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Abstract
Background: Self-care is one of the cornerstones in the treatment of type 2 diabetes. Patients with type 2
diabetes struggle to maintain acceptable levels of blood sugar, blood pressure and lipids, the
fundamental for the prevention of macro- and microvascular as well as neuropathic complications. The
aim of this study was to evaluate the feasibility of usage of the web- and smartphone-based system
Triabetes in treatment of patients with type 2 diabetes.
Methods: Feasibility was assessed with describing recruitment rate and the participant´s views of using
the system. Laboratory and anthropometry data was also collected.
Results: The study showed that recruitment of patients to participate in the intervention was limited and
compliance to the study protocol was low. A majority of the patients stated that the system was easy to
get an overview of and that the system motivated them and made it more easy and fun to handle lifestyle
habits. A secondary finding of the study was that there was a significant lowering of LDL values.
Conclusion: Feasibility in terms of recruitment rate was low. The participants agreed that the application
overall was useful, but suggested several improvements. Summarized lessons learned from this study
are following: 1) we need more knowledge about what motivates a person to use a digital tool for a
longer period of time; 2) the tool must be easy and less time consuming to use; 3) the technical structure
needs to be improved and automatic recording of data must be improved.

Key Points
Feasibility in terms of recruitment rate was low but participants agreed that Triabetes overall was
useful
Participants wished easier and less time consuming digital tools
Using the application Triabetes results in significant lowering of LDL values

Background
Type 2 diabetes is a chronic health condition increasing globally (1). The number of adults with diabetes
has risen to 422 million for 2014 in the latest WHO report, of which 90% is type 2 diabetes (1). This
number would be even higher today. Diabetes type 2 doubles the risk of cardiovascular disease compared
to people without diabetes (2, 3). Mortality in diabetes is increasing and in 2016 it reached approximately
1.6 million annually, mainly due to cardiovascular complications (1). The disease can lead to several
serious complications from the eyes, kidneys and nerves and from the cardio-vascular system (4). The
majority of people with type 2 diabetes are overweight. The disease is caused by both genetic and
lifestyle factors (3). In Sweden almost half a million individuals (425 860) had diabetes in 2017 (5).
Prediabetes is a growing issue as well, where 10% of the adult population in Europe are estimated to have
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prediabetes (1). Without lifestyle changes, up to 30% could develop diabetes within 5 years (4). Over
2 million deaths annually are related to high blood glucose alone (1).
For people with type 2 diabetes, proper maintenance of blood sugar, blood pressure and lipids is
fundamental for the prevention of macro- and microvascular as well as neuropathic complications (6).
Many patients struggle with maintaining acceptable levels, and the consequences are low quality of life,
early mortality and high societal costs due to reduced working capacity and high number of
consultations in both primary health care and hospitals. Type 2 diabetes is no longer an adult-onset
disease. The number of young individuals with type 2 diabetes is increasing (1). Younger ages has been
shown to be associated with poorer HbA1C control and increasing cardiovascular risk factors (7).
Lifestyle changes are effective in delaying the onset of type 2 diabetes and diabetes complications.
Self-care is one of the cornerstones in the treatment of type 2 diabetes (8, 9). Within primary health care
in Sweden, patients are offered check-up once a year and during the rest of the year, they are depending
on self-care involving diet, physical activity, and restraint tobacco use and alcohol intake alone or in
combination with pharmacological treatment (oral drugs and insulin). Lowering blood glucose is crucial
for reducing damaging effects on blood vessels.
People in Sweden are frequently using digital tools for everyday activities in their lives. In 2016, 82% of
the population were estimated to be daily users of the internet (10). In 2019 had the prevalence of daily
internet users increased to 91% (11). Digitalization of health care is a priority issue in Sweden, for
example, patients have access to their own medical records on the web (www.1177.se). Telemedicine is
established in the north of Sweden where the geographic distances between population and health care
providers are far (12, 13). Several private companies offer a large number of digital solutions and tools
for health care. However, few are implemented in daily care. Although the older population is growing in
Sweden and the longevity is higher, the health care system needs new innovative methods for treatment
and support. Swedish Association of Local Authorities and Regions has a vision of “Sweden as the best
country of digital opportunities for equal health and welfare, participation and use of individual’s
resources in 2025”. Already in 2006, an RCT study in Maryland showed that using cell phone based
software for real-time feedback on patients, improved HbA1c significantly (14). The research regarding
the effects of use of digital tools for chronic diseases is still limited. But, according to a review of 27
studies, including tele-medical interventions for diabetes patients in 2012, there were significant
improvements of Hba1c values in 12 of the 27 studies (15, 16).
The current study assessed feasibility of the intervention Triabetes for patients with confirmed type 2
diabetes or prediabetes and their health care providers. Feasibility of the intervention Triabetes might fill
the gap of knowledge regarding implementation of new digital tools within primary health care. If some
patients could manage their own care through tools such as Triabetes, care givers in primary care can
focus more on other patients that need more support. Reporting of this pilot trial is presented according
to the guidelines of Consolidated Standards of Reporting Trials (CONSORT) (17).
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Description of the intervention Triabetes
Triabetes is based on two parts: a smartphone-based application for the patients and a web system for
the health care providers with focus on monitoring, coaching and decision-making support for patients
with diabetes towards the goal of achieving glycemic and metabolic control through lifestyle changes.
The goal of the tool is to strengthen the patient’s autonomy by presentation of simple diagrams of
physical activities, weight loss, eating habits and glycemic control. Each patient sets individual goals
together with the health care providers regarding blood glucose, weight, diet and physical activity. The
web- and application based system gives direct feedback regarding number of steps and other physical
activities. Patients can register food intake manually and get feedback based on the Swedish National
Food Agency’s database. The system also includes reminders of time for medication and physical
activity.
Care providers have an alarm and information system and can follow the patient’s history and health
condition over time through the web-based system for setting individual goals and planning of activities.
It is possible to visualize and see acute situations and negative trends through an overall analysis of data
for all patients and to see who needs more focus and support during certain periods.
The primary aim of the study was to evaluate the feasibility and describe patients’ and caregivers
experiences of using the web- and smartphone-based system Triabetes. The secondary aim was to
investigate if the use of the system could improve patients’ clinical outcomes.

