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Abstract
Objective: The present study aimed to conduct a process evaluation of a
multicomponent nutritional telemonitoring intervention implemented among
Dutch community-dwelling older adults.
Design: A mixed-methods approach was employed, guided by the process
evaluation framework of the Medical Research Council and the Unified Theory of
Acceptance and Use of Technology. The process indicators reach, dose, fidelity
and acceptability were measured at several time points within the 6-month
intervention among participants and/or nurses.
Setting: The intervention was implemented in the context of two care
organisations in the Netherlands.
Subjects: In total, ninety-seven participants (average age 78 years) participated in
the intervention and eight nurses were involved in implementation.
Results: About 80% of participants completed the intervention. Dropouts were
significantly older, had worse cognitive and physical functioning, and were more
care-dependent. The intervention was largely implemented as intended and
received well by participants (satisfaction score 4·1, scale 1–5), but less well by
nurses (satisfaction score 3·5, scale 1–5). Participants adhered better to weight
telemonitoring than to telemonitoring by means of questionnaires, for which half
the participants needed help. Intention to use the intervention was predicted by
performance expectancy ( β= 0·40; 95% CI 0·13, 0·67) and social influence
( β= 0·17; 95% CI 0·00, 0·34). No association between process indicators and
intervention outcomes was found.
Conclusions: This process evaluation showed that nutritional telemonitoring
among older adults is feasible and accepted by older adults, but nurses’
satisfaction should be improved. The study provided relevant insights for future
development and implementation of eHealth interventions among older adults.
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Implementation research

Undernutrition impedes healthy ageing as it has been
associated with increased morbidity and mortality(1). It is
estimated that 5·8% of community-dwelling older adults
are undernourished and another 31·8% are at risk of
undernutrition(2). Among home care clients the estimated
prevalence of undernutrition is 35%(3). Nevertheless, it is
stated that undernutrition is ‘under-recognized and under-
treated’(4). Nutrition education and nutritional monitoring
may improve awareness among older adults and health-
care professionals and may lead to timely detection and
prevention(1).

In previous research the effectiveness of the PhysioDom
Home Dietary Intake Monitoring (HDIM) intervention was
studied(5). This intervention consisted of telemonitoring,
nutrition education and follow-up by a nurse, and was
implemented in a health-care setting among Dutch
community-dwelling older adults. The intervention
improved nutritional status in participants at risk of
undernutrition and improved diet quality. No effects on
physical functioning and quality of life were found(5).

Besides effect evaluation of such a complex, multi-
component intervention, process evaluation of PhysioDom
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HDIM is indispensable. First, insights from a process eva-
luation guide implementation quality and ensure that the
intervention is carried out as intended(6). Second, research
to the context, implementation and mechanisms of impact
of PhysioDomHDIM is crucial to interpret findings from the
effect evaluation and to implement the intervention in
another setting(7). Third, policy makers frequently highlight
the role of technology in supporting ageing in place and
effort is put into developing technology to improve health
and self-management of diseases(8). However, several bar-
riers hinder successful implementation and widespread
adoption of eHealth among older adults is lacking(9).
Research on eHealth adoption by older adults has mostly
focused on the pre-implementation stage and often com-
prised qualitative studies(10). More research is needed to
understand what factors contribute to sustained use of
eHealth. Therefore, process evaluation of the PhysioDom
HDIM intervention could provide insight into what con-
tributes to successful eHealth adoption by older adults. The
aims of the present paper were to study how PhysioDom
HDIM was delivered and received by participants and
nurses, and to study the intervention’s mechanisms of
impact.

Methods

Theoretical framework
A mixed-methods approach was employed guided by the
framework of the Medical Research Council(7,11). Based
on this framework, we included the process indicators
reach, dose, fidelity and acceptability. Acceptability was
studied in further detail by using the Unified Theory of
Acceptance and Use of Technology (UTAUT). UTAUT is
a widely used framework that unifies several technology
acceptance models into one, explaining up to 70%
of intention to use technology through four factors:
performance expectancy, effort expectancy, social
influence and facilitating conditions(11). UTAUT has been
widely applied in research also among older adults(11–14)

and is helpful in understanding the drivers of acceptance
and in designing interventions that will be optimally
used(11).

Study design
The current process evaluation was conducted as part of a
6-month intervention study which followed a parallel arm
pre-test/post-test design and took place from April 2016
until June 2017(15). We used data from the intervention
group only. Measurements were conducted at baseline
(T0), 4·5 months after the start of the study (T1) and
6 months after the start of the study (T2). Furthermore,
continuous implementation monitoring took place through
log data and registration of study procedures by researchers

and nurses. The study was registered at ClinicalTrials.gov
(identifier NCT03240094; http://bit.ly/2zFTs3P).

Participants
Participants were recruited from the municipalities of
Ermelo, Harderwijk, Nunspeet, Putten and Renkum in the
Netherlands. They were invited via advertisements in local
newspapers and public spaces, post and letters from the
care organisations Zorggroep Noordwest-Veluwe and
Opella. Persons could respond when they were 65 years
or older and received home care and/or lived in a service
flat or sheltered accommodation. Interested persons were
visited by a researcher to receive more information about
the study, ask questions, sign the informed consent and be
screened on the exclusion criteria. Persons were excluded
if they were cognitively impaired (Mini Mental State
Examination (MMSE) score <20), had diagnosed cancer,
received terminal care, were bedridden or bound to a
wheelchair, or were unable to watch television. In total,
107 persons were screened on eligibility for participation
in the intervention group, of whom ninety-seven were
allocated to the intervention group. During the interven-
tion period, twenty-one participants were lost to follow-
up. This was mainly due to health problems (n 10) or
difficulties with the telemonitoring technology (n 5).

