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Abstract

Background: A healthy lifestyle, including regular physical activity and a healthy diet, is increasingly part of type 2 diabetes
(T2D) management. As many people with T2D have difficulty living and maintaining a healthy lifestyle, there is a need for
effective interventions. eHealth interventions that incorporate behavior change theories and tailoring are considered effective
tools for supporting a healthy lifestyle. The E-Supporter 1.0 digital coach contains eHealth content for app-based eHealth
interventions and offers tailored coaching regarding physical activity and a healthy diet for people with T2D.

Objective: This study aimed to assess the acceptability of E-Supporter 1.0 and explore its limited efficacy on physical activity,
dietary behavior, the phase of behavior change, and self-efficacy levels.

Methods: Over a span of 9 weeks, 20 individuals with T2D received daily motivational messages and weekly feedback derived
from behavioral change theories and determinants through E-Supporter 1.0. The acceptability of the intervention was assessed
using telephone-conducted, semistructured interviews. The interview transcripts were coded using inductive thematic analysis.
The limited efficacy of E-Supporter 1.0 was explored using the Fitbit Charge 2 to monitor step count to assess physical activity
and questionnaires to assess dietary behavior (using the Dutch Healthy Diet index), phase of behavior change (using the
single-question Self-Assessment Scale Stages of Change), and self-efficacy levels (using the Exercise Self-Efficacy Scale).

Results: In total, 5 main themes emerged from the interviews: perceptions regarding remote coaching, perceptions regarding
the content, intervention intensity and duration, perceived effectiveness, and overall appreciation. The participants were
predominantly positive about E-Supporter 1.0. Overall, they experienced E-Supporter 1.0 as a useful and easy-to-use intervention
to support a better lifestyle. Participants expressed a preference for combining E-Supporter with face-to-face guidance from a
health care professional. Many participants found the intensity and duration of the intervention to be acceptable, despite the
coaching period appearing relatively short to facilitate long-term behavior maintenance. As expected, the degree of tailoring
concerning the individual and external factors that influence a healthy lifestyle was perceived as limited. The limited efficacy
testing showed a significant improvement in the daily step count (z=−2.040; P=.04) and self-efficacy levels (z=−1.997; P=.046)
between baseline and postintervention. Diet was improved through better adherence to Dutch dietary guidelines. No significant
improvement was found in the phase of behavior change (P=.17), as most participants were already in the maintenance phase at
baseline.
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Conclusions: On the basis of this explorative feasibility study, we expect E-Supporter 1.0 to be an acceptable and potentially
useful intervention to promote physical activity and a healthy diet in people with T2D. Additional work needs to be done to further
tailor the E-Supporter content and evaluate its effects more extensively on lifestyle behaviors.

(JMIR Form Res 2023;7:e45294) doi: 10.2196/45294
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Introduction

Background
Type 2 diabetes (T2D) is 1 of the 4 most prevalent
noncommunicable diseases worldwide and has a major impact
on the health and well-being of individuals [1,2]. In 2021,
approximately 536.3 million adults were living with diabetes
mellitus, and this number is predicted to rise to 783.2 million
in 2045 [3]. A healthy lifestyle is of utmost importance in the
management of T2D and its complications [4-7]. Therefore,
obesity, unhealthy diet, and sedentary lifestyle are important
treatment targets in T2D [8-10]. Physical activity increases
insulin sensitivity [11]; stimulates weight loss; and improves
blood pressure, lipoprotein profile, vascular health, and general
fitness [12,13]. In addition, a healthy diet (ie, rich in whole
grains, fruits, vegetables, legumes, and nuts and lower in refined
grains, red and processed meats, and sugar-sweetened beverages)
improves glycemic control and blood lipid profiles in people
with T2D [14]. Therefore, lifestyle modification is a potential
strategy for managing or even reversing T2D. However, most
people with T2D experience difficulties in meeting the
guidelines on physical activity and a healthy diet [15,16].

To support people with T2D in adopting a healthy lifestyle,
several lifestyle interventions have been developed, which have
clearly shown that such interventions can achieve the reversal
or remission of T2D [4-7,17,18]. However, a disadvantage of
most lifestyle interventions is that many are offered by
professionals, which makes them time and cost intensive. With
the growing diabetes population, capacity issues, and limited
financial resources available, providing lifestyle guidance to all
people with T2D is not feasible via face-to-face programs alone
[19,20]. Therefore, remote or blended-care solutions are needed
to make lifestyle guidance accessible to all people with T2D.
eHealth (ie, the use of technology to support health, well-being,
and health care [21]) can play a major role in this [22], as they
are accessible at all times and are less intensive regarding effort,
time, and cost than face-to-face programs [23,24]. Furthermore,
eHealth can be used to self-monitor lifestyle behaviors and
enables more continuous support in daily life through tailored
feedback [24,25]. Moreover, extensive research showed that
eHealth has the potential to improve physical activity levels
[26-28] and compliance with dietary guidelines [29,30], resulting
in improved health outcomes, such as perceived fitness, body
weight, blood pressure, or glycemic control [29-32]. However,
the effectiveness of eHealth interventions differs according to
the intervention [28,33]. This variability in effectiveness can
be explained by the great diversity within these interventions
in the use of potentially effective elements, such as the use of

behavior change theory (eg, social cognitive theory [34]) or the
degree of tailoring to the user [35].

Several theories of health behavior have been developed to
explain health behaviors and to guide the development of
behavior change interventions. Research showed that
interventions based on a behavior change theory are more
effective than interventions that are not based on a theory
[36-39]. In addition, using behavior change techniques (BCTs;
active components of an intervention designed to alter or redirect
causal processes that regulate behavior [40]) increases the
likelihood of an intervention being effective [41,42]. To
illustrate, most interventions that reported significant changes
in physical activity, diet, or health outcomes combined BCTs
as self-monitoring, goal setting, feedback on behavior, or review
of behavioral goals [29,43]. Nevertheless, many eHealth
interventions lack the optimal use of effective behavioral change
theory and techniques [44-47]. Furthermore, several studies
have shown that tailored eHealth interventions are more
effective in promoting healthy behaviors and user engagement
than generic (ie, nontailored) interventions [33,35,39,48-50].
Moreover, dynamically tailored interventions (ie, feedback is
based on iterative assessment) have shown larger effect sizes
and better long-term effects than static tailored interventions
(ie, where all feedback are based on a single baseline
assessment) [51,52].

Currently, eHealth interventions aimed at improving lifestyle
behavior that integrate behavior change theory and dynamic
tailoring are scarce in the Dutch market. In this light, we are
developing an eHealth intervention to support a healthy lifestyle
in people with chronic diseases, called E-Supporter, through a
systematic and iterative approach. In the first iteration, we
developed E-Supporter 1.0, in which both behavior change
theory and dynamic tailoring are embedded to support people
with T2D in improving physical activity levels and nutritional
behavior. On the basis of if-then rules, E-Supporter 1.0 offers
three types of intervention options: (1) motivational messages,
(2) behavioral feedback, and (3) tailor-made supportive exercises
to overcome barriers to achieving goals. E-Supporter 1.0 is
described in detail elsewhere [53].

Objectives
Developing E-Supporter is an iterative and dynamic process in
which the intervention is improved step by step. Therefore, an
interim evaluation of the intervention program is a necessary
step to examine whether the intervention is appropriate for
further development or testing and to formulate points for
improvement for subsequent development iterations [21,54,55].
Accordingly, it may be worthwhile to explore some aspects of
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feasibility [55], such as users’ overall experience with the
intervention (ie, acceptability) or whether the intervention is
potentially successful among the target population (ie, limited
efficacy). As we do not have insight into the aforementioned
concepts regarding E-Supporter 1.0, the aims of this study were
to (1) evaluate the patient’s acceptability of E-Supporter 1.0
and (2) explore its limited efficacy on physical activity, dietary
behavior, the phase of behavior change, and self-efficacy levels.

Methods

Overview
A mixed methods longitudinal study was conducted to evaluate
the acceptability and limited efficacy [55] of E-Supporter 1.0
on physical activity, diet, phase of behavior change, and
self-efficacy. The study included 3 data collection points:
baseline assessment (T0), midintervention assessment (T1), and
postintervention assessment (T2; Figure 1).

Figure 1. Study design. DHD15 index: Dutch Healthy Diet index [56]; ESES: Exercise Self-Efficacy Scale [57]; SAS Stages of Change: Single-question
Self-Assessment Scale Stages of Change [58].

Intervention Description
The E-Supporter 1.0 coaching content aimed to encourage
people with T2D to adopt a healthier lifestyle regarding light
to moderate to vigorous physical activities or better adherence
to the Dutch dietary guidelines. E-Supporter 1.0 consisted of
coaching content that can be integrated into various app-based
eHealth interventions. More detailed information about the
design of E-Supporter 1.0 can be found elsewhere [53].

Intervention Targets
On the basis of behavior change theories, several behavioral
intervention targets (ie, determinants) are addressed in the
content of E-Supporter 1.0. These intervention targets were
selected based on the Health Action Process Approach [59] and
theories that elucidate behavioral maintenance, including

Rothman’s theory of maintenance [60] or Marlatt’s relapse
prevention theory [61]. The intervention approach recognized
three distinct phases of behavior change: (1) an intentional phase
to form intentions to adopt a healthy behavior, (2) an action
phase to transform intentions into actual behavior change, and
(3) a maintenance phase to support the persistence of behavior
change in the long term.

The intervention targets consisted of 2 key determinants: action
control and self-efficacy. E-Supporter 1.0 further covered
phase-specific determinants for all the 3 phases, such as outcome
expectancies, coping planning, and habit formation (Figure 2).
BCTs (eg, self-monitoring of behavior, information about health
consequences, and prompts and cues) were included in the
intervention content to address the key and phase-specific
determinants.
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Figure 2. Intervention targets of E-Supporter 1.0.

Intervention Options

Overview

E-Supporter 1.0 consisted of goal setting options (ie, step goals,
cycling goals, or nutritional goals) and 3 types of intervention
options. The intervention options included the type of behavior
change support that could be used at any decision point (ie,
points in time at which an intervention decision must be made)
[25]. The intervention options in E-Supporter 1.0 comprised
(1) motivational messages, (2) feedback on behavior, and (3)
tailor-made psychological exercises to overcome barriers to
goal achievement. Intervention options were tailored based on
if-then rules to the variables of behavior goal, phase of behavior
change, type of chronic disease, time of day, and goal
achievement. To provide insight into and feedback on current
lifestyle behavior, the E-Supporter content could be used in
combination with self-monitoring tools.

