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Abstract
Background: The use of mobile health interventions, such as apps, are proposed to meet the challenges faced by preventive
health care services due to the increasing prevalence of type 2 diabetes (T2D). Thus, we developed and conducted initial
feasibility testing of the Plunde app for promoting and monitoring individual goals related to lifestyle change for people at risk
of T2D.
Objective: The primary aim of this study was to assess the feasibility of an app for promoting lifestyle change in people at
risk of T2D. The secondary aim was to assess recruitment rate, resource requirements, and change in potential outcomes for a
full scale randomized controlled trial (RCT) study .
Methods: A 3-arm feasibility RCT lasting 12 weeks was designed. Participants were recruited from 9 general practitioners
in Norway. Eligible participants were randomized to either (1) app follow-up; (2) app follow-up and referral to care as usual
in Healthy Life Centers; or (3) referral to care as usual in a Healthy Life Center, only. The primary outcome was feasibility
and was measured by app adherence (actual usage of the app), the System Usability Scale, and app motivation score gained
from a questionnaire designed for this study. Criteria for success were preset based on these measures. Secondary outcomes
included recruitment rate, resource requirements, and potential primary outcomes of a full-scale RCT. This included change
in body weight, waist circumference, and self-evaluated functional health status, assessed with the Dartmouth Primary Care
Cooperative Research Network/World Organization of Family Doctors (COOP/WONCA) functional health assessment chart.
Results: Within 8 months, 9 general practitioners recruited a total of 54 participants, of which 45 were eligble for participation
in the study. Mean age was 61 (SD 13) years and 53% (n=24) were female. App adherence was 86%, the mean System
Usability Scale score was 87.3 (SD 11.9), and the mean app motivation score was 74.8 (SD 30.3). Throughout the intervention
period, health care professionals spent on average 3.0 (SD 1.0) minutes per participant per week providing follow-up.
Statistically significant reduction in body weight and waist circumference was shown in group 1 and 3.
Conclusions: Based on the preset criteria for success, the Plunde app is feasible in providing support for lifestyle change. The
Plunde app had excellent user satisfaction. The amount of time spent on monitoring and promoting lifestyle change through the
app was low; however, the recruitment was slow. Results from this study will guide the development of further research within
this field.
Trial Registration: ClinicalTrials.gov NCT06117098; https://clinicaltrials.gov/study/NCT06117098
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Introduction
There is an urgent need to prevent and combat the global
epidemic of type 2 diabetes (T2D). The number of adults
with diabetes is expected to reach 67 million by 2030 and
69 million by 2045 [1]. Prediabetes, an intermediate stage
of glucose dysregulation that may precede T2D, affected
approximately 720 million individuals worldwide in 2021 and
is estimated to affect estimated 1 billion people by 2045 [1,2].
Prediabetes is diagnosed when blood glucose levels are above
the normal range but not high enough to be classified as
diabetes [2].

Healthy diet, regular physical activity, and maintaining a
normal body weight are established cornerstones of preven-
tion or delayed onset of T2D [3-5]. Hence, lifestyle modifica-
tion is the preferred initial approach when having confirmed
prediabetes or being at high risk of T2D [2]. Siginficant risk
reduction in delaying or preventing progression into T2D has
been found in people receiving lifestyle interventions [3,6].
A post-hoc analysis of randomized, controlled, multicentre
Prediabetes Lifestyle Intervention Study showed that a weight
loss of 5 percent or more, could decrease the risk of T2D
with 72%, and that full remission of T2D should be the target
aim [7]. A larger waist circumference (WC), independent of
overall adiposity, has been found to be strongly and linearly
associated with a higher risk of T2D [8]. Consequently, both
body weight and WC may be important predictors of the
development for T2D.

Healthy Life Centers (HLCs) is a part of the public health
care service in the municipalities in Norway, providing in
person lifestyle modification programs for people with, or in
high risk of disease [9]. Considering the burden of noncom-
municable diseases (NCDs), together with an aging popula-
tion, the health care system faces fundamental challenges in
delivering optimal care [10]. Thus, the primary health care
services are at a threshold limit.

The use of mobile health (mHealth) technologies has been
proposed to meet challenges related to delivery of sustain-
able prevention strategies [11]. The beneficial effects of
mHealth interventions regarding lifestyle factors have been
demonstrated in patients with NCDs in several systematic
reviews [12-14]. However, few studies have examined the
effect of using an app to deliver support and guidance for risk
reduction in patients at risk of T2D.

