] but this is not feasible outside of laboratory settings. Therefore, the assessment 
of maximal isometric voluntary contraction is an appropriate alternative as it has been 
shown to be reliable in strength detection of older adults in clinical settings [22]. 
Although further studies are needed to verify the results, the findings of the present 
study provide new insights into muscle characteristics in older, including oldest-old, 
institutionalized people. 
 
Conclusions 
The present results provide proof-of-concept that muscle tissue heterogeneity, a 
sonographically measured index of muscle quality, is positively related to knee 
extensor strength and gait speed, in older nursing-home residents with normal physical 
activity level. The findings indicate that the assessment of muscle quality from 
ultrasound images might be a more appropriate method to detect age-related 
differences in muscle than the evaluation of muscle thickness, at least in older people 
with normal physical activity. Given the sample size of the current study (n = 24), 
assessment of ultrasound-derived muscle morphology in a larger population sample is 
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warranted. Inclusion of these assessments may be recommended as part of a 
comprehensive assessment of sarcopenia and for monitoring the outcome of 
preventative interventions designed to improve muscle strength and function in older 
individuals.  
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Chapter 7  

7. General Discussion  
 
In this thesis, an insight into muscle strength in people aged 75 years and over was 
gained on the basis of strength assessments for overall health monitoring, prevalence 
of probable sarcopenia, and the functional impairment and neuromuscular changes 
associated with low muscle strength in oldest-old people (over 85 years).  
 
Previous research evaluating physical health in the elderly has focussed on the so-
called “young old” age group, those aged 65-74 years, and contributed to an increased 
health condition over the last 20 years [1]. With increasing life expectancy in the next 
decades, there will be a disproportionate increase in the older-old (75-84 years) and 
oldest-old age groups (85 years and above) [2] in the community along with an 
expected high prevalence of age-related muscle disorder [3] accompanied by a further 
decline in physical health [4].  
 
Collectively, this research had three aims; 1. To provide reference values of strength 
measures of the older-old and oldest-old people for clinical use 2. to provide data for 
public health monitoring, 3. to provide initial evidence of neuromuscular changes in a 
population not previously studied for further investigations. 
 
This chapter summarizes the main findings, and discusses how they support and add 
to the existing literature. Finally, clinical implications and future research possibilities 
building upon this research are reported. 
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7.1 Main findings and clinical implications 
 
7.1.1 Handgrip strength in oldest-old adults 
From the perspective of overall physical health, the oldest-old age group is at 
increased risk for multi-morbidity, poly-medication, complex geriatric syndromes such 
as frailty, and associated functional limitations [5, 6]. Comprehensive geriatric 
assessments are necessary to evaluate all determinants of health decline in this 
population. However, handgrip strength is recommended as a conclusive stand-alone 
measurement to monitor older people for risk of poor health [7]. Sex, age and location- 
specific reference values of handgrip strength demonstrate the range of values that 
are accountable for health–related factors such as chronic diseases, physical activity 
level and nutritional intake [8-13]. To date, these specific reference values for men and 
women of the highest age groups are available for the following European regions: the 
Netherlands (up to 95 years) [14], Denmark, Southern France and Southern Italy (up 
to > 100 years) [9]. In Switzerland, normative data of age- and gender-specific handgrip 
strength have been evaluated for older people up to the age of 84 years [15]. The 
present cross-sectional data of the Swiss population (aged 75-100 years), outlined in 
Chapter 2, demonstrated identical strength values for the age group 75-84 years to 
the previously published Swiss sample and therewith, confirmed previous findings. In 
addition, the findings expanded existing data of men by the age-group 85-99 years and 
data of women by the age-groups 85-89 and 90-99 years. In men, handgrip strength 
of the oldest-old people (maximum ± SD 29.3 ± 7.3) did not differ from the age-group 
80-84 years but was significantly lower than in people aged 75-79 years. In women, 
the oldest-old age groups (85-89 and 90-99 years) were not significantly different from 
each other (maximum ± SD 19.0 ± 3.8 and 16.5 ± 4.7 respectively). However, handgrip 
strength in both groups was significantly lower than in the younger age-groups (75-84 
years). Collectively with previously published handgrip strength data of the Swiss 
population [15], the present results provide stable reference values for men and 
women aged 75-99 years, as reference values were based on samples of n = 57-102 
per age-group. The age- and gender- distribution of the study sample, as well as the 
percentage of people dependent in daily activities, were comparable with the Swiss 
population of the same geographic region [16]. Hence, the reference values can be 
considered generalizable to the population of German-speaking Switzerland.  
 