Methods
Recruitment of participants
The study population consisted of health care providers and enlisted patients at the Jakobsberg’s
Academic Primary Health Care Center (APHC).

Health care providers
General practitioners (GP) and diabetes nurses (referred to as health care providers below) at the APHC
were asked for participation in the study. At the center, there are 11 GPs and 2 diabetes nurses employed,
and there are on average 65 listed patients with type 2 diabetes per GP. Four GPs and 1 diabetes nurse
consented to participate.

Participants
An information letter about the study was sent to patients with type 2 diabetes or prediabetes who were
listed at the center asking for interest to participate in the study. The letters were followed up by telephone
calls by the principal investigator. Patients with type 2 diabetes with HbA1c < 48 mmol/mol and BMI <
18.5 were excluded. Exclusion criteria for both prediabetes and diabetes groups were: age under 18 years;
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did not understand or could use smartphone technology and/or had no computer and internet access or
could not read the Swedish language.

Procedure
To those who consented to participate, time for an appointment with the GP was sent by letter together
with written informed consent and instructions about visiting the laboratory before the GP visit. After the
GP visit, the GP contacted the diabetes nurse who in turn called the participant to schedule a meeting. At
follow-up, an appointment to the GP were sent by letter together with a questionnaire about usability and
instructions about visiting the laboratory before the follow-up GP visit. See Fig. 1.

Intervention
The intervention consisted of using the Triabetes application/web system for health care providers during
working time and for patients at home. The GPs’ were given education on the system at one half day and
the nurse at two half days (the nurse was the one who instructed the patients).
The patients were instructed by the nurse at the baseline visit, regarding how the application and the web
system worked, how they recorded data and how they could track their results through the web
application. The healthcare providers recorded laboratory data, medications and the goals in the
Triabetes web system. They also identified patients who needed extra support. This could for example be
due to baseline laboratory reference values such as HbA1c and β-glucose or the goals set individually for
each patient such as losing weight. The GP set the goals together with the patient, which was then
followed up by the diabetes nurse by phone or visits depending on the patient's wishes and need for
support. For the patient, the intervention including registration of eating habits and physical activities and
lasted for 6 months.