Intervention
The PhysioDom HDIM intervention consisted of three
components: nutritional telemonitoring, nutrition educa-
tion, and follow-up of telemonitoring measurements by a
nurse. These components are explained briefly below; a
full description can be found elsewhere(15). Participants
performed self-measurements of body weight (weekly),
steps taken during a day (one week per month) and blood
pressure (monthly or bimonthly, only upon indication of a
nurse). Participants also filled out questionnaires about
nutritional status, appetite and diet quality using the Mini
Nutritional Assessment Short-Form (MNA-SF)(16), the Sim-
plified Nutritional Appetite Questionnaire (SNAQ)(17) and
the Dutch Healthy Diet Food Frequency Questionnaire
(DHD-FFQ)(18), respectively (at T0 and three months
later). Participants could do this on a tablet, on their own
computer, or via a telephone interview with researchers,
and were trained for this during an individual at-home
training at T0. A helpdesk was available to support parti-
cipants if they encountered difficulties. Furthermore, par-
ticipants received three television messages per week
containing general information about nutrition and phy-
sical activity. These short text messages (<500 characters)
were displayed on a special television channel. Partici-
pants also received two letters with tailored information
about how to improve compliance with Dutch guidelines
for diet and physical activity. Tailoring was based on an
individual’s DHD-FFQ results: for each guideline, one out
of two to five available advices was given, according to the
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score for that specific guideline. Finally, a team of eight
nurses and three dietitians assessed the telemonitoring
results. Nurses viewed the results on a website and
checked the alerts that were activated in case of under-
nutrition, risk of undernutrition, obesity or new blood
pressure measurements. Nurses decided about proper
follow-up with the help of decision trees(15). In case of risk
of undernutrition, nurses investigated the causes and
advised participants on how to improve protein and
energy intakes(19). In case of undernutrition and obesity,
nurses discussed with participants whether referral to a
general practitioner or dietitian was desired. In case of
deviating blood pressure measurements, nurses followed
regular care pathways. Nurses were trained during four
preparatory meetings of 1·5 h with the researchers. They
also attended a workshop from a dietitian to improve
knowledge about nutrition in older adults. The researchers
held monthly to bimonthly telephone meetings with
nurses to address questions and to ensure proper
implementation.

Measurements

Reach
Reach is defined as ‘proportion of the intended priority
audience that participates in the intervention’(6). Reach
was investigated by keeping a logbook of dropout and by
collecting background characteristics of participants. Sex,
age, BMI, education level, civil status, living situation,
number of diagnoses, cognitive functioning as measured
by the MMSE(20), the presence of dental and/or swallow-
ing problems and type of care were recorded during a
screening visit before T0. Other characteristics were
measured at T0, including nutritional status, measured by
the Mini Nutritional Assessment (MNA)(21), and physical
functioning, measured by the Short Physical Performance
Battery and the Katz-15(22,23).

Fidelity
Fidelity is defined as ‘the extent to which an intervention
was implemented as planned’ and was assessed by
keeping a logbook of study procedures and a paper
questionnaire for nurses(6). This questionnaire was filled
out half-way during the project and contained questions
on how much time the health-care professional spent on
the project and how often the health-care professional
used the project website.

Dose received
Dose received is defined as ‘the extent to which partici-
pants actively engage with, interact with, are receptive to,
and/or use materials or recommended resources’(6). Dose
received was measured by log data from the television
channel and project website, paper questionnaires for
participants and nurses, and registration lists of nurses.
With log data the proportion of requested weight and step

count measurements that participants actually performed
was measured. It should be noted that participants also
wrote down their steps on paper, so log data only partially
reveal dose received concerning step counts. The ques-
tionnaire for participants was filled out at T1 and T2 and
contained questions on the frequency of reading television
messages and telemonitoring of body weight. The ques-
tionnaire for nurses was filled out half-way during the
project and included the question ‘How long on average
did the contact moments take with participants with risk of
undernutrition?’

Acceptability
Acceptability of the intervention was studied by using the
UTAUT model(11). UTAUT constructs were measured at T1
and T2 by paper questionnaires for participants. The
questionnaires contained statements that were answered
on a five-point Likert scale ranging from ‘completely dis-
agree’ to ‘completely agree’. Performance expectancy is
defined as ‘the degree to which an individual believes that
using the system will help him or her to attain gains in job
performance’ and was translated into ‘gains in health
behaviour or health’ to fit in the context of the study.
Performance expectancy was measured using the follow-
ing statements: ‘The project helps me to be more physi-
cally active’, ‘The project helps me to eat healthier’ and
‘The project improved my health’. Effort expectancy is
defined as ‘the degree of ease associated with the use of
the system’ and was measured using the following state-
ments: ‘Working with the television channel is easy’ and ‘It
is easy to weigh myself/use the pedometer/use the remote
control/use the tablet/use the sphygmomanometer’. Social
influence is defined as ‘the degree to which important
others believe he or she should use the new system’ and
was measured with the following statements: ‘My partner/
family/friends/others support me in participating in the
project’ and ‘The support of my partner/family/friends/
others is important to me’. Facilitating conditions are
defined as ‘the degree to which an individual believes that
an organisational and technical infrastructure exists to
support the use of the system’ and was studied by several
statements concerning the satisfaction about the helpdesk
and the training. Behavioural intent was measured at T2
with one statement: ‘I would like to use the intervention
more often’. Furthermore, semi-structured interviews with
fifteen participants were performed to gain more in-depth
insight into acceptability. The interviews took on average
30min, took place during T2 at the participants’ homes
and were guided by an interview guide (Table 1). After
verbal consent, all interviews were recorded and tran-
scribed verbatim.

