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Introduction

Lifestyle changes along with early diagnosis and treatment 
of type 2 diabetes mellitus (T2DM) are essential to prevent-
ing or significantly delaying complications of the disease.1 
According to clinical guidelines, all people with diabetes 
should participate in diabetes self-management education 
with a focus on self-care, empowerment, and support from 
healthcare professionals. The aim of such education is to 
enable people with T2DM to make informed decisions and to 
encourage self-care and increase active collaboration with 
professionals as well as to improve their health and quality of 
life.2 The education should be person-centered or tailored to 
personal preferences, values, and needs, where the main pil-
lars are psychological and behavioral strategies on how to 
handle everyday life with diabetes, including lifestyle factors 
such as diet and physical activity.1,3 There is evidence sup-
porting that diabetes self-management education increases 

diabetes-related knowledge and self-care,4 lowers glycated 
hemoglobin (HbA1c) levels,5 and reduces diabetes-related 
distress,4 while the effects on health-related quality of life 
(HRQoL) are more divergent.6-8

The field of technology solutions to support health manage-
ment has evolved rapidly in recent years, and web-based sup-
port tools, distance learning, and even smartphone applications 
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Abstract
Background: Lifestyle is important in type 2 diabetes mellitus (T2DM). This study’s aim was to investigate whether a 
healthy-lifestyle-supporting smartphone application could affect treatment outcomes at an endocrinology outpatient clinic.
Methods: Consecutively invited patients were randomly assigned to an intervention or control group after age and gender 
stratification. In addition to standard care, intervention group participants used a smartphone application to access a lifestyle 
program (SidekickHealth) through which they received personalized recommendations and education about healthy lifestyles. 
Tests at baseline and every other month for six months included body weight and blood tests for glycated hemoglobin 
(HbA1c) and blood lipids, as well as questionnaires about distress related to diabetes, health-related quality of life, depression, 
and anxiety. Statistics included comparisons both within and between groups.
Results: A total of 37 patients (23 women) were included, whereof 30 finished, 15 in each group (19% dropout); the 
average age was 51.2 ± 10.6 (25-70) years. No significant differences emerged between groups, but within the intervention 
group, there was a significant decrease in HbA1c from 61 ± 21.4 to 52.7 ± 15.2 mmol/mol, in disease-specific distress from 
19.5 ± 16.5 to 11.7 ± 13.4, and in anxiety symptoms from 5.4 ± 4.0 to 4.1 ± 3.8. No significant changes occurred within 
the control group. The application usage was most frequent during the first months and differed interpersonally.
Conclusions: Our results indicate that the SidekickHealth digital lifestyle program could potentially enhance outpatient 
treatment in T2DM, in terms of both glycemic control and psychological well-being but larger confirmative studies are 
needed.
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(apps) can be beneficial in lifestyle changes.9,10 Recent review 
papers report that smartphone apps can be useful tools for pro-
viding self-care support in diabetes, supporting lifestyle 
changes, and even improving glycemic control.11-13 The apps 
can assist with self-management, including by promoting a 
healthy diet, weight loss, an increase in physical activity, and 
regular blood glucose monitoring.11,14 The usage of apps could 
thus increase the effectivity of diabetes care without increasing 
the frequency of outpatient visits, which would be positive for 
the patients’ health and would save healthcare resources. 
Although both diabetes-specific and general lifestyle-support-
ing smartphone apps have been found effective in terms of  
glycemic control, the evidence of their effects on other vari-
ables, such as HRQoL and psychological well-being, is less 
robust.12,15,16

The aim of this study was to investigate whether the addi-
tion of a general lifestyle program (SidekickHealth) through 
a smartphone app could increase the effects of regular health-
care on blood glucose control, blood lipids, body mass index 
(BMI), diabetes-related distress, anxiety, depression, and 
HRQoL of people with T2DM, at a hospital-based endocri-
nology outpatient clinic.

Methods

Design

A randomized controlled trial of two parallel groups was 
conducted. Participants were randomly assigned to an inter-
vention or control group in blocks of four, using blinded 
extracts of closed envelopes after stratification by gender and 
age (<60 vs ≥60 years).

Sample

The cohort comprised the clients of a hospital-based endo-
crine clinic. All who met the inclusion criteria were con-
secutively invited to participate when attending routine 
appointments.

