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Abstract

Background Maintaining optimal glycemic control in type 2 diabetes (T2D) is difficult. Telemedicine has the poten-
tial to support people with poorly regulated T2D in the achievement of glycemic control, especially if the telemedi-
cine solution includes a telemonitoring component. However, the ideal telemonitoring design for people with T2D
remains unclear. Therefore, the aim of this feasibility study is to evaluate the feasibility of two telemonitoring designs
for people with non-insulin-dependent T2D with a goal of identifying the optimal telemonitoring intervention

for a planned future large-scale randomized controlled trial.

Method This 3-month randomized feasibility study will be conducted in four municipalities in North Denmark start-
ing in January 2024. There will be 15 participants from each municipality. Two different telemonitoring intervention
designs will be tested. One intervention will include self-monitoring of blood glucose (SMBG) combined with sleep
and mental health monitoring. The second intervention will include an identical setup but with the addition of blood
pressure and activity monitoring. Two municipalities will be allocated to one intervention design, whereas the other
two municipalities will be allocated to the second intervention design. Qualitative interviews with participants and cli-
nicians will be conducted to gain insight into their experiences with and acceptance of the intervention designs

and trial procedures (e.g., blood sampling and questionnaires). In addition, sources of differences in direct interven-
tion costs between the two alternative interventions will be investigated.

Discussion Telemonitoring has the potential to support people with diabetes in achieving glycemic control,

but the existing evidence is inconsistent, and thus, the optimal design of interventions remains unclear. The results
of this feasibility study are expected to produce relevant information about telemonitoring designs for people
with T2D and help guide the design of future studies. A well-tested telemonitoring design is essential to ensure
the quality of telemedicine initiatives, with goals of user acceptance and improved patient outcomes.

Trial registration ClinicalTrials.gov, ID: NCT06134934. Registered November 1, 2023. The feasibility trial has been
approved (N-20230026) by the North Denmark Region Committee on Health Research Ethics (June 5, 2023).
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Background

Diabetes represents a major health challenge worldwide.
In 2017, it was estimated that 8.4% (451 million) of the
adult global population had diabetes. The prevalence is
expected to increase to approximately 9.9% (693 million)
by 2045, for instance due to an increase in obesity and
unhealthy diets [1-4]. Type 2 diabetes (T2D) accounts
for approximately 90-95% of diabetes cases [5, 6].

To prevent and control diabetes-related complications,
it is crucial to maintain glycemic control [7, 8]. However,
optimal glycemic control is often difficult to maintain [7,
9], and less than 50% of people with diabetes reach their
goal of glycemic control [10, 11]. The main challenge is
that people with diabetes are highly responsible for dis-
ease management outside of hospital settings. The per-
son with diabetes is required to perform complex care
activities and make numerous daily decisions regarding
self-management [9]. Therefore, alternative approaches
in diabetes care are needed to support people with dia-
betes in achieving the desired treatment goals. In several
studies, telemedicine has led to positive results in sup-
porting people with diabetes [12—23]. Telemedicine solu-
tions involve the transfer of information or data between
a health care professional (HCP) and patients over a geo-
graphical distance and the provision of tailored feedback
[24]. Telemedicine solutions vary [25, 26], ranging from
simple short message service reminders to more com-
plex telemonitoring solutions where the patient performs
selected measurements at home and transfers their data
to monitoring HCPs [16, 17, 20, 27-31]. Thus, telemedi-
cine has a large potential to support people with diabetes
in achieving glycemic control. Moreover, for those who
are unable to travel to a health care clinic, telemedicine
has the potential to increase access and provide better
health outcomes [32].

