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Abstract

Background: Self-management is crucial in the daily management of type 2 diabetes. It has been suggested that mHealth may
be an important method for enhancing self-management when delivered in combination with health counseling.

Objective: The objective of this study was to test whether the use of a mobile phone-based self-management system used for
1 year, with or without telephone health counseling by a diabetes specialist nurse for the first 4 months, could improve glycated
hemoglobin A, (HbA,.) level, self-management, and health-related quality of life compared with usual care.

Methods: We conducted a 3-arm prospective randomized controlled tria involving 2 intervention groups and 1 control group.
Eligible participants were persons with type 2 diabetes with an HbA ;. level 27.1% (=54.1 mmol/mol) and aged =18 years. Both
intervention groups received the mobile phone—based self-management system Few Touch Application (FTA). The FTA consisted
of a blood glucose—-measuring system with automatic wireless data transfer, diet manual, physical activity registration, and
management of personal goals, all recorded and operated using a diabetes diary app on the mobile phone. In addition, one
intervention group received health counseling based on behavior change theory and delivered by a diabetes specialist nurse for
the first 4 months after randomization. All groups received usua care by their general practitioner. The primary outcome was
HDbA . level. Secondary outcomes were self-management (heiQ), health-related quality of life (SF-36), depressive symptoms
(CES-D), and lifestyle changes (dietary habits and physical activity). Datawere analyzed using univariate methods (t test, ANOVA)
and multivariate linear and logistic regression.

Results. A total of 151 participants were randomized: 51 to the FTA group, 50 to the FTA-health counseling (FTA-HC) group,
and 50 to the control group. Follow-up data after 1 year were available for 120 participants (79%). HbA . level decreased in all
groups, but did not differ between groups after 1 year. The mean change in the heiQ domain skills and technique acquisition was
significantly greater in the FTA-HC group after adjusting for age, gender, and education (P=.04). Other secondary outcomes did
not differ between groups after 1 year. In the FTA group, 39% were substantial users of the app; 34% of the FTA-HC group were
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substantial users. Those aged =63 years used the app more than their younger counterparts did (OR 2.7; 95% CI 1.02-7.12;
P=.045).

Conclusions: The change in HbA . level did not differ between groups after the 1-year intervention. Secondary outcomes did
not differ between groups except for an increase in the self-management domain of skill and technique acquisitioninthe FTA-HC

group. Older participants used the app more than the younger participants did.

(IMIR mHealth uHealth 2014;2(4):e57) doi: 10.2196/mhealth.3882
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Introduction

Type 2 diabetes is a complex disease [1,2] with an increasing
prevalence worldwide [3,4]. Multifactorial treatment is
necessary to improvelong-term outcomes as stated in treatment
guidelines [1,5,6]. Still, many do not meet the recommended
goals for diabetes care [7-9]; in Norway, research has shown
that only 20% attain the target for metabolic control for glycated
hemoglobin A, (HbA,.), blood pressure, and lipid level,
although the quality of care hasimproved [8]. New treatments
are evolving rapidly and self-management is crucia in daily
disease management and to prevent macro- and microvascular
complications[2,10,11].

The field of technology-supported health care is growing and
offers new ways of self-management education and support.
Mobile phones are essentia in peopl€e’s lives today and may
serve asaplatformfor avariety of self-management tools, such
as apps. However, the current reviews are inconclusive and the
effects of mobile health (mHealth) remain unclear [12-16]. The
studies included in these reviews are heterogeneous and have
used different mobile phone-based interventions and | engths of
follow-up, and people with type 1 and type 2 diabetes are often
included inthe same studies. In most interventions, patientsare
monitored by health care personnel in contrast to interventions
in which self-management is based on self-monitoring and
self-care [14,17]. Despite this, mHealth is recognized as a
potential addition to usual care in that some studies have found
positive short-term effects on glycemic control, although the
effects of the intervention decreased with time [15]. mHealth
apps have al so been shown to be effective without support from
health care personnel, which may reduce health care costs[14].

Appsfor mHealth interventions are often combined with health
counseling, but the research related to these complex
interventions is inconclusive because of heterogeneity in the
types of studies[17,18]. Earlier research has shown that phone
counseling is feasible, convenient, low cost, and may be an
aternative to frequent visits [17,18]. In countries such as
Norway, people in rural areas may have less access to
specialized health care. A recent Coordination Reform has
reorganized the delivery of health care, with more responsibility
transferred from specialist health care to primary health care
services and with more emphasis on self-management. The
application of innovative technologies may be a supplement to
thisreform [19].

http://mhealth.jmir.org/2014/4/e57/

Few studies have used the combination of a mobile phone app
for self-management supported by health counseling via
telephone. Studies often include monitoring with real-time
feedback from health care personnel, which may lead to the
investigation of dimensions other than self-management.
However, anintervention based largely on the patient’sinitiative
to self-manage at afrequency that does not interfere with daily
life should be feasible in today’s society [20].