The inclusion criteria were as follows: diagnosed with 
T2DM at least 6 months ago; able to write and speak the 
Icelandic language; own a smartphone; able to use the 
SidekickHealth app; age 18-75 years; have not undergone or 
planned bariatric surgery during the trial period. The study was 
conducted in accordance with the Declaration of Helsinki and 
was approved by the Bioethics Committee of Akureyri Hospital 
(4/2017). All participants gave written informed consent.

Data Collection

Measurements were conducted four times for both groups: at 
baseline and after two, four, and six months. Information on 
diagnosed diseases and medication use was collected from 
medical records. The data collection lasted from March 2017 
until September 2018.

Measurements

Physical measurements and blood tests, including body 
weight and blood tests for HbA1c and blood lipids, were per-
formed according to routine monitoring at the clinic. Weight 
and waist circumference were measured by a nurse who was 
blinded to which group each participant belonged.

Instruments

Diabetes-specific emotional distress was measured by the 
Problem Areas in Diabetes Scale (PAID),17 which has 20 
items and is scored from 0 to 100; a lower score indicates 
less distress. The PAID is amply validated18,19 and is widely 
used in the United States and Europe.20 In clinical practice, 
the use of PAID is recommended to measure diabetes-related 
distress.18 No cutoff score has yet been established for PAID, 
although some findings point toward 33 as a possible cutoff 
score.19 The psychometric properties of the Icelandic version 
of PAID have been tested and found to be reliable and valid.21

Anxiety and depression were measured by the Hospital 
Anxiety and Depression Scale (HADS),22 a 14-item scale 
with 7 items in each component originally designed to mea-
sure anxiety and depression in hospitalized people. Each 
component is scored from 0 to 21, and a lower score indi-
cates less anxiety and depression. Studies have demonstrated 
the reliability and validity of HADS for screening purposes, 
with a cutoff score of 8 or higher for both anxiety and depres-
sion.23 The psychometric properties of the Icelandic transla-
tion have been confirmed.24,25

HRQoL was measured by the Icelandic health-related 
Quality of Life scale (IQL-test), a 32-item scale that gives a 
total HRQoL score as well as 12 subscores. The normal score 
for this scale is 50, and lower scores indicate less HRQoL. 
The IQL-test has been found to be reliable and valid, with an 
internal validity of 0.91 for the total score.26

Intervention

In addition to standard care, based on guidelines from 
American Diabetes Association,1,2 the intervention group 
received the SidekickHealth smartphone app.27 It includes a 
digital lifestyle program grounded in behavioral research and 
economics.28 The app was designed by the SidekickHealth 
company,27 to help people increase their frequency of healthy 
behaviors through goal setting, self-monitoring, and the 
completion of health-related tasks in three main categories: 
nutrition, physical activity, and stress management. Lifestyle 
change enhancement in the SidekickHealth app is based, 
among other things, on the US National Diabetes Prevention 
Program.29 It is a gamified technology that awards healthy 
behaviors with health points that mount up and result in 
water donations to UNICEF as an extra reward. It also 
encourages goal setting and self-monitoring through the reg-
istration of certain tasks, as well as allowing for competition 
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with other users. Everything is presented in a simple visually 
illustrated way. The app’s main registration categories are 
nutrition (servings a day of fruits, vegetables, nuts, seeds and 
water, as well as setting goals about avoiding sugared bever-
ages, candy, junk food, or late snacks), physical activity (dis-
tance and/or time walking, running, bicycling, stair walking, 
strength exercises, and total step count), stress management 
(relaxation exercises, yoga, mindfulness, and subjective esti-
mation of stress, energy level, and quality of sleep), and 
clinic (weight, blood glucose, blood pressure, blood test 
results, and medication). Users must manually enter their 
own readings and activities, except for the pedometer. The 
SidekickHealth app has been used for general health promo-
tion,27 and among obese adults30 but so far, few publications 
exist. The SidekickHealth app was not designed specifically 
for people with diabetes and has not been tested in a clinical 
population with T2DM.