In 2022, we investigated barriers and facilitators for
lifestyle change in people at risk of T2D in a qualitative
meta-synthesis [15]. We found that central barriers were time,
cost, and availability [15]. Additionally individual tailoring of
lifestyle interventions was highlighted to facilitate the process
of making healthy changes [15]. The advantages of digital
health solutions lie, in its potential to overcome the barriers
for lifestyle change and at the same time enabling personal-
ized, empowering, and person-centered health interventions
[16]. Therefore, based on former research, user orientation-

and involvement, we developed the Plunde app (People
Living UNDEr change) to monitor and guide individuals
in initiating and maintaining lifestyle change and healthy
behavior [17].

Randomized controlled trials (RCTs) are needed to assess
potential effect of lifestyle interventions delivered by an app.
Before commencing such a trial, investigating the feasibility
of using an app to promote lifestyle change is warranted.
Therefore, the primary aim of this study was to assess if
the Plunde app was feasible to use for promoting lifestyle
change in people at risk of T2D. Preset criteria for success
was based on app adherence (actual usage of the app), the
System Usability Scale (SUS) and app motivation score
which was gained from a questionnaire designed for this
feasibility study. Secondary, we aimed to assess recruitment
rate, resource requirements and change in body weight, WC,
and self-evaluated functional health status.

Methods
Study Design
This 3-arm feasibility RCT, had an intervention period lasting
for 12 weeks. The participants were randomized to receive:
lifestyle intervention delivered by the Plunde app (group 1)
or referral to group-based lifestyle intervention at the local
HLCs in addition to follow-up with the Plunde app (group 2)
or to usual care which was referral to group-based lifestyle
intervention at the local HLCs (group 3). A computer-gener-
ated block randomization scheme was used to allocate the
participants to 1 of the 3 groups via concealed envelopes after
baseline assessment. The block sizes varied by 3 and 6.

Reporting follows the Consilidated Standard of Reporting
Trials (CONSORT) 2010 statement: extension to randomized
pilot and feasibility trials [18]. Additionally, principles from
the Consilidated Standards of Reporting Trials of Elec-
tronic and Mobile Health Applications and Online Tele-
health (CONSORT-eHEALTH) statement [19] were applied
(Checklist 1).
Setting and Recruitment
Participants were recruited from general practitioner (GP)
clinics in the eastern part of Norway from May 2023
and throughout December 2023. Initially the patients were
recruited from 2 GP clinics. From September 2023 we
included additionally 3 GPs clinics. Prior to recruitment,
information meetings at the clinic sites were held. Eligible
participants were asked by their GP regarding willingness
to participate in the study, and with their consent they were
contacted by a researcher (BBN or VVCN). The baseline
assessments and follow-ups were conducted at 3 collaborating
HLCs by 2 of the project members (BBN and VVCN).

JMIR FORMATIVE RESEARCH Skoglund et al

https://formative.jmir.org/2025/1/e63737 JMIR Form Res 2025 | vol. 9 | e63737 | p. 2
(page number not for citation purposes)

https://formative.jmir.org/2025/1/e63737


Participants
Eligible participants were women and men aged 18 years
or older, who were assessed by their GP to be at high risk
of developing T2D. The criteria for being at high risk was
HbA1c within the threshold level of 42-48 mL/mmol. In
addition, participants had to own and use an Android or iOS
smartphone and be able to read and understand Norwegian or
English.

By September 2023 only 25 participants were included;
therefore, we invited 3 more GP clinics to recruit participants
to the project. To increase the recruitment rate, we also
widened the criteria for being at high risk of T2D. Hyperten-
sion, hypercholesteremia, and being obese were set as criteria
in addition to, or instead of, HbA1c levels between 42 mL/
mmol and 48 mL/mmol.
Baseline Assessment
At baseline we collected demographic and descriptive data
within different lifestyle domains from the standardized
“HLC Startup” questionnaire developed by the Norwegian
Health Directorate [20]. The demographic data collected
included gender, age, educational level, and occupational
status. The descriptive data included physical activity level,
dietary habits, tobacco, alcohol, sleep habit, and social
support. This questionnaire was primarily used to guide and
structure the plan for lifestyle change and setting of goals and

tasks. Anthropometric data (body weight, WC, and height)
were collected at baseline and at follow-up by the same
researcher.

