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Abstract

Background: Toreach al 84.1 million US adults estimated to have prediabetes warrants need for low-cost and |ess burdensome
alternatives to the National Diabetes Prevention Program (NDPP). In a previous randomized controlled trial, we demonstrated
the efficacy of a 12-month short message service text message support program called SMS4PreDM amongst individuals with
prediabetes.

Objective: The study aimed to evaluate the implementation and effectiveness of SMS4PreDM in a pragmatic study following
dissemination in a safety net health care system.

Methods: English- and Spanish-speaking patients at risk for diabetes (eg, glycated hemoglobin 5.7-6.4) were referred by their
providers and offered either NDPP classes, SMS4PreDM, or both. This analysis focuses on weight change among 285
SM SAPreDM-only participants who began the year-long intervention between October 2015 and April 2017 with accompanying
pre- and postweights, as compared with 1233 usual-care control patients at risk for diabetes, who were identified from electronic
health records during this time but not referred. Weight outcomes included time-related mean weight change and freguency of
either 3% weight loss or gain. Mixed linear models adjusted for age, gender, race, ethnicity, preferred language, and baseline
weight. A secondary analysis was stratified by language. We al so assessed implementation factors, including retention and cost.

Results: SMSAPreDM participants had high retention (259 of 285 patients or 91.0% compl etion at 12-months, ) and atime-related
mean weight loss of 1.3 pounds (SE 0.74), compared with the control group’s slight mean weight gain of 0.25 pounds (SE 0.59;
P=.004). Spanish-speaking SMS4PreDM participants (n=130) had a time-related mean weight loss of 1.11 pounds (SE 1.22)
compared with weight gain of 0.96 pounds (SE 1.14) in Spanish-speaking controls (n=382, P<.001). English-speaking intervention
participants (n=155) had a comparable time-related mean weight change (—0.89 pounds; SE 0.93) as English-speaking controls
(n=828; 0.31 pounds gained; SE 0.62, P=.14). Overall, frequency of achieving >3% weight |oss was comparabl e between groups
(54 of 285 or 19.0% of SMS4PreDM participants [95% Cl 14.8-23.9] vs 266 of 1233 or 21.6% of controls [95% Cl 19.3-24.0];
P=.33). Nonetheless, more controls had >3% weight gain compared with intervention participants (337 of 1233 or 27.3% of
controls [95% Cl 24.9-29.9] vs 57 of 285 or 20.0% of SMS4PreDM participants [95% Cl 16.8-25.1]; P=.01). SMS4PreDM
delivery costs were US $100.92 per participant.

Conclusions: Although SMS4PreDM was relatively low cost to deliver and demonstrated high retention, weight loss outcomes
may not be sufficient to serve as a population health strategy.

(JMIR Diabetes 2019:4(2):€12985) doi:10.2196/12985
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Introduction

Background

To reach al 84.1 million US adults estimated to have
prediabetes, low-cost and less burdensome alternatives to the
NDPP are needed [1]. A 2015 review found median costs of
US $417 per person for programs comparable with the NDPP
[2]. A recent NDPP evaluation concluded that retention has
been suboptimal [3], which may be because of the demands of
year-long in-person meetings. In a previous randomized
controlled trial (RCT), we demonstrated efficacy of a12-month
short message service (SMS) text message support program
caled SM3APreDM in individuals with prediabetes [4].
Specifically, 23% weight losswas achieved by 30 of 79 or 38%
of participants receiving the SMS4PreDM intervention (95%
Cl 27.7-49.3), compared with 17 of 81 or 21% of control group
participants (95% CI 12.5-30.6; absolute difference of 17%;
P=.02) [4]. Research suggests that such modest weight losscan
prevent diabetes as every kilogram lost decreases risk by 16%
[5]. Real-world NDPP implementation has appeared to result
inlessaverage weight loss (4.2% N=14,747 [3]) compared with
that observed initsoriginal RCT (4.9% N=1,079 6], along with
concerning disparitiesin outcomes for underserved participants
[3]. Thus, it is important to similarly evaluate SMS4PreDM
upon broader dissemination.

Objectives
We evauated implementation and effectiveness and

implementation of SMS4PreDM in apragmatic study following
dissemination in a safety net health care system.

Methods

English- and Spanish-speaking patients at risk for diabetes (eg,
glycated hemoglobin 5.7-6.4) were referred by their providers
and offered NDPP classes and/or SMS4PreDM. Outcomesfrom
NDPP participants were recently published [7]. We focus here
on evaluating effectiveness of SMS4PreDM. SMS4PreDM
methodology has been described in detail [4]. In brief, SMS
text message content was based on the NDPP curriculum and
iteratively refined upon patient feedback. Messages promoted
lifestyle change and modest weight loss and were delivered 6
days per week over 1 year. This analysis included 285
SMSAPreDM-only participants who began the intervention
between October 2015 and April 2017, with accompanying
baseline and follow-up weights available, as compared with a
usual-care control group of 1233 patients at risk for diabetes
and available weights, who were identified from electronic
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health record (EHR) data during the same time frame but not
referred. Patients who became pregnant during the intervention
or underwent bariatric surgery were excluded.

A repeating measure analysis used all weights available in the
EHR from routine health care visits within a year of the
individual’s start date for SMS4PreDM participants or matched
identification date for controls, as well as 12-month weights
collected by study personnel upon invitation for participants
without recent clinical visits. Weight outcomes included mean
time-related weight change and realization of either >3% weight
loss or gain. Mixed linear model s adjusted for age, gender, race,
ethnicity, preferred language, and baselineweight. A secondary
analysis stratified by language. We al so assessed implementation
factors, including retention and cost. The Colorado Multiple
Ingtitutional Review Board approved this program as an
evaluation project, which was not registered as aclinical trial.

Results

Participant characteristics are shown in Table 1. Retention in
SMSAPreDM was high as only 20 of 285 or 7% dropped out in
the first 4 weeks, with 259 of 285 or 91% completing the
12-month program. SMS4PreDM participants (n=285) had an
average of 5.6 visits with weight assessments during the study
period compared with 5.4 visits for the control group (n=1233;
P=.72). Most SMS4PreDM participants (262 of 285 or 91.9%)
exclusively had EHR-derived weights, with few patients having
weights collected by invitation (23 of 285 or 8.1%).

Theintervention group had a time-related mean weight loss of
1.3 pounds (SE 0.74), whereas the control group realized mean
weight gain of 0.25 pounds (SE 0.59, P=.004). Spanish-speaking
SMSAPreDM participants (n=130) realized time-related mean
weight loss of 1.11 pounds (SE 1.22) compared with weight
gain of 0.96 pounds (SE 1.14) in Spanish-speaking controls
(n=382, P<.001). English-speaking intervention participants
(n=155) did not achieve more time-rel ated mean weight change
(-0.89 pounds; SE 0.93) than English-speaking controls (n=828;
0.31 pounds gained; SE 0.62; P=.143). There was no significant
difference between groups in frequency of reaching the >3%
weight loss goal (54 of 285 or 19.0% of SMS4PreDM
participants [95% Cl 14.8-23.9] vs 266 of 1233 or 21.6% of
controls [95% CI 19.3-24.0]; P=.33). However, more controls
gained >3% weight compared with intervention participants
(337 of 1233 or 27.3% of controls[95% CI 24.9-29.9] vs 57 of
285 or 20.0% of SM S4PreDM participants[95% CI 16.8-25.1];
P=.011). SMS4PreDM delivery costs were US $100.92 per
participant.
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Table 1. Demographics of short message service text message support (SMS4PreDM) and control group participants.

Demographic Intervention (n=285) Control (n=1233) P value

Sex, n (%) .003
Female 217 (76.1) 827 (67.1)
Male 68 (23.9) 406 (32.9)

Race, n (%) .18
White 218 (76.5) 895 (72.6)
Black 36 (12.6) 220 (17.8)
Asian 7(25) 27(2.2)
Other/unknown 24 (8.4) 91(7.4)

Ethnicity, n (%) <.001
Hispanic/Latino 173 (60.7) 584 (47.4)
Non-Hispanic/Latino 61 (21.4) 364 (29.5)
Unknown 51 (17.9) 285(23.1)

Language, n (%) <.001
English 155 (54.4) 828 (67.2)
Spanish 130 (45.6) 382 (30.9)
Unknown 0(0) 23(1.9

Age (years), mean (SD) 455 (12.2) 48.4 (14.6) <.001

Discussion

Principal Findings

Inthispragmatic study of SM Stext message support for weight
loss to prevent diabetes, SMSAPreDM afforded high retention
a a lower cost than the NDPP. However, modest weight
outcomes suggest that SMSAPreDM may not be clinically
effective enough to serve as a population health strategy.
Although nearly twice as many SMS4PreDM participants
achieved >3% weight loss than controls in our previously
published RCT [4], less robust weight loss outcomes were
demonstrated in real-world dissemination, atrend al so observed
with the NDPP [3]. At the sametime, fewer participantsin this
pragmatic trial gained =3% weight compared with controls
(NNT 14), which may hold importance, given findings that

weight gain of 1 kg/m? has been shown to increase glucose
dysregulation [8], although more studies of thisrelationship are
warranted. Weight loss results of SMS4PreDM were also
genera ly within therange of outcomesfound in prior systematic
reviews of mobile phone apps and SMS text messaging
interventions for weight reduction [9,10].

Limitations

Limitations include nonrandomization in our pragmatic study,
which may have contributed to demographic differences
observed between study groups (although analyses controlled
for such factors). Analyses also excluded participants without
available weights; however, conditions for weight collection
were largely similar between groups overall (eg, the majority
of al patients in the analysis had weights collected from
approximately bimonthly, routine clinical visits). However, a
potential biasisthat SM SAPreDM participants who successfully

http://diabetes.jmir.org/2019/2/e12985/

lost weight may have been more likely to comply with requests
for final weight measurement with study personnel. It is also
unknown why Spanish-speaking individual s appear to respond
better to SMS text message support than English-speaking
individuals, as consistent with our prior RCT [4].

Conclusions

Future qualitative study may be needed to help explain why
SMSAPreDM and similar interventions can yield less impact
upon dissemination. An educational and moativational
enhancement before NDPP enrollment was shown to increase
efficacy in 1 study, although potentially by excluding less
activated individuals [11]. Ensuring increased readiness for
weight loss may potentially improve efficacy in a population
that choose SMS text message support instead of in-person
classes and possibly yield greater cost-effectiveness by more
appropriately matching services with patients likely to benefit
from them. Further research is al so needed to better understand
the extent to which supplemental coaching may be necessary
to optimize weight loss and which extra-visit technol ogy-based
platforms (eg, apps) are most cost-effective. Future efforts to
target reach among Spanish speakers may also be merited,
particularly given thereislikely less-than-adequate availability
of Spanish-language NDPPs or comparable in-person
interventions. More broadly, SMS text messaging may be
especialy beneficia during the maintenance phase following
weight loss, given its acceptability for long-term contact [12],
coupled with modestly beneficial outcomesand arelatively low
cost. Retention during the maintenance phase of the NDPP has
been especially problematic [3], necessitating identification of
retention-bolstering strategies. In conclusion, SMS text
messaging for weight-related support may continue to hold
appeal, potentially for retention purposes, and further work may
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be merited to determine how to incorporateitsdesirablefeatures  aong with more clinically effective components.
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Abstract

Background: The high prevalence of diabetes distress and subclinical depression in adults with type 1 and type 2 diabetes
mellitus (T1DM and T2DM, respectively) indicates the need for low-intensity self-help interventionsthat can be used in astepped
care approach to address some of their psychological needs. However, people with diabetes can be reluctant to engage in mental
health care. Benefit-finding writing (BFW) is a brief intervention that involves writing about any positive thoughts and feelings
concerning astressful experience such asan illness, avoiding potential mental health stigma. It has been associated with increases
in positive affect and positive growth and has demonstrated promising results in trials in other clinical populations. However,
BFW has not been examined in people with diabetes.

Objective: This study aimed to evaluate the efficacy of a Web-based BFW intervention for reducing diabetes distress and
increasing benefit finding in diabetic adults with TIDM or T2DM compared to a control writing condition.

Methods: Adultswith TIDM or T2DM and diabetes distress were recruited online through the open access Writing for Health
program. After completing baseline questionnaires, they were randomly allocated to receive online BFW or an active control
condition of online writing about the use of time (CW). Both groups completed 15-minute online writing sessions, once per day,
for 3 consecutive days. Online measures were administered at baseline, 1 month, and 3 months postintervention. Participants
were also asked to rate their current mood immediately prior to and following each writing session.

Results: Seventy-two adultswith TIDM or T2DM wererecruited and randomly allocated to receive BFW (n=24) or CW (n=43).
Participants adhered to the BFW regimen. Greater increases in positive affect immediately postwriting were found in the BFW
group than in the CW group. However, there were no significant group-by-time interactions (indicating intervention effects) for
benefit finding or diabetes distress at either the 1-month or 3-month follow-up. Both the BFW and CW groups demonstrated
small, significant decreases in diabetes distress over time.

Conclusions: BFW was well tolerated by adults with diabetes in this study but did not demonstrate efficacy in improving
diabetes distress or benefit finding compared to an active control writing condition. However, due to recruitment difficulties, the
study was underpowered and the sample was skewed to individual swith minimal diabetes distress and noneto minimal depression
and anxiety at baseline. Future research should continue to investigate the efficacy of variants of therapeutic writing for adults
with TIDM or T2DM, using larger samples of participants with elevated diabetes distress.

Trial  Registration: Australiand New  Zedland Clinical Trids Registry ACTRN12615000241538;
https://www.anzctr.org.au/Trial/Registration/Trial Review.aspx % d=368146

(JMIR Diabetes 2019;4(2):€13857) doi:10.2196/13857
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outcome

Introduction

Background

Diabetes mellitus is group of disorders posing a global public
health challenge. In 2018, the International Diabetes Federation
estimated that the global prevalence of diabetes in adults in
2017 was 8.4% (451 million adults) [1]. Psychological
comorbidity is common and burdensome in people with type 1
or type 2 diabetes mellitus (T1IDM or T2DM, respectively)
[2-4], with many experiencing negative thoughts and emations
toward diabetes and its treatment [4,5]. Diabetes distress is a
construct correlated with, but distinct from, depressionin people
with diabetes and includes distress associated with the treatment
regimen, eating, hypoglycemia, complications, interpersonal
relationships, and health care professionals[5,6]. Approximately
70% of people with T2DM display high levels of
diabetes-related distress without meeting the criteria for major
depressivedisorder (MDD) [7,8]. Diabetes distressis associated
with poor glycemic control and acts as a unique contributor to
poor diabetes self-care [9,10]. Several studies have found that
diabetes distress mediates the association between depressive
symptoms and hemoglobin A,. (HbA,) [11,12]. Further,

diabetes distressis also arisk factor for depression [13].

Similarly, in people with diabetes, anxiety and depression are
associated with poorer diabetes self-management [14-17] and
increased disease severity and complications [16-19]. Of note,
subthreshold depressive symptoms (which fall short of the full
diagnostic criteria for MDD or dysthymia) are more common
in people with diabetes than MDD, but are less likely to be
diagnosed than MDD [20]. Approximately half of the people
with T2DM will experience at | east one episode of subthreshold
depression over 5 years[19]. Subthreshold depressive symptoms
in people with diabetes are associated with poorer quality of
life [21,22] and poorer diabetes self-care [15]. These findings
haveincreased attention to addressing diabetes distressand mild
depressive symptomsin patientswith diabetesand may provide
an avenue for preventing MDD [13,21,23] and improving
diabetes self-management [11,12,24].

The international guidelines for diabetes management now
recognize theimportance of psychological care[24]. Screening
for both diabetes distress and depressive symptoms in people
with diabetes, followed by appropriate interventions, has been
recommended [21,25]. A stepped-care approach has been
suggested, with mild distress or subthreshold depression
managed within primary care, utilizing evidence-based self-help
interventions[26,27]. Web-based interventions, predominantly
clinician-assisted interventions, are effective for reducing
comorbid depression in people with diabetes [28]. However,
many interventionsfor diabetes distress or depression rely upon
face-to-face group sessions[29], numeroustelephone calls[30],
or clinician support [28]. Overall, there is growing recognition
of the need for low-intensity interventions to address diabetes
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distress or subthreshold depression, which are cost-effective
and easily disseminated to large numbers of patients.

However, many peoplewith diabetes are rel uctant to seek mental
health care [31]. This may be due to the stigma of mental ill
health and the belief that distress associated with diabetes is
normal and should not be pathologized [32]. Hence,
interventions that do not explicitly refer to “depression” or
“anxiety” may appeal more to some people with diabetes [32].

Therapeutic writing isabrief intervention that aims to improve
physical or mental health [33]. The most common form of
therapeutic writing is expressive writing (EW), in which
thoughts and feelings regarding a stressful event are disclosed
in writing, typicaly for 15-20 minutes for 3-4 days within a
short period of time [34]. EW has been examined in over 250
studies investigating its effects on physical or mental health in
a wide range of populations, including healthy participants,
people with psychological problems, and people with chronic
health conditions [33,35-37]. However, there are limitations to
EW. Results of EW studies are quite variable, and the effect
sizes are often small [33,35]. Further, EW often involves an
immediate increase in distress [33], even when followed by
longer-term benefits [38], which limits its suitability for wide
dissemination without therapist support.

Indeed, trials of EW in people with diabetes have yielded mixed
results. One study, for example, found fewer depressive
symptoms at follow-up [39], while another found reduced stress
but no effect on HbA . levels, diabetes self-care, or diabetes
distress[40]. A later trial found that EW was associated with a
worsening in depressive symptoms, with no change in diabetes
distress [41]. Of note, in the latter study, the EW task involved
writing about any stressful experience over the past month rather
than a diabetes-specific task.

Such findings have led researchersto investigate other variations
of therapeutic writing, to maximize benefits and increase
positive affect (and reduce distress) during the intervention. By
modifying writing instructions, researchers have sought to
increase the likelihood that participants engage in desired
cognitive processes, with the aim of increasing the benefits
gained from the writing task [42,43]. Theintegration of positive
psychology into therapeutic writing is one such modification
[44].

Benefit-finding writing (BFW) involves writing about any
positive thoughts and feelings about a stressful experience such
asanillness. Until recently, research haslargely overlooked the
utility of positively focused writing following stressful events
or illness. However, there is emerging evidence that the
experience of amedical illness often has sequel ae that patients
view as positive or beneficial [45]. Benefit finding is defined
as “identifying positive life changes resulting from adversity
and negativelife stressors, including illness’ [46]. It iscorrelated
with posttraumatic growth [47], which has recently been found
to be associated with greater positive affect and less negative
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affect in the daily lives of people with some chronic health
conditions [48]. Benefit finding has been associated with
increased psychosocial well-being and decreased depressionin
a range of clinical populations [46,49]. Benefit finding in
diabetes has been associated with lower symptoms of depression,
increased adherenceto diabetes self-care, and greater perceived
coping effectiveness [50]. Therefore, interventions to increase
benefit finding in people with diabetes could be useful [50].

Trials of BFW in both nonclinical populations [43,51-54] and
clinical populations [55-58] have demonstrated promising
results. Compared to EW, BFW has been found to result in less
distress and increased positive affect immediately postwriting
[51,59]. Resultsfrom pilot trialsin clinical populations suggest
that BFW has benefits with regard to the symptoms of
depression [56], anxiety [55], fatigue [58], and the number of
cancer-related medical appointments[57]. In addition, positive
affect journaling has recently been found to reduce symptoms
of depression and anxiety in general medical patients with
elevated anxiety [44]. Thus, the limited research on BFW to
date suggests that it may have the same longer-term health
benefits as EW, but with the added advantage of immediate
increases in positive affect. However, BFW has not been
examined in people with diabetes.

To our knowledge, this is the first study of BFW in peoplein
diabetes. We aimed to examine BFW in adults with T1IDM or
T2DM who were experiencing diabetes distress, but were not
experiencing amood or anxiety disorder. Thisis because people
with diabetes who meet the criteria for MDD or an anxiety
disorder are likely to require more intensive treatment, with
several evidence-based interventions available [28]. Our study
included participants reporting mild or minimal symptoms of
depression or anxiety, in addition to any degree of diabetes
distress.

Objectives

The primary aim of thisrandomized controlled trial (RCT) was
to evauate the efficacy of a Web-based BFW intervention for
adultswith TADM or T2DM (compared to a CW condition) for
reducing diabetes distress and increasing benefit finding in
diabetes. The secondary outcomes examined were self-rated
depression and anxiety symptoms, diabetes self-care, health,
and health care utilization. It was hypothesized that participants
randomized to the BFW condition would demonstrate significant
decreasesin diabetes distress and symptoms of depression and
anxiety, and report reduced visits to health care professionals
compared to thosein the control group. It was a so hypothesized
that participants randomized to the BFW condition would
experience significant increasesin benefit finding in relation to
diabetes and improvements in diabetes self-care and perceived
health, relative to those in the control group, and that these
effects would be evident at 1-month and 3-month follow-up
assessments.

This study also aimed to conduct manipulation checks of the
BFW intervention instructions by investigating immediate
emotional responses to the writing tasks and their linguistic
content. It was hypothesized that, compared to those in the CW
group, participants in the BFW group would (1) have
significantly greater increases in positive affect immediately
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after writing but not significantly different changesin negative
affect; (2) use a significantly higher proportion of positive
emotion words, negative emotion words, and cognitive
processing words, in line with previous research [51]; and (3)
rate their responses as significantly more personal and more
meaningful, but not more distressing.

Finally, as people with diabetes can be reluctant to engage in
psychological care [31], this study aimed to examine the
feasibility of internet-based BFW by adults with TIDM or
T2DM. Feasibility was assessed by adherence and acceptability
of theintervention.

Methods

Design

The design consisted of a CONSORT-EHEALTH
[60]—compliant, 2 (conditions) x 3 (time) RCT (Multimedia
Appendix 1). The protocol for thetrial has been published [61].
Participants were randomized to either internet-based BFW or
internet-based CW (use-of-time writing). Both conditions
involved an intervention of 3 days of online writing using the
Writing for Health website (see below). Outcome measures
were administered at threetime pointsfor both groups:. baseline,
1 month, and 3 months postintervention. Self-rated current mood
was also assessed immediately prior to and following each
writing session. An online feedback questionnaire was
administered postintervention.

Participants and Recruitment

Ethics approval was obtained from the Human Research Ethics
Committee at St. Vincent’'s Hospital, Sydney, Australia
(HREC/13/SVH/379). All participants provided informed
consent before engaging in any research-related activity. This
study was prospectively registered with the Australiaand New
Zealand Clinical Trials Registry (ACTRN12615000241538).

The study was advertised from February 2015 to November
2016 on the websites, social media, and publications of
Australian diabetes-related organizations and advertisements
in waiting rooms of diabetes services and general practitioners
throughout Sydney, Australia. Due to slow recruitment, the
study was also advertised in Diabetes Australia’s printed Circle
Magazine, which was mailed to 140,000 members. Finaly,
letters were mailed to 500 adult members of the National
Diabetes Services Scheme in Australia, informing them of the
study. In all advertising and recruitment materials, adults with
T1DM or T2DM weredirected to the Writing for Health website
to find out more about the study.

Eligibility and exclusion criteriafor adultswith TAIDM or T2DM
living in Australia are shown in Textbox 1. The exclusion
threshold was set at 8 or above on both the Generalized Anxiety
Disorder-7 items (GAD-7) scale or the Patient Heath
Questionnaire-9 items (PHQ-9) scale, as sensitivity and
specificity values have been found to be acceptable for a cutoff
of 8 on the GAD-7 scale for identifying generalized anxiety
disorder [62] and the PHQ-9 scale for identifying MDD [63].
Participants were not provided any compensation for taking
part in the study.
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Eligibility criteria

«  Consent to participate
« Age=18years

o LivinginAustraia

o Typelortype 2 diabetes, self-reported as diagnosed by a general practitioner or endocrinologist

«  Email address and access to the internet

o Ability to read and write in English with ease

Exclusion criteria:

«  Patient Health Questionnaire-9 score >8 or Generalized Anxiety Disorder-7 score >8
o  Current suicidal thoughts, as indicated by aresponse of >1 to item 9 on the Patient Health Questionnaire-9 scale
«  Self-reported diagnosis of schizophrenia, bipolar disorder, or a psychotic disorder

«  Sef-reported diagnosis of dementia or ancther cognitive disorder

«  Engagement in current psychological therapy

Procedure

Potential participants applied for the study via the open access
Writing for Health website (Figure 1). All stages of this study
were conducted online through Writing for Health, including
information about the study, consent to participate, screening
questionnaireswith automated feedback, participant registration,
randomization to one of two conditions, the writing
interventions, feedback questionnaire, and follow-up
questionnaires at 1 month and 3 months postintervention.

Potential participants read the study information in Writing for
Health and provided informed consent online (by checking a
box) to participate. The study was described as investigating

Figure 1. Homepage of Writing for Health.

r{,'f(lmy

Welcome

Writing for Health is an online program aiming to help people with
type 1 or type 2 diabetes improve their health and emotional
wellbeing

It involves some simple online writing exercises

The program was written by psychologists and a psychiatrist at
the University of New South Wales and St Vincent's Hospital in
Sydney, Australia

it is free and can be done at a time and place that suits you

We are testing the effects of the program in a research trial, and
will ask users to assist us in finding out if it is helpful for them

For more information please click on NEW USERS START HERE
below.

About | Privacy |Contact | Terms of Use | Getting Help

whether the writing exercisesin the Writing for Health program
improve the mental and physical well-being of people with
diabetes. Both types of writing exercises were described to
potential participants. However, the research hypotheses were
not revealed.

Potential  participants completed automated screening
guestionnaires, which also provided baseline data. Excluded
applicants received an onscreen message informing them that
the program is not suitable for them, with links to appropriate
resources. All potential participants were provided with online
feedback on the severity of their depression and anxiety
symptoms.

DW(fopcd by the ﬁdmﬂsﬁfy o New South Wales Je St Vineents r"(ospliaf, Syc&»:y
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Participants who met the eligibility criteriaproceeded to online
registration with the program, completed further online
questionnaires (for further baseline data, see below), and were
randomized to one of two online writing conditions (BFW or
CW). Randomization (1:1) was automatically generated by
Writing for Health after participants registered with the program.
Although the randomization process was concealed from the
researchers, they were not blinded to the condition of each
participant. At the conclusion of the 3-day writing intervention,
participants were invited to complete an online Feedback
Questionnaire.

Automated reminder emails were sent by Writing for Health to
participants on each day of their 3-day writing intervention and
when it was time to complete their follow-up questionnaires at
1 month and 3 months postintervention. Participants were also
provided automated feedback on the severity of their depression
and anxiety symptoms at their online follow-up assessments.

Safety Protocol

Direct contact between participants and researchers did not
occur in the standard course of thetrial. However, in accordance
with the study safety protocol [61], a study psychologist
contacted a participant by email or telephoneif he/sheindicated
distress after awriting session or scored in the severe range for
depression or anxiety at the 1-month or 3-month follow-up, or
indicated possible suicidal thoughts, to assess any need for
psychological support and refer the participant to appropriate
services, if required.

Intervention

The online Writing for Health website was developed for this
study by mental health researchers (including psychol ogistsand
apsychiatrist) at St Vincent’'s Hospital, Sydney, Australia, and
the University of New South Wales, and was hosted on a secure
server at the university. Feedback on the usability of the website
was previously provided by five adults with TIDM or T2DM
during the development process.

Both the BFW and CW conditionsinvolved participantsin three
15-minute online writing sessions (once per day for 3
consecutive days), according to the instructions provided.
Participants from both conditions continued to receive usua
care from their health services.

I ntervention Condition: I nternet-Based Benefit-Finding
Writing for Diabetes

Participants in the BFW condition were asked to write about
any positive thoughts and feelings that they had had about their
experiences with diabetes. The instructions (Multimedia
Appendix 2) were adapted from those used by Stanton and
colleagues (2002) in BFW for women with breast cancer [57].
The same instructions were provided for al three writing
sessions, consistent with previous studies of BFW [57,58].

Control Condition: I nternet-Based Use-of-Time Writing
(Control Writing)

Participants in the CW condition were asked to write in detail
about how their time was spent that day (first writing session)
and the plansfor how their time will be spent the following day
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(second writing session) and week (third writing session).
Participants were instructed to be as objective as possible and
to focus on the facts and details of how their time was spent (or
will be spent), and not to focus on their emotions. These CW
instructions were adapted from the control conditions used in
previoustrials of therapeutic writing [51,56,64,65].

M easures

Primary Outcome Measures

The 17-item Diabetes Distress Scale (DDS17) [61] is a
self-report measure of psychosocia stress associated with
diabetes, with four reliable subscales: Emotional Burden (feeling
overwhelmed by diabetes), Physician-Related Distress (worries
about access, trust, and care), Regime-Related Distress (concerns
about diet, physical activity, and medications), and I nterpersonal
Distress (not receiving understanding and appropriate support
from others). Cut-off pointsonthe DDS17 have been established
for little or no distress, moderate distress, and high distress[65].

The 17-item Benefit Finding Scale[45] wasoriginally developed
to investigate benefit finding in women with early stage breast
cancer. Inthe current study, the stem question ismodified from,
“Having had breast cancer has...” to“Having had diabetes has...”
Participants were asked to respond to each of the 17 perceived
benefits, such as “ has lead me to be more accepting of things”
and “ has brought my family closer together” on a5-point scale:
1-notatall,2-alittle, 3 - moderately, 4 - quite a bit, and 5 -
extremely. This scale has previously been adapted for use in
diabetes (with one item removed) and found to have one large
factor and good internal consistency (Cronbach alpha=0.89) in
a population of adolescents with TIDM [50].

Secondary Outcome Measures

The PHQ-9[66] wasused intheinitial online screening to assess
current symptoms of depression. It is a brief, widely used,
reliable, valid 9-item self-report measure of both severity of
depression over the past 2 weeks and is used to make a
Diagnostic and Statistical Manual of Mental Disorders-IV
criteria—based diagnosis of depression. It has established cut-off
scores of 5, 10, 15, and 20, representing mild, moderate,
moderately severe, and severe depression, respectively. The
total score ranges between 0 and 27, with scores >10 having a
sengitivity of 88% and aspecificity of 88% for major depression
[66].

The GAD-7 [67] was used in the initial online screening to
assess the current symptoms of anxiety. It is a brief, widely
used, reliable, and valid 7-item self-report measure of the
severity of anxiety. Scores range from O to 21; scores of 5, 10,
and 15 represent mild, moderate, and severe anxiety symptoms,
respectively. A total score of 8 has been identified as an
important threshold for identifying the presence of an anxiety
disorder [68].

The Summary of Diabetes Self-Care Activities (SDSCA)
measure (revised) isan 11-item self-report measure of self-care
of diabetes (including diet, exercise, blood sugar testing, foot
care, and smoking) widely used both clinically and in research
[69]. Items in the revised version were selected based on their
psychometric properties, sensitivity to change, and ease of
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scoring and interpretation [69]. In a critical appraisal of 26
different measures of diabetes outcomes, the SDSCA measure
(revised) was one of only three measures that meets all the
criteria of suitability, validity, reliability, and sensitivity to
change [70].

Self-rated health was assessed by the question, “In general, how
would you rate your health at present?” The five response
options were: very good, good, fair, poor, and very poor.
Responses to this question have previously been found to be
significantly associated with the blood glucoseindicator HbA
(poorer self-rated health associated with higher HbA ;. levels)
and number of self-reported diabetes-related symptoms in
patients with T2DM [71].

Health care utilization was assessed by the question “In the past
month, how many times have you visited adoctor or other hedlth
care professional?’ at three time-points: baseline, 1-month
follow-up, and 3-month follow-up.

Additional Measures

The measures below were assessed to conduct manipulation
checks.

International Positiveand Negative Affect Schedule—Short
Form

The International Positive and Negative Affect Schedule Short
Form (I-PANAS-SF) isareliable and valid 10-item measure of
positive and negative affect, comprised of 10 words that
represent positive and negative affect [67]. The values of the
correlations between this short-form and the positive and
negative affect scales of the full 20-item form of the PANAS
are0.92 and 0.95, respectively [ 72]. Instructionswere modified
to assess state rather than trait affect, using the instructions of
the 20-item PANAS - Immediate Version [73]. Participants
wereinstructed to indicate the degree of specific affect they feel
“right now, at the present moment” on ascale of 1to 5 (1=very
dlightly/not at all, 5=extremely).

Essay Evaluation Measure

The Essay Evaluation Measure is a 3-item measure adapted
from previous studies [57,74], which asks participants to rate,
immediately after each writing session, how meaningful,
personal, and distressing their writing exercise was, on a 7-point
scale (O=not at all, 6=extremely). Similar questions have been
used as manipulation checks in previous therapeutic writing
studies [57,74]. Immediately after each writing session,
participantsin the BFW intervention condition were also asked
if they were able to identify any positive thoughts or feelings
about living with diabetesin their writing session.

Feedback Questionnaire

The Feedback Questionnaire is a 12-item self-report measure
developed to assess participants’ experiences and perceptions
of the Writing for Health program. Item content was informed
by self-report measures from other eval uations of internet-based
interventions [75,76] and included its usability, ease of use,
credibility, and most and least helpful aspects.
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Other Measures

Sociodemographic information (age, gender, education, and
occupation) and diabetes-related information (type, duration of
illness, management, and complications) were also collected.

Data Analysis

Statistical analyseswere conducted using SPSS 22 (IBM Corp,
Armonk, NY). Group differences in baseline characteristics
were analyzed with two-samplet testsand Chi-squaretests. The
1-month and 3-month follow-up data were analyzed on an
intention-to-treat (1TT) basis using the SPSS mixed procedure.
Time was treated as a repeated measures factor (3 levels: T1,
T2, T3), with an unstructured residual variance-covariance
matrix, and with fixed effectsfor group, time, and time-by-group
interactions. This procedure allowed inclusion of individuals
with missing data at follow-up assessments [77].

Planned contrasts were used to examine differences between
the groups in changes in outcome variables between baseline
and each of the two follow-up occasions and changes over time
within groups. All effects were tested at P<.05. Within-group
and between-group Cohen d effect sizes for the primary and
secondary outcome measures were also cal cul ated.