At the first visit, the participants in the intervention group 
were taught to use the SidekickHealth app to support their life-
style changes. Each participant received a keyword-protected 
account, in accordance with SidekickHealth privacy policy.27 
Every week during the first 16 weeks, the intervention group 
automatically received standard, general guidance and support 
for a healthy lifestyle from the SidekickHealth software, and 
equally often, the first author sent short individualized encour-
agement through the app, based on registered activity in the 
app. Examples of such encouragement were “Keep up the 
good work,” “How about setting goals about diet?,” and “I 
encourage you to do some relaxation today.” After the first 
16 weeks, both types of messages were received every other 
week for two more months. The SidekickHealth platform 
automatically gathered information on the participants’ regis-
tered activity, and the platform administrators forwarded the 
information to the first author. No information was available 
about whether the participants watched the standard guidance 
and encouragements, but at each visit at the clinic, they were 
encouraged to watch and use the information from the 
SidekickHealth platform.

Statistical Analyses

Comparisons within the ratio-scale variables from baseline to 
six months within and between the groups were calculated 
using the dependent and independent-samples Student’s t-test, 
respectively, and an analysis of variance (ANOVA, repeated 
measures) for the development over all four measurement 
points, along with Tukey’s post hoc test. For the variables on 
an ordinal or interval scale, the Mann–Whitney U-test was 
used for the independent comparisons, and Friedman’s 
ANOVA and Wilcoxon’s sign rank test were used for the 
dependent comparisons. A chi-squared test was used for the 
nominal variables. All analyses were according to the inten-
tion-to-treat approach, and the level of significance was set at 
P <.05. Power calculations based on an estimated interven-
tion-induced intergroup difference of 0.8 in HbA1c% showed 

that 20 participants were needed in each group to yield 80% 
power with α = 0.05 (G*Power). Statistica 12 (StatSoft) was 
used for all the analyses except the power analysis.

Results

Thirty-seven participants, 23 of them women (62.1%), 
were included in the trial. Fifteen participants completed 
the trial in each group (Figure 1). The dropout rates in the 
intervention and control groups were 16.7% and 21.1%, 
respectively.

Participants who dropped out were older (P = .04), and 
had more diagnosed diseases (P = .02) and higher triglycer-
ides (P < .001) than the others. Table 1 shows the partici-
pants’ background characteristics. The age range was 
25-70 years, but few (n = 5) were ≥60 years. On average, 
participants had almost five other diagnosed diseases; only 
one was diagnosed with T2DM alone. The most common 
diagnoses were (in descending order) obesity, high blood 
pressure, elevated blood lipids, and fibromyalgia. On aver-
age, the participants used more than six medications, and a 
majority had mixed treatment for their diabetes. There was 
no difference between the groups in any background charac-
teristics (P > .05).

Usage of the app was most frequent during the first months, 
and there was a large interpersonal difference. Ten partici-
pants used the app regularly the first four months, whereof 
seven remained regular users and three used the app more 
sporadically the last two months. One participant was a spo-
radic user the first four months but became a regular user the 
last two months. Two participants never activated the app and 
the remaining two were sporadic users throughout the study. 
Table 2 shows the registered activity in the SidekickHealth 
app. Most participants recorded diet and physical activity, but 
fewer used the stress management or clinic factors. No cor-
relation was found between app usage (number of entry days 
nor collected health points) and change in HbA1c level, anxi-
ety (HADS), or diabetes distress (PAID).

Options for marking: aNutrition; servings a day of fruit, 
vegetables, nuts, seeds, and water, as well as avoiding sug-
ared beverages, candy, junk food, or late snacks. bPhysical 
activity: distance and/or time walking, running, bicycling, 
stair walking, strength exercises, sport activities, and total 
step count. cMind: relaxation exercises, yoga, mindfulness, 
and subjective estimation of stress, energy level, and quality 
of sleep. dClinic: options for recording weight, blood sugar, 
blood pressure, medication, and blood test results.

Table 3 shows the results at baseline and after six months 
in both groups. The average BMI was above 30 kg/m2 in both 
groups and did not change over time. No significant differ-
ences emerged between the groups, but within the interven-
tion group, there was a statistically significant decrease in 
HbA1c level, diabetes distress (PAID), and anxiety symp-
toms (HADS). No significant changes occurred within the 
control group over the research period.
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The development for both groups throughout the study 
time in HbA1c level, diabetes distress (PAID), and anxiety 
(HADS), respectively, is shown in Figures 2–4. A significant 
difference within the intervention group was already evident 
at four months and remained at a similar level for HbA1c 
(Figure 2) and PAID (Figure 3) for the next two months. 
Anxiety, however, did not decrease significantly until after 
six months (Figure 4). No significant difference between the 
groups was seen at any given time, but for PAID, the repeated-
measures pattern over time differed between the groups 
(Figure 3).