In a comprehensive 2017 review, it was reported that
telemedicine for people with diabetes is a safe way to pro-
vide support for self-care [33]. Several other evaluations
of telemedicine solutions have shown varying results but
with a positive trend considering glycemic control [15,
26, 34—37]. A review and meta-analysis by Faruque et al.
from 2017 showed an improvement in glycated hemo-
globin (HbAlc) in people with T2D who used telemedi-
cine as a supplement to regular care [26]. Furthermore,
in 2021 Hangaard et al. performed a systematic review,
meta-analysis, and meta-regression focusing on T2D;
they concluded that telemedicine may serve as a valu-
able supplement to usual care, especially if the solution
includes a telemonitoring component, and that patients
with poor glycemic control may benefit more from tel-
emedicine than their well-regulated counterparts [16].
However, the ideal telemonitoring setup for T2D remains
to be determined [16].
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Telemonitoring interventions may have the potential to
postpone the start time for insulin treatment and reduce
the risk of diabetes-related complications in people with
T2D if they focus on diabetes self-management educa-
tion components. Such interventions could potentially
provide the foundation for people with T2D to navigate
the daily self-management and care activities related
to diabetes [38, 39]. Diabetes self-management educa-
tion components are the elements that facilitate skills,
knowledge, and ability necessary for diabetes self-care
[39]. Such components are the first step in T2D manage-
ment and have been shown to improve health outcomes
in people with diabetes [38, 40—42]. Different telemoni-
toring approaches focused on diabetes self-management
education could be relevant in supporting people with
non-insulin-dependent T2D. One essential approach is
self-monitoring of blood glucose (SMBG), as it provides
instant feedback on glycemic values rather than waiting
for the next HbAlc [8]. Another relevant approach is
monitoring sleep. Sleep disorders are prevalent in T2D
and are associated with impaired glucose control and an
increased risk of developing diabetes complications [43,
44]. Conversely, diabetes and its complications are asso-
ciated with poor sleep quality, insomnia, and higher use
of sleep medications [45, 46]. An increased awareness
of proper sleep is important, as sufficient sleep can pre-
vent diabetes progression [43, 44]. Thus, improvement
of sleep could aid the treatment and course of T2D [44].
A third approach is monitoring of mental health, as peo-
ple with diabetes are known to have more psychological
problems compared to the general population associated
with increased health care costs [47, 48]. In this regard,
telemedicine specifically designed to help people with
diabetes understand and better manage mental health
symptoms has been shown to decrease anxiety, depres-
sion, and stress in people with diabetes [48]. A fourth
relevant approach is monitoring blood pressure. Blood
pressure levels are higher among people with T2D, and
increased values are a well-established risk factor for car-
diovascular events [49-51]. Thus, lowering blood pres-
sure in people with T2D is associated with improved
clinical outcomes and reduced mortality [51]. Finally, a
fifth relevant telemonitoring approach is monitoring and
follow-up on physical activity. Thus, studies show that
physical activity and reducing sedentary behavior are
essential for maintaining glycemic control in people with
T2D [52, 53].

Objectives

The main objective of this study is to evaluate the feasi-
bility of different telemonitoring intervention designs
for people with non-insulin-dependent T2D as a supple-
ment to usual care (i.e., regular diabetes controls with the



Laursen et al. Pilot and Feasibility Studies (2024) 10:83

patient’s general practitioner) with the goal of identify-
ing the most suitable design for a planned future large-
scale randomized controlled trial. The study is designed
to build on a delimited set of intervention components of
presumed greatest importance to people with non-insu-
lin-dependent T2D to help prioritize the components in
the planned randomized controlled trial.

A secondary objective is to gain useful information for
the design of the planned future randomized controlled
trial. Apart from evaluating and identifying the most
suitable intervention design, the study is expected to
provide relevant information on the target group, sam-
ple size estimation, recruitment opportunities and chal-
lenges, suitable outcome measures, and follow-up rates
[54]. Furthermore, the feasibility study is intended to help
clarify whether the target group has specific wishes and
requirements for a future telemedicine solution as well as
whether there is any aspect of the group’s social environ-
ment that requires special attention [55].

Methods

This protocol paper is reported in accordance with an
adjusted version of the SPIRIT2013 Statement: Defin-
ing standard protocol items for clinical trials [56].
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The Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) checklist is available in
Additional file 1. The adjustments made include the sug-
gestions by Lehana Thabane & Gillian Lancaster in “A
guide to the reporting of protocols of pilot and feasibility
trials” [57], a guide that includes items from the CON-
SORT 2010 statement: extension to randomized pilot
and feasibility trials [58].

Study design and setting
The trial is a feasibility study with a trial period of
3 months. The trial will be conducted as a randomized
cluster study in four municipalities in North Denmark
(Hjorring, Morsg, Jammerbugt, and Rebild). Two differ-
ent telemonitoring designs will be tested to identify the
most suitable telemonitoring intervention for a future
randomized controlled trial on a large scale. Two munici-
palities will test one intervention design (group 1), while
the other two municipalities will test the second inter-
vention design (group 2). The overall trial design is illus-
trated in Fig. 1.