Earlier reviews noted the lack of integration of behavior change
theory into mHealth research and recommended that
interventions should be theory-based [13,17]. Motivational
interviewing is a technique in health counseling [21] and a
well-known clinical method recommended for usein Norwegian
guidelines for persons with diabetes [5]. Research has also
indicated an effect of motivational interviewing on personswith
type 2 diabetes trying to attain behavior change in
lifestyle-related issues [22-24]. Further, some studies have
tailored health counseling to the patient’s stage of readiness to
change according to the transtheoretical model of stages of
change [25] and have demonstrated effects for persons with
type 2 diabeteswith the use of thismodel [26,27]. In the present
study, both techniques were used in the health counseling.

The current study isthe Norwegian part of the European Union
collaboration study RENEWING HEALTH (REgioNsof Europe
WorkING together for HEALTH), which comprises telehealth
interventions in different health care and home settings [28].
The short-term findings after 4 months are described el sewhere
[29].

The aim of this study was to determine if the use of a mobile
phone-based self-management system for 1 year, with or
without telephone health counseling by a diabetes specialist
nurse for the first 4 months, could improve HbA,. levdl,
self-management, and health-related quality of life compared
with usual care. The primary outcome was glycemic control,
as assessed by the HbA . level. Secondary outcomes were
self-management and health-related quality of life, depressive
symptoms, and lifestyle changes (dietary habits and physical
activity).

Methods

Trial Design
We conducted a 3-armed prospective randomized controlled

trial (RCT) with a 1:1:1 dlocation ratio using block
randomization to 1 of 2 intervention groups or to a control
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group. The alocation has been described in detail elsewhere
[30].

Participants

All participants lived in their homes and received usual care by
their general practitioner (GP). They were eligibleif they were
aged =18 years, had an HbA ;. level 27.1% (54.1 mmol/mol),
and were capable of completing questionnairesin the Norwegian
language. They also had to be cognitively able to participate
and to use the system and devices provided, although prior
familiarity with mobile phoneswas not necessary. The mgjority
of participants were recruited through 2 study centers in the
southern and northern parts of Norway in collaboration with
their GPs. Some participants were recruited from local public
health clinics in the municipalities, through diabetes courses
held by the specialist health providersfor those newly diagnosed
with type 2 diabetes, and through advertisement in The
Norwegian Diabetes Association’smedia. The HbA ;. level was
set to HbA ;. >7.0% (53 mmol/mol); that is, above the treatment
target according to the Norwegian guidelines [5]. Written
informed consent was obtained from participants after detailed
information about the project was provided by the research team
during the start-up meetings. Data collection was obtained
through self-reported questionnaires and from medical records
a the GPsS offices. Randomization was performed
consecutively.

There were 3 assessment points. baseline (time of
randomization) and at 4 and 12 months after randomization.
For the foll ow-up assessment, participantswere invited to meet
with the research team for data collection (questionnaires).
Those not able to attend the follow-up meetings were sent
guestionnaires and a prepaid envelope to be returned by mail
to the study center. All patients were asked to visit their GP for
measuring of their HbA . level and weight at the same time

(x14 days) after they had filled in the questionnaires.
I nterventions

Overview

The Norwegian study in RENEWING HEALTH was a 1-year
intervention to increase self-management comprised of 3
intervention groups. the Few Touch Application (FTA)
intervention group, the FTA with health counseling (FTA-HC)
intervention group, and the control group [30].

All participantsin the 3 groups received usual care by their GP
according to national guidelines [5]. This included at least 1
thorough annual visit to their GP for measurement of HbA .
level, blood pressure, blood lipid concentrations, waist
circumference, body weight to calculate a body mass index
(BMI), screening for late complications, lifestyle advice, and
treatment adjustments. Additional visits were recommended to
monitor HbA ., fasting glucose, weight, and blood pressure
every 2-6 months according to the needs of the patient and to
support self-management medical treatment.

Control Group

The participants randomi zed to the control group received usual
care[5].

http://mhealth.jmir.org/2014/4/e57/
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Few Touch Application I ntervention

In addition to usual care, these participants received a mobile
phonewith the FTA self-management system. The FTA system
provided the user with adiabetes diary app designed to increase
self-management through awareness, overview of relevant
factors, and motivationa feedback through symbols such as
smiling faces and color codesin the app [31]. The participants
measured blood glucose level with a glucometer (LifeScan
OneTouch UltraEasy), which enabled automatic transfer of the
measurement to the diary mobile app through a wireless
Bluetooth connection and provided visual graphs, trend reports,
and feedback through color coding (below normal, normal, and
above normal). The app also consisted of a food habit
registration system, a physical activity registration system, a
personal goal-setting system, and ageneral information system.
The user entered information about food intake, physical
activity, and personal goals manually. Training was in person;
apaper manua and auniversal serial bus (USB) memory stick
with further information were provided to participants. Technical
support was available all weekdays between 9 am and 3 pm and
was provided by technical staff of the project.

Few Touch Application With Health Counseling
I ntervention

In addition to the maobile phone, FTA system, and usual care,
the participantsin the FTA-HC group received health counseling
for the first 4 months of the project period. The health
counseling was based on the transtheoretical model of stages
of change [25] and a problem-solving model [32], and used
motivational interviewing as a counseling technique [21]. The
health counseling in the present study was part of the mHealth
intervention. The counseling was delivered as a booster at the
start of the intervention. This may have enhanced participants
identification with the intervention and may have resulted in
more autonomous participation and better compliance [22].