Discussion

Our results indicate that adding the SidekickHealth app to 
regular outpatient support can be more efficient in achiev-
ing a reduction in HbA1c level, anxiety, and diabetes-
related distress over four to six months than outpatient 
support alone, as significant improvement was seen only in 
the intervention group. However, as there was no signifi-
cant difference between the groups at any given time, this 
must be viewed with caution.

The mean HbA1c reduction in the intervention group in 
our study was slightly larger than the reduction (0.4%) in the 
intervention group in a six-month multicenter randomized 
study by Kim et al, even though they used a diabetes-specific 
app in their intervention.10 The baseline HbA1c level in this 
study was very similar to the baseline level in their study.10 
Hou et al found a mean reduction of 0.49% in HbA1c level 
compared with controls in their systematic review and meta-
analysis of 10 intervention studies using smartphone apps in 
people with T2DM. They also found that apps including 
three or more self-monitoring tasks demonstrated similar 
results as apps with more self-monitoring tasks. Furthermore, 
if the app included feedback from healthcare providers, the 
reduction in HbA1c level in the intervention groups com-
pared to controls was 0.56%, although the difference in the 
reduction in HbA1c levels between the healthcare provider 
support groups and the automatic support groups was not 
significant.11 This indicates that the possibility of adding 
healthcare provider support through the smartphone app in 
our study could be a valuable factor in increasing the total 
effect of the intervention. At six months, the HbA1c level in 
our intervention group was close to what has been found to 
be beneficial to reduce the incidence of diabetes-related 
microvascular complications.1 The reduction in HbA1c level 
of the participants in the intervention group is also notewor-
thy, as previous studies claim that if the initial HbA1c level 
is above 8%, the HbA1c reduction is greater with an educa-
tional intervention than when the initial HbA1c is below 
8%,10,31 as was the case at baseline in both our groups.

Table 1. Characteristics of the Participants.

Intervention group*
(n = 15)

Control group*
(n = 15)

Gender (women/men) 9 / 6 10 / 5
Age (years) 50.9 ± 11.8

(25-68)
51.5 ± 9.5

(32-70)
Time from diagnosis 

(years)
4.9 ± 5.1 (0.5-15) 7.4 ± 4.4 (0.5-16)

Number of other 
diagnosesa

4.8 ± 3.2 4.7 ± 2.6

Medical treatments
 Total number of 

medicationsb
6.1 ± 2.6 6.5 ± 3.3

 Insulin and GLP-1c 1 (7%) 2 (13%)
 Oral diabetic 

medication
4 (27%) 5 (33%)

 Mixed treatmentd 10 (67%) 8 (53%)

Mean ± standard deviation (range) or numbers (%); n = 30.
*There was no difference between the groups in any variable.
aNumber of diagnoses other than type 2 diabetes per individual. bNumber of all 
medications per individual. cOnly injection therapy (i.e., insulin or insulin and GLP-1). 
dMixed therapy: can be oral and insulin, oral and GLP-1, or oral, insulin, and GLP-1. 
GLP-1: glucagon-like peptide 1.

Table 2. Recorded Entries in the App Throughout the Study 
Period (Six Months), n = 15.

Mean Standard deviation Min-Max

Number of entry days 71.9 66.1 0-167
Health points earned 8,756.6 10,644.1 0-20,163
Total number of inputs 370.6 358.6 0-1,052
Nutritiona 146.9 195.4 0-601
Physical activityb 126.5 141.1 0-462
Mindc 33.1 49.8 0-150
Clinicd 23.3 51.9 0-204

aOptions for marking when participants ate fruits, vegetables, nuts, and seed, and 
when they drank water, skipped soda and sweets, or used the hunger meter.
bPedometer, location used on the phone to track walking and cycling. Ideas and 
directions for exercises. Sports, chores, and other activities.
cRelaxation and mindfulness exercises. Assessment of stress, sleep, and energy. 
Meditation exercises.
dOptions for recording blood pressure, pulse, weight, medication, blood test results, 
and measurement of work-related stress.

