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Summary 
 

A difficulty in offering interventions to community-dwelling elderly people aimed at 

disability prevention or reduction is to identify people who might benefit most from such 

programs at a stage that disability is not yet present or still reversible. As explained in 

Chapter 1, various methods are currently being used to screen elderly people in the 

community to determine their level of frailty; and with that their eligibility for 

participation in preventive intervention programs since frailty is considered to be a state 

of pre-disability. Disadvantages of these screening methods are that the decision to offer a 

preventive intervention program is based on a single cross-sectional assessment of frailty, 

that the number of false-positive classifications is too high, and that screening methods 

are often not part of daily routine in primary care. Finally, and more importantly, the 

current top-down approach in which care professionals decide whether preventive 

interventions should be started based on the outcome of a frailty screening instrument, 

does not facilitate the participation of frail elderly people in making decisions regarding 

their own health care. This is unfortunate since involvement of elderly people in their own 

care process can empower them and improve patient outcomes. The increasing uptake of 

every day technologies such as smartphones, computers, and internet among elderly 

people and in health care, creates opportunities to support elderly people in their own 

health behaviors and involve them in the care process.  

The main objective of this thesis is to develop and evaluate a self-monitoring and 

feedback system that can be used by community-dwelling elderly people to gain insight 

into (changes in) indicators of physical frailty that are predictors of increased risk of 

disability. To achieve this, the following research questions are addressed:  

1. What is the predictive value of physical frailty indicators on disability in 

community-dwelling elderly people? (Chapter 2 & Chapter 3) 

2. Can simple, innovative technologies be used to obtain valid and reliable 

estimates of physical frailty indicators? (Chapters 4 till 7) 

3. How can simple, innovative technologies be integrated into a self-monitoring 

system that provides regular feedback to elderly people regarding (changes in) 

physical frailty indicators? (Chapter 8 & Chapter 9) 

 

Predictive value of physical frailty indicators 

A systematic review was conducted regarding the predictive value of physical frailty 

indicators on ADL disability in community-dwelling elderly people (Chapter 2). Slow gait 

speed and low physical activity are the most powerful predictors followed by weight loss, 

lower extremity function, balance, and low muscle strength. Monitoring these indicators 

can support self-management and might be useful for identifying elderly people who can 
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benefit from an intervention aimed at disability prevention. In addition, a one-year follow-

up study was conducted to investigate the predictive value of self-reported decline in 

physical frailty indicators (weight, exhaustion, walking difficulty, grip strength and physical 

activity) on development of disabilities in 401 community-dwelling elderly people aged 70 

years or older (Chapter 3). Self-reported decline in physical frailty indicators predicts 

disability development after one year.
 
Self-reported decrease in physical activity is the 

strongest predictor of increased dependence and increased difficulty in performing daily 

activities. 

 

Validity and reliability of self-monitoring technologies 

Four studies evaluated the validity and reliability of balance measurements conducted 

with a modified bathroom scale, grip strength measurements conducted with a Grip-ball, 

and physical activity measurements conducted with a smartphone-based activity 

monitoring application.  

A cross-sectional study was conducted to investigate the construct validity of a 

modified bathroom scale that can be used to measure balance in elderly people (Chapter 

4). This study revealed that balance measurements conducted with a modified bathroom 

scale are in line with the results from clinical balance tests conducted by a geriatric 

physiotherapist in 47 nursing home patients and 54 community-dwelling elderly people. 

The modified bathroom scale confirmed that nursing home patients have poorer balance 

compared to community-dwelling elderly people, as did the clinical balance tests. Next, 

the relation between balance scores of the modified bathroom scale and falls and 

disability was investigated in a 6-month follow-up study in 180 elderly people aged 65 

years and older (Chapter 5). Test-retest reliability of the balance scores of the modified 

bathroom scale is acceptable. There was a cross-sectional relation between balance 

measured by the modified bathroom scale and falls and disability in elderly people. 

Despite this cross-sectional relation, longitudinal data showed that balance scores have no 

predictive value for falls and might only have limited predictive value for disability 

development after 6-months follow-up. 

