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Objective: The main objective of this study was to investigate the use and user experi-
ence of an Information Communication Technology-supported home exercise program 
when offered for independent use to pre-frail older adults. Our secondary aim was to 
explore whether the program improved quality of life and health status compared to a 
control group.

Methods: A cohort multiple randomized controlled trail is being performed. Physically 
pre-frail older adults (65–75  years) living independently at home were included and 
randomly assigned to a control group or an intervention group. The intervention group 
received a home exercise program (strength, balance, and flexibility exercises) for a 
minimal duration of 12 weeks. The control group received usual care. Primary outcomes 
were: use of the intervention (frequency and duration), adherence to a 3-day exercise 
protocol and user experience [System Usability Scale (SUS); rating 1–10]. Secondary 
outcomes were quality of life measured with the SF12 (Physical Component Scale and 
Mental Component Scale) and health status (EQ-5D), assessed before the study starts 
and after 12 weeks of exercising.

results: Thirty-seven independently living older adults participated in the study. Sixteen 
participants were allocated to the intervention group and 21 to the control group. The aver-
age score on the SUS was 84.2 (±13.3), almost reaching an excellent score. Participants 
rated the intervention with an 8.5. Eighty percent of the participants finished the 12 week 
exercise protocol. The adherence to the 3-day exercise protocol was 68%. Participants in 
the intervention group trained on average 2.2 times (±1.3) each week. The mean duration 
of login for each exercise session was 24 min. The Mental Component Scale of the SF12 
was significantly higher in the intervention group compared to the control group. A trend 
was seen in the change over time in the health status between groups.

Conclusions: This study provides evidence that a home-based exercise program is 
easy to use and has potential in improving quality of life and health status of pre-frail 
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older adults who live at home. However, further refinement of the program is required to 
improve adherence and maximize the benefits and potential of exercising in the home 
environment.

Trial registration: Unique Identifier: NTR5304. URL: http://www.trialregister.nl/trialreg/
admin/rctview.asp?TC=5304.

Keywords: older adults, pre-frail, e-health, active aging, functional decline

participants’ strength and balance evaluated in older adults aged 
65–97 years old (12, 13). However, the impact of this home-based 
exercise program in pre-frail older adults is unknown. As such, 
we developed an Information Communication Technology 
(ICT)-supported self-management exercise program based on 
OEP to prevent functional decline in a high-risk group of pre-frail 
older adults who live at home.

A major challenge that remains in this is appropriate use of such 
new technologies by older adults in their daily lives as it is quite 
a new field for older adults. Although the use of computers and 
tablets is steadily rising among older adults in the Netherlands, 
older adults are limited in adopting new technologies (14). 
Many questions are still open, such as whether older adults are 
capable of learning how to use new technologies and whether 
they will actually use it independently for physical training when 
offered by professionals (15). For this reason, the primary aim 
of this study was to investigate the use and user experience of 
the ICT-supported self-management program when offered for 
independent use for older adults living at home. Our secondary 
aim was to explore whether the intervention improved quality of 
life and health status of these older adults, compared to those in 
a control group.

MaTErialS anD METHODS

Study Design and randomization
The study was part of the European FP7 project PERSSILAA 
(which stands for Personalised ICT Supported Services for 
Independent Living and Active Ageing). This study was the first 
wave of a cohort multiple randomized controlled trail (Jansen-
Kosterink et al., submitted1). This design is introduced by Relton 
et al. (16) and tackles some of the problems associated with prag-
matic trial design. First, a large observational cohort of pre-frail 
older adults is recruited and their outcomes are measured every 
3  months. For each randomized controlled trial pre-frail older 
adults are randomly selected to the trial intervention. Each per-
son can be randomized only once to an intervention and will stay 
in this intervention group for the remaining period of time. The 
outcomes of these randomly selected older adults (intervention 
group) are then compared with the outcomes of pre-frail older 
adults randomly not selected (control group). This process will be 

1 Jansen-Kosterink S, Vollenbroek-Hutten MMR. The evaluation of an online 
platform for older adults to monitor and train their physical and mental capacity 
and develop proper eating habits: a study protocol of a cohort multiplerandomized 
controlled trial. Submitted to BMC Geriatrics (2017). 

inTrODUCTiOn

The number of older adults in our society rises (1) and health 
care professionals, including physiotherapists, are increasingly 
confronted with frail older adults (2). Frailty is an important 
predisposition for falls and associated with adverse health 
conditions (3). It is a major concern due to its high impact on 
affected individuals, their families, the health care system, and the 
society. As such, frailty should be treated in order to prevent the 
human and economic burden. The American College of Sports 
Medicine’s position stand recommend that exercise prescription 
for frail people is more beneficial than any other intervention 
and that resistance and/or balance training should precede the 
aerobic training for this population (4). However, to respond to 
demographical changes and the economic impact of frailty, it is 
of utmost importance to prevent frailty and by this focus on pre-
frail older adults. Pre-frailty is considered to be an intermediate 
stage between non-frail and frail. Fried showed that pre-frail 
individuals have more than twice the risk of becoming frail com-
pared with non-frail people (5). This highlights the importance 
of identifying and treating individuals in the pre-frail state before 
they become frail.