Prior to outcome analyses, the distribution of variables was
examined for skewness, with variables transformed (log or
sguare root) as needed to reduce skewness to between -1 and
1. All four DDS17 subscale scores and the Blood Sugar Testing
subscale of the SDSCA required log transformation; the DDS17,
PHQ-9 and GAD-7 tota scores required sguare root
transformation. Outliers (scores more than 3 SDs above the
mean) were addressed using the winsorizing technique, in which
outliers are replaced with the mean value plus 3 SDs [78].
Winsorizing is recommended to reduce the impact of outliers
on the Type 1 error rate [78]. Only one outlier value was
identified and winsorized.

In addition, manipulation check analyses were conducted to
validate the writing intervention instructions in three ways:

« Scores on the Essay Evaluation Measure were compared
between the two groups using analysis of variance
(ANOVA).

- To examine immediate emotional responses to the writing
interventions, scoreson the I-PANAS-SF [ 72] administered
immediately before and after each writing session were
analyzed using a2 (group) x 3 (session) x 2 (positive affect
and negative affect) repeated measures multivariate
ANOVA.

- The content of the written scripts in both groups was
assessed using the Linguistic Inquiry Word Count 2015
software program (2015) [79] to examine for differences
in positive emotion words and cognitive insight words. This
validated method provides a content analysis of the
language used in the scripts, quantifying the number of
words used from specific categories (eg, emotions and
cognitive processes) and has previously been used in
numerous studies of therapeutic writing [51,59,80-82].
Linguistic Inquiry Word Count scores for word categories
were compared between the two groups using ANOVAS.
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Sample Size and Power Analysis

For this preliminary study, we powered the study to detect a
moderately large effect size (Cohen d) of 0.7, consistent with
previous BFW studies [52,57]. Based on a statistical power of
0.80 and a probahility level (Cronbach apha) of .05, a sample
size of 34 per group (ie, 68 for the two groups) was needed for
two-tailed tests to detect an effect size (Cohen d) of 0.7. Given
the expected attrition rate of approximately 34% [41], our target
total sample size was 104.

However, the unexpected difficulty encountered in recruiting
participants to the trial caused extensive delays in the study
timeline. Many different methods were employed to recruit the
required sample size, and the recruitment period was extended
to assist the effort. Yet, by the end of the extended recruitment
period, only 88 of the 104 participants had been recruited (BFW:
n=37; CW: n=51). Of these, 72 participants (BFW: n=24; CW.:
n=48) had compl eted their baseline measures and weretherefore
eigiblefor inclusionin ITT analyses. Revised power analyses
were conducted to determine the effect sizes that could be
detected with the obtained sample size. Moreover, the
unintended unequal allocation of participants eligible for
analysesin thetwo groups (resulting in a2:1 ratio) would further
reduce the statistical power, as a 2:1 ratio requires 12% more
participants than atrial using 1:1 to detect the same effect size
with equivalent power [83]. Therefore, for ITT analysesin this
study (BFW: n=24; CW: n=48), moderately large effect sizes
of Cohen d =0.73 could be detected by two-tailed tests, given
a statistical power of 0.80 and a Cronbach alpha of .05.
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Results

Participant Recruitment and Attrition

A participant flow diagram is displayed in Figure 2. Over a
21-month period, only 169 individuals provided consent to
commence the screening procedure during that period. Of these,
162 commenced the online screening procedure and 102 were
eligible to participate, 88 of whom proceeded to online
registration and were randomized to either the BFW group
(n=37) or the CW group (n=51). Of these participants, 25
allocated to the BFW group and 48 allocated to the CW group
completed baseline assessment. One participant in the BFW
group formally withdrew from the study after completing the
basdline questionnaires but before commencing theintervention.
Thus, 24 participantsin the BFW group and 48 in the CW group
were eligible for inclusion in the ITT analyses (N=72).

At the 1-month follow-up, 21 BFW participants and 33 CW
participants completed the questionnaires, while at the 3-month
follow-up, 17 BFW participants and 23 CW participants
completed the questionnaires. Within the BFW group, 21
participants completed all three writing sessions (88% of those
who completed baseline data and 95% those who completed
the first writing session). In comparison, 37 of the CW
participants completed all three writing sessions (77% of those
who completed baseline data and 86% of those who completed
the first writing session). There was no significant difference
between the BFW group (95%) and the CW group (86%) inthe
proportion of participants who completed all three writing

sessions, of those who commenced thefirst session (x21=1.341,
P=.25).

IMIR Diabetes 2019 | vol. 4 | iss. 2 |e13857 | p.13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES Crawford et al

Figure 2. Participant flow diagram. GAD-7: Generalized Anxiety Disorder-7 items; PHQ-9: Patient Health Questionnaire-9 items; T1DM: type 1
diabetes mellitus; T2DM: type 2 diabetes mellitus.

169 individuals provided consent for screening and participation
if eligible (2015-2016)

J

Online screening (n=162)

Excluded (n=60)

Not living in Australia (n=2)

Eligible to register to
participate (n=102)

Difficulties with English (n=1)

Seeing a psychologist (n=12)

Eligible but did not register

l

to participate (n=14)

V4

GAD-7 score >7 (n=15)
PHQ-9 score >7 (n=16)

Registered (n=88)

History of self-harm (n=4)

J

Did not complete online screen (n=6)

Nao diagnosis of TLDM or T2DM (n=2)

Bipolar disorder or schizophrenia (n=2)

Randomized (n=88)

J

Benefit-Finding Writing (BFW) Group (n=37)
Completed baseline questionnaires (n=25; 68%)
Did not complete baseline questionnaires (n=12;
32%)

Withdrew (n=1; 3%)

Eligible for analyses (n=24; 65%)

Percentages below are reported out of n=24.

Control Writing (CW) Group (n=51)

Completed baseline questionnaires (n=48; 94%)
Did not complete baseline questionnaires (n=3;
12; 6%)

Eligible for analyses (n=48; 94%)

Percentages below are reported out of n=48.

v

Intervention (BFW)

Completed session 1 (n=22; 92%)
Completed session 2 (n=21; 88%)
Completed session 3 (n=21; 88%)

Intervention (CW)

Completed session 1 (n=43; 84%)
Completed session 2 (n=39; 76%)
Completed session 3 (n=37; 73%)

J

Post-Intervention
Feedback Questionnaire (assessing user
satisfaction) completed (n=22; 92%)

Post-Intervention
Feedback Questionnaire (assessing user
satisfaction) completed (n=38; 79%)

y

1-month follow-up (1IMFU)
Completed 1MFU questionnaires (n=21; 88%)

1-month follow-up (1MFU)
Completed 1MFU questionnaires (n=33; 69%)

v

v

3-month follow-up (3MFU)
Completed 3MFU questionnaires (h=17; 71%)

3-month follow-up (3MFU)
Completed 3MFU questionnaires (n=23; 48%)

Baseline Characteristics

The majority were women (n=57, 79%) and highly educated,
with 63% (n=45) reporting that they had a university degree.

Table 1 displays the demographic and clinical baseline
characteristics, and Table 2 shows the outcome measures at
baseline. A total of 46 participants (64% of the sample) had
T1DM and the remaining 26 participants (36%) had T2DM.

Over one-third of the sample was retired (n=27, 38%). The
mean response score of 3.96 (SD 0.82) on the current health
item (ranging from 1=very poor to 5=very good) corresponded
to “good” self-reported current health.
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Table 1. Participant demographic and baseline characteristics in the benefit-finding writing and control writing groups and the total sample.

Characteristic Total sample (N=72) BFW?2 (n=24) CcWP (n=48) P value®
Demographics
Age (years), mean (SD) 53.79 (15.93) 53.54 (17.26) 53.92 (15.41) .80
Female, n (%) 57 (79) 20 (83) 37 (77) 64
Married/de facto, n (%) 44 (62) 15 (65) 29 (60) 51
Employed (full-time or part-time), n (%) 30 (42) 9(39) 21 (44) 40
Retired, n (%) 27(38) 10 (44) 17 (35) 29
University educated, n (%) 45 (63) 14 (61) 31(65) 72
Clinical characteristics
Type 1 diabetes, n (%) 46 (64) 15 (62) 31(65) 87
Years since diabetes diagnosis, mean (SD) 17.69 (14.26) 16.86 (13.68) 18.08 (14.65) .78
Diabetes complications, n (%) 16 (22) 4(17) 12 (22) .69
Diabetes managementd, n (%)
Insulin 51 (71) 17 (71) 34 (71) 98
Medication 24(33) 6 (25) 18(38) .60
Blood sugar testing 67 (93) 24 (100) 43 (90) .68
Healthy eating plan 59 (82) 18 (75) 41 (85) 73
Exercise 54 (75) 16 (67) 38(79) 61
Current antidepressant medication, n (%) 13 (18) 6 (25) 7 (15) .24
Ever been depressed, n (%) 33 (46) 12 (50) 21 (44) .50
Ever had amental illness diagnosed, n (%) 22 (31) 7(29) 15 (31) .88

3BFW: benefit-finding writing.
bew: control writing.

P values for variables based on means are from atwo-sample t test. P values for variables based on percentages are from a Chi-square test.
dCategori% were not mutually exclusive and participants could indicate more than one management strategy to best describe their situation.

As reported in Table 2, participants baseline levels of
depression, anxiety, and diabetes distress were very low.
Baseline scores on the PHQ-9 (mean 2.25, SD 1.62) indicated
that most participants were in the “minimal to none” range (0
to 4) for depression symptoms [62]; similarly, baseline scores
on the GAD-7 (mean 1.71, SD 1.73) indicated that most
participants were in the “minimal to none” range (0 to 4) for
anxiety symptoms [63]. Further, baseline scores on the DDS
(mean 1.74, SD 0.66) and al four subscales of the DDS17
(means ranging from 1.65 to 1.95) were in the range of “DDS
< 2.0: little or no diabetes distress’ [65]. However, amost one
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half of the sample (n=33, 46%) reported ever experiencing
depression for 2 weeks or morein the past (Table 1).

There were no significant differences between the intervention
(BFW) and control (CW) groupsin any baseline characteristics
(demographics, clinical characteristics, or outcome measures),
with the exception of a single item of the SDCSA measure
(revised) assessing fruit and vegetabl e consumption (t,,=2.484,
P=.02). The CW group had asignificantly higher mean number
of days (5.58 days, SD 1.41 days) than the BFW group (4.30
days, SD 2.34 days) in which they ate five or more serves of
fruits and vegetables over the past 7 days.
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Table 2. Baseline scores on primary and secondary outcome measures in the benefit-finding writing and control writing groups and the total sample.

Measure Total sample (N=72) BFW?2 (n=24) CcWP (n=48) P value®
Primary outcome measures
Benefit Finding Scale, mean (SD) 43.81 (16.67) 30.83 (17.16) 45.79 (16.23) 45
Diabetes Distress Scale, mean (SD)
Total score 1.73(0.64) 1.74 (0.66) 1.73(0.63) .60
Emotional Burden 1.65 (0.68) 1.66 (0.66) 1.65 (0.70) 49
Physician-Rel ated Distress 1.68 (0.71) 1.70 (0.70) 1.67 (0.71) 39
Regimen-Related Distress 1.73 (0.66) 1.80 (0.71) 1.69 (0.64) 67
Interpersonal Distress 1.95 (0.87) 1.83(0.77) 2.01(0.92) 56
Secondary outcome measures
PHQ-9¢, mean (SD) 2.11 (1.59) 2.25(1.62) 2.04 (1.58) 31
GAD-7°, mean (SD) 1.60 (1.71) 1.71 (1.73) 154 (1.71) 24
Revised Summary of Diabetes Self-Care Activities
General Diet, mean (SD) 5.29 (1.68) 4.93 (2.14) 5.46 (1.41) 86
Specific Diet—Fruit and Veg, mean (SD) 5.17 (2.10) 4.30(2.34) 5.58(1.87) 0of
Specific Diet—High-Fat Foods, mean (SD) 3.39(2.16) 3.61 (2.45) 3.29(2.03) 56
Exercise, mean (SD) 3.79 (2.26) 3.39 (2.28) 3.98 (2.25) 45
Blood Glucose Testing, mean (SD) 5.54 (2.28) 5.50 (2.27) 5.56 (2.31) .76
Foot Care, mean (SD) 2.53(2.52) 2.17 (2.67) 2.70 (2.45) 19
Smoking Status, n (%) 7(10) 1(4) 6 (13) .23
Sdlf-reported health, mean (SD) 3.96 (0.82) 4.00 (0.80) 3.94 (0.84) 78
Number of visitsto a health professional in the past 30 1.82(2.17) 2.04(1.97) 1.71(2.28) .56

days, mean (SD)

3BFW: benefit-finding writing.
bew: control writing.

P values for variables based on means are from a two-sample t test. P values for variables based on percentages are from a Chi-square test.

dPHQ-9: Patient Health Questionnaire-9 items.
€GAD-7: Generalized Anxiety Disorder-7 items.
fStatistically significant at P<.05.
Manipulation Checks

Essay Evaluation Measure

their writing sessions; 20 (91%) in Writing Session 1, 21 (100%)
in Writing Session 2, and 20 (95%) in Writing Session 3.

Linguistic Content Analyses

Consistent with predictions, participantsin the BFW group rated
their writing exercises as significantly more personal (F; 55=6.00,

P=.02, p2=0.09) and significantly more meaningful (F; 55=6.87,
P=.01, p2:0.11) than those in the CW group. The two groups

did not differ significantly in terms of the ratings of how
distressing the writing exercises were (Fy56=2.76, P=.10,

»/=0.05).

The majority of participants in the BFW group reported being
able to identify positive thoughts or feelings about diabetesin

http://diabetes.jmir.org/2019/2/e13857/
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Consistent with predictions, participantsin the BFW group used
a significantly greater proportion of positive emotion words

(F156=128.37, P<.001, p2=0.70), negative emotion words
(F15=55.23, P<.001, 2=050), causal words (F; s5=49.71,
P<.001, ,’=0.47), and cognitive insight words (F; 5=180.32,

P<.001, p2=0.76) than those in the CW group. The two groups
did not differ in the total number of words used per session
(F15=0.13, P=.72, *=0.00).
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Figure3. Mean positive and negative affect change scores on the International Positive and Negative Affect Schedule - Short Formin the benefit-finding
writing and control writing groups. BFW: benefit-finding writing; CW: control writing.
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Change scores (post-pre) for the Positive Affect and Negative
Affect subscales of 1-PANAS-SF were computed for each of
the three writing sessions (Figure 3). As predicted, the BFW
group had significantly greater increases in positive affect than
the CW group (Fy56=7.76, P=.01, p2:0.12). Theincreasesin
negative affect following writing did not differ significantly
between the BFW and CW groups (F; 5=2.37, P=.13, ,’=.04).

Effect of Writing I nterventionson Primary Outcome
Measures

Between-Group Differencesin Primary Outcome
Measures at 1-Month and 3-Month Follow-Ups

Table 3 presents the observed means and estimated marginal
means for the primary outcome measures at baseline and

http://diabetes.jmir.org/2019/2/€13857/
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1-month and 3-month follow-ups. Table 4 reports the
between-group results of the SPSS mixed procedure analyses
and the Cohen d effect sizes. Figure 4 displays the estimated
means of the primary outcome measures in the two groups at
baseline, 1-month follow-up, and 3-month follow-up.

There were no significant group-by-time interactions in the
mixed model analyses for the BFS or DDS17 scores
(Fp4575=2.18, P=.12 and F, 45 75=0.34, P=.97, respectively). As
displayed in Table 4, there were no significant group-by-time
interactions for any of the planned contrasts examining
differences between the BFW and CW groupsin changes from
baseline to 1-month follow-up or 3-month follow-up for the
BFS, total DDS17 score, or any of the four subscales of the
DDS17 (all P>0.05). In addition, as displayed in Table 4, all
between-group Cohen d effect sizes for the primary outcomes
were minimal to small.
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Table 3. Results of primary outcome measures. observed and estimated means with SDs at baseline and 1-month and 3-month follow-ups.

Primary outcome for each  Observed means (SD) Estimated means? (SD)
oo Basaline® 1-month follow-up®  3-month follow-upd Baseline 1-monthfollow-up  3-month follow-up
Benefit Finding Scale
BFWE 39.83(17.16) 39.91(18.68) 40.06 (18.22) 39.83(16.52) 38.10(18.78) 37.61(19.07)
owf 4579 (16.23)  46.97 (19.12) 49.09 (19.77) 4579 (16.56)  45.04 (19.61) 49.29 (20.58)
Diabetes Distress Scale Total
BFW 1.74(0.66)  1.62(0.56) 1.54 (0.65) 1.30(0.24)  1.25(0.20) 1.23(0.24)
CcwW 1.73(063)  1.67(057) 1.57 (0.48) 1.30(0.21)  1.26(0.21) 1.24(0.28)
Diabetes Distress Scale Subscales
Emotional Burden
BFW 1.66(0.66)  1.75(0.81) 1.58(0.62) 0.44(0.39)  0.48(0.44) 0.42 (0.39)
cw 1.65(0.70)  1.83(0.77) 1.79 (0.61) 0.43(0.34)  051(0.48) 0.52 (0.48)
Physician-Related Distress
BFW 1.70(0.70)  1.42(0.91) 1.44(0.81) 027 (0.20)  0.12(0.20) 0.15 (0.20)
cw 167(0.71)  1.34(0.49) 1.26 (0.41) 027(0.21)  0.14(0.21) 0.11 (0.28)
Regimen-Related Distress
BFW 1.80(0.71)  1.74(0.69) 1.58 (0.57) 052(0.34)  0.48(0.34) 0.42 (0.39)
cw 1.69(0.64)  1.67(0.66) 1.57 (0.63) 0.47(0.28)  0.43(0.35) 0.40 (0.35)
I nter personal Distress
BFW 1.83(0.77)  1.46(0.59) 1.55 (1.02) 0.39(0.29)  0.24(0.29) 0.21(0.34)
cw 2.01(0.92)  1.87(1.07) 1.59 (0.89) 0.43(0.28)  0.32(0.35) 0.27 (0.35)

Estimated means based on intention-to-treat sample of benefit-finding writing (n=24) and control writing (n=48), with variables transformed (log or
sguare root) to address skewness, SDs, and Cls shown in parentheses.

bBenefit-finding writing: n=24, Control writing: n=48.
CBenefit-finding writing: n=21, Control writing: n=33.
dBenefit-finding writing: n=17, Control writing: n=23.
®BFW: benefit-finding writing.

fow: control writing.

Table4. Estimated differencesin mean change of primary outcomes between baseline and 1-month or 3-month follow-up for the benefit-finding writing
and control writing groups.

Outcome Baseline to 1-month follow-up? Baseline to 3-month follow-up?
Edtimated mean differ- Pvalue Cohend (95% Cl)  Estimated mean dif- Pvaue Cohend (95% CI)
ence (95% CI) ference (95% CI)
Benefit Finding Scale 098(-5.19t07.15) .32 -0.06(-0.63t00.50) 5.72(-052t011.97) .07 -0.34 (-0.80 10 0.19)
Diabetes Distress Scale, total score 0.01 (-0.07t00.09) .82 -0.05(-0.54t00.44) 0.01(-0.06t00.09) .83 —0.05 (-0.53 t0 0.45)
Diabetes Distress Scale subscales
Emotional Burden 0.05(-0.16100.25) .65 -0.11(-059t00.39) 0.11 (-0.07t00.29) .23 -0.31 (-0.79 to 0.20)
Physician-Related Distress ~ 0.02 (-0.10t00.13) .74 -0.10(-0.59t00.38) -0.05(-0.15t00.06) .38 0.19 (-0.31t0 0.67)
Regimen-Related Distress ~ —0.00(-0.12t0-0.11) .95 -0.02(-0.49t00.47) 0.02(-0.11t00.16) .74 -0.10(-0.58t0—0.40)
Interpersonal Distress 0.04(-0.11t00.19) .61 -0.14(-0.63t00.36) 0.01(-0.14t00.16) .88 -0.07 (-0.56 t0 0.42)

Difference = (baseline — 1-month follow-up [for benefit-finding writing]) — (baseline — 1-month follow-up [for control writing]).
bpifference = (baseline — 3-month follow-up [for benefit-finding writing]) — (baseline — 3-month follow-up [for control writing]).
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Figure 4. Estimated means of the primary outcome measures in the benefit-finding writing and control writing groups at baseline (pre), 1-month
follow-up, and 3-month follow-up using the Benefit Finding Scale and Diabetes Distress Scale. IMFU: 1-month follow-up; 3MFU: 3-month follow-up;

BFW: benefit-finding writing; CW: control writing.
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Within-Group Differencesin Primary Outcome
Measures at 1-Month and 3-Month Follow-Ups

Table 5 displays the results of mixed procedure analyses for
within-group changes on the primary outcomes from baseline
to 1-month and 3-month follow-ups. There were no significant
within-group changes from baselinein terms of benefit finding
in relation to diabetes (BFS scores). However, significantly
lower diabetes distress (DDS17 total score) was observed in
both groups at the 3-month follow-up, but not the 1-month

http://diabetes.jmir.org/2019/2/€13857/
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follow-up, compared to the baseline. Thewithin-group changes
in the four subscales of DDS17 were also examined. Both the
BFW and CW groups displayed significant within-group
reductions in two subscales of the DDS17 (Physician-Related
Distress and Interpersonal Distress) at both 1-month and
3-month follow-ups. As shown in Table 5, medium effect sizes
were observed for these within-group DDS17 subscal e changes.
However, neither group displayed any significant within-group
changes in the other two subscales of the DDS17 (Emotional
Burden and Regimen-Related Distress).
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Outcome and group

Baseline to 1-month follow-up®

Estimated mean dif-

Pvalue Cohend effect sized

Baseline to 3-month follow-upb

Estimated mean dif-

Pvalue Cohend effect size

ference (95% Cl) (95% CI) ference (95% Cl) d (95% Cl)
Benefit Finding scale
BEWC 1.74 (-3.13t06.60) .48 0.10 (-0.47t00.66) 2.22(-2.59t07.03) .48 0.12 (-0.44 10 0.69)
cowd 0.76 (-3.04t0 4.55) .69 0.04 (-0.36t00.44) -3.50(~7.48t00.48) .08 -0.19(-0.59t00.21)
Diabetes Distress Scale total
BFW 0.05(-0.20t00.11) .14 0.23(-058t01.03) 0.07(0.01t00.13) .03 0.29 (-0.51 to 1.10)
cwW 0.04 (-0.01t00.08) .13 0.19 (-0.38t00.76) 0.06 (0.01t00.11) .02 0.24 (-0.33t0 0.81)
Diabetes Distress Scale subscales
Emotional Burden
BFW -0.04(-0.20t00.13) .65 -0.10(-0.90t00.70) 0.02(-0.11t00.16) .75 0.05 (-0.75t0 0.85)
cw -0.08(-0.21t00.04) .18 -0.19(-0.76100.38) —0.09(-0.20t00.03) .13 -0.22(-0.78100.35)
Physician-Related Distress
BFW 015(0.06t00.24) <001  0.75(-0.08t01.58) 0.11(0.03t00.20) .007 0.60 (-0.22 to 1.42)
CwW 0.13(0.06t00.20) <.001  0.62(-0.04t01.20) 0.16(0.09t00.22) <.001  0.65(-0.53t01.23)
Regimen-Related Distress
BFW 0.03 (-0.06t0 0.13) .49 0.12(-0.68t00.92) 0.09 (-001t00.20) .08 -0.27(-1.08t00.53)
cwW 0.03(-0.04t00.11) .36 0.13(-0.44100.69) 0.07 (-0.02t00.16) .11 -0.22(-0.79t00.35)
Interpersonal Distress
BFW 0.15(0.03t00.27) .02 052 (-0.30t01.33) 0.17 (0.06t00.29)  .004 0.57 (-0.25 t0 1.39)
CwW 0.11(0.02t00.22) .02 0.35(0.22t00.95) 0.16(0.07t00.26) <.001  0.51(0.07 to 1.08)

8Change = baseline — 1-month follow-up.
bChange = baseline — 3-month follow-up.
“BFW: benefit-finding writing.

dew: control writing.

Effect of Writing | nterventionson Secondary Outcome
Measures

Between-Group Differencesin Secondary Outcome
Measures at 1-Month and 3-Month Follow-Ups

Multimedia Appendix 3 includes the observed means and
estimated marginal meansfor the secondary outcome measures
at baseline and follow-ups. The results for the between-group
differencesin secondary outcomes are displayed in Multimedia
Appendix 4. There was only one significant group-by-time
interaction for any of the secondary outcome measures
examined. For self-reported health, there was a significant
difference between the BFW and CW groups in changes from
baseline to 1-month follow-up (P=.04), reflecting an increase
in self-reported health in the CW group and a decrease in the
BFW group (neither of these within-group changes were
significant). However, there was no significant difference
between the two groupsin changesin self-reported health from
baseline to the 3-month follow-up (P=.81). There were no
significant group-by-time interactions for scores of the PHQ-9,
GAD-7, revised SDSCA, or health care utilization.

http://diabetes.jmir.org/2019/2/e13857/

Within-Group Differencesin Secondary Outcome
Measures at 1-Month and 3-Month Follow-Ups

The results for the within-group differences in secondary
outcomes are displayed in Multimedia Appendix 5. Both the
BFW and CW groups displayed significant increases in
depression (PHQ-9 scores) and anxiety (GAD-7) scores over
time. In both the BFW and CW groups, there were significant
within-group increases in both the PHQ-9 and GAD-7 scores
from baseline to 1-month follow-up and a significant increase
in GAD-7 scores from baseline to the 3-month follow-up. The
CW group also displayed asignificant increasein PHQ-9 scores
from baseline to the 3-month follow-up. The effect sizes for
these within-group changes ranged from small to moderately
large. The observed mean PHQ-9 and GAD-7 scores in both
groups at both follow-ups remained in the nonclinical range
(2.79 to 4.47), which is in the “none-minimal” range (<5) for
depression and anxiety severity.

There were few other significant within-group changes in the
secondary outcomes. Inthe BFW group, there was asignificant
decrease in Exercise scores on the revised SDSCA &t the
1-month follow-up, but not at the 3-month follow-up. In the
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CW group, there was a significant increase in the Foot Care
subscale of the revised SDSCA at the 1-month follow-up, but
not a the 3-month follow-up. There were no significant
within-group changes over timein either group for the General
Diet, Specific Diet, or Blood Glucose Testing subscales of the
revised SDSCA or self-reported health or health care utilization.

Safety

Mean distress ratings reported after each session were low for
both groupsin al three writing sessions, ranging from 0.14 to
1.05. Two participants in the BFW group (8%) and two in the
CW group (4%) were contacted by email following a high
distress rating (=5/6); all four participants reported that their
distress was short-lived. Four participants in the BFW group
(17%) and two in the CW group (4%) were contacted by
telephone due to elevated scores on the PHQ-9 or GAD-7 at
follow-up(s), in line with the study safety protocol [61]. One
participant (in the BFW group) was referred to amental health
service after reporting a recurrence of previous depression at
the 3-month follow-up. All six participants contacted by
telephone had reported a history of depression or a diagnosis
of amental illness at baseline. There were no privacy breaches
or technical difficulties during the trial.

Acceptability
The BFW group (n=22) and CW group (n=38) did not differ in

their mean total score for the Feedback Questionnaire (BFW:
mean 16.18, SD 4.89; CW: mean 15.36, SD 5.34; t55=0.59,
P=.56). In the BFW group, 71% (n=15) of the participants
reported that they were “mostly” to “very” satisfied with the
Writing for Health program compared to 55% (n=21) in the
CW group (x?=1.47, P=.23). Approximately half of the
participantsin both the BFW group (n=11, 51%) and CW group
(n=18, 47%) reported that they would be “mostly” to “very”
confident in recommending Writing for Health to afriend with
diabetes (x,=0.14, P=.71). Further, approximately one-third
of both groups (BFW: n=7, 33%; CW: n=13, 34%) reported
that the writing exercises were “mostly” to “very” helpful in
reducing stress (x%,=0.01, P=.95).

Discussion

Principal Findings

This RCT examined the efficacy of BFW, compared to a CW
condition, among adults with TIDM or T2DM who were not
currently experiencing MDD or an anxiety disorder. It was
hypothesized that participants randomized to the BFW group,
compared to those in the CW group, would have significant
increases in benefit finding, significant reductions in diabetes
distress (primary outcomes), and significant improvements in
the secondary outcomes at both the 1-month and 3-month
follow-ups. However, these hypotheses were not supported by
our results. In addition, there were no significant intervention
effects on the primary outcomes.

All the hypotheses for the validation analyses were supported
by our results. This suggests that the results for the outcome
measures cannot be explained by participants not following the
writing instructions or failing to engage with the writing tasks
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as expected. Specifically, consistent with other BFW studies
[52,56,57], participants in the BFW group rated their writing
sessions as significantly more personal and meaningful than
those in the CW group. Second, as in previous findings
[43,84,85], the BFW group had a significantly greater increase
in positive affect following writing, relative to the CW group.
Third, consistent with previous findings, linguistic analyses
revealed that BFW participants had a greater use of positive
emotion words [51,85-87], negative emotion words [51,85],
and cognitive processing words [51,85,88,89] than CW
participants. Further, the majority of BFW participants reported
that they were able to identify at least one positive aspect of
living with diabetes in their writing session that day. Overall,
these findings suggest that the BFW participants followed their
writing instructions and, as expected, engaged in both emotional
expression and cognitive processing to a greater degree than
control group participants. However, there were no significant
between-group differences in the primary and secondary
outcome variables. A second review of the literature produced
several potential explanations.

To our knowledge, this was the first study to examine benefit
finding as an outcome of therapeutic writing, soit isnot possible
to directly compare this finding with previous trials. However,
posttraumatic growth, aconcept closely related to benefit finding
[90], has been found to increase following BFW to a greater
degree than following EW [43]. Further, more intensive
interventions have previously been found to increase benefit
finding in medical populations [91,92]. For example, in adults
with T2DM, benefit finding was found to increase following
14 sessions of telephone health coaching [92]. Our BFW
intervention (of three 15-minute sessions) was substantially
briefer, with less clinician contact. Although the intervention
brevity and content were chosen to avoid potential resistance
to psychological care by peoplewith diabetes, it is conceivable
that a more intensive, or simply more efficacious, intervention
isrequired to increase benefit finding in people with diabetes.

Contrary to our hypotheses, the BFW group did not show
significant reductions in diabetes distress, compared to the
control group, at either the 1-month or 3-month follow-up.
Rather, both groups had significant within-group reductionsin
diabetes distress, specifically in Physician-Related Distressand
Interpersonal Distress, which are related to diabetes-related
support from health professionals and family and friends,
respectively. Thus, one possibility is that the process of
participating in a research study about experiences of living
with diabetes, abeit with limited clinician support, was
sufficient to increase the level of perceived social support in
relation to diabetes, regardiess of the writing intervention
instructions. This explanation is consistent with the findings of
the REDEEM trial, in which three brief online interventions,
all accompanied by support telephone calls, resulted in
significantly reduced diabetes distress in nondepressed adults
with T2DM [30]. As suggested by the authors[30], it appeared
that nondepressed adults with diabetes distress were highly
responsive to professional attention and normalization of
diabetes distress. The finding of a small reduction in diabetes
distress in both groups in this study is consistent with the
findings of ameta-analysis of interventionsfor reducing diabetes
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distress [93], which found that even generalist and
psychoeducation interventions resulted in small reductions in
diabetes distressin adults with TADM or T2DM.

Further, the lack of a significant reduction in diabetes distress,
compared to a control group, is consistent with the findings of
an RCT of standard EW for adultswith T2DM [40] and a pilot
RCT of EW about stressors occurring in the past month in
nondepressed adults with T2DM [41]. Itisalsoin linewith the
meta-analysis showing that only interventions of six or more
sessions resulted in significant reductions in diabetes distress
compared to acontrol group [93]. Thus, overall, it appears that
while attention to diabetes distress and ageneralist intervention
may be sufficient to result in small reductionsin diabetes distress
in nondepressed adults, alonger or more efficaciousintervention
isrequired to provide significant reductionsin diabetes distress
compared to an active control condition.

This study did not find the predicted improvements in the
secondary outcomes of depression, anxiety, diabetes self-care,
self-reported health, and health care utilization. Of note,
participants in both groups demonstrated significant increases
in mean depression and anxiety scores over a period of 3
months, albeit with mean scores remaning in the
“none-minimal” rangefor symptoms. There were no significant
between-group differences in these changes. This finding was
inconsistent with previous findings of areduction in symptoms
of depression or anxiety following diabetes-specific EW [39],
writing about use of time [64], or online positive affect
journaling in medical patientswith elevated anxiety [44]. Given
that the baseline depression and anxiety scores in our study
were so low (2.11 and 1.60, respectively), theincrease in mean
scores may reflect aregression to the mean [94]. The baseline
means were unexpectedly substantially below the inclusion
criteria cut-off scores of 8 and lower than the normative means
of adults with TIDM or T2DM in Australia (5.6 to 7.7 on the
PHQ-9 and 4.0 to 5.3 on the GAD-7) [95]. Further, half of the
sample reported a history of depression, and it is known that
the adults with diabetes and past depression are at an increased
risk of a recurrence of depression [96]. A minority of
participants with a history of depression experienced worsening
of depression or anxiety symptoms over the 3-month study
period, which may have accounted for the increase in mean
scores in both groups. Regardless of the reason for these
changes, this finding highlights the need for monitoring of
depression and anxiety in trial participants with diabetes and
past depression.

Safety

Given that one of the key potential benefits of BFW, relative
to EW, is the absence of short-term distress that typically
accompanies EW [33], it wasimportant for this study to assess
immediate emational responsesto BFW in peoplewith diabetes.
This study found that participants in the BFW group reported
no more distress than those writing about use of time and had
greater increases in positive affect immediately after writing.
This supports the hypothesis that BFW may be more suitable
for online dissemination than forms of therapeutic writing that
typically lead to short-term distress [ 36]. However, participants
in this study had few symptoms of depression or anxiety, and
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it is not known how depressed adults with diabetes would
respond to BFW.