In this study, the content of E-Supporter was examined via text
messaging and email without being integrated into an app.
Psychological exercises are normally offered through a
conversational agent and can therefore only be offered if it is
integrated into an app. Hence, only motivational messages (via
text messaging) and feedback on behavior (via email) were
evaluated in this study.

Motivational Messages

Motivational messages were sent a maximum of twice a day
and could be tailored to the phase of behavior change, type of
chronic disease, time of day, and type of behavioral goal. The
content of the motivational messages was based on the
behavioral determinants and the corresponding BCTs in
E-Supporter 1.0. Motivational messages included, but were not
limited to, knowledge about guidelines for physical activity or
nutrition, information about setting achievable goals, or making
action and coping plans.

Feedback

Feedback was tailored to goal achievement and was provided
weekly after the last goal assessment moment of the week.
Feedback was given regarding whether they achieved their goal,
consisting of both descriptive and evaluative feedback. Everyone
received feedback on the number of days the goal had been
achieved in the past week. If individuals realized a great deal
of their goal or even their full goal, they received a compliment.

Participants
We aimed to recruit 20 people with T2D who participated in
the observational Diabetes and Lifestyle Cohort Twente
(DIALECT) study [62] in Ziekenhuisgroep Twente (ZGT)
Almelo, the Netherlands. Participants were eligible for the study
if they met the following criteria: (1) diagnosed with T2D, (2)
in possession of a smartphone, (3) Dutch speaking, and (4)
signed an informed consent form. Participants were excluded
if they were unable to open or read text messages or email.

Procedures
In total, 3 rounds of assessments were conducted: at baseline
(T0), midintervention (T1), and postintervention (T2).
Participants could work on either physical activity or diet.
Participants in the physical activity module wore a Fitbit Charge
2 throughout the intervention period. Participants in the
nutritional module could maintain an electronic food diary for
the entire intervention period.

Participants were informed of the study during a face-to-face
appointment for the DIALECT study. Participants of the
DIALECT study who were interested in participating in this
study received detailed information about the study. The intake
took place during the second appointment for the DIALECT
study at the ZGT Hospital. During the intake, participants could
ask questions about their participation in the study and signed
an informed consent form. The researcher assisted the
participants by installing either the Fitbit Charge 2 and Fitbit
app or the Diameter app [63,64] to maintain the electronic food
diary.
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To complete the baseline measurements, participants in the
physical activity module were asked to wear the Fitbit Charge
2 for 1 week to assess physical activity levels at baseline.
Participants in the nutritional module were asked to complete
a questionnaire on their dietary habits. In addition, all
participants were asked to complete 2 questionnaires to
determine their phase of behavior change and self-efficacy level
at baseline.

Thereafter, participants set either a step goal or nutritional goal
according to the Dutch Health Eating Guidelines (eg, eating 2
pieces of fruit daily) [65]. The goals gradually became more
difficult over the weeks (eg, a higher step goal each week).
Participants used E-Supporter 1.0 for 9 weeks. Motivational
messages were tailored based on the baseline questionnaires
regarding the phase of behavior change and self-efficacy level.
The feedback was tailored based on the assessed behavior and
goal achievement. Data to provide feedback were collected
using Fitbit Charge 2 for the physical activity module and daily
ecological momentary assessments for the nutritional module.
Through the ecological momentary assessments, participants
in the nutritional module were asked every day whether they
had achieved their goal the previous day. Daily motivational
messages were sent as text messages, and feedback was sent
via email. After the feedback on goal achievement, the mail
contained the behavioral goal for the next week.

During midintervention and postintervention, the interviews to
assess acceptability were conducted by telephone and were
audio recorded. The interviews lasted between 15 and 60
minutes, with an average of 25 minutes, and were conducted
by AStV, EMSF, and LKS. Physical activity levels were
assessed at both midintervention and postintervention for the
participants in this module. Diet was only assessed
postintervention. In week 9, participants were invited to
complete the web-based postintervention questionnaires
regarding the phase of behavior change and self-efficacy levels.

Data Collection and Analysis

Overview
Statistical analysis was performed using ATLAS.ti (version 8)
and SPSS (version 25; IBM Corp). Descriptive analyses were
conducted for all quantitative variables (means or medians, SDs
or IQRs, and frequencies). A significance level of P<.05 was
used for all comparisons.

Acceptability
We operationalized acceptability as users’ overall experience
with E-Supporter 1.0, including perceived effectiveness, ease
of use, and satisfaction with the experience [55]. In total, 2
semistructured interviews at midintervention and
postintervention were conducted to assess the acceptability of
E-Supporter 1.0. The interviewers followed an interview
schedule developed by the authors to conduct the interview
(Multimedia Appendix 1). The participants were first given a
brief introduction about the purpose of the interview.
Subsequently, participants were asked about their overall
appreciation of the intervention, their opinion about the
motivational messages, and their opinion about the weekly
feedback and to express their appreciation in a grade for

motivational messages, feedback, and the entire intervention
on a scale of 1 (very poor) to 10 (excellent). Participants were
asked a series of open-ended questions. An example of an
open-ended question was, “What do you think of the content
of the text messages?” The interview guide included follow-up
questions to elicit relevant experiences.

The interviews were transcribed nonverbatim. Inductive thematic
analysis [66] was used to analyze the transcripts. Each text
fragment that seemed to provide an important perspective on
the acceptability of our intervention was assigned a descriptive
code. The codes were then iteratively specified to map the
underlying themes. Transcripts were independently coded by
2 researchers. The assigned codes were compared, and in cases
of disagreement, the researchers discussed until a consensus
was reached. Themes were developed, defined, and where
necessary, and refined from the specified codes.

Physical Activity
Physical activity levels were measured by extracting the mean
daily step count per day, as assessed by Fitbit Charge 2 [67].
The Fitbit is a triaxial accelerometer that measures daily step
count, minutes spent per activity level, stairs climbed, calories
burned, distance traveled, heart rate, and sleep patterns. In this
study, only daily step count was used. To self-monitor physical
activity for the intervention period, the participants were
requested to wear the Fitbit daily. We reported the step count
as the median (IQR). A Wilcoxon signed-rank test [68] was
performed to examine differences in physical activity levels
between baseline versus midintervention and baseline versus
postintervention.

Dietary Habits
Dietary intake was assessed using a validated, semiquantitative
Food Frequency Questionnaire (FFQ) [69]. For each food item,
the FFQ contained questions regarding the frequency (in times
per day, week, or month), portion size (in natural or household
measures), and preparation methods. Daily nutrient intake per
food item (grams per day) was determined using the Dutch Food
Composition Table [70]. The Dutch Healthy Diet index (DHD15
index) score was used to assess adherence to the Dutch dietary
guidelines in 1 score based on 15 components of a healthy diet
[56]. FFQ data were categorized into DHD15 index food groups.
The DHD15 index assigned a score between 0 and 10 points to
every component. The assignment of the scores has been
described elsewhere [56]. Adherence to nutritional guidelines
was expressed by summing all components into a score on a
scale of 0 (not adherent) to 120 (fully adherent) per participant.
The maximum score is normally 150. However, because of the
limitations of the FFQ used in this study in accurately estimating
the intake of coffee, salt, and whole-grain products, these
components were excluded from the analysis. The difference
in the DHD15 index score was calculated between baseline and
postintervention and presented as absolute and percent
improvement.

Self-Efficacy
To measure self-efficacy, the Exercise Self-Efficacy Scale
(ESES) was administered (Multimedia Appendix 2 [57,71]) at
baseline and postintervention. The ESES consists of 10 items
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on self-confidence about physical activity. For participants in
the nutritional module, we used a modified version of the ESES
by Fokkema [71] to determine self-efficacy regarding a healthy
diet. The assessment was based on a 4-point Likert scale,
containing the anchors “1=not at all true,” “2=rarely true,”
“3=sometimes true,” and “4=always true” [57]. Self-efficacy
was categorized as a continuous variable by summation of the
scores on the 10 items of the ESES questionnaire. The minimum
and maximum scores were 10 and 40, respectively, with a higher
score indicating a higher level of self-efficacy. Self-efficacy
scores are presented as median (IQR), and a Wilcoxon
signed-rank test was performed [68]. Generally accepted cutoff
values were used to indicate the level of self-efficacy; a total
score of <29 indicated low self-efficacy, and a total score of
≥29 indicated high self-efficacy [72].

Phase of Behavior Change
We used the single-question Self-Assessment Scale (SAS)
Stages of Change (Multimedia Appendix 3 [58,71]) to measure
the phase of behavior change at baseline and postintervention.
For participants in the nutritional module, we used a modified
version of the SAS Stages of Change by Fokkema [71] to
determine the phase of behavior change regarding a healthy
diet. The SAS Stages of Change measure the phase of behavior
change based on a single question by asking the extent to which
someone participated in healthy behavior. The possible answer
options related to 5 phases of behavior change as described in
the transtheoretical model [73] and were used to categorize the
phase of behavior change as an ordinal variable from 1 to 5
(1=maintenance, 2=action, 3=preparation, 4=contemplation,
and 5=precontemplation) [74]. The 5 answer options were traced
to the 3 phases of behavior change tailored to E-Supporter 1.0.
Participants who chose answer option 3, 4, or 5 were included

in the initiation phase; participants who answered option 2 were
included in the action phase; and participants who chose answer
option 1 were included in the maintenance phase. A related
sample marginal homogeneity test was performed to compare
the phase of behavior change between baseline and
postintervention [75].

Demographics
Information on age (years), sex (male, female, or other), duration
of T2D diagnosis (years), and diabetes-related complications
(retinopathy, nephropathy, or neuropathy) was obtained from
the hospital’s electronic patient records. During the intake,
height (cm) and weight (kg) were measured and used to calculate

the BMI (kg/m2). Having a job (yes or no) was questioned
during the intake. Medication use was determined by means of
the medication overview from the pharmacy that participants
brought with them to the intake.