A cross-sectional study was conducted to gain insight into the reliability and validity of 

measurements conducted with a Grip-ball that can be used for self-monitoring of grip 

strength (Chapter 6). Grip-ball scores of 35 nursing home patients and 53 community-

dwelling elderly people were compared to grip strength measurements of the Jamar 

dynamometer (which is considered the gold standard). The study showed that concurrent 

validity of the Grip-ball measurements is acceptable and that its measurements are 

reliable. The Grip-ball is capable of detecting ‘larger’ grip strength differences but might 

have difficulty detecting ‘smaller’ differences. 

A study was conducted in which a smartphone-based application for home-based 

monitoring of physical activity was compared to the Actigraph GT3X (which is considered 
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the gold standard) in 8 adults aged below 65 years and 7 adults aged above 65 years 

(Chapter 7). The results of this study, in which participants monitored their daily physical 

activity for one week, revealed that there is a high correlation between the amount of 

activity registered in counts per minute by the smartphone-based application and the 

ActiGraph. Classifying each registered minute into four activity intensity categories 

(sedentary, low, moderate, and high) revealed structural differences between the 

smartphone and the ActiGraph in elderly people: the smartphone underestimated the 

number of sedentary minutes and overestimated minutes spent in the light intensity 

category in elderly people. The algorithm of the smartphone-based activity monitoring 

application should be optimized before being implemented in practice.  

 

User-centered development and testing of the monitoring and feedback system 

A mobile interface of a monitoring system that provides feedback to elderly people 

regarding (changes in) physical functioning was developed in close collaboration with 

elderly people and care professionals during a User-Centered Design (UCD) process 

(Chapter 8). The monitoring system consists of a modified bathroom scale, Grip-ball, and 

smartphone-based activity monitoring application. The devices are equipped with 

Bluetooth and the information regarding all measurements is automatically forwarded to 

the smartphone. Via the interface of the smartphone, feedback is provided regarding the 

measurements and changes in weight, balance, grip strength, and physical activity. A 6-

week pilot study was conducted to explore the usability and experiences with the 

monitoring and feedback system according to 5 community-dwelling elderly people aged 

70 years or older. Elderly people were able to use the monitoring system and they 

appreciated the feedback that was provided to them. The monitoring and feedback 

system satisfied most needs and preferences of elderly people and, despite a few 

technical errors that occurred during the pilot study which annoyed the users and 

sometimes caused confusion, they considered the system easy-to-use which resulted in 

good adherence to the daily monitoring regimen. 

Chapter 9 presents the findings of a qualitative study that investigated the barriers and 

facilitators that influence the UCD process of telecare products and services according to 

25 members of multidisciplinary development teams of four different Research and 

Development (R&D) projects. Team members from different backgrounds often 

experience similar barriers (e.g. different members of the development team speak a 

‘different language’) and facilitators (e.g. team members should voice expectations at the 

start of the project to prevent miscommunication at a later stage). However, some 

barriers and facilitators are only experienced by team members who share a similar 

background (e.g. only managers of R&D companies experience that differences of opinion 

about a business case is a barrier and only end-users express that the project manager has 

an important facilitating role in end-user participation). Insights into these similarities and 
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differences can improve understanding between team members from different 

backgrounds which can optimize collaboration during the user-centered development of 

telecare products and eHealth applications that support care and wellbeing.   

 

In Chapter 10, the main findings of this thesis and methodological and theoretical issues 

that should be taken into consideration when interpreting the results of the research that 

was conducted are described. Additionally, implications for practice and 

recommendations for future research are addressed. Based on the research presented in 

this thesis, the monitoring and feedback system was further optimized so that it can be 

used by community-dwelling elderly people to gain insight into (changes in) indicators of 

their physical functioning. The system could support and facilitate a more proactive 

approach in early detection of increased risk for disability with a stronger focus on self-

management compared to the current methods in health care, that are mostly symptom-

oriented and reactive which might complicate the uptake and implementation of 

preventive interventions. Before the monitoring and feedback system can be 

implemented in practice, further research is needed into the clinical relevance of changes 

in indicators of physical frailty that predict disability development, the integration of the 

system in daily care routines, and the possibilities to provide training or tailored disability 

prevention programs to community-dwelling elderly people using the system to support 

them in their self-management. Finally, in Chapter 11 possibilities for valorization of 

knowledge that was gained during the research presented in this thesis are discussed.     