Acceptability of nurses was also assessed with help of the
UTAUT model. Nurses filled out a paper questionnaire half-
way during the project with statements that were answered
on a five-point Likert scale ranging from ‘completely dis-
agree’ to ‘completely agree’. The construct performance
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expectancy was divided into two sub-constructs, ‘gains
for job performance’ and ‘gains for client’. Gains for job
performance contained six statements concerning the
added value of the intervention for the job performance of
the health-care professional, for example: ‘Through the
intervention I can do my work more efficiently’. Effort
expectancy consisted of ten items concerning the ease of
use of the project website. Social influence was assessed by
two items concerning the support of colleagues. Beha-
vioural intent contained the statement: ‘I would like to
participate in a continuation of the project’. Furthermore,
semi-structured interviews of 20–30min were held with
each of the nurses including acceptability topics (Table 2).
After verbal consent, interviews were recorded and tran-
scribed verbatim.

Explaining mechanisms of impact
To study the mechanisms of impact, the associations of
participant characteristics and the process indicator
acceptability with intention to use the intervention were
examined. Furthermore, the association of the process
indicators acceptability and dose received with changes in
the outcomes that were significantly affected by the
intervention was examined. These were nutritional status
and compliance to Dutch dietary guidelines for the intake
of fruits, vegetables, dietary fibre and protein, and com-
pliance to guidelines for physical activity(5). Nutritional
status was measured using the MNA during a structured

interview with participants at T0, T1 and T2(21). Body
weight was measured at T0, T1 and T2 by researchers
using a weighing scale (brand A&D, type UC-411PBT-C).

Table 1 Interview guide for interviews with participants (n 15) of the PhysioDom HDIM intervention† in the Netherlands

Topics and questions

General
What did you think about the project in general?

Performance expectancy
Did the project give you more insight into your diet and physical activity levels? Why or why not?
Did the devices function according to your expectations?
Are the devices/Is the project a good way to monitor your diet and physical activity levels? Or improve them?

Effort expectancy
How easy was the use of the devices?
Have you used these devices before the start of this project?
Did you have an idea how to use the devices for the project? Did this influence your decision to participate?
What do you think of how you deal with the devices?
Has the way you dealt with the devices changed during the project? Why/why not?

Social influence
Through whom did you get acquainted with the project?
How was the project presented to you? Was this a reason for you to participate?
Have you talked with persons in your surroundings (partner, family, friends) about the project? How did they support you during the project?
Have you talked with nurses about the project? Have you received support from the nurses during the project?
How important is it for you to receive support of others during the project?

Facilitating conditions and behavioural intent
To what extent did the project fit into your daily routines?
To what extent did you invest time in the project?
To what extent did the devices fit your lifestyle? Did you have to adjust your daily routines?
Do you think you will continue to use the devices?
Would you prefer the devices were changed, so that they would function better?

Closing remarks
Is there anything else you would like to mention?

†The PhysioDom Home Dietary Intake Monitoring (HDIM) intervention consisted of telemonitoring, nutrition education and follow-up by a nurse, implemented in
a health-care setting among Dutch community-dwelling older adults from April 2016 to June 2017.

Table 2 Interview guide for interviews with nurses (n 8) imple-
menting the PhysioDom HDIM intervention† in the Netherlands

Topics and questions

General
How satisfied are you about the project in general?

Collaboration and communication
How did you experience the collaboration and communication?
With colleagues?
With researchers?

Implementation barriers and facilitators
What problems did you encounter that hindered implementing

the intervention?
What helped you in implementing the intervention?

Facilitating conditions
Did you have everything that you needed to implement the

intervention?
Knowledge
Materials
Support

Do you have suggestions to improve the intervention?
For example, concerning intervention procedures, planning,

methods, intervention manual or project website?
Would you like to continue the intervention?
Why or why not?

Closing remarks
Is there anything else you would like to mention?

†The PhysioDom Home Dietary Intake Monitoring (HDIM) intervention
consisted of telemonitoring, nutrition education and follow-up by a nurse,
implemented in a health-care setting among Dutch community-dwelling
older adults from April 2016 to June 2017.
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Participants were asked to take off their shoes and heavy
clothes such as a jacket before weighing. Diet quality was
assessed using the DHD-FFQ during a structured interview
with participants at T0 and T2(18). The DHD-FFQ contains
twenty-eight items to evaluate compliance to Dutch diet-
ary guidelines for vegetables, fruits, fish, alcohol, saturated
fatty acids, trans-fatty acids, Na and dietary fibre, and
compliance to Dutch guidelines for physical activity(24).