A recent systematic review showed that physical exercise 
interventions are beneficial for frail older adults in terms of func-
tionality and activities of daily living and can delay progression of 
functional impairment or disability (6). Of the 19 interventions 
included, 15 were facility-based and only 4 were home-based 
interventions. Of those home-based exercise programs, the 
involvement and time investments of physiotherapists is very 
high (home visits) and limiting the self-management of the older 
adult. This indicates that home-based exercising is still quite a new 
field for (pre) frail older adults, especially as a self-management 
program. Nowadays, there is increasing interest in the role of 
“self-management” interventions to support the management of 
long-term conditions in health service settings. Self-management 
support has potential to improve the efficiency of health services 
by reducing other forms of utilization (such as primary care or 
hospital use) (7). As such, home-based self-management exercis-
ing might have more potential in reducing health care costs related 
to demographic changes compared to facility-based exercising. 
In addition, home-based self-management programs offer great 
potential for older adults as many older adults are reluctant to or 
unable to attend group exercise classes (8).

One widely used home-based exercise intervention is the 
Otago Exercise Programme (OEP) which is a cost-effective home-
based individually tailored fall prevention program delivered by 
physiotherapists (9–11). The program has shown to improve 
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FigUrE 1 | CONSORT flow diagram of progress through the phases of enrollment, allocation, and data analysis.
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repeated each time a new release of the intervention is available 
and a randomized controlled trial can start. Study design and 
procedures were approved by the Medical Ethical Committee of 
Medisch Spectrum at Enschede, the Netherlands, and all partici-
pants provided written informed consent in accordance with the 
Declaration of Helsinki. The enrollment of participants for the 
first cohort of the RCT in this study started in September 2014 
and ended in January 2015.

Participants and Setting
This study was conducted in the municipality of Enschede, the 
Netherlands. Participants were recruited through their general 
practitioner. They send out a questionnaire for self-screening 
of general health status to all their older adults between 65 and 
75  years old. This self-screening instrument contained various 
validated questionnaires to assess the level of frailty and functional 
decline on the physical, cognitive, and nutrition domain. Based 
on this self-screening instrument, participants were marked as 
robust (no functional decline on any of the domains), pre-frail 
(functional decline on one or more domains), or frail (severe 
functional decline on one of the domains and professional help 
needed). For this study, pre-frail older adults were asked to par-
ticipate. To assess the physical domain, participants completed 

the SF-36 items for the physical functioning scale (PF-10) (17). 
A score of 60 or below on this scale indicated older adults as 
pre-frail. Next to this, all older adults with a score of 4 on the 
Groninger Frailty Indicator (GFI) are marked as pre-frail. For 
more information about this screening procedure, see the study 
by van Velsen et al. (18).

Participants were excluded if they had conditions that hamper 
safe execution of the exercise program or insufficient under-
standing of the Dutch language. Pre-frail participants who were 
randomly selected to the intervention, but did not fulfill the inclu-
sion criteria for the intervention (such as having a computer with 
internet at home), remained in the large observational cohort. 
See Figure 1 for the flow diagram of the study and allocation of 
participants to the control or intervention group.

intervention
The intervention is a technology-supported self-management 
exercise program, which participants can perform on their own in 
their home setting. Through a secure login, participants log into 
a web portal and they can access the program. The home-based 
exercise program consists of a home-based exercise training that 
enables participants to train for 3 months. Participants can con-
tinue training after program completion. The exercise program 
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FigUrE 2 | Example of a training video in the exercise program.
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is based on the OEP (19), which is an individually tailored fall 
prevention program used worldwide for muscle strengthening 
and balance-training exercises of increasing intensity (13). The 
exercises are functional and closely related to daily activities  
(e.g., standing up from a chair) and are categorized in three 
categories: balance, strength, and flexibility. The program 
consists of 17 exercises each time. Each training session starts 
with a warming-up of five exercises and ends with a cooling 
down with the same four exercises. In the training session, 
participants perform three exercises in each category (balance, 
strength, and flexibility). Video and step-by-step spoken and 
written instruction guide the participants through the exercise 
(see Figure 2).

The use of the program was explained to the intervention 
group during a plenary meeting.

Participants were advised to take their own computer/tablet 
with them to this meeting, to make sure the program worked on 
their computer. During the meeting, participants received their 
credentials and could start training at home. If they experienced 
any problems with the program at home, they could call a helpdesk 
service and someone (SF) answered questions over the phone or 
would visit the participant.