The Plunde App
Participants randomized to the app intervention groups, group
1 and 2, received access to Plunde and guiding in how to
use it after baseline assessment. Plunde was developed to
promote initiation of behavioral change and adherence to
healthy behavior [17]. The app is highly individualized as
it is based on the patient’s own goals to initiate or maintain a
lifestyle change [17]. Plunde permits the user to set personal
goals (Figure 1B) with tasks and accompanying reminders.
Goals and tasks decided during the baseline consultation were
added to the app. The goals set by the participants were
related to the different areas of lifestyle they wanted to work
on during the intervention period. The main lifestyle domains
presented (through the questionnaire) were dietary habits,
physical activity level and exercise, sleep, mental well-being,
alcohol, and smoking habits. Each participant set different
tasks to their goals, and 1 goal could have 1 or more related
tasks. To each of the tasks, the participant set a reminder
and decided when and how often the reminders of their tasks
should appear. Additionally, they could choose the wording
of their reminders. Plunde provided push notifications related
to the individual tasks, and the participants replied “comple-
ted” or “not completed.”

Figure 1. Screenshots showing the user interface.

Other features and functions in Plunde include a note
function, messages, videos, and a knowledge bank (Figure
1A). The note function allowed the participant to write
relevant notes or comments on their goal achievement
process, or for example writing an exercise diary. The

message function allowed the participants to chat with their
supervisor during the follow-up period (Figure 1C). Relevant
videos based on the participants’ goals were added under the
video function. In the knowledge bank, the supervisor could
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add written educational content based on the participants’
goals and requests.

A supervisor had access to an administrator interface
and monitored the goals, tasks, and notes of each partici-
pant throughout the intervention period. During the follow-
up period the supervisor could send weekly encouraging
messages to support their process of lifestyle change. If
the participants asked any questions in the message func-
tion, these were answered within 2 working days. The
2 supervisors in this study were both physiotherapists,
1 being a researcher with comprehensive experience in
cardiac rehabilitation and cardiac research and the other
with experience from HLCs and community health services.
The same supervisor who conducted the baseline consulta-
tion monitored and provided feedback throughout the study
period.

Referral to Healthy Lifestyle Center
Participants randomized to group 2 and 3 were referred
to the HLC by the respective supervisor immediately after
the baseline consultation, with an expected enrollment to
the HLC program within 2 weeks. The lifestyle modifica-
tion program at the HLC included individual and group-
based counseling and courses for increased physical activity,
healthy diet, improved sleep, and tobacco cessation. The
participants were encouraged to attain at least 1 or 2 exercise
sessions per week at the HLC. The participants in all the
3 study arms, received counseling based on elements from
motivational interviewing, which is a client-centered method
of intervention focused on enhancing intrinsic motivation
and behavioral change [21]. Goal setting and planning were
crucial parts of this conversation, based on the needs, values,
and perspectives of the participants.

Primary Outcome
The primary outcome was feasibility measured as app
adherence, user satisfaction, and app motivation. Data related
to feasibility of Plunde were collected from patients in groups
1 and 2.

Adherence to the app was registered in terms of actual use,
which we defined to be the percentage of reminders answered
per week throughout the 12-week intervention period. These
data were collected from the administrator interface.

The user satisfaction with the app was assessed with
the SUS. The SUS is a technology independent, 10-item
questionnaire with a score between 0 and 100, where 0
represents low usability and 100 represent high usability [22].
The elements of the SUS scale cover aspects of usability
such as ease of use, integration of functions, learning curve,
satisfaction, user confidence, and complexity [22,23].

App motivation was measured with a questionnaire
designed for this study. This questionnaire consisted of 17
questions—13 questions with Likert scale (0 to 100) options,
3 multiple-choice questions, and 1 open-ended question
(Multimedia Appendix 1). The main questions defining
app motivation score was based on 2 of the questions; to
what extent Plunde was experienced as motivating and if

the individual feedback provided from the supervisor was
experienced as motivating. In addition, we asked for how
long the participants would have liked to continue using the
app and, in this period, how often they would like to receive
feedback from their supervisors. The criteria for feasibility
success of the app that were preset were (1) at least 80%
of the participants reminders were answered per week (app
adherence), (2) mean SUS score ≥65, and (3) app motivation
score ≥75.