Statistics
Data were analysed using the statistical software package
IBM SPSS Statistics for Windows version 22. Baseline char-
acteristics were analysed using descriptive statistics. Differ-
ences in baseline characteristics between completers and
dropouts were analysed using independent t tests or χ2 tests.
The process indicators dose received and acceptability were
analysed using descriptive statistics, showing percentages or
means with standard deviations. Cronbach’s α was used to
investigate whether acceptability items could be combined
into the UTAUT constructs. If Cronbach’s α was lower than
0·70, items were presented separately. The association of
participant characteristics and acceptability with intention to

use the intervention was analysed using a nested linear
regression analysis, including participant characteristics in
the first block, then adding the four UTAUT constructs block-
wise to the model. An F test revealed whether adding these
constructs significantly increased the explained variance.
Associations of process indicators and changes in health and
behavioural outcomes were analysed using linear regression.
Qualitative data were analysed using the software Atlas.ti
version 7. Interview transcripts were coded deductively
using codes from UTAUT constructs. New codes were
generated for relevant sections that did not belong to any of
the UTAUT constructs. Thematic analysis was used to study
factors that influenced acceptance of the intervention.
Interviews with the nurses were analysed by grouping
relevant sections, phrases, sentences or words into themes.

Results

Reach
Table 3 shows the baseline characteristics of the study
population. Twenty-one of ninety-seven participants
dropped out of the study. They were significantly older,

Table 3 Reach of the PhysioDom HDIM intervention† in terms of baseline characteristics of the total group of participants, participants who
completed the study and participants who dropped out

Total (n 97) Completers (n 76) Dropouts (n 21)

Mean SD Mean SD Mean SD P value

Age (years) 78·4 7·2 77·3 7·2 82·3 6·1 <0·01
BMI (kg/m2) 29·2 4·5 29·0 4·1 29·6 5·9 0·66
Number of diagnoses 1·5 1·5 1·7 1·6 1·0 1·1 0·06
MMSE score‡ 28·6 1·5 29·0 1·2 27·2 1·9 <0·001
SPPB score‡ 7·2 3·1 7·6 2·9 5·4 3·2 <0·01
Katz-15 score§ 2·1 2·7 1·9 2·6 3·2 2·8 0·07

% % %

Sex (male) 34·0 31·6 42·9 0·33
Education level║ 0·56
Low 17·5 18·4 14·3
Intermediate 55·7 52·6 66·7
High 26·8 28·9 19·0

Living alone 55·7 59·2 42·9 0·22
Desire to lose weight§ 52·7 53·3 50·0 1·0
Currently on a diet§ 9·7 9·3 11·1 1·0
Nutritional status‡ 0·81
Normal nutritional status 79·2 77·6 85·0
At risk of undernutrition 19·8 21·1 15·0
Undernourished 1·0 1·3 0·0

Type of care (more than one type per participant possible)
Domestic care 78·4 76·3 85·7 0·55
Personal care 32·0 25·0 57·1 <0·01
Nursing care 9·3 5·3 23·8 0·02
Individual support 3·1 2·6 4·8 0·52
Informal care 32·0 32·9 28·6 0·80

MMSE, Mini-Mental State Examination; SPPB, Short Physical Performance Battery.
†The PhysioDom Home Dietary Intake Monitoring (HDIM) intervention consisted of telemonitoring, nutrition education and follow-up by a nurse, implemented in
a health-care setting among Dutch community-dwelling older adults from April 2016 to June 2017.
‡One missing value.
§Four missing values.
║Low education level: primary school or less; intermediate level of education: secondary professional education or vocational school; high education level:
higher vocational education, university.
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had a lower cognitive and physical functioning, and were
more care-dependent than participants who completed the
study. Reasons for dropout were health problems (n 10),
difficulties with the technology (n 5), inability to install the
telemonitoring technology properly due to technical pro-
blems (n 2), health problems of spouse (n 1), dislike of the
intervention (n 1) or reason for dropout was unknown (n 2).

Fidelity

Telemonitoring measurements
Adherence to telemonitoring measurements was high for
body weight and lower for steps, nutritional status, appetite
and diet quality (see ‘Dose’ subsection below). Half of the
participants omitted to perform at least one of the tele-
monitoring questionnaires, so that researchers had to assist
them with filling these out at T1. Furthermore, some parti-
cipants needed nurses’ assistance with telemonitoring mea-
surements, while it was the intention that participants would
be able to perform these measurements independently.

Nutrition education
According to the intervention plan, participants received
three television messages per week and two letters with

computer-tailored advice about diet quality and physical
activity.

Follow-up by the nurse
Nurses provided follow-up on the telemonitoring alerts
according to the intervention plan. It was planned that this
would take 0·75 h/week. However, the project took nurses
on average 1·26 h/week (range 0·5–3·0 h/week). It was not
specified how this time was distributed over the different
intervention tasks, but part of this time might have been
spent on the additional help that was needed with tele-
monitoring measurements. Half of the nurses checked the
project website less often than once per week as agreed
upon with the researchers, mentioning a lack of time as
reason for this.