Participants were advised to train three times a week for 
approximately 30  min at an individually chosen time, for a 
duration of 12  weeks. After these 12  weeks, participants could 
continue using the service for as long as they liked (maintenance 
phase). No help from physiotherapists is needed to be able to 
finish the program successfully. However, coaching could be 

provided when asked for by the participants. When necessary, 
two physiotherapists could be contacted to support participants 
with performing exercises at home in a safe manner. When the 
participant was uncertain about some exercises, he could go to 
the physiotherapist (exercise point) in a physiotherapy practice 
in his neighborhood to receive additional feedback. In addition, 
physiotherapists could log in on the portal with their own secure 
account, where he has an overview of the training data (frequency 
of use, difficulties with exercises) of the participants. From this 
account, they had the possibility to adjust the program to the 
needs of the participant. The therapist could turn exercises on 
and off in case they cause any complaints or cannot be performed 
due to health issues.

The program progresses in four levels. Exercises are randomly 
and automatically chosen by the program according to the cor-
responding difficulty level. The first step-in level of the program 
consists of light and easy exercises, in order to accommodate for 
sedentary participants. Progression of difficulty in levels elapsed 
in agreement with the participant. Participants were not obliged 
to finish all levels during the program. Participants could see 
their progress in the training module which tells them at what 
level they are training, which week and which session. After each 
training session, they got an overview of the exercises performed. 
The participant had to indicate whether he was able to perform 
the exercise or not before going to the next exercise. In case he had 
problems performing the exercise, the question was asked what 
the problem was. The physiotherapist could view these remarks 
and adjust the program accordingly, when necessary.

http://www.frontiersin.org/Medicine
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Control intervention
The control group had no access to the exercise program and 
received care as usual with no particular attention, referral, or 
treatment.

Data Collection
Questionnaires were assessed before the start of the exercise pro-
gram (pretest; t0) and after 12 weeks of exercising (posttest; t1).

Outcome Measures
Demographic and clinical characteristics such as age, sex, years 
of education, Sf36 physical functioning score, and GFI score will 
be collected at baseline (t0).

Primary Outcomes
The primary outcome measure is use and user experience with 
the intervention for those participants using the intervention, 
being measured at t1.

The use of the intervention is measured by logging data on 
the portal and defined in frequency and duration of log in. In 
addition, we calculated when participants trained during the 
weeks (morning, afternoon, evening) and which days of the week 
(weekend versus weekdays).

Adherence to the program was calculated according to comple-
tion of the training session as indicated by watching the exercise 
videos. For example, if a participant completed two training ses-
sions in a week, the adherence rate was calculated as 67%.

User experience will be assessed by means of the validated 
System Usability Scale (SUS) (20).

This questionnaire includes 10 items which provide a global 
view of subjective assessment of system’s usability. SUS scores 
have a range of 0–100. The higher the scores on the SUS, the better 
the acceptation of the service. A SUS score above a 68 would be 
considered above average and anything below 68 is below aver-
age. In addition, participants rated their satisfaction on a scale 
from 1 to 10, with 10 meaning most satisfied.

Secondary Outcomes
Secondary outcomes are quality of life and health status. Both 
will be assessed in the intervention and control group at t0 and t1.

Quality of life is measured with the 12-item Short Form 
questionnaire version 1 (SF-12v1) (21). The SF-12 is a generic 
instrument including 12 items measuring health-related quality 
of life (HRQoL). Six items are summed into a physical component 
summary (PCS) from the four domains of general health, physi-
cal function, physical role limitation, and bodily pain, and six 
items are summed into a mental component summary (MCS) 
including the four domains of role limitation, vitality, social 
function, and mental health. Summary scores are calculated 
using standard (U.S.) scoring algorithms (22). The total score for 
both scales ranges from 0 to 100, with a higher number indicating 
higher HRQoL.

Health status is measured with the EQ-5D-3L questionnaire 
which consists of five questions covering the following health 
domains: mobility, self-care, usual activity, pain, and anxiety/
depression (23). Each dimension has three possible levels (i.e., 

1, 2, or 3), representing “no problems,” “some problems,” and 
“extreme problems,” respectively. Respondents are asked to 
choose one level that reflects their “own health state today” for 
each of the five dimensions. Once the data have been collected 
and a database created, a scoring function is used to assign a 
value (i.e., EQ-5D™ index score) to self-reported health states 
from a set of population-based preference weights. For the Dutch 
population, the possible EQ-5D™ index scores range from −0.329 
(i.e., 33,333) to 1.0 (i.e., 11,111) on a scale where 0.0 = death and 
1.0 = perfect health.

The second part is a 20-cm visual analog scale (EQ-VAS) 
that has endpoints labeled “best imaginable health state” 
and “worst imaginable health state” anchored at 100 and 0, 
respectively. Participants are asked to indicate how they rate 
their own health by drawing a line from an anchor box to that 
point on the EQ-VAS which best represents their own health 
on that day.