Feasibility of the Intervention

Feasibility of Web-based BFW for adultswith TADM or T2DM
was assessed by adherence to and acceptability of the
intervention. Adherence to BFW was high, with 95% of those
who commenced the first writing session also completing all
three writing sessions. Further, manipulation checks indicated
that those in the BFW group were able to write about the
positive aspects of diabetes and engaged with the intervention
asintended. However, acceptability of theintervention wasonly
moderate. Although over two-thirds of the participants in the
BFW group reported satisfaction with the Writing for Health
program, only half of both groups would recommend it to a
friend.

Further, given the small sample recruited over a 21-month
period, there was no high level of demand for Web-based BFW
in adults with diabetes. Other studies of therapeutic writing in
participants with diabetes have also reported difficulty in
recruiting their target sample sizes[39,41]. Thisisin line with
the observation that participants reasons for undertaking
unfacilitated therapeutic writing are often unclear, particularly
among those with achronic illness [33].

Thus, this study identified some limitations to the feasibility of
Web-based BFW for adults with diabetes, with apparent low
interest in the intervention and only moderate acceptability,
despite high adherence among those who commenced the
writing sessions. Recent qualitative findings (published
subsequent to this study) regarding the perceptions of written
reflection about T2DM [97] have shed some light on the
appropriateness of therapeutic writing for adults with diabetes.
Specifically, it was found that while some adults with T2DM
reported that writing about diabetesincreased their commitment
to diabetes self-management, others perceived that a written
reflection was inapplicable to their diabetes. Some found that
writing about diabeteswas difficult, thetiming in terms of their
disease trgjectory or life priorities was inappropriate, and they
required ameeting with adiabetes nursein order to benefit from
the task. The authors concluded that written reflection about
diabetes may only be suitable for some adults with T2DM and
that it may be more appropriate as part of a“blended” approach
rather than a standalone intervention [97]. The findings from
this study regarding the feasibility of BFW for diabetes support
this recommendation.

Limitations and Future Directions

There were several limitations to this study. A clear limitation
was the small sample size, which reduced the statistical power
such that only moderately large effect sizes for differences
between the two groups, if present, could have been detected.
Second, given the preliminary nature of this trial, multiple
comparisons of several independent variables were conducted
without control of the alpha levelsto reduce the risk of Type 1
errors (ie, “false positive”). However, given that there were few
significant results, thisis unlikely to be a significant issue.

Perhaps, most importantly, the generalizability of the results of
this study was limited by the profile of the sample who
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registered to participate. Although the conservative eligibility
criteriawere set in line with the expl oratory nature of the study,
baselinelevelsof diabetesdistress, depression, and anxiety were
low, leaving very little room for improvement. It has recently
been suggested that therapeutic writing may offer the most
benefit for those with moderate levels of symptoms, as those
with very few symptoms cannot improve their symptoms with
this treatment and those with severe symptoms may require
stronger treatment [44]. Therefore, future trials of therapeutic
writing in adults with diabetes should apply a minimum
threshold for diabetes distress, to examine its efficacy among
those with elevated symptoms, as well as the maximum cut-off
scores for depression and anxiety to exclude those with alikely
mental illness.

Physical symptoms and biological indicators such as HbA
were not assessed. However, given that physical symptomstend
to be more responsive to therapeutic writing interventions than
psychological symptoms [33,35], future studies of therapeutic
writing in people with diabetes should include a self-report
measure of physical symptoms.

Finally, the current study found that BFW was only moderately
acceptableto adultswith TIDM or T2DM. Given thereluctance
of many people with diabetes to engage in mental health care,
future research should examine predictors of engagement with
low-intensity interventions, especially those such asBFW, given
that it appears to appea to only some adults with diabetes.
Further, since a participatory design is known to increase the
acceptability and use of interventions [98], the development of
future therapeutic writing interventions should include the
participation of adults with diabetes at every design stage.
Although this study set out to use BFW because previous
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research suggested that it may be suitable for online
dissemination dueto alack of distressinvolved [36,51,59], one
future direction could be the co-design of a “combined”
therapeutic writing, which would allow usersto express negative
thoughts and feelings about diabetes as well as perceived
benefits, with strategies to encourage cognitive change and
coping [99,100].

Conclusions

Theresultsof thispreliminary RCT found that Web-based BFW
for nondepressed adults with TIDM or T2DM was no more
efficacious than a CW condition in improving diabetes distress
or benefit finding over a period of 3 months. Possibly due to
very low basdline level s of depression and anxiety inthesample,
BFW in this study was not efficacious in improving the
symptoms of depression or anxiety, diabetes self-care,
self-reported health, or health care utilization compared to CW.

BFW was adhered to and was associated with increases in
positive affect and no more distress than the control condition.
This suggests that BFW for diabetes may be more suitable for
online dissemination than traditional EW, which typically results
in short-term distress. Hence, future research should continue
to investigate the efficacy of BFW for adults with TADM or
T2DM, using a larger sample of participants with elevated
diabetes distress. Further, engaging a co-design process may
improve the perceived helpfulness of therapeutic writing in
adults with diabetes. Despite these issues, further research in
this population is warranted, as therapeutic writing offers
potential as a simple and cost-effective low-intensity
intervention, especially for people with diabetes who may not
wish to consider mental health interventions.
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benefit-finding writing group and the control writing group.
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Abstract

Background: More than 1100 diabetes mobile apps are available, but app usage by patients is low. App usability may be
influenced by patient factors such as age, sex, and psychological needs.

Objective: Guided by Self-Determination Theory, the purposes of this study wereto (1) assessthe effect of patient characteristics
on app usahility, and (2) determine whether patient characteristics and psychologica needs (competence, autonomy, and
connectivity)—important for motivation in diabetes care—are associated with app usability.

Methods: Using a crossover randomized design, 92 adults with type 1 or 2 diabetes tested two Android apps (mySugr and
OnTrack) for seven tasks including data entry, blood glucose (BG) reporting, and data sharing. We used multivariable linear
regression models to examine associations between patient characteristics, psychological needs, user satisfaction, and user
performance (task time, success, and accuracy).

Results: Participants had a mean age of 54 (range 19-74) years, and were predominantly white (62%, 57/92), female (59%,
54/92), with type 2 diabetes (70%, 64/92), and had education beyond high school (67%, 61/92). Participants rated an overall user
satisfaction score of 62 (SD 18), which is considered marginally acceptable. The satisfaction mean score for each app was 55
(SD 18) for mySugr and 68 (SD 15) for OnTrack. The mean task completion time for all seven tasks was 7 minutes, with amean
task success of 82% and an accuracy rate of 68%. Higher user satisfaction was observed for patients with less education (P=.04)
and those reporting more competence (P=.02), autonomy (P=.006), or connectivity with a health care provider (P=.03). User
performance was associated with age, sex, education, diabetes duration, and autonomy. Older patients required more time (95%
Cl 1.1-3.2) and had less successful task completion (95% Cl 3.5-14.3%). Men needed more time (P=.01) and more technical
support than women (P=.04). High school education or less was associated with lower task success (P=.003). Diabetes duration
of =10 years was associated with lower task accuracy (P=.02). Patients who desired greater autonomy and were interested in
learning their patterns of BG and carbohydrates had greater task success (P=.049).

Conclusions: Diabetes app usability was associated with psychological needs that are important for motivation. To enhance
patient motivation to use diabetes apps for self-management, clinicians should address competence, autonomy, and connectivity
by teaching BG pattern recognition and lifestyle planning, customizing BG targets, and reviewing home-monitored dataviaemail.
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App usability could be improved for older male users and those with less education and greater diabetes duration by tailoring

app training and providing ongoing technical support.

(JMIR Diabetes 2019;4(2):€11462) doi:10.2196/11462
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mHealth; diabetes; self-management; usability; Self-Determination Theory; mobile apps; user satisfaction

Introduction

Background

Patients with diabetes may benefit from self-management
interventions to prevent complications including stroke and
vision loss. Individuals with poor diabetes management have
2.3 times higher health care expenditures compared to those
without diabetes [1]. Adhering to medical nutritional therapy
and choosing what to eat are challenging for many patientswith
diabetes[2]. Using adiabetes app to record diet and track blood
glucose (BG) shows promise to increase diet and medication
adherence[3]. Small trials showed that using adiabetes app can
improve glycemic control with a 0.4% to 1.9% reduction in
hemoglobin A (HbA ) levels[4-6], but few patients use apps,
possibly dueto design problems affecting usability [7]. Diabetes
app usability isthe degreeto which auser (patient) feels satisfied
and finds the experience to be efficient and effective to
accomplish tasks such as tracking BG readings [8].

Patient characteristics are hypothesized to influence user
experience, but there is limited evidence on how demographic
and clinical characteristics affect app usability [9-11]. Patients
aged 56 years and older tend to report lower user satisfaction
[12]. Prior studies also noted women made more errors than
men when entering BG readings [10]. Technology experience
and confidence also influenced patient ability to use diabetes
apps [13]. For two popular apps, Glucose Buddy and
MyFitnessPal, designs were not tailored based on patient
knowledge and technology ability, which led to complaints of
the apps being too complicated [13]. Most apps provide
information input and output only and are limited in their
theoretical basis[14]. In prior usability studies, the frameworks
of health behavior theories were not considered in relation to
understanding patient perspectives in app use. Assessing app
usability and its relationship with patient characteristics and
health behavior needs will fill critical knowledge gaps in
user-centered design and best practices to promote optimal
diabetes self-management. To fill this gap, we used a health
behavior theory focused on motivation as the framework to
understand the mechanism of how patient factors can influence
the use of diabetes apps.

Theoretical Framewor k

We used Self-Determination Theory (SDT) on motivation to
guide our hypotheses regarding how app functions and
psychological needs influence app usability. Previous studies

https://diabetes.jmir.org/2019/2/e11462/

have shown that psychological needs are associated with
adherence of healthy behaviors [15-18]. The motivation to
adhere to healthy behavior is facilitated when patients
experience satisfaction in three psychological needs:
competence, autonomy, and relatedness [19]. Intrinsic
motivation occurs when patients endorse personal benefits of
healthy behaviors [20], which means that if patients perceive
personal benefits of app use to assist them in adopting healthy
behaviors, they can be motivated to use apps. Individual patient
characteristics play arole in psychological needs and product
needs that subsequently contribute to user-centered design and
app use (Figure 1). Competence is the patient’s desire to be
competent and experience confidence in keeping their BG in
range [18]. App use can increase competence by displaying a
report of out-of-range BG readings to increase patient
understanding of BG numbers. Autonomy is a patient’s desire
for empowerment in having options to change behaviors [20].
Using apps can increase autonomy by providing BG reports
and carbohydrate (carb) intake patterns for all meals. Patients
can visualize which mealsrequire better carb control and health
behavior changes in diet, insulin dose, or activity level.
Relatedness or connectivity concerns the patient’s desire to be
cared for by someone they trust [21]. Patients are more likely
to adopt behaviors when they receive autonomous support and
feel connected with people they trust such as a health care
provider [20]. Apps can help patients connect with health care
providers by supporting email communication and sharing
home-monitored data.

Objectives

The overall goa of this study was to evaluate the influence of
patient factors on the usability of two publicly available diabetes
apps. Thus, we planned for two sets of usability observations
(app A and app B) from the same patient to adjust for app design
effects, ensuring the changes in usability ratings were effects
of the patient’s characteristics. Aim 1 was to determine the
relationships between patient characteristics (eg, age, sex,
education, technology use, diabetes history, and motivation)
and app usability. We hypothesized that patient characteristics
would predict user satisfaction and user performance in task
time, success, and accuracy. Aim 2 was to determine the
relationship between psychological needs and app usability.
We hypothesi zed that user satisfaction would be associated with
the psychological needs for competence, autonomy, and
connectivity with ahealth care provider—theoretical constructs
from SDT on motivation.
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Figure 1. Usability model of diabetes app use.

Psychological
Needs:
Competence
Autonomy
Connectivity

/

Patient

Fuetd

User-

Characteristics

Product Needs:
App Usability for
Satisfaction
Efficiency
Effectiveness

Methods

Study Design

A randomized crossover design was used to test two Android
apps (OnTrack and mySugr) listed as “the Best Diabetes Apps
2016" by Healthline. This within-subject design (one group of
patients to test two apps) alowed collection of two sets of
usability observations and required a smaller sample size
compared to a parallel group design. This design also adjusts
for app design effects without worrying about between-subject
differences in a two-group comparison. The Android platform
was sel ected because it hasthe greatest number of users (52.7%)
[22]. Because age was a potential confounder correlated with
usability scores [23], and patients aged 56 years and older tend
to give alower satisfaction rating in apps [12], we created two
age-based strata: adults age 56 years and older and adults
younger than 56 years. A statistician randomly assigned the app
testing order of AB or BA within each age stratum using a
computer software program and provided group assignment in
a sealed opaque envelope. These steps were to adjust for app
effects and address potential bias due to learning effects and
investigator preferences. The primary usability outcome was
user satisfaction measured by the System Usahility Scale (SUS)
[24]. Secondary usability outcomes were user performance,
including efficiency (task time) and effectiveness (task success
and accuracy). The University of Minnesotalnstitutional Review
Board approved the study. All participants signed an informed
consent document and received a US $50 honorarium.

Participants

Participants were recruited by flyers posted at community or
Veterans Affairs (VA) clinics, university campuses, community
bulletin boards, diabetes support group meeting sites, and
websites (Craigdlist and Facebook). A total of 92 participants
met all inclusion criteria: (1) age 18 years or older, (2) type 1

https://diabetes.jmir.org/2019/2/e11462/

App

Centered Use

Design

or type 2 diabetes, (3) insulin therapy for at least 6 months, (4)
use of an Android mobile phonefor at least 6 monthsto ensure
familiarity with the testing app’s operating system, (5) English
proficiency, (6) adequate vision to read email or text messages
on their current mobile phone, and (7) mobile phone use
proficiency. Individuals who used any diabetes app in the past
6 months or had ever used OnTrack or mySugr were excluded.
Because OnTrack and mySugr are made availableto the public,
including patients with either type 1 or type 2 diabetes was
important for generalizability. We verified mobile phone use
proficiency by screening for app use and did not include typical
mobile phone usage for calls, texting, emailing, or taking
pictures.

Procedures

In-person app training and testing were conducted from July
26 to November 30, 2017. Individual study sessions were held
in a private room. The sessions ranged from 1 to 3.5 hours.
During app training, participants watched YouTube tutorial
videos posted by the app devel opers and practiced following a
checklist for seven tasks on a Samsung 5S study phone: (1)
enter a carb intake, (2) enter an exercise activity, (3) enter an
insulin dose, (4) enter aBG reading, (5) locate a BG report for
days of the week, (6) locate a BG report for each meal, and (7)
email a BG report. During app testing, participants followed a
checklist to test app tasksin arandomized order with data units
that were different from app training. Each participant completed
a SUS questionnaire at the end of each app test. During a
30-minute break between the first and second app test,
participants completed a background survey and were given an
opportunity to eat a light snack and use the restroom. App
training and testing were conducted by thefirst author (HNCF),
who kept field notes that included nonverbal reactions to app
testing and open responses of app preference. Another researcher
checked fidelity from the audio recording of the study sessions.
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M easur ements

User satisfaction in app usability (primary outcome) was rated
by the SUS, a 10-item questionnaire, at the end of app testing
[24]. The SUS measures ease of use, app function integration,
user confidence, learning needs prior to use, and app use
intention. Survey items included “1 felt very confident using
this app” and “I would like to use this app frequently.
Responses are on a5-point Likert scale (O=strongly disagreeto
4=gtrongly agree). Even-numbered items are negative
statements, such as “this app is unnecessarily complex.” The
SUS is widely used in product usability evaluation with a
reliability coefficient alpha of .91 [23] and a loading factor
greater than 0.3 for construct validity [25]. Scores of 85 or
higher are excellent; scores less than 70 are acceptable. Scores
between 50 and 69 are marginally acceptable; scores 50 and
lower are unacceptable [26]. Secondary outcomes were user
performancein terms of efficiency (measured by task time) and
effectiveness (measured by task success and accuracy). Task
time is the total task completion time per app. Task successis
the degree to which a user independently completed required
tasks [27]. Each app task success was rated from 0% to 100%.
The rating was zero when the app lacked a testing function or
when aparticipant received more than 50% of standard technical
support. The user success rate was calculated by averaging the
success of all tasks. The user accuracy was whether the
participant performed tasks correctly (eg, correct insulin dose)
and was calcul ated by averaging the accuracy of all tested tasks.

Patient characteristics were self-reported in a 32-item
background survey that included demographics (age, sex,
race/ethnicity, and education), mobile phone brand, technology
use, and diabetes factors (types, HbA ., duration, insulin use,
BG testing, and prescribed BG testing). An established
motivation scale, the Treatment Self-Regulation Questionnaire
(TSRQ), was also included, which assessed patients’ reasons
for engaging in diabetes self-management behaviors with 8
items for intrinsic motivation and 11 items for extrinsic
motivation rated on a 7-point Likert scale [18]. Both types of
motivation scores were calculated by averaging the response
ratings, which ranged from 1 (not true at all) to 7 (very true).
Overal motivation was assessed by the Relative Autonomy
Index, which was calculated by subtracting the intrinsic
motivation score with the extrinsic motivation score. Positive
scores indicate greater intrinsic motivation, whereas negative
scoresindicate greater extrinsic motivation. The TSRQ hasbeen
validated across settings and for other health behaviors with an
internal consistency a pha coefficient greater than .73 inaprior
study [28] and .82 in this study.

Competencein diabetes sel f-management was measured by the
Perceived Competence Scale, which ranged from 1 (not true at
all) to 7 (very true) on a 7-point Likert scale with four items
and scored by averaging the responses [29]. Its internal
consistency apha coefficient was greater than .80 in a prior
study [18] and .88 in this study. Autonomy in diabetes care was
measured by four items designed by investigatorsand validated
by four experts (endocrinologist, physician-researcher in
diabetes, and two PhD-prepared diabetes nurse educators). This

https://diabetes.jmir.org/2019/2/e11462/
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scale measured patient interest in identifying persona BG
readings and carb intake trends, which is a subcomponent of
autonomy [30]. Patients who desire autonomy (intrinsic
motivation) are proactive in their health behavior and choices
for diabetes management [30]. Responses were rated on a
5-point Likert scale rating from 1 (strongly disagree) to 5
(strongly agree); an overall scorewas obtained by averaging all
item responses. The alpha coefficient of .74 was deemed
acceptable. Health care provider connectivity was rated by the
Health Care Climate Questionnaire, which assessed the degree
towhich primary health care providers offer autonomous support
in diabetes management [31]. The scoreisbased on the average
response to six items on a 7-point Likert scale rating from 1
(strongly disagree) to 7 (strongly agree). Its reliability alpha
coefficient was .82 in a prior study [31] and .94 in this study.

Statistical Analysis

Wetargeted asample size (n=92) for aregression model (n=84)
with 10% attrition (n=8) based on 13 predictors with R?
correlation of .20 and alpha of .05 in the calculation. Residual
plots showed no evidence of heteroskedasticity. Analyses of t
tests and chi-square tests were used to assess differences
between the two age strata and sex groups. Paired t tests of
mySugr and OnTrack usability scores showed significant
differences (P<.05), hence al regression analyses were adjusted
for app group and testing order with an interaction term. We
set an alphaof .05 for statistical significance. All analyseswere
performed using R statistical software[32].

For aim 1, both random effect (repeated app testing) and fixed
effect (app group) were analyzed by a linear mixed effect
multiple regression model of analysis of variance (ANOVA).
The full model was run separately for each usability outcome
model, including 15 predictors of patient characteristics. Mobile
phone brand and education variables were collapsed into
dichotomous variables: (1) Samsung versus not Samsung
Android, and (2) high school education or lessversus education
higher than high school. For aim 2, the model for aim 1 was
used by adding a psychological need predictor (eg, competence)
while adjusting for covariates of patient characteristics (key
demographics, technology factors, diabetes history, and
motivation), testing order, app group, and an interaction term
between testing order and app group. We also assessed the
individual mediation effect of task time, success, and accuracy
on user satisfaction to explain al or part of the relationship
between the psychological need and user satisfaction [33].

Results

Sample Recruitment and Characteristics

Diverserecruitment sitesyiel ded 92 participants who compl eted
the study from urban and suburban Minnesota: 46 wererecruited
from Facebook (50%), eight from patient referrals (9%), seven
from a community clinic (8%), six from a university (6.5%),
six from public housing (6.5%), five from Craigslist (5%), four
fromaVA clinic (4%), three from diabetes support groups (3%),
and seven from miscellaneous sites (8%). Participant
characteristics are summarized in Table 1.
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Table 1. Sample characteristics and psychological needs (N=92).

Characteristics/psychological needs Participants
Age (years), mean (SD) 54 (13)
Men, n (%) 38 (41)
Race, n (%)
White 57 (62)
Black/African American 23 (25)
Native American 10 (11)
Asians 2(2)

Highest completed education, n (%)

Elementary 4(4)
High school or equivalent 27(29)
Community/technical school 31 (34)
Bachelor's degree 19 (21)
Graduate degree 11 (12)
Device brand, n (%)
Samsung 44 (48)
LG 19 (20)
iPhone 8(9)
ZTE 7(8)
Motorola 6 (6)
Other 8(9)
M obile phone comfort level, n (%)
Very uncomfortable 23 (25)
Neither 12 (13)
Comfortable 33(36)
Very comfortable 24 (26)

Diabetestypes, n (%)

Typel 28(30)

Type2 64 (70)
HbA 12 % (ranges 5-14), mean (SD) 8.2(19)
Diabetes duration (years), mean (SD) 17 (11)
Insulin duration (years), mean (SD) 12 (12)

Insulin usetypes, n (%)

Insulin pump 14 (15)
Long- and short-acting injection 46 (50)
Long-acting injection 28 (30)
Short-acting injection 2(2)
None (stopped use) 2(2)
Blood glucose testing prescribed per day, mean (SD) 3.8(1.8)
Blood glucose testing per day, mean (SD) 6.2 (1.4)
Daily or less, n (%) 19 (21)
2 times aday, n (%) 34 (37)
4 times aday, n (%) 21 (23)
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Characteristics/psychological needs Participants
>4 times aday, n (%) 18 (19)
Overal motivationb, mean (SD) 2.16(1.3)
Intrinsic motivation, mean (SD) 5.43(0.9)
Extrinsic motivation, mean (SD) 3.26 (1.2)
Competence, mean (SD) 5.38 (1.1)
Autonomy, mean (SD) 3.92 (0.6)
Connectivity with health care provider, mean (SD) 6.05(1.2)

3HbA 1 hemoglobin A .

bAlso known as the self-determination index obtained from intrinsic mativation score minus extrinsic motivation score.

Morethan half of the participants were women, nearly half used
Samsung phones, and 70% (64/92) had type 2 diabetes. The
mean age was 54 years (range 19-79) with a median age of 57,
and the mean HbA ;. was 8.2% (range 5%-14%) or 66 mmol/mol
(range 31-130). Theonly missing datawas an HbA ;. level from
one participant.

App Usability

The overall mean user satisfaction was 62 (SD 18) and mean
task completion was 7 (SD 3.8) minutes. Participants had a
mean task success rate of 82% (SD 19%) and mean accuracy
rate of 68% (SD 21%). Participants rated the two apps as
marginally acceptablein user satisfaction (SUS scores between
50 and 69) as shown in Table 2. OnTrack scored 68, which is
considereda“D” grade (eg, scores between 60 and 69); mySugr
received a score of 55, which isan “F’ grade (eg, scores less
than 60). User performance was better for OnTrack compared
to mySugr: moreefficient (mean time 6.6, SD 3.7 minutesversus
mean time 7.5, SD 3.7 minutes, P<.001), more effective (mean
task success 84%, SD 18% versus 80%, SD 20%, P=.03), and
more accurate (mean accuracy 74%, SD 20% versus 63%, SD
22%, P<.001).

Patient Characteristics

Demographics, technology use, diabetesfactors, and motivation
were not predictors of user satisfaction as assessed by the SUS

Table 2. Diabetes app usability outcomes.

for the tested apps (Table 3). Age, sex, and education were
predictors of user performance in task time and success rate.
Adults older than 56 years took an extra 2.2 minutes (95%
confidence interval [CI] 1.1-3.2) for task time, had lower task
success rate (95% Cl 3.5%-14.3%), and higher task error rate
(95% ClI 4.2%-16.4%) compared to adults aged 18 to 55 years.
On average, for every 10 years of age, adult patients spent 0.8
minutes longer to use the app (P=.02), and the task successrate
decreased by 4.6% (P=.003). Men were less proficient, took an
extra 1.7 minutes (P=.01), and achieved 6.9% less success
(P=.04) compared to women. Partici pants with education beyond
high school had 6.4% less user satisfaction (P=.04) and greater
success by 10.5% compared to participants who were not
educated beyond high school (P=.003). Current Samsung mobile
phone users were 7.3% more accurate (P=.05).

Diabetes type was not a predictor of task time or success, but
diabetes duration negatively influenced user accuracy. The
longer duration of diabetes, the less accurate participants were
in using diabetes apps. A 10-year increase in diabetes duration
was associated with an 8.5% drop in task accuracy (P=.02). A
10-year use of insulin increased accuracy by 7.1%, but it was
not statistically significant (P=.06). Glycemic control of HbA
level showed no association with user satisfaction and
performance. Self-reported BG testing frequency, prescribed
BG testing frequency, and motivation for diabetes care were
not associated with app usability.

Usability Overal (N=184), mySugr (n=92), OnTrack (n=92), Difference (95% Cl) P value?
mean (SD) mean (SD) mean (SD)

Practice time (minutes) 19 (8) 22 (9) 16 (6) 5.6 (4.0-7.2) <.001

Satisfaction 62 (18) 55 (18) 68 (15) 127 (8.2-17.2) <.001

Efficiency (minutes) 7.0(3.8) 75(3.8) 6.6 (3.7) 0.8(0.3-1.3) <.001

Success (%) 82 (19) 80 (20) 84 (18) 3.9(0.3-7.5) .03

Accuracy (%) 68 (21) 63 (22) 74 (20) 11.0 (6.0-16) <.001

30btained from paired t test comparing two apps, mySugr and OnTrack.
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Table 3. Adjusted associations between patient characteristics and app usability.
Predictors effect (coefficients) Satisfaction (SUS) Efficiency (minutes) Success (%) Accuracy (%)
Characteristics Model 1 Model 2 Model 3 Model 4
Age per 10 years -0.5 0.82 —4.6° -25
Men vs women 0.1 1.72 -6.92 -0.1
>High school vs <high school® -6.42 -12 10.5° 03
Samsung vs not Samsung 15 -0.8 53 7.3
Mobile phone comfort 0.6 -0.1 0.6 -0.3
Diabetes type 2 vstype 1 -55 16 -4.7 -7.4
Diabetes duration per 10-year diagnosis 3.6 05 -0.1 _g5a
Insulin duration per 10-year use -13 0.6 -31 7.1
HbA 0.4 -0.2 18 07
Blood glucose testing per day -0.4 0.2 -17 -10
Blood glucose testing prescribed per day -0.2 -0.2 0.9 -12
Motivation (TRSQ®) —04 -0.03 0.7 -01
Testing order -39 -12 1120 3.6
App group 8.4 -13° 0.8° 1112
Interaction order and app 8.3 0.9 -11.3 -05
Adjusted'R2 14 35 31 17

8p< .05 statistical significance.

bp<.01 statistical significance.

“Highest completed education was high school or less.
9HbA 1¢: hemoglobin A 1.

®TRSQ: Treatment Self-Regulation Questionnaire.

fObtained from linear regression model analysis without repeated measures.

Psychological Needs

Psychological needs were significantly associated with user
satisfaction but not associated with user performance. This
supports our hypothesis that patient ratings of competence,
autonomy, and health care provider connectivity are related to
user satisfaction with diabetes apps. Patientswho rated highin
diabetes care competence were more satisfied with diabetes
apps. a 1-unit increase in diabetes competence score was
associated with an increase of the SUS score by 3.1 points
(P=.02; Table 4). Similarly, patients who reported greater
autonomy or interest to learn their personal BG and carb patterns

https://diabetes.jmir.org/2019/2/e11462/

were more satisfied with the apps: a 1-unit increase in the
autonomy score was associated with an increase of the SUS
score by 5.9 points (P=.006). Patients who rated a higher
connectivity with health care providers (receiving greater
autonomous support) expressed higher user satisfaction: a1-unit
increase of connectivity score was associated with anincreased
SUS score of 2.5 points (P=.03). Patient autonomy, asan interest
in learning persona patterns of BG and carbs, was also
associated with greater successful task completion by 4.9%
(P=.049). Theeffect of psychological needson user satisfaction
was not strongly mediated by task time, success, and accuracy
(percent mediated 0.5%-19.7%).
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Table 4. Adjusted associations between psychological needs and app usability.2

Psychological needs (coefficients) Satisfaction (SUSb) Efficiency (minutes) Success (%) Accuracy (%)
Competence Model 1A Model 2A Model 3A Model 4A
Adjusted effect 31¢ 0.2 -0.1 -2.9
Adjusted®rR2 16 35 31 18
Autonomy Model 1B Model 2B Model 3B Model 4B
Adjusted effect 598 -0.8 4.0° 12
Adjusted®rR2 17 37 33 17
Connectivity Model 1C Model 2C Model 3C Model 4C
Adjusted effect 2 5C 0.2 -0.02 -0.01
Adjusted®rR? 16 35 31 17

3N =184 observations from randomized 92 patients, adjusted all models with 15 covariates listed in model 1 from Table 3, which included age, sex,
education, use of Samsung, mobile phone comfort, diabetes types, diabetes duration, insulin duration, hemoglobin A4, blood glucose testing per day,

blood glucose testing prescribed per day, motivation, testing order, app group, and interaction term between order and app.

bsus: System Usability Scale.

°P<.05.

d0btained from linear regression model analysis without repeated measures.
€P<.01.

Discussion

Psychological Needs and User Satisfaction

To our knowledge, thisis thefirst study to report arelationship
between app usability and the characteristics and psychological
needs of the patient. A strength of our approach was the
relatively large and diverse study population (N=92) for usability
testing because most mHealth usability evaluations have fewer
than 30 participants and limited recruitment sites. Our study
population resided in both urban and suburban settings and
included African Americans, Native Americans, and Asians.
Study findingsindicate that psychological needs and education
are important factors in app usability, whereas patient
characteristics areimportant for user performance or the ability
to use an app efficiently, successfully, and accurately. Diabetes
app usability, as assessed by user satisfaction (SUS), was
associated with three psychological needs important for
motivation in diabetes care: competence, autonomy, and
connectivity with a health care provider.

Competence in diabetes care was associated with greater app
user satisfaction. In our study, patients wanted to use the app
to increase their competence and preferred the convenience to
track dataon the go. Apps offering out-of-range BG reports can
help patients identify whether their meals, insulin dose, and
physical activities need to be adjusted. This perceived app
benefit agrees with prior research that patients desired
educational information and goal setting in apps to help them
plan self-management activities [13]. Autonomy in diabetes
care, as assessed by patient interest in persona patterns,
correlated with greater user satisfaction and successful task
completion. Thisis consistent with prior research showing that
a diabetes app can help patients set realistic goals based on
personal patterns and see choices to modify behavior [13].

https://diabetes.jmir.org/2019/2/e11462/

Patients wanted a customized care plan within an app to help
them control diabetes and learn to improve eating habits [34].
Addressing patient desire or need to connect with ahealth care
provider is important for patient engagement in an mHealth
intervention. Connectivity with a health care provider was
positively associated with user satisfaction. Patients who were
well-connected and reported autonomous support from their
health care provider rated higher satisfaction. Thisis consistent
with other studiesthat found patients were more motivated and
would use mHealth toolsfor diabeteswhen they perceived their
health care providersto be autonomously supportive[15]. Apps
facilitate data sharing and patient-provider communication.
Clinicians can view analysis reports emailed to them or view
them on patients mobile phones during clinic visits; having
real-time data facilitates discussions with patients and pinpoints
exact areas for behavior changes.

Patient Characteristics and User Perfor mance

Patient characteristics correlated with the individual’s ability
to use an app. User performance in task time, success, and
accuracy varied by age, sex, education, or diabetes duration
when controlled for covariates (eg, education, diabetes types,
HbA ., BG testing, and motivation). A 10-year age increment
was associated with a slower time performance of 0.8 minutes
and lower success performance by 4.6%; surprisingly, age did
not correlate with accuracy even though younger users are
typically more accurate with technology use. This may be
explained by the design of this study, which provided as much
technical support and time as desired.

In contrast to prior studies, women outperformed men in time
efficiency and task successwhen accounting for other participant
factors. This sex difference may be related to differences in
mobile phone and app use. According to one study that tracked
75,000 peopl € suse of popular websites and apps, women spend
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more time than men on mobile phones (49% versus 39%) [35].
Women also use social media apps (eg, Facebook) more often
than men (83% versus 75%) [36]. We ran a separate full model
adjusted for Facebook recruitment, which did not affect results.
Education beyond high school was significantly correlated only
with user success performance. This suggeststhat if participants
with high school education or less are provided with technical
support, they can learn to use an app as efficiently and accurately
as those with more education.

Diabetes duration was significantly related to user accuracy. A
10-year diabetes history decreased accuracy by 8.5%, perhaps
because of diabetes complications. The rate of diabetic
peripheral neuropathy increases by twofold for those with
diabetesfor longer than 10 years[37]. The prevalence of diabetic
retinopathy 10 years after diagnosis is 60% [38]. Finger nerve
pain can makeit hard and painful to tap correct appicons. Icons
and fonts on a small mobile phone screen could be hard to read
for those with vision complications from retinopathy. In this
study, most participants had suboptimally controlled diabetes
with an elevated mean HbA . level of 8.2% (66 mmol/moal).
Thetarget HbA . level for adultsolder than 65 yearsislessthan
7.5% (58 mmol/mol) [39] and 7% or less (53 mmol/mal) for
adultsyounger than 65 yearswithout ahistory of hypoglycemia
[2]. HbA . level, BG monitoring frequency, and motivation in
diabetes care did not correlate with app usability.