Clinical implications 
The reference values of handgrip strength are of direct use for clinical measures as 
part of a) the routine geriatric assessments in practices of general practitioners, b) the 
entry examination and subsequent checks in nursing-homes, c) the screening of 
strength for initiating interventions by physical therapists in Switzerland. Indirectly, the 
availability of full range of reference values could increase the use of handgrip strength 
measures to screen for overall strength and physical health. Moreover, it can increase 
the awareness of people for strength as an important source of current and future 
health. 
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7.1.2. Prevalence of probable sarcopenia in community-living older people 
From the perspective of specific risk assessment for age-related muscle wasting, (pre) 
sarcopenia, people are assessed for handgrip strength and categorized based on cut-
off values according to the newest guidelines for diagnosing sarcopenia [17]. 
Previously, the primary indicator of sarcopenia was low muscle mass [18]. The 
evaluation of lean body mass with the gold standard of Dual Energy X-Ray 
Absorptiometry led to an estimated prevalence of pre-sarcopenia of about 30% and 
50% in old-old and oldest-old men and women [19]. Interventions aiming to improve 
sarcopenia were focused on increasing muscle mass. In 2019 the guidelines were 
changed [17]. Taking research results about age-related changes of muscle 
characteristics and their implication for functional decline into account, strength has 
found to be superior as the primary indicator of sarcopenia. The application of the new 
guidelines is important for health monitoring of the population. The detection of low 
handgrip strength rather than low muscle mass may provide prevalence updates, 
relevant for predictions of future disease occurrences and strategies to prevent 
sarcopenia [20]. However, point prevalence data of low handgrip strength have not yet 
been evaluated for the Swiss population. So far, prevalence of low strength has been 
reported for older Asian people (mean age 70-80 years) and ranged between 10% and 
17% [21, 22]. In older Northern/Central Europeans (mean age 80-90 years), the 
prevalence in community-living men [23], and in male and female inpatients [20] was 
higher (28%, 33%, and 28%, respectively). The present study, outlined in Chapter 3, 
evaluated prevalence data of low handgrip strength in a representative sample of the 
older-old and oldest-old German-Swiss population. Results confirmed previous data of 
non-hospitalized Northern European men as prevalence of probable sarcopenia (28%) 
was commensurate with community-living men from Sweden. The findings added data 
of community-living, non-hospitalized women (prevalence of probable sarcopenia: 
26.3%) which have not been evaluated before. Collectively with data from 
Northern/central European countries, they might provide references for the northern 
part of Europe.  
It is well researched that decreased handgrip strength is a strong risk factor for 
functional decline [7]. As for the specific predictive value of low handgrip strength, 
identified by sarcopenia-specific cut-off of 16 kg for women and 27 kg for men, it has 
been shown previously that low handgrip strength is associated with independent 
aging (defined by “absence of diagnosed dementia and Mini Mental State Examination 
≥ 25 points, community-dwelling, independence in personal ADL and ability to walk 
outdoors alone”) [23]. The present results contributed new knowledge that people with 
probable sarcopenia had an increased risk of 2.8 to be dependent in ADL compared 
to people with normal strength. Moreover, ADL performance seemed to be an 
independent predictor of probable sarcopenia. Even though a cause-effect relationship 
cannot be derived from these cross-sectional data, existing prospective studies 
support this hypothesis [24, 25]. They have shown that handgrip strength decreases 
as a consequence of reduced engagement in demanding activities in daily living [24, 
25]. It is likely that muscle strength and ADL performance have mutual influence, so 
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that strength training as well as using as much strength as possible in every-day tasks 
could prevent ADL dependence. 
Overall, the prevalence of people with probable sarcopenia, indicating the risk for 
sarcopenia, dropped by up to 22% when the new definition with low strength as the 
initial characteristic was applied. The focus on strength rather than muscle mass in 
detecting probable sarcopenia identified a different subgroup of people with age-
related muscle disorder [20]. However, the comparison of findings across age-groups 
and continents and between healthy, community-living people and inpatients 
demonstrated that population specificity in prevalence studies of probable sarcopenia 
in regard to age, ethnic groups and institutionalization is important for exact health 
data. 
 
Clinical implications 
Prevalence data of probable sarcopenia help to monitor an important aspect of health 
status. Detecting a pre-stage of sarcopenia allows timely initiation strategies and 
interventions to be put in place that aim to prevent further decline. When further muscle 
wasting can be stopped or delayed, physical health of the individual as well as health 
care costs would benefit immensely [17]. Moreover, health care costs represented by 
higher rates of hospitalization, nursing home admissions and community healthcare 
expenditure in sarcopenic patients compared to non-sarcopenic patients, as well as 
sarcopenia-related comorbidities, could be reduced substantially [26, 27]. The 
detection of the prevalence of probable sarcopenia, identified by handgrip strength, 
confirms the need of routine strength assessment, as outlined in the previous 
paragraph. By applying cut-off values to classify people as having probable 
sarcopenia, a population with distinct risk of potential future health problems has been 
investigated. Therefore, the present study reported in Chapter 3 provides data that are 
clinically relevant to monitor the health condition of the Swiss population, which is 
important for effective health management. The results about prevalence of probable 
sarcopenia and factors associated with low strength could inform health insurance 
companies about the importance of effective strategies to reverse muscle weakness. 
 
7.1.3. Feasibility and relevance of strength tests in nursing-home residents 
The prevalence of probable sarcopenia in oldest-old nursing-home residents is 
proposed to be much higher than in community-dwelling elderly but objective 
evaluation is challenging. The handgrip strength test and the chair stand test are 
currently the recommended strength tests for detection of probable sarcopenia [17]. 
Both tests have been shown to be valid and reliable in detecting different aspects of 
strength [28], and predictive of functional decline. They are also widely used by 
research studies evaluating adverse health outcomes, and have been shown to be 
feasible for evaluating the strength of well-functioning, community-living elderly [7, 29]. 
However, in oldest-old nursing-home residents, research as to the feasibility of these 
tests has shown conflicting results [28, 30]. Moreover, associations of probable 
sarcopenia, detected by handgrip strength < 27kg for men and < 16kg for women, or 
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by the chair stand test > 15 seconds, with adverse health outcomes have not been 
explored, as outlined in the introduction of Chapter 3.  
Handgrip strength assessment using the customary JAMAR® hand-dynamometer was 
suggested to cause difficulties in oldest-old populations due to the rigidity and weight 
of the device [30]. However, previous studies using the JAMAR® in oldest-old people 
without hand pain or stiffness did not report on any problems with performing the test 
procedure or using the device [31-33]. In the present study, people with hand pain or 
stiffness were excluded from participation, and the examiner supported the base of the 
dynamometer for testing, following the guidelines of the standard procedure [34]. All 
participants included in the study were able to perform the handgrip strength test using 
the JAMAR® hand-dynamometer; none of them expressed any difficulties.  
Therefore, the cross-sectional data, outlined in Chapter 4, confirmed the good 
applicability of the handgrip strength test in oldest-old nursing-home residents even if 
alternative testing equipment with softer handles might be more comfortable [30]. 
Nonetheless, by means of the test performance, it is uncertain if participants achieved 
their maximal possible strength, as limitations due to decreased neural drive were not 
evaluated. A future reliability study could verify intra-tester and inter-tester reliability of 
the handgrip strength assessment with different test devices. Including electrical nerve 
or muscle stimulation with twitch interpolation would also objectify neural aspects on 
voluntary grip strength [35] but would only be practical in a laboratory environment. 
Inconsistency of repeated efforts can indicate lack of maximal effort, so is a useful clue 
in situations when it is not possible to verify that effort is maximal. 
As for the chair stand test, the health condition seemed to play a crucial role for test 
performance. In previous studies it has been shown that particularly frail and acutely 
ill older adults could not complete 5 repetitions [28, 32, 36, 37] as defined in the original 
test procedure [38]. The present results confirm those findings as only about 50% of 
the participants could complete the chair rise test. The findings added the knowledge 
that even one repetition is impossible for some oldest-old, multi-morbid, frail people. 
Therefore, the original version of the chair stand test is suggested to be modified for 
oldest-old and vulnerable people. Based on the results of Chapter 4, the point 
prevalence of probable sarcopenia in nursing home residents (80%) was much higher 
than that in non- institutionalized people of the same age (26-28%, Chapter 3).  
Muscle strength as well as the ability to rise from a chair without using the arms for 
support have been shown to be related to functional performance, ADL independence 
and frailty in people in need of care [39]. As for specific risk indication of probable 
sarcopenia for functional limitations, low handgrip strength has been shown to detect 
oldest-old, long-term care residents with very low gait speed [32], indicating great 
limitations in community ambulation [40]. The present results confirmed previous 
findings as probable sarcopenia detected participants who were significantly slower in 
walking than people without probable sarcopenia. Findings of Chapter 4 added the 
knowledge that both low handgrip strength (< 27kg for men and < 16kg for women) 
and slow chair stand test (> 15 seconds or participant not able to perform test), 
predicted low gait speed to 77% and 79% respectively. Moreover, probable 
sarcopenia, evaluated by low handgrip strength, detected frailty to 72% while no/slow 
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chair stand test detected it by 85%. Low HGS was probably superior to the CST in 
expressing functional limitations as it also indicated low overall strength and 
dependence in basic ADL. The findings of Chapter 4 showed for the first time that 
probable sarcopenia had a high indicative value for functional capacity in nursing-home 
residents. 
 