Secondary Outcomes
To inform a potential full-scale RCT, data on recruitment
rate and resource requirements were collected throughout
the study period. We calculated the recruitment rate as the
number of participants successfully recruited for the study
divided by the total amount of time required for recruitment.
Resource requirements in groups having the app intervention
was assessed by the supervisors who logged all time spent on
monitoring and providing feedback to participants. Addition-
ally, potential primary outcomes in a future scale RCT were
evaluated. This included body weight, WC, and self-evaluated
functional health status. These outcomes were assessed to get
experience with the measurements and to examine a potential
change.

Body weight was measured in kilogram using a digital
scale (Body Composition Analyzer, BC-418, ADE MeWa
GMbh, Schwerin and Beurer GS400 Signature Line weight).
The evaluation was carried out in the “standard mode,”
introducing the participant’s age, sex, and height. We strived
to use the same equipment for measuring body weight
at baseline and at follow-up. WC was measured with a
measuring tape (in cm; Seca 201) at the end of several
consecutive natural breaths, midpoint being between the top
of the iliac crest and the lower margin of the last palpable rib
in the mid axillary line [24]. The cut off points for abdominal
obesity and increased risk of T2D is WC ≥80 in women and
WC ≥90 in men [25,26].

Self-evaluated functional health status was assessed
with the Dartmouth Primary Care Cooperative Research
Network/World Organization of Family Doctors (COOP/
WONCA) chart [27]. The questionnaire is a generic
questionnaire comprising 6 domains—physical fitness,
feelings (mental well-being), daily activities, social activi-
ties, change in health, and overall health. Each dimension
is illustrated pictorially, numerically, and in writing inquir-
ing about the patient’s status during the past 2 weeks. The
response categories were scored from 1 to 5, where higher
score indicate worse health status.

Statistical Analysis
Data were analysed using SPSS Statistics for Windows
(version 29.0.0; IBM Corp). Descriptive statistics were
used to assess feasibility measures. Descriptive statistics are
reported in mean and SD or median and range for contin-
uous variables and in number and percentages for catego-
rical variables. To examine a potential change throughout
the intervention period for body weight, WC, and self-eval-
uated functional health status, we performed within-group
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analyses on mean change from baseline to 12-weeks follow-
up. If the data qualified for a normal distribution, the paired
sample t test was used. If not normally distributed, the paired
Wilcoxon signed rank test was used. All statistical tests
were 2-sided and P values <.05 were considered statistically
significant. To ensure a robust sample for the purpose of this
feasibility study, we aimed to include a total of 60 partici-
pants [18].
Ethical Considerations
The Regional Committee for Medical Research Ethics in
Southeast Norway did not find approval to be required. The
study is approved by The Norwegian Data Protection Service

for Research and the study has been registered on ClinicalTri-
als.gov (NCT06117098). The participants provided written
informed consent before participation.

Results
Recruitment
From May 2023 and throughout December 2023, 9 GPs
recruited a total of 54 participants of which 45 (82%) were
eligible and included in this study. As shown in Figure 2,
three participants dropped out during the intervention period.
No reasons for drop out were provided.

Figure 2. Recruitment and participant flow.

Participant Characteristics
Baseline characteristics are presented in Table 1. In total,
53% (n=24) were female and the mean age was 61 (SD 13)
years with a range from 31 to 83 years. A total of 49% (n=22)
of the participants had BMI ≥30, 88% (n=39) of the women

had WC ≥80 cm, and 95% (n=43) of the men had WC ≥90
cm. The goals of the participants pertained to the 5 lifestyle
domains of weight reduction, reduced HbA1c, healthy diet,
physical activity, and sleep.
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Table 1. Baseline characteristics.

Characteristics Study sample (N=45) App (group 1; n=16)
App + Healthy Life Center
(group 2; n=14)

Healthy Life Center
(group 3; n=15)