A diabetes specialist nurse delivered the health counseling. She
had special training and additional education in diabetes, was
supervised by aclinical psychologist, and received support from
a dietician when needed. Diet is an important element in the
app. The nurse used a client-centered style for enhancing
behavior change by helping the patients to explore and resolve
ambivalencerelated to aspects of self-management. We provided
a low-intensity intervention with a short counseling duration
with few contacts between the patient and health counselor [32].
The counseding was delivered through phone-based
conversations each month for 4 months, 5 in total after
randomization (with the start-up call), and with no refresher
contact thereafter. The calls lasted for 20 minutes (mean) and
contained 5 structured modules developed to support
self-management and the use of the FTA. The health counseling
isdescribed in moredetail elsewhere[29,30]. A few daysbefore
the call, the diabetes specialist nurse sent a standardized text
message through a secure system that allowed the participants
to respond or send questions. The plan in the future is that the
health personnel get access through their patients' registrations
through a care portal for discussions and increased user
participation in treatment (Figure 1).
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The participants were recruited to the project because of an
HDbA ;. above the national recommendations (HbA ;.>7.0%, 53
mmol/mol) [5] and, therefore, they were recommended to
measure their blood glucose as a part of their self-management
irrespective of insulin use. Most participants not using insulin
had been recommended by their GP or diabetes nurseto measure
amonthly 24-hour profile of their blood glucose and as such to
be aware of their normal blood glucose levels.

Use of the FTA system in GP consultations was an option for
the intervention groups; however, the participants had to take
theinitiative.

M easures

Demographics

Demographic information were self-reported and included age,
gender, education, employment status, and cohabitation
(including those married and those living with a partner), and
are described in detail elsewhere[29,30].

Clinical Measures

Clinical characteristics included HbA ., weight, BMI, blood
pressure, diabetes duration, comorbidities, complications,
medication treatment, hypoglycemia, self-monitoring, and
lifestyle variables (smoking, diet, and physical activity). Data
were obtained from the GPs or self-reported (diabetes duration,
comorbidity, hypoglycemia, self-monitoring, and lifestyle). Of
these, only HbA,. and weight were collected at the 1-year
follow-up.

Primary Outcome

Change in HbA ;. level after 1 year was chosen as the primary
outcome because it is the main target measure when treating
diabetes and is frequently used when evaluating interventions
[15]. HbA,. data were collected through the GPs and were
assessed primarily with the Siemens DCA Vantage Analyzer a
maximum of 2 weeks before or after the follow-up to reduce
measurement bias [30,33].

Secondary Outcomes

The Health Education Impact Questionnaire (heiQ) [34] was
used to assess self-management. This measure contains 40
guestions on a 4-level Likert scale, grouped into 8 domains:
positive and active engagement in life, health-directed activity,
skill and technique acquisition, constructive attitude and
approaches, self-monitoring and insight, health service
navigation, socia integration and support, and emotional
well-being. This measure evaluates patient education and
self-management  interventions for people with chronic
conditions. Higher scores reflect greater self-management,
except for emotional well-being in which the scale is reversed.
TheheiQisavalidated measure for evaluating the effectiveness
of health education and coping skills, and has been trandated
into Norwegian and several other languages [34,35].

To evaluate lifestyle and lifestyle changes, we investigated the
participants’ dietary habitsincluding recommended food items
and traditional Norwegian dietary habits[36], and engagement
in physical activity based on intensity, frequency, and duration

http://mhealth.jmir.org/2014/4/e57/

Holmen et d

[37]. The Short-Form 36v2 Health Survey (SF-36) was used to
measure overall health-related quality of life [38]. This survey
has been trand ated into Norwegian and validated and tested in
aNorwegian setting [39]. Depressive symptoms were measured
by the Center for Epidemiologic Studies Depression Scale
(CES-D) [40] using a cutoff of 216, which indicated that those
below the threshold reported no depressive symptoms. For the
demographic and clinical measures, a common dataset was
provided from the RENEWING HEALTH project administration
and data were gathered according to a protocol provided from
the project administration [41]. In the analysis, age was
dichotomized with a cutoff at >63 years, the age of early
retirement in Norway. Further details about measures have been
published in the study protocol [30].

Use of the Few Touch Application

Registrations of the use of the FTA system were collected
continuously through automatic data transfer to a secure server
and into ausagelog. For the FTA-HTC group, further education
on usage of the app was supported by the diabetes specialist
nurse. A dichotomous variable of substantial or not substantial
use of the FTA was made retrospectively based on the usage
log. To be categorized as a substantial user, the participant had
to be an active user for at least 6 months. An active user was
defined as one who had performed =5 blood glucose
measurements during each of these 6 months and who had =50
interactions in the parts of the diary not including collection of
data (eg, viewing data or accessing general information).

Sample Size

An apriori power calculation indicated that 34 participants in
each of the 3 groups would be sufficient to detect significant
changesin the primary outcome HbA ;; level with an effect size
of .35, asignificance level of 5%, a standard deviation (SD) of
the outcome variable of 0.5, statistical power of 80%, and a
2-tailed significance test. The sample was set to 50 in each of
the 3 groups to allow for dropouts and 151 participants were
included in total.