Clinical implications 
To date, standardized assessment of strength, physical function and frailty is typically 
not undertaken in nursing-homes [41]. The research findings about feasibility and 
relevance of detecting probable sarcopenia in this group of the oldest-old people may 
contribute to clinical implementation of strength testing in the long term. Based on the 
present and previous findings, HGS is recommended in nursing-homes as part of the 
entry assessment and sheds light on the ease of performance of this test. The 
indication of adverse outcomes by low HGS, verified in larger, longitudinal studies, may 
highlight HGS as a screening test not only for overall strength but also for function, 
ADL performance and frailty. Screening tests could help recognize and counteract 
further decline in a timely manner. 
 
7.1.4 Relationship between quadriceps muscle strength and dependence in daily 
activities in nursing home residents 
 
While handgrip strength is an estimate of whole body strength, specific lower extremity 
muscle characteristics could explain ADL performance in more detail to advance 
exercise programs to improve independence in daily activities. Whether residents are 
dependent or independent in basic ADL mainly depends on their ability to turn in bed, 
to get up from bed, a chair and the toilet with/without using their hands, to do self-care, 
to walk short distances within and outside their living room with/without a walking aid. 
Quadriceps strength has been shown to be a key component for remaining 
independent in these activities [42, 43]. Community-dwelling people aged 83 years 
admitted to primary care were shown to have quadriceps strength of 25 kg (≈ 2.7 
Nm/kg peak torque normalized to body mass) [44] while peak isometric torque of 3-3.5 
Nm/kg body mass is necessary for getting up from a sitting position and for walking 
without using the hand/arms [42]. In nursing-home residents, this threshold is 
supposed to be lower due to the use of arm and hands in almost all activities. In the 
present study quadriceps strength of (pre)frail, nursing-home residents was 
moderately correlated to ADL dependence (rs=0.67, p<.001), with mean strength 
values of 11.4 kg, respectively 0.52 Nm/kg when torque was calculated and normalized 
to body mass. These results were in accordance with previous research evaluating 
quadriceps strength in frail, oldest-old, institutionalized people (12.9 kg) [45, 46]. In 
Chapter 5 we provided the first evidence that an isometric quadriceps strength of > 
11kg (quadriceps torque of 0.52 Nm per kg body mass) is 100% sensitive and 79% 
specific in predicting ADL-independence in this population. When quadriceps torque 
was calculated, and normalized to body weight, people independent in ADL had 0.6 
Nm/kg compared to people dependent in ADL with 0.4 Nm/kg. Although the results 
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have to be verified in prospective studies, the findings from Chapter 5 indicated that 
quadriceps strength is an independent predictor of ADL dependence taking handgrip 
strength, elbow-flexor strength, urinary incontinence and number of chronic diseases 
into account.  
 
Clinical implications 
Based on these findings, quadriceps strength measure can be recommended as a 
specific screening test for ADL performance in nursing-home residents with values ≤ 
11 kg predicting high risk of ADL dependence. In addition, the results might help 
existing exercise recommendations to specify the program and target strength of 11 
kg for improvement of ADL independence.  
 
7.1.5 Muscle quality in muscles of oldest-old, institutionalized people 
Exercise programs aiming at increasing quadriceps strength along with physical 
function have been shown to be successful even in co-morbid people with frailty [47-
50] However, their overall efficacy in improving ADL performance is small [51] and the 
variability of motor performance increases in oldest-old people [52].  
Assuming that neuromuscular plasticity is maintained even in oldest age groups [53], 
it should be possible to enhance the effect of exercise. One possibility is to increase 
protein synthesis e.g. through complementary supplementation of protein in 
malnourished people [54]. Another possibility might be to improve tissue modification 
in response to exercises that specifically addresses strength-related neurological and 
muscular components [52]. As muscle strength and rate of force development 
decreases with age, the decline accelerates from the age of 80 years on [52]. This 
rapid decline has been shown to be related to a reduction in muscle mass [53, 55]; 
however, the change in strength exceeds the change in mass [56]. Contraction quality 
of the muscle, affected by intramuscular adipose tissue accumulation and reduced 
capacity to voluntarily activate the muscles through decreased neural activation, 
appears to explain strength decline in oldest-old people to a great extent [52, 55, 56]. 
Of these muscular and neural components, contraction quality of a muscle is part of 
the algorithm for detection of sarcopenia [17].  
 
In specialized clinical investigations, diminished muscle quality is commonly detected 
by increased echo intensity (expressed as higher grayscale values) of muscle 
ultrasound images [57]. Higher grayscale values have been shown to be related to 
isometric quadriceps strength in community-living, healthy, active elderly [58-60]. The 
results presented in Chapter 6 added proof of concept that the relationship between 
ultrasound-derived index of muscle quality and strength also exists in oldest-old, co-
morbid, frail nursing-home residents. This relationship seemed to be dependent on 
physical activity as it was only apparent in people who expended more than 270/383 
kcal of energy per week. Assuming that people with physical activity levels below this 
threshold can be considered very vulnerable and at risk for no return to improve 
strength, the results might be important for detecting people who would respond to 
exercise. This hypothesis was based on cross-sectional data collected from a small 



Chapter 7 

 119 

sample and needs to be verified in a larger cohort study. However, improving physical 
activity in nursing-home residents has previously been shown to be crucial to prevent 
disability but also, that it might not be effective in reversing functional capacity in people 
with muscle decline below a certain level [61].  
 