Dose
Table 4 shows participants’ adherence to the tele-
monitoring measurements. Either with or without help
from nurses or researchers, participants performed on
average 70% of the body weight measurements, 37% of
the step count measurements, and 100% of the measure-
ments of nutritional status, appetite and diet quality. A little
under half of the participants indicated to have read the

Table 4 Dose of the PhysioDom HDIM intervention† components received by the intervention group

Intervention component
Dose delivered by researchers or
health-care professionals Dose received by participant

Nutritional telemonitoring
Body weight Weekly Log data

Compliance: 70%
Questionnaire

Compliance T1: 85·5% (n 69)
Compliance T2: 85·3% (n 75)

Steps One week per month Compliance: 37%
Appetite, nutritional status, diet quality 3 months after the start Compliance: 100%

Nutrition education
Television messages Three per week T1

(n 69)
T2

(n 75)

Reading television
messages

<Once/week (%) 27·5 33·4
Once/week (%) 44·9 48·0
>Once/week (%) 27·5 18·7

Log data 37·2% of messages
were opened

Dietary advice letters Two in total n.e.
Newsletters Three in total n.e.

Follow-up by nurse
No. of telephone calls to participants Upon an alert from the telemonitoring

measurement results
44 (n 35, 36% of study population)

No. of visits to participants Upon an alert from the telemonitoring
measurement results

30 (n 12, 12% of study population)

Average duration of telephone call/visit
to participant

27·5 min

Referral to dietitian In case of undernutrition/high BMI 5 (n 5)
Referral to general practitioner In case of undernutrition/high BMI/high

blood pressure
9 (n 5)

T1, 4·5 months after the start of the study; T2, 6 months after the start of the study; n.e., not evaluated.
†The PhysioDom Home Dietary Intake Monitoring (HDIM) intervention consisted of telemonitoring, nutrition education and follow-up by a nurse, implemented in
a health-care setting among Dutch community-dwelling older adults from April 2016 to June 2017.
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television messages on a weekly basis. Log data revealed
that 37·2% of the television messages were opened by
participants. Regarding follow-up of telemonitoring mea-
surements by a nurse, 36% of the participants received on
average 1·2 phone calls and 12% were visited on average
2·8 times at home. These contact moments took on aver-
age 27·5min. Five participants were referred to a dietitian
and another five were referred to their general
practitioner.

Acceptability
Table 5 shows that participants were satisfied about the
project with an average score of 4·0 out of 5; this score was
higher at T1 and slightly lower at T2. Almost all accept-
ability scores decreased slightly from T1 to T2, although
these decreases were not statistically significant. Of the
four UTAUT constructs, effort expectancy and facilitating
conditions were rated highest with scores between 3·8 and
4·0 at T1 and T2, indicating that participants found that the
intervention technology was easy to use and that the
helpdesk supported the use of the technology. Interviews
with participants revealed that they were generally posi-
tive about the technology. The intended use of it was
understood well. Nevertheless, many interviewees strug-
gled with some intervention tools, mainly the weighing

scale and the television channel. Remarkably, nurses were
more negative about the participants’ ease of use of the
technology than participants themselves. Nurses were
often asked to help with the telemonitoring measure-
ments. Nurses mentioned that ‘this generation’ is not used
to technology, that participants needed a lot of help, and
that they easily became frustrated or stressed when tech-
nology was not working properly. With regards to facil-
itating conditions, interviewed participants perceived the
helpdesk as friendly and helpful. However, participants
also noticed that it was not always accessible, and some
felt apprehension to approach the helpdesk: ‘I don’t want
to be a nuisance to anyone’. Performance expectancy was
rated 3·4 and 3·3 at T1 and T2, respectively, indicating that
participants were neutral to positive about the contribution
of the intervention to gains in a healthy diet, levels of
physical activity, or health. All interviewees indicated that
at least one intervention component gave new insight into
their behaviour or health (e.g. the pedometer). However,
the extent to which these insights impacted behaviour and
health was highly variable among interviewees. Some
interviewees indicated that the intervention helped to
improve diet and physical activity and called the inter-
vention ‘stimulating’, ‘increasing awareness of own habits’
and ‘providing useful insights for improving one’s diet’.

Table 5 Acceptability of the PhysioDom HDIM intervention† as rated by participants and health-care professionals

T1 T2

Mean
(range 1–5) SD n

Mean
(range 1–5) SD n

Cronbach’s α,
T1/T2

Participants
General
I am satisfied about the project in general 4·1 0·8 70 3·9 0·9 75
I am satisfied about the nutrition part of the project 4·0 0·8 70 3·8 0·8 75
I am satisfied about the physical activity part of the project 4·1 0·8 70 3·8 0·8 75
I am satisfied about the contact with the nurse 4·3 0·6 23 3·8 0·8 24

Performance expectancy 3·4 0·7 70 3·3 0·7 75 0·71/0·76
Effort expectancy 3·9 0·7 70 3·8 0·7 75 0·73/0·79
Social influence 3·2 1·2 69 3·1 1·1 73 0·94/0·89
Facilitating conditions 4·0 0·7 70 4·0 0·7 75 0·91/0·85
Behavioural intent – – – 3·3 0·8 66

Mean
(range 1–5) SD n Cronbach’s α

Health-care professionals
General 8
I am satisfied about the project in general 3·5 0·8

Performance expectancy 8
Gains for job performance 2·6 0·6 0·71
Gains for client −0·81

The project is useful to monitor nutritional status 4·1 0·4
The project is useful to coach clients concerning physical activity 3·9 0·4
The project is useful to coach clients concerning nutrition 3·9 0·4
The project can contribute to a better health for clients 4·1 0·4