Figure 1. A flowchart showing the inclusion, randomization, and 
participation throughout the study.
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The reduction within the intervention group in both diabe-
tes-related distress and anxiety from baseline to six months 
confirms previous findings that increased support can reduce 
diabetes-related distress and anxiety.4,32 Which is interesting 

as both distress and anxiety scores for both groups at baseline 
were relatively low.19,23 HRQoL and depression were however 

Table 3. Results at Baseline and After Six Months.

Intervention group
n = 15

Control group
n = 15

 Baseline 6 months Baseline 6 months

Weight (kg) 112.5 ± 28.3 111.9 ± 28.4 94.3 ± 27.7 93.9 ± 27.7
BMI (kg/m2) 38 ± 9.2 37.7 ± 9.4 32.7 ± 9.1 33.1 ± 9.3
Waist circumference (cm) 123.5 ± 21.8 121.5 ± 22.0 110.2 ± 21.6 107.5 ± 21.5
Systolic (mmHg) 135.1 ± 19.0 133.6 ± 19.2 133.8 ± 18.0 127.8 ± 19.0
Diastolic (mmHg) 79.8 ± 9.1 80.3 ± 7.4 81.8 ± 8.9 80.8 ± 6.1
HbA1c (%) 7.7 ± 2.0 7.0 ± 1.4* 7.8 ± 1.9 7.7 ± 1.4
HbA1c (mmol/mol) 61.0 ± 21.4 52.7 ± 15.2* 61.4 ± 20.8 60.9 ± 14.0
Triglycerides 1.4 ± 1.1 1.5 ± 0.7 2.1 ± 1.1 2.3 ± 2.0
Cholesterol 4.2 ± 1.3 4.4 ± 0.7 4.7 ± 1.3 4.5 ± 1.0
HDL 1.2 ± 0.3 1.1 ± 0.2 1.2 ± 0.3 1.2 ± 0.2
LDLx 2.7 ± 1.0 2.6 ± 1.0 2.4 ± 0.9 2.5 ± 0.9
HRQoL 48.4 ± 11.2 48.5 ± 11.8 46.4 ± 10.9 46.0 ± 13.0
HADS anxiety 5.4 ± 4.0 4.1 ± 3.8* 4.9 ± 3.7 5.5 ± 4.7
HADS depression 3.2 ± 4.2 3.3 ± 3.0 3.7 ± 3.9 4.2 ± 4.6
PAID 19.5 ± 16.5 11.7 ± 13.4* 17.5 ± 16.2 18.5 ± 23.0

Mean ± standard deviation, n = 30.
*Bold face values has significant difference within the group, P < .05.
xLDL was not calculated for four participants. No significant differences between the groups. BMI, body mass index; HADS, Hospital Anxiety and 
Depression Scale; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HRQoL, health-related quality of life; LDL, low-density lipoprotein; PAID, 
Problem Areas in Diabetes Scale.

Figure 3. Diabetes distress (PAID) during the study, mean, and 
95% confidence interval. A significant decrease from baseline 
to four and six months within the intervention group only. No 
significant differences between the groups at any given time, but 
a difference in the pattern of repeated measures between the 
groups (F(3, 81) = 3.009, P = .035).
PAID, Problem Areas in Diabetes Scale.

Figure 2. HbA1c level during the study, mean, and 95% 
confidence interval. A significant decrease from baseline to four 
and six months within the intervention group only. No significant 
differences between the groups (F(3, 78) = 1.625, P = .190).
HbA1c, glycated hemoglobin.