In studies evaluating muscle quality by ultrasonography, grayscale values are typically 
used to express changes in echo intensity [58-60, 62] reflecting age-related alterations 
in muscle composition. The results of Chapter 6 demonstrated that the ultrasound 
grayscale standard deviation, which reflects the heterogeneity in the composition of 
muscle tissue, was also indicative for age-related intramuscular changes. Therewith, 
the present data were in accordance with previous findings in intensive care unit 
patients [63] and might provide an additional muscle quality index with potential to 
evaluate age-related intramuscular changes. As demonstrated by the present findings 
in Chapter 4, some measures of muscle characteristics that are typically used in 
healthy, young-old community living people are not feasible in oldest-old nursing-home 
residents, such as the chair stand test. Ultrasound imaging of muscle might be a 
valuable alternative to evaluate age-related changes in this cohort [64]. 
	
Clinical implications 
The findings about the relationship between the index of muscle quality and muscle 
strength indicate the usefulness of ultrasound imaging in clinical sarcopenia 
assessment in nursing-home residents. They provide information about muscle 
characteristics in oldest-old people and might contribute to advancing specific 
interventions aiming to improve strength in this cohort. The results shed light on the 
importance of physical activity for preventing strength loss in nursing-home residents, 
as already recommended [61]. 
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7.2 Methodological considerations and limitations 
 

1. The findings reported in this thesis are based on two cross-sectional studies. 
The research design allowed for the rapid and cost-effective collection of 
normative strength data in representative cohorts and identification of factors 
that are associated with low strength. The design did not provide insight into 
temporal relationships or causation. Nonetheless, the results identified key 
factors as a basis for future prospective studies. 

 
2. The intra-tester reliability of the measures used in this thesis to evaluate 

strength (hand-held dynamometry) and ultrasound-derived muscle 
characteristics (muscle thickness and echogenicity) in nursing-home residents 
was shown previously to be high in healthy, older adults (ICC 0.88-0.99) [65-
68]. However, reliability has not explicitly been tested in older-old and oldest-
old multimorbid people above the age of 75 years. As motor performance and 
clarity of ultrasound images may vary more in the oldest age groups compared 
to young-old people, reliability studies need to be conducted to verify the 
variability of repeated measures. Retrospectively, it was acceptable to evaluate 
the relationship between ultrasound-derived muscle quality and strength of the 
quadriceps in oldest-old nursing-home residents prior to reliability testing, as the 
positive results demonstrated proof of concept, indicating that investing in 
comprehensive reliability studies will be worthwhile.  
 

3. The results are premised on sample sizes of a) n > 200 for reference values of 
handgrip strength for the older-old and oldest-old Swiss population and point 
prevalence data of probable sarcopenia in community-living elderly; and b) n > 
20 for evaluations in nursing-home residents. Oldest-old adults and particularly 
nursing-home residents are underrepresented in health-related research [69, 
70]. The lack of enrollment of this cohort in research studies is related to 
concerns of researchers as well as of potential participants [69]. The barriers 
for researchers are the great heterogeneity of the cohort in many health 
aspects, safety risks in study procedures due to physical impairment and 
recruitment difficulties due to cognitive limitations [69, 70]. The cohort’s 
reluctance to participate is explained by e.g. a lack of understanding the study 
protocol and procedure, distrust of research and complicated access of the 
study site [69]. The experience of undertaking the studies of this thesis tends to 
confirm the barriers to research identified in the literature [69, 70]. For instance, 
recruitment of participants was difficult, as many were very reluctant to 
volunteer. Anecdotally, the reluctance of community-dwelling older people to 
participate in this research was related to their perception of the benefits of 
participation relative to the time-consuming nature of the study procedures. 
Some people questioned whether their participation in the research would 
generate tangible benefits for older populations. Nursing-home residents were 
often reticent to volunteer due to the intimidating nature of the obligatory 6-page 
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study protocol required for informed consent and because of a fear of potential 
over-exertion imposed by the study procedures. To meet the concerns, they 
were raised and discussed with potential participants in the presence of family 
members or representatives in personal information meetings, either via phone 
or in face-to-face visits. Trust, communication and practical translation of 
research findings were, therefore, critical for the engagement of elderly people 
in this research. Although number of participants was still restricted and might 
limit generalizability to the whole population, the samples were representative 
of oldest-old people in Switzerland in important aspects of physical function and 
ADL performance and can be considered sufficient to provide insight into this 
cohort. Results in community-living people and nursing-home residents are 
consistent with findings of other authors measuring handgrip strength in 
Switzerland, the Netherlands and Denmark [9, 14, 15], as outlined in the 
discussion of Chapter 2; limitation section of Chapter 3; discussion of Chapter 
6. The results could therefore be considered valid for the oldest-old Swiss and 
potentially also for people from Northern/Central Europe. 
Evaluations in nursing-home residents in the present research, reporting 
relationships of strength with health-related components and neuromuscular 
changes, were based on univariate analysis due to small sample sizes. 
Therefore, the relative influence of the predictor variables on the dependent 
variable and probable confounding between variables could not be determined. 
Correlations need to be replicated in larger cohorts applying multivariate 
analysis. The present findings were novel in this area of research and provide 
sufficient preliminary evidence as the basis for further research.  
 

4. Some analyses in this thesis did not consider a comprehensive range of 
variables (Chapter 3-5). Low handgrip strength in Chapter 3, for example, was 
used to detect probable sarcopenia. However, it could not be ruled out that 
some of the people identified had true sarcopenia or even severe sarcopenia, 
as neither muscle quantity, quality nor function had been measured in addition 
to strength, as defined by the algorithm for detection of sarcopenia. However, 
the people that were detected with probable sarcopenia constitute a group with 
age-related muscle disorder at high risk for further decline.  
 