Sample Size Calculation
A power calculation based on t-test testing shows that at least 
40 patients per group are needed (two-sided; SD 8.76; clinical 
relevant difference in quality of life was set on 5,5 on the SF-12 
(24); alpha set at 0.05 and beta 0.2) The SD of 8.76 is derived from 
a study to the normative data of the SF-12 health survey (25).

Statistical analysis
All statistical tests were performed using SPSS (SPSS 17, IBM, 
New York, NY, USA, version 17). The significance level was set to 
0.05. Descriptive characteristics of the participants and baseline 
values of screening measures are reported as mean with SDs for 
continuous variables and frequencies for categorical data. A trend 
is defined as a p value < 0.10.

Data were checked for normality using the Shapiro–Wilk 
test. Paired t-tests (normal distributed data) or Wilcoxon-sign 
rank test (not normal distributed data) were used to evaluate 
any changes in outcome measures pre- to post-exercise and the 
demographic differences between the participants in the control 
and intervention group.

A general linear model for repeated measurements was used 
to analyze the effects of the intervention on the variables health 
status and quality of life, with time (pre and posttest) as within 
and intervention (control or intervention) as between factor. 
Data were analyzed using the intention-to-treat principle. Wilks’ 
lambda was used to determine the statistical significance of the 
multivariate model. Partial eta squared was calculated to measure 
the effect size.

rESUlTS

Thirty-seven independently living older adults participated in the 
study. Sixteen participants were randomly allocated to the inter-
vention group. One of these participants dropped out of the study 
before the study started, because she didn’t want to use technology. 
Twenty participants were randomly allocated to the control group 
and one participant didn’t have a computer with internet at home 
and was automatically allocated to the control group.
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FigUrE 3 | Outcome of the System Usability Scale (SUS).

TablE 1 | Demographic and clinical characteristics.

Variables Control (n = 21) intervention (n = 15) p

Mean age (years, SD)  
[range min–max]

70,9 (3,5) [66–76] 69,2 (3,8) [65–77] 0.163

Sex 12 females
9 males

10 females
5 males

0.471

Highest education (n)
Elementary school
High school
Lower vocation school
Vocational school
College
Other

3
5
4
2
1
5

2
6
–
4
2
1

0.193

GFI score 2.9 (0.9) 3.0 (1.3) 0.692
SF36 pf score 33 (18) 43 (17) 0.105
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Participants’ Characteristics
Table 1 shows the characteristics of the participants included in 
the study. No considerable differences between both groups were 
noted in the baseline data for demographic and clinical measures.

User Experience
The average score on the SUS was 84.2 (±13.3) (n  =  13), 
which is above average and almost reaching an excellent score  
(see Figure  3). Participants rated the intervention with an  
8.5 (±1.0).

Problems with starting the exercise program in the home 
environment where mainly related to old internet browsers or no 
flash player being installed on the computer, which is necessary 
to be able to watch the exercise movies. These problems have been 
resolved by the helpdesk.

Use of the intervention
Fifteen participants started using the intervention and 12 of them 
(80%) finished the 12-week exercise protocol. There were three 
drop-outs (20%) during the study. Two participants stopped 
using the program, because of health problems (not related to the 
program) and one participant dropped out because his computer 
didn’t work during the time of the study. Of the ones finishing 

the exercise protocol, 11 participants (92%) continued using the 
service for another 6–40 weeks [mean 25 weeks (± 16)].

Participants preferred to perform the exercises in the morn-
ing (43%) and afternoon (47%) compared to the evening (10%). 
Most of the training sessions were performed during weekdays 
(83%) compared to training sessions performed during weekend 
days (17%).

Three participants visited the exercise point weekly (one time 
a week) to receive some additional feedback about the exercises. 
For one participant, the therapist used the option to turn some 
exercises off due to (not program related) health problems (pain 
in shoulder). This way, this participant was able to continue using 
the program.

intensity and Frequency of Training
The adherence to the 3-day exercise protocol was 68%. Participants 
in the intervention group trained on average 2.2 times (±1.3) 
each week. The frequency of training decreased during the 
intervention period with a mean frequency of 2.3 (±1.4) in the 
first 6 weeks and 1.9 (±1.5) in the last 6 weeks (see Figure 4). 
The mean duration of login for each exercise session was 24 min 
(± 8.0) (see Figure 5).

Quality of life and Health Status
Table 2 presents the results of the quality of life and health status 
scores. The intervention group reported greater increases over 
time on the MCS compared to the control group (p  =  0.016; 
partial eta squared 0.178; observed power 0.694). Scores on the 
MCS of the SF12 were significantly higher in the intervention 
group pre- and posttest, whereas in the control group there were 
no significant changes over time. A trend was seen in the change 
over time in the health status (EQ5D-Index values) (p = 0.076). 
No significant differences between groups were found for the 
EQ-5D vas scores and the PCS of the SF12.