Clinical Implications

Our study provides new insights into the theoretical basis of
health behavior in diabetes app usability. Application of SDT
provided important insights on how patient needs and app
designs are related. Psychologica needs of competence,
autonomy, and connectivity with a health care provider
(motivational constructs) were associated with user satisfaction.
These results suggest that clinicians should address these
psychologica needswhen recommending the use of aparticular
diabetes app. Clinicians could help improve patient competence
by providing education on BG and carb pattern recognition and
planning for lifestyle modifications (eg, lowering carb intake).
Clinicians who customize a care plan and a BG target range
could help increase patient autonomy so that patients can set
up a parameter in their apps to analyze BG accordingly.
Autonomous support and home-monitored datareceived through
email could promote connectivity with health care providers.
Addressing psychological needs for competence, autonomy,
and connectivity can potentially lead to long-term app use.
Clinicians should screen for diabetes complications that may
affect user accuracy.
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Limitations and Future Directions

Several limitations in this study provide directions for future
research. We were only able to evaluate two diabetes appsin a
single study session with findings applicable for a short-term
app experience. User satisfaction may change with long-term
app use. Future research should include long-term follow-up,
record app adherencerate, and assess factors affecting whether
or not long-term app use will be sustained.

Fatigue with the 2-hour testing session could have affected
participant performance. However, we provided a 30-minute
rest bresk that included refreshments, and none of the
participants complained about being tired at study completion.
Another possible study limitation was related to the sample
population. We recruited a diverse sample with different
proportions of nhonwhite participants from sites such as public
housing and a federally qualified health center. This
heterogeneity in race breakdown by recruitment site made it
challenging to distinguish between the effects of race and
recruitment; thus, we were unable to include race/ethnicity as
acovariate.

Unmeasured covariates, such as socioeconomic status (eg,
income), types of medical insurance, diabetes complications,
and obesity, could influence results. However, our study
included multiple recruitment sites and a variety of patient
backgrounds with different education levels, insulin use types
(pump users on private insurance and those on injection therapy
on apublic insurance program), and different housing facilities.
Covariates, such as education and mobile phone model, may
count as aproxy for socioeconomic status. A multiple variable
model accounted for common demographics and diabetes
history. Our study excluded adol escents with diabetes as well
as family caregivers. Future studies should recruit minority
patients, adolescents, and caregivers. We did not include
laboratory-based usability measures. Future studies can further
identify app use barriers through other methods of quantifying
usability problems (eg, recording screen reaction, counting
keystrokes, and tracking eye movements).

Conclusions

Applying SDT to diabetes app usability revealed that addressing
psychological needs for diabetes care competence, autonomy,
and connectivity with ahealth care provider may enhance patient
motivation to use diabetes apps. Patient-centered training and
ongoing technical support could improve usability for (1) older
male users, (2) those with education levels of high school or
less, and (3) those with a long duration of diabetes.
User-centered apps are desired by patients. App designs and
features should incorporate health behavior theoretical
framework and be tailored to patients' ages and abilities.
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Abstract

Background: The prevalence of chronic disease is increasing rapidly. Health promotion models have shifted toward
patient-centered care and self-efficacy. Devicesand mobile app in the Internet of Things (IoT) have become critical self-management
toolsfor collecting and analyzing personal datato improveindividual health outcomes. However, the precise effects of Web-based
interventions on self-efficacy and the related motivation factors behind individuals' behavioral changes have not been determined.
Objective: The objective of this study was to gain insight into patients' self-efficacy with newly diagnosed diabetes (type 2
diabetes mellitus) and analyze the association of patient-centered health promotion behavior and to examine the implications of
the resultsfor 10T and maobile health mobile app features.

Methods: The study used data from the electronic health database (n=3128). An experimental design (n=121) and randomized
controlled trials were employed to determine patient preferences in the health promotion program (n=62) and mobile
self-management education (n=28). Thetranstheoretical model was used asaframework for observing sel f-management behavior
for the improvement of individual health, and the theory of planned behavior was used to evaluate personal goals, execution,
outcome, and personal preferences. A mobile app was used to determine individualized health promotion interventions and to
apply these interventions to improve patients’ self-management and self-efficacy.

Results: Mobile questionnaires were administered for pre- and postintervention assessment through mobile app. A dynamic
guestionnaire all ocation method was used to follow up and monitor patient behavioral changesin the subsequent 6 to 18 months.
Participants at ahigh risk of problemsrelated to blood pressure (systolic blood pressure =120 mm Hg) and body massindex (=23

kg/m?) indicated high motivation to change and to achieve high scores in the self-care knowledge assessment (n=49, 95% ClI
-0.26% to —0.24%, P=.052). The associated clinical outcomesin the case group with the mobile-based intervention were slightly
better than in the control group (glycated hemoglobin mean —1.25%, 95% Cl 6.36 to 7.47, P=.002). In addition, 86% (42/49) of
the participantsimproved their health knowledge through the mobile-based app and information and communi cationstechnol ogy.
The behavior-change compliance rate was higher among the women than among the men. In addition, the personal characteristics
of steadiness and dominance corresponded with a higher compliance rate in the dietary and wellness intervention (83%, 81/98).
Most participants (71%, 70/98) aso increased their attention to healthy eating, being active, and monitoring their condition (30%
21/70, 21% 15/70, and 20% 14/70, respectively).

Conclusions:. The overall compliance rate was discovered to be higher after the mobile app—based health intervention. Various
intervention strategi es based on patient characteristics, health care—related word-of-mouth communication, and social mediamay
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be used to increase self-efficacy and improve clinical outcomes. Additional research should be conducted to determine the most
influential factors and the most effective adherence management techniques.

(JMIR Diabetes 2019;4(2):€11017) doi:10.2196/11017

KEYWORDS

type 2 diabetes mellitus; self-management; health literacy; patient engagement; intervention; word-of-mouth

Introduction

Financial Burden

In China, noncommunicable chronic diseases not only are a
critical health problem but also impose a major economic
burden. Globally, diabetes mellitus (DM) has been diagnosed
in415 million people, and DM and its complicationsare aglobal
health emergency, accounting for 12% of global health
expenditure[1]. The MOST survey revealed that 11.6% of adults
in China (approximately 114 million people) have received DM
diagnoses. The prevalence of DM has resulted in a substantial
financial burden on medical systems, families, and societies.
DM is more prevalent in older age groups and among people
living in economically developed regions. Overall, DM-related
expenditure in 2013 was approximately US $548 hillion,
accounting for 10.8% of total health expenditure worldwide.
DM-related expenditure is expected to exceed US $627 billion
by 2035 [2,3].

Information Technology Transfor mation

Self-management has become acritical approach for improving
health outcomes among patients with DM, and market demand
has emerged for related innovations in information technology
(IT). Specificaly, patients have expressed interest in cloud-based
Internet of Things (10T) measurement devicesto record various
types of structured and unstructured data (eg, blood glucose,
blood pressure, body massindex, body fat, deep quality, fatigue
[4], depressive symptoms, working pressure, and social
engagement frequency) [5-7]. Providers hopeto integrate patient
datainto records of patient history, which can be used to derive
engagement models of health promotion for increasing patient
motivation and adherence [7-9].

The use of mobile health apps as a lifestyle intervention for
improving diabetes outcomes has becomeincreasingly common.
In 1 study, patients who underwent this intervention exhibited
continual improvement in glycemic control compared with
baseline values for the duration of the program (with
approximately 50% of participants losing at least 5% of their
body weight over 6 months). However, the benefits of the
transtheoretical model (TTM) [8,10] and behavioral change[4]
were not sustained above the control group setting at 3 months
after completion of the program [11].

Patient-Centered Approaches

Patients with diabetes should be encouraged to change their
lifestyles and synchronize their personal data recorded inside
and outside of hospitals[12]. Thus, patient-centered approaches
should be developed for new dynamic behavioral engagement
models [13] and as enhancements to existing health promotion
models. Personalized approaches should focus on

http://diabetes.,jmir.org/2019/2/e11017/

transtheoretical methods as well as patients' self-management
skills, wellness knowledge [9,14], education, psychosocia
assessments, satisfaction, and rate of adherence with treatment
[6,15].

Adherence exhibits significant beneficial effects on fatigue and
social interaction for insulin-using patients with diabetes,
emotional well-being for patients with myocardial infarction
[4], and glycated hemoglobin (HbA,;.) for patients with
myocardia infarction and diabetes. In addition, researchers have
indicated that higher rates of adherence (especiadly to
diet-related recommendations) are associated with improved
health outcomes among insulin-using patients with diabetes
[11,16].

Observational studies have reported that educational programs
for patients with diabetes do not succeed unless they are
intensive and continued over along period with monitoring of
behavioral changes and interventions[17-20].

Theaim of thisstudy wasto identify the personalized influence
factorsof goal setting, self-execution activities, and self-efficacy
for patients with type 2 diabetes. In addition, we aimed to
analyze the association of the identified factors with
patient-centered health promotion behavior and to encourage
patientsto engagein el ectronic word-of-mouth communication
[21,22] to motivate their therapy partners[23,24].

Methods

Overview

In this study, we developed a cloud-based interactive health
care management mobile app, interactive personalized
management framework (IPMF), and adopted a platform as a
service tier. The platform integrates and displays patient
information on a 360-degree dashboard. The dashboard may be
used to monitor patient health status and facilitate engagement
with physicians. Interactive wellness education is aso offered
through the mobile-based app and cloud-based interactive
service platform [16,25-27]. In addition to genetic and
environmental factors, patient behavior is a critical factor
associated with chronic disease. The effectiveness of disease
management depends not only on patients’ clinical status but
also ontheir lifestyle, disease knowledge, health literacy, beliefs,
cognitive state, behavior changes, and emotional state [28-32].

Previous studies have demonstrated that health educators and
care managers must understand a patient’sdisease literacy level,
personal characteristics, and readiness for action to determine
effective treatment [1,33]. Care providers should create aservice
environment that enables patients to adopt appropriate
behavioral changes[34,35].
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Figure 1. 360-Degree health management dashboard displaying three-dimensional triaxial data analysis of IPMF. x: disease, y: level, and z: patient
impact factor. API: application programming interface; BOI: body of information; hi: health inventor; 10T: Internet of Things.
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Hence, in the devel oped system, the application programming
interface engine uses a three-dimensional analysis tool to
aggregate individual patient data and health status. The x-axis
denotes disease type and indicates undiagnosed but high-risk
and at-risk status, early diagnosed disease, self-perceived
symptoms, and diagnosed disease. The y-axis denotes the
severity of each symptom. Finally, the z-axis mainly displays
the factors that may influence patients health in daily life,
including family history, education, economic situation, lifestyle,
and stress (see Figure 1).

M ethodology

This study used the TTM under the theory of planned behavior
to monitor patients behavioral changes during the
preintervention assessment, follow-up, and postintervention
assessment periods [1,5].

Studies have indicated that IT and 10T measurement devices
are valuable means of supporting disease management [9,33].
Studies have also reported the use of these technologiesin the

http://diabetes.,jmir.org/2019/2/e11017/

XSL-FO

RenderX

Provider shile; chronie diserse quick seresn, in-patient m.!‘omwlmn. rigk amafysés.. ﬂc.
End-user side: personalized 360 hoahh sereen. self-effieacy prafi ik
Eco-system side: professional counselling service, weamble Efe-style manitoring, risk

[Data Input]

BOLtype: Hight, Weiglt, SHP, DEP, Hoan Rate, Puilse___glc.
Laboratory-type: TG, TC, HDL-C, LDL-C, A, PC HLALC, GOT,
GFT, GGT, heCRE homecysieine, CREA, UA, BUN, AMY, LIPASE.
T3, T4, TSH. . etc.

AP] Englne]
Fublic Health: Fonumln, stutictic, mmhaﬂon. sulf-aspessment.. e,
Chinical-Pr el ﬁ-.k

CHnde sl

sﬁ-ﬁﬁmﬁaul

disease si
wmagabﬂpemamﬂtg R,

Artificial Intelligence: machine Leamning, cogrstive Infellizence, bebasioral mtelligence. .. ete.

provision of evidence-based health education tailored to
individual patients [16,36]. However, most relevant
transtheoretical  studies have not analyzed patients
self-knowledge or the effectiveness of patients self-care
behavior for health management. Specifically, studies have not
compared the results of health knowledgeability analyses with
continuous dataon personal health measurement dataand health
outcome.

Recruitment

Inclusion and Exclusion

The purpose of this research was to assess the influence of
patient insight on adherence to self-management
recommendations for patients with new diagnoses and who
were at high risk of additional health problems. Accordingly,
patientswith thefollowing characteristicswereeligibleto enroll:
(1) type 2 DM (T2D) diagnosis received within the prior 3
months, (2) HbA,. % greater than 5.4%, (3) oral glucose

tolerance test result greater than 140 mg/dL, and (4) capable to
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use mobile-based and I T interventions. Patients with DM were
invited to participate in the study group based on their disease
knowledge and self-management. For the assessment of
self-efficacy and cognitive behavioral change, asuitable sample
size was determined using the estimated SD of change in
self-knowledgeabl e score versus body weight and HbA ;.. With
an SD of alpha of .05, we estimated that afinal sample of 120
participants would provide 85% power to reveal a minimum
detectable difference in changes.

Randomization and Eligibility

In total, 3218 patients with diabetes were identified through a
database. These patientswere assessed according totheinclusion

Chao et a

and exclusion criteria, and ultimately 121 patients (n=121)
signed forms of consent and joined the study within 3 to 6
months of communication. Participantswere stratified according
to age and sex and were then randomly assigned to the case or
control group. Case-group patients participated (n=62) in a
1-hour training and employed the IPMF system when they
visited outpatient departments. Control-group patients (n=59)
were provided with traditional care without support from IT,
loT measurement devices, or the mobile-based app system (see
Figure 2).

Figure 2. Study enrollment criteria and selection flow. BMI: body mass index; BW: body weight; HbA.: glycated hemoglobin; KM: knowledge

management; TTM: transtheoretical model.
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All patients provided informed consent and were interviewed
by aprofessional team comprising aphysician, health educator,
nutritionist, care manager, and service consultant. All recruited
patients were provided with regular clinical advice and
medication.
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To test the effectiveness of the IPMF and mobile-based
interactive results, especialy in preferred food style, eating
methods, nutrition, and cooking habits, the intervention behavior
data bank collected in Taiwan and China. By considering
lifestyle and eating habits, this study focused on Taiwan
(n=3218) and lifestyle knowledge bank conducted in both China
and Taiwan (n=10,174).
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Process and Application Features

The investigation comprised beginning (3 months), follow-up
(18 months), and closure phases (3 months). Each outpatient
had a different return visit time; therefore, for preassessment,
the participants completed self-assessments using the
mobile-based app throughout the initial phase (the open period
was from months 1-6). Subsequently, each patient collaborated
with a physician to set a personal goa and define a health
program for the follow-up phase (from months 6-18). By the
time they had completed 4 to 6 visits to the outpatient
department, each participant had finished the postassessment
of the closure phase (from months 18-24). To integrate
behavioral activitiesinto the health promotion service flow, the
mobile apps were provided to the participants through amobile
tablet while they were waiting to see adoctor or health educator
(see Figure 3).

Mobile tablets, such asiPads and mobile phone, also served as
supporting tools for physicians and health educators to access
patients’ integrated information. Patient compliance data were

Chao et a

collected through theinterface of the IPMF asthe patient entered
the start phase (1-6 months) for preintervention assessment and
the closure phase (18-24 months) later for postintervention
assessment. The patient self-assessment score was ataxonomy
reference. The behaviors outlined in the American Association
of Diabetes Educators (AADE) 7 Self-Care Behaviors program
[14,34,37] were used as indicators. These behaviors comprise
healthy eating, being active, blood-glucose and blood-pressure
monitoring, medication use, problem-solving, use of healthy
coping strategies, and risk reduction (see Figure 4).

Patient demographic datathat were relevant to health promotion
factors were provided by the hospitals providing care and
inputted into the IPMF. Participantsthen received interventional
DM education about the American Association of Diabetes
Educators 7 Self-Care Behaviors (AADE7?). Physicians and
health educators conducted educational interventions according
to patient’s interests and specific requirements to enhance the
patient’s self-management abilities. The interactive mobile
physician dashboard system improved patients' willingness to
engage in continual health education.

Figure 3. Research design (initial stage, follow-up, and closure). A1C: HbA 1. (glycated hemoglobin); AADE: American Association of Diabetes
Educators; BG: blood glucose; BMI: body massindex; HDL: high-density lipoprotein; |oT: Internet of Things; LDL: low-density lipoprotein.
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Figure4. Patient-centered application framework and features. T2D: type2 DM; TTM: transtheoretical model; WOM: word-of-mouth NWOM: negative

word-of-mouth; PWOM: positive word-of-mouth; S-Concept: self-concept
teory of planned behavior.

1| Haalthears wom

theory; SCT: socia cognitive theory; SLT: social learning theory; TPB:

i Empowarment & Improvement |

Behavioral Research

Patient-Centered (T2D - diabetes)

Bathvcay Simulation

Application Framework

The proposed framework was used to construct aDM education
service platform that integrated the collected information. The
platform also served as an automatic knowledge bank for
aggregating patient learning behavior. The developed framework
may be used to help physiciansand health educators understand
patients' specific needs and areas for improvement. The IPMF
model not only aggregates information from clinical databases
but also involves a questionnaire generation mechanism and
knowledge bank feature for collecting information regarding
patients DM literature, DM-related beliefs and emotions, diet,
glucose self-monitoring, self-motivation, self-education, and
the influence of disease on patient productivity.

The developed mobile app wasto analyze patient lifestylesand
compliance tendencies and to use a knowledge simulation
platform to determine factors for improvement. Analysis of
these factors was used to improve clinical outcomes and to
enhance patient-physician engagement [38-40].

Self-Management Preference

According to the frequency of their access of mobile app
features, patients exhibit individual preferences for self-care
management, and these preferencesinfluence overall compliance
and clinical outcomes. The system collected data regarding the
heterogeneity of patients' lifestyles, knowledge and feelings
about diseases, states of action readiness, self-motivation
elements of health improvement, and risk conditions.
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I ntervention

An IPMF interactive system was used to observe the
patient-insight factor and encompassed disease history, family
history, and relevant characteristics. The system was presented
through a 360-degree dashboard and provided personalized
patient intervention suggestions to physicians and health
educators.

I nfluence Factor

Patient characteristics and self-knowledge may have influenced
compliance. Moreover, age, sex, education level, and income
level affected patient acceptance of I T applications. The system
identified the influential factors and their associations with
compliance.

Data Collection M ethod

I nteractive Patient Assessment System (Mobile App,
iPad)

In the study, patients' health status, lifestyle, behavior change,
and treatment preferences were collected through TTM
framework for observing self-management behavior (see Figure
5). Pre- and postintervention assessments via mobile app were
conducted (see Figure 6). Patient feedback was stored in a
cloud-based IPMF platform and was used to determine factors
that contributed to sustainable behavior changes.
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Figure 5. Behavior maturity management (transtheoretical model): pre- and postassessment. |oT: Internet of Things.
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Figure6. Interactive patient pre- and postassessment.
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Patient Readiness Evaluation System (Mobile App, iPad)
As described, the AADE7 Self-Care Behaviors are critical to
the management of DM (see Figure 7). Thus, in the study, the
system collected theinformation of patientswith T2D regarding
healthy eating, physica activity, blood glucose and blood

(s
L wanm )

http://diabetes.,jmir.org/2019/2/e11017/

XSL-FO

RenderX

FRAVECE:

Re B

2018/03/5

vﬁ

=8 Eit I AR i
‘6
JilkiH Hitht 1k Ee 11 )]
(e iEEE
[
dh & A mm B

pressure monitoring, medication use, problem solving, risk
reduction, and use of healthy coping strategies. The collected
information was used to evaluate patients mental readiness
regarding the management of DM. After the readiness
evaluation, patient score and disease level were transmitted to
aphysician dashboard for the next intervention stage.
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Figure 7. The American Association of Diabetes Educators diabetes self-care behavior quiz.
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I nteractive Physician Dashboard System (Mobile App,
iPad)

Patient clinical status, results from patient assessment, and
readiness evaluation systems were presented on a physician
dashboard. Peatients interacted with the dashboard, and the
system suggested an individualized education program based

Figure 8. Interactive physician and patient engagement dashboard.
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Statistical M ethods

The patient intervention activity and integrated data were
recorded in the physician dashboard system. Datawere analyzed
using IBM SPSS Statistics version 19.0. A paired t test was
used for pre- and postintervention assessment analysis, and the
t test and chi-squared test were used for group comparisons.
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on evauation results and patient lifestyle and preferences.
Physicians and health educators used the comprehensive
dashboard, wellness articles, and self-assessment toolsto engage
with patients. The dashboard tool illustrated the correlation
between disease progression and patient’s self-efficacy (see
Figure 8).
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Results

In total, 121 patients (n=121) were enrolled in the study. The
case group included 62 participants (case group, n=62; control
group, n=59), and these patients completed 27,479 intervention
interactions by using the IPMF. Patients lost to follow-up were
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eliminated; 118 patients compl eted postintervention assessment
(case group, n=60; control group, n=58). A total of 97 patients
completed both the preassessment and postassessment (case
group, n=49, retention rate=82%; control group, =48, retention
rate=81%).

Although for the duration of follow-up, patients were free to
choose categories of DM self-management according to their
interests, there were no change requests during the patient
engagement. Theresults of the case group were better than those
of the control group, especially those for knowledge score,
weight, and HbA ;. (P=.05; P=.03; P=.003). Participants at a
high risk indicated high motivation to change and to achieve
high scoresin the self-care knowledge assessment (n=49, 95%
Cl -0.26% to —0.24%, P=.052; Table 1).

Of the 305 of interventions, healthy eating was selected 98 times
(see Figure 9) and thus was the most-selected category (32%,

Table 1. Self-care knowledge assessment.

Chao et a

98/305), with the second most selected category being taking
medication (25%, 75/305).

The demographic characteristics of case group patients who
finished the behavioral education course and completed
postintervention assessments (n=28) in high score and improved
group are listed in Table 2. The average age was 63.71 years,
and the age range was 37 to 88 years.

Among the participants, 75% reported a high school education
level. Compliance  frequency  from  pree  and
postintervention-assessments were compared for analyzing the
effects of the IPMF intervention (Table 3). The P values reflect
differences between pre- and postintervention assessments, and
results indicate that patients were willing to set a dietary goal
for self-management (P=.04).

Self-knowledge and behavior ~ Control group (n=48, 81%)

Case group (n=49, 82%)

h

change Preassessment, Postassessment, P value between Pr nent, Postassessment, P value between
mean (SD) mean (SD) groups mean (SD) mean (SD) groups

Knowledge score 56.22 (10.97) 57.78 (10.68) .33 60.16 (19.24) 65.08 (12.24) .048
Weight (kg) 66.67 (17.28) 65.65 (16.98) .07 67.86 (16.84) 57.5(15.33) .03
Body mass index (kg/mz) 25.29 (3.25) 24.94 (2.89) 14 25.47 (3.31) 25.28 (2.93) .23
Systolic blood pressure (mm 128.09 (17.36) 131.15 (18.24) 57 130.24 (18.92) 131.37 (19.01) .56
Hg)
Diastolic bold pressure (mm  76.22 (12.11) 78.61 (12.98) 52 74.99 (13.12) 75.58 (11.04) 47
Hg)
HbA 1.2 (%) 8.95 (2.34) 7.82 (1.87) .06 8.44 (2.28) 6.92 (1.27) .03

3HbA ¢ glycated hemoglobin.

Figure 9. The participant engagement frequency by Diabetes self-management of 7 categories. Interactive response (n=305).
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Table 2. Demographic characteristics of participants (N=120).
Characteristic n (%)
Age (years)
25<years<40 14
40<years<50 3(11)
50<years<60 6 (21)
60<years<70 9(32)
years>70 9(32)
Gender
Male 17 (61)
Female 11 (39)
Education
No education 1(4)
Elementary school 6(21)
Junior high school 4(14)
High school 11 (39)
College 5(18)
Graduate 1(4)
Occupation (n=120)
Unemployed 8(7)
Public servant 5(4)
Office worker 21 (18)
Businessman 17 (14)
Retired 64 (53)
Others 5(4)
Table 3. Compliance comparison between pre- and postintervention assessments.
Compliance Average (preassessment), mean (SD) Average (postassessment), mean (SD) P vaue
Dietary 3.5(1.0) 3.8(1.0) .04
Exercise 3.0(1.5) 33149 A3
Medicine taking 4.6 (0.7) 4.4 (1.0) 42
Blood glucose monitoring 3213 34(1.3) .33
Blood pressure monitoring 32(1.4) 3.2(1.3) .56
Health coping 3.8(0.9) 4.1(0.9) .06

In addition to behavioral education compliance, the results of
the Pearson chi-squared test indicate that patients average
compliance frequencies increased after intervention (Table 4),
with improvements in dietary compliance reaching statistical
significance (P=.07). The study results indicate that other
surveyed health behaviors, including smoking status and
drinking status, did not affect dietary behavioral compliance.

http://diabetes.,jmir.org/2019/2/e11017/
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On the basis of the compliance changes, participants were then
divided into an improved group (patients who exhibited
improved compliance after the study) and an unchanged group
(patients whose compliance was unchanged or decreased) for
comparison. The improved group contained a higher number
of patients who experienced diet-related intervention through
the IPMF than the unchanged group (66.5% vs 31.5%; see
Figure 10).
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Table 4. Improved dietary compliance versus unchanged dietary compliance (n=16).

Behavioral education compliance (case group)

Dietary unchanged result, n (%) Dietary improved result, n (%) Pearson chi-squared P value

Gender .07
Male 12 (75) 5(42) _a
Female 4(25) 7(58) —

Drinking status .80
Nondrinker 7 (44) 4(33) —
Occasiona 3(19 2(17) —
Daily drinker 6 (37) 6 (50) —

M obile phone usage .63
No 12 (75.0) 8(67) -
Yes 4(25.0) 4(33) —

3Not applicable.

Figure 10. Compliance of improved patients among those using the intervention. Dietary response (n=98).
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According to behavioral change of TTM data on monitoring,
patients could enter the preparation stage directly
(precontemplation, contemplation, preparation, action,
maintenance; 0%, 0%, 75%, 25%, and 0%, respectively) without
needing blood glucose monitoring. For healthy eating, more
timewas required for the precontemplation, contemplation, and
preparation stages, but the time required for the action stage
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was markedly higher (precontemplation, contemplation,
preparation, action, maintenance; 11%, 11%, 23%, 52%, and
3%, respectively). In the overall behavior change period, male
participants with higher body weights and body-mass indexes
exhibited greater motivation to change. Compared with male
participants, female participants exhibited higher scores in
self-knowledge and self-care (see Figure 11).
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Figure 11. Intervention and self-behavior change (by transtheoretical model view).
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Discussion

Principal Findings

This study indicates that overall patient compliance rate
increased after the IPMF-based educational intervention
[4,5,12,26]. Participants who completed postintervention
assessmentswere older than 60 years. Thisfinding demonstrates
that age was not an impediment to mobile device usage.

The use of IPMF to improve patient compliance may help
patient engagement and customer relationships and retain
patients [12,13,33]. The personalized interactive education
approach used in this study was associated with greater overall
compliancewith recommended health behaviors[1,19,27,34,35].

In addition, education level was not a barrier to using amobile
device (such as an iPad) for wellness education. M obile phones
areincreasingly prevalent, but only afew participants owned a
mobile phone. This low mobile phone ownership may have
been correlated with average participant age [25].

Key aspects of self-efficacy for patients include the ability to
use amobile app to self-monitor progress and to be accountable
for goals set [33]. In this study, the IPMF system may be

http://diabetes.,jmir.org/2019/2/e11017/
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particularly helpful for T2D patients with hypertension or who
are overweight.

From another perspective, older people may encounter problems
in engaging with interventions to reduce the risk of type 2
diabetes; the strong representation of this group in this study
sample may be helpful for addressing relevant concerns [3].
This study indicated the participants were willing to join and
complete the study regardless of whether they owned mobile
phone, indicating that older patients can benefit from loT
resources [30]. This finding indicates that the intervention
stimulated behavior changesin participantswith greater interest
in self-management.

Strengths and Limitations

A strength of this study was the inclusion of individual
personalized goals and an execution plan; this study was not
treated asaresearch study. All patient feedback datacame from
the real world as opposed to being generated from a research
Setting.

A limitation inherent in mobile app interventionsisthat patient
responses may differ from those of norma behavior. This
analysis was limited after follow-up, and the findings may not
be applicable to patients with type 2 diabetes with low
motivation to use a mobile app for self-management.
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Implications

Theresults of this study indicated that persistent personal health
management is correlated with positive feedback from
physiological data [18,19]. In recent years, considerations of
ethnic differences have served asthe key element for providers
designing treatment plans [7,16]. For example, investigating
Chinese peopl€e's lifestyles—including elements such as diet,
exercise, and stress-coping strategies—requires a wide variety
of data obtained from user feedback [9,39].

Developers must address and acknowledge barriers to the use

Chao et a

and (2) amobile app can be used to improve personalized care
plans.

Despite the potential benefits of using a mobile app to support
self-management of chronic diseases, we found that individual
preferences can have a marked impact on personalized care
plans and goal setting. Asthe mobile app for self-management
in this study was developed and implemented rapidly, further
work is necessary to produce a specific service that can enrich
the quality of patient-centered care.

Onthebasisof thisstudy, future related studies should consider

of mobile app interventions, such aslow computer literacy and
low health maintenance motivation [5,21,33].

the effects and continuity of behavioral changes resulting from
interventions for enhancing self-efficacy. Thisresearch and the
mobileinteractive system will be revised and redeployed among
an ethnic Asian population (eg, patients living in the United
States with high motivation to use mobile apps to manage their
personal health), and further evidence will be gathered to
validate the effects of its use in health care self-management.

Conclusions and Recommendation

This study found that (1) self-efficacy influences the factors of
the IPMF intervention method and behavioral change model,
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Abstract

Background: Mabile phones have been actively used in various ways for diabetes self-care. Mobile phone apps can manage
lifestyle factors such as diet, exercise, and medication without time or place restrictions. A systematic review has found these
apps to be effective in reducing blood glucose. However, the existing apps were developed and evaluated without a theoretical
framework to explain the process of changesin diabetes self-care behaviors.

Objective: This study aimed to evaluate the diabetes self-care app that we developed by measuring differences in diabetes
self-care factors between before and after using the app with the Information-Motivation-Behavioral skills model of Diabetes
Self-Care (IMB-DSC).

Methods: We conducted a single-group pre- and postintervention study with a convenience sample of diabetes patients. A total
of 38 adult patients with diabetes who had an Android smartphone were recruited. After conducting a preliminary survey of those
who agreed to participate in the study, we provided them with amanual and atutorial video about the diabetes self-care app. The
app has functions for education, recommendations, writing a diary, recording, goal setting, sharing, communication, feedback,
and interfacing with a glucometer, and it was applied for 4 weeks. We measured the general characteristics of participants, their
history of diabetes self-care app usage, IMB-DSC factors, and blood glucoselevels. TheIMB-DSC factors of information, personal
motivation, social motivation, behavioral skills, and behaviors were measured using an assessment tool consisting of 87 items
extracted from the Diabetes Knowledge Test, third version of the Diabetes Attitude Scale, Diabetes Family Behavior Checklist,
and Diabetes Self-Management Assessment Report Tool.

Results: The mean age of the participants was 43.87 years. A total 30 participants out of 38 (79%) had type 2 diabetes and 8
participants (21%) had type 1 diabetes. The most frequently used app function was recording, which was used by 34 participants
out of 38 (89%). Diabetes self-care behaviors (P=.02) and diabetes self-care social motivation (P=.05) differed significantly
between pre- and postintervention, but there was no significant difference in diabetes self-care information (P=.85), diabetes
self-care personal motivation (P=.57), or diabetes self-care behavioral skills (P=.89) between before and after using the diabetes
self-care app.

Conclusions; Diabetes self-care social motivation was significantly improved with our diabetes self-care app by sharing
experiences and sympathizing with other diabetes patients. Diabetes self-care behavior was also significantly improved with the
diabetes self-care app by providing an interface with a glucometer that removes the effort of manual input. Diabetes self-care
information, diabetes self-care personal motivation, and diabetes self-care behavioral skills were not significantly improved.
However, they will be improved with additional offline interventions such as reflective listening and simulation.

(JMIR Diabetes 2019:4(2):€11590) doi:10.2196/11590
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Introduction

Background

Diabetes mellitusis a chronic disease caused by an absolute or
relative deficiency of insulin [1]. The number of patients with
diabetesisincreasing worldwide. According to the World Health
Organization, 1.5 million deaths were directly caused by
diabetes in 2014, and 422 million adults were living with
diabetes [2]. The prevalence of diabetes in Korea was 13.7%
in 2014, up from 8.6% in 2001 [1]. Diabetes can cause death
because of inactivity of the heart, kidneys, eyes, and blood
vesselsif the blood glucose level isnot properly controlled [3].

Antidiabetic medication such as an oral hypoglycemic agent
plus insulin is used as an active regimen for blood glucose
control to prevent diabetes and diabetes complications; however,
drug therapy aloneis not sufficiently effective[4]. Diabetes can
be effectively treated when drug therapy is combined with
appropriate diabetes self-care of lifestyle factors such as diet,
exercise, and self-monitoring of blood glucose (SMBG) [5].

Mobile phones have recently been actively used for changing
diabetes self-care behaviors. According to a health report from
Intercontinental Marketing Servicesin 2015, diabetes self-care
mobile phone apps were the second most common type of
chronic disease management apps [6]. Diabetes self-care apps
can provide various functions as listed below [6,7]:

1. Providing information in various formats such as text,
images, and videos.

2. Allowing usersto record their diabetes self-care behaviors.

3. Displaying diabetes self-care behaviors in charts and
diagrams.

4. Providing tailored recommendations based on the history
of diabetes self-care behaviors entered by users.

5. Providing remindersto perform diabetes self-care.

6. Enabling real-time communication between the medical
provider and patient.

Diabetes self-care apps that manage lifestyle factors such as
diet, exercise, and medication adherence have been shown to
be effective in reducing the blood glucose level. A systematic
review and meta-analysis of diabetes self-care apps found that
they had a significant improvement in glycemic control [8,9].