The municipalities will be randomized using a draw-
ing of envelopes approach. The drawing will be per-
formed in groups based on the setting of the respective

Screening, eligibility assessment,
and allocation
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Telemonitoring design 1
(group 1):
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Blood Glucose (SMBG)
Sleep
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Telemonitoring design 2
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v

Assessment of outcomes and
study completion

Fig. 1 Feasibility study design
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municipalities to ensure that each intervention design
will be tested in a health care center as well as in a home
health care setting.

All participants will be provided with a telemonitor-
ing account (OpenTeleHealth North account), a blood
glucose monitoring kit, and a tablet (unless the partici-
pant prefers to use his or her own tablet or smartphone)
at trial initiation. The participants will monitor sleep and
mental health status through questions implemented in
the telemonitoring system. Sleep will be monitored using
sleep item questions from a Danish patient-reported out-
come (PRO) questionnaire for T2D, while mental health
will be monitored through the World Health Organiza-
tion Five Well-being Index (WHO-5) questionnaire. In
addition, the participants in group 1 will be provided
with a blood pressure monitor and an activity tracker.

All participants will be trained in using the provided
technologies at trial initiation. They will use the distrib-
uted devices continuously at home to collect, log, and
transfer data to the municipality nurse for the entire trial
duration. The municipality nurses will monitor the par-
ticipants’ data weekly using the telemonitoring system.
They will contact the participants by phone, video, or text
message at least every other week during the first 6 weeks
of the trial. For the final 6 weeks, the frequency of con-
tacts will be tailored based on the needs of the individual
participant. Hence, participants may be contacted more
frequently than every other week if it is considered rel-
evant by the monitoring municipality nurse. All calls to
participants will be recorded in their respective elec-
tronic care journals as a part of mandatory registration
for the municipality nurse. Participants will be informed
that they remain responsible for monitoring and man-
aging their blood glucose levels despite telemonitoring.
Furthermore, since the intervention should be seen as a
supplement to usual care, the participants are informed
that they should continue usual care (diabetes-related
visits and controls) with their general practitioner during
the trial.

At the end of the trial, participants from both inter-
vention groups will have a final visit with the monitoring
municipality nurse. The visit can take place either at the
local municipality trial site or at the participant’s home.

Due to the nature of the trial, it will not be possible to
blind participants, HCPs, or researchers.

Outcomes and data collection

The outcomes are used to explore the two different inter-
vention designs to identify the best possible design for a
future randomized controlled trial and not to define the
statistical or clinical effectiveness of the two interven-
tions. The SPIRIT figure (Fig. 2) provides an overview
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of the time schedule for enrolment, interventions, and
assessments as anticipated in the feasibility trial.

Demographics

Patient demographics will be obtained at trial initiation,
including age (civil registration number), sex, height,
weight, blood pressure, civil status, educational level,
duration of diabetes, diabetes complications, concomi-
tant medications, concomitant illness, and health-related
habits. In addition, baseline HbAlc and lipid values will
be used to characterize the participants (blood sampling
procedures are explained in the “ Feasibility of the blood
sampling schedule” section).

Recruitment process
The recruitment assessment will include the following:

+ Number and proportion of people agreeing to receive
a participant information letter about the trial

+ Number and proportion of eligible participants who
agree to participate

+ DPotential inequalities regarding recruitment feasibil-
ity will be assessed by comparing demographic data
on age, sex, ethnicity, educational level, municipality,
setting (health care center versus home health care
setting), and HbAlc (baseline)

Retention
The retention assessment will include the following:

+ Number and proportion of participants withdrawing
from the trial

« Timepoint(s) for withdrawal

+ Reasons for discontinuation of the trial

+ DPotential inequalities regarding retention assessed by
comparing demographic data on age, sex, ethnicity,
educational level, municipality, setting (health care
center versus home health care setting), and HbAlc
(baseline)

Feasibility of questionnaires

Another outcome is to evaluate the use of selected ques-
tionnaires in the intervention designs based on response
rates. This will be done to assess their suitability for the
patient group and the future large-scale randomized con-
trolled trial. Therefore, the participants will be encour-
aged to answer the following four questionnaires at
baseline and at the end of the trial approximately three
months after inclusion:
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STUDY PERIOD
Enrolment Allocation Postallocation Close-
(baseline) out