Primary outcome measures (process feasibility)
Presentation of the process feasibility measures in this study includes recruitment procedure, usability of
the intervention and acceptance among both patients and caregivers (18).
The recruitment procedure and rate as well as dropout and the amount of missing data was documented.
To evaluate usability of the application/system the healthcare providers and patients answered a
questionnaire about how they experienced the use of the system and how much they used it. The
experience of the system was evaluated by 24 statements for the participants and 25 for the health care
providers with a 4-graded scale from “Strongly disagree” to “Strongly agree”. At the end of the
questionnaire, there were open-ended questions about advantages and disadvantages with the
application/system as well as suggestions for improvements.

Secondary outcomes (scientific feasibility)
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The secondary outcomes relates to scientific feasibility, as described by Thabane et al. 2010, including
for example estimation of preliminary treatment effects (18). The following health data variables were
collected at baseline and after 6 months:
Laboratory (fasting): HbA1c, lipids (High-density Lipoprotein (HDL)/Low-density Lipoprotein (LDL)), βglucose, Total Cholesterol, Triglycerides.
Anthropometry: Height and weight (base for calculation of BMI) and waist circumference.

Statistical analyses
Descriptive data are presented with number or median and interquartile range due to the small sample
size. The 4-graded scale in the usability questionnaires was dichotomized. Differences between baseline
and follow-up regarding health variables were calculated with Wilcoxon Sign test. The open-ended
questions were analyzed with content analysis and are presented as themes.

Results
Process feasibility

Recruitment
Letters about the study were sent to patients that were listed with the four GPs’ and fulfilled inclusion
criteria (n = 138). In the letter, the patients were asked to contact the APHC if they wanted to participate in
the study. Only three participants contacted the APHC and showed interest to participate. The letters were
therefore followed-up by telephone calls by the principal investigator. Of the 135 contacted by phone, 68
were not reachable and/or did not return the telephone message, 39 declined participation and 28
consented to participate. In total, 31 patients consented to participate, 16 continued participation and
were assessed at follow-up. Median age was 60 years (Q1-Q3 54–71), 16 men and 15 women.

Usability
Fifteen of the remaining 16 participants answered the questionnaire about usability, however two of
those stated that they never had logged into the system and did therefore not answer the following
questions. One participant did not answer the questions about how much he/she had used the system. A
majority of the participants logged in several times /week and nine participants stated that they would
consider using the system for support during a specific and defined period in the future.
Of the health care providers, two of the GP’s and the nurse answered the questionnaire about the system.
The nurse estimated that it took on average 1–10 minutes to record a patient the first time and the GPs’
that it took 10–20 minutes. During follow-up meetings, the estimated time was 5–10 minutes.
A majority of the participating patients stated that the system was easy to get an overview of, to use, and
understand and that they recommended the system. However, only half of the participant agreed that it
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was easy to record data and that it worked as expected. A majority also stated that the system motivated
them and made it more easy and fun to handle lifestyle habits. In addition, 11 of 13 participants definitely
recommended the system (see Table 1).
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Table 1
The participating patients responds to the usability of the system (n = 13).
What do you think of Triabetes system as a
whole:

Strongly disagree /
disagree (n)

Partly agree / Strongly
agree (n)

Easy to learn

2

11

Easy to log in

2

11

Easy to get an overview

1

12

Easy to navigate

3

10

Easy to read information

2

11

Easy to understand information

0

13

Easy to record

6

7

Helps me to do what I planned

6

7

Works as expected

6

7

Support me to eat according to goals

5

8

Support me to exercise according to goals

4

9

Easier to handle my life style habits

3

10

More fun to handle my life style habits

4

9

Motivates me to exercise more and eat correct

3

10

Better overview of my health

3

10

Communication with health care has improved

4

8

Easier to follow-up and evaluate effects of
treatment

5

8

My knowledge and my way of handling life style
habits has improved

4

9

Definitely recommend the system

2

11

Esthetical appealing

4

9

Now I need less contact with health care

7

5

It seems safe

3

10

The system sometimes hatches ("bugs")