Randomization

Block randomization was performed through the Center of
Randomization at the Unit for Applied Clinical Research at the
Norwegian University of Scienceand Technology in Trondheim
using the Web Case Report Form.

Ethics

The Regional Ethics Committee South East approved the
protocol and all participants provided written informed consent
before randomization.

Blinding

The study could not be blinded for the participants or GPs and
health providers because of the nature of the intervention, which
required overt participation [42]. The participants could usethe
device at visits to their GP as part of usual care. The research
team was involved in the assessment of eligibility, data
collection, training of patientsto use the devices, and follow-up.
Thus, thosewho delivered technical support had to know which
group the participants were allocated to.
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Statistical M ethods

The baseline characteristics are reported as mean and SD
(continuous variables) and counts and percentages (categorical
variables). Data not available were considered to be missing
and the results were based on intention-to-treat. Baseline
differences between groups were assessed with 1-way ANOVA
(continuous measurements) and chi square tests (categorical
data). Within-group changes were analyzed using Student t
tests. Multiplelinear regression and logistic regression analyses
were used to control for possible confounding factors. Thefina

Figure 1. Self-management with the FTA supported by health counseling.
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models were adjusted for age, gender, and educational level.
Changes in medication (glucose-lowering agents), BMI,
depressive symptoms (CES-D), diabetes duration, and
comorbidities were added one by one to the final models to
investigate the possible confounding effects. When the preceding
covariates were not statistically significant, they were not
presented in the final model to increase statistical power and
precision of our estimates. All testswere 2-sided. P values<.05
were considered significant. All analyseswere performed using
SPSSversion 21 (IBM Corp, Armonk, NY, USA).

In the future

GATEWAY
& APP

TELEMONITORING
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.

COUNSELING

Results

Participant Flow

Through the recruitment period, 298 persons were assessed for
eligibility; 134 persons were not included, 52 did not wish to
participate, and 82 did not meet the eligibility criteria (Figure
2). Of these, 65 had an HbA ;. level bel ow the threshold of 7.1%
(54.1 mmol/moal), 6 had type 1 diabetes, 4 had interfering
comorbidities, and 7 did not fulfill the eligibility criteria for
other reasons. Randomization was performed for 164 persons
(Figure 1), but 12 were excluded because of an HbA . level
below the 7.1% (54.1 mmol/mol) threshold. One person
withdrew consent, leaving a total of 151 participants to be
included in the study; 51 were allocated to the FTA intervention,
50 to the FTA-HC intervention, and 50 to the control group.

http://mhealth.jmir.org/2014/4/e57/
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Inclusion and randomization started in March 2011 and ended
in September 2012. The first complete participant dataset was
finalized in April 2012 and the follow-up data was finalized in
October 2013.

After the 1-year follow-up, there was a total dropout attrition
rate of 21% (31/151), with an equal distribution in the groups.
Baseline analysis revealed no difference between those lost to
follow-up and those who completed the study for all variables.
For the primary outcome (HbA . level), data were obtained for
atotal of 120 participants after the 1-year follow-up: 39 in the
FTA group (dropout attrition 24%, 12/51), 40 in the FTA-HC
group (dropout attrition 20%, 10/50), and 41 in the control group
(dropout attrition 18%, 9/50). For the secondary self-reported
outcomes, data were included from 119 participants, 38 in the
FTA group, 40 in the FTA-HC group, and 41 in the control

group.
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Figure 2. Flowchart of enrollment.
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Assessed for eligibility (n = 298)

Not randomized (n = 134)
- Did not meet eligibility criteria (n = 82)
- Declined to participate (n = 52)

Randomized (n = 164)

Excluded (n=13)
- HbAlc <7.1% (n = 12)

- Retracted consent (n = 1)

Included (n = 151)

Intervention group FTA

health counseling
(n=51)

(n=50)

Intervention group FTA with

Control group
(n=50)

Dropped out (n=11)

- Technical difficulties (n = 2)

- Too demanding (n = 2)

- Did not respond to request (n = &)
- Serious disease (n = 1)

Died (n=1)

Dropped out (n=10)
-Technical difficulties (n = 2)

| | - Too demanding (n = 2)

- Did not respond to request (n = 3)
- Serious disease (n=3)

Dropped out (n = 8)
- Asked for intervention (n=1)
- Too demanding (n = 1)

| - bidnot respond to request (n = 6)

Died(n=1)

1-year follow-up
(n=39)

1-year follow-up
(n=40)

1-year follow-up
(n=41)

Demographic and Clinical Characteristics

The demographic and clinical baseline characteristics of the
participants have been described in detail elsewhere [29].
Overall, the mean age was 57 years (SD 12), 62 of 151 (41%)
were female, and 51 of 151 (34%) had >12 years of education
(Table 1). The mean HbA,. level was 8.2% (SD 1.1), 66

mmol/mol (SD 12.3), and the mean BMI was 31.7 kg/m? (SD

http://mhealth.jmir.org/2014/4/e57/
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6.03). None of the variables listed in the tables differed
significantly between groups at baseline. However, a higher
proportion of personsin the control group reported depressive
symptoms compared with the other 2 groups. The numbers
(percentages) of participants whose score exceeded the cutoff
value of 216 in the CES-D were 17 of 50 (35%) in the control
group, 10 of 51 (20%) in the FTA group, and 7 of 50 (14%) in
the FTA-HC group (P=.04).
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Table 1. Demographic and clinical characteristics at the baseline (N=151).