Moreover, quadriceps strength was shown to be important for independence in 
daily activities in nursing-home residents. Since no other leg muscles except 
the quadriceps were evaluated specifically, comprehensive reporting about 
relevant muscles for independence in ADL cannot be achieved. However, 
based on the literature, the key muscles important for ADL were selected. 
Therefore, the research findings contribute important knowledge to the small 
existing body of literature about strength thresholds in oldest-old nursing-home 
residents. 
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Clinical measures very suitable for clinical research readily available to 
clinicians were used for evaluation of strength, determinants of strength and 
intramuscular alterations with age. While measures such as Dual Energy X-Ray 
Absorptiometry, Magnetic Resonance Imaging and Doubly labelled water 
measures may provide more accurate estimates of lean body mass, muscle 
morphology and physical activity, they are not suitable for use in large cohorts 
and in field-based settings. Measures with good performance characteristics 
were used in this thesis, and questionnaires have been administered as 
interviews, to get data as meaningful as possible. This thesis promotes the use 
of hand-held dynamometry and ultrasound imaging in research of oldest-old 
people and supports justification for providing these resources in nursing 
homes. 
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7.3 Future research questions 
While this thesis has demonstrated that handgrip strength assessment in oldest-old 
people is feasible and meaningful for health-related adverse outcomes, the project has 
also raised additional questions for future work. Areas for future research are 
summarized below: 
 

1. What is the intra-tester and inter-tester reliability of the handgrip strength test, 
the chair stand test, hand-held dynamometry of knee extensors and elbow 
flexors for detection of isometric muscle strength, and ultrasound measures of 
muscle thickness and quality reliable (intra-tester and inter-tester reliability) in 
oldest-old people? (repeated measures study design) 
 

2. Does provision of reference data of handgrip strength to professionals for the 
classification of health status in older adults increase the use of strength 
measures in routine geriatric examination? (multicenter prospective cohort 
study) 
 

3. Is low handgrip strength, as a surrogate measure of probable sarcopenia, 
sufficiently sensitive to detect longitudinal changes in ADL performance? 
(prospective cohort study) 

 
4. Does promotion of increased use of strength in daily activities, including 

demanding household tasks, change the prevalence of probable sarcopenia in 
the population? (randomized controlled trial) 

 
5. Does low handgrip strength predict adverse outcomes regarding frailty and gait 

speed in a follow-up of 3 and 6 months? (prospective cohort study) 
 

6. Is the CST from a chair of height 2/3 of leg length a feasible test in nursing-
home residents? (cross-sectional study) 

 
7. Do specific exercises aiming at improving strength delay the onset of disability 

in nursing-home residents with low quadriceps strength? (randomized 
controlled trial) 

 
8. Which leg and arm muscles are primarily relevant for independence in ADL in 

nursing-home residents? (prospective cohort study) 
 

9. How do muscle quantity, quality and neural drive determine muscle strength in 
oldest-old people? (cross-sectional study) 
 

10. What is the temporal relation between changes in muscle strength and muscle 
composition? (prospective cohort study) 
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11. Do exercise programs improve muscle quality in older-old people with reduced 
muscle strength and altered muscle composition? (randomized controlled trial)	

 
12. What is the cost-effectiveness of exercise interventions to improve muscle 

strength and functional independence in the older-old and oldest-old? 
(multicenter randomized controlled trial) 
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7.4 Conclusions 
Despite the methodological considerations discussed above, this research has 
established reference values for hand grip strength in older-old and oldest-old 
community-living Swiss adults for health monitoring (Chapter 2). It has for the first time 
estimated the prevalence of probable sarcopenia of the Swiss population, an important 
preliminary stage of true sarcopenia, showing that up to 28% of those aged 75 years 
and over are at risk of sarcopenia (Chapter 3). This research has also shown that 
handgrip strength is more feasible than the chair stand test to detect probable 
sarcopenia in those most at risk, institutionalised elderly and highlighted that low 
handgrip strength is an estimate of overall strength, meaningful in indicating ADL 
dependence and frailty (Chapter 4). This research has, for the first time, identified 
thresholds for thigh strength that can be used to predict ADL dependence in nursing-
home residents with 100% sensitivity and 79% specificity (Chapter 5). Finally, this 
research has explored that sonographic measures of muscle quality have the potential 
to evaluate age-related muscle wasting in institutionalised people and guide 
interventions aiming to improve strength (Chapter 6). However, further research in 
larger cohorts is warranted to establish reliability of measures in the oldest-old and 
verify the present results before clinical implementation of muscle assessment in 
nursing-home residents can be recommended. 
 
The results provide data to monitor important health aspects in oldest-old community-
living and institutionalized people and give first insights into age-related muscle 
changes and their relationships with adverse health outcomes. 
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Chapter 8 

8. Valorisation 
This chapter assesses the relevance and implication of the findings of the thesis for 
society, as outlined in Chapters 2-6. Potential implementation of the findings for 
different target groups are discussed in this Chapter, including boundaries that could 
prevent implementation. Finally, current and future dissemination of research findings 
are stated. 
 
8.1 Relevance of the topic 
Sarcopenia is a progressive, generalized muscle disorder characterized by excessive 
muscle wasting due to age, morbidity and inactivity [1] that can lead to immense health 
problems and increased health care costs when untreated [2-4], as outlined in Chapter 
1. It has been recognized as an independent medical condition since 2016 [5], which 
highlights its emerging importance in adverse health-related outcomes. It has been 
estimated that the prevalence of sarcopenia, globally, will increase to 20% by 2045, as 
a consequence of the aging population [6]. However, to date, sarcopenia as a 
diagnosis has not been mentioned specifically in the Swiss health statistics or the 
Federal Office for Public Health as an independent medical condition [7, 8]. 
Understanding sarcopenia, its low muscle strength as a key characteristic and its 
relationship to health decline is, nonetheless, important for implementing prevention 
strategies. Furthermore, elderly but particularly adults > 75 years are at high risk of 
excessive strength decline. However, strength assessments for the early detection of 
people at risk of strength decline are rarely part of the routine assessment of 
community-living older people [9] or nursing-home residents [10]. Reference values for 
oldest-old age-groups are currently lacking. Moreover, strength assessments and 
interventions aiming to improve strength in older- old, comorbid people have not been 
researched extensively and hence recommendations regarding standardized testing 
tools to guide effective exercise programs have yet to be made [11]. There is a need 
for information about the overall muscle condition, specific risk of low muscle strength 
in older-old people (> 75 years) and neuromuscular changes in nursing-home 
residents (as outlined in Chapter 1) to specifically monitor and improve health in the 
older-old people. This thesis aims to directly address these challenges. 
 