However, existing diabetes self-care apps were developed
without a theoretical framework to explain the process of
changesin diabetes self-care behaviors[10]. Even though there
are apps providing evidence-based interventions, they are not
tailored to the level of knowledge and status of the diabetes
self-care behaviors of the patients [11]. There are only a few
apps reflecting user requirements [12] such as providing
reminders, utilizing social media, and having an interface with
a glucometer for facilitating diabetes self-care [13].

This study developed a diabetes self-care app based on the
information-motivation-behavioral skills (IMB) model, which
is a behavioral change theory for explaining the process of

http://diabetes.jmir.org/2019/2/€11590/

changing diabetes self-care behaviors and user reguirements
determined through focus group interviews. The app provides
evidence-based tailored information, providesreminders, utilizes
social media, and has an interface with a glucometer [14]. The
American Association of Diabetes Educators (AADE)
recommended evaluating changes in diabetes self-care using
the IMB model [15]. On the basis of the AADE's
recommendation, the developed app implemented an information
factor to evaluate diabetes education, a motivational factor to
evaluate cognitive changes, and a behaviora skills factor to
evaluate the self-efficacy of diabetes self-care behaviors [16].

Objectives

This study evaluated the diabetes self-care app by measuring
knowledge about diabetes and diabetes self-care as an
information factor, individual and socia motivation as a
motivational factor, diabetes self-care skillsasbehavioral skills,
and blood glucose levels as the outcomes.

Methods

Participants and Procedures

We conducted a single-group pre- and postintervention study
with a convenience sample of diabetes patients to evaluate the
diabetes self-care app devel oped in this study [14]. Participants
were recruited by applying the following inclusion criteria:
being older than 19 years, diagnosed with diabetes, and owning
an Android phone. We recruited patientswith diabetesregardless
of diabetes types based on the previous intervention studies
[15,16]. The sample size was 38, which exceeded the required
sample size of 34 estimated for a 2-sided significance level of
.05, a dtatistical power of .80, and an effect size for the
intervention of .5 [8].

The research process consisted of the following steps (Figure
1):

1 We recruited study participants by posting a call for
participation on 5 self-help websites for patients with
diabetes from August 1 to 17, 2016.

2. We surveyed patients with diabetes who agreed to
participate using aquestionnaire to obtain information about
their personal motivation, social motivation, behavioral
skills, and behaviors.

3. We provided the subjects with a manual and tutorial video
on how to use the diabetes self-care app.

4. The diabetes self-care app applied for 4 weeks provides
educational material with recommendations about writing
a diary, recording, goal setting, sharing, communication,
feedback, and interfacing with the glucometer.

5. We surveyed the IMB-DSC factors after the 4-week
intervention using the same questionnaire used in the first
step.

6. We used an open-ended questionnaire to survey the
subjects’ experiences with using the diabetes self-care app
and identify how functions of the app influenced the
changesin IMB-DSC factors.
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Figure 1. Research process applied in this study. DSM: diabetes self-management; IMB-DSC: Information-Motivation-Behavioral skills model of

Diabetes Self-Care.

This study was approved by the institutional review boards at
the Seoul National University (approval # 1510/002-009).

Theoretical Framework

Thetheoretical framework used in this study is presented bel ow
(Figure 2). The app was constructed by adding an index for the
physiological outcomes to the IMB-DSC proposed by Osborn
[17] adapted from the IMB model of Fisher et al [18]. It consists
of 6 factors: information, personal motivation, social motivation,
behavioral skills, behaviors, and physiological outcomes.
Information, personal motivation, and social motivation are
correlated with each other and affect behavioral skills and
behaviors. Diabetes self-care behavioral skills affect diabetes
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XSL-FO

RenderX

self-care behaviors, whereas diabetes self-care behaviors affect
blood glucose levels as the physiological outcomes.

Intervention

The app used in this study for intervention was developed by
the authors, and the technical aspects such as its algorithm,
heuristic, and usability were tested [14]. Our diabetes self-care
app developed in the previous work was designed to be
user-centered through focus group interviews, provided
evidence-based tail ored interventions with knowledge extracted
from clinical practice guidelines, and integrated diverse
functions such as education, recommendations, goal setting,
recording, diary writing, social networking, feedback, reminders,
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and interface with a glucometer. We pilot tested the diabetes
self-care app for usability with 14 diabetes patients.

Figure 3 shows how the diabetes self-care app functions are
related to the components of the theoretical framework (Figure
3):

1. Evidence-based education and personalized
recommendations were included to facilitate the provision
of information.

Jeon & Park

2. Sdf-reflective diary writing, recording diabetes self-care

behaviors, and individual goal setting were included to
increase persona motivation.

3. Sharing with other patients and communication with health

care providerswere included to increase social motivation.

4. Feedback and visualizing blood glucose trends were

included to improve behavioral skills.

5. Finaly, awireless glucometer interface (via Bluetooth) for

receiving blood glucose data automatically was included
to promote diabetes self-care behaviors.

Figure 2. The modified Information-Motivation-Behavioral skills model of Diabetes Self-Care.
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M easurements and Outcomes

We measured the general characteristics of the study
participants, their history of diabetes self-care app usage,
IMB-DSC factors, blood glucose levels, and surveyed their
experiences with using the diabetes self-care app. We pilot
tested the readability of thetools measuring 5 IMB-DSC factors
with 14 diabetes patients [14].

General Characteristicsand History of Using a Diabetes
Self-Care App

Demographic and clinical information including age, gender,
type of diabetes, and duration of diabetes were collected in the
beginning of the study using a survey. The number of diabetes
self-care app functions used was collected at the end of the
study. The diabetes self-care app includes functions for
recording diabetes self-care behaviors (diet, exercise, blood
glucose level, medication adherence, blood pressure, and

http://diabetes.jmir.org/2019/2/€11590/
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weight), providing reminders, glucometer interfacing, diary
writing, and sending text messages to the health care provider.

I nformation-Motivation-Behavioral Skills Mode! of
Diabetes Self-Care Factorsand Physiological Outcomes

Diabetes self-care information was measured using the Diabetes
Knowledge Test (DKT), which consists of 14 items measuring
the general knowledge about diabetes and diabetes self-care
[19]. The rdiability of the DKT was measured by a Cronbach
alphaof .67 in this study and of .71 in the study by Choi [20].

Diabetes self-care personal motivation was measured using the
third version of the Diabetes Attitude Scale (DAS-3). The
DAS-3 measures blood glucose control (3 items) and patient
autonomy (8 items) using a 5-point scale ranging from 1
(strongly disagree) to 5 (strongly agree) [21]. The reliability of
blood glucose control and patient autonomy in DAS-3 was
measured by Cronbach alphavaluesof .57 and .71, respectively,
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in this study and .63 and .72, respectively, in the study by Choi
[20].

Diabetes self-care social motivation was measured using the
Diabetes Family Behavior Checklist (DFBC). The DFBC
consists of 5 items with a5-point scale ranging from 1 (“not at
al”) to 5 (“at least once a day”) to measure socia support in
diabetes self-care [22]. The reliability of DFBC was measured
by a Cronbach alpha of .84 in this study and of .87 in the study
by Chang and Song [23].

Diabetes self-care behavioral skills were measured using the
behavioral skills assessment tool that is part of the Diabetes
Self-Management Assessment Report Tool (D-SMART). The
tool consists of 20 items in 6 subcategories (diet, exercise,
SMBG, medication, reducing risk factors, and problem solving)
that are scored on a 4-point scale ranging from 1 (“I can't do
it") to 4 (“I can do it for sure’) [24]. The reliability of the
behavioral skills assessment tool of D-SMART was measured
by a Cronbach alpha of .89 in this study and of .62 in the study
by Choi [20].

Diabetes self-care behaviorswere measured using the behaviors
assessment tool of the D-SMART, which consists of 39 items
in the 6 subcategories used to measure diabetes self-care
behavioral skills [24]. The reliability of that behavior's
assessment tool was measured by a Pearson correlation
coefficient of .79 in this study and of .73 in the study by Choi
[20].

The physiological outcomes of the preprandial and postprandial
blood glucose levels were measured by a glucometer.

Experiences With Using the Diabetes Self-Care App

We used an open-ended questionnaire to survey the experiences
of the subjects with using the diabetes self-care app during the
4-week study period. The questionnaire asked whether
IMB-DSC factors had improved, and if they had, which aspects
of the app had contributed to these improvements.

Data Analysis

The collected data were analyzed using SPSS (version 22.0;
SPSS Korea). The general characteristics of the subjects and
the usage history of the diabetes self-care app were analyzed
with descriptive statistics such as the mean and SD. Whether
the IMB-DSC factors and the blood glucose level conformed
to anormal distribution wastested using the Shapiro-Wilk test.
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Differences in IMB-DSC factors and the blood glucose level
between pre and post intervention were analyzed using paired
t tests when normality was satisfied and using Wilcoxon
signed-rank tests in the other cases. We also analyzed the
differencesin IMB-DSC factors by gender, age (below average
and above), diabetes type, and length of the condition (under 1
year and other). The normality in subgroups was tested, and a
Wilcoxon singed-rank test was performed when normality was
violated. Finally, the directed dependencies among the
IMB-DSC factors were tested using the path analysis with
postintervention values.

Results

General Characteristics of the Study Subjects

Demographic and clinical characteristics of the participantsare
presented (Table 1). More than half of them were male, their
mean age was 43.87 years, and the largest proportion of them
were in their 40s (n=18, 47%), followed by their 30s (n=11,
29%). Of the 38 participants, 30 (79%) had type 2 diabetes and
8 (21%) had type 1 diabetes. The mean duration of diabeteswas
16.25yearsin type 1 diabetesand 6.26 yearsin type 2 diabetes.

Usage History of the Diabetes Self-Care App

The diabetes self-care app was accessed an average of 21.79
times during the 4-week study period, ranging from 11 to 33.
The most frequently used function was the recording function,
with 34 out of 38 subjects (89%) using it. The next most
frequently used functions were providing reminders and the
glucometer interface, with 22 out of 38 subjects (58%) using
these functions (Table 2).

Differencesin I nformation-M otivation-Behavioral
Skills M odel of Diabetes Self-Care Factors

The preintervention scores, postintervention scores, and results
of tests of the changes in IMB-DSC factors are presented in
Table 3. Diabetes self-care socia motivation differed
significantly before (mean 12.16 [SD 5.48]) and after
intervention (mean 13.87 [SD 6.81]; P=.05), as did diabetes
self-care behaviors (mean 40.84 [SD 7.30] and mean 42.58 [SD
5.92], respectively; P=.02). However, there was no significant
differenceininformation (P=.85), personal motivation (P=.57),
or behaviora skills (P=.89) between before and after use of the
diabetes self-care app.

JMIR Diabetes 2019 | vol. 4 | iss. 2 [e11590 | p.61
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES Jeon & Park

Table 1. Demographic and clinical characteristics of the participants (N=38).

Characteristics Participants
Gender, n (%)
Male 23(61)
Female 15 (39)
Age (years), n (%)
20-29 1(3)
30-39 11(29)
40-49 18(47)
50-59 6 (16)
60-69 2(5)
Type of diabetes, n (%)
Typel 8(21)
Type 2 30(79)
Duration of diabetes (years), mean (SD)
Typel 16.25 (14.83)
Type 2 6.26 (7.27)

Table 2. Numbers of subjects using the various diabetes self-care app functions (N=38).

Function Total uses, n Subjects, n (%)
Recording 3118 34 (89)
Reminders 55 22 (58)
Glucometer interface 1892 22 (58)
Sharing 56 10 (26)
Communication 10 10 (26)

Table 3. Comparison of independent variables between pre- and postintervention (N=38).

Variable Maximum, n  Preintervention, mean (SD)  Postintervention, mean (SD)  tor Zvalue P value
Diabetes self-care information 14 10.92 (1.78) 10.87 (2.37) -19 .85
Diabetes self-care personal motivation 45 33.29(3.30) 33.36 (2.79) _578 .57
Diabetes self-care social motivation 25 12.16 (5.48) 13.87(6.81) 2.06 0osP
Diabetes self-care behavioral skills 72 54.89 (8.10) 54.08 (7.55) _142 .89

Diabetes self-care behaviors

Total 73 40.84 (7.30) 42,58 (5.92) 2.54 02°
Diet 15 9.34(2.08) 9.87 (2.27) 1308 17
Exercise 12 7.68(3.20) 7.63(2.79) —592 56
Self-monitoring of blood glucose 7 5.34 (2.23) 5.92 (1.44) -1.932 .05°
Problem solving 20 5.55 (2.91) 6.11 (3.09) —2.07 4P
Reducing risk factors 19 12.92 (3.23) 13.05 (2.85) 0.38 71

Ailcoxon signed-rank test done.
bp< 05.
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Differencesin I nformation-M otivation-Behavior al
SkillsM odel of Diabetes Self-Car e Factor sby General
Char acteristics

Therewere no significant differencesin changes of information,
personal motivation, and behavioral skills before and after
intervention by general characteristics such as sex and age.
However, there were significant differencesin changes of social
motivation and behavior before and after intervention by type
of diabetes and length of condition. In detail, diabetes self-care
social motivation in the type 1 diabetes group differed
significantly before (mean 11.38 [SD 5.37]) and after the
intervention (mean 14.75 [SD 5.52]; P=.05), as in length of
condition lessthan the 1-year group differed significantly before

Jeon & Park

(mean 11.40 [SD 4.54]) and after the intervention (mean 13.36
[SD 6.02]; P=.03; Table 4).

Diabetes self-care behavior in thetype 2 diabetes group differed
significantly before (mean 40.87 [SD 7.89]) and after the
intervention (mean 42.89 [SD 6.41]; P=.02), as in length of
condition over the 1-year group differed significantly before
(mean 38.15 [SD 8.28]) and after the intervention (mean 41.54
[SD 6.50]; P=.02; Table5).

Diabetes-Related Physiological Outcomes

The preprandia blood glucose level was not different
significantly before and after theintervention using the diabetes
self-care app (P=.67), but there was a trend in decreasing the
postprandial blood glucose level (mean 162.65 [SD 52.91] and
mean 137.29 [SD 34.63] mg/dL, respectively; P=.09; Table 6).

Table 4. Differencesin social motivation factor by general characteristics (N=38).

Variable Samples, n Preintervention, mean (SD)  Postintervention, mean (SD) tor Zvaue P value
Type of diabetes
Typel 8 11.38 (5.37) 14.75 (5.52) -1.902 .05°
Type 2 30 12.37 (5.44) 13.63(7.18) 1.28 21
Duration of diabetes
Under 1 year 13 13.62 (6.92) 14.85 (8.31) 67 51
Over 1 year 25 11.40 (4.54) 13.36 (6.02) 2.29 o03°
Ailcoxon signed-rank test done.
bp<.05.
Table5. Differencesin diabetes self-care behavior factor by general characteristics (N=38).
Variable Samples, n Preintervention, mean (SD)  Postintervention, mean (SD)  tor Zvalue P value
Type of diabetes
Typel 8 40.63 (4.81) 41.00 (2.93) _342 73
Type 2 30 40.87 (7.89) 42.89 (6.41) 2.58 o020
Duration of diabetes
Under 1 year 13 38.15 (8.28) 41.54 (6.50) 2.91 020
Over 1year 25 42.20 (6.46) 43.04 (5.58) 1.03 31
Ailcoxon signed-rank test done.
bp<.05.
Table 6. Comparison of blood glucose |evels between pre and postintervention.
Time Preintervention (mg/dL), mean (SD)  Postintervention (mg/dL), mean (SD) tor Zvalue P value
Preprandial (n=8) 125.70 (53.99) 129.14 (34.56) 40 .67
Postprandial (n=18) 162.65 (52.91) 137.29 (34.63) -1.79 .09

Ailcoxon signed-rank test done.

http://diabetes.jmir.org/2019/2/€11590/

RenderX

JMIR Diabetes 2019 | vol. 4 | iss. 2 [e11590 | p.63
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES

Jeon & Park

Figure4. Theresult of path analysisfor Information-Motivation-Behavioral skillsmodel of Diabetes Self-Care. Asterisk signifies significance at P<.05

and double asterisk signifies significance at P<.01.
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information (coefficient=1.01; P=.008) and social motivation
(coefficient=.41; P=.002), and diabetes self-care behavior skills
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were significantly affected by social motivation (coefficient=.36;
P=.05; Figure 4).

Experiences With Using the Diabetes Self-Care App

The narratives of the 28 participants who responded to the
open-ended questionnaire about their experiences with using
the diabetes self-care app are presented (Table 7).

Table 7. Comments from the survey of experiences with using the diabetes self-care app (N=28).

Factor Comments

Diabetes self-care information

“The diabetes self-care app provided general information about diabetes care.”

“The information provided by the diabetes self-care app may be helpful to the early onset diabetic.”

“More specific information is needed.”

Diabetes self-care personal motivation

“1 am managing myself before using the diabetes self-care app, so | am not sure about the change.”

“Seeing my records of diet and exercise is motivating me.”

“Through the diabetes self-care app, the goal of blood glucose control was re-recognized.”

“1 was more interested because | had to check daily in the diabetes self-care app about foot care.”

Diabetes self-care social motivation

“| liked the ‘Like' function.”

“With the diabetes self-care app, | felt like sharing similar experiences.”

“1 was stimulated by watching other people’s blood sugar on the bulletin board.”

Diabetes self-care behavioral skills
level”

Diabetes self-care behaviors

“The diabetes self-care app has helped me realize that it is difficult to lower an elevated blood glucose

“The glucometer interface made it possible to conduct blood glucose tests at both work and home.”

“It is convenient to input the blood glucose value via the glucometer interface.”

Discussion

Overview

The purpose of this study was to improve the factors of
IMB-DSC, which was validated from previous papers
[17,18,25]. As aresult, the diabetes self-care app developed in
this study was effective in promoting diabetes self-care
behaviors and diabetes self-care social motivation and in
reducing the blood glucose level. However, it did not have a
significant effect on diabetes self-care behaviora skills, diabetes
self-careinformation, or diabetes self-care personal motivation.
In addition, the causal relationship of factors of the IMB-DSC

http://diabetes.jmir.org/2019/2/€11590/
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was analyzed by path analysis with postintervention
measurements. As the number of subjects in this study was
small, it was not possible to perform a structural equation
modeling (SEM) analysiswhich can handle measurement error
and indirect effect.

Diabetes Self-Care I nfor mation

Diabetes self-care information did not change significantly
between before and after use of the app. Our study subjects had
high initial scores for diabetes self-care information, so there
was not much room to improve after using the app. The initial
diabetes self-care information score was much higher in this
study than that by Choi, which found significant changes
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between before and after use of an app [20]. This differencein
the initial diabetes self-care information scores between the 2
studies could have been because of the present subjects being
younger, making them better able to acquire information using
their mobile phones compared with the participantsin the study
by Choi.

Another possible reason for the absence of asignificant increase
in the diabetes self-care information could bethelarge variance
inthe duration of diabetes. The survey of experienceswith using
the diabetes self-care app revealed that the participantswho had
along history of diabetes considered the app to be more useful
for peoplewith early-stage diabetes than for long-term patients.
It, therefore, appears to be necessary to provide different sets
of diabetes self-care information tailored to patients at different
stages. For example, more general information about diabetes
and diabetes complications could be provided to early-stage
patients and more advanced and specific information about
diabetes self-care behaviors could be provided to long-term
patients [20,25].

Diabetes Self-Care Personal Motivation

Diabetes self-care personal mativation did not change
significantly between before and after use of the app. Thiscould
have been due to the intervention period of 4 weeks being too
short to change personal motivation. Previous studies have
suggested that long-term interventions lasting more than 6
months are needed to change diabetes self-care personal
motivation [25]. Besides, it is difficult to change personal
motivation by an online intervention such as writing a diary,
recording, and setting agoal alone. A previous study suggested
using face-to-face consultation such asreflective listening [ 17].

Diabetes Self-Care Social M otivation

Diabetes self-care socia motivation differed significantly
between before and after use of the app. We introduced a
bulletin board where the participants could use to share their
diabetes self-care experiences and express empathy with other
participants, with the aim of promoting social motivation.
Increase in social motivation with using the bulletin board is
consistent with the findings of previous studies in which the
participants shared their know-how about diabetes self-care and
feelingswith other patientswith the same disease [25-27]. This
finding was al so confirmed in the open-ended diabetes self-care
app experience survey in which study participants expressed
that they felt like sharing similar experiences using the bulletin
board.

Diabetes Self-Care Behavioral Skills

Diabetes self-care behavioral skills did not differ significantly
between before and after use of the app. Previous studies have
recommended the need to demonstrate skills to promote
behavioral skills [20,28]. However, we did not provide
face-to-face education to increase diabetes self-care behavioral
skills; instead, information on diabetes self-care was provided
on an app. We suggest providing diabetic patients with
information about diet and exercise planning as well as blood
glucose measurement scheduling using the simulation technique
proposed by Osborn [17].
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Diabetes self-care behavioral skillswas not significantly affected
by diabetes self-careinformation, whichissimilar to thefindings
of Choi [20]. Diabetes self-care behavioral skills were not
significantly affected by personal motivation either. However,
diabetes self-care social motivation significantly affected
diabetes self-care behavioral skills (coefficient=.36; P=.05).
These findings were different from those of the previous study
[20]. However, it is difficult to directly compare the results of
this study with those of the previous study as Choi combined
personal motivation and social motivation into a single
motivation metric [20].

Diabetes Self-Care Behaviors

There were significant changes in diabetes self-care behaviors
between before and after use of the app, especially in SMBG
and problem solving. We provided a wireless glucometer
interface to receive data on the blood glucose level automatically
to minimize the amount of manual input required, which isin
accordance with the suggestion of Intercontinental Marketing
Servicestoimprove SMBG [6]. A wireless glucometer interface
function could have improved SMBG in this study.

Our path analysis showed that information (coefficient=1.01;
P=.008) and socia motivation (coefficient=.41; P=.002)
significantly affected diabetes self-care behaviorsin this study.
The effect of social motivation on diabetes self-care behaviors
was consistent with the findings of previous studies [25,29].
Increasing social motivation will contribute to increasing
diabetes self-care behaviors, but the effect of diabetes self-care
information on diabetes self-care behaviors varied in previous
studies[20,25,30]. Thesediscrepancies could have been because
of diabetic knowledge measurement tools often requiring more
general knowledge on diabetes or diabetic complications than
the knowledge required to perform diabetes self-care behaviors
[20].

Diabetes self-care personal motivation did not significantly
affect diabetes self-care behaviorsin this study, which contrasts
with the findings of Osborn and Egede [28]. This could be
because of adifferencein how the motivation of the IMB model
was measured: Osborn and Egede measured diabetes self-care
personal motivation based on diabetes fatigue [28], whereas it
was measured based on the attitude to diabetes in this study.

Diabetes self-care behavioral skills did not significantly affect
diabetes self-care behaviors in this study. This directly
contradicts the finding of Choi [20], which is the only other
study that has measured behavioral skillsin the sameway asin
this study.

Physiological Outcomes

There was a trend toward significant changes in physiological
outcomes before and after using the app, especialy in the
postprandial blood glucose level. This is consistent with the
systematic review of Liang et a finding that adiabetes self-care
app was effective at improving glycemic control [8,9]. The
diabetes self-care app devel oped in this study appearsto reduce
the blood glucose level by improving diabetes self-care
behaviors. According to the AADE, improvements in diabetes
self-care behaviors such as diet, exercise, SMBG, problem
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solving, and reducing risk factors are effective for blood glucose
control [5].

The limitations of this study are as follows: First, it was
developed based on Android and so excluded other maobile
phone operating systems such as iOS, Windows, and
Blackberry OS. Second, although there are some studies that
performed a short intervention for 4 to 6 weeks to improve
diabetes self-management [16,31,32], the long-term effect of
diabetes self-care app cannot be confirmed in this study.
Therefore, a long-term study of at least 3 to 6 months is
necessary to evaluate the change of glycated hemoglobin
reflecting the blood glucose level over the previous 3 months
and the personal motivation factor representing belief and
attitude about health. Finally, astructural equation model could
not be established to explain the effect of the functions provided
when using the diabetes self-care app because of the small

Acknowledgments

Jeon & Park

number of study subjects. A future study needs to conduct an
SEM analysisto identify the relationships of IMB-DSC factors
with the diabetes self-care app.

Conclusions

We have developed a diabetes self-care app based on the IMB
model that provides personalized education and information to
promote diabetes self-care information according to the
knowledgelevel and behavior status of patients, abulletin board
that allows patients to communi cate and sympathize with other
diabetes patients, and an interface with aglucometer to improve
diabetes self-care behavior factors. This study found that the
intervention did not produce any significant changesin personal
motivation or behavioral skills; thesefactors could beimproved
by providing face-to-face counseling or practicing strategiesin
combination with using the diabetes self-care app.
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Abstract

Background: The World Health Organization notes that diabetes, a chronic disease, is a silent epidemic, and by 2020 there
will be a54% rise in the total number of individuals diagnosed with this disease. These are alarming figures that have significant
repercussions for the quality of life of individuals and their families as well as for the financia stress of health care systems
globally. Early detection and proactive management of diabetes is essential. The Diamond solution provides diabetes
self-management by enabling patients to send details about their blood sugar readings at specific times to their nominated care
coordinator to receive recommendations for diet and exercise and insulin titration.

Objective: The aim of the study was to assess the usability, acceptability, and fidelity of the Diamond diabetes monitoring
device for patients with gestationa diabetes mellitus (GDM). Specifically assessed were (1) patient compliance, (2) patient
satisfaction, (3) level of glycemic control achieved, and (4) health professional satisfaction.

Methods: Using a design science research perspective, the Diamond diabetes monitoring device solution was adapted to the
Australian health care environment. Once the sol ution was deemed fit for purpose by the director of the OB/GY N clinical institute
and on securing all relevant ethics approvals, a 2-period 2-arm nonblinded crossover clinical trial was conducted for 8 weeks
total time with crossover at 4 weeks to establish proof of concept, usability, and fidelity. The patient perspective was assessed
by using structured questionnaires at 4 specific stages of the project, while the clinician perspective was captured via semistructured
interviews and unstructured questionnaires.

Results: The 10 patients studied reported preferring standard care with the technology solution to standard care alone. Further,
all cliniciansinvolved concurred that the technol ogy solution greatly assisted their ability to provide higher value patient-centered
care. They also noted that it was extremely helpful for assisting in systematically monitoring glucose levels and any/all changes
and trends.

Conclusions: Based on theseinitial findings, we offer a holistic pervasive approach to enable the achievement of value-based,
patient-centered carein chronic disease management. Key lessonsinclude the importance when designing such solutionsto focus
on the two primary user groups (patients and clinicians).

(JMIR Diabetes 2019;4(2):€10368) doi:10.2196/10368

KEYWORDS

diabetes; gestational diabetes; chronic disease management; value-based care; mobile health; power knowledge; Australian health
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Introduction

Diabetes mellitusis one of the leading chronic diseases, and its
prevalence continues to rise exponentially. The number of
diabetes patients worldwide is estimated to rise to 366 million
in 2030 from 171 million in 2000 [1]. Australiais expected to
be a significant contributor to this projected trend. As of June
2016, more than 1.2 million Australians had been diagnosed
with diabetes and were registered with the National Diabetes
Services Scheme [2]. This number represents those diagnosed
with type 1, type 2, and gestational diabetes.

An estimated 280 Australians devel op diabetes every day [2,3].
Moreover, for every person diagnosed with diabetes, it is
estimated that there is another who has yet to be diagnosed,
which doubles the number of people with diabetes. If
uncontrolled or poorly managed, diabetes can lead to chronic
vascular and kidney diseases, strokes, heart attacks, eye diseases,
and neuropathy and, for some individuals, amputations of
extremities and limbs [4,5]. Furthermore, diabetes and its
complications incur significant costs for the health system in
Australia, including costs incurred to careers, government, and
the entire health system.

Treatment of women with gestational diabetes mellitus (GDM)
aims to control maternal, and therefore fetal, hyperglycemia
and the associated tendency of fetal hyperinsulinemia, which
is at the root of fetal complications [6]. After many years of
uncertainty asto the value of such treatment in GDM, two key
trials have now shown benefit for both mother and fetus for
antenatal initiation of lifestyle modification and glucose
monitoring coupled with insulin therapy as necessary [7,8].
Antenatal treatment of detected mild GDM was al so associated
with improved health status for women during the antenatal
period and at 3 months after birth, with less postnatal depression
[8]. Specifically, thereisagreement in the literature that specific
self-management activitiesincluding glucose monitoring, dietary
restrictions, and exercise regimes can result in good outcomes
for mothers and babies, suggesting that self-management
behaviorscan becritical [7,9]. Morerecently in Australia, there
has been alowering of the threshold level for when a pregnant
woman is classified as having GDM, whichimmediately led to
asignificant increase in the number of women diagnosed with
GDM over and above the growing trend that has been occurring.
This change in classification makes it even more pressing to
find a suitable solution.

Early detection and proactive management of diabetes is
essential [10,11]. A critical treatment imperative is to provide
patients with diabetes appropriate monitoring to enable better
assessment and control of blood glucose and prevent further
complications [12]. It is also essentia that a cost-effective
solution convenient to patientsand cliniciansand least disruptive
to the patient lifestyle be adopted [13].

Inet International developed a pervasive technol ogy solution to
facilitate patient empowerment with their care [14-17]. The
solution uses pervasive maobile technology to transfer critical
information between patient and providers, ensuing in superior
monitoring. This solution has proved successful in assisting to

http://diabetes.jmir.org/2019/2/e10368/

Wickramasinghe et al

lower hemoglobin A, (the universally recognized marker for
diabetes) in trials in Canada and the United States [12].

We report on the findings of our clinical study, based on our
holistic pervasive approach, to enable the achievement of
value-based care in chronic disease management that is
patient-centric and focuses on the two primary user groups
(patients and clinicians). Given that health care costs are an
important aspect of all health care agendas today, we frame our
recommendations against aval ue-based paradigm, aswebdlieve
this a responsible approach to take. Moreover, a key emergent
aspect of the study was the power-knowledge dynamic that
exists between patients and their clinical careteam. We expand
on thisfinding, noting how it might influence adoption and use
of the technology solution. In particular, we note that when
developing technology solutions, it isimportant to engage both
user groups; without clinician support and engagement, it is
unlikely that patientswill bewilling to adopt or use atechnology
solution.

The aim of this study was to assess the usability, acceptability,
and fidelity of the pervasive technology solution (Diamond, a
diabetes monitoring device) for patientswith GDM and thereby
establish proof of concept. Specifically, the study was designed
to assess (1) patient compliance, (2) patient satisfaction, (3)
level of glycemic control achieved, and (4) health professional
satisfaction. From this, we expected it would be possible to
develop a deeper understanding of the benefits, barriers, and
facilitators as well as any possible negative impacts of such
pervasive mobile solutions in supporting and enabling superior
chronic disease management. In addition, the study served to
answer the following research questions:

+ How does a mobile solution enable and support the
value-based care paradigm in the context of chronic disease
management?

« What are the benefits and suitability of such a pervasive
technology solution to self-care?

+  What arethekey barriersand facilitatorsfor the application
of apervasive technology solution to support GDM patient
care?

«  What are the possibilities of applying the tools and
techniques of data science to enable precision health care
delivery and inform public health careinitiativesregarding
better chronic disease management practices and protocols?

+ Arepatientsinfluenced and persuaded by their clinician to
adopt the solution and is this important in choosing the
solution?

Methods

Study Site

The data site chosen to conduct our study, a large tertiary,
not-for-profit health care system, is situated in Melbourne,
Australia. The Australian health care system is essentialy a
two-tier complementary system [18]. Thismeansthat all citizens
and permanent residents have basic health care provided by a
national government scheme called Medicare and can choose
to take on additional coverage viaprivate health careinsurance.
In Australia, the health care system has historically been

JMIR Diabetes 2019 | vol. 4 | iss. 2 |e10368 | p.70
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES

centered on the practitioners and service providers. Itisahighly
fragmented system with both state and federal government
jurisdiction. Hence, there exist many types of health care
providers from solo practice to public hospitals (government
hospitals) to varioustypes of private hospitals. The chosen data
siteisin the private system; hence, patients receiving treatment
at this hospital must have private insurance. In addition, the
hospitalsin this system are tertiary, which means they conduct
leading research to strive to discover better waysto treat medical
issues, and their not-for-profit status means that any surplusis
reinvested into the system.

Diamond Diabetes M onitoring Device

The Diamond solution was devel oped by the Canadian company
Inet International to provide diabetes self-management and
monitoring to all patients diagnosed with diabetes. Key aspects
of the solution include full compliance with the US Headlth
Insurance Portability and Accountability Act; it is totaly
pervasive in that it works on any mobile platform (Android,
i0S, etc) and it requires co-use or coadoption by the patient and
their clinical care team.

Diabetic patients provided with the Diamond solution are able
to send details about their blood sugar readings at specific times
(ie, before breakfast, 2 hours after breakfast, 2 hours after lunch,
and 2 hours after dinner) to their nominated care coordinator
(typically adiabetic educator or endocrinologist or other doctor).
On receiving thisinformation, the care coordinator will respond
to the patient with recommendations for diet and exercise and
insulin titration. Thisexchange happensin real time. In addition,
the solution keeps alog of diet and exercise activity and insulin
use and graphs the blood sugar readings over time so that both
patient and care coordinator can observe what is happening at
any time.

Ethics

The Australian research code of ethics classifies any clinical
intervention on pregnant women at the highest risk and, hence,
the ethics processis at anational approval level and very strict.
Ethics approval was received from the Epworth Human
Research Ethics Committee, but the ethics committee limited
the sample to 10 patients given that the clinical study was the
first of itskind to be administered on pregnant women, and thus,
fell into a high-risk category; if a patient dropped out, for
whatever reason, we were able to add another patient.

To tailor the chosen pervasive technology solution, Diamond,
to the specific health care context of the data site as well as
comply with legal and ethical requirements for use of a
technology solution in a study with pregnant women, it was
necessary to make several tweaksto the technol ogy solution so
that it was both compliant and fit for purpose. We complied
with all requirements and secured all necessary ethics
clearances; to do this in a systematic fashion, we employed a
design science research methodology approach (Multimedia
Appendix 1).