Characteristics N FTA FTA-HC Control group
(n=51) (n=50) (n=50)
Demographics
Age (years), mean (SD) 151 58.6 (11.8) 57.4(12.1) 55.9 (12.2)
Gender (female), n (%) 151 17 (33) 25 (50) 20 (40)
Education &, n (%) 151
<12 years 26 (51) 26 (52) 31(62)
12 years 4(8) 10 (20) 3(6)
>12 years 21 (41) 14 (28) 16 (32)
Employment status b n (%) 148
Employed 22 (44) 31(63) 26 (53)
Unemployed 13 (26) 11 (22) 17 (35)
Retired 15 (30) 7(14) 6 (12)
Cohabitation status (cohabiting),® n (%) 151 37 (73) 36 (72) 37 (74)

Clinical characteristics

HDbA 1¢
HbA 1 (%), mean (SD) 151 8.1(1.1) 8.2(1.1) 8.3(1.2)
HbA 1 (mmol/mol), mean (SD)) 151 65 (12.0) 66 (12.0) 67 (13.1)
HbA 1 (%), median (range) 151 7.8(7.1-12.4) 7.9 (7.1-11.3) 7.9 (7.1-11.6)
HDbA 1. (mmol/mol), median (range) 151 62 (54-112) 63 (54-100) 63 (54-103)
Weight (kg), mean (SD) 132 98 (23.1) 91 (20.3) 96 (25)
BMI kg/m?, mean (SD) 129 32.4(6.5) 30.7 (5.6) 32.0(6.0)
Systolic blood pressure (mmHg), mean (SD) 121 136 (17.9) 132 (13.7) 134 (14.5)
Duration of diabetes (years), mean (SD) 138 11.2(7.3) 9.6 (8.4) 9.4 (5.5)
Comorbidities, n (%) 151
0 6 (12) 8(16) 10 (20)
1-2 33 (65) 32 (64) 32 (64)
>3 12 (23) 10 (20) 8(16)
Late complication: foot ulcer, n (%) 151 11 (22) 8(16) 4(8)
Late complication: eye, n (%) 151 7(14) 3(6) 9(18)

Treatment variables, n (%)

Glucose-lowering agents, n (%) 131
Diet only 3(7) 2(4) 4(11)
Oral agents only 20 (44) 27 (57) 16 (42)
Injections only® 9(20) 7(15) 3(8)
Combination of oral agents and injections 14 (30) 11 (23) 15 (40)
Hypoglycemia (self-reported), n (%) 148 23 (46) 19 (39) 27 (55)
Self-monitoring blood glucose, n (%) 151 48 (94) 45 (90) 49 (98)

Lifestylevariables, n (%)

Smoking (yes) 151 5(10) 12 (24) 7(14)
Physical activity (physically active)e 149 18 (37) 16 (32) 17 (34)
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Characteristics N FTA FTA-HC Control group
(n=51) (n=50) (n=50)
Daily servings of fruit and vegetables 148 2.8(1.6) 29(1.7) 3.8(2.7)
Poultry >3 servings per month 146 33 (67) 26 (52) 28 (60)
Meat >3 servings per month 143 44 (88) 44 (92) 41 (91)
Fish >3 servings per month 148 41 (82) 38 (78) 37 (76)

8 Education: some high school or less (<12 years), high school graduate (12 years), or some college or more (>12 years).

b Employment status: employed (state employee, private employee, self-employed, or employed part-time); unemployed (student, military duty,

homemaker, unemployed, or unable to work); and retired.

€ Cohabitation status: living alone (not married, divorced, separated, or widowed); and cohabiting (married or living with someone).

d Injections were both insulin and other blood glucose-{owering injections.

€ Physically active: those with >60 min per week at an intensity of “being short of breath” or higher intensity.

Adjusting for age, gender, and educational level did not affect
the change in HbA,. level nor did inclusion of possible
confounders, such as changes in medication (glucose-lowering
agents), BMI, depressive symptoms (CES-D), diabetes duration,
and comorbidities (Table 2).

Primary Outcome Measure: HbA . L evel

The change in HbA ;. level did not differ significantly between
the 3 groups after 1 year. However, HbA ;. level declined within

all groups and none of the participants in any of the groups
reached their pretest levels at the 1-year follow-up (Figure 3).
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Figure3. Mean HbA1c levels (95% Cl) at baseline and 1-year follow-up (N=119).
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Table 2. Mean HbA . level, body weight, and heiQ domains at baseline and 1-year follow-up, and changes for those with 2 measurements.