8.2 Main objectives and findings in brief 
This research has established reference values for hand grip strength in oldest-old 
Swiss adults aged 85 years and over (Chapter 2). The data can be used by scientists 
and clinicians to monitor aspects of physical/muscular health in this population. It 
estimates the specific risk of sarcopenia in the community-living old Swiss population 
and shows that probable sarcopenia, an important preliminary stage of sarcopenia, 
was prevalent in about one third of those aged 75 years and over (Chapter 3). This 
research also evaluated the feasibility and relevance of the two recommended tests 
(handgrip strength and chair rise test) commonly used to detect probable sarcopenia 
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in community-living for the evaluation of institutionalized elderly, who are most at risk 
of sarcopenia (Chapter 4). The results have shown that handgrip strength is superior 
to the chair stand test in detecting probable sarcopenia in institutionalized elderly as 
the chair-stand test could only be completed by about 50% of the participants. The 
findings highlighted that low handgrip strength is an estimate of overall strength, 
meaningful indicating ADL dependence and frailty. Moreover, this research reveals, 
that quadriceps strength is an independent predictor of ADL performance in nursing-
home residents (Chapter 5). Finally, this research gave the first insight into the 
relationship between muscle strength and sonographic measures of muscle quality (on 
ultrasound images) in nursing-home residents relevant for future evaluation and 
treatment of age-related muscle wasting in institutionalized elderly people (Chapter 6).  
 
8.3 Implication, implementation and dissemination plans 
Collectively, the findings of the research undertaken in this thesis would be of interest 
to clinicians, community service providers, nursing homes and health insurance 
companies. It is anticipated the research will increase awareness of the importance of 
strength testing and specific risk assessment of sarcopenia in the oldest age group; 
and with that, the awareness of individuals for the importance of muscle strength and 
weakness-related consequences. The implications of each specific project are outlined 
below. 
 
Reference values for handgrip strength of old-old and oldest-old people were 
investigated in Chapter 2. These results build upon previously published reference 
values for young-old people (65-74 years) and for the first time provide data on the old-
old (75-84 years) and oldest-old (85+ years) people in Switzerland ensuring a full range 
of handgrip strength values up to the age of 99 years. These values are of particular 
importance in light of the recommendations of the World Health Organization (WHO) 
that handgrip strength is frequently assessed in older people to screen for mobility loss 
[12]. Currently, handgrip strength is only measured infrequently in routine geriatric 
assessment [9], as outlined in Chapter 1. Hence, the present findings are of importance 
to general practitioners and can provide reference values for the evaluation of routine 
handgrip strength assessment in practices of geriatricians and physiotherapists. This 
would assist in the timely detection of strength decline and the initiation of specific 
interventions that counteract muscle wasting, which are critical for health improvement 
in an age-group most at risk for disability.  
To facilitate accessibility of the references values for those interested, apart from 
publication in this thesis and in BMC geriatrics 2018:8:266, research outcomes are 
also planned for more popularist dissemination via the journal “Swiss medical forum”, 
a popular national journal commonly read by general practitioners. Participants of the 
study who expressed interest in seeing their results, received an overview of their 
individual handgrip strength values and the overall findings of the study. Reference 
values of this research were implemented for routine handgrip strength assessments 
at two sites (nursing-home Adullam Basel and Geriatric hospital St Gallen) to screen 
Swiss residents and patients for sarcopenia.  
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The prevalence of probable sarcopenia in older, community-living people (75+ years), 
based on low handgrip strength, was investigated in Chapter 3. The observation that 
26% of women and 28% of men were affected by probable sarcopenia could inform 
the Swiss Federal Statistical Office and Swiss insurance companies to estimate the 
number of people at risk for developing sarcopenia and consequent health decline.  
As the prevalence of sarcopenia is expected to rise up to 20% in the next 25 years [6], 
increasing the awareness for sarcopenia and reducing potential negative 
consequences is necessary. Therefore, a documentary called “Muscle loss in old age” 
was produced at our study site and broadcast by the local TV channel Tele Basel.  
The findings of the study investigating probable sarcopenia in the older Swiss 
population, highlight the need for screening of handgrip strength in routine medical 
care of community living elderly people. Frequently performed strength assessments 
could further increase awareness of older people for the importance of overall strength 
for current and future health. The high prevalence of probable sarcopenia can inform 
the National health policy about the need for strategies to reduce disease burden and 
health care costs associated with sarcopenia. 
 
A summary of the findings will be submitted to a local Swiss medical journal together 
with the reference values for handgrip strength to provide the findings in German 
language to the general practitioners. Presentation of the results is also planned at 
physiotherapy practices and in-house at both study sites to inform clinicians, allied 
health practitioners and the community about the need for frequent strength 
assessment and the importance of strength for physical health in every age group. The 
dates will be agreed once the Corona virus situation allows personal meetings of 
groups. Depending on how long the restrictions last, webinars will be planned and held 
if necessary. 
 
Feasibility of handgrip strength test and chair stand test in nursing-home residents, 
and the relevance of detecting probable sarcopenia were investigated in Chapter 4. 
The handgrip strength test showed to be easy and feasible in nursing-home residents. 
Based on the findings of this research, it is recommended to be used in institutions and 
could be implemented in routine assessment of residents at admission and during 
frequent routine check-ups to inform the medical staff about the need for further 
evaluation of the person’s physical health. The findings show that probable sarcopenia 
detected by low handgrip strength was indicative of muscle function, ADL performance 
and frailty. Although these results need to be verified in reliability studies and larger 
cohort studies before they can be recommended for implementation, clinical 
examination to specifically address ADL performance and frailty is recommended by 
leading researchers and clinicians in the field of nursing-home practice [11, 13]. 
Handgrip strength is an easily applicable instrument to add to a test battery for 
screening nursing-home residents. 
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The relationship between quadriceps strength and independence in daily activities in 
nursing-home residents was investigated in Chapter 5. The results highlighted the 
predictive value of quadriceps strength cut-off values for the detection of independence 
in daily activities of nursing home residents. Based on the findings of this research, 
quadriceps strength testing should be used by nursing staff, medical doctors and 
therapists in nursing-homes to screen residents for ADL performance. Moreover, 
frequently performed strengthening exercises, targeting a strength of 11 kg (torque 
normalized to body mass of 0.52 Nm/kg), could potentially be used to help identify and 
monitor strategies to improve ADL performance and avoid further decline. This 
approach would be consistent with the recent report of a Task Force of experts in 
nursing-home care research, who discussed approaches to prevent or slow functional 
decline and disabilities for nursing-home residents [11, 13]. They strongly suggest to 
initiate timely assessments and interventions.  
 