Effort expectancy 3·2 0·5 8 0·80
Social influence 8 0·26
I felt supported by colleagues in implementing the intervention 3·3 0·5
The support of colleagues is important to me 4·4 0·5

Behavioural intent 2·3 1·0 8

T1, 4·5 months after the start of the study; T2, 6 months after the start of the study.
†The PhysioDom Home Dietary Intake Monitoring (HDIM) intervention consisted of telemonitoring, nutrition education and follow-up by a nurse, implemented in
a health-care setting among Dutch community-dwelling older adults from April 2016 to June 2017.
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Other interviewees mentioned that the intervention had
little to no effect on them or their health and called the
telemonitoring results and advices ‘unnecessary’, ‘not for
me’ or ‘just for fun, nothing more’. They were already
satisfied with their health, found that the supervision of a
health-care professional was sufficient for them, or they
already knew what they needed. While interviewees with
a positive perspective appeared to be a majority, the dis-
tinction between the two points of view was not absolute.
Most interviewees expressed both positive and negative
sentiments regarding the performance of the intervention.
Participants were neutral about social influence, with
scores of 3·2 and 3·1 at T1 and T2, respectively. In the
interviews, participants mentioned that they received
positive feedback from their social environment about
their participation, but that the social environment had
little influence on their experience with the intervention.
Participation was seen as a personal undertaking and the
decision to participate was their own. Finally, participants
were neutral about their intent to use the intervention
more often. In the interviews, participants mentioned that
it would be ‘just more of the same’, ‘too time/energy
consuming’ or ‘[I] have already gotten everything out of
this experience’. Only five interviewees preferred to con-
tinue participation, mentioning the stimulation to be
physically active and the structure the intervention pro-
vided: ‘Yes, the project stimulates. Now, I’ll have to con-
tinue with it myself’ and ‘Like I said, it’s about structure in
your life […]. This [intervention] is just a part of that’.

Acceptability scores of nurses were slightly lower than
those of participants with an average satisfaction score of
3·5. Concerning performance expectancy, nurses were
more positive about the gains of the intervention for their
clients than the gains for their own job performance.
Nurses called the project an addition to care, promising for
the future, enabling ageing in place and possibly cost-
saving. However, the intervention was difficult to fit in the
nurses’ schedules as it took them a lot of time next to their
normal working hours. Nurses made time for this when
possible, but primary care needs of their clients had
priority, sometimes resulting in postponing intervention-
related tasks. Effort expectancy was rated neutral with a
3·2. Nurses found the layout of the project website not
clear and intuitive, and they could not report follow-up of
telemonitoring measurements on it. As a result, they had to
keep their own administration next to the website. Nurses
also reported interferences of the website. Finally, nurses
found it difficult to provide follow-up of telemonitoring
measurements of participants who did not receive home
care. Nurses did not know the background or medical
history of these participants and found it therefore difficult
to assess telemonitoring results properly. With regards to
social influence, nurses were neutral to slightly positive
about support of their colleagues, while they indicated that
support of colleagues is important to them. The interviews
revealed that cooperation with colleagues within the

project team was good, but that support of other collea-
gues and the management of the health-care organisation
was lacking. Cooperation with researchers was experi-
enced as pleasant, although some nurses preferred to have
more personal meetings instead of telephone meetings.
Finally, nurses were negative about participation in a
possible continuation of the intervention, with lack of time
as the main reason. Some nurses only wanted to continue
if the project website would be improved including noti-
fications via email and integration of the website with the
clients’ electronic health records.

Intervention’s mechanisms of impact
Table 6 shows determinants of intention to use the inter-
vention. The first model with the participant characteristics
of age, sex, education, cognitive functioning and physical
functioning explained only 9% of the variation in intention
to use PhysioDom HDIM. None of these characteristics
was significantly associated with intention to use Physio-
Dom HDIM. The percentage of explained variance
increased to 45% after adding the UTAUT constructs to the
model. Performance expectancy and social influence sig-
nificantly increased explained variance by 26 and 5%,
respectively. Effort expectancy increased explained var-
iance by 4% (P= 0·07). The final model showed that
performance expectancy and social influence were sig-
nificant predictors of intention to use PhysioDom HDIM.

Table 7 shows the influence of the process indicators
acceptability and dose received on effects of the inter-
vention on nutritional status and DHD-FFQ scores for
fruits, vegetables, fibre, protein, and physical activity. No
significant associations of acceptability and dose received
with effects of the intervention were observed.

Discussion

The current process evaluation provided insight into how
PhysioDom HDIM was implemented and received by
participants and nurses. The intervention was largely
implemented as intended with higher satisfaction rates
among participants than among nurses. Both participants
and nurses mentioned concerns regarding performance
and effort expectancy of the intervention. Furthermore,
participants’ intention to use the intervention was pre-
dicted by performance expectancy and social influence.
Acceptability and dose received were not associated with
intervention effects.