Variables by group n Baseline, mean (95% Cl) 1-year follow-up, mean (95% Cl) Change, mean (95% ClI)
HbA ¢ (%)
FTA 39 8.1(7.72,853) 7.8(7.48, 8.15) -0.31(-0.67, 0.05)
FTA-HC 40  8.1(7.76,843) 8.0 (7.49, 8.41) -0.15 (-0.58, 0.29)
Control 41  84(7.97,8.76) 8.2(7.77, 8.61) -0.16 (-0.50, 0.18)
HbA 1 (mmol/mal)
FTA 39  65(61,70) 62 (58,66) —3.4(=7.4,0.6)
FTA-HC 40  65(61,69) 63 (58,68) -1.6(-6.3,3.1)
Control 41 68(64,72) 66 (62,71) -1.7(-5.4,2.0)
Weight (kg)
FTA 33 96.3(87.99, 104.64) 95.0 (87.54, 103.22) -1.3(-3.05, 0.43)
FTA-HC 34 89.7(82.45, 96.90) 88.9 (82.28, 95.67) -0.7 (=229, 0.84)
Control 36  94.3(85.31, 103.22) 93.0 (84.44, 101.36) -1.2(-2.75, 0.54)

Positive and active engagement in life

FTA 38 3.23(3.08,3.39) 3.19 (3.04, 3.34) -0.04 (-0.18, 0.09)

FTA-HC 40  3.20(3.08,3.31) 3.22(3.08, 3.36) 0.02 (-0.15, 0.19)

Control 41 3.12(2.95,3.29) 3.09 (2.94, 3.24) -0.03(-0.19, 0.13)
Health-directed activity

FTA 38 2.78(252, 3.04) 2.82 (2.60, 3.05) 0.04 (-0.16, 0.25)

FTA-HC 40  2.78(257,2.99) 2.81(2.57, 3.04) 0.03 (-0.16, 0.21)

Control 41 271(251,2.92) 2.81(2.58, 3.04) 0.10 (-0.08, 0.27)
Skill and technique acquisition

FTA 38 2.92(2.79, 3.04) 2.88(2.69, 3.06) -0.04 (-0.20, 0.12)

FTA-HC 40  2.89(2.75,3.02) 3.08 (2.96, 3.21) 0.19 (0.05, 0.33)2

Control 41 2.95(2.83,3.06) 2,94 (2.77,3.12) -0.01(-0.14, 0.13)
Constructiveattitudesand approaches

FTA 38  3.17(2.98,3.36) 3.13(3.00, 3.26) -0.04 (-0.21, 0.13)

FTA-HC 40  3.23(3.09, 3.38) 3.33(3.19, 3.47) 0.10 (-0.02, 0.21)

Control 41 3.19(3.02 3.36) 3.19 (3.02, 3.36) 0.00 (-0.13, 0.13)
Self-monitoring and insight

FTA 38  3.06(2.95,3.15) 3.09 (2.98, 3.19) 0.04 (-0.07, 0.15)

FTA-HC 40  3.09(2.99, 3.18) 3.18 (3.06, 3.30) 0.09 (-0.01, 0.19)

Control 41 3.14(3.03,3.24) 3.15(3.02, 3.28) 0.01 (-0.12, 0.13)
Health service navigation

FTA 38  3.14(297,331) 3.03(2.86, 3.20) —0.11 (-0.25, 0.04)

FTA-HC 40  3.06(2.91, 3.20) 3.14 (2.96, 3.31) 0.08 (~0.03, 0.20)

Control 41 3.16(3.00,3.33) 3.27(3.09, 3.44) 0.11 (-0.05, 0.26)
Social integration and support

FTA 38 3.04(287,3.21) 2.93(2.77,3.09) -0.11 (-0.23,0.02)

FTA-HC 40  3.02(2.86,3.17) 3.02 (2.86, 3.19) 0.01 (-0.09, 0.11)

Control 41 2.94(274,3.15) 2.95 (2.74, 3.16) 0.01 (-0.14, 0.16)

Emotional well-being
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Variables by group n Baseline, mean (95% ClI) 1-year follow-up, mean (95% Cl) Change, mean (95% ClI)
FTA 38 2.99(2.77, 3.20) 2.98 (2.76, 3.20) -0.01(-0.16, 0.13)
FTA-HC 40  299(2.81,3.17) 3.04 (2.84, 3.25) 0.05 (-0.12, 0.22)
Control 41  2.81(257,3.05) 2.87 (2.64, 3.11) 0.07 (-0.11, 0.24)

8 Change was statistically significant (P<.05).

Secondary Outcome M easures

Weight

Body weight was slightly reduced in all 3 groups at the 1-year
follow-up, although not significant (Table 2). However, the

change in weight did not differ between groups at the 1-year
follow-up.

Health Education | mpact Questionnaire

Table 2 presents the mean scores for the 8 heiQ domains and
the mean changes at the 1-year follow-up. Except for skill and
technique acquisition in the FTA-HC group, no statistically
significant changes were found between groups. However, as
shown in Table 3, there were significant differences in the
changesin 1 of the 8 domains between the control group and 1
of the intervention groups.

Table 3. Changesin HbA . level, skill and technique acquisition, and health service navigation for the intervention groups versus the control group,

unadjusted and adjusted for age, gender, and educational level in multiple linear regression analysis.?