Apart from dissemination of the results in this thesis, in PLoS ONE 2019;14(9): 
e0223016, and presentation of the results at the 14th International Congress of the 
European Geriatric Medicine Society 2018 in Berlin (Germany), local nursing-homes 
will be informed about the importance of quadriceps strength for ADL independence. 
Additionally, they will be given recommendations for physical activity by an information 
letter.  
Frequent quadriceps strength testing is planned to be implemented at Adullam (a 
Swiss nursing-home and geriatric hospital) in line with the objective of a project at the 
local nursing-home (promoting physical activity) at the end of 2020.  
 
The observed relationship between muscle strength and a sonographic index of 
muscle quality in oldest-old nursing-home residents, investigated in Chapter 6, 
provided insight into neuromuscular changes of highly disordered muscles. The 
research builds upon a growing body of scientific literature that collectively indicates 
that ultrasound imaging may be useful for assessing age-related changes in muscle 
quality of community-dwelling elderly [14]. Chapter 6 showed that sonographically 
measured muscle quality was related to muscle strength and gait speed in nursing-
home residents. As the results were presented at the 5th International Fascia 
Research Congress 2018 in Berlin, Germany, and submitted for publication, it is 
anticipated that these initial findings could stimulate researchers with a specific interest 
in nursing-home residents to conduct further research in this area. In the longer term, 
the results may inform ultrasound imaging for the detection of sarcopenia in the oldest-
old population and be used to monitor advanced interventions for strength 
improvement in nursing-home residents.  
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8.4 Barriers for implementation of strength assessments and 
interventions in nursing-homes 
 
There are likely several barriers to the implementation of strength assessments at the 
individual and institutional level. These are outlined below:  
 
1. A lack of motivation of oldest-old people to start exercise programs. They often 
believe that exercising in old age is harmful and cannot be beneficial [15].  
 
2. A lack of motivation to participate in activities aiming at improving health [15]. Those 
that are admitted to a nursing-home need to give up their accustomed environment, 
and therewith their own household and to a certain extent social connections. With 
that, the reason for staying healthy can easily become the reverse.  
 
3. Institutional culture is often orientated towards basic care without additional 
promotion of an active lifestyle, particularly in the presence of understaffing or financial 
constraints. In addition, some nursing staff may not feel adequately trained in applying 
resource-orientated care (encouraging residents to stay as independent in ADL as 
possible, e.g. helping in household activities, promoting independence in basic ADL, 
going for a walk under supervision) [11]. Moreover, physical activity interventions are 
often both time and cost intensive. Although carer are encouraged to reduce the risk 
of functional decline, health insurance companies do not pay for additional time 
necessary to offer specific programs. The payment of the health insurance is 
dependent on the level of care required, with higher payments for higher care levels. 
People who could benefit the most from physical activity offerings with respect to 
disability prevention are the ones with minimal care needs [11]. Moreover, long-term 
physical therapy prescriptions necessary for people with disabilities to instruct and 
guide specific exercises are often limited by budgetary constraints in Switzerland. 
 
However, the above barriers should not be viewed as an impediment to provide 
opportunities for an active lifestyle but rather a challenge to advance innovative 
solutions that evidently improve strength. Regular information sessions for staff and 
residents could provide knowledge about the benefit of exercise in old age and how to 
integrate strengthening exercises in daily activities. Activities likely to improve strength 
without the need of nursing staff could be organized as multi-generational projects e.g. 
excursions together with children or joint cooking events with the neighborhood of the 
institution. Moreover, the design of outdoor spaces and equipment for self-use and 
physical activity groups offered by volunteers could encourage older people to engage 
in life-long active exercise.  
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Summary 
 
Muscle strength is an important indicator of physical function and independence in 
older people. Research on oldest-old people (>85 years) is limited. This thesis 
addresses some of the challenges that this population presents for research and 
clinical management, in relation to assessing muscle strength.   
 
Chapter 1: Background  
Sarcopenia is a progressive, generalized muscle disorder that not only affects the 
neuromuscular system but also other organ systems and leads to immense health 
problems when untreated. Characterized by excessive muscle wasting due to age, 
morbidity and inactivity, sarcopenia is an important geriatric syndrome. It has been 
recognized as an independent medical condition by the World Health Organization 
since 2016, which highlights its emerging importance in health-related adverse 
outcomes. The prevalence of sarcopenia is estimated to increase globally, as a 
consequence of the aging population. It is anticipated that approximately 20% of older 
people will be affected by 2045. Sarcopenia has been well studied in the so called 
young-old elderly (<75 years of age) and contributed to the improvement in health 
condition of this age group by implementation of the research findings into prevention 
strategies. However, rather little is known about health care needs specifically tailored 
to older and oldest-old age groups (>75 years), especially those that are 
institutionalized in nursing-homes. 
 
The diagnosis of sarcopenia is defined by low muscle mass or decreased contraction 
quality in addition to low strength, and is commonly assessed by thickness and 
echotexture of ultrasound images in clinical research studies. Information about all 
three muscle characteristics, strength, thickness and quality, is important not only to 
diagnose sarcopenia but also to guide interventions aimed at improving strength. 
Although comprehensive geriatric assessment is necessary to evaluate the severity 
and potential causes of sarcopenia in detail, handgrip strength has been 
recommended as a conclusive, stand-alone measurement to screen older people at 
risk of poor health. According to the updated version of the European Working Group 
of Sarcopenia (EWGSOP2) the first stage of sarcopenia, called probable sarcopenia, 
is detected by low handgrip strength (<16 kg for women and <27 kg for men) or a slow 
performance on a repetitive chair-stand test (> 15 seconds on 5 sit-to-stands). 
 
Aims of this thesis 
The aims of the thesis were to; (1) complement existing reference values of strength 
measures of young-old people with those of the older age groups for clinical use, (2) 
apply recently published guidelines for detection of sarcopenia to update prevalence 
data of probable sarcopenia for public health monitoring, and (3) provide initial 
evidence of relationships between low muscle strength and functional performance as 



Summary 

 138 

well as neuromuscular changes in nursing-home residents, which has not been studied 
before. 
 
Chapter 2 
Since handgrip strength declines with age, is lower in women than men and varies 
between living environments, country-specific reference values are required for men 
and women of all age groups to assess strength decline in clinical practice. Chapter 2 
describes a cross-sectional study of 244 participants in which handgrip strength was 
measured in a Swiss community-living and institutionalised population aged 75 years 
and older. While the results of this study were consistent with previously reported 
strength values in people aged between 75-84 years, it provided, for the first time, 
handgrip strength reference values for men and women aged between 85 and 99 
years. The oldest-old were found to have significantly (26- 32%) lower handgrip 
strength than the young and older-old people. The reference values of handgrip 
strength presented in this thesis, collectively with previously reported normative values 
of Swiss elderly aged 75-84 years, are of direct clinical use. Handgrip measures are 
made clinically by physicians, and physical and occupational therapists to screen older 
people for overall strength and health condition. 
 