DiSCUSSiOn

The objective of this study was to investigate the use and user 
experience of an online home-based exercise program and to 
determine whether the intervention improved quality of life and 
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FigUrE 5 | Mean duration of log in each time with error bars.

FigUrE 4 | Mean frequency of training each week with error bars.

TablE 2 | Quality of life and health status scores.

Variables group baseline (t0) after intervention (t1) pa Time × group effectb Effect sizec Powerd

EQ-5D-3L Index values Control group (n = 18) 0.72 (0.19) 0.70 (0.20) 0.413 0.076 0.098 0.429
Intervention group (n = 15) 0.73 (0.21) 0.79 (0.10) 0.173

EQ-5D Vas Control group (n = 19) 66.3 (13.3) 64.7 (16.8) 0.849 0.925 0.000 0.051
Intervention group (n = 15) 67.1 (15.3) 65.9 (15.8) 0.488

SF12 PCS Control group (n = 18) 31.2 (7.3) 30.9 (7.5) 0.873 0.469 0.018 0.110
Intervention group (n = 14) 35.5 (12.5) 33.4 (10.7) 0.293

SF12 MCS Control group (n = 18) 54.6 (7.4) 54.1 (8.9) 0.486 0.016 0.178 0.694
Intervention group (n = 14) 51.1 (10.3) 56.0 (7.7) 0.017

Values representing mean scores (SD).
ap-values from paired t-test comparing the effect of the intervention on pre- and posttest outcome parameters.
bp-value from GLM.
cEffect size partial eta squared from GLM.
dObserved power from GLM.
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health status of physically pre-frail older adults compared to a 
control group.

In our study, older adults were advised to train three times a 
week for a period of 12 weeks. The adherence to this protocol was 
68%. The drop-out rate was low (20%) and participants trained 
on average two times a week. We are satisfied with this adher-
ence rate, as different studies showed that strength training on 

two nonconsecutive days per week may be as effective as more 
frequent exercise sessions in older adults (26, 27). However, 
the frequency of training decreased over time with on average 
less than two training sessions in the last 6 weeks. Adherence to 
self-managed programs in older adults is an important issue in 
other studies as well (28, 29) and adherence rates are generally 
higher in supervised programs compared to non-supervised 
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programs (30, 31). This might reduce the effectiveness of self-
management exercise programs. However, current developments 
in technology enable different strategies to assist in improving 
adherence to home-based exercise programs for older adults with 
minimal supervision. Different theories show that motivational 
strategies are important in enhancing adherence to treatment and 
successful motivational interventions confirm the persuasiveness 
of personal, individualized feedback (32). Home-based exercise 
programs provide an opportunity to tailor exercises to the indi-
vidual needs in contrast to many group-based physical activity 
programs. This is an advantage that can be more elaborated in 
the program. Different individual parameters could be taken 
into account by using for example recommender techniques. 
Smart algorithms can be used in order to define an appropriate 
and more encouraging exercise program for the participant, by 
taking into account the exercises the participant likes, time of the 
day, age, and gender (33). Future research should focus on the 
effectiveness of these specific motivation strategies in order to 
increase exercise adherence for self-management programs for 
older adults.

Our study shows that most of the older adults were very enthu-
siastic about the service and didn’t experience problems with the 
new technology when being trained beforehand. Overall, the 
program is well accepted and the participants are very satisfied 
with the program. Only three participants (20%) visited the 
exercise point to receive feedback about the exercises and for only 
one participant it was necessary to adjust the exercise program. 
The majority of older adults experienced no problems with the 
technology, which creates a future for the use of self-management 
interventions for older adults. A helpdesk, training before the start 
of the study and an exercise point during the study were helpful 
in our study to decrease the amount of technical and health 
problems. This suggests that it is important to implement such 
new technologies as a service and not as a stand-alone-program. 
Vollenbroek-Hutten et al. (34) also showed that it is important to 
implement new ICT services via a neighborhood facility instead 
of directly totally independent at home.

The secondary research question was whether the new inter-
vention improves the quality of life and health status of pre-frail 
older adults. There is a positive result regarding HRQoL, which 
shows significant improvements between groups on the mental 
scale of the SF12. In addition, a trend was seen in improvement 
of health status between groups. These results are in line with 
a recent review investigating the aging process, which showed 
that health promotion interventions are beneficial in terms 
of improvement in quality of life and/or physical well-being 
(35). Although positive results, further research is necessary to 
investigate whether our results are related to adherence meas-
ures and if these effects hold over time compared to the control 
group. This would provide insight whether such ICT-supported 

self-management programs have potential in preventing and/or 
delaying the frailty process.

limitations
Several limitations need to be taken into consideration when 
interpreting our findings. The small sample size in our study was 
limited and as such the clinical findings need to be interpreted 
with caution. More research is necessary to understand the value 
of the results found in this study. Another limitation was that test-
ers were not blinded to group assignment for ease of recruitment 
and to accommodate for time constraints. Blinding, however, is 
a critical methodological feature of a randomized control trial. 
This needs to be taken into consideration when evaluating the 
validity of the results.