Group Unadjusted B 95% Cl P Adjusted B2 95% Cl P

HbA . (%)
FTA -0.15 -0.68, 0.37 .57 -0.22 -0.75, 0.32 42
FTA-HC 0.01 -0.51, 0.53 97 0.01 -0.52, 0.54 97
Control (ref)

HbA 1 (mmol/mal)
FTA =17 —7.4,4.1 2.4 -8.2,35 42
FTA-HC 0.1 -5.6,5.8 0.1 -5.6,5.9 97
Control (ref)

Skill and technique acquisition
FTA -0.04 -0.24,0.16 71 -0.03 -0.22,0.17 .79
FTA-HC 0.20 0.004, 0.40 046 021 0.01, 0.40 .04
Control (ref)

Health service navigation
FTA -0.21 -0.41,-0.02 .03 -0.19 -0.38, 0.01 .06
FTA-HC -0.02 -0.21,0.17 .82 -0.004 -0.19, 0.19 97

Control (ref)

8This table presents 3 final multiple linear regression models, all adjusted for age, gender, and education.

After adjusting for age, gender, and educational level, the mean
change in skill and technique acquisition was still significantly
higher in the FTA-HC group (B=0.21; 95% CI 0.01-0.40;
P=.04). The mean change in health service navigation was
significantly smaller in the FTA group before but not after
adjusting for age, gender, and educational level (B=—0.19; ClI
—0.38 t0 0.01; P=.06) compared with the control group.

When analyzing the effect of depressive symptoms
independently of group alocation, we found that those who
reported depressive symptoms (CES-D score =16 at baseline,
indicating more depressive symptoms) reported ahigher change
in heiQ than those who did not report such symptoms. Both
analyses of change in heiQ after 1 year were adjusted for age
and gender. In the domains of positive and active engagement

http://mhealth.jmir.org/2014/4/e57/

RenderX

in life, the results were B=0.24, (95% CI 0.01-0.46; (P=.04)
and for social integration and support were B=0.22 (95% ClI
0.03-0.41; P=.02).

Health-Related Quality of Lifeand Depressive Symptoms

There were no significant differencesin any of the 8 subscales
or in the 2 summary component scores of the SF-36 between
the 3 groups at the 1-year follow-up in both the unadjusted and
adjusted analyses. The changein depressive symptoms measured
with the CES-D did not differ significantly between groups for
the total score (continuous variable) or for the
number/percentage of participants with ascore greater than the
cutoff of =16 both before and after adjustments.
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Changesin Reported Physical Activity and Nutritional
Habits

There were no significant differences between the groups in
self-reported levels of physica activity (inactive to active or
opposite). The changes in the intake of fruits and vegetables,
meat, chocolate, and fish after 1 year did not differ between the
3 groups (results not shown).

Use of the Few Touch Application and Health
Counseling

Of those randomized to the FTA group, 20 of 51 (39%) were
categorized as substantial users. In the FTA-HC group, 17 of
50 (34%) used the FTA part of the intervention substantially,
and all these people attended =4 health counseling sessions; 42
of 50 (84%) attended >4 sessions of health counseling regardless
of their FTA use.

Analyses of substantial versus nonsubstantial users of only the
FTA, regardless of the intervention groups, did not reveal any
statistically significant differences between groups regarding
SF-36, heiQ, or depressive symptoms (CES-D). However,
participants aged >63 years were more likely to be substantial
usersof theapp (OR 2.7; 95% CI 1.02-7.12; P=.045) compared
with younger participants.

Adver se Events

No serious adverse clinical events were reported from
enrollment to the 1-year follow-up. However, afew undesired
technical events were reported, such as trouble with the
Bluetooth pairing required for automatic transmission of data
from the glucometer to the app in the mobile phone. This may
have been stressful for those affected and has been shown to
lead to less satisfaction and decreased use of the technology in
aprevious study [13]. The project could not pay for mobile use
if the participants were traveling abroad and some participants
experienced high mobile costs for use of the mobile phone app
in other countries (because of different rates for different
network operators). However, we did inform all participants of
thisrisk before they entered the trial.

Discussion

Although HbA . level declined in &l groups, the change did
not differ significantly between either of theintervention groups
and the control group after 1 year. However, the mean HbA ;.
level did not increaseto the baselinelevel in any of the 3 groups.
We found no effects on secondary outcomes other than a
significant positive changein self-management reflected by the
skill and technique acquisition scale in the FTA-HC group.
Interestingly, participants aged =63 years were more likely to
use the app.

In this study, we conducted alow-intensity mHeal th intervention
based on self-management with a mobile app and with a
health-counseling booster for the first 4 months in one of the
intervention groups. Previous reviews have investigated
follow-up and intervention duration, and have found atrend of
decreasing intervention effect over time [15,18]. Although
interest in mHealth interventions may decrease over time
[17,43], it has been shown previously that regular contact with
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clinical practice may improve glycemic control [15,16] and
positive outcomesin general [17]. The participantsin our study
had only the health counseling intervention in one of the
intervention groups at the beginning of the study and a more
intense intervention during the 1-year follow-up or booster
appointments could have strengthened their self-management
and behavior change.