Female, n (%) 24 (53) 6 (38) 9 (38) 9 (38)
Age (years), mean (SD) 60.8 (12.6) 54.5 (12.4) 59.1(12.7) 68.1 (9.1)
Body weight (kg), mean (SD) 91.0 (22.3) 96.6 (19.6) 84.6 (24.3) 89.7 (22.8)
BMI, mean (SD) 31.0 (6.6) 32.3 (5.4) 30.0 (7.0) 30.0 (7.0)
Waist circumference (cm), mean (SD) 105.2 (14.9) 108.5 (12.1) 99.0 (16.0) 106.7 (15.4)
Educational level, n (%)
  Elementary or high school 20 (46) 7 (44) 7 (50) 7 (47)
  University or college >3 years 9 (20) 3 (19) 2 (14) 4 (27)
  University or college ≤3 years 14 (33) 5 (31) 5 (36) 4 (27)
Employment, n (%)
  Full-time work or part-time work 19 (43) 9 (56) 8 (57) 4 (27)
  Disability benefits 8 (18) 5 (31) 0 (0) 3 (20)
  Retired 17 (39) 2 (13) 6 (43) 8 (53)
COOP/WONCAa score, mean (SD)
  Physical fitness 2.3 (1.0) 2.0 (0.9) 2.2 (1.1) 2.8 (1.0)
  Feelings 1.8 (1.2) 1.8 (1.1) 1.8 (1.1) 1.8 (1.3)
  Daily activities 1.5 (0.9) 1.4 (0.7) 1.5 (0.9) 1.7 (1.1)
  Social activities 1.4 (0.8) 1.4 (0.8) 1.1 (0.3) 1.7 (1.0)
  Change in health 2.6 (0.7) 2.5 (0.6) 2.6 (0.6) 2.8 (0.7)
  Overall health 2.4 (0.8) 2.5 (0.7) 2.2 (0.8) 2.5 (0.7)
Total score, mean (SD) 11.8 (3.2) 11.6 (2.8) 10.6 (3.3) 13.1 (3.0)

aCOOP/WONCA: Dartmouth Primary Care Cooperative Research Network/World Organization of Family Doctors functional health assessment
chart.

Participants randomized to Plunde (groups 1 and 2; n=27) had
a mean of 1.5 (SD 0.7) goals, 1‐3 tasks related to each goal
and a mean of 7.7 (SD 7.1) weekly reminders of their goal
related tasks. The most frequent goal was related to weight
reduction and reduced HbA1c. Further, 17 (61%) participants
randomized to Plunde had iOS smartphone and 11 (39%) had
Android smartphone. For 2 (7%) participants, data regard-
ing the operative system were not collected. No technical
problems or bugs was reported during the intervention period.
Primary Outcome
At the 12 weeks follow-up, user log data could be retrieved
from 27 participants. The overall app adherence score was
86% (n=27) for the whole intervention period. The mean SUS
score was 86.6 (SD 12.0), indicating a grade A and excellent
usability (n=22).

The mean app motivation score was 74.8 (SD 30.3). The
motivational messaging from the supervisor was reported
(n=26) to be highly motivating, with a mean score of 93.5
(SD 19.8). When asked for how long the participants would
prefer to be followed up through the Plunde app, the most
frequent answer was 12 months. On the question on how
often the participants would find it useful to get feedback

from their supervisor, every other week was the most frequent
answer.
Secondary Outcomes
From May 2023 and throughout December 2023, 54
participants were recruited from 9 GP clinics within 8
months, of these 45 participants were eligible for the study.
The recruitment rate was 1.4 participants per week.

The first consultation with the participants in group 1
and 2 (n=27) lasted in average for 91.3 (SD 26.5) minutes.
Monitoring and follow-up through the app during the study
period, took an average of 3.0 (SD 1.0) minutes per partici-
pant per week.