Ethics Approval
The study protocol was approved by the Medical Ethics
Research Committee Twente, Enschede (approval K20-05). In
addition, the local advisory committee of practical feasibility
at ZGT Hospital approved the study (approval ZGT17-39).

Results

Participant Characteristics
The 20 participants had a mean age of 68 (SD 8.0) years, BMI

of 33.8 (SD 6.8) kg/m2, and T2D diagnosis of 19.7 (SD 9.8)
years. The patient characteristics are presented in Table 1. In
total, 15 participants evaluated the physical activity module,
and 5 participants evaluated the nutritional module of
E-Supporter 1.0.
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Table 1. Participant characteristics (N=20).

ValuesCharacteristic

68.0 (8.0)Age (years), mean (SD)

Sex, n (%)

14 (70)Male

6 (30)Female

100.0 (21.2)Weight (kg), mean (SD)

172.0 (8.0)Length (cm), mean (SD)

33.8 (6.8)BMI (kg/m2), mean (SD)

19.7 (9.8)T2Da duration (years), mean (SD)

14 (70)bComplications, n (%)

3 (15)Retinopathy

7 (35)Neuropathy

6 (30)Nephropathy

12 (60)Insulin treatment, n (%)

7 (35)Employed, n (%)

aT2D: type 2 diabetes.
bThe sum of the various complications (retinopathy, neuropathy, and nephropathy) is greater than the sum of complications because participants may
experience multiple complications.

Acceptability

Themes and Codes
The themes and main codes resulting from the interviews are
provided in Table 2.

Table 2. Themes and codes resulting from the interviews.

DefinitionTheme and main codes

Perceptions regarding remote lifestyle coaching

Opinions on the possibility of providing continuous and intensive lifestyle guidance
through eHealth tools as E-Supporter 1.0

Continuous support in daily life

Beliefs about the application of E-Supporter as a blended-care interventionBlended coaching

Perceptions regarding the coaching content

Opinions on the relevance of the content of E-Supporter 1.0Relevance of information

Perceptions about the degree of tailoring of the E-Supporter 1.0 contentDegree of tailoring

Intervention intensity and duration

Perceptions regarding the continued use of E-Supporter 1.0 over timeUse over time

Beliefs on whether E-Supporter 1.0 can adequately support behavior maintenanceSupporting behavior maintenance

Perceived effectiveness

Perceptions about the motivational effect of E-Supporter 1.0 to change lifestyle be-
haviors

Motivational effect

Opinions on whether E-Supporter 1.0 can realize lifestyle changesBehavior change support

Overall appreciation

Rating of E-Supporter 1.0 expressed on a scale from 1 to 10Rating E-Supporter 1.0
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Perceptions Regarding Remote Lifestyle Guidance
Many participants had positive opinions on the use of remote
lifestyle coaching offered by E-Supporter 1.0. It was appreciated
that daily guidance was provided. Due to continuous support,
many participants expected that eHealth could guide people just
as well or better than through face-to-face support. Nevertheless,
some participants believed that digital lifestyle coaching would
be less effective than intensive guidance from a health care
professional during face-to-face consultations.

Participants preferred to use E-Supporter as a blended-care
intervention in which they were supported by E-Supporter in
addition to the consultations with their health care professional.
One participant shared his preference of using eHealth over
face-to-face consultations:

I will soon have an appointment with a dietician. If I
had to choose between a dietitian or this, I would do
this. I’ll be honest about that...Well, you know, you
get a daily reminder. And with a dietician, a week
before you go to the dietician, you think oh, let’s start
with the advices. And I find that very difficult. This
[E-Supporter] is a daily reminder, a text message,
that makes you think: oh yes, what shall I have dinner
tonight. Well then, I make something light with a lot
of vegetables, or a light pasta meal, things like that.
[Male participant, aged 59 years]

Perceptions Regarding the Coaching Content
Participants were generally positive about the content of the
motivational messages and emails. The practical tips on how
to improve the lifestyle—generally messages with a call to
action—were particularly appreciated. Participants who mainly
received motivational messages targeting the initiation phase
found the content aimed at increasing their knowledge to be
logical, already known, or repetitive. Some participants used
external information sources (eg, links to websites or videos)
incorporated in the messages. Many participants thought that
the external information sources were a good addition because
they provided more in-depth information or advice on certain
topics. Almost all participants were positive about the content
of weekly emails with feedback on their behavior. The content
of the emails was considered clear, relevant, and concise, as the
participants responded as follows:

The email messages were very good in my opinion.
They were very relevant and clear. So yes, I was
satisfied with it. It gives you good insight into your
progress and what you still need to work on. [Male
participant, aged 57 years]

Still, some participants felt that the email messages contained
too much information, for example, regarding numerical
information that was difficult for them to interpret.

The degree of tailoring in the messages was mainly experienced
by the use of the participants’ first names. The content of the
motivational messages themselves was not perceived as highly
tailored. Most participants indicated that some messages
matched their personal preferences regarding physical activities
and diet, whereas other messages did not. According to the
participants, the messages did not take sufficient consideration

of personal factors (eg, physical limitations and mood) and
external circumstances (eg, bad weather and working time). As
the feedback was tailored to the participants’ behavior and their
lifestyle goals, emails with feedback were generally considered
more tailored than motivational messages.

Intervention Intensity and Duration
Generally, participants were satisfied with the intensity and
duration of E-Supporter 1.0. The frequency of 2 motivational
messages per day was considered sufficient by most participants.
According to them, this frequency was sufficient to remind
participants of a healthy lifestyle but not disturbingly. Some
participants thought that the number of text messages per day
was too high, as they could not follow all advice in this short
period. The participants found a frequency of once a week for
the emails to be just enough to receive an overview of their
performance without being overwhelmed by information.

During the midintervention interviews, all participants indicated
that they were still using E-Supporter. During the
postintervention interviews, a vast majority of participants
considered a length of 9 weeks to be a suitable time frame for
lifestyle coaching via digital means. However, some participants
indicated 9 weeks as a long period and therefore found it
difficult to continue to actively use E-Supporter 1.0, especially
in the final weeks. This was mainly caused by the repetitive
nature of motivational messages and lack of interactivity in the
coaching content. Nevertheless, other participants felt that the
coaching period was too short to permanently change someone’s
lifestyle and that longer guidance was needed to form new
habits. Participant 19 commented on this perception as follows:

See, lifestyle patterns change, you have to motivate
yourself, you have to get used to it. Nine weeks is too
short. I am now used to eating less salty food and I
am used to drinking less sugar. But every now and
then, when I go out, I forget it again and relapse. And
I think if you offer a slightly longer module, maybe 6
months, it will help many people a lot. Because people
will be remembered every time until they get used to
it [new lifestyle habits]. Then you adjust your lifestyle
pattern. [Male participant, aged 59 years]

Perceived Effectiveness
Participants found E-Supporter 1.0 to be a suitable way to gain
more insight into their lifestyles.

The use of E-Supporter 1.0 increased their motivation to change
their lifestyles because of the concrete tips and advice provided
in the coaching content. Some participants indicated that the
advice provided by E-Supporter helped them improve their
lifestyle and health, which was illustrated as follows:

The benefit for me is that I have been more aware of
a few things. Especially with the salt. I cook every
day, so I think oh, potatoes salt, oh no, let’s not do
salt. After 2 weeks I got used to it a bit. I had to have
salt on everything and I have stopped doing that and
that will help yourself...I have literally stopped
drinking all soft drinks that contain sugar. Everything
is zero or light. Those are those things, which is an
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added value for me. And I have already lost 3 kilos
in that month and a half, so that is also good. [Male
participant, aged 57 years]

I was at the doctor this morning and he was so
satisfied. My glucose was 2 points lower and my
saturation was increased by 3% [chronic obstructive
pulmonary disease as comorbidity]. Now I have
experienced how good physical activity is. [Female
participant, aged 62 years]

However, other participants indicated that they did not find
E-Supporter an added value for themselves but rather for people
who are not yet planning to change their lifestyle.

Overall Appreciation
Table 3 provides an overview of the mean (SD) of the grades
given for the various components of E-Supporter. All individual
components of the modules for physical activity and healthy
nutrition received a satisfactory mark from each participant,
ranging from 7 to 9. E-Supporter 1.0 received an average overall
rating of 8.0 (SD 0.5). Participants indicated that the biggest
areas for improvement would be further tailoring of motivational
messages and emails so that they better match someone’s
personal and external circumstances.

Table 3. Mean (SD) grades (scale from 1 to 10) for the E-Supporter 1.0 modules and components.

E-supporter 1.0aE-supporter, healthy nutritionE-supporter, physical activityContent

7.8 (1.0)8.4 (0.5)7.6 (1.1)Motivational messages, mean (SD)

8.0 (0.5)8.1 (0.2)7.9 (0.5)Feedback, mean (SD)

8.0 (0.5)8.1 (0.2)8.0 (0.5)E-Supporter overall, mean (SD)

aAverage of the E-Supporter grades for physical activity and healthy nutrition.

Limited Efficacy

Physical Activity Levels
From baseline to postintervention, 11 of the 14 participants had
increased their mean daily step count. Three participants had a
lower mean daily step count postintervention than at the
baseline. Owing to a Fitbit malfunction, we had missing data
of 1 participant at baseline. The median daily step count was
6426.0 (IQR 2908.5-6811.5) steps per day at baseline. At
midintervention, the median daily step count increased not
significantly to 6988.5 (IQR 3424.5-9689.0) steps per day
(z=−1.789; P=.07). Relative to baseline, there was a significant
improvement in the daily step count to a median value of 8131.0
(IQR 4368.25-9855.5) steps per day postintervention (z=−2.040;
P=.04).

Dietary Habits
The DHD15 index was calculated at baseline and
postintervention for 2 of the 5 participants in the healthy diet
module because the other participants did not complete the
questionnaire postintervention. Both participants showed

improvement in their adherence to the Dutch dietary guidelines.
Participants 17 and 18 improved from a baseline score of 62.6
and 55.6 to scores of 77.9 and 68.9 postintervention, which are
percent improvements of 24.4% and 22.3%, respectively. The
dietary guidelines that the participants mainly improved on were
an increase in the consumption of fish, nuts, and legumes and
a decrease in the consumption of soft drinks and fruit juices.