5

8

Easy to do wrong

6

7
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The health care providers also agreed that it was easy to use and understand. However, none of them
agreed that it saved time, made their work easier or increased their knowledge on how to treat the patients
(see Table 2).
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Table 2
The health care providers responds to the usability of the system (n = 3).
What do you think of Triabetes system as a
whole:

Strongly disagree /
disagree (n)

Partly agree / Strongly
agree (n)

Easy to learn

0

3

Easy to log in

0

3

Easy to get an overview

0

3

Easy to navigate

1

2

Easy to read information

1

2

Easy to understand information

0

3

Easy to record

2

0

Helps me to do what I planned

1

2

Works as expected

2

1

Helps me in my work

1

2

The system sometimes hatches ("bugs")

0

3

Easy to do wrong

2

1

My work gets easier

3

0

My work gets more satisfying

2

1

My work gets more fun

1

2

It motivates me to do a good job

2

1

Communication with patients have increased

0

3

Easier to follow-up and evaluate treatment

1

2

My knowledge and my way of treating
patients has improved

3

0

Esthetical appealing

1

2

It seems safe

1

2

It saves time

3

0

I get a better overview of the patients health

0

3

I have someone to ask when I don’t
understand

0

3

I get support from the company when I need

1

2
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Result of open answers
The questionnaire included four questions for free text. Patients responded in written form regarding
disadvantages and benefits of using the app/web support, development or and improvement suggestions
and other comments. Analysis of these written comments/free text in the questionnaire resulted in three
themes: benefits, weaknesses and suggestions for improvement. Several categories emerged under the
theme:
Benefit
it “forced” regularity, motivated to change eating habits, showed variations through visualization/graphs,
helped to control own habits, follow up and see results.

Weaknesses with the application were: too time demanding, lack of possibility to go back to registered
data, weak technical structure and limited response alternatives for food registration.
Suggestions for improvement were: registration of drug intake and goal for treatment, reward with happy
signals and to inform health providers when data is registered.

Scientific feasibility
Preliminary treatment effects
The results of the laboratory data and anthropometry are shown in table 4. On the median level there
were no differences between baseline and follow-up except for LDL (see Table 3). The distribution of
weight varied between 62 and 130 kg at baseline, 4 participants declined, 1 increased and the rest were
stable at follow-up.
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Table 3
Results of health variables at baseline and follow-up.
Variables

Baseline

Follow-up md (Q1-Q3)

md (Q1-Q3)
HbA1C (IFCC) (n = 14)

43,5 (37,75–56,25)

43,5 (36,75–51,25)

β-glucose (mmol/L) (n = 14)

5,65 (5,08–9,08)

6,45 (5,60–7,20)

Cholesterol (mmol/L) (n = 12)

4,90 (4,53–5,28)

5,15 (4,73–5,50)

Triglyceride (mmol/L) (n = 12)

1,30 (0,93–1,70)

1,75 (1,13–2,08)

HDL (mmol/L) (n = 12)

1,40 (1,20–1,60)

1,35 (1,20–1,50)

LDL (mmol/L) (n = 12)

3,10 (2,88–3,78)

2,85 (2,45–3,35) *

Weight (kg) (n = 13)

88,0 (75,1–101,0)

87,5 (71,75–97,00)

BMI (n = 13)

29,05 (27,78–31,90)

28,70 (26,58–31,58)