Time point -ty 0 3 months 6 months 12 months
ENROLMENT:
Recruitment X
Eligibility screen X
Informed consent X
Allocation X
Introduction to telemonitoring system and devices X
INTERVENTION(S)
Telemonitoring design 1 e
Telemonitoring design 2 e
ASSESSMENTS
Demographics X X
Lipids X
Glycated haemoglobin (HbA1c) X X X X (X)
Questionnaires (data collection timepoints):
PAID-5 X X
SF-12 X X
PAM-13 X X
WHO-5 X X
Recruitment X
Retention X X X X
Feasibility of questionnaires X X (X)
Feasibility of blood sampling schedule X X X X (X)
Experiences with and acceptability of intervention design(s)

- Interviews with participants X ®)
Experiences with and acceptability of intervention design(s)

- Interviews with HCPs X ™
Intervention costs X X X X X X

Fig. 2 SPIRIT figure. Participant timeline with schedule of enrolment, intervention(s), and assessment time points for both intervention groups

1) Diabetes-related quality of life: The Problem Areas in
Diabetes Questionnaire (PAID5)

2) Quality of Life: The Short Form 12 Questionnaire
(SE-12v2)

3) Well-being: The World Health Organization Five
Well-being Index (WHO-5)

4) Knowledge, skills, and confidence in managing
health: The Patient Activation Measure questionnaire
(PAM)

Feasibility of the blood sampling schedule

HbAlc will be collected at baseline and 3, 6, and
12 months after inclusion. In addition, lipids will be col-
lected at baseline together with HbAlc. Blood samples
will be drawn to explore the following:

« If there are any analysis challenges or uncertainties
+ Adherence among participants to the blood sampling
schedule: number and proportion of the partici-
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pants who completes the blood sampling at baseline,
3 months, 6 months, and 12 months

All blood samples will be drawn by staff at the partici-
pant’s general practitioner. The samples will be analyzed
as soon as possible after extraction at Aalborg Univer-
sity Hospital or at the North Denmark Regional Hospi-
tal but no later than 5 days after extraction, after which
the samples will be destroyed. Data on HbAlc at 6 and
12 months after inclusion will be based on blood samples
collected as part of regular clinical practice.

Experiences with and acceptability of intervention design(s)
Following the 3-month intervention period, individual
semi-structured qualitative interviews will be conducted
with selected participants and HCPs to gain deeper
insight into the participants’ and HCPs’ experiences and
acceptability with the two different telemonitoring inter-
vention designs (cf. the “ Study design and setting” sec-
tion) and the trial procedures. The interviews will, for
example, include questions concerning the following
information:

+ How they experience and feel about the intervention
and the telemonitoring equipment and design

+ How they assess the burden of being involved in the
intervention

+ If they have any ethical concerns about participating
in the intervention

In addition, the interviews will cover the following
information:

+ Recruitment opportunities and challenges

« DPerspectives on retention problems

« Derspectives on the use of selected questionnaires
in the intervention designs and the use of the PRO
(sleep items) and the WHO-5 questions as part of the
telemonitoring intervention during the trial (cf. sec-
tion “ Study design and setting”)

« If the planned timepoints for blood sampling are
suitable and meaningful for the future large-scale
randomized controlled trial considering potential
challenges in relation to social factors, clinical work-
flows, processes, etc.

Intervention costs

Using interviews with HCPs and administrative person-
nel, a particular focus throughout the feasibility study is
to investigate sources of direct and indirect intervention
costs for the two alternative intervention designs across
the region, the included municipalities, and general
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practitioners. Study-induced costs will be excluded (e.g.,
time spent distributing study questionnaires and other
activities not included when implementing the poten-
tial interventions in routine practice). Potential direct
resource categories are in principle uncertain but could
include equipment and time spent on monitoring, time
spent training patients in using the equipment, additional
training for community nurses, and additional time spent
by general practitioners in running the offer. Indirect
costs could include software licensing, technical support,
swapping defect equipment, IT maintenance, server allo-
cation space, etc.