Self-Efficacy Levels
Table 4 provides an overview of the self-efficacy levels of the
participants at the baseline and postintervention. The third
column in Table 4 shows the combined results for physical
activity and health nutrition. At baseline, participants had a
self-efficacy level with a median value of 33.5 (IQR
29.25-37.75). This self-efficacy level indicates that participants
already had a high level of confidence in their own abilities to
change behavior at baseline, using the cutoff value of Bay et al
[72], where a score ≥29 is considered a high self-efficacy level.
Overall, participants had a significantly improved self-efficacy
level (median 33.5 [IQR 29.25-37.75] vs median 36.0 [IQR
34.0-37.0]) between baseline and postintervention (z=−1.997;
P=.046).
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Table 4. Self-efficacy levels and phase of behavior change at baseline (T0) and postintervention (T2) for the E-Supporter modules.

E-supporter PA and NUE-supporter NUbE-supporter PAa

T2 (n=17)T0 (n=20)T2 (n=5)T0 (n=5)T2 (n=12)cT0 (n=15)

36.0 (34.0-37.0)33.5 (29.25-37.75)37.0 (36.0-38.5)33.0 (28.0-33.5)36.0 (31.5-37.0)34.0 (30.0-39.0)Self-efficacy level, median (IQR)

Phase of behavior change, n (%)

3 (18)8 (40)0 (0)0 (0)3 (25)8 (53)Initiation

2 (12)1 (5)1 (20)1 (20)1 (8)0 (0)Action

12 (71)11 (55)4 (80)4 (80)8 (67)7 (47)Maintenance

aPA: physical activity.
bNU: nutrition.
cMissing data of 3 participants at T2.

Phase of Behavior Change
For the physical activity module, 8 participants were in the
initiation phase, and 7 participants were in the maintenance
phase at baseline (Table 4). At the postintervention assessment,
we had missing data for 3 participants. A total of 3 participants
in the initiation phase at baseline improved to a higher phase
postintervention. Participants in the maintenance phase could
not improve because this phase is already the highest.
Participants in the nutritional module were already in the higher
phases of behavioral change at baseline, including 1 participant
in the action phase and 4 participants in the maintenance phase.
The phase of behavior change of these participants remained
unchanged postintervention. No significant improvement in the
phase of behavior change was found between baseline and
postintervention for the participants in either module (P=.17).

Discussion

Principal Findings
This study explored the acceptability of E-Supporter 1.0 among
people with T2D and its limited efficacy in changing physical
activity levels, dietary patterns, self-efficacy levels, and phase
of behavior change in 9 weeks. E-Supporter was generally
perceived as a motivating and potentially useful intervention to
support lifestyle change, although the degree of tailoring was
as yet modest. After the intervention period of 9 weeks,
statistically significant improvements were found in steps per
day and self-efficacy levels. Dietary patterns have improved
the guidelines regarding the consumption of oily fish, nuts,
legumes, and soft drinks and fruit juices. The behavior change
phase remained almost unchanged.

E-Supporter 1.0 appeared to be a generally accepted
intervention. Participants experienced the frequency of coaching
and content as motivating and supportive of changing lifestyle
behaviors. The various components (ie, motivational messages
and feedback) and modules (ie, physical activity and nutrition)
of E-Supporter 1.0 received more than sufficient grades for
overall appreciation. We did not observe any major differences
between the E-Supporter components and modules; therefore,
it can be assumed that they are equally acceptable. These
findings are encouraging because the acceptability of eHealth
interventions among the target group is an important prerequisite

for intervention engagement and effectiveness [54,55]. For
accepted interventions, there is a greater chance that the
intervention will be used as intended and therefore also have
the desired effects [76,77]. This study showed that E-Supporter
seems acceptable among an older target group, aligning with
findings from previous studies, indicating that eHealth
interventions are generally well received by older individuals
when accompanied by suitable guidance [78,79]. The
intervention’s relative simplicity, delivered through text
messaging and email, may have contributed to its acceptance.
This suggests that the intervention approach, provided that the
intervention content is adapted to the needs of other target
groups, could potentially be feasible for other target groups with
limited technological affinity.

Overall, the degree of tailoring of the intervention was the item
that participants were least satisfied with. E-Supporter focuses
on different tailoring variables, consisting of behavior goals,
phase of behavior change, chronic disease, time of day, and
goal achievement. Some of these variables, such as chronic
diseases, did not vary with time. In addition, tailoring to the
phase of behavioral change may be difficult to recognize.
Participants interpreted tailoring as the extent to which the
content matched their daily activities, emotions, or environment.
As E-Supporter does not yet focus on this type of time-dynamic
variables [25], the degree of tailoring was experienced as
limited. Improving the degree of tailoring will be an important
target in the further development of E-Supporter, as this is
important according to the participants and can also contribute
to intervention effectiveness [51,52].

Some participants raised the question of whether an intervention
period of 9 weeks is sufficient to permanently change behavior.
How long it takes to successfully maintain a new behavior
depends on several factors, such as the self-regulation skills of
a person [80], their (social) living environment [81,82], the
complexity of the behavior to be changed, or the time it takes
to form habits [80]. The literature showed that it takes an
average of more than 2 months (66 days) for a new behavior to
become a habit [83]. The time frame required to form a habit
varied widely per person from 18 to 254 days. Given the
findings of the aforementioned studies, we expect that a tailored
approach in terms of intervention support and duration may be
valuable for providing each person with the support they need.
Striking a balance between offering adequate support for
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relevant determinants while maintaining participants’
engagement to the intervention holds significance.

The secondary aim of this study was to explore whether this
preliminary version of E-Supporter already has effects on
physical activity, diet, self-efficacy levels, and the phase of
behavioral change. Indeed, the results already showed some
positive effects on the study participants. The median daily step
count increased significantly by 1.705 steps per day
postintervention compared with baseline. In addition, we found
a significant improvement in self-efficacy level postintervention,
despite an already high self-efficacy level at baseline. Moreover,
2 participants showed an improved diet according to the Dutch
nutritional guidelines. No significant improvement was observed
in the behavior change. This result can be explained by the fact
that most participants were already in the maintenance phase
at baseline, which means that no improvement was possible.
However, the extent to which participants accurately assessed
their behavioral change phase remains uncertain and whether
their self-perception aligns with their actual lifestyle behavior,
considering previous findings, indicates a tendency for
individuals with T2D to overestimate their adherence to healthy
behaviors [84]. To address this limitation, it would be
advantageous to assess the phase of behavior change based on
objective lifestyle data such as steps taken or nutritional
information.

In our opinion, limited efficacy testing was an appropriate study
aim for the stage of development that E-Supporter is in, namely,
the first version of an intervention that still needs to be improved
further [85]. This study showed initial positive findings that
offer the potential for further development. However, no
statements can be made regarding the effectiveness of
E-Supporter. Without a control group, it is also difficult to
determine whether the effects can be attributed entirely to the
use of E-Supporter or to what extent the effects were caused by
participation in the study in general. Most participants
cooperated in the research because of their preexisting desire
to improve their lifestyle. They perceived E-Supporter as a novel
tool that could assist them in achieving this goal. Many
participants were motivated by their desire to contribute to
scientific research. These reasons inherently establish a
population that is intrinsically motivated to actively engage in
the study, potentially yielding better outcomes compared with
individuals lacking intrinsic motivation. When E-Supporter is
a more mature intervention with a more sophisticated degree
of tailoring, its effectiveness will have to be investigated in
larger studies with a control group.

Strengths and Limitations
E-Supporter is developed iteratively on a scientific basis,
together with end users [53]. A strength is that we evaluated
E-Supporter between development iterations to identify key
areas for improvement that will direct the further development
of E-Supporter. A variety of aspects regarding the acceptability
and limited efficacy on lifestyle behaviors were considered in
this study, providing valuable first insights into the potential
and areas for improvement of E-Supporter 1.0.

The sample size of this study was too small to make
generalizable statements about the acceptability and
effectiveness of E-Supporter 1.0. Nevertheless, we expect that
this study provides a reasonable indication of the acceptability
of E-Supporter because the intervention has been developed
with end users. We have already ensured that the needs of the
target group have been considered during development. In
addition, limited efficacy testing was valuable to explore the
first effects of E-Supporter and to examine whether it is useful
to investigate the intervention in a larger-scale study [55]. The
participants in this study were older adults with advanced
diabetes. Therefore, these findings cannot be extrapolated to
younger people with less advanced diabetes. In addition, the
vast majority of participants were already in the maintenance
phase of behavior change and already had a high self-efficacy
level at baseline. As a result, we have only gained very limited
insight into the acceptability and limited efficacy for people
who have no intention of making lifestyle changes or who have
little belief in their own ability to make lifestyle changes [86-88].

Future Work
In this study, we identified concrete points to improve
E-Supporter. We will aim to better support behavior
maintenance and improve the degree of tailoring with regard to
personal and environmental factors that influence lifestyle
choices in future versions of E-Supporter. In the future, we will
work toward an intervention that is more attuned to time-varying
factors regarding the individual and their context. Hence, we
strive to develop a just-in-time adaptive intervention that aims
to provide the right support at the right time by adapting to an
individual’s internal and contextual states [25]. A just-in-time
adaptive intervention permits better tailoring of support to an
individual’s real-time needs and can increase the sense of
relevance of the support.

This study explored the limited efficacy of E-Supporter 1.0 and
gave valuable insights for further development. This study
primarily targeted an older population with advanced diabetes,
as it was conducted in a hospital setting in which such
individuals are predominantly treated. However, it is crucial to
explore the feasibility of this approach in younger individuals
who have recently been diagnosed with T2D. Conducting further
research on this population is valuable, as adopting a healthy
lifestyle can yield significant benefits in this particular group
[89]. To be able to make statements about the effectiveness of
E-Supporter 1.0 (or subsequent versions), studies with a larger
sample size and control condition are needed in the future.

Conclusions
In this exploratory study, E-Supporter already showed to be an
acceptable and potentially useful intervention to promote
physical activity and healthy dietary habits in people with T2D.
Further work needs to be done to improve the degree of tailoring
in E-Supporter 1.0 by adding just-in-time adaptive intervention
content and to evaluate its effects in studies with a larger sample
size and control condition.