Concerning the reach of this intervention, about 20% of
the participants dropped out. Dropouts were older, less
healthy and more care-dependent than completers. This is
similar to the experience of another eHealth study among
older adults in which dropouts were older and participants
dropped out due to health deterioration(25). In two other
studies, having one or more chronic conditions was
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Table 6 Determinants of intention to use the PhysioDom HDIM intervention† (n 63)

Block 1 Block 2 Block 3 Block 4 Final model

R2 0·09 0·35 0·39 0·44 0·45
F change 1·18 22·29 3·51 5·13 0·60
P value 0·33 0·00 0·07 0·03 0·44

β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI

Age −0·16 −0·63, 0·30 − 0·30 −0·70, 0·10 −0·27 −0·66, 0·13 −0·13 − 0·53, 0·27 −0·11 −0·52, 0·29
Sex 0·02 −0·01, 0·05 0·01 −0·02, 0·04 0·00 −0·03, 0·03 0·01 − 0·02, 0·04 0·01 −0·02, 0·04
Education −0·22 −0·53, 0·09 − 0·09 −0·36, 0·18 −0·09 −0·35, 0·18 −0·03 − 0·29, 0·23 −0·03 −0·29, 0·23
Cognitive functioning‡ 0·20 −0·03, 0·43 0·15 −0·05, 0·34 0·11 −0·08, 0·31 0·10 − 0·08, 0·29 0·10 −0·09, 0·29
Physical functioning§ 0·02 −0·07, 0·11 − 0·01 −0·08, 0·07 −0·04 −0·12, 0·04 −0·03 − 0·11, 0·05 −0·03 −0·10, 0·05
Performance expectancy 0·59 0·34, 0·84*** 0·50 0·23, 0·76*** 0·40 0·13, 0·67** 0·40 0·13, 0·67**
Effort expectancy 0·30 −0·02, 0·61 0·34 0·03, 0·65* 0·29 −0·05, 0·62
Social influence 0·19 0·02, 0·35* 0·17 0·00, 0·34*
Facilitating conditions 0·11 −0·18, 0·40

Dependent variable: intention to use PhysioDom HDIM more often (range 1–5).
*P< 0·05, **P< 0·01, ***P< 0·001.
†The PhysioDom Home Dietary Intake Monitoring (HDIM) intervention consisted of telemonitoring, nutrition education and follow-up by a nurse, implemented in a health-care setting among Dutch community-dwelling older
adults from April 2016 to June 2017.
‡Measured by Mini Mental State Examination.
§Measured by Short Physical Performance Battery.

Table 7 Influence of acceptability and dose received on effects of the PhysioDom HDIM intervention† on nutritional status and diet quality

MNA score,
ΔT1–T0

MNA score,
ΔT2–T0

DHD-FFQ
vegetables,
ΔT2–T0

DHD-FFQ
fruits,

ΔT2–T0

DHD-FFQ
fibre,

ΔT2–T0

DHD-FFQ
protein,
ΔT2–T0

DHD-FFQ
physical activity,

ΔT2–T0

β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI

Acceptability‡
Performance expectancy 0·21 −0·65, 1·06 0·41 −0·58, 1·39 −0·03 −1·27, 1·22 0·42 −0·45, 1·29 0·17 −0·45, 0·78 0·17 −1·86, 1·32 −0·70 −2·39, 0·98
Effort expectancy 0·80 −0·10, 1·69 0·07 −0·96, 1·10 −0·06 −1·37, 1·25 − 0·57 −1·49, 0·34 0·39 −0·26, 1·03 0·17 −1·50, 1·84 −0·21 −1·98, 1·57
Social influence 0·35 −0·27, 0·97 0·20 −0·51, 0·91 −0·28 −1·19, 0·64 − 0·43 −1·06, 0·21 0·13 −0·32, 0·58 − 0·84 −2·01, 0·32 −0·14 −1·38, 1·10
Facilitating conditions −0·87 −1·87, 0·13 − 0·34 −1·48, 0·81 0·03 −1·45, 1·51 0·72 −0·31, 1·75 −0·57 −1·30, 0·16 0·87 −1·02, 2·75 −1·08 −3·08, 0·93

Dose received
Adherence body weight
measurements§

0·49 −0·92, 1·91 0·58 −1·07, 2·23 0·54 −1·18, 2·27 − 0·42 −1·80, 0·96 0·15 −0·71, 1·01 1·38 −0·76, 3·52 −1·54 −3·80, 0·73

Percentage of messages opened‡ 0·01 −1·93, 1·95 0·03 −2·13, 2·19 0·99 −1·34, 3·32 0·64 −1·24, 2·51 0·48 −0·68, 1·63 0·56 −2·37, 3·49 −0·82 −3·91, 2·28
Frequency of contact with nurse from
project

−0·02 −0·30, 0·25 0·00 −0·31, 0·32 −0·17 −0·50, 0·17 0·10 −0·17, 0·37 −0·00 −0·17, 0·16 − 0·15 −0·58, 0·28 −0·08 −0·53, 0·36

MNA, Mini Nutritional Assessment; DHD-FFQ, Dutch Healthy Diet Food Frequency Questionnaire; T0, baseline; T1, 4·5 months after the start of the study; T2, 6 months after the start of the study.
†The PhysioDom Home Dietary Intake Monitoring (HDIM) intervention consisted of telemonitoring, nutrition education and follow-up by a nurse, implemented in a health-care setting among Dutch community-dwelling older
adults from April 2016 to June 2017.
‡Constructs from the Unified Theory of Acceptance and Use of Technology are combined in one model and adjusted for age, sex, help from relatives, living situation and number of diagnoses.
§Adjusted for age and education.
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associated with lower adherence to an eHealth interven-
tion(26,27). This has implications for the expectation that
eHealth improves health-care access and health equity, as
the present study and other studies show that older age
and poorer health are related to higher dropout or lower
adherence. Therefore, health disparities may still remain
for persons who are less able or willing to keep up with
eHealth(28). For future generations of older adults with
higher computer literacy this issue might be less proble-
matic. Nevertheless, research should focus on how the
reach towards these groups can be improved or by con-
sidering other modalities than eHealth to promote health
in non-adopters of eHealth(29).