Eligibility criteria
The inclusion criteria for participating in the feasibility
study will be as follows:

o Adults>18 years

+ Poorly controlled T2D, i.e., HbAlc>58 mmol/mol

+ Diagnosis of T2D for at least 12 months

+ General practitioner responsible for diabetes treat-
ment

+ Residence in Hjgrring, Morsg, Jammerbugt, or Rebild
municipality

+ Ability and willingness to use a smartphone/tablet
along with the other devices to be used in the trial

+ Signed informed consent

+ Ability to understand and read Danish

The exclusion criteria will be as follows:

+ Pregnancy or breastfeeding

+ Insulin treatment

+ Prednisolone treatment

+ Severe diabetes complications such as severe neurop-
athy or nephropathy (dialysis treatment)

« Participation in diabetes rehabilitation courses and in
other intervention trials

+ Terms that, in the opinion of the sub-investigator or
investigator, render the participant unfit to conduct
the trial, including lack of understanding of the trial
or lack of physical or cognitive ability to participate.

Sample size

Power calculation will not be conducted, as hypothesis
testing is inappropriate in feasibility studies and there-
fore not an objective of this trial [54]. Instead, the sample
size will be based on recommendations in the literature.
A general rule is a sample size of 30 patients or greater
in pilot studies [59]. Furthermore, 12 [60] to 50 [61] par-
ticipants per arm have been suggested. Based on these
recommendations, 60 participants will be included in the
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feasibility study, with 30 participants undergoing each
intervention design.

Recruitment and ethical considerations

Eligible people with non-insulin-dependent T2D will be
recruited through general practitioners (or HCPs from
the municipalities can send an inquiry to general prac-
tice) in the four municipalities in connection with dia-
betes consultations. The general practitioners will briefly
inform the participant about the trial, hand out a partici-
pant information letter to interested patients, and refer
them electronically to the municipality project nurses for
potential inclusion. The potential participants will sub-
sequently be called in for an information meeting with
the possibility of a companion. This will be described in
the participant information letter, which will also explain
the purpose and design of the trial. During this meeting,
the potential participant will be given in-depth informa-
tion about the trial and will have the opportunity to ask
questions. Moreover, attempts will be made to deter-
mine whether the potential participant is motivated
and suited to participate in the telemonitoring trial. The
information meeting will take place in a closed room at
one of the municipality sites or in the participant’s home,
where the conversation can take place undisturbed. The
information meeting will be conducted by a municipal-
ity nurse (authorized by the primary investigator to per-
form the task) from the project team with the necessary
professional knowledge. During the meeting, the partici-
pant will be made aware of her or his right to a reflection
period of at least 24 h prior to giving informed consent
and that the consent can be withdrawn at any time and
without justification. Only when informed consent has
been obtained with the signature of both the participant
and the municipality nurse will the trial begin.

The recruitment of participants for the interviews will
be conducted continuously due to ongoing inclusion of
eligible participants throughout the whole trail period.
Toward the end of the three months trail period, selected
participants will be contacted by one of the researchers
to receive information about the interview and asked
about interest in possible participation. To ensure broad
perspectives, a maximum variation sampling strategy will
be sought to ensure that the interviews cover perspec-
tives from both telemonitoring designs and both settings
(i.e., health care center and home health care setting).
Moreover, attempts will be made to include participants
of varying genders and age groups.

Recruitment of HCPs for the interviews will be con-
ducted towards the end of the entire trail period. It will
be aspired to recruit one HCP for each municipality to
ensure a broad perspective across municipality nurses.
However, the recruitment process will depend upon
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organizational and logistical feasibility such as resources
and work schedules.

The trial will be terminated in the event of any seri-
ous adverse events related to the trial as considered by
the primary investigator. Furthermore, the trial will be
stopped for the individual participant if severe hypo-
glycemia (low blood glucose; severe defined as lev-
els<54 mg/dL), ketoacidosis (when ketone acids are
build up to potentially dangerous levels in the body), or
severe hyperglycemia (high blood glucose; severe defined
as levels >180 mg/dl) is recorded and determined by the
primary investigator to be related to the trial. However,
the risk of such events is low since participants on insu-
lin therapy will be excluded. If the trial is stopped for
the individual participant or if a participant requests to
withdraw from the trial, a subsequent final meeting with
a municipality nurse is offered. At this visit, any questions
from the participant will be answered.