JMIR Form Res 2023 | vol. 7 | e45294 | p. 11https://formative.jmir.org/2023/1/e45294
(page number not for citation purposes)

Hietbrink et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
The authors thank all the patients who participated in this study for their active participation and input. This study was funded
by the Netherlands Organization for Health Research and Development (grant 104006001). The funders in the study had no rules
in the study design, data collection, analysis, interpretation of the data, or writing of the report.

Data Availability
The data generated during this study are not publicly available because of privacy restrictions but are available from the
corresponding author on reasonable request via the DANS EASY repository [90].

Authors' Contributions
EAGH mainly contributed to the drafting of the manuscript and worked closely with WON-H, AM, and AAJK on the data analysis
and refinement of the manuscript. LKS, AStV, and EMSF contributed significantly to data collection. GDL and MMRV-H
provided ongoing feedback related to the methods, results, and discussion of this study. All the authors critically evaluated and
approved the final version of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Interview schedule E-Supporter acceptability.
[PDF File (Adobe PDF File), 195 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Self-efficacy questionnaires.
[PDF File (Adobe PDF File), 121 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Single-question SAS stages of change.
[PDF File (Adobe PDF File), 110 KB-Multimedia Appendix 3]

References

1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, IDF Diabetes Atlas Committee. Global and regional
diabetes prevalence estimates for 2019 and projections for 2030 and 2045: results from the international diabetes federation
diabetes atlas, 9th edition. Diabetes Res Clin Pract 2019 Nov;157:107843 [doi: 10.1016/j.diabres.2019.107843] [Medline:
31518657]

2. Noncommunicable diseases. World Health Organization. 2021. URL: https://www.who.int/news-room/fact-sheets/detail/
noncommunicable-diseases [accessed 2021-09-20]

3. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF diabetes atlas: global, regional and
country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract 2022 Jan;183:109119
[doi: 10.1016/j.diabres.2021.109119] [Medline: 34879977]

4. Chen L, Pei JH, Kuang J, Chen HM, Chen Z, Li ZW, et al. Effect of lifestyle intervention in patients with type 2 diabetes:
a meta-analysis. Metabolism 2015 Feb;64(2):338-347 [FREE Full text] [doi: 10.1016/j.metabol.2014.10.018] [Medline:
25467842]

5. Lean ME, Leslie WS, Barnes AC, Brosnahan N, Thom G, McCombie L, et al. Primary care-led weight management for
remission of type 2 diabetes (DiRECT): an open-label, cluster-randomised trial. Lancet 2018 Feb 10;391(10120):541-551
[FREE Full text] [doi: 10.1016/S0140-6736(17)33102-1] [Medline: 29221645]

6. Lean ME, Leslie WS, Barnes AC, Brosnahan N, Thom G, McCombie L, et al. Durability of a primary care-led
weight-management intervention for remission of type 2 diabetes: 2-year results of the DiRECT open-label,
cluster-randomised trial. Lancet Diabetes Endocrinol 2019 May;7(5):344-355 [doi: 10.1016/S2213-8587(19)30068-3]
[Medline: 30852132]

7. Ried-Larsen M, Johansen MY, MacDonald CS, Hansen KB, Christensen R, Wedell-Neergaard AS, et al. Type 2 diabetes
remission 1 year after an intensive lifestyle intervention: a secondary analysis of a randomized clinical trial. Diabetes Obes
Metab 2019 Oct;21(10):2257-2266 [FREE Full text] [doi: 10.1111/dom.13802] [Medline: 31168922]

JMIR Form Res 2023 | vol. 7 | e45294 | p. 12https://formative.jmir.org/2023/1/e45294
(page number not for citation purposes)

Hietbrink et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v7i1e45294_app1.pdf&filename=667b81962047ace7f13b8591b00829f4.pdf
https://jmir.org/api/download?alt_name=formative_v7i1e45294_app1.pdf&filename=667b81962047ace7f13b8591b00829f4.pdf
https://jmir.org/api/download?alt_name=formative_v7i1e45294_app2.pdf&filename=81bc84aae496490057a624a275ead55d.pdf
https://jmir.org/api/download?alt_name=formative_v7i1e45294_app2.pdf&filename=81bc84aae496490057a624a275ead55d.pdf
https://jmir.org/api/download?alt_name=formative_v7i1e45294_app3.pdf&filename=dfd07058c4ebbc9f4c5db207518cb802.pdf
https://jmir.org/api/download?alt_name=formative_v7i1e45294_app3.pdf&filename=dfd07058c4ebbc9f4c5db207518cb802.pdf
http://dx.doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31518657&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
http://dx.doi.org/10.1016/j.diabres.2021.109119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34879977&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0026-0495(14)00312-6
http://dx.doi.org/10.1016/j.metabol.2014.10.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25467842&dopt=Abstract
https://core.ac.uk/reader/196576423?utm_source=linkout
http://dx.doi.org/10.1016/S0140-6736(17)33102-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29221645&dopt=Abstract
http://dx.doi.org/10.1016/S2213-8587(19)30068-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30852132&dopt=Abstract
https://europepmc.org/abstract/MED/31168922
http://dx.doi.org/10.1111/dom.13802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31168922&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Molema H, van Erk M, van Winkelhof M, van ’t Land K, Jong JK. Wetenschappelijk Bewijs Leefstijlgeneeskunde.
Nederlands Innovatiecentrum voor Leefstijlgeneeskunde. 2019. URL: https://lifestyle4health.nl/wp-content/uploads/2020/
11/nilg-2019-wetenschappelijk.pdf [accessed 2022-06-13]

9. Tuomilehto J, Lindström J, Eriksson JG, Valle TT, Hämäläinen H, Ilanne-Parikka P, Finnish Diabetes Prevention Study
Group. Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects with impaired glucose tolerance. N
Engl J Med 2001 May 03;344(18):1343-1350 [doi: 10.1056/NEJM200105033441801] [Medline: 11333990]

10. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, Diabetes Prevention Program Research
Group. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl J Med 2002 Feb
07;346(6):393-403 [FREE Full text] [doi: 10.1056/NEJMoa012512] [Medline: 11832527]

11. Goodyear LJ, Kahn BB. Exercise, glucose transport, and insulin sensitivity. Annu Rev Med 1998;49:235-261 [doi:
10.1146/annurev.med.49.1.235] [Medline: 9509261]

12. Warburton DE, Bredin SS. Health benefits of physical activity: a systematic review of current systematic reviews. Curr
Opin Cardiol 2017 Sep;32(5):541-556 [doi: 10.1097/HCO.0000000000000437] [Medline: 28708630]

13. Posadzki P, Pieper D, Bajpai R, Makaruk H, Könsgen N, Neuhaus AL, et al. Exercise/physical activity and health outcomes:
an overview of Cochrane systematic reviews. BMC Public Health 2020 Nov 16;20(1):1724 [FREE Full text] [doi:
10.1186/s12889-020-09855-3] [Medline: 33198717]

14. Ley SH, Hamdy O, Mohan V, Hu FB. Prevention and management of type 2 diabetes: dietary components and nutritional
strategies. Lancet 2014 Jun 07;383(9933):1999-2007 [FREE Full text] [doi: 10.1016/S0140-6736(14)60613-9] [Medline:
24910231]

15. Sportdeelname Wekelijks. Rijksinstituut voor Volksgezondheid en Milieu. 2021. URL: https://www.
sportenbewegenincijfers.nl/kernindicatoren/sportdeelname-wekelijks [accessed 2023-06-13]

16. Jalving AC, Gant CM, Binnenmars SH, Soedamah-Muthu SS, Bakker SJ, Navis G, et al. Glycaemic control in the diabetes
and lifestyle cohort Twente: a cross-sectional assessment of lifestyle and pharmacological management on hba1c target
achievement. Diabetes Obes Metab 2018 Oct;20(10):2494-2499 [FREE Full text] [doi: 10.1111/dom.13399] [Medline:
29862616]

17. Pot GK, Battjes-Fries MC, Patijn ON, van der Zijl N, Pijl H, Voshol P. Lifestyle medicine for type 2 diabetes: practice-based
evidence for long-term efficacy of a multicomponent lifestyle intervention (Reverse Diabetes2 Now). BMJ Nutr Prev Health
2020 Aug 18;3(2):188-195 [FREE Full text] [doi: 10.1136/bmjnph-2020-000081] [Medline: 33521528]

18. Pot GK, Battjes-Fries MC, Patijn ON, Pijl H, Witkamp RF, de Visser M, et al. Nutrition and lifestyle intervention in type
2 diabetes: pilot study in the Netherlands showing improved glucose control and reduction in glucose lowering medication.
BMJ Nutr Prev Health 2019 May 14;2(1):43-50 [FREE Full text] [doi: 10.1136/bmjnph-2018-000012] [Medline: 33235957]

19. Ossebaard HC, Van Gemert-Pijnen L. eHealth and quality in health care: implementation time. Int J Qual Health Care 2016
Jun;28(3):415-419 [doi: 10.1093/intqhc/mzw032] [Medline: 27029590]

20. The Dutch Ehealth Sector. Netherlands Enterprise Agency. 2021. URL: https://www.rvo.nl/sites/default/files/2021/03/
Overview-of-the-health-technology-sector-in-South-Africa-Opportunities-for-collaboration-annex-The-Dutch-eHealth-sector.
pdf [accessed 2023-08-01]

21. van Gemert-Pijnen L, Kelders S, Kip H, Sanderman R. eHealth Research, Theory and Development: A Multidisciplinary
Approach. Oxfordshire, UK: Routledge; 2018.