Resear ch Design

A 2-period, 2-arm crossover clinical trial strategy [19] with an
8-week duration per patient was adopted with two equal periods
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of 4 weeks each (Figure 1). As we wanted to understand the
benefits, if any, of using a technology solution in addition to
standard care protocols, it was necessary to have 2 arms to the
crossover study design so that all patients experienced standard
care and standard care plustechnology. One arm was the control
(ie, standard treatment of GDM by the hospital) and the other
arm wasthe intervention (ie, standard care plustechnology). In
compliance with ethics regulations and laws in Australia, no
patient can be denied standard care, so theintervention arm was
designed as standard care plus the technology solution.

Patients were offered the opportunity to participate in the trial
once a diagnosis of GDM had been made based on a glucose
tolerance test administered between 26 and 28 weeks of
pregnancy. Enrollment in the study was done by the
endocrinologist under the supervision of the consultant
obstetricians and wastotally optional . At thetime of enrollment,
all pertinent information regarding the study was shared with
patients including the crossover strategy employed. Patients
were asked to complete a short questionnaire exploring
demographic details, their familiarity with technology in general,
and their understanding of GDM. Following enrollment in the
study, patients were randomly allocated to either the standard
care or standard care plus technology arm of the study. All
patients were then educated in the technique of blood glucose
monitoring by a diabetic educator as per standard clinical
practice. They were also educated in the use of traditional or
technology-based recording techniques for blood glucose.

On the advice of the obstetrics and gynecology professionals,
the duration was set at 8 weeks. Thiswas deemed suitable as it
was unlikely a baby would be delivered during this time frame
and we would have timefor the patient to experience both arms
of the study. Hence, crossover was set at 4 weeks. As noted by
Rigby [19], it is ideal to have a crossover time so that all
participants can experience treatment with and without the
technology and then comment on the differences. It is also
recommended to have participants start with the technology
solution and crossto without and vice versaso that it ispossible
to identify any biases more easily with technology use. The
patient perspective was assessed at four specific stages of the
project (Multimedia Appendix 2, part A):

«  Structured questionnaire at the start of the project

«  Structured questionnaire at the end of using standard care

«  Structured questionnaire at the end of using the technology
solution in conjunction with standard care

«  Structured questionnaire at the end of the project

We note that to comply with ethics requirements, we did not
interview patients at the completion of the study as it was
considered too much stress and imposition on a new mother.

As there were two key user groups, patients and clinicians, it
was necessary to also understand findings from the clinical
team. The clinical care perspective included a focus on three
key members of the patient care team: obstetrician,
endocrinologist, and diabetes educator. These individualswere
presented unstructured questionnaires to complete at the start
and end of the study and were also invited to an interview where
they were asked unstructured and semistructured questions
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about the study and their opinions on the role and benefit of the

Figure 1. Study design. GDM: gestational diabetes mellitus.

Weeks 1-4

Standard care:

patients receives
standard care treatment
for GDM.

At the end of the 4-week

Patients diagnosed with
GDM are randomly

period, patient completes
assigned to arm 1 or arm
2. Consent forms are

short questionnaire
signed, and patients are /

briefed on the project, >
informed about their
rights and responsibilities
and asked to complete a
short questionnaire

Intervention arm:
standard care +
technology

At the end of the 4-week
period, patient completes
short questionnaire.

Clinicians participated in both arms of the study and were asked
about the crossover aspects during their interview at the end of
the study. It was our desire to have questionnaires for the
clinicians at the point of crossover, but ethics reviewers stated
that this was superfluous and clinicians should not be given
more questionnaires than necessary, so they were removed to
comply with ethics requirements. The objective of the
guestionnaire at the start of the study was to assess ease of use
with technology in day-to-day life determined by mobile
solution used and frequency of use. The questionnaire at the
conclusion of the study was designed to ascertain overall
satisfaction with the technology solution and allow for any
recommendations moving forward.

Results

To address the stated aims and answer the research questions,
this study analyzed the data from two key perspectives: patient
and clinician. Subscribing to the directives of Boyazis[20], the
gualitative data were analyzed by examining the occurrence
and freguency of the a priori themes and then any emergent
themes. Qualitative and qualitative data were collected from
the surveys conducted for both patients and clinicians as well
as from performing basic statistical analysis on the numbers of
patients in the study.

From the patient perspective, the key a priori themesincluded:
(1) health literacy and understanding regarding diabetes
management, (2) general familiarity with and use of mobile
solutions, (3) standard care, (4) technology solution, and (5)
suggestions to enhance the technology solution. Further,
thematic analysis served to uncover other resultsfrom the patient
data collected: (1) their supportive care team played abig role
intheir being comfortable with the technol ogy solution because
they trusted their doctor and were confident with the doctor’s
decision and (2) they were committed to doing whatever was
best for their unborn baby’s health, so having timely advice
made them feel they were doing the best for their baby.
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technology solution (Multimedia Appendix 2, parts B and C).

Weeks 5-8

Intervention arm:
standard care +
technology

At the end of the 4-week
period, patient completes
short questionnaire

All patients and
clinicians are
interviewed and
debrief takes place

Standard care:
patients has standard
care treatment for GDM

At the end of the 4-week
period, patient completes
short questionnaire

Overall, a wonderful initiative. This app makes it
easier for patients with GDM as it's quick to enter
readings, easy to track trends using graph on website
and an effective and efficient way to communicate
with doctors/nutritionists. For busy mums-to-be
especially this is a fantastic tool, easier than
remembering to call with readings each week.
Excellent concept! [Patient 02]

| could do it [ record and check blood glucose level g

any time of day that was suitable and convenient to

me. Knowing that someone was on the other end and

would contact me if there was a concern/further

information required. Info would beinwriting. Could

maintain privacy at work, no need to duck out to have

conversations and report BGL [ blood glucose level].

Didn't need pen and paper. [Patient 07]
Inaddition, all patients preferred to have standard care with the
mobile solution rather than the standard care approach only.
All patients used mobile phones daily and felt very comfortable
entering the required data. They all had a good understanding
of the protocols they should follow for GDM once they were
explained by their health care professional, and they complied
as best as they could. This is not uncommon, given most
mothers-to-be try to do what is in their unborn baby’s best
interests. At the conclusion of the study, many ideas for further
enhancement were provided by the patients, including having
a recommended food diary, assistance on where to get the
needed food, recommendationsfor alternate exercise, and voice
recognition to avoid data entry. All patients completed the four
guestionnaires.

For consistency, the same a priori themeswere used to examine
data collected from the clinicians. Overal, al the clinicians
preferred the technology solution over the standard care only
scenario. A total of 60% (6/10) of clinicians weretotally happy
using the app, and it was acceptable“asis’ for them, while 40%
(4/10) were happy with the solution but thought it could be
further enhanced and was only useful for typical GDM patients.

JMIR Diabetes 2019 | vol. 4 | iss. 2 [e10368 | p.72
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES

They had reservations about using the solution in the case of
complicated GDM patients. We note that, given ethics
clearances obtained, we could not include high-risk patientsin
the study, so we cannot show any results for high-risk patients.
Enhancements included keeping track of weight and blood
pressure on an ongoing basis and graphing these together with
the blood glucose levels.

Further, the clinicians concurred that the technology solution
greatly assisted their ability to save time and made the
monitoring of gestational diabetes more efficient and effective
and was extremely hel pful to assist in systematically monitoring
glucose levels, changes, and trends any time regularly. This
enabled them to provide better/optimal care for their patients;
as they noted, having the key data at the right time greatly
assisted them in making prudent decisions. They noted that even
1- to 2-point differencesin blood glucose in pregnancy can have
a severe impact on the fetus as it devel ops, given the resulting
relatively much higher concentration of fetal blood glucose. For
a tiny fetus, every extra second of exposure to a higher
concentration of blood glucose can lead to major issues at birth
and even throughout life.

In terms of usability, there were suggestions to change the
format of patient entry so that it was clear when blood levels
were seriously out of range versus slightly out of range. The
only concern from the diabetes educators pertained to
communicating with patients through the app rather than
face-to-face appointments when dealing with a large sample
size and the likely time requirements this would involve. It is
anticipated that with appropriate staffing and workflow
processes in place, this should not be an added burden, and it
will also lend itself to capturing large amounts of data in a
systematic fashion. These data can then be analyzed, so potential
benefits at a more population health-evel might ensue, which
in turn might lead to new insights into diabetes management,
treatment, and even prevention.

Thecliniciansin the study were particularly interested to further
investigate the potential of the dataand how data anal ytics might
be used to identify key trends. They noted that GDM istheleast
understood form of diabetes and having cohorts of dataon GDM
patients would provide immense value in assisting to better
understand this disease. They believe that the data collected
could be helpful to examine what diets and exercise and when
these occurred was best with GDM management aswell as other
factors including ethnicity and age. To get such arich picture
and understanding would assi st them to devel op better protocols
for their patients and even contribute to public health protocols.

The cliniciansidentified as amajor barrier hospital regulations
and legal and government aspects.

In obstetrics there is always much focus if things go
wrong—it is not good for the hospital, and the
government and legal issuesare complex, and it tends
to get quite emotional too. Thus it tends to be quite
conservative. Without hospital executive support, it
is not possible to move forward with technology
solutions. This is key, especially in our area.
[OBGYN 01]
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In addition, emergent themes developed that focused on the
need for coaching and education, need to redesign existing
operations to make the best use of the efficiency and
effectiveness potential the technology solution affords, and
concerns about time commitments required and managing
expectations regarding response rates by a member of the
clinical careteam. Finaly, cliniciansidentified that it would be
good to further enhance the solution to provide monitoring and
management postdelivery to ensurethat the mother still controls
her blood glucose levels.

Discussion

Principal Findings

On analysis of the collected data, we contend that acceptability,
usability, and fidelity were established as was initial proof of
concept of the solution. Specifically, al patients using the
technology solution with standard care had better management
of blood glucose levels and were able to monitor and manage
their GDM together with their clinician more effectively and
efficiently when compared with standard care only. This was
based on daily readings, examination of medical records and
reports, and patient and clinician feedback. We note that the
sample size was small (and this was due to ethics restrictions
as dready mentioned); however, we believe that by running
further confirmatory studies we can develop alarger evidence
baseto further demonstrate the benefits of the Diamond solution
for supporting and enabling superior care for patients with
GDM. Moreover, the study establishes the benefits of such
mobile solutions to both patients and their clinical careteamto
be used as an adjunct with standard care protocols. Specific
answers to each of the posed research questions are provided
in Multimedia Appendix 3. We note that while the results
obtained may only be pertinent in the context of GDM, the
developed framework can be generalized to other types of
diabetes and even other types of chronic careinterventions that
use mobile solutions. We plan to expand on this in our future
work.

Limitations

Like all studies, this study had a few limitations Sample size
was limited due to ethics requirement. Thisin turn means that
with such a small sample size generalizability is not possible.
However, this directional data gives insights as to what might
be appropriate in other contexts, which our follow-up research
will investigate more fully. In addition, only one hospital site
was used, and thus the patient catchment was limited not just
by sample size but also by hospital location; it would not be
unsurprising if hospitals located in different socioeconomic
areas had different demographicsfor the patient population. But
as noted earlier the results obtained serve to provide us with
initial insights and directional datafor our follow-up research.

Conclusions

We presented data from an exploratory clinical study designed
to establish proof of concept, in an Australian context, of a
specific pervasive mobile solution, the Diamond diabetes
monitoring device. All patients reported preferring standard
care with the technology solution over standard care aone.

JMIR Diabetes 2019 | vol. 4 | iss. 2 [e10368 | p.73
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES

Further, all clinicians reported that the technology solution
greatly assisted their ability to save time and made the
monitoring of GDM more efficient and effective and was
extremely helpful to assist in systematically monitoring glucose
levels, changes, and trends at any time more regularly. Based
on these findings, we contend that a pervasive technology
solution that is consistent with avalue-based care paradigm for
chronic disease management is important. Moreover, such a
solution should be patient-centric, focused on the two primary
user groups (patients and clinicians), and be used in conjunction
with standard care protocols. We believe such a solution has
the potential to represent a paradigm shift for diabetes care and
chronic disease management in general. It is likely that the
consequent paradigm shift in the approach to treating chronic

Wickramasinghe et al

diseases such as diabetes will provide the needed impetus to
addressthe rising costs and better means to manage the current
State.

In closing, we note that it is essential with al technology
solutions, but most especially those in health care, to examine
potential risks or negative aspects, if any. Based on the study,
no significant risks became apparent, and given the extensive
rigor applied in the ethics process, we believe any potential
risks were identified during this process and addressed.
However, with scale there may be an impact on clinician
workload, and this should be investigated in future studies.
Thus, establishment of usability, acceptability, and fidelity is
clearly a necessary but not sufficient condition for universal
adoption of atechnology solution in health care contexts.
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Abstract

Background: The diffusion of information and communication technologies (ICTs) in type 1 diabetes (T1D) management has
generated a debate on the ways in which | CTs can support the patient-provider relationship. Several studies have focused on text
messages. Most of the literature proposes quantitative analysis of the impact of text messaging on the clinical conditions of
patients and/or their satisfaction with the technology, while the qualitative studies have focused mainly on patients' perceptions
about strengths and weaknesses of this technology.

Objective: In contrast to past studies, we adopted a qualitative approach for the in-depth examination of patient-health care
professionals’ interactions in text messaging.

Methods: The study focused on the use of the Trento Cartella Clinica del Cittadino Diabetes System (TreC-DS), a digital
platform with a built-in messaging system, in two diabetes centers, integrating message analysis with interviews with patients
and health care professionals. Each center focused on a specific patient profile: the first one focused on pregnant women with
T1D and the second one focused on adult patients with poorly controlled diabetes.

Results:  The main results of the study were as follows: (1) Health care professionals and patients perceived the messaging
system as useful for sharing information (ie, pregnant women for prescriptions and adults with poorly controlled diabetes for
advice); (2) The content and communication styles of the two centers differed: in the case of pregnant women, interactions via
text messaging were markedly prescriptive, whilein the case of adult patientswith poorly controlled diabetes, they were conceived
asopen dialogues; and (3) Conversationswereinitiated mainly by professionals; in the cases considered, it was mainly the diabetes
center that decided whether a messaging conversation was needed.

Conclusions: The results show how the features of interactions of text messaging changed based on the patient profilesin two
different centers. In addition, in both diabetes centers that were involved, the system seemsto have laid afoundation for a closer
relationship between patients and health care professionals.

(JMIR Diabetes 2019;4(2):€11343) doi:10.2196/11343
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Introduction

Type 1 diabetes (T1D) is an autoimmune disease characterized
by deficient insulin production in the body that tendsto develop
in childhood. T1D self-management can be challenging for
patients and their relatives, including the following daily tasks
[1]: self-monitoring blood glucose levels, managing insulin
treatment, observing the symptoms of hypoglycemia (eg,
constant hunger, tiredness, and blurred vision), and conducting
other activities meant for preventing diabetes complications
(eg, self-monitoring foot health and screening for eye
complications).

The diffusion of information and communication technologies
(ICTs) in health care has generated a polycentric debate on how
| CTscan support patientswith diabetes, providing servicesthat
empower them in self-management (eg, electronic logbooks or
reminder functions for medications), enable communication
with health care professionals (eg, messaging systems and
rule-based alarms), and offer information on self-management
(eg, tutorials for blood glucose tests). In particular, this debate
has addressed issues such as the clinical impact of ICTs[2-9],
the effects of ICTs on the patient-professional relationship
[10,11], and their consequences on the workload of hospital
staff [12-15].

The existence of a specific strand of studies on ICTs and
diabetes is due to some characteristics of this illness, such as
the significant workload required of patients and the vital role
of patient education [16]. For this reason, although the use of
messaging systemsin health careisatopic aready investigated
with regard to other conditions [17-21], various contributors
have focused explicitly on the role of text messaging in
supporting and educating patients with diabetes. These studies
often focus on theimpact of text messaging on clinical outcomes
and on the self-care capabilities of diabetic patients [22-27].
Other researchers have paid attention to patients perceptions
of the usefulness of text messaging [28-31], privileging
guantitative techniques to assess users satisfaction. Finally,
another group of studies has adopted qualitative techniques to
explorepatients' perceptions regarding strengths and weaknesses
of text messaging [32-37]. These works underline that text
messaging is perceived by patients as a tool that is useful for
resolving nonurgent issues with health care professionals[32],
accessing and managing their own clinical data[37], receiving
information and analytics for self-management [33,36], and
feeling monitored [34,35]. Quadlitative studies have also
performed in-depth analysis of the factors perceived by patients
that discourage the use of text messaging, such as their
unfamiliarity with digital devices [21] or slow responsiveness
of professionals[24].
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As Holtz and Laukner argue [38], studies on text messaging
have several limitations. The reports of provider interactions
with diabetic patients through text messaging are limited and
poorly documented, while health care professionals’ perceived
usefulness and the integration of maobile appsin organizational
workflows are underinvestigated. This work intends to
contributetofill inthefirst gap, adopting aqualitative approach
for documenting and examining, in depth, the interactions of
patients and health care professional s via text messaging.

We consider the case of the Trento CartellaClinicade Cittadino
Diabetes System (TreC-DS), a digital platform with a built-in
messaging system that supports communication between health
care organizationsand T1D patients. The study investigatesthe
use of the messaging system in two diabetes centers in the
Province of Trento, Italy. These two diabetes centers used the
TreC-DS to support patients who would benefit from strict
monitoring: pregnant women with T1D and adults with poorly
controlled diabetes.

In the next section of this paper, weintroduce the TreC-DS and
the methods used to gather and analyze data. The findings,
preceded by an overview analysis of the frequency of message
exchanges, are organized into two subsections, one for each
diabetes center. We conclude with some final remarks about
the use of text messaging in T1D management and discuss
limitations to this study.

Methods

The TreC Diabetes System

The Trento Cartella Clinica de Cittadino (TreC), a
citizen-controlled clinical record system, was introduced to the
Province of Trento in 2010 with the aim of empowering Italian
citizens to manage their own health, facilitating their
communication with health careinstitutions and the management
of health information [39]. The platform hastwo TreC services:
basic and composite. The former consists of data management
and other common Web-based functions, and the latter includes
higher integrated functions, such as a structured health diary
and monitoring tools for specific pathologies [40].

The TreC-DS was developed to deliver mHealth services to
citizens with T1D and to diabetes centers (see Figure 1). A
mobile phone app enabled patients to keep track of al their
diabetes information (eg, measurements, therapy, symptoms,
and diet); it also included functions to support decision making
(ie, a carbohydrate-count feature, a bolus calculator, graphs,
and trend-tracking indexes). Through a Web-based dashboard,
health care professionals (ie, doctors and nurses) could monitor
patients data remotely. Finally, the platform had a built-in
messaging system that worked as a secure text-messaging
service between patients and professionals.
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Figure 1. A conceptua model of diabetes patient home monitoring: (1) daily diary compilation; (2) data stored in a central database; (3) data displayed
on adashboard; (4) health care professionals from the diabetes center access patient dashboards to eval uate patient problems; (5) conversation between
patient and professionals about diabetes management.

- . The trial involved three diabetes centers in the Province of
Clinical Trial Trento. Each center focused on a particular patient profile and
This work is a part of a trial amed at quantifying the involved 10-15 patients:
effectiveness and acceptability of the TreC-DSfor T1D patients. . o .

The trial was approved by the Research Ethics Committee of | e Diabetes Center-Pediatrics selected 15 children and

the Health Authority of the Autonomous Province of Trento, adolescentswho had poorly controlled diabetes, had arecent
and written consent was obtained from the participants. The diagnosis, or used an insulin pump. _ _

consent forms were included among other signed documents 2 1he Diabetes Center-Adults chose 15 patients with poorly
upon registration of the clinical trial at Ministero della Salute controlled diabetes.

Direzione Generale dei Dispositivi Medici del servizio > The Diabetes Center-Pregnancy selected 10 pregnant
Farmaceutico e della Sicurezza delle Cure (DGDFSC) (trial women with pre-existing T1D.

number 0032830-P-22/04/2014). During the definition of the clinical trial protocol, these diabetes

centers targeted patient profiles that would, according to the
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involved health care professionals, benefit from the stricter
monitoring and frequent reminders about correct disease
management that the platform could provide.

Whilethe evaluation of thetrial focused on the self-management
practices of patients, changesin organizational practicesarising
from the introduction of the new technology to the diabetes
centersand changesin the patient-professional relationship were
also examined [11]. Here we present part of the results yielded
from thisresearch project, focusing on the use of the messaging
system utilized by the Diabetes Center-Adults and Diabetes
Center-Pregnancy, which were chosen for their frequency of
use, integration of analyses of these messages, and interviews
between health care professionals and patients. Characteristics
of patients from these centers are summarized in Table 1.

Data Gathering

The use of the TreC-DS was explored through the analysis of
text messages exchanged between patients and professionals

Table 1. Characteristics of patients and their use of text messaging.

Mieleet d

via the system. The messages consisted of analyses of patient
data, aswell asinquiriesand commentson insulin therapy, diet,
and diabetes self-management. We analyzed 396 conversations
within message threads exchanged between the patients and
centers.

After a preliminary analysis of message exchanges, we
conducted semistructured interviews with health care
professionals and patients (see Textbox 1).

We interviewed all patients selected by the Diabetes
Center-Pregnancy, except one that did not consent to the
interview, aswell asthefirst 8 patientsto give their availability
who were selected by the Diabetes Center-Adult with the aim
to have comparable numbers of interviewed patients from each
center. Patients were interviewed at home. Interviews lasted
45-60 minutes and were transcribed verbatim. All health care
professionals involved in the clinical trial were interviewed.
The main topics of the interviews are summarized in Table 2.

Diabetes center and patient number Gender Ageinyears Number of (_:onversati onswith professionalsvia  Interviewed
text messaging

Pregnancy
1 Female 38 17 Yes
2 Female 32 16 Yes
3 Female 26 4 No
4 Female 37 9 Yes
5 Female 38 6 Yes
6 Female 28 20 Yes
7 Female 32 9 Yes
8 Female 36 12 Yes
9 Female 22 21 Yes
10 Female 33 9 Yes

Adults
1 Mae 39 27 Yes
2 Mae 23 13 Yes
3 Mae 41 5 No
4 Mae 40 15 Yes
5 Mae 49 17 Yes
6 Female 27 18 No
7 Female 37 17 Yes
8 Female 20 23 Yes
9 Mae 32 22 No
10 Mae 50 25 Yes
11 Female 50 19 Yes
12 Mae 29 25 No
13 Mae 42 36 No
14 Mae 21 4 No
15 Mae 31 7 No
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Diabetes center and Interview participants
o Adults

o  8patients

«  2doctors (diabetol ogists)

. 1 nurse
o  Pregnancy
e 9patients

«  1doctor (diabetologist)

. 1 nurse

Table 2. Interview guide.

Interview topics Interview subtopics

Patients

Health care professionals

Patient-professional relationship «  Disease onset

(before TreC-DS?) «  Self-management practices
e Useof self-tracked data

Use of TreC-DS «  Collection and data analysis
«  Useof text messaging

«  Relationship between the use of TreC-DS and other «

care practices

«  Changesin relationship with professionals .

General evaluation of TreC-DS  «  Usefulness of TreC-DS

. Intention to use TreC-DS after the trial .

«  Education at onset and during clinical encounters
o Useof patient-tracked data

o Useof patient-tracked data

o  Useof text messaging

Relationship between the use of TreC-DS and
other organizational practices

Changes in relationship with patients

«  Usefulness of TreC-DS
Intention to use TreC-DS after the trial

&TreC-DS: Trento Cartella Clinicadel Cittadino Diabetes System.

The interviews focused on reconstructing the ways in which
patients and professionals used the different features of the
TreC-DS, including text messaging, during thetrial. In addition,
during the interviews we investigated elements not directly
connected with the use of the system. This latter focus was
investigated, sinceit is assumed that the ways in which people
use and incorporate a new technology into their daily lives are
shaped by social circumstances, such as patients attitudestoward
their illnesses, pre-existing relationships and practices, and
emerging social representations about the new technology [41].

Data Analysis

Overview

Data gathered were coded using template analysis, through
which “the researcher produces a list of codes (‘template’)
representing themes identified in their textual data. Some of
these will usually be defined apriori, but they will be modified
and added to as the researcher reads and interprets the texts’
[42]. Preliminary categories based on theinterview outline and
literature analysis were used to segment the texts [32-38].

Message Analysis

At the end of message analysis, we created two genera
categories. The first category was labelled “communication
style of the health care professional-patient interaction,” which

http://diabetes.,jmir.org/2019/2/e11343/

was concerned with how much the interactions between
professional s and patientswere prescriptive or open. The second
onewaslabelled “ contents of the health care professional -patient
interaction,” which was concerned with topics of the text
messages. The contents of the conversations (ie, the message
threads) were subdivided into the following subcategories:

1. Therapy: management of glycemiathrough insulin therapy.
Diet: management of glycemiathrough food intake.
Education: general rules for self-management.
Motivation: reinforce adherence to treatment.

Context: gathering information regarding patients’ daily
lives (eg, exceptional events and comorbidities) that could
affect diabetes management.

6. Technical issues: problems that emerged in data tracking.

g s~ w DN

Conversations often covered multiple topics a once. In these
cases, we coded the single conversation more than once.

Interview Analysis

Interviews were also analyzed using template analysis. The
purpose of this second step of analysiswasto explore patients
and professionals use and socia representations of the
TreC-DS, enriching the content of the categories described
above. During the analysis of the interviews, another category
emerged, which was labelled “representations about text
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messaging.” This last category concerned the meaning given
to text messaging by both patients and health care professionals
(eg, how the system improved doctor-patient communication
or self-care capabilities).

Results

Overview

We conducted a preliminary analysis of the frequency with
which the patients and diabetes centers used the TreC-DS

Table 3. Direction of text-message conversations.

Mieleet d

messaging feature during the trial. We focused on two topics:
the direction of each conversation (ie, who initiated the
interaction) and the shared content of the messages using the
categorization described above. Regarding the direction of
conversation (see Table 3), there were no remarkabl e differences
between the messages from the two diabetes centers. In both
cases, the magjority of the conversations were initiated by the
center; the percentage of center-initiated messages was
somewhat higher among the adult patientswith poorly controlled
diabetes (231/273, 84.6%) than it was among the pregnant
patients with diabetes (100/123, 81.3%).

Diabetes center Conversations, N Direction of conversation, n (%)

Diabetes center to patient Patient to diabetes center
Pregnancy 123 100 (81.3) 23(18.7)
Adults 273 231 (84.6) 42 (15.4)

Table 4. Text-message conversation content.
Diabetes center Conversation content, n (%)
Education Motivation  Insulin therapy Diet External context ~ Technical issues

Pregnancy (N=156 conversations) 0(0) 14 (9.0) 80 (51.3) 22 (14.1) 25(16.0) 15(9.6)
Adults (N=341 conversations) 24.(7.0) 104 (30.5)  94(27.6) 27(7.9) 25(7.3) 67 (19.6)

In contrast, if we consider the content of the conversations (see
Table 4), many differences can be observed between the
Diabetes Center-Pregnancy and Diabetes Center-Adults groups.
In the Diabetes Center-Pregnancy group, more than half of the
content (80/156, 51.3%) of the conversationsfocused on therapy.
This focus can be explained by the pregnant women'’s need to
keep their glucose values within a fixed range by the center.
Exchanges regarding these patients’ external context (25/156,
16.0%) and diet (22/156, 14.1%) were quite frequent, likely for
the same reason. In contrast, in the Diabetes Center-Adults
group, the conversationswere mainly comprised of motivational
content (104/341, 30.5%) aimed at pushing patientswith poorly
controlled diabetes to achieve good results in the
self-management of blood glucoselevels. Messages concerning
insulin therapy (94/341, 27.6%) and technical issues (64/341,
19.6%) were aso frequent; the high percentage of technical
issues is probably due to the sporadic access of adult patients
to their hospital ward (ie, one or two face-to-face visits in a
year). Drawing on our qualitative analysis of text-message
exchanges and interviews, we will illustrate the ways in which
the patients and health care professional s used and represented
the built-in messaging system.

Diabetesin Pregnancy

T1D has severa potential negative effects on thefetus, including
overgrowth [43], the devel opment of congenital malformations
[44], and premature death [45]. To avoid these negative events,
doctors generally recommend strict control over blood glucose
levels and over the patient’s lifestyle.

The goal of pregnancy was so important that | began
to take many more medical exams and check-ups.

http://diabetes.,jmir.org/2019/2/e11343/

[Before the pregnancy] | spent two or three years
under strict control and, in the end, | entered the
preghancy with good blood sugar levels. [Patient 1,
Diabetes Center-Pregnancy]

I’'m always scared to do what comes into my head
arbitrarily, even when | know these injections can be
managed autonomously. [Patient 7, Diabetes
Center-Pregnancy]

A stricter monitoring of clinical parameters may begin before
the pregnancy and continue until childbirth, during which time
women may partially renounce their autonomy. The temporary
loss of autonomy is justified by both the clinical risks and the
loss of relevance of self-management skills due to the
physiological changes related to pregnancy. Therefore, the
relationship between patients and their diabetes center changes
dramatically. While health care professionals shift from an
approach based on the empowerment of patients to a more
prescriptive one, patients usually accept, and often openly
appreciate, this change. In this context, the TreC-DS is
represented by both professionals and patients as a technology
that is wuseful for supporting diabetes center-patient
communication remotely during a stage of illness in which
communication isvital.

Without doubt, it [the use of TreC-DY is a
time-consuming activity...However, the quality of care
has changed. If we see the patient after two weeks
with the system, it is not like it is when we see a
patient after two weeks without the system. It is
resuming something that, actually, has never stopped.
[Nurse, Diabetes Center-Pregnancy]
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The relationship with the ward was not as strong as
it was previoudly: the visits, instead of being held
once a week, were held twice a month. Nevertheless,
weekly advice about therapy still arrived. | felt well
monitored, and it [the TreC-DY has been a great
tool. [Patient 4, Diabetes Center-Pregnancy]

The TreC-DS was represented by both patients and health care
professional's as a system that improves the quality of care. By
using it, the diabetes center could monitor patients strictly,
request additional information, send prescriptions, and have
more-focused conversations during the face-to-face visits with
patients, having already acquired information about the patient’s
health status from the TreC-DS. For the patients, the system
improved the quality of care and reduced the frequency of
face-to-face visits, while ensuring continuous interaction with
the diabetic center by receiving prescriptions and advice through
the system.

The genera representations of the system seemed to affect the
communication styles of the messages, as shown in the
conversation below between Patient 5 and the Diabetes
Center-Pregnancy:

Hello. We checked your glucose values, and we
noticed that they tend to increase both before dinner
and when you wake up. In the afternoon, when you
have a snack, try to increase your intake of
NovoRapid [short-acting insulin] to 3 units; in the
evening, you should increase your Levemir dosage
[long-acting insulin] to 17 units. See you soon!
[ Diabetes Center-Pregnancy, message sent to patient]
Good morning. Lately when | wake up, my glucose
values are in the 120-138 range before breakfast. |
usually take 6 units of Levemir at 11 p.m. In your
opinion, do | need to increase my insulin dosage from
6 to 7 units? Thanks, and see you soon! [Patient 5,
question posed to Diabetes Center-Pregnancy]

Good morning. Your insulin treatment plan has been
changed in the following manner: take 4 units of
NovoRapid at breakfast, 7 units at lunch, and 7 at
dinner; take 8 units of Levemir before bed. [Diabetes
Center-Pregnancy, in response to patient’s question]
The reported messages, athough they contain different
directions, are characterized by a prescriptive communication
style. The patientswith “bad” glycemic values, whether directly
observed by health care professional s or reported by the patients,
received therapeutic prescriptions, as shown in the conversation
below between Patient 7 and the Diabetes Center-Pregnancy:

Good morning. | need information about something
that happened this afternoon: 2 hours after lunch, at
5 pm, | measured my glycemic value at 188.
Therefore, |1 walked for an hour and a half. Then |
took a vitamin supplement and two candies labelled
“without sugar” At 8 p.m., my glycemic value was
197! | do not understand. Why have my blood sugar
values not decreased? In 3 hours, my values have
remained high, even though | walked a lot. [Patient
7, question posed to Diabetes Center-Pregnancy]

http://diabetes.,jmir.org/2019/2/e11343/
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Hello. The walk was a good idea. You should always

check the carbohydrates indicated on packages of

food such as candy. The inscription “ without sugar”

means that the candy does not contain any added

sugar, but it still does contain sugar. [Diabetes

Center-Pregnancy, in response to patient’s question]
Nutrition was an area of autonomy that was rarely touched.
However, the professionals did discuss the sugars contained in
foods and how to handle them, whether through insulin therapy
or physical activity. The communication style was less
prescriptive on this topic, but the advice of the ward was
generally considered authoritative.

Hello! Maybe you did not read the message written
by the doctor. e are waiting to receive your blood
sugar values, including those from the last few days.
[Diabetes Center-Pregnancy]

Given the high attention of the diabetes center on diabetic
women in pregnancy, messages similar to the one above were
quite common. Through these messages, the center aimed at
continuous monitoring of patients; however, monitoring was
only accepted for the duration of pregnancy.

No! After the pregnancy, | would not use the system

every day. Right now, | have a goal | care about, and

| am alert to everything. But after the pregnancy, |

would feel really sick [using it] . [Patient 10, Diabetes

Center-Pregnancy]
The women with diabetes who were interviewed agreed that
continuous use of the TreC-DS would be unacceptable and too
onerous after pregnancy. Therefore, the suspension of diabetes
self-management was interpreted as temporary. Some patients
claimed that if they were not pregnant, they would not use the
system at al, while others favored a more limited use of the
system. For the latter, the system was represented as useful for
sending specific data to the diabetes center, allowing them to
receive feedback from professionals about their
self-management strategies.