COnClUSiOn

This study provides evidence that a home-based exercise program 
is easy to use and has potential in improving quality of life and 
health status of physically pre-frail, older adults who live at 
home. However, further refinement of the program is required 
to improve adherence and maximize the benefits and potential of 
exercising in the home environment.

ETHiCS STaTEMEnT

This study was approved by the Medical Ethical Committee of 
Medisch Spectrum at Enschede, the Netherlands. All participants 
gave written informed consent in accordance with the Declaration 
of Helsinki.

aUTHOr COnTribUTiOnS

All authors participated in writing the manuscript, revising it 
critically for important intellectual content, and gave their final 
approval for publishing the manuscript.

aCKnOWlEDgMEnTS

The authors would like to thank MC Eudokia for sending out the 
questionnaires for the first screening, students HBO-V of Saxion 
Enschede for helping older adults filling in the questionnaires and 
performing the second screening of the older adults and Fyon het 
Stadsveld for providing the exercise points for the participants of 
the intervention group.

FUnDing

This work was funded by the European Union within the 
PERSSILAA project (FP7-ICT-610359).

rEFErEnCES

1. Smits CHM, van den Beld HK, Aartsen MJ, Schroots JF. Aging in The 
Netherlands: state of the art and science. Gerontologist (2014) 54(3):335–43. 
doi:10.1093/geront/gnt096

2. Santos-Eggimann B, Cuénoud P, Spagnoli J, Junod J. Prevalence of frailty in 
middle-aged and older community-dwelling Europeans living in 10 countries. 

J Gerontol A Biol Sci Med Sci (2009) 64(6):675–81. doi:10.1093/gerona/ 
glp012 

3. Speechley M, Tinetti M. Falls and injuries in frail and vigorous commu-
nity elderly persons. J Am Geriatic Soc (1991) 39(1):46–52. doi:10.1111/ 
j.1532-5415.1991.tb05905.x 

4. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg 
CR, Salem GJ, et  al. American college of sports medicine position stand. 

http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
https://doi.org/10.1093/geront/gnt096
https://doi.org/10.1093/gerona/glp012
https://doi.org/10.1093/gerona/glp012
https://doi.org/10.1111/
j.1532-5415.1991.tb05905.x
https://doi.org/10.1111/
j.1532-5415.1991.tb05905.x


9

Dekker-van Weering et al. Evaluation Exercise Program Older Adults

Frontiers in Medicine | www.frontiersin.org November 2017 | Volume 4 | Article 208

Exercise and physical activity for older adults. Med Sci Sports Exerc (2009) 
41(7):1510–30. doi:10.1249/MSS.0b013e3181a0c95c 

5. Fried LP, Tangen CM, Walston J, Newman B, Hirsch C, Gottdiener J, et al. 
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci 
(2001) 56(3):146–56. doi:10.1093/gerona/56.3.M146 

6. Giné-Garriga M, Roqué-Fíguls M, Coll-Planas L, Sitjà-Rabert M, Salvà A. 
Physical exercise interventions for improving performance-based measures 
of physical function in community-dwelling, frail older adults: a systematic 
review and meta-analysis. Arch Phys Med Rehabil (2014) 95(4):753–69. 
doi:10.1016/j.apmr.2013.11.007 

7. Panagioti M, Richardson G, Small N, Murray E, Rogers A, Kennedy A, et al. 
Self-management support interventions to reduce health care utilisation 
without compromising outcomes: a systematic review and meta-analysis. 
BMC Health Serv Res (2014) 14:356. doi:10.1186/1472-6963-14-356 

8. Yardley L, Bishop FL, Beyer N, Hauer K, Kempen GI, Piot-Ziegler C, et al. 
Older people’s views of falls-prevention interventions in six European coun-
tries. Gerontologist (2006) 46(5):650–60. doi:10.1093/geront/46.5.650 

9. Shubert TE, Smith ML, Ory MG, Clarke CB, Bomberger SA, Roberts E, et al. 
Translation of the otago exercise program for adoption and implementation 
in the United States. Front Public Health (2014) 27(2):152–60. doi:10.3389/
fpubh.2014.00152 

10. Otago Medical School. Otago Exercise Programme to Prevent Falls in Older 
Adults. Otago: University of Otago (2003).

11. Robertson MC, Devlin N, Scuffham P, Gardner MM, Buchner DM,  
Campbell AJ. Economic evaluation of a community based exercise pro-
gramme to prevent falls. J Epidemiol Community Health (2001) 55(8):600–6. 
doi:10.1136/jech.55.8.600 

12. Campbell AJ, Robertson MC, Gardner MM, Norton RN, Buchner DM. Falls 
prevention over 2 years: a randomized controlled trial in women 80 years and 
older. Age Ageing (1999) 28(6):513–8. 