22. Smartphonebezit Gegroeid Naar 93% Van Nederlanders, Veelvuldig Gebruik Storend. Consultancy.nl. 2018. URL: https:/
/www.consultancy.nl/nieuws/15292/smartphonebezit-gegroeid-naar-93-van-nederlanders-veelvuldig-gebruik-storend
[accessed 2023-06-13]

23. Griffiths F, Lindenmeyer A, Powell J, Lowe P, Thorogood M. Why are health care interventions delivered over the internet?
A systematic review of the published literature. J Med Internet Res 2006 Jun 23;8(2):e10 [FREE Full text] [doi:
10.2196/jmir.8.2.e10] [Medline: 16867965]

24. Vandelanotte C, Müller AM, Short CE, Hingle M, Nathan N, Williams SL, et al. Past, present, and future of eHealth and
mHealth research to improve physical activity and dietary behaviors. J Nutr Educ Behav 2016 Mar;48(3):219-28.e1 [doi:
10.1016/j.jneb.2015.12.006] [Medline: 26965100]

25. Nahum-Shani I, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari A, et al. Just-in-Time Adaptive Interventions
(JITAIs) in mobile health: key components and design principles for ongoing health behavior support. Ann Behav Med
2018 May 18;52(6):446-462 [FREE Full text] [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]

26. Romeo A, Edney S, Plotnikoff R, Curtis R, Ryan J, Sanders I, et al. Can smartphone apps increase physical activity?
Systematic review and meta-analysis. J Med Internet Res 2019 Mar 19;21(3):e12053 [FREE Full text] [doi: 10.2196/12053]
[Medline: 30888321]

27. Aslam AS, van Luenen S, Aslam S, van Bodegom D, Chavannes NH. A systematic review on the use of mHealth to increase
physical activity in older people. Clin eHealth 2020;3:31-39 [FREE Full text] [doi: 10.1016/j.ceh.2020.04.002]

28. Milne-Ives M, Lam C, De Cock C, Van Velthoven MH, Meinert E. Mobile apps for health behavior change in physical
activity, diet, drug and alcohol use, and mental health: systematic review. JMIR Mhealth Uhealth 2020 Mar 18;8(3):e17046
[FREE Full text] [doi: 10.2196/17046] [Medline: 32186518]

JMIR Form Res 2023 | vol. 7 | e45294 | p. 13https://formative.jmir.org/2023/1/e45294
(page number not for citation purposes)

Hietbrink et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://lifestyle4health.nl/wp-content/uploads/2020/11/nilg-2019-wetenschappelijk.pdf
https://lifestyle4health.nl/wp-content/uploads/2020/11/nilg-2019-wetenschappelijk.pdf
http://dx.doi.org/10.1056/NEJM200105033441801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11333990&dopt=Abstract
https://europepmc.org/abstract/MED/11832527
http://dx.doi.org/10.1056/NEJMoa012512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11832527&dopt=Abstract
http://dx.doi.org/10.1146/annurev.med.49.1.235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9509261&dopt=Abstract
http://dx.doi.org/10.1097/HCO.0000000000000437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28708630&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09855-3
http://dx.doi.org/10.1186/s12889-020-09855-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33198717&dopt=Abstract
https://europepmc.org/abstract/MED/24910231
http://dx.doi.org/10.1016/S0140-6736(14)60613-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24910231&dopt=Abstract
https://www.sportenbewegenincijfers.nl/kernindicatoren/sportdeelname-wekelijks
https://www.sportenbewegenincijfers.nl/kernindicatoren/sportdeelname-wekelijks
https://europepmc.org/abstract/MED/29862616
http://dx.doi.org/10.1111/dom.13399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29862616&dopt=Abstract
https://europepmc.org/abstract/MED/33521528
http://dx.doi.org/10.1136/bmjnph-2020-000081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33521528&dopt=Abstract
https://europepmc.org/abstract/MED/33235957
http://dx.doi.org/10.1136/bmjnph-2018-000012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33235957&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/mzw032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27029590&dopt=Abstract
https://www.rvo.nl/sites/default/files/2021/03/Overview-of-the-health-technology-sector-in-South-Africa-Opportunities-for-collaboration-annex-The-Dutch-eHealth-sector.pdf
https://www.rvo.nl/sites/default/files/2021/03/Overview-of-the-health-technology-sector-in-South-Africa-Opportunities-for-collaboration-annex-The-Dutch-eHealth-sector.pdf
https://www.rvo.nl/sites/default/files/2021/03/Overview-of-the-health-technology-sector-in-South-Africa-Opportunities-for-collaboration-annex-The-Dutch-eHealth-sector.pdf
https://www.consultancy.nl/nieuws/15292/smartphonebezit-gegroeid-naar-93-van-nederlanders-veelvuldig-gebruik-storend
https://www.consultancy.nl/nieuws/15292/smartphonebezit-gegroeid-naar-93-van-nederlanders-veelvuldig-gebruik-storend
https://www.jmir.org/2006/2/e10/
http://dx.doi.org/10.2196/jmir.8.2.e10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16867965&dopt=Abstract
http://dx.doi.org/10.1016/j.jneb.2015.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26965100&dopt=Abstract
https://europepmc.org/abstract/MED/27663578
http://dx.doi.org/10.1007/s12160-016-9830-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27663578&dopt=Abstract
https://www.jmir.org/2019/3/e12053/
http://dx.doi.org/10.2196/12053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30888321&dopt=Abstract
https://doi.org/10.1016/j.ceh.2020.04.002
http://dx.doi.org/10.1016/j.ceh.2020.04.002
https://mhealth.jmir.org/2020/3/e17046/
http://dx.doi.org/10.2196/17046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32186518&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al. Efficacy of interventions that use apps
to improve diet, physical activity and sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act 2016 Dec
07;13(1):127 [FREE Full text] [doi: 10.1186/s12966-016-0454-y] [Medline: 27927218]

30. Villinger K, Wahl DR, Boeing H, Schupp HT, Renner B. The effectiveness of app-based mobile interventions on nutrition
behaviours and nutrition-related health outcomes: a systematic review and meta-analysis. Obes Rev 2019
Oct;20(10):1465-1484 [FREE Full text] [doi: 10.1111/obr.12903] [Medline: 31353783]

31. DiFilippo KN, Huang W, Andrade JE, Chapman-Novakofski KM. The use of mobile apps to improve nutrition outcomes:
a systematic literature review. J Telemed Telecare 2015 Jul;21(5):243-253 [doi: 10.1177/1357633X15572203] [Medline:
25680388]

32. Wu Y, Yao X, Vespasiani G, Nicolucci A, Dong Y, Kwong J, et al. Mobile app-based interventions to support diabetes
self-management: a systematic review of randomized controlled trials to identify functions associated with Glycemic
efficacy. JMIR Mhealth Uhealth 2017 Mar 14;5(3):e35 [FREE Full text] [doi: 10.2196/mhealth.6522] [Medline: 28292740]

33. Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote health behavior change: a systematic review and
meta-analysis of the impact of theoretical basis, use of behavior change techniques, and mode of delivery on efficacy. J
Med Internet Res 2010 Feb 17;12(1):e4 [FREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]

34. Bandura A. Social Foundations of Thought and Action: A Social Cognitive Theory. Englewood Cliffs, NJ: Prentice-Hall;
1986.

35. Lustria ML, Noar SM, Cortese J, Van Stee SK, Glueckauf RL, Lee J. A meta-analysis of web-delivered tailored health
behavior change interventions. J Health Commun 2013;18(9):1039-1069 [doi: 10.1080/10810730.2013.768727] [Medline:
23750972]

36. Hagger MS, Weed M. DEBATE: do interventions based on behavioral theory work in the real world? Int J Behav Nutr
Phys Act 2019 Apr 25;16(1):36 [FREE Full text] [doi: 10.1186/s12966-019-0795-4] [Medline: 31023328]

37. Dusseldorp E, van Genugten L, van Buuren S, Verheijden MW, van Empelen P. Combinations of techniques that effectively
change health behavior: evidence from Meta-CART analysis. Health Psychol 2014 Dec;33(12):1530-1540 [doi:
10.1037/hea0000018] [Medline: 24274802]

38. Webb TL, Sniehotta FF, Michie S. Using theories of behaviour change to inform interventions for addictive behaviours.
Addiction 2010 Nov;105(11):1879-1892 [doi: 10.1111/j.1360-0443.2010.03028.x] [Medline: 20670346]

39. Head KJ, Noar SM, Iannarino NT, Grant Harrington N. Efficacy of text messaging-based interventions for health promotion:
a meta-analysis. Soc Sci Med 2013 Nov;97:41-48 [doi: 10.1016/j.socscimed.2013.08.003] [Medline: 24161087]

40. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95 [FREE Full text] [doi: 10.1007/s12160-013-9486-6] [Medline:
23512568]

41. Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours: the CALO-RE taxonomy. Psychol
Health 2011 Nov;26(11):1479-1498 [doi: 10.1080/08870446.2010.540664] [Medline: 21678185]

42. Abraham C, Michie S. A taxonomy of behavior change techniques used in interventions. Health Psychol 2008
May;27(3):379-387 [doi: 10.1037/0278-6133.27.3.379] [Medline: 18624603]

43. Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol 2009 Nov;28(6):690-701 [doi: 10.1037/a0016136] [Medline: 19916637]

44. Cowan LT, Van Wagenen SA, Brown BA, Hedin RJ, Seino-Stephan Y, Hall PC, et al. Apps of steel: are exercise apps
providing consumers with realistic expectations?: A content analysis of exercise apps for presence of behavior change
theory. Health Educ Behav 2013 Apr;40(2):133-139 [doi: 10.1177/1090198112452126] [Medline: 22991048]

45. Duff OM, Walsh DM, Furlong BA, O'Connor NE, Moran KA, Woods CB. Behavior change techniques in physical activity
eHealth interventions for people with cardiovascular disease: systematic review. J Med Internet Res 2017 Aug 02;19(8):e281
[FREE Full text] [doi: 10.2196/jmir.7782] [Medline: 28768610]

46. Davis SF, Ellsworth MA, Payne HE, Hall SM, West JH, Nordhagen AL. Health behavior theory in popular calorie counting
apps: a content analysis. JMIR Mhealth Uhealth 2016 Mar 02;4(1):e19 [FREE Full text] [doi: 10.2196/mhealth.4177]
[Medline: 26935898]

47. Schoeppe S, Alley S, Rebar AL, Hayman M, Bray NA, Van Lippevelde W, et al. Apps to improve diet, physical activity
and sedentary behaviour in children and adolescents: a review of quality, features and behaviour change techniques. Int J
Behav Nutr Phys Act 2017 Jun 24;14(1):83 [FREE Full text] [doi: 10.1186/s12966-017-0538-3] [Medline: 28646889]