Chapter 3 
In 2019, the algorithm to detect sarcopenia changed from a loss of muscle mass as 
the key characteristic, to a loss of muscle strength. With the application of the new 
EWGSOP2 guideline, it is important to provide updated prevalence data for probable 
sarcopenia in the community for health monitoring purposes of this population. In 
Chapter 3, the point prevalence of probable sarcopenia was investigated in a 
representative sample (n=219) of community-living Swiss adults according to the new 
guidelines along with measures of physical activity. The results of this study 
demonstrated probable sarcopenia in 26% and 28% of oldest-old women and men 
living in the community. Although the prevalence of probable sarcopenia was lower 
than in previous research in which muscle mass was used for detection of pre-stage 
sarcopenia, almost one third of the older people still had an increased risk of health 
decline. Moreover, this research showed that people with low strength had 2.8 times 
higher risk of dependence in activities of daily living (ADL) than people with normal 
strength. The relation between strength and functional limitation highlighted the 
relevance of frequent strength assessments in clinical practice for timely initiation of 
counteracting interventions. 
 
Chapter 4 
Although Chapter 3 provided new data on the point prevalence of probable sarcopenia 
and its relation to dependence in ADL in community-living oldest-old, it is not clear 
whether strength testing for probable sarcopenia is feasible in nursing-home residents 
and indicative for health-related outcomes in that cohort. Consequently, Chapter 4 
evaluated the feasibility and relevance of the handgrip strength test and the chair stand 
test in a cross-sectional study of institutionalized, older people (n=30). The findings 
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showed that although measures of handgrip strength could be obtained from 
institutionalized older people, the chair-stand test could only be completed by about 
50% of the participants; raising questions of the suitability of the chair-stand test to 
screen for probable sarcopenia in institutionalized older people. Moreover, the point 
prevalence of probable sarcopenia was found to be 80% in this cohort; much higher 
than that for community living elderly people (26-28%) as shown in Chapter 3. It was 
also shown that probable sarcopenia detected by both tests was associated with 
diminished gait speed and more advanced frailty status in this cohort, while only low 
handgrip strength was related to lower overall muscle strength and ADL dependence. 
Hence, this research raises the possibility that handgrip strength might be suitable to 
estimate overall strength of old, frail nursing-home residents. Moreover, although 
further research is required, it also suggests that handgrip strength is a potentially 
simple clinical test that therapists could use to screen for physical function and ADL 
performance.  
 
Chapter 5 
Although low handgrip strength was related to ADL dependence in Chapter 4, 
quadriceps strength has been previously reported as key for specific daily activities, 
such as transfer activities from sit to stand and stable walking in community-living older 
people. ADL execution in institutionalized people with very low strength differs from 
that in community-living older people, as they use their hands and arms as support on 
standing up and for stabilizing body sway with walking aids. Therefore, assessment of 
isometric quadriceps muscle strength in this cohort merits special attention, particularly 
as only 50% of the institutionalized people were able to perform the chair-stand test, 
which provides an indirect estimate of quadriceps strength. Chapter 5 evaluated the 
relationship between quadriceps strength and ADL performance in 30 nursing-home 
residents. The results indicated that quadriceps strength is also crucial for ADL in 
nursing-home residents who use their hands for tasks that typically involve the use of 
the lower limbs. However, the strength required for independent performance was 
much lower than previously shown in the performance of community-living elderly 
people not using their hands (peak isometric torque normalized to body mass of 0.6 
Nm/kg body mass versus 3-3.5 Nm/kg). The findings provide the first evidence that an 
isometric quadriceps strength of > 11kg (normalized peak torque of 0.52 Nm/kg) is 
100% sensitive and 79% specific in predicting ADL-independence in this population. 
Therefore, isometric quadriceps strength measurement can be recommended as a 
specific screening test for ADL performance in nursing-home residents. Moreover, 
exercise programs can be guided by the target quadriceps strength of 11 kg (0.52 
Nm/kg) for improvement of ADL independence. 
 
Chapter 6 
To specifically improve strength in older adults, age-related neuromuscular changes 
that contribute to loss of strength need to be evaluated and addressed by exercise 
interventions. Intramuscular adipose tissue accumulation has been shown to be one 
important component in decreasing muscle contraction quality and strength in 
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community-living older people. Infiltration of adipose tissue changes the tissue 
composition within the muscle, which appears as increased echo intensity on 
ultrasound images. In oldest-old nursing-home residents, muscle changes might differ 
from young-old community-dwelling people, due to extremely low strength and different 
percentage contributions of neural and muscular changes leading to low strength. The 
evaluation of sonographically measured muscle quality of the knee extensors and its 
relation with strength in institutionalized older adults was addressed in Chapter 6. The 
results added proof of concept that a relationship between an ultrasound-derived index 
of muscle quality and muscle strength also exists in the oldest-old, multi-morbid, frail 
nursing-home residents. However, the relationship is likely mediated by physical 
activity level, as the relationship could only be shown in people whose expanded 
energy per week was above the cut-off value for low physical activity, 383 kcal/week 
for men and 270 kcal/week for women. Changes in muscle quality were detected by a 
sonographic index of muscle heterogeneity, not previously established in age-related 
muscle evaluation. The results indicate the usefulness of ultrasound imaging in clinical 
sarcopenia assessment in nursing-home residents 
 
Conclusions 
Overall, this thesis has produced several novel findings. The studies built upon 
research findings involving older-old people (75 to 84 years), to provide for the first 
time, reference values of handgrip strength in the oldest-old (85 to 99 years) for direct 
clinical use. Further, new specific point prevalence data for probable sarcopenia were 
established in the oldest-old Swiss population. Cut- off values of handgrip and 
quadriceps strength have been shown to specifically indicate dependence in ADL in 
nursing-home residents, potentially useful for screening institutionalized people at risk 
of functional decline. Furthermore, this thesis has provided the first insight into muscle 
characteristics of people most at risk of sarcopenia, the comorbid, nursing-home 
residents, highlighting a potentially new sonographic index of age-related changes in 
muscle quality.   
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