In general, participants were satisfied about the inter-
vention. When looking at the UTAUT constructs, we found
that participants rated effort expectancy and facilitating
conditions the highest. Participants were more neutral
about performance expectancy and social influence. The
results for effort expectancy and social influence seem
contradictory to the nurses’ views. The nurses were more
negative about the participants’ ease of use of the inter-
vention than participants themselves. Furthermore, nurses
supported many participants in performing the tele-
monitoring measurements, but participants were neutral
about the role of social influence. This could be partly due
to the operationalisation of social influence, as participants
might not see their nurses as ‘important others’ but rather
think of relatives. Another explanation might be that the
nurses especially observed participants who frequently
needed help. All in all, taking account of the views of both
participants and nurses is relevant as both have an
essential role in successful implementation.

However, social influence was a predictor for intention
to use the intervention, together with performance
expectancy. Performance expectancy has been identified
as an important predictor of use(10–12,30,31). The literature is
divided about the role of social influence in eHealth
adoption. According UTAUT, social influence is a sig-
nificant predictor in mandatory settings only and studies
did not find an association between social influence and
intention to use eHealth among older adults(11,12,14).
However, our study and others did find an associa-
tion(10,32–35). This might be explained by the way social
influence is operationalised in studies, or by the sugges-
tion that the role of social influence is dependent on the
context(12,14). Many technology acceptance models have
reduced social influence to the construct of subjective
norm (i.e. perception that important others think he/she
should or should not use technology), but social influence
also encompasses the influence of technology suppliers,
health-care professionals and the help of relatives(10,36).
Models concerning technology acceptance by older adults
should pay attention to this more complex role of social
influence.

Unexpectedly, no associations of the process indicators
dose received and acceptability with effects of the

intervention were found. Previous research suggests that
intervention adherence is related to better outcomes(37–40).
However, other studies did not find such an association or
presented mixed results(27,41–43). It could be that the pro-
cess indicators in the present study and the way they were
measured did not capture implementation sufficiently. For
example, self-report could have introduced recall bias.
Another explanation might be that the relationship
between process indicators and outcomes is more com-
plex, for example not following a linear relationship or
influenced by sociodemographic factors or personality
traits(41,42). Future studies should continue to include
process measures to unravel interventions’ mechanisms of
impact and to unveil successful intervention elements.

The current study made use of evaluation frameworks
to underpin the evaluation strategy. The Medical Research
Council and UTAUT frameworks have been widely used
for process evaluation and technology acceptance,
respectively. One of the objections concerning UTAUT,
however, is that this model lacks important determinants
of technology use that are specific to community-dwelling
older adults, such as cognitive and physical functioning
and several contextual factors(10). This was taken into
account by including cognitive and physical functioning in
the analyses, together with the UTAUT constructs. Fur-
thermore, both quantitative and qualitative data were used
to capture an in-depth overview of how the intervention
was implemented and received. Collecting data from both
participants and nurses resulted in two complementary
perspectives on the intervention. A limitation of the study
might be recall bias among nurses concerning their
implementation of the intervention. Nurses were asked
about their frequency and duration of intervention activ-
ities half-way during the intervention and were reminded
at the end of the intervention to record the contact
moments with participants. This might have obscured the
association between intervention dose and effects.

Based on the present study, some implications for future
research and practice are presented. First, nurses found it
difficult to perform follow-up of telemonitoring results of
participants who did not receive home care. This suggests
that telemonitoring can better be implemented within a
care context in which nurses know the telemonitoring
recipients. Second, telemonitoring has the purpose to
partly replace care from health-care professionals. How-
ever, some of our participants needed much guidance
from nurses in performing telemonitoring measurements,
suggesting that the current intervention, implemented
among the current generation, requires more guidance
from nurses than desired. Improved usability may reduce
the need for guidance, as well as the expectation that
future generations have better computer literacy. Third,
the study underlines the importance of user-centred
design in developing eHealth intervention for older
adults. This process evaluation revealed several aspects
that would hinder long-term use of the intervention, such
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as the usability and interoperability of the nurses’ website,
the perceived need for the intervention, and the usability
and attractiveness of the television channel. Although we
have pre-tested the telemonitoring technology in a pilot
study, it is recommended that end users and other relevant
stakeholders are even more involved in iterative devel-
opment cycles of eHealth applications(44,45).

Conclusion

To conclude, the PhysioDom HDIM intervention was
feasible to implement with good satisfaction among par-
ticipants, but lower satisfaction among nurses. Nutritional
telemonitoring interventions should be user-friendly so
that telemonitoring measurements can be performed
without guidance from nurses; and should fit with working
procedures from nurses for successful adoption and
implementation. The perceived benefits of the interven-
tion and social influence predicted the participants’
intention to use the intervention, which can be used as
strategies for future intervention design and implementa-
tion. Future research should focus on how to enlarge the
reach of eHealth interventions to more frail older adults
and on unravelling mechanisms of impact.
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