13. Thomas S, Mackintosh S, Halbert J. Does the “OtagoExerciseProgramme” 
reduce mortality and falls in older adults? A systematic review and meta-anal-
ysis. Age Ageing (2010) 39(6):681–7. doi:10.1093/ageing/afq102 

14. Heart T, Kalderon E. Older adults: are they ready to adopt health-related 
ICT? Int J Med Inform (2013) 82(11):e209–31. doi:10.1016/j.ijmedinf.2011. 
03.002 

15. Peek ST, Wouters EJ, van Hoof J, Luijkx KG, Boeije HR, Vrijhoef HJ. Factors 
influencing acceptance of technology for aging in place: a systematic 
review. Int J Med Inform (2014) 83(4):235–48. doi:10.1016/j.ijmedinf.2014. 
01.004 

16. Relton C, Torgerson D, O’Cathain A, Nicholl J. Rethinking pragmatic 
randomized controlled trials: introducing the “cohort multiple randomised 
controlled trial” design. BMJ (2010) 340:c1066. doi:10.1136/bmj.c1066 

17. Ware JE, Snow KK, Kosinski M, Gandek B. SF-36 Health Survey Manual and 
Interpretation Guide. Boston, MA: New England Medical Center, The Health 
Institute (1993).

18. van Velsen L, Illario M, Jansen-Kosterink S, Crola C, Di Somma C, Colao A, 
et al. A community-based, technology-supported health service for detecting 
and preventing frailty among older adults: a participatory design development 
process. J Aging Res (2015) 2015:216084. doi:10.1155/2015/216084 

19. N. Z. Accident Compensation Corporation (ACC). Otago Exercise Programme 
(2008). Available from: https://www.acc.co.nz/assets/injury-prevention/
acc1162-otago-exercise-manual.pdf

20. Brooke J. SUS – a quick and dirty usability scale. In:  Jordan  PW,  Thoma  B,  
Weerdmeester  BA, editors. Usability Evaluation in Industry. Lodon: Taylor & 
Francis (1995). p. 189–94.

21. Jenkinson C, Layte R, Jenkinson D, Lawrence K, Petersen S, Paice C, et al.  
A shorter form health survey: can the SF-12 replicate results from the SF-36 in 
longitudinal studies? J Public Health Med (1997) 19(2):179–86. 

22. Ware JE, Kosinski M, Keller SD. SF-12: How to Score the SF-12 Physical and 
Mental Health Summary Scales. 2nd ed. Boston, MA: The Health Institute, 
New England Medical Center (1995).

23. Rabin R, De Charro F. EQ-SD: a measure of health status from the EuroQol 
Group. Ann Med (2001) 33(5):337–43. doi:10.3109/07853890109002087 

24. Ware J, Kosinski M, Keller SD. A 12-item short-form health survey: construc-
tion of scales and preliminary tests of reliability and validity. Med Care (1996) 
34(3):220–33. doi:10.1097/00005650-199603000-00003 

25. Mols F, Pelle AJ, Kupper N. Normative data of the SF-12 health survey 
with validation using postmyocardial infarction patients in the Dutch 
population. Qual Life Res (2009) 18(4):403–14. doi:10.1007/s11136-009- 
9455-5 

26. Westcott WL, Winett RA, Annesi JJ, Wojcik JR, Anderson ES, Madden PJ.  
Prescribing physical activity: applying the ACSM protocols for exercise type, 
intensity, and duration across 3 training frequencies. Phys Sportsmed (2009) 
37(2):51–8. doi:10.3810/psm.2009.06.1709 

27. Cadore EL, Izquierdo M. Exercise interventions in polypathological 
aging patients that coexist with diabetes mellitus: improving functional 
status and quality of life. Age (2015) 37(3):64. doi:10.1007/s11357-015- 
9800-2 

28. Gschwind YJ, Schoene D, Lord SR, Ejupi A, Valenzuela T, Aal K, et al. The 
effect of sensor-based exercise at home on functional performance associated 
with fall risk in older people – a comparison of two exergame interventions. 
Eur Rev Aging Phys Act (2015) 12:11. doi:10.1186/s11556-015-0156-5 

29. Nyman SR, Victor CR. Older adults’s participation in and engagement with 
falls prevention interventions in community settings: an augment to the 
Cochrane systematic review. Age Ageing (2012) 41(1):16–23. doi:10.1093/
ageing/afr103 