As presented in Table 2, preliminary pre-post interventions
findings showed statistically significant within-group changes
in 1 or more outcomes in all 3 groups. A significant reduction
in body weight and WC was shown in group 1 and 3, and
improved changes in self-evaluated health was shown in all 3
groups. In the data analysis related to weight reduction, there
was 1 data point missing from group 1. For WC, 1 data point
was missing from both group 1 and 2. Meanwhile, for the
COOP/WONCA analysis, group 3 had 1 missing data point.
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Table 2. Changes in body weight, waist circumference, and self-evaluated functional health status at baseline (N=45) and after 12 weeks follow-up
(n=42).
Outcomes and measures Baseline, mean (SD) 12 weeks, mean (SD) Mean difference (95% CI) P value
App (group 1; n=14)
  Body weight (kg) 96.7 (20.1) 93.8 (18.5) 2.8 (0.8 to 4.9) .011
  Waist circumference (cm) 108.9 (12.4) 104.3 (11.3) 4.6 (2.0 to 7.1) .002
  COOP/WONCAa total score 11.9 (2.8) 9.4 (1.9) 2.5 (1.0 to 4.0) .003
  Physical fitness 2.1 (0.9) 1.8 (0.7) 0.4 (−0.2 to 0.9) .174
  Feelings 1.9 (1.1) 1.5 (0.9) 0.4 (−0.2 to 1.0) .139
  Daily activities 1.4 (0.8) 1.3 (0.7) 0.1 (−0.4 to 0.6) .547
  Social activities 1.4 (0.9) 1.0 (0.0) 0.4 (−0.6 to 0.9) .082
  Change in health 2.5 (0.7) 1.6 (0.6) 0.9 (0.5 to 1.2) <.001
  Overall health 2.6 (0.8) 2.1 (0.8) 0.4 (−0.1 to 0.9) .082
App + Healthy Life Center (group 2; n=13)
  Body weight 81.5 (22.3) 80.2 (21.5) 1.3 (−0.5 to 3.1) .136
  Waist circumference (cm) 98.1 (13.8) 95.5 (15.3) 2.6 (−0.7 to 6.0) .114
  COOP/WONCA total score 10.3 (3.2) 9.4 (2.3) 0.9 (−1.5 to 3.3) .423
  Physical fitness 2.1 (1.0) 1.8 (0.8) 0.3 (−0.1 to 0.7) .104
  Feelings 1.8 (1.2) 1.8 (1.1) 0.0 (−0.7 to 0.7) >.99
  Daily activities 1.5 (1.0) 1.1 (0.3) 0.4 (−0.2 to 1.0) .209
  Social activities 1.1 (0.3) 1.1 (0.3) —b —
  Change in health 2.5 (0.7) 2.2 (0.9) 0.9 (−0.3 to 1.5) .004
  Overall health 2.2 (0.8) 1.6 (0.7) 0.5 (0.1 to 0.9) .012
Healthy Life Center (group 3; n=15)
  Body weight (kg) 89.7 (22.8) 86.9 (21.4) 2.7 (0.9 to 4.6) .007
  Waist circumference (cm) 106.7 (15.4) 103.2 (13.9) 3.5 (1.1 to 6.0) .009
  COOP/WONCA total score 13.1 (3.1) 11.4 (3.3) 1.8 (-0.2 to 3.7) .070
  Physical fitness 2.8 (1.0) 2.4 (1.1) 0.4 (−0.3 to 1.1) .233
  Feelings 1.8 (1.3) 2.1 (1.5) −0.3 (−0.9 to 0.3) .265
  Daily activities 1.8 (1.1) 1.4 (0.9) 0.4 (−0.4 to 1.1) .336
  Social activities 1.7 (1.1) 1.1 (0.4) 0 (−0.02 to 1.2) .055
  Change in health 2.8 (0.7) 2.1 (0.8) 0.6 (−0.02 to 1.3) .057
  Overall health 2.5 (0.8) 2.0 (0.7) 0.5 (0.1 to 0.9) .029

aCOOP/WONCA: Dartmouth Primary Care Cooperative Research Network/World Organization of Family Doctors functional health assessment
chart.
bThe paired sample effect size could not be produced.

Discussion
Principal Findings
According to our preset criteria for feasibility, we found the
Plunde app to be feasible to use for promoting and monitoring
lifestyle change for people at risk of T2D. App adherence
was high, and Plunde was rated with excellent user satis-
faction. Furthermore, the app was evaluated as motivating,
and feedback from the supervisors was scored as the most
motivating factor. The amount of time spent on monitoring
and promoting lifestyle change through the app was low.
However, the recruitment was time consuming.

To our knowledge this is the first study assessing the
feasibility of a mobile phone app to promote and monitor

lifestyle change in people at risk of T2D. In our study, the
adherence to the app was high. This is an important find-
ing as the effectiveness of mHealth interventions have been
proven to be closely related to app adherence and engage-
ment [28]. Recently, Jakob et al [28] found that 5 interven-
tion-related factors indicated positive effects on adherence to
mHealth apps for prevention or management of NCDs. This
included tailoring and personalization to the individual needs
of the user, reminders in the format of individualized push
notifications, being user-friendly, a technically stable app
design, and personal support that complemented the digital
intervention [28]. In line with this, 2 systematic reviews by
Dugas et al [29] and Asbjørnsen et al [30], showed that the
most frequent behavior change techniques used in mHealth
interventions were goal-setting and planning, personalization,
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feedback and monitoring as well as prompts and cues. All
these factors were integrated in the Plunde app and could,
therefore, have contributed to the high adherence to the
app. The integration of digital features and behavior change
techniques may optimize T2D prevention interventions to
achieve clinically significant weight loss [31] and improve
self-management [32].