48. Ryan K, Dockray S, Linehan C. A systematic review of tailored eHealth interventions for weight loss. Digit Health 2019
Feb 05;5:2055207619826685 [FREE Full text] [doi: 10.1177/2055207619826685] [Medline: 30783535]

49. Sahin C, Courtney KL, Naylor PJ, E Rhodes R. Tailored mobile text messaging interventions targeting type 2 diabetes
self-management: a systematic review and a meta-analysis. Digit Health 2019 Apr 22;5:2055207619845279 [FREE Full
text] [doi: 10.1177/2055207619845279] [Medline: 31041110]

JMIR Form Res 2023 | vol. 7 | e45294 | p. 14https://formative.jmir.org/2023/1/e45294
(page number not for citation purposes)

Hietbrink et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-016-0454-y
http://dx.doi.org/10.1186/s12966-016-0454-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27927218&dopt=Abstract
https://europepmc.org/abstract/MED/31353783
http://dx.doi.org/10.1111/obr.12903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31353783&dopt=Abstract
http://dx.doi.org/10.1177/1357633X15572203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25680388&dopt=Abstract
https://mhealth.jmir.org/2017/3/e35/
http://dx.doi.org/10.2196/mhealth.6522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28292740&dopt=Abstract
https://www.jmir.org/2010/1/e4/
http://dx.doi.org/10.2196/jmir.1376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20164043&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2013.768727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23750972&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0795-4
http://dx.doi.org/10.1186/s12966-019-0795-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31023328&dopt=Abstract
http://dx.doi.org/10.1037/hea0000018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24274802&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2010.03028.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20670346&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2013.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24161087&dopt=Abstract
https://core.ac.uk/reader/191129821?utm_source=linkout
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2010.540664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21678185&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.27.3.379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18624603&dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
http://dx.doi.org/10.1177/1090198112452126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22991048&dopt=Abstract
https://www.jmir.org/2017/8/e281/
http://dx.doi.org/10.2196/jmir.7782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28768610&dopt=Abstract
https://mhealth.jmir.org/2016/1/e19/
http://dx.doi.org/10.2196/mhealth.4177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26935898&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0538-3
http://dx.doi.org/10.1186/s12966-017-0538-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28646889&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207619826685?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207619826685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30783535&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207619845279?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/2055207619845279?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207619845279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31041110&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Broekhuizen K, Kroeze W, van Poppel MN, Oenema A, Brug J. A systematic review of randomized controlled trials on
the effectiveness of computer-tailored physical activity and dietary behavior promotion programs: an update. Ann Behav
Med 2012 Oct;44(2):259-286 [FREE Full text] [doi: 10.1007/s12160-012-9384-3] [Medline: 22767052]

51. Krebs P, Prochaska JO, Rossi JS. A meta-analysis of computer-tailored interventions for health behavior change. Prev Med
2010 Sep;51(3-4):214-221 [FREE Full text] [doi: 10.1016/j.ypmed.2010.06.004] [Medline: 20558196]

52. Wang L, Miller LC. Just-in-the-Moment Adaptive Interventions (JITAI): a meta-analytical review. Health Commun 2020
Nov;35(12):1531-1544 [doi: 10.1080/10410236.2019.1652388] [Medline: 31488002]

53. Hietbrink EAG, Middelweerd A, van Empelen P, Preuhs K, Konijnendijk AAJ, Oude Nijeweme-d'Hollosy W, et al. A
digital lifestyle coach (E-Supporter 1.0) to support people with type 2 diabetes: participatory development study. JMIR
Hum Factors 2023 Jan 12;10:e40017 [FREE Full text] [doi: 10.2196/40017] [Medline: 36633898]

54. Bartholomew LK, Parcel G, Kok G, Gottlieb N, Fernández M. Pretesting, revising and producing program components.
In: Eldredge LK, Markham CM, Ruiter RA, Kok G, Parcel GS, editors. Planning Health Promotion Programs: An Intervention
Mapping Approach. 3rd edition. New Jersey: John Wiley and Sons; 2011:443-457

55. Bowen DJ, Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, Weiner D, et al. How we design feasibility studies. Am J
Prev Med 2009 May;36(5):452-457 [FREE Full text] [doi: 10.1016/j.amepre.2009.02.002] [Medline: 19362699]

56. Looman M, Feskens EJ, de Rijk M, Meijboom S, Biesbroek S, Temme EH, et al. Development and evaluation of the Dutch
healthy diet index 2015. Public Health Nutr 2017 Sep;20(13):2289-2299 [FREE Full text] [doi: 10.1017/S136898001700091X]
[Medline: 28625202]

57. Kroll T, Kehn M, Ho PS, Groah S. The SCI Exercise Self-Efficacy Scale (ESES): development and psychometric properties.
Int J Behav Nutr Phys Act 2007 Aug 30;4:34 [FREE Full text] [doi: 10.1186/1479-5868-4-34] [Medline: 17760999]

58. Marttila J, Nupponen R. Assessing stage of change for physical activity: how congruent are parallel methods? Health Educ
Res 2003 Aug;18(4):419-428 [doi: 10.1093/her/cyf034] [Medline: 12939124]

59. Schwarzer R. Modeling health behavior change: how to predict and modify the adoption and maintenance of health behaviors.
Appl Psychol 2008;57(1):1-29 [FREE Full text] [doi: 10.1111/j.1464-0597.2007.00325.x]

60. Rothman AJ. Toward a theory-based analysis of behavioral maintenance. Health Psychol 2000 Jan;19(1S):64-69 [doi:
10.1037/0278-6133.19.suppl1.64] [Medline: 10709949]

61. Larimer ME, Palmer RS, Marlatt GA. Relapse prevention. An overview of Marlatt's cognitive-behavioral model. Alcohol
Res Health 1999;23(2):151-160 [FREE Full text] [Medline: 10890810]

62. Gant CM, Mensink I, Binnenmars SH, van der Palen JA, Bakker SJ, Navis G, et al. Body weight course in the DIAbetes
and LifEstyle Cohort Twente (DIALECT-1)-a 20-year observational study. PLoS One 2019 Jun 19;14(6):e0218400 [FREE
Full text] [doi: 10.1371/journal.pone.0218400] [Medline: 31216324]

63. den Braber N, Vollenbroek-Hutten MM, Oosterwijk MM, Gant CM, Hagedoorn IJ, van Beijnum BF, et al. Requirements
of an application to monitor diet, physical activity and glucose values in patients with type 2 diabetes: the diameter. Nutrients
2019 Feb 15;11(2):409 [FREE Full text] [doi: 10.3390/nu11020409] [Medline: 30781348]

64. Diameter: Leer Wat Jouw Leefstijl Met Je Glucosewaarden Doet. Diameter Research Team. 2021. URL: https://diameterapp.
nl/ [accessed 2022-06-13]

65. Richtlijnen Goede Voeding 2015. De Gezondheidsraad. 2015. URL: https://www.gezondheidsraad.nl/documenten/adviezen/
2015/11/04/richtlijnen-goede-voeding-2015 [accessed 2021-01-27]

66. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006;3(2):77-101 [FREE Full text] [doi:
10.1007/s10597-020-00591-x] [Medline: 32100154]

67. Tedesco S, Sica M, Ancillao A, Timmons S, Barton J, O'Flynn B. Validity evaluation of the Fitbit Charge2 and the Garmin
vivosmart HR+ in Free-Living environments in an older adult cohort. JMIR Mhealth Uhealth 2019 Jun 19;7(6):e13084
[FREE Full text] [doi: 10.2196/13084] [Medline: 31219048]

68. Twisk JW. Inleiding in De Toegepaste Biostatistiek. 4th edition. Houten, the Netherlands: Bohn Stafleu van Loghum; 2016.
69. Feunekes GI, Van Staveren WA, De Vries JH, Burema J, Hautvast JG. Relative and biomarker-based validity of a

food-frequency questionnaire estimating intake of fats and cholesterol. Am J Clin Nutr 1993 Oct;58(4):489-496 [doi:
10.1093/ajcn/58.4.489] [Medline: 8379504]

70. Dutch food composition database-Nevo. Rijksinstituut voor Volksgezondheid en Milieu. URL: https://nevo-online.rivm.nl/
[accessed 2023-11-11]

71. Fokkema EM. The development and evaluation of an ecoaching module to improve healthy nutrition in type 2 diabetes
patients. University of Twente Student Theses. 2019. URL: https://essay.utwente.nl/79927/ [accessed 2022-07-07]

72. Bay A, Sandberg C, Thilén U, Wadell K, Johansson B. Exercise self-efficacy in adults with congenital heart disease. Int J
Cardiol Heart Vasc 2018 Jan 12;18:7-11 [FREE Full text] [doi: 10.1016/j.ijcha.2017.12.002] [Medline: 29349286]

73. Prochaska JO, DiClemente CC, Norcross JC. In search of how people change. Applications to addictive behaviors. Am
Psychol 1992 Sep;47(9):1102-1114 [doi: 10.1037//0003-066x.47.9.1102] [Medline: 1329589]

74. Diclemente C, Velasquez M. Motivational interviewing and the stages of change. In: Miller WR, Rollnick S, editors.
Motivational Interviewing. 2nd edition. New York, NY: The Guilford Press; 2002:201-216

75. Field A. Discovering Statistics Using Ibm Spss Statistics. Washington, DC: SAGE Publications; 2020.

JMIR Form Res 2023 | vol. 7 | e45294 | p. 15https://formative.jmir.org/2023/1/e45294
(page number not for citation purposes)