30. Geraedts HAE, Zijlstra W, Zhang W, Spoorenberg SLW, Baez M, Far I, 
et  al. A home-based exercise program driven by tablet application and 
mobility monitoring for frail older adults: feasibility and practical impli-
cations. Prev Chronic Dis (2017) 14(e12):160227. doi:10.1186/1471-2458- 
14-570 

31. Picorelli AM, Pereira LS, Pereira DS, Felício D, Sherrington C. Adherence to 
exercise programs for older people is influenced by program characteristics 
and personal factors: a systematic review. J Physiother (2014) 60(3):151–6. 
doi:10.1016/j.jphys.2014.06.012 

32. Prochaska JO, Redding CA, Evers K. The transtheoretical model and stages 
of change. 3rd ed. In:  Glanz  K,  Rimer  BK,  Lewis  FM, editors. Health 
Behavior and Health Education: Theory, Research, and Practice. San Francisco, 
CA: Jossey-Bass, Inc. (2002): 99–120.

33. Op den Akker H, Cabrita M, Op den Akker R, Jones VM, Hermens HJ. Tailored 
motivational message generation: a model and practical framework for real-
time physical activity coaching. J Biomed Inform (2015) 55:104–15. doi:10.1016/ 
j.jbi.2015.03.005 

34. Vollenbroek-Hutten M, Jansen-Kosterink S, Tabak M, Feletti LC, Zia G, 
N’dja A, et al. Possibilities of ICT-supported services in the clinical manage-
ment of older adults. Aging Clin Exp Res (2017) 29(1):49–57. doi:10.1007/
s40520-016-0711-6 

35. Lima KC, Caldas CP, Veras RP, Correa RF, Bonfada D, de Souza DB, et  al. 
A study of the effectiveness of programs focusing on the aging process.  
Int J Health Serv (2017) 47(3):550–70. doi:10.1177/0020731416660965 

Conflict of Interest Statement: The authors declare that the research was  
conducted in the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Copyright © 2017 Dekker-van Weering, Jansen-Kosterink, Frazer and Vollenbroek-
Hutten. This is an open-access article distributed under the terms of the Creative 
Commons Attribution License (CC BY). The use, distribution or reproduction in 
other forums is permitted, provided the original author(s) or licensor are credited 
and that the original publication in this journal is cited, in accordance with accepted 
academic practice. No use, distribution or reproduction is permitted which does not 
comply with these terms.

http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
https://doi.org/10.1249/MSS.0b013e3181a0c95c
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1016/j.apmr.2013.11.007
https://doi.org/10.1186/1472-6963-14-356
https://doi.org/10.1093/geront/46.5.650
https://doi.org/10.3389/fpubh.2014.00152
https://doi.org/10.3389/fpubh.2014.00152
https://doi.org/10.1136/jech.55.8.600
https://doi.org/10.1093/ageing/afq102
https://doi.org/10.1016/j.ijmedinf.2011.03.002
https://doi.org/10.1016/j.ijmedinf.2011.03.002
https://doi.org/10.1016/j.ijmedinf.2014.01.004
https://doi.org/10.1016/j.ijmedinf.2014.01.004
https://doi.org/10.1136/bmj.c1066
https://doi.org/10.1155/2015/216084
https://www.acc.co.nz/assets/injury-prevention/acc1162-otago-exercise-manual.pdf
https://www.acc.co.nz/assets/injury-prevention/acc1162-otago-exercise-manual.pdf
https://doi.org/10.3109/07853890109002087
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1007/s11136-009-9455-5
https://doi.org/10.1007/s11136-009-9455-5
https://doi.org/10.3810/psm.2009.06.1709
https://doi.org/10.1007/s11357-015-9800-2
https://doi.org/10.1007/s11357-015-9800-2
https://doi.org/10.1186/s11556-015-0156-5
https://doi.org/10.1093/ageing/afr103
https://doi.org/10.1093/ageing/afr103
https://doi.org/10.1186/1471-2458-14-570
https://doi.org/10.1186/1471-2458-14-570
https://doi.org/10.1016/j.jphys.2014.06.012
https://doi.org/10.1016/
j.jbi.2015.03.005
https://doi.org/10.1016/
j.jbi.2015.03.005
https://doi.org/10.1007/s40520-016-0711-6
https://doi.org/10.1007/s40520-016-0711-6
https://doi.org/10.1177/0020731416660965
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	User Experience, Actual Use, and Effectiveness of an Information Communication Technology-Supported Home Exercise Program for Pre-Frail Older Adults
	Introduction
	Materials and Methods
	Study Design and Randomization
	Participants and Setting
	Intervention
	Control Intervention
	Data Collection
	Outcome Measures
	Primary Outcomes
	Secondary Outcomes

	Sample Size Calculation
	Statistical Analysis

	Results
	Participants’ Characteristics
	User Experience
	Use of the Intervention
	Intensity and Frequency of Training
	Quality of Life and Health Status

	Discussion
	Limitations

	Conclusion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	References