Poorly Controlled Diabetes

In the medium-to-long term, patients with poorly controlled
diabetes may develop serious health issues, such as
cardiovascular diseases [46,47], retinopathies [48,49], or renal
diseases [50,51]. Therefore, health care professionals have
included adults with a history of poor self-management in the
study, with the aim of monitoring them remotely.

My history with diabetes started out badly. When |
was hospitalized, | was barely saved. From that
moment on, | began to have practical issues with
diabetes management: my life is fast-paced and
stressful, and for a long time, | did not accept my
illness. | approached the Diabetes Centre of Trento,
which | frequented for some time, but then |
abandoned it. Then, several yearsago, | realized that
| had to regain control over my life. [Patient 7,
Diabetes Center-Adults]

The above excerpt exemplifies why many patients experience
difficulties accepting their illness and reconciling it with their
social and work lives. Consequently, friction often arises
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between these patients and health care organizations. The
TreC-DS was adopted by patients who had tried several times
toimprovetheir self-management capabilities after being aerted
by a diabetes center that, in the future, their health conditions
could become worse. The patients' histories were marked by
various failures, and the system was an opportunity to regain
control over their condition.

Over the last few years, diabetes management has
changed dramatically. We have to monitor our
patients, explaining to them, “Be careful: for
injections, you now have to use a needle’ Other
times, it can happen that [we need to intervene].
[Doctor, Diabetes Center-Adults]

| greatly appreciated that clinicians and nurses were
monitoring me...[ Name of nurse] is very active; she
gives me suggestions and, if | am in doubt, she
answers my questions...and she does so on the basis
of thevaluesthat | haveinput into the system! [ Patient
5, Diabetes Center-Adults]

Both for professionals and patients, the TreC-DS was useful
for improving diabetes center-patient relationships, renewing
and expanding the sel f-management skills of patients. From the
professionals perspective, poor control of diabetes occurs
largely because patients have devel oped a bad rel ationship with
their illness and because they have gaps in knowledge of
diabetes. Given these assumptions, the system is useful for
monitoring patients, acquiring information about their
self-management capabilities, and giving them information and
advice.

Yet the patients emphasi zed that through the TreC-DS, they felt
constantly monitored, receiving messages with useful “tricks’
for improving their self-management capabilities and feedback
on trends in their blood glucose levels. For many of these
patients, the system made face-to-face visits less necessary,
reducing their frequency. After theintroduction of the TreC-DS,
patients rapidly shifted from a state characterized by poorly
controlled diabetes to one characterized by daily interaction
with a diabetes center, receiving feedback and advice.

Whileyou had the flu, you managed your blood sugar
values excellently! 1 hope that you'll get well so that
you can celebrate the New Year. Happy New Year!
Goodbye. [ Diabetes Center-Adults]

When the nurse writes me a message saying “ Well
done!” 1 likeit, evenif | don’t know who istalking to
me. | don't care; | know that, in any case, it is
someone knowledgeable. [Patient 9, Diabetes
Center-Adults]

The system was useful for patientsto receive feedback on their
self-management skills. As noted previously, the mgjority of
the conversations contained motivational messages sent by the
health care department, with the aim of praising patientsfor the
achievement of good blood glucose values. Another aim was
to reassure patients who did not reach their clinical goals. The
health care providers seemed interested in being noticeable to
patients, pointing out to patientsthat they were monitoring them
remotely and encouraging them to track their values daily. It
was difficult for these patients to learn self-management skills;
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for the professionals, the use of the TreC-DS helped to support
these patients on their journey.

Hi! Do you know “ the rule of 15" for hypoglycemia
management? When you have lowblood glucose
levels, you have to adjust them with 15 grams of
sugar, and after 15 minutes, you have to recheck your
blood sugar values: if they are under 100, you have
to take 15 grams of sugar again... [Diabetes
Center-Adults]

Encouraging messageswere often followed by educational ones
that provided general rules about diabetes management, such
asin cases of incorrect patient behaviors observed remotely by
health care professionals. Unlike the observations in the case
of diabetes in pregnancy, the goal was not to drive patients
remotely through prescriptive guidelines, but rather to provide
them with advice and rules meant to improve their
self-management skills. Consequently, messages concerning
insulin therapy and diet took the form of suggestions that the
patient could accept, refuse, or follow partialy.

Hi! Have you checked your blood sugar values? |
noticed that you are not taking the 8 units of Humalog
[short-acting insulin] | prescribed for you because
you heed moreinsulin. Try taking 10 units of Humalog
in the morning, 10 unitsin the middle of the day, and
10 units in the evening. Try this out for a few days,
and let me know how it goes. [ Diabetes Center-Adults,
message to patient]

Okay, but for the middle of the day, I'd like to stay at
8 units of Humal og because | don’t eat much. [Patient
6, message to Diabetes Center-Adults]

Okay. Thisis up to you. [Diabetes Center-Adults, in

response to patient’'s message]
The above conversation reveals that the patient only partially
accepted the nurse’s recommendations on modifying her insulin
therapy, maintaining that before lunch, she would preserve the
pre-existing plan. The suggestions provided by the diabetes
center, following the analysis of data tracked in the TreC-DS,
were renegotiated by patientsin light of their eating habits and
living conditions.

Discussion

Principal Findings

This paper analyzed how the TreC-DS, an mHealth platform
with a built-in messaging system, was used by two diabetes
centers to assist two types of patients with T1D. The main
findings of this study are summarized in Table 5.

Sharing Information for Resolving Different Problems

Health care professional s and patients thought of the messaging
system and the overall platform as useful for sharing
information. Perceptions about text messaging were strongly
influenced by the patients' histories and by the ways in which
professionals and the patients themselves interpreted the
patients needs. On the one hand, for the women with T1D,
pregnancy was atough decision, asthese patientswereinformed
about the need for their diabetesto be under strict control during
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pregnancy; on the other hand, the adults with poorly controlled
diabetes had a history of failure in diabetes management, and
they gradually became aware of the clinical risks of this
situation. Consequently, in the diabetes centers, the same system
was considered auseful tool to addressvery different problems.

Constructing a Closer Relationship With the Patient

ICTs have long been associated with the standardization and
depersonalization of patient-professiona relationships [52].
Several recent studies, however, underlined how |CTscan foster

Table5. Peatient-health care professiona interactions using text messaging.

Mieleet d

more intimate relationships, where professionals better
understand patients' clinical and emotional conditions and can
provide personaized interventions[53,54]. Similarly, our results
show how through a messaging system, a hospital department
can continuously observe patients data, guiding patients
remotely in the management of diabetes. Despite some
differencesin the use of text messaging, in both diabetes centers,
the messaging system was used by professionals to construct a
closer relationship with patients and guide them to avoid clinical
complications.

Diabetes center Content of message exchanges Communication styles Social representations about text messaging
Pregnancy Most of the messageswereabout  Interactionswereinitiated mainly by profes- Useful for transmitting prescriptions from
therapy (80/156, 51.3%). sionals and were markedly prescriptive. diabetes centers to patients.
Face-to-face visits decreased and became
more focused on patients' data.
Adults Most of the messageswereabout  Interactionswereinitiated mainly by profes- Useful for empowering patients’ self-man-

motivation (104/341, 30.5%) and

therapy (94/341, 27.6%). logues.

sionals and were conceived as open dia-

agement skills.
Face-to-face visits decreased.

Emerging Asymmetrical Interactions

In our study, we showed how the conversations were mainly
initiated by the health care professionals. Most likely, the shared
perceptions of the system’s use, interpreted from both sides as
useful for transmitting information from professionals to
patients, laid afoundation for asymmetrical interactionsin which
professionals analyze the data input by the patients. Clinicians
and administrative staff often express concerns about using
telemonitoring technol ogies because of the possibleincreasein
patient requests [12-15]; however, in the considered cases, it is
mainly the diabetes center that decides if a text message
conversation is necessary, choosing when and how to begin a
conversation with a patient.

Limitations and Future Work

This study aims to break new ground in the anaysis on
patient-provider relationships emerging from text-message
exchanges. However, it suffersfrom somelimitationsthat should
be addressed by future research. Firstly, the study involved only
two target groups of patientswith TD1. Moreresearchisneeded
regarding the use of text messaging by other target groups of
diabetic patients with different monitoring needs and different
socioeconomic backgrounds. Secondly, the number of patients,
the time frame of thetrial, and, consequently, the workload are
limited. The overall positive perceptions by health care
professional s about text messaging should be reassessed in the
prolonged care of alarger set of users. Thirdly, our work focused
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inthe absence of text messaging. Thelack of abaselineimpeded
the ability to make specific considerations regarding the
consequences of text messaging on the workflow of the health
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Conclusions

In recent years, a debate has emerged on the role of ICTs in
diabetes management. Some studies have focused on text
messages. Most of the literature proposes quantitative analysis
of the impact of text messaging on the clinical conditions of
patients and/or their satisfaction with thetechnology. Qualitative
studies have focused mainly on patients' perceptions about
strengths and weaknesses of this technology. In contrast, we
used qualitative techniques for documenting in-depth,
patient-health care professional interactions using text
messaging, combining message analysis and semistructured
interviews. The results show how the features of interactions
and perceptions of text messaging changed based on the patient
profiles in two different centers. In addition, in both diabetes
centers considered, the system seemsto have laid afoundation
for a closer relationship between patients and health care
professionals.
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Abstract

Background: Of the estimated 23.1 million individual s diagnosed with diabetes, approximately 5% have type 1 diabetes (T1D).
It has been proposed that this number will triple by 2050. With increases in technology use and resources available, many
individuals are using insulin pumps and continuous glucose monitors (CGMs) to help manage their T1D. They are also using
online resources such as social mediato find more information and advice based on real-life experiences from peers. Blogs are
aparticular social media modality often used by people with T1D but have not been widely investigated.

Objective: The purpose of this study was to assess glycated hemoglobin (HbA ) differences between blog readers and blog
nonusersin apopulation of adultswith T1D. This study also looked at differencesin technology usein these two groups, as well
as HbA . differencesin blog use and technology subgroups.

Methods: Participants were recruited both by mail and by online T1D-themed blog postings. Respondents completed a secure
online eligibility assessment and were asked questions related to their T1D, blog and internet use, and insulin pump and CGM
use. Demographics were also collected. Differences between blog readers and blog nonusers were tested via chi-square and t
tests. Mann-Whitney U tests, Fisher exact tests, and analyses of variance (ANOVA) were used to test for differencesin self-reported
HDbA ;. between groups and subgroups.

Results: A total of 282 eligible participants completed the survey (214 blog readers, 68 blog nonusers). Average duration of
diabetes was 21.2 years, 77.7% (219/282) were female, 81.2% (229/282) used an insulin pump, 66.3% (187/282) used a CGM,
and 95.7% (270/282) were white. HbA ;. was lower for blog readers (7.0%) than blog nonusers (7.5%), P=.006; for insulin pump
users (7.0%) than multipledaily injections (7.7%), P=.001; and for CGM users (7.0%) than CGM nonusers (7.5%), P=.001. After
adjusting for significant covariates, the association between blog use and HbA ;. remained significant (P=.04). ANOVA modeling

also demonstrated significant differences in HbA ;. between blog users and nonusers among subgroups by pump use and CGM
use (P<.001).
Conclusions: These results suggest that reading blogsis associated with lower HbA ;. values. While association does not prove

causation, blog readers have the benefit of learning information from peers and having 24/7 access to acommunity of individuals
with similar daily life struggles, where they are able to ask questions and seek advice.

(JMIR Diabetes 2019;4(2):13634) doi:10.2196/13634
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Introduction

Approximately 1.25 million persons in the United States have
been diagnosed with type 1 diabetes (T1D) [1], with incidence
increasing in recent years [2]. It is estimated that annual and
lifetime costs are greater for individuals with T1D than for
individuals with type 2 diabetes, as complications associated
with T1D are more dire and often involve more intensive
medical care [3]. The complications associated with
dysregulation of blood glucoselevels can lead to long-term and
devastating health consequences. While it has been shown that
maintaining blood glucose levels as close to normal as possible
is associated with better health outcomes [4], most people with
T1D do not achieve recommended blood glucose targets [5,6].

In efforts to combat fluctuating blood glucose and glycated
hemoglobin (HbA ) levelsand reduce the incidence and severity
of complications, T1D management has been facilitated by the
introduction and evolution of diabetes technology such as
salf-monitoring of blood glucose and, more recently, continuous
glucose monitors (CGMs) and increasingly automated insulin
pumps.

Self-monitoring of blood glucose has demonstrated its
fundamental importance: higher frequency of daily checks is
correlated with lower HbA ;. [7,8]. Likewise, the use of an
insulin pump has also demonstrated benefit inimproving HbA ;.
and decreasing risk of severe hypoglycemia and diabetic
ketoacidosis [9], but pumps remain in use by a minority of
patients [10,11,12]. As CGMs have evolved for patient use,
earlier mixed results [13,14,15] have shifted to show benefits
[16,17], especialy when using CGM to augment insulin pump
therapy [18-21].

In addition to these advances, socia media has become a
technol ogy-based tool for health self-management for numerous
conditions [22-29]. The Diabetes Online Community (DOC)
has emerged as apopul ar, self-vetted community for caregivers
of and personswith T1D, facilitating discussion of management
strategies and personal experiences[30]. Specifically, the DOC
provides patients and their caregivers with peer support in
managing their T1D [31,32]. Data on social media use in
diabetes continuesto emerge. Health benefits have been shown
when patients interact with their health team via social media
[33]. Positivity and perceived benefit have been demonstrated
among T1D patients connecting viasocial networking sitessuch
asInstagram [34], Twitter [35], and Facebook [36]. Many have
sought diabetes-related health information from social media
platforms such as YouTube, Twitter, and Facebook [37,38,39]
as well as from blogs [40,41,42]. And while there are limited
data on an association between glycemia and social media
engagement [43], no studies to date have examined a potential
relationship between glycemia and blog use specifically.

Blogs allow extended and asynchronous sharing of personal
experiences and reflections. They are available publicly and
allow other readers to comment, or simply to read without

https://diabetes.jmir.org/2019/2/e13634/

commenting, when and where convenient for them. Blogs
provide aparticularly efficient sourcefor retrospective analysis
of data produced in a natural setting, gradually and without
prompting. The methodology of blog analysis provides a
foundational, time-efficient advantage over coordinating,
conducting, and transcribing individual and/or focus group
interviews.

The blogging community is broadly comprised of three types
of users. Bloggers are those individuals who journa their
experiencesfor others. Commenters read and actively comment
on others' posts. Lurkersread others' blogswithout commenting
and are thought to comprise the largest of the three groups [44].
This study focused on lurkers and sought to determine whether
there might be an association between HbA,. and reading
T1D-themed blogs. This paper describes key differences
between HbA . and technology use among blog readers and

blog nonusers.

Methods

Study Approval

This study used an online survey of adults with T1D and was
approved by the Penn State College of Medicine Institutional
Review Board. Implied consent was obtained online prior to
the user being directed to the secure online survey. A summary
explanation of the research served as implied consent and
described the survey purpose and procedures, length of timeto
complete the survey, data storage and protection plans, and
study team contact information, including name and phone
number of the principal investigator. It was stated in the consent
that the survey was voluntary.

Recruitment

In efforts to reach a broad and varied sample of participants,
recruitment was conducted via online announcement on two
popular adult T1D blogs, aswell asthrough mailing to all people
over 18 yearsold and listed ashaving T1D in adiabetesregistry
hosted at an academic medical center. Both onlineand viamail,
alink to the online survey was provided; following the link to
the survey was entirely voluntary. Inclusion criteriawere (1) at
least 18 yearsof age, (2) adiagnosisof T1D, and (3) agreement
to participate. Activewritersof T1D blogsor active commenters
on such blogs were excluded (by self-identifying as such in an
eligibility question), as the focus of this study was on lurkers
who read but do not contribute to blog content. The number of
responses was based on a convenience sample, as this was an
open survey, available to an unlimited number of persons who
had access to the blogs and social media platforms where the
survey link was available for two weeks. Duplicate complete
responses were not alowed from the same IP address, as
automatic | P detection by the online survey platform prevented
this, althoughit did alow anincomplete responseto be restarted
until a complete response was received. Participants were not
compensated for completion of the survey.
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Survey Instrument

Survey questions and results were housed in REDCap [45], a
secure survey management research tool, at the Penn State
Clinical and Trandational Science Institute. Responses were
automatically captured in REDCap and given a unique,
sequential participant number. REDCap al so captured date and
time of survey responses, as well as completeness or partial
completeness of surveys. Participantswere asked inclusion and
exclusion questions at the start of the survey, and access to the
full survey was conditional upon meeting the aforementioned
inclusion criteria. The survey included items assessing
T1D-related blog use, insulin pump use, CGM use, internet
access, mobile phone use, self-reported HbA,, and
demographics. The questions were tested among a subset of
adults with T1D, refined, and retested until they were clearly
understood and unambiguous. It was estimated that survey
completion would take 5 to 10 minutes. Participants were not
able to go back to the survey and edit their responses.

Statistical Analysis

Statistical analysiswas conducted using SPSS Statisticsversion
24 (IBM Corp). Chi-squaretestsand t tests, as appropriate, were
used to test for differencesin participant characteristics between
blog readers and blog nonusers. Differences in self-reported
HbA ;. between blog readers and blog nonusers were tested
using the Mann-Whitney U test and Fisher exact test for
continuous and categorical data, respectively. Analysis of
variance (ANOVA) was used to identify stetistical associations
of HbA,. levels across various subgroups of the survey
participants.

Results

Recruitment

Response to online recruitment efforts was brisk, with the first
response coming within minutes of the opportunity being posted
on one blog. There were 65 responses within the first 24 hours
of that posting and 185 within 24 hours of posting to a second
blog (48 hours after the first one). Responses to the letters
mailed to registry patients were fairly brisk as well, with 30
responses within 3 days of the letters being mailed. There was
aslowdown over the Thanksgiving holiday, when there was no
mail delivery, totaling 41 responses through the first week, and
then response continued at a steady pace of about 15 per week
until the survey closed two weeks later, with 70 responses to
the mailed letters.

Sample Demographics

Of the 472 people who began the survey, 74 did not meet the
inclusion criteria, and 116 did not complete the survey. Of the
282 who completed the survey (59.7% [282/472] of those who
started the survey, 70.9% [282/398] of those eligible), 214 were
blog readers and 68 were blog nonusers. Table 1 shows
characteristics of the entire sample and divided by blog
use/nonuse. Mean duration of diabeteswas21.2 [SD 13.7] years,
77.7% (219/282) werefemale, 81.2% (229/282) used aninsulin
pump, 66.3% (187/282) used a CGM, and 75.9% (214/282)
wereblog readers; 97.9% (276/282) were non-Hispanic, 95.7%
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(270/282) were white, and 75.9% (214/282) were employed.
Comparing blog readersto blog nonusers, there were significant
differences between the two groupsin age, gender, employment,
insulin pump use, CGM use, marital status, and mobile phone
use, with blog readers more likely to be under age 45, female,
and employed and more likely to use an insulin pump, CGM,
and mobile phone. Blog nonusers were more evenly split by
gender and had ahigher proportion of students and retireesthan
the sample of blog readers. In both groups, the most common
marital status was married or domestic partnership, but blog
readers were dightly more likely to be single/never married,
and blog nonusers were slightly more likely to be divorced or
separated. There were no significant differences between the
groups in education, ethnicity, race, time since diagnosis, or
method of internet access. Income information was surveyed
but is not reported due to an especialy large proportion of
respondents who declined to answer this question in particul ar.

Hemoglobin A,, Associations

HbA . was significantly lower for blog readers than for blog
nonusers (7.0% vs 7.5%, P=.006). After adjustment for
significant covariates, this difference retained significance
(P=.04). HbA ;; was also significantly lower for insulin pump
usersthan for multiple daily injections (7.0% vs 7.7%, P=.001)
and for CGM users than for CGM nonusers (7.0% vs 7.5%,
P=.001). Other than these three variables (blog reading, pump
use, CGM use), no significant differencesin HbA ;. werefound
across any of the other variables collected.

To evauate HbA . by blog use and a second independent
variable (eg, blog use and insulin pump use), respondents were
divided into four groups across the two variables (eg, blog
readerson insulin pump, blog readers not on insulin pump, blog
nonusers on insulin pump, blog nonusers not on insulin pump).
Similar subgroups were also constructed with the binary
variables blog use and CGM use. Differences in HbA ;. were
seen acrossthese groupsaswell, asdepictedin Figure 1. HbA ;.
was|owest among blog readerswho use an insulin pump (7.0%)
and highest among blog nonusers who do not use an insulin
pump (8.0%); intermediate levels were seen among insulin
pump userswho do not read blogs (7.2%) and blog readerswho
do not use an insulin pump (7.4%). ANOVA evauation of
HbA . by insulin pump use and blog use revealed a strong
statistical association between blog/insulin pump use and HbA ;
(P<.001). In addition to this strong association, there was no
significant interaction between blog use and pump use (P=.22).

Two-factor ANOVA also showed differencesin HbA . by blog
use and CGM use, which is also demonstrated in Figure 1.
HbA ;. was lowest among blog readers who use a CGM (6.9%)
and highest among blog nonusers who do not use a CGM
(7.5%); intermediate levels were seen among CGM users who
do not read blogs (7.4%) and blog readers who do not use a
CGM (7.4%). ANOVA evaluation of HbA;. by blog/CGM
revealed astrongly significant statistical association with HbA ;.
(P<.001). Additionally, there was no statistically significant
interaction between blog use and CGM use (P=.24).
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Table 1. Sample description by blog use group.

Characteristics Total sample Blog readers Blog nonusers P vaue
(n=282) (n=214) (n=68)
Age (years), n (%) .0092
18-24 27 (9.6) 20(9.3) 7(10.3)
25-34 94 (33.3) 80 (37.4) 14 (20.6)
35-44 73(25.9) 57 (26.6) 16 (23.5)
45-54 42 (14.9) 25(11.7) 17 (25.0)
55-64 29 (10.3) 24(11.2) 5(7.4)
65-74 16 (5.7) 8(3.7) 8(11.8)
75+ 1(0.4) 0(0) 1(15)
Gender, n (%) <.0012
Male 62 (22.0) 34(15.9) 39 (57.4)
Female 219 (77.7) 180 (84.1) 28(41.2)
Unspecified 1(0.4) 0(0) 1(15)
Education level, n (%) 0.12
High school graduate 11 (3.9) 5(2.3) 6(8.8)
Some college 53 (18.8) 37(17.3) 16 (23.5)
College graduate 104 (36.9) 82 (38.3) 22 (32.4)
Postgraduate degree 114 (40.4) 90 (42.1) 24(35.3)
Ethnicity: Hispanic, n (%) 6(2.1) 5(2.3) 1(1.5) 0.64
Race, n (%) 0.49
Asian 5(1.8) 4(1.9) 1(L5)
Black or African American 6(2.1) 319 3449
Native American 1(0.4) 1(0.5) 0(0)
White 270 (95.7) 206 (96.3) 64 (94.1)
Employment, n (%) <.0012
Employed 214 (75.9) 175 (81.8) 39 (57.4)
Student 21(7.4) 14 (6.5) 7(10.3)
Retired 18 (6.4) 6(2.8) 12 (17.6)
Years since diagnosis, mean (SD) 21.2 (13.7) 20.3 (12.9) 24.0 (15.7) 0.13
Insulin pump use, n (%) 229 (81.2) 181 (84.6) 48 (70.6) 0092
CGMP use, n (%) 187 (66.3) 156 (72.9) 31(45.6) <0012
Marital status, n (%) 0452
Single, never married 73 (25.9) 58 (27.1) 15(22.1)
Married/domestic partnership 182 (64.5) 141 (65.9) 41 (60.3)
Separated/divorced 23(8.2) 13(6.1) 10 (14.7)
Internet access method, n (%) 0.52
Desktop 69 (24.6) 48 (22.4) 21(31.3)
Laptop 70 (24.9) 58 (27.1) 12 (17.9)
Tablet 35(12.5) 26 (12.1) 9(13.4)
Mobile phone 107 (38.1) 82(38.3) 25(37.3)
Mobile phone use, n (%) 258 (91.5) 202 (94.4) 56 (82.4) 10042
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agignificant at the P<.05 level.
bCGM: continuous glucose monitor.

Figure 1. Hemoglobin A1 (HbA 1) among blog readers and blog nonusers, by insulin pump and continuous glucose monitor (CGM) use.
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Table2. Analysis of variance of hemoglobin A ;¢ by blog use status and a second variable.

Second variable P vaue
Model Blog use 2nd variable Interaction

Pump use® <.001° .012° .001P 22¢
Continuous glucose monitor use® <.001° .04P 03° 24°
Marital status <.001P 45 0o6P 20°
Employment o0o1P .58 .25 10°
Age 002 .09 A1 66°
Education 0o07° 04° 19 09°
Gender 008" .001° 23 a7°
Time since diagnosis 02° 01° .10 o7°
Ethnicity 03° 37 .20 83°¢
Smartphone use 04° A1 37 75¢
Race o1 40 40 .03
Internet access method 15 03° .95 44°

3N o significant interaction; significance achieved for ANOVA model and additive effects of blog use and second variable.
bSignificant at the P<.05 level.
®No interaction of the two test variables (P>.05).
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Analysis of HbA,., by blog use and other variables is
summarized in Table 2. Thistable provides P values associated
with the overall effect of the two variables (blog use and the
second variable), the additive effects associated with blog use
and the second variable, and the interaction effects of the two
variables. For example, in ANOVA modeling of HbA ;. by blog
use and age, the ANOVA model was significant (P=.002) and
there was no significant interaction (P=.66) but neither variable
had a significant individual additive effect (P=.09, P=.11).

Discussion

Principal Findings

In this study, blog use—but not interacting with insulin pump
use or CGM use—was found to be a predictor of HbA ;.. Tothe
best of our knowledge, this is the first study to evaluate blog
use and HbA ;; and, therefore, the first to find an association
between these two variables.

HDbA ;. was 0.5% lower among blog readers than among those
who don't read blogs. Beside being statistically significant, this
isaclinicaly significant difference approaching the magnitude
seen in this study with CGM use (0.5%) and insulin pump use
(0.6%). The HbA . differences among pump users and CGM
usersin this study are similar to associations found by others,
which are also acknowledged to be clinically important
[6,9,46-49]. Likewise, the HbA . difference seen here between
blog readers and blog nonusers may have significant clinical
implications as well.

Thisraisesthe question of why thiswas seen, asit isnot possible
to determine any causal relationship here. It could be that more
technologically inclined individuals are more likely to use
insulin pumps and/or CGMs than those less technologically
inclined, and it would therefore stand to reason that they would
likewise be more likely to go online (including to read blogs
and to respond to an online survey to determine study
eligibility). It could also relate to insurance, financial, and/or
policy differences that make some more and some less likely
to have access to technology. These could be areas for future
research—for example, to investigate whether there is a true
clinical benefit to blog use or other internet-based technology
use, as appears may be the case in this study’s technologically
inclined sample.

It is also possible that the results may be understood in the
context of dynamic social impact theory, which posits that
communication can more effectively increase an individual’s
likelihood of changing behavior if (1) the communicator is
credible and similar to the reader, (2) the communication is
temporally immediate, and (3) there are multiple persuasive
change agents communicating [50]. In the context of reading
blogs, it may bethat asindividualsliving with T1D observe the
experiences described by peerson readily available blogs, which
are reinforced by commenters, they are more likely to change
behaviors related to T1D self-management, resulting in
improvements in HbA ;.. Further research is needed to better

understand the role blogs may play in T1D self-management.

https://diabetes.jmir.org/2019/2/e13634/

Oser et a

Limitations

A limitation of this study is that HbA,. values here are
self-reported; athough thisis more likely to have an effect on
the absolute values themselves than on the magnitude of the
differences observed, and self-report has been shown to be
highly reliable elsawhere[51]. Another limitation istheinability
to determine and report response rate—it isimpossible to know
how many people viewed the online announcement, as it was
spread via social media. However, the ability to recruit
significant numbers of respondents online was remarkable, as
was the speed with which they responded—an emerging
phenomenon [52]. In some contrast, the letters mailed to
individua sfrom the diabetes registry produced agood response,
but it was more gradual, over the course of a few weeks. This
resulted in a disparity in sample size between the two groups,
asthose recruited online outhumbered those recruited by direct
mail. Despite this, both sample populations in this study
demonstrate a substantially higher proportion of insulin pump
use and CGM use than has been reported for the general
population of patientswith T1D inthe United States[10,11,12].
Finally, when considering the HbA . differences between blog
readers and blog nonusers, it should be noted that there were
also demographic differences between the sample popul ations,
for example, in age and employment status. The blog nonusers
were more likely to be students or retired than blog readers, for
example; although the implications of this are not clear. Blog
readers were also more likely to be female, which is consistent
with general statistics about blog users but does represent a
difference between the two groups. However, even with these
demographic differences, there were no significant associations
between HbA ;. and any of these demographic factors.

Future Directions

Other factors to study in the future might include potential
differences in activation levels among blog readers compared
to blog nonusers, as has been suggested elsewhere [53,54], as
well asdifferencesinlevelsof socia support and/or instrumental
support among blog readers compared to nonusers, in efforts
to identify the reasons for the observed differences between
adults with T1D who do and do not read T1D-themed blogs.
As the social media landscape changes quickly and as blogs
changein their popularity relativeto other social mediaformats,
a broader examination of potential relationships of HbA . to
other types of social media could be informative. Other areas
for future study could include replicating the study for adults
with type 2 diabetes or for parents of children with T1D and
examining how lurkersinteract with blog content and the impact
of these interactions on behaviors.

Conclusions

This study found that blog readers had lower HbA ;. than blog
nonusers. One possible explanation for these results is that
access to blogs provides valuable information and experiences
relatedto T1D. We a so found that blog readerswho used insulin
pumps or CGMs had lower HbA ;. compared to blog nonusers
who did not useinsulin pumps or CGMs, suggesting that being
technologically inclined, or having access to technology, is
beneficial for T1D health outcomes. Clinicians may wish to
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consider recommending blogs or specific blog posts to their  patients with diabetesif they are comfortable with the content.
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Abstract

Background: Diabetesisincreasing in prevalence and complexity in the care home setting, affecting up to a quarter of care
home residents. Health outcomesfor these residents areimpacted by management of the disease, health care professionals (HCPs)’
decision-making skills within the care home setting, and access to specialist services. The use of technology has the potential to
recognize opportunities for early intervention that enables efficient responsive care, taking afundamental rolein linking the care
home community to wider multidisciplinary teams for support.

Objective: The aim of this paper was to identify evidence that explores factors relevant to the use of technology in and around
the care home setting to aid in the management of diabetes.

Methods: Databases searched using a structured prespecified approach included: PubMed, CINAHL (Cumulative Index to
Nursing and Allied Health Literature), OVID Nursing database, Scopus, MEDLINE, the Cochrane Library, and the King's Fund
from 2012 to 2017: handsearching was undertaken additionally for any gray literature. Preferred Reporting Items for Systematic
review and Meta-Analysis Protocol was used as protocol with Risk of Biasin Systematic reviews atool to assess therisk of bias
across studies. Studies had to includeinterventions that combined technology to or from the care home setting to support residents
living with diabetes.

Results: The combined search strategy identified a total of 493 electronic records. Of these, 171 papers were screened for
eligibility, 66 full papers were accessed, and 13 have been included in this study. Qualitative synthesis has identified different
strands of research evidence in what and how technology is currently being used in and around care homes to enhance diabetes
management. New initiatives and implementations of technol ogy and emerging model s of carethat included the use of technology
have also been included.

Conclusions. By triangulating the perspectives of HCPs, practitioners, specialists, and members of the care home community,

the authors anticipate that this review will represent an up-to-date, evidence-based overview of the potential for using technology
within the care home setting for diabetes management as well as stimulate research in this area.

(JMIR Diabetes 2019;4(2):€11526) doi:10.2196/11526
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Introduction

Background

The prevalence of diabetes is increasing in paralel with
population aging within the Scottish Highlands [1-3]. It has
been identified that more than a quarter of care home residents
have somekind of diabetes, whether diagnosed or undiagnosed
[4-6] bringing challenges for nursing practice and specialist
care services, accordingly, the need to access specialist services
isincreasing. The population in Scotland is projected to rise by
7% by 2039, with an increase of 85% in those living over the
age of 75 years [7]. With huge increases predicted in the
prevalence of diabetesin elderly persons, and the likelihood of
devel oping diabetes asthey age[8], management of thisdisease
in the care home setting is of paramount importance.

Accessto specialist servicesfor care home residentsliving with
comorbiditiesislimited [9] leaving care home staff continually
seeking to deliver treatments more independently, sometimes
with expectations and demands more than they feel competent
to provide. Residents may be dependent on care home staff in
relation to interventions around diabetes management,
particularly with tasks such as blood glucose monitoring or
insulininjections[10]. Most nursing home residents are unable
to initiate access to doctors or community health care
independently or make their own decisions about self-care
[1,4,11]; therefore, care home staff must become both advocates
and facilitators of care interventions. Today, the advancement
of technology has the potential to influence practice in the
delivery of safe, effective, quality, and seamless care [12] as
well as to promote communication and provide access to
multidisciplinary specialist care[13] aiding clinical support for
residents within the care home community. Moreover, thereis
aneed for trained staff to lead care planning, initiate treatment,
and make independent decisions to support those living with
diabetes. In turn, this should empower care home staff to
contribute to better diabetes management, thus raising the
standards of care within the care home setting. Residentsliving
with diabetes represent one of the most difficult challenges to
health professionals and care home staff in advancing care[14]
and may need to receive care from multiple medical services.
Given that the complications of diabetes and the associated
comorbidities alongside the aging process [1] make residents
potentially more vulnerable, care home staff are challenged in
the provision of care to manage the disease effectively and
influence outcomes.

To support staff and residentsin care homes, clear structureand
collaboration between care home and health care servicesis of
importance. Standardized education and training in relation to
diabetes care and management for care home staff would aid
this process, thus reducing complications and improving quality
of carefor residents[15]. This should include clear accesswith
good communication and support between specialists, primary
and secondary services, and the implementation of defined
standards of care for residents living with diabetes. Diabetes
UK [16] has recognized the importance of providing standards
of care for residents in care homes and published guidance in
2010 setting standards for diabetes care in residential homes,
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and multiple care home-specific policies, statements, guidelines,
and recommendations[5,6,17-20] exist to support this approach.
Nevertheless, at least in the Highlands in Scotland, there is
currently no mandatory diabetestraining for staff in care homes,
no defined standards of care for residents living with diabetes,
and no clear protocol for accessing specialist services in the
care home setting, highlighting the need for tighter regulation
to improve care for those living with diabetes in care homes
[14].