Thefinding that the FTA-HC intervention group tended to have
agreater change in self-management, as shown by the increase
in skill and technique acquisition, may mean that they had an
increased ability to reduce their symptoms related to type 2
diabetes and to managetheir health effectively, including greater
skills for using technical aids. A lack of effect in the other
domains of self-management could indicatethat our intervention
did not reach those at highest risk of a decline in health [44].
Thedegree of self-management may belessin peoplewith type
2 diabetes compared with those with type 1 diabetes because
of the intensity of treatment and need for self-measuring of
blood glucose levels by those who are insulin dependent [15].
However, some type 2 diabetes insulin users are also in need
of asimilar self-management intensity. Reviews areinconsistent
about whether mHealth is more effective in people with type 1
or type 2 diabetes [15,20]. Most of our participants reported
that they were self-monitoring their blood glucose level at the
start of the study, suggesting that they were already
self-managing at some level irrespective of insulin use.

The HbA ;. level iswidely used for evaluation of interventions,
but its relevance to self-management has been questioned in
the past few years[15,18] because the focuson glycemic control
may not always reflect the degree of self-management. To date,
few mHealth studies eval uating self-management haveincluded
aself-management outcome with appropriate measures [ 35,45].
The choice of outcome measures is critical. The emphasis in
the present study is on self-management and the primary
outcome, HbA ., may not reflect the relevant self-management
outcomesfor the participants. Inthis study, we found that many
participants did not know their HbA ;. level at enrollment and

many had atoo low HbA . to be included.

Interventions are often designed without sufficient knowledge
about the target group and without atheoretical framework [46].
Although this study used both theory and thorough analyses of
the literature beforehand, more research about how to design
and implement behavior change interventions is needed. An
interesting framework has been developed with a behavior
change model with essential conditions such as capability,
opportunity, and motivation, including intervention strategies
addressing these conditions specificaly [46]. If a
self-management intervention should improve HbA ., it must
first effectively improve healthy eating, physical activity, and
adherence to medication. Therefore, we need to know how we
can support and effectively motivate a person’s readiness for
behavior change. Future research must include the users as part
of the team when devel oping appropriate interventionstailored
to their needs[11,46,47].

Lack of findings in many behavior change studies may also
relateto alack of key componentsin available appsfor persons
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with type 2 diabetes. Apps should be designed in the context
of the current guidelines for treatment of type 2 diabetes to
increase self-management [12,13]. It has been shown previously
how integrated daily use is more likely if the self-management
components are offered in a mobile phone app, and electronic
diaries are thought to improve self-management [48], asin this
study. Further, solutions are provided to reduce the potential
for erroneousimputationsfor functions such astransfer of blood
glucose data [12,13]. However, the perceived benefits must
outweigh the effort of using the app, especially because
self-management is an ongoing process that requires many
iterations every day [2]. The most frequent component offered
in mobile phone apps is blood glucose measurement, but
education in self-monitoring of blood glucose [12] and in the
use of the application [13,15] is often lacking.

There are aso other possible explanations for the lack of
difference in the change in HbA,. levels between groups. A
total 39% of participantswere substantial users of the app during
the 1-year follow-up. Thelack of effects on predefined outcomes
may also relateto low use of the FTA, partly caused by outdated
technology at the end of the study. The actual use of amHealth
intervention may reflect the external validity better than does
the rate of dropouts [43]. In this study, attrition occurred in
participants who did not use the intervention or used it
infrequently. The common limit for threatened external validity
isa20% dropout rate [49], but high dropout attrition is expected
intrialsinvestigating innovative technol ogy because of technical
difficulties and cumbersome user interfaces. Our attrition rates
arerelatively small in comparison with others[43].

Traditionally, the RCT is the gold standard for clinical trials.
In this study, we achieved successful randomization with no
statistically significant differences between the 3 groups at
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baseline. Moreover, al patients were recruited from the primary
health care system, which may increase the generalizability of
our results[18]. During this study, new and improved versions
of mobile phones hit the market and participants reported this
as the reason for some of the cases of low use of the mobile
phones given to the participants. Outdated equipment may be
a problem when using RCTSs for testing mobile interventions
because of the often-prolonged inclusion process. In future
research withinthe digital area, we should consider other designs
and eval uation methodsthat have a shorter turnover than RCTs.

Some of the results were unexpected, such as the increased use
among the older participants (aged =63 years). In previous
research, alack of effect was attributed to afear of technology
with increasing age [14], athough others have suggested that
compliance may be higher in older people [20]. Our findings
suggest that age may not be the barrier that many expect.
Generalization of the results of this single trial must be made
with caution because of the participants motivation and
preferences for entering the study. It is preferable that the
characteristics of those interested in mHealth interventions in
the target population should be investigated before the study
starts [50].

In summary, we have successfully conducted a low-intensity
RCT to test a mobile diabetes self-management system with
and without health counseling. There were no significant
differences in the change in HbA ;. between the intervention
groups and the control group. Skill and technique acquisition
increased in those who received health counseling in addition
to the self-management app. This may be important to their
daily self-management of diabetes. Our findings indicate that
age may not hinder the use of technology, as suggested by earlier
research, but further research is needed to confirm thisfinding.
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