Hilmarsdóttir et al 1139

unchanged; the results are in line with the findings of two 
recent review studies including, in total, 15 articles on app use 
in T2DM,12,33 although HRQoL has been found to increase in 
some other smartphone-app intervention studies.10 Other out-
comes such as BMI, lipid profile, and blood pressure were 
unchanged after 24 weeks of using the SidekickHealth app, 
although the HbA1c level decreased, which is in accordance 
with other studies on lifestyle changes16,32 but BMI has been 
found to change in some studies.10,32

Most participants in our intervention group used the app. 
Some used it steadily in the beginning (10 out of 15), but as 
the time passed, it was used less, and 2 participants never 
activated the app. This is in accordance with the results from 
a qualitative study by Torbjørnsen et al,34 where around half 
of their 24 participants regularly used a diabetes-specific 
diary app over 1 year, and the other half used it either occa-
sionally (n = 6) or stopped using it soon after it was obtained 
(n = 6). Some participants in the study by Torbjørnsen found 
it challenging to use the app, but others highlighted that the 
diabetes app was easy to use and always at hand.34 The 
SidekickHealth app was developed for general support and 
motivation for a healthy lifestyle, especially for people with 
lifestyle-mediated chronic diseases. In the app, there are 
opportunities to manually record blood sugar levels, but few 
participants in our study did so: only 2 out of the 10 regular 
users. One of the most valued features of the diabetes app in 

Torbjørnsen et al’s study was the automatic transmission of 
blood glucose measurements into the app, whereas the par-
ticipants found it demanding to manually record data on diet 
and physical activity into their app.34 Such a barrier to manu-
ally recording blood glucose measurements into the 
SidekickHealth app could thus explain why only two T2DM 
patients used that option, while many more used the features 
that required minimal manual effort. In our study, more peo-
ple at or above 60 years dropped out of the study, but the two 
people in the intervention group who never used the app 
were younger than 60 years. Our participants were too few 
for us to conclude anything about the effect of age on app 
usage, but in a study from Norway with around 100 partici-
pants in app-intervention groups, people above 60 years were 
more frequent app users than their younger counterparts.35

Modern healthcare standards for diabetes list both diabe-
tes education and support from healthcare providers as 
important parts of care in T2DM. Support is generally con-
sidered more informal in assisting the patient in implement-
ing and sustaining a certain behavior than diabetes education.2 
We assume that by receiving automatic information through 
the SidekickHealth app along with encouragement from the 
endocrine clinic once a week and every other week for the 
last two months, the intervention group participants gained 
increased support to sustain certain healthy behaviors, such 
as maintaining diet and physical activity, as shown by their 
most used entries in the app. The support might have assisted 
in reducing their HbA1c levels as well as their diabetes dis-
tress and anxiety, as mentioned above, and it only took 
20-30 minutes per week to provide the supportive messages 
for the whole group. A review on technologies in diabetes 
claims that devices facilitating interaction with healthcare 
providers enhance feelings of support, and that some people 
also enjoy supplementing their usual therapy with technical 
devices.36

The SidekickHealth app is graphically designed with its 
gamified technology, which requires no writing but includes 
only marking features that apply to behaviors or goals. The 
app has thus been considered user friendly, a feature that is 
shown to be very important for usage in a systematic review 
by McMillan et al.37 However, access to the SidekickHealth 
platform including encouragement and education is not free, 
whereas a simpler version of the app with only user registra-
tion is available for free.

Limitations and Strengths

The main limitation of this study is the few participants, as 
we did not reach the planned power, and thus cannot exclude 
a type 2 error in between the groups comparisons. The main 
reason for there being fewer participants than planned was 
unforeseen long-term illness of staff at the clinic. As there 
was no follow-up after the intervention, any long-term effects 
are unknown.

Figure 4. Level of anxiety during the study, mean, and 95% 
confidence interval. A significant decrease from baseline to 
six months in the intervention group only. No significant 
differences between the groups (F(3, 81) = 2.117, P = .104).
HADS, Hospital Anxiety and Depression Scale.
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The randomization and stratification of the participants 
according to age and gender, a single blinded measurement 
procedure, and the results reported according to intention to 
treat can, however, be considered a strength. The low drop-
out rate increases the internal validity of the study. In addi-
tion, it could be considered a strength that the study included 
both biomedical and psychosocial variables.

Conclusion

The addition of the SidekickHealth app to clinical practice 
has potential to positively influence glycemic control and 
diabetes distress and anxiety in patients with T2DM, but 
larger studies are needed to confirm the effects of its use. 
Including the app in clinical practice is not burdensome for 
the healthcare provider, but it requires commitment from the 
users. It can thus be considered feasible as an add-on support 
in specialized outpatient T2DM care for patients who are 
motivated to use technical solutions.
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