*p < 0.05

Discussion
The main results of the study show that recruitment of patients to participate in the intervention was
limited and compliance to the study protocol was low. Only 31 patients of a total of 138 patients (22%)
agreed to participate. Of those, 21 participants completed baseline assessments and participated in the
first meeting with the GP. Sixteen individuals completed the intervention. A secondary finding of the study
was that the only significant treatment effect was a lowering of LDL values.
A number of studies describe factors explaining the patient’s participation in interventions. In a large
number of the studies, findings suggest that families with the largest needs participate in interventions to
a lesser extent. Demographic and socioeconomic factors as well as belonging to minority groups have
been associated with both initial engagement and longer attendance in interventions (19, 20).
Previous studies evaluating effects and satisfaction with telemedicine solution in people with type 2
diabetes has not reported the recruitment rate, most often only stated that they included a convenient
sample (21, 22). However, two studies reported that 46–47% of eligible patients were included compared
to 22% in the current study (23, 24). One explanation for the low recruitment rate in our study could be
that the catchment area of the APHC consists of a population with varying socioeconomic status and a
diverse ethnic background with a large group with origin from the Middle East. Negative consequences of
emigration on health and language barriers can be possible explanations of declining participation (25).
Another possible explanation can be related to comorbidity and lack of interest and hope in improving
health by a digital application. It is of great importance to use other ways to motivate immigrants to be
involved in studies and interventions due to the facts that those born outside Europe have 3–4 times
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higher prevalence of the diabetes and obesity, poorer self-rated health and 10 years earlier onset of
diabetes than native Swedish population (26, 27).
Another interesting finding was that of those who had given verbal consent to participate, one third
cancelled the first meeting with the GP. There could be several reasons for this. In the letter about the
scheduled meeting, detailed written information about the study was included and maybe they realized
the effort that they might have to put into participating. Another factor could be that good
communication between patient and doctor increase patient’s compliance which can lead to better
health. Patient’s compliance might be depending on several factors. According to multi-center study done
in Belgium, UK, Italy and The Netherlands are perspectives in communication styles and physicians’
competency important for doctor-patient communication. Patient’s educational level can also influence
communication between doctors and patients. Lower educated patients preferred emotional aspects
while middle and high educated patients focused on task/problem-oriented areas of communication (28).
Another 16% in our study discontinued the intervention and cancelled their follow-up meeting with the GP.
Attrition rates (8, 11, 21%) has been reported in previous studies (29–31) and are similar to our study.
However, the length of the intervention varied between 3 and 12 months in the different studies. Deeper
understanding of reasons why patients decided not to participate or drop out of these types of
intervention is warranted. Future studies on new technical innovation should include qualitative methods
regarding experiences and perceptions of those who refuse to participate or drop-out during the
intervention.
A systematic review has reported that satisfaction with mobile applications is high (16). In our study, the
participants reported that the application increased their motivation to handle life style habits and similar
results have been reported in studies (29, 32). However, several participants also reported that they
disagreed to the statement that it was “easy to record” or “helped them to do what they planned”. Open
answers also showed that the system was too time demanding, had a weak technical structure and that
there were limited response alternatives for food registration. It is difficult to compare these results with
other studies since it is not possible to determine in what way the systems/application differed or were
similar. However, several studies have reported that many participants have stated that it’s time
consuming to use the systems and that compliance for using the system declined during the intervention
period (29, 32).
Scientific feasibility in this study was evaluated by reporting treatment effects. LDL declined significantly,
which is opposite compared to what is reported in other studies (24, 29). In addition, we could not find a
significant decline in HbA1c, which is partly similar to other studies. Two reviews have reported
contradictory results in HbA1c (15, 16). However, the design and the small sample size in this study do
not allow us to draw any conclusions in regard to treatment effects. Thus, this is worth to test in a future
larger study sample.
In conclusion, feasibility in terms of recruitment rate was low. The participants and the care givers agreed
that the application overall was useful but suggested several improvements. Treatments effects need to
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be evaluated in further studies. Lessons learned from this study can be summarized as follows: 1) we
need more knowledge about what motivates a person with type 2 diabetes to use a digital tool for a
longer period of time; 2) the tool must be easy and less time consuming to use; 3) the technical structure
needs to be improved and automatic recording of data must be improved.
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Figure 1
Flow chart describing the procedure of data collection
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