The trial will be carried out in accordance with the Hel-
sinki Declaration [62] and the principles of good clinical
practice (GCP) [63]. Furthermore, the North Denmark
Region Committee on Health Research Ethics approved
the trial (Project ID: N-20230026).

Analysis

Descriptive statistics will be used to present baseline
demographics. Continuous data will be summarized
using the mean and standard deviation, while categorical
data will be presented as percentages.

The data collected from the qualitative interviews will
be analyzed through inductive thematic analysis to iden-
tify central themes.

The extent of missing data from the participants
throughout the trial period, response rate for the ques-
tionnaires, and number of completed blood samplings
will be collected and presented using descriptive statis-
tics. The data will be used to evaluate acceptability and
adherence among the participants to the two interven-
tion designs.

The intervention design for a future randomized con-
trolled trial will be determined by:

1) Comparison of the quantitative results (recruitment,
retention, and intervention costs) derived from the
two intervention designs. If there is no notable dif-
ference in the quantitative results between the two
intervention designs, the design with the least num-
ber of components will immediately be preferred to
ensure the most favorable solution for a larger popu-
lation

2) An overall assessment, incorporating the quantitative
results and findings from the qualitative interviews
(with participants and HCPs), through dialogue
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between the researchers and involved personnel
from the North Denmark Region, municipalities, and
general practitioners

As already stated, no sample size calculation will be
performed since the present study is a feasibility trial.
However, the results from the trial are expected to pro-
vide useful information on sample size calculation for the
future randomized controlled trial regarding drop-out
estimation.

Plans for data quality and security

Various measures will be taken to promote data quality and
security. The data will be entered and stored in the secure
web application the Research Electronic Data Capture
(REDCap) system [64] using double data entry to ensure the
integrity of the captured data. This is especially important,
as a large proportion of the data will be initially collected in
paper form and then subsequently entered into the REDCap
system. Furthermore, range checks for the data values will
be used to validate data if it is considered appropriate that
the data fall within a certain range. Finally, secure drives will
be used if the researchers need to work on the dataset out-
side of REDCap.

Discussion
The feasibility study aims to develop and test two telem-
onitoring designs for people with non-insulin-dependent
T2D with the goal of identifying the most suitable telem-
onitoring intervention for a planned future large-scale
randomized controlled trial. The study is innovative from
different perspectives. First, the study will be carried out
in North Denmark, a region where no telemedicine solu-
tion for diabetes exists despite the positive effects that
have been shown in previously mentioned studies [16,
26] and despite an existing telehealth organization in the
region (TeleCare North) [65]. Thus, there is a need to
develop and test a telemonitoring design for T2D with
a goal of future implementation in the North Denmark
Region. Furthermore, the inclusion of four municipalities
in the study will help increase the trial’s external validity
[66]. Evaluating a telemonitoring solution for people with
non-insulin-dependent T2D is expected to produce rel-
evant information about telemonitoring designs for the
patient group and may help guide the design process of
future studies, including the planned future randomized
controlled trial in large scale. A well-adapted and well-
tested telemonitoring design is essential to ensure the
quality of telemedicine initiatives in general with a view
to better user acceptance and patient outcomes [55].

The feasibility study will also be associated with some
limitations. The study will not enable evaluation of the
intervention effects or specific subgroup effects nor will
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it evaluate the effect compared to usual care as intended
in the planned future randomized trial. However, the
design of feasibility studies is common as a first step in
the development process and evaluation of new and
future interventions [54, 59]. Another limitation is the
opt-out of other intervention combinations. In this study,
only two intervention combinations will be tested and
compared. Other set-ups could be relevant. However, the
feasibility study has been carefully designed to build on
a delimited set of intervention components of presumed
greatest importance to people with non-insulin-depend-
ent T2D. Furthermore, several HCPs with expertise in
diabetes and a user advisory council with potential end-
users were involved in the design process. Utilizing a few
carefully selected intervention components will hopefully
help prioritize future studies and telemonitoring designs.
It could be relevant, however, to test other intervention
components and combinations in future studies.
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HCP Health care professional
GCP Good clinical practice
GLM Generalized linear model
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SF-12 The Short Form 12 Questionnaire

SMBG Self-monitoring of blood glucose
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T2D Type 2 diabetes
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