The app motivation scores in our study were high.
Particularly, participants had high scores on the motivational
feedback from the supervisor. Having “a person behind the
app” can also be aligned with a so-called blended care
model, characterized by a combination of digital interven-
tions and therapist-guided interventions [33-35]. Blended
care intervention has shown promising results on promot-
ing lifestyle change in terms of weight loss and physical
activity [34-36]. In previous research, the communication
with the supervisor was highlighted as crucial, because of
the possibility to communicate and receive individualized
feedback by a real person [37]. On the contrary, the lack of
direct contact and involvement with health care professionals
has in previous study been pointed out as a main barrier
for feasibility of an app-based intervention for cardiovascular
disease and diabetes risk awareness and prevention [38]. An
important component of this form of blended care model is
the “onboarding” phase of the app intervention [39]. This is
likely to be another factor having contributed to the high app
adherence in this study. The initial face-to-face consultation
enabled further tailored communication through the app, as it
focused on the individual’s goals and tasks, and the associated
barriers and facilitators to reach them. The freedom of choice
and flexibility in a tailored program allows participants to
set personalized and meaningful goals [15]. A systematic
review and meta-analysis by Joiner et al [12] showed that
technology combined with online health coaching resulted in
greater weight loss compared to fully automated electronic
health interventions. Thus, it is reasonable to assume that a
crucial factor for adherence to the app is the individualized
follow-up provided by a supervisor. Consequently, to succeed
in a full-scale RCT, each participant should have a supervisor
which can serve as the person behind the app and provide
personalized and tailored feedback.

Weight reduction is the most important factor in prevent-
ing T2D, delaying the onset of T2D, and even remission of
prediabetes and micro- and macrovascular risk [6,7]. In this
feasibility study we assessed body weight, WC, and self-eval-
uated health at baseline and at 12 weeks follow-up. This
was done to get experience with the measurements and to
examine a potential change in these outcomes for a poten-
tial full-scale trial. In such a trial, one could consider to
include the outcome waist-to-height ratio, as this variable has
been shown to have an even stronger association with T2D
risk than BMI, WC, and the waist-to-hip ratio [25,40,41].
Importantly, this study was designed as a feasibility RCT and
did not aim to detect possible differences between groups,
thus between-group analysis was not performed. We got
valuable experiences with conducting the measurements and
collecting data on body weight and WC.

Strengths and Limitations
A strength of this study is the heterogeneity of our sam-
ple in terms of age, gender, educational level, and socio-
demographic status [42]. This increases the reliability and
generalizability of our results, particularly regarding app
adherence, app motivation, and user satisfaction. However,
participation bias can be considered as a limitation in this
study, as the people who agreed to participate are more likely
to have a higher motivation for lifestyle change and being
more aware of their risk of T2D. It is also important to
consider that there is a potential risk in failing to recruit
people at the highest risk [43]. However, considering the
baseline characteristics of our study sample we seem to have
reached the targeted population for risk reduction of T2D.

An important limitation to this study is that we
changed our inclusion criteria during the recruitment process,
jeopardizing a correct picture of the recruitment process.
However, widening the inclusion criteria was a pragmatic
choice, to achieve an adequate sample for being able to
evaluate the feasibility of Plunde. If we had used the widened
criteria from the beginning, the recruitment rate could have
been faster. Thus, this has given us valuable considerations to
the recruitment process in a potential full-scale RCT.

According to the recommendations for complex inter-
ventions and assessing feasibility [44] mixed methods is
recommended [45]. Thus, not having qualitative interviews
at the follow-up after ended intervention may present a
limitation. Qualitative interviews could have provided us with
valuable and more extensive information to better understand
the complexity of adherence and engagement in use of the
app. However, researchers from our group have previously
investigated participants experiences with app-based follow-
up over a period of 1 year [37]. Qualitative data and results
from their work prepared the ground when designing the
Plunde app in terms of functionality and likewise the role
of the app supervisor to promote adherence and engagement
to the app [17].