There are many emerging and existing solutionsto the provision
of better support for health care professionals (HCPs)
incorporating the use of technology within care delivery. The
Joint AsiaDiabetes Eval uation program advocates anurse doctor
team with a Web-based porta that uses care protocols and a
validated risk engine to provide decision support and regular
feedback [21]. Taking technology-enabled care (TEC) services
forward, lessons need to be learned from good practice to adopt
long-term organizational change on care pathways for the
management of long-term conditions [22]. Health information
technology has been shown to assist in decision support,
improving care co-ordination, communication and therefore
outcomes for older adults [23,24]. Electronic-health
technologies, electronic health records, electronic medical
records, and the use of electronic decision support enabling
collaboration of care, communication and information sharing
between HCPs [25,26] have been found to have a positive
impact in caring for people living with diabetes [27] by enabling
an overview of clinical information and prompts for diabetes
care and management. The Informatics for Diabetes Education
and Telemedicine project individualizes care by using video
conferencing (VC), demonstrating a centralized support
approach in the use of technology to promote education with
personalized behavior goa setting accomplished through
televisits with a nurse manager and dietitian [28]. Despite poor
technology infrastructure and lack of user-friendly technology
training reported by Kolltveit [29], it isalso recognized that the
use of telehealth technology holds considerable potential in the
care home setting, enabling both proactive and reactive
approaches, teamwork, partnership, and harmonization between
allied HCPs granting distant interaction, working in different
settings promoting communication, and, therefore, enabling
early implementation of interventions[29,30]. Furthermore, the
importance of the use of technology to aid social interaction for
older peopleremains, with evidence suggesting that older people
can successfully learn new technological skills, enhancing the
quality of lifewhile being mentally alert and engaged with wider
communities [31-33].

Objective

This study aimed to systematically review the literature to
identify evidence relevant to the use of technology in and around
the care home setting to aid in the management of diabetes as
well as to explore the nature of technologies and how they are
being used to support staff and residents living with diabetes,
identifying and synthesizing existing and new models of care
that hold potential to enhance care and aid management in care
homes.
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Methods

For the purpose of this study, and to clarify, the words care
home community will relate to individuals associated with a
care home, nursing homeor residential home. These may include
residents, carers, managers, staff, nurses, and those who are
connected to the home.

Eligibility Criteria
Studies were selected according to the criteria outlined below.

Study Design

Study characteristics of published or unpublished, controlled
or uncontrolled research study design including both qualitative
and quantitative studies; reports; and case studies have been
selected. Additional methodsto capture further studiesincluded
handsearching and reference and citation checking, which were
undertaken by author 1 (RM).

Included Studies

We considered interventions using any type of technologies
provided by, to, or from the care home setting, that had an
influence on practice assisting in care delivery and interventions
that involved engagement with specialist services, ongoing
treatment management, or communication with wider health
services. Also of interest were new and emerging technol ogical
models of care that provided support for long-term condition
management currently being used in different health regimens
that could be applied to the care home setting. Studiesincluded
were dated from 2012 to 2017. Articles were not restricted to
English language. One article of another language wastrand ated
by Microsoft Edge, devel oped by Microsoft.

Excluded Studies

We excluded studiesthat involved any form of self-management
technology, self-monitoring and self-reporting, mobile digital
platforms, community setups, care at home, home care services,
telecare assistive devices, mobile phone technology, smart care,
smartphones, and smart homecare technol ogy.

Participants

Care home managers, staff, residents, patients, carers, older
persons, and those representing the care home community as
well as General Practitioners, specialists, experts, nurse
practitioners, allied HCPs, and those with a specific interest in
diabetes management were included in this study.

Types of Interventions

We considered any interventions using any types of technologies
provided to, or from the care home setting; the influence of
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technology on clinical practice and care delivery to or from the
care home; and interventions that involved engagement with
specialist services, ongoing treatment, management, or
communication with wider health services.

I nformation Sources

To ensure literature saturation, 7 electronic bibliographic
databases holding peer-reviewed publications of specialist
research design and trusted evidence in hedth care were
identified for their relevance. The databases included were
MEDLINE, CINAHL (Cumulative Index to Nursing and Allied
Health Literature), the Cochrane Library, PubMed, the King's
Fund, OVID nursing base, and Scopus.

Search Strategy

To illustrate methodological rigor in this systematic review, a
robust protocol, the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA P 2015) [34] (Multimedia
Appendix 1) was used for all potentialy relevant articles to
enhance quality, transparency, and strength. This approach
provides an explicitly planned document supporting consi stent
evidenced-based research integrity in health care as well as
reduced duplication of effort. In addition, Risk of Bias in
Systematic reviews (ROBIS) 2016 [35], anew tool designed to
specifically assess the risk of bias in systematic reviews has
been utilized.

Electronic Search Strategy

This specific search strategy has been developed, performed,
reviewed, and completed by author 1 (RM) with input from a
Highland Health Sciences Librarian (CoM), not otherwise
associated with the project, but with expertise in systematic
review searching to ensurelegitimacy. The structured databases
were searched using a combination of subject headings and
keywords. Concepts were banded together asdescribed in Table
1, with the intent of covering the range of inclusion criteriafor
searching, to provide consistency in the searches across the
databases. A list of the databasesis provided in Table 2.

TheKing's Fund was contacted directly after performing abasic
search using the keywords: diabetes, technology, care homes
and telehealth. This specific database developed an advanced
search using keywords that were then adapted into broader
categories by the King's Fund: (1) care homes and technol ogy;
(2) diabetes and technology in health and social care; and (3)
telehealth, telecare, and telemedicine. Textbox 1 shows an
example search for one database.
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Table 1. Electronic search terms and clustering of components.

DiabetesOR DiabetesMélli- Diabetestype1 OR Diabetes DKA OR Hetoacidosis Hypo OR Hypoglycemia
tus type 2
AND Technology OR AND Residential care OR ~ AND Specialist ServicesOR  AND Residential home AND Nursing home commu-
Nursing care OR Nursing home Carehome  nity OR
OR
Email Délivery of care Integrated Access to services Care home staff
Laptop Specidist care Interdisciplinary Support Nurse
Tablet Specialist nurse Integra Guidelines Senior nurse
Video conference Continuity of care Seamless Diabetes knowledge Senior nurse carer
Digital Primary care Interprofessional Educational package Senior nurse care assistant
eHeadth Secondary care Shared Resources Carer
Telephone Service delivery Model of care Frameworks Nursing home staff
Personal computer Manage Community Protocols Care assistant
Educational program Management Information sharing Policy or policies Support worker
Telehealth Intervention Collaborative Information

Table 2. Database table.

Database Datesearchcom- Papersidentifiedand Duplicate papers Result and total Full papers  Studiesin-
plete titles screened number of abstracts  accessed cluded (N)
screened
PubMed viathe National Center ~ April 3, 2017 60 10 37 1 1
for Biotechnology Information
CINAHL viaEBSCO April 3, 2017 23 2 5 5 1
Scopus via Elsevier April 3,2017 118 8 35 11 3
OVID nursing April 3,2017 3 0 0 0 0
MEDLINE viaEBSCO April 3, 2017 1 1 1 1 0
The Cochrane Library April 3,2017 Basic search: 9 3 3 0 0
April 3,2017 Advanced search: 99 6 22 8 1
TheKing's Fund April 3,2017 Basic search: 3 1 3 1 3
June 9, 2017 Advanced search: 3 12; 10; 23 5; 12 3
50; 55; 52
Additional searches April to August 20 0 20 8 2; 1(tobe
2017 published)
Total _a 493 34 171 66 13
@ot applicable.

Textbox 1. Database search for Scopus.

(TITLE-ABS-KEY (diabetes OR “diabetes mellitus’ OR “diabetes type 1" OR “diabetes type 2" OR “diabetes type one” OR “diabetes type 2" OR
dka OR hypoglycaemi* OR ketoacidosis)) AND ((TITLE-ABS-KEY ((technolog* OR email OR laptop OR tablet OR tel ephone OR digital OR ehealth
OR videoconference OR vc OR pc OR “ persona computer” OR telehealth OR “educational program””))) AND (TITLE-ABS-KEY ((“resident”*
care’ OR “nurs* care” OR “delivery of care” OR “specialist care” OR “speciaist nurse” OR “continuity of care” OR “primary care” OR “secondary
care” OR “servicedelivery” OR “manag” ORinterven*))) AND (TITLE-ABS-KEY ((“specialist care” OR integrated OR interdisciplin* OR intergrat*
OR seamless OR inter*profession* OR shared OR “model of care’” OR community OR “information sharing” OR collaborative))) AND
(TITLE-ABS-KEY ((“resident* home” OR “nursing home” OR “care home” OR “accessto services’ OR support OR guideline* OR framework* OR
protocol* OR resourcer OR “diabetes knowledge” OR “education* package” OR policy OR policies OR information))) AND
(TITLE-ABS-KEY ((“nursing home community” OR *“care home staff” OR nurse OR “senior nurse” OR “senior nurse carer” OR snca OR carer OR
“nursing home staff” OR “care assistant” OR “support worker”)))) AND (LIMIT TO (PUBYEAR2017) OR LIMIT- TO (PUBYEAR , 2016) OR
LIMIT-TO (PUBYEAR, 2015) OR LIMIT-TO PUBYEAR ,2014) OR LIMIT-TO (PUBY EAR, 2013) OR LIMIT-TO PUBYEAR, 2012))
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Study Records

Selection Process

To enhance objectivity, 2 reviewers (authors 1 and 3)
independently screened titles of electronic records generated
by the search against the inclusion and exclusion criteria. Full
abstracts were obtained for al the titles that appeared to meet
the inclusion criteria. This process is shown in Figure 1 [36].
Author 1 independently reviewed abstracts followed by an
independent review by author 3. Authors 1 and 3 were not blind
to the journal titles or study authors. For neutral papers,
decisions were made through discussion, and full-text articles
were then accessed for inclusion.

Data Collection Process

To extract relevant data from included studies, adata extraction
form was devel oped before the search by author 1, adapted and
based on an extended PICO (population, intervention,

Mathews et al

comparison, outcome) design [37-40] as a framework before
proceeding with qualitative synthesis to identify themes
(Multimedia Appendix 2). Elements of the studies addressed
the following: author, study vyear, country, title, group
covered/participants, study design, aim or discussion of the
project or service, intervention, key findings, and planned or
actual effectiveness. Individual studies or reportsthat consisted
of multiple interventions were combined.

Outcomes and Prioritization

Primary Outcomes

The primary outcomes were to pull together existing forms of
technology that are being designed to facilitate integrated
working between allied health professionals and the care home
community, and to highlight and expand the understanding of
the use of technology-enabled approaches to diabetes
management within the care home setting.

Figure 1. Selection process using Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA P 2009).

=
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£ (n=473) (n=20)
g
=
¥ ¥
P Records after 34 duplicates removed

{n =459}
a
£
<
@
E Y
A Titles screened Records excluded

(n =459} " {n=288)

v
Abstracts assessed for Abstracts excluded due to
E‘ eligibility » not meeting inclusion
5 {n=171) criteria [n=105)
&
]
Y
Full text accessed Full text ex_cIU{_iedl dqe to
(n =66) s hot m_eet.mg inclusion
— criteria (n=53)

-
-] k4
3
o Studies included in
= qualitative synthesis

(n=13)

http://diabetes.jmir.org/2019/2/€11526/

JMIR Diabetes 2019 | vol. 4 | iss. 2 |e11526 | p.102
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES

Secondary Outcomes

The secondary outcomesincluded informing health care policy
decisionsby standardizing diabetes education and training within
the care home setting for staff and bringing in defined standards
of care for those residents living with diabetes. Undertaking
evidence reviews for new and emerging models of care will
help us to understand preconditions for success, learning from
other care settings and countries.

Risk of Bias of I ndividual Studies

To determinetherisk of biaswithin included studiesand identify
any concerns with the review process, the methodological

Mathews et al

quality of studieswas assessed using ROBIS 2016. Asbias can
ariseat all stagesof the review process, assessment was executed
for each study throughout using the ROBIS tool and was
completed in 4 domains as shown in Table 3. However, no
studies have been excluded based on the quality of bias. Phase
1 ng relevance: this process was covered by devising a
prespecified data extraction form adapted and based on an
extended version of PICO. Phase 2 identified concernswith the
review process and phase 3 judges the overall risk of bias and
are shown in Table 3.

Table 3. Determining Risk of Bias of Studies

3. Data collection and
study appraisal

4. Synthesisand findings

Risk of biasinthereview

3.1 were efforts made to
minimize error in data
collection?; 3.2 Were
sufficient study character-
istics available for both
review authors and read-
ersto interpret the re-
sults?; 3.3 Were all rele-
vant study results collect-
ed for use in the synthe-
sis?; 3.4 Wasrisk of bias
(or methodol ogic quality)
formally assessed using
appropriate criteria?, 3.5
were efforts made to
minimize error in risk of

4.1 Did the synthesis in-
clude al studies that it
should?; 4.2 Wereall rel-
evant study results col-
lected for usein the syn-
thesis?; 4.3 Wasthe syn-
thesis appropriate given
the nature and similarity
inthe research questions,
study designs, and out-
comes across included
studies?; 4.4 Was be-
tween-study variation
minimal or addressed in
the synthesis?; 4.5 Were
the findings robust, for

A. Did the interpretation
of findingsaddressall the
concernsidentified in
domains 1 to 4?, B. Was
the relevance of studies
to the reviews research
question appropriately
considered?; C. Did the
reviewers avoid empha-
sizing resultsonthebasis
of their statistical signifi-
cance?

bias assessment?

Concerns regarding
methods used to collect
dataand appraise studies

example, as demonstrat-
ed through funnel plot or
sensitivity analysis?; 4.6
Were biases in primary
studies minimal or ad-
dressed in the synthesis?

Concernsregardingthe  Risk of biasinthereview

synthesis

Domain 1. Study €ligibility crite- 2. Identification and selec-
ria tion of studies
Signaling 1.1 Did the review ad- 2.1 Did the searchin-
guestions hereto predefined objec-  clude an appropriate
tivesand eligibility crite- range of databases/elec-
ria?, 1.2 Werethedligibil-  tronic sources for pub-
ity criteriaappropriate  lished and unpublished
for the review question?;  reports?, 2.2 Were meth-
1.3Weredigibility crite- ods additional to
riaunambiguous?; 1.4  database searching used
Wereal restrictionsin  toidentify relevant re-
eligibility criteriabased  ports?, 2.3 Were the
on study characteristics  termsand structure of the
appropriate?; 1.5 Were  search strategy likely to
any restrictionsin digibil-  retrieve as many eligible
ity criteriabased on studies as possible?; 2.4
sources of information ~ Were restrictions based
appropriate? on date, publication for-
mat, or language appropri-
ate?; 2.5 were efforts
made to minimize error
in selection of studies?
Judgement  Concerns regarding Concerns regarding
specification of study eli- methods used to identify
gibility criteria and/or select studies
Results
Overview

A summary of al the information studiesis provided in Table
4.

Data Synthesis

Summary of Using Risk of Biasin Systematic Reviews

Due to the diversity of mixed-methods studies included in this
analysis, the use of ROBIS 2016 proved challenging. The risk

http://diabetes.jmir.org/2019/2/€11526/

of biaswas rated as low for 10 studies; the findings from these
studies are likely to be reliable according to ROBIS. Phase 2
did not raise concerns with the review process; concerns were
identified by the authors and addressed in the study conclusions.
For the 3 studies viewed as the unclear risk of bias, these
included reports of various implementations of telehealth,
telemedicine, and telecare, such as TEC services across the
United Kingdom, including case studies, pilot programs and
vision statements; therefore, there was insufficient information
reported to make a judgment on biases. However, these studies
were included in the synthesis.
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Table4. Summary of information of studies.

Mathews et al

Study; location

Groups, participants
covered and sample
size

Study design  Aim or discussion

Types of technology intervention

Key findings and planned or actual
effectiveness

Study 1: Fox et a
(2013) [41];
United Kingdom

Study 2: Benetos
et a (2013) [42];
France

Study 3: Kilvert
& Fox (2015)
[43]; United
Kingdom

Study 4: Hausken
& Graue (2013)
[44]; Norway

Care home man-
agers; Senior nurses
from care homes;
Health care assis-
tants from care
homes; Domiciliary
managers from care
homes; Combined
sample of n=779 (20
studies)

Elderly, frail resi-
dentsin care homes
living with diabetes
and related comor-
bidities; samplesize
n=339 and n=675
(15 studies)

Older peopleliving
with diabetes with
reference to the care
home setting; sam-
ple size audit:
49,000; 2 case stud-
ies

HCPsin nursing
homes who care for
older peoplewith di-
abetes; sample size:
20 HCPs

Mixed-meth- Diabetes manage-

odsapproach ment in care homes
and the use of guide-
lines for good stan-
dardsof careinresi-
dential and nursing
homes in the United
Kingdom

Mixed-meth- Initiatives for dia-

ods ap- betesmanagement in

proach, com- nursing homes.

pilation of

simple prag-

matic advice

for HCPs.

Casestudies, Recommendations

focus and acknowledg-

groups, and  ment of policiesand

audit. guideinesrelating to
diabetes manage-
ment.

Mixed-meth- Adequate training

odsapproach and support for en-

hanced professional
competence of dia-
betesmanagement in
nursing homes and
home-based ser-
vices.

Workshops led by health care
professionals including focus
group to identify key educational
needs; educational presentation
using VC? and electronic learn-
ing

Pragmatic advice for HCPL
concerning the management of
elderly, frail diabetic patients
tailored by a multidisciplinary
team of French experts; eye slit
lamp technol ogy used by visiting
HCP to the care home

Improved technology using smart
glucose meters; basal bolus
regimes; insulin pumps and
CGMS.

Educational training using apilot
program for health care workers;
online learning and Web-based
technology a potential source.

Identification of lack of written
policy for diabetes management,
knowledge, and training for staff
in diabetes care, inadequate assess-
ment of residents, lack of commu-
nication and specialist support
from diabetes team, lack of re-
sources for identification of risk
of diabetes, accessto specialist
services, care planning and quality
indicators. Educational needs sup-
ported by electronic learning seen
as an inferior form of education
when compared with askilled, ex-
perienced educator.

To prevent complications associat-
ed with diabetesand comorbidities
with emphasis on personal individ-
ual care planning for residents to
adapt and individualize treatment
together with education and train-
ing of patient, family, physician,
nurses, and carersincluding indi-
vidualized monitoring of glycemic
targets. Access to specidistsis
recommended to be onsite.

CGM could be employed to alert
carers of undesirably low or high
blood glucose levels, recognition
of the need to individualize treat-
ment, inability to access education,
and training and communication
between care home and primary
care poor. Guidance produced by
Diabetes UK

In Norway, it isalegal require-
ment to educate speciadist health
careworkersto promote enhanced
professional competence and en-
sure knowledge transfer between
HCPs. Nurses and nursing aides
arerecognized as having different
educational needs. This program
provided enhanced evidence-based
practice skills. Further research is
recommended in this area.
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Study; location  Groups, participants  Study design  Aim or discussion  Typesof technology intervention  Key findingsand planned or actual
covered and sample effectiveness
size
Study 5: NHS Carehomesandthe Casestudies Variousimplementa= Teleswallowing to provide Re-  Variousimplementations of tele-
England (2015)  carehomecommuni- and reports  tionsto develop mote Assessment Providing Inter-  health, telemedicine, and telecare
[45]; United ty; sample NH e technological initia=  ventions for Dysphagia including technol ogy-enabled care
Kingdom ports and case stud- tivesbetweencare  (RAPID); telehealth systemus-  services across the United King-
ies about care ser- home and care ing atablet to aid caregiver using  dom between care homesand care
vicesin England provider toensure  the National Early Warning providers. New and proactive ways
representing 9 areas multidisciplinary Score (NEWS) as monitoring of the delivery of safe, effective
across the United team engagement  tool acrosstheboard; UsingFLO  care.
Kingdom (Sunder- and reshape how with Skype by live streaming
land, Nottingham- careisdelivered with General Practitioners’ for
shire, London, Sus- across England ward rounds. Promoting commu-
sex, Stoke-on-Trent, nication by fax, android tablet,
Shropshire, Telford, two-way video links, telecare
Calderdale, monitoring equipment with on-
Airedale, and Black- linetoolkitsfor all HCPs. Secure
pool) email accounts, shared directory
created; standardized documenta-
tion with structured messages
developed to anational care
standard to ensureM DT€ engage-
ment and support with each oth-
er. Android tablets for monitor-
ing telehealth system alerting
staff early to initiate early inter-
ventions aiding to avoid admis-
sion to hospital. Care homes us-
ing secure email to improve the
flow of information and commu-
nication in and out of care
homes; online toolkit for staff;
telehealth system to dert changes
in patients' observations, for ex-
ample, monitoring the risk of
falls. Two-way video link be-
tween care home and clinicians.
Study 6: Carlisle Health practitioners Mixed-meth- Toexploretheimple- Telehealth using home monitor-  Definitive conclusions not possible
& Warren (2013) and patients; sample ods mentation of atele-  ing and videoconferencing with  because of limited sample size.
[30]; Australia size; 2-arm prospec- health servicewithin  thediabetes care coordinator and However, results showed that par-
tive RCT'; n=210 acoordinated model  Gpd o resplve emerging clinical  ticiPants were keen to engage in
o_f care for chronic complications; regular emailed tel ehef_alth, interpersonal skllls,_ a_nd
disease manage- reports; broadband communica-  OPerational factorswereidentified
ment. tion: telephone contact as re- as key enablers. Positive working
quired relationships were identified as
important for sustaining engage-
ment with telehealth. Benefits of
telehealth such as greater access
to health care services, improved
health outcomes, and effective
servicedelivery. It dso highlighted
the complexity of chronic disease
management positively influenced
by the effective implementation of
telehealth.
Study 7: Cook et Residential and Qualitative ~ Aligning accessto  Enhanced health careinfrastruc-  Multiple competencies are re-
al (2017) [46]; nursing home com-  using con- GP, practice and ture for care homeresidentsus-  quired by the HCP to provide pre-
United Kingdom munity; GPsand al- structionist  older people, nurse  ing acommunity-based virtual ~ ventative care, the complex man-
lied health care pro- methodology specialists with care  ward providing regular case agement of frailty, comorbidity,

fessionals; sample
size (study 1) n=45;
(study 2) n=28

homes using the
whole systems ser-
vice delivery model
approach.

management. MDT hedlth profes-
sionals are then drawn into the
group on a case-by-case basis.

and end-of-life care can only be
achieved through multisector and
multi-professional working. The
whole systems approach enables
practitioners to share information
and knowledge, problem solve and
deliver coordinated care.
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Study; location  Groups, participants  Study design  Aim or discussion  Typesof technology intervention  Key findingsand planned or actual
covered and sample effectiveness
size
Study 8: Brown  Npd'and RNS car-  Quality im- New model of dia=  Care coordination using tele- RNs use of didactic training, ac-
etal (2016) [47]; ing for the older provement  betesmanagementin health, for education and virtual  cess to NP team leader partnering
United States population of pa- projectand  chronic caredeliv-  outreach clinic; Communication  with patients, the use of a mentor,
tients with long- pilotinter-  ery. between veteransand health care  the use of medication titration us-
standing diabetes; ventionlongi- providers using protocols and ing protocols and support from a
samplesizen=52  tudinal co- documentation template; regis-  clinical team to ensure safe, time-
hort evalua- tered nursesprovided patient ed- |y, and efficient care.
tion ucation coaching in addition to
protocol -adjusted medications;
and transmission of blood glu-
cose management viatelephone
Study 9: Allied professionals, Qualitative  New caremodelsin- REACTION Platform viathe Technology allowing for amore
Spanakis et al patients, and special- using focus  corporating ad- Web to integrate care; insulin accurate, faster responseto crisis
(2012) [48]; Eu-  ists, sample: doctors,  groups vanced ICT! tosup-  PUMPS; electronic healthforinte-  as well as better overall manage-
rope nurses, social scien- port diabetes man- grated care space; closed-loop  ment in the prevention of compli-
tists, technical per- agement inclinical ~ System aiding management of  cations of the disease. Advanced
sonnel, pgtle_nts, car- applicationsCGM in di abetes using ICT; glucose ICT and wi _rel ess techn'ol ogies to
ers, nutritionists, and different health care  Monitoring system; ICT toolsfor - enable continuous monitoring and
lawyers regimes, to integrate heal t'h_care support_; feedback _autor_nat@ cl o_sed-lpop delivery of
dinical and organiza-  Provision to the point of care; insulin viaan insulin pump. The
tiona workflows integrative risk assessments REACTION platform endeavors
with external health  VVeb-based; and electronic patch  to provideintegrated, professional,
information systems,  SeNsors management, and therapy services
using new chronic care modelsfor
diabetes patientsin and across Eu-
rope.
Study 10: Wildet Carehomecommuni- Qualitative  Viewsand percep-  Futuredevelopment of technolo-  Considerations for the devel op-
al (2014) [49]; ty including staff, tions of the care gieswithin carehomesconsider- ment of design and technology,
United Kingdom relatives, residents, home community on ing: environment; assistivede-  preparation for the introduction of
and carers attached therole of technolo-  viceslinksto the community as-  technology would increase uptake,
to the care home; gy design and the sociated with atherapeutic ap-  older people can learn new techno-
sample care staff: potential value of proach; assessment tools; links  logical skills. To create technology
n=20; residents using technology for to MDT; telecare; wirelesssen-  that recognizes residents’ long-
n=10; and relatives thecareof olderres- sors; telehealth; and virtual exter- term care needs enabling and em-
n=10 idents. nal access; speech recognition  powering residents with the aim
of improving the overall quality of
life. Lack of researchin thisarea
isalimitation.
Study 11: Mason CareHomeCommu- Report: Vi-  Central tomeeting  Technology for staff supporting  Future aspirations and visions for
(2012) [50]; nity; samplework-  sionof the  theneedsof older  caredelivery inthecarehome  thefuture of care homesto primar-
United Kingdom  shop participants CareHome peoplein care setting. Technology to keep peo-  ily improve the quality of lives of
of theFuture homes, with afocus ple mentally alert and engaged  residents promoting changing the
on the delivery of with the outside world; checking landscape of care homes, work-
careusing technolo- systemsfor staff and residents;  shops, staffing developments, care
gy toimprove the tablets and computers; GPsk regulation and environment. A
livesof residents.  trackers; medication reminders;  clear vision for the care home set-
epilepsy monitors; lifestyleand  1ing to beseenasacommunity hub
behavioral monitoring; video ~ €nabling world-class coordinated
conferencing; telemedicine; infor-  1€ading quality care.
mation sharing via the Web; and
environmental technologies
technology tailored to meet indi-
vidual needs
Study 12: Brittain Carehomecommuni- Rapid evi- To underpin the Technology: cost, ease of use, Digital technology has multiple
et d (2016) [51]; ty; 761 studies dencesynthe- spread of new mod-  and staff demands; Workforce:  potential applicationsin care
United Kingdom mapped sis elsof careby con-  interventions promoting positive  homes. The use of SBAR' asa

ducting arapid syn-
thesis of evidence
relating to enhancing
hedlthin care
homes.

joint working within the care
home; Communication and en-
gagement- tools to structure
communication have the poten-
tial to enhanceclinical outcomes,
and Evaluation: insufficient data
reported.

standardized tool to structure
communication. Cost, ease of use
and staff demands identified as
both barriers and facilitatorsto the
implementation and use of technol-

ogy.

http://diabetes.jmir.org/2019/2/€11526/

RenderX

JMIR Diabetes 2019 | vol. 4| iss. 2 |e11526 | p.106

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES

Mathews et al

Types of technology intervention

Key findings and planned or actual
effectiveness

Study; location  Groups, participants  Study design  Aim or discussion
covered and sample
size
Study 13: Ben-  Patientsliving with  Mixed-meth- Current develop-
hamou et al diabetes; sample: odsreview  mentsof information
(2013) [52]; n=163, older diabet- technology for the
France icindividuals management of dia-

betes

Telemedicine delivery platform
involving doctorsand nurse edu-
cators; telemonitoring; Web-
based programsto enabl e collab-
orative access to patient medical
records. Downloadabl e capillary
glycemic data; feedback with
GPs via telephone consultations
enabling real-time decision sup-
port; blood glucose onlinediary;
secure messaging system; and

The use of information tools, spe-
cific software, and the internet
provides support and encourages
behavior necessary to prevent
clinical inertiaand effectively
manage diabetes by improvement
of therapeutic compliance through
motivational support. The develop-
ment of telemedicine and mobile
internet contributes to better dia-
betes management for the user.

educational websites

8/C: video conferencing.

PHCP: hedlth care professional.

SCGM: continuous glucose monitoring

INHS: National Health Service

EMDT: multidisciplinary team.

fRCT: randomized controlled trial.

9GP: general practitioner.

ANP: nurse practitioner.

IRN: registered nurse.

IICT: Information and Communication Technologies.
KGPS: Global Positioni ng System.

ISBAR: Situation, Background, Assessment, Recommendation.

Discussion

Search Outcome

This systematic review synthesizes the database results of
relevant studiesin the use of technology in and around the care
home setting to support the care home community and staff
responsible for the care of residents living with diabetes.
Considerations for the development of design and technology
included views and perceptions of the care home community
on therole of technology design and the potential value of using
technology for the systematic management of diabetesin older
residents. Studies highlighted that thereisacomprehensiverole
for co-design in the way that technology can be used within the
care home setting for empowering care homes. Supporting
technologies and monitoring devices are being used together
with telephone calls, interactive Web-based management
systems, educational websites, and multidisciplinary
communication. Thisreview highlightsthat technol ogy solutions
are being sought and used; however, uptake of the use of
technology is slow to progress and training and support in the
use of telehealth technology is crucial to aid HCPs.

Most studies included multifaceted interventions necessary to
effectively manage diabetes. However, despite the broad
inclusion criteria, limited research was found in this area. It is
clear that multiple competencies arerequired by care home staff
to individually manage cases of elderly residents living with
diabetes; fundamentally, it is knowledge, skills, and the ability
of care home staff to access specialist support and services that
affect the quality of carefor residents helping to prevent clinical
inertiain diabetes management including care coordination and

http://diabetes.jmir.org/2019/2/€11526/

feedback provision to the point of care and standardized tools
to structure communication [48,51,52]. To prevent complications
associated with diabetes and comorbidities, personal individual
care planning for residents to adapt and individualize treatment
initiatives for diabetes management in nursing homes was
emphasized [42].

Educational needsfor care home staff are being recognized and
supported [41-44,47] by using technol ogical interventionssuch
as VC dongside educational workshops, pilot programs,
electronic learning (e-learning), and websites [41,45,48,49,52]
including Web-based |earning and information communication
toolkits [44,45]. The significance of design and support is
recognized within studies rating the suitability of blended
learning as an approach to education, including a combination
of hands-on skills-based training from experts to enhance
evidence-based practice skills in addition to using Web-based
or e-learning facilities.

Technology being used in the care home setting by visiting
HCPswas al so reported alongside individual care planning and
individualized monitoring for glycemic control [42,43]. More
frequent use of insulin pumps, continuous glucose monitoring,
and smart meters with feedback systems was aso found
[43,47,48]. Positively reported to aid in diabetes management
was the use and development of telemedicine, telehealth and
telecare, TEC services, and Web platforms supported by the
use of tools to communicate [30,45,47,49-52]. Two-way video
links, virtua wards, and Android tablets alowed
multidisciplinary team communication, integration, and care
coordination [45-48] providing support for both patients and
those caring for them. Environmental assistive devices,
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computers, trackers, monitors, and tablets are used to promote
mental engagement with the outside communities and support
networks including family [51], and they take a therapeutic
approach with the aim to empower residents with a view to
improve the overall quality of care and quality of life for
residentsin care homes [49,50].

Limitations

Promoting systematic reviews as best practice hasitschallenges,
it is thorough and therefore time-consuming as well as
labor-intensive, requiring collaboration between authors. Data
and methodology were poorly described in some studies and
nonexistent in others; homogeneity from different study designs
meant that we found considerable diversity of studies, reports,
and case studies, which made it difficult to assess the risk of
bias. Particularly, the limitation of the methodology used in this
review was the information used for the analysis procedure
based on the availability and quality of data to assess the risk
of bias. However, some studies were written by expertsin this
field who were able to guide analysis and determine these
objectives. Some included studies of qualitative nature were
inappropriate for this approach, and therefore, the strengths of
these studies needed to be balanced against the practical
limitations of being ableto determinetherisk of bias; no studies
were excluded on the basis of quality.

Conclusions

To summarize on existing evidence and approaches found by
conducting this review, there is limited published evidence of
a standard practical role for technologies connecting the care
home community with diabetes support, education, resources,
and systems. There are many emerging forms of technology to
enhance, support, and inform decisions about the management
of residents’ diabetes care; however, there is no standardized
approach to address access to specialist support or definitive
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standards of carein relation to diabetes management in the care
home setting.

The use of technology has the potential to initiate early
intervention, enable efficient responsive care, and most
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standards need to be established with regard to care and
management, with guidelines put in place. This includes
mandatory educational frameworksfor care home staff providing
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health and socia care clinical competencies across the board.
Improved diabetes education for care home staff isanimportant
approach to improved diabetes management and the delivery
of quality care.

Learning from examples of existing TEC and looking at new
ways that health care technologies can help to provide a
proactive approach in linking care homeswith community health
care services will assist in managing symptoms and reducing
the impact of complications and hold potential to improve
patient care pathways. Initiatives using technology to help
support continuity of care for older people living with diabetes
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explored further.
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to the delivery of care. Nevertheless, engaging care home staff
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care homesis multifaceted. Understanding how anew initiative
or model of carewill influence outcomesfor care homeresidents
has the potential to increase support for achangein practice.
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