Hietbrink et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/22767052
http://dx.doi.org/10.1007/s12160-012-9384-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22767052&dopt=Abstract
https://europepmc.org/abstract/MED/20558196
http://dx.doi.org/10.1016/j.ypmed.2010.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20558196&dopt=Abstract
http://dx.doi.org/10.1080/10410236.2019.1652388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31488002&dopt=Abstract
https://humanfactors.jmir.org/2023//e40017/
http://dx.doi.org/10.2196/40017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36633898&dopt=Abstract
https://europepmc.org/abstract/MED/19362699
http://dx.doi.org/10.1016/j.amepre.2009.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19362699&dopt=Abstract
https://europepmc.org/abstract/MED/28625202
http://dx.doi.org/10.1017/S136898001700091X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28625202&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-4-34
http://dx.doi.org/10.1186/1479-5868-4-34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17760999&dopt=Abstract
http://dx.doi.org/10.1093/her/cyf034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12939124&dopt=Abstract
https://psycnet.apa.org/record/2008-01311-001
http://dx.doi.org/10.1111/j.1464-0597.2007.00325.x
http://dx.doi.org/10.1037/0278-6133.19.suppl1.64
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10709949&dopt=Abstract
https://europepmc.org/abstract/MED/10890810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10890810&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0218400
https://dx.plos.org/10.1371/journal.pone.0218400
http://dx.doi.org/10.1371/journal.pone.0218400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31216324&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu11020409
http://dx.doi.org/10.3390/nu11020409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30781348&dopt=Abstract
https://diameterapp.nl/
https://diameterapp.nl/
https://www.gezondheidsraad.nl/documenten/adviezen/2015/11/04/richtlijnen-goede-voeding-2015
https://www.gezondheidsraad.nl/documenten/adviezen/2015/11/04/richtlijnen-goede-voeding-2015
https://www.tandfonline.com/doi/abs/10.1191/1478088706qp063oa
http://dx.doi.org/10.1007/s10597-020-00591-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32100154&dopt=Abstract
https://mhealth.jmir.org/2019/6/e13084/
http://dx.doi.org/10.2196/13084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31219048&dopt=Abstract
http://dx.doi.org/10.1093/ajcn/58.4.489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8379504&dopt=Abstract
https://nevo-online.rivm.nl/
https://essay.utwente.nl/79927/
https://linkinghub.elsevier.com/retrieve/pii/S2352-9067(17)30050-7
http://dx.doi.org/10.1016/j.ijcha.2017.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29349286&dopt=Abstract
http://dx.doi.org/10.1037//0003-066x.47.9.1102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1329589&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


76. Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med 2017 Jun;7(2):254-267 [FREE
Full text] [doi: 10.1007/s13142-016-0453-1] [Medline: 27966189]

77. Donkin L, Christensen H, Naismith SL, Neal B, Hickie IB, Glozier N. A systematic review of the impact of adherence on
the effectiveness of e-therapies. J Med Internet Res 2011 Aug 05;13(3):e52 [FREE Full text] [doi: 10.2196/jmir.1772]
[Medline: 21821503]

78. Hong Y, Goldberg D, Dahlke DV, Ory MG, Cargill JS, Coughlin R, et al. Testing usability and acceptability of a web
application to promote physical activity (iCanFit) among older adults. JMIR Hum Factors 2014 Oct 13;1(1):e2 [FREE Full
text] [doi: 10.2196/humanfactors.3787] [Medline: 27025254]

79. Luijkx K, Peek S, Wouters E. "Grandma, you should do it--it's cool" older adults and the role of family members in their
acceptance of technology. Int J Environ Res Public Health 2015 Dec 05;12(12):15470-15485 [FREE Full text] [doi:
10.3390/ijerph121214999] [Medline: 26690188]

80. Kwasnicka D, Dombrowski SU, White M, Sniehotta F. Theoretical explanations for maintenance of behaviour change: a
systematic review of behaviour theories. Health Psychol Rev 2016 Sep;10(3):277-296 [FREE Full text] [doi:
10.1080/17437199.2016.1151372] [Medline: 26854092]

81. Blok DJ, de Vlas SJ, van Empelen P, Richardus JH, van Lenthe FJ. Changes in smoking, sports participation and overweight:
does neighborhood prevalence matter? Health Place 2013 Sep;23:33-38 [doi: 10.1016/j.healthplace.2013.04.008] [Medline:
23743005]

82. Chennakesavalu M, Gangemi A. Exploring the relationship between the fast food environment and obesity rates in the US
vs. abroad: a systematic review. J Obes Weight Loss Ther 2017;08(01):366 [FREE Full text] [doi:
10.4172/2165-7904.1000366]

83. Lally P, van Jaarsveld CH, Potts HW, Wardle J. How are habits formed: modelling habit formation in the real world. Eur
J Soc Psychol 2010;40(6):998-1009 [FREE Full text] [doi: 10.1002/ejsp.674]

84. Oosterom N, Gant CM, Ruiterkamp N, van Beijnum BF, Hermens H, Bakker SJ, et al. Physical activity in patients with
type 2 diabetes: the case for objective measurement in routine clinical care. Diabetes Care 2018 Apr;41(4):e50-e51 [doi:
10.2337/dc17-2041] [Medline: 29432126]

85. Jansen-Kosterink S, Broekhuis M, van Velsen L. Time to act mature-gearing eHealth evaluations towards technology
readiness levels. Digit Health 2022 Jul 11;8:20552076221113396 [FREE Full text] [doi: 10.1177/20552076221113396]
[Medline: 35847525]

86. Holmen H, Wahl A, Torbjørnsen A, Jenum AK, Småstuen MC, Ribu L. Stages of change for physical activity and dietary
habits in persons with type 2 diabetes included in a mobile health intervention: the Norwegian study in Renewing Health.
BMJ Open Diabetes Res Care 2016 May 12;4(1):e000193 [FREE Full text] [doi: 10.1136/bmjdrc-2016-000193] [Medline:
27239317]

87. Linmans JJ, Knottnerus JA, Spigt M. How motivated are patients with type 2 diabetes to change their lifestyle? A survey
among patients and healthcare professionals. Prim Care Diabetes 2015 Dec;9(6):439-445 [doi: 10.1016/j.pcd.2015.02.001]
[Medline: 25744692]

88. Centis E, Trento M, Dei Cas A, Pontiroli AE, De Feo P, Bruno A, et al. Stage of change and motivation to healthy diet and
habitual physical activity in type 2 diabetes. Acta Diabetol 2014 Aug;51(4):559-566 [doi: 10.1007/s00592-013-0551-1]
[Medline: 24442514]

89. Esposito K, Maiorino MI, Petrizzo M, Bellastella G, Giugliano D. The effects of a Mediterranean diet on the need for
diabetes drugs and remission of newly diagnosed type 2 diabetes: follow-up of a randomized trial. Diabetes Care 2014
Jul;37(7):1824-1830 [doi: 10.2337/dc13-2899] [Medline: 24722497]

90. Ontwikkeling en evaluatie van de E-Supporter 1.0 (eHealth content t.b.v. een gezonde leefstijl bij chronische aandoeningen).
University of Twente. 2023. URL: https://easy.dans.knaw.nl/ui/datasets/id/easy-dataset:304984 [accessed 2023-07-12]

Abbreviations
BCT: behavior change technique
DHD15 index: Dutch Healthy Diet index
DIALECT: Diabetes and Lifestyle Cohort Twente
ESES: Exercise Self-Efficacy Scale
FFQ: Food Frequency Questionnaire
SAS: Self-Assessment Scale
T2D: type 2 diabetes
ZGT: Ziekenhuisgroep Twente

JMIR Form Res 2023 | vol. 7 | e45294 | p. 16https://formative.jmir.org/2023/1/e45294
(page number not for citation purposes)

Hietbrink et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/27966189
https://europepmc.org/abstract/MED/27966189
http://dx.doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27966189&dopt=Abstract
https://www.jmir.org/2011/3/e52/
http://dx.doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21821503&dopt=Abstract
https://humanfactors.jmir.org/2014/1/e2/
https://humanfactors.jmir.org/2014/1/e2/
http://dx.doi.org/10.2196/humanfactors.3787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025254&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph121214999
http://dx.doi.org/10.3390/ijerph121214999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26690188&dopt=Abstract
https://europepmc.org/abstract/MED/26854092
http://dx.doi.org/10.1080/17437199.2016.1151372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26854092&dopt=Abstract
http://dx.doi.org/10.1016/j.healthplace.2013.04.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23743005&dopt=Abstract
https://www.omicsonline.org/open-access/exploring-the-relationship-between-the-fast-food-environment-and-obesity-rates-in-the-us-vs-abroad-a-systematic-review-2165-7904-1000366-98653.html
http://dx.doi.org/10.4172/2165-7904.1000366
https://doi.org/10.1002/ejsp.674
http://dx.doi.org/10.1002/ejsp.674
http://dx.doi.org/10.2337/dc17-2041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29432126&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076221113396?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076221113396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35847525&dopt=Abstract
https://drc.bmj.com/lookup/pmidlookup?view=long&pmid=27239317
http://dx.doi.org/10.1136/bmjdrc-2016-000193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27239317&dopt=Abstract
http://dx.doi.org/10.1016/j.pcd.2015.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25744692&dopt=Abstract
http://dx.doi.org/10.1007/s00592-013-0551-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24442514&dopt=Abstract
http://dx.doi.org/10.2337/dc13-2899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24722497&dopt=Abstract
https://easy.dans.knaw.nl/ui/datasets/id/easy-dataset:304984
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 23.12.22; peer-reviewed by S Rousset, P Grace-Farfaglia; comments to author 03.04.23; revised
version received 13.06.23; accepted 20.06.23; published 28.07.23

Please cite as:
Hietbrink EAG, Oude Nijeweme-d’Hollosy W, Middelweerd A, Konijnendijk AAJ, Schrijver LK, ten Voorde AS, Fokkema EMS,
Laverman GD, Vollenbroek-Hutten MMR
A Digital Coach (E-Supporter 1.0) to Support Physical Activity and a Healthy Diet in People With Type 2 Diabetes: Acceptability
and Limited Efficacy Testing
JMIR Form Res 2023;7:e45294
URL: https://formative.jmir.org/2023/1/e45294
doi: 10.2196/45294
PMID:

©Eclaire A G Hietbrink, Wendy Oude Nijeweme-d’Hollosy, Anouk Middelweerd, Annemieke A J Konijnendijk, Laura K
Schrijver, Anouk S ten Voorde, Elise M S Fokkema, Gozewijn D Laverman, Miriam M R Vollenbroek-Hutten. Originally
published in JMIR Formative Research (https://formative.jmir.org), 28.07.2023. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is
properly cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well
as this copyright and license information must be included.

JMIR Form Res 2023 | vol. 7 | e45294 | p. 17https://formative.jmir.org/2023/1/e45294
(page number not for citation purposes)

Hietbrink et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2023/1/e45294
http://dx.doi.org/10.2196/45294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