From a Feasibility Study to a Full-Scale
RCT Study
Despite the overall feasibility of the Plunde, our study
revealed some adjustments to be made prior commencing
a full-scale RCT. To address the challenge of the slow
recruitment rate, involvement of a substantial number of GP
clinics seems necessary. However, it is important to consider
that people at risk of T2D, do not necessarily visit their GP
very often, being in a state often without clinical symptoms
[2].

Several recruitment strategies could be considered to
enhance the recruitment rate and to increase the number
of people available for recruitment. This could be done by
developing a campaign for recruitment of participant into
a full RCT, mediated or passive recruitment by using a
wide variety of social media platforms. In person recruitment
of people at risk of T2D has been conducted in venues
like public spaces, libraries, churches, and different meeting
places to reach people assessable for eligibility [46]. Rapid
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risk assessments and point-of-care testing of HbA1c levels
in community settings, for example GP offices, has been
suggested to increase access to testing, facilitating early
diagnosis, glycemic awareness, and lifestyle change [47],
and could potentially increase the recruitment rate. Further-
more, using electronic health record-supported recruitment
approaches has been found to be feasible and promising, and
have the potential to increase the reach of eligible participants
[48]. This could also be an important approach to facilitate
the engagement of GPs and health care professionals in the
research [48].

In terms of conducting a potential future 3-arm full-scale
RCT, this feasibility study has provided us with valuable
insights to the final decision of the design. We got expe-
rience with the administration of 3 intervention groups,
including acceptability of the randomization procedure, and
importantly, we gained important experience on the overall
recruitment rate. In terms of conducting a potential future
3-arm full-scale RCT, we consider it as a strength to have
evaluated feasibility of the app when used as “stand alone”
intervention (group 1) and when used in combination with
face-to-face group intervention (group 2). However, the
complexity and resource requirements required to conduct
a 3-arm design in a full-scale RCT must be taken under
consideration. Regarding the usual care group (group 3),
the variation in modalities offered by the HLCs and the
risk of prolonged inclusion time to the HLC program, due
to capacity and resource challenges, adds to the complex-
ity and underscores the importance of an integrated stake-
holder involvement in the planning and implementation of a
full-scale RCT.

An advantage of conducting a full scale RCT with a
3-arm design, would be the potential to investigate whether
an app intervention alone is as good as and not inferior
to usual care (HLC). In addition, an evaluation whether a
lifestyle intervention delivered as combination of app and
HLC would be superior to usual care alone. Follow-up
through an app instead of participating in HLC could be the
preferred alternative for people because of the flexibility and
accessibility an app provides. As a significant proportion of
the targeted population for risk reduction of T2D are people
committed to work and family responsibilities, and in terms

of finding optimal prevention strategies, it is a challenge that
the HLCs for the most offer their program during daytime and
main working hours.

Despite the growing evidence on the effectiveness of
mHealth interventions and lifestyle change for risk reduc-
tion of T2D, more evidence is needed regarding long-
term adherence and effectiveness [28,49,50]. Considering
our positive findings on the low amount of time spent
on monitoring and providing follow-up, an assessment of
long-term adherence and effectiveness implemented in a
full-scale RCT would be feasible and sustainable in terms
of resource requirements. When we asked the participants in
this study how long they would have continued to use the
app, most of the participants answered 12 months. In terms
of individualized feedback from the supervisor, most of the
app participants answered that they found feedback every
month appropriate, suggesting that long-term follow does not
necessarily need to be time-consuming from a health care
professionals’ perspective.

The high speed of technology, innovative app develop-
ment and the potential of artificial intelligence chatbots as
supervisors provides a huge potential in providing scalable
mHealth interventions for people at risk of T2D. The need
for more research to understand which interventions and
components have the greatest reach, promotes engagement
and adherence and being most effective in the long term is
consistently elucidated [50]. However, this feasibility study
leads us to suggest that the potential of digital interventions or
mHealth is also to be found beyond the technology itself. The
blended care model design of the Plunde app contributes to
the research on finding the optimal interaction model between
health care professionals and people at risk of T2D.
Conclusions
Based on our preset criteria for success the Plunde app is
feasible to monitor and promote lifestyle change in patients
at risk of T2D. The amount of time spent on monitoring
and promoting lifestyle change through the app was low;
however, recruitment was slow. This feasibility study has
provided important information and guidance for planning
and executing a potential randomized controlled trial.
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