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Abstract
Background: Effective self-management of type 1 diabetes mellitus (T1DM) by children and adolescents remains challenging
despite advances in insulin delivery and glucose monitoring technologies. Mobile health (mHealth) interventions have emerged
as promising tools to support pediatric diabetes care. However, their clinical impact and the behavioral mechanisms through
which they operate—particularly those grounded in social cognitive theory (SCT)—are not well established.
Objective: This scoping review assesses mHealth apps focused on the management of T1DM in the pediatric population and
looks into the underlying behavioral frameworks in accordance with SCT.
Methods: We conducted a scoping review of 5 databases (PubMed, Cochrane Library, EMBASE, CINAHL, and Scopus)
for English-language studies published between January 2000 and July 2024. Eligible studies evaluated mHealth apps for
children and adolescents with T1DM (≤18 years) and reported outcomes including glycemic control, self-efficacy, adherence,
self-management, or quality of life. Data were extracted and synthesized according to clinical outcomes and the presence of
SCT constructs, namely self-efficacy, behavioral capability, expectations, reinforcements, and reciprocal determinism.
Results: Of 5607 studies screened, 12 met the inclusion criteria. These comprised 4 randomized controlled trials, 4 pilot
studies, 2 pre-post intervention studies, 1 retrospective cohort study, and 1 double crossover trial. App features included
glucose logging, insulin tracking, bolus calculators, reminders, gamification, and structured educational content. Hemoglobin
A1c (HbA1c) outcomes were reported by 9 studies; 4 demonstrated statistically significant improvements, while the others
reported stability or no change. Several studies also reported improvements in treatment adherence and perceived self-efficacy.
Of the 12 studies, 11 incorporated at least 1 SCT construct, with most integrating behavioral capability and self-efficacy
as core components. Interventions using multiple SCT constructs showed greater promise for supporting sustained behavior
change.
Conclusions: mHealth apps for pediatric T1DM are complex behavioral interventions that often leverage key principles
of SCT to promote effective self-management. Although the evidence supports modest benefits in glycemic control and
behavioral outcomes, heterogeneity in study design and outcome measurement limits broader generalizability. Future research
should prioritize the development and evaluation of SCT-informed digital interventions with standardized outcome frameworks
to improve pediatric diabetes care.
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Introduction
Type 1 diabetes mellitus (T1DM) is a chronic autoimmune
condition characterized by the destruction of insulin-produc-
ing pancreatic β-cells, leading to insulin deficiency and
hyperglycemia. T1DM is among the 5 most common chronic
illnesses in children attending school [1]. Findings observed
from the SEARCH for Diabetes in Youth study [2] noted
the prevalence of T1DM in youth aged 0 years to 19 years
increased by 21.1% between 2001 and 2009, with an annual
incidence growth rate of 1.4% reported between 2002 and
2012. This increase was noted across various demographic
and ethnic groups.

T1DM management carries a substantial burden—
including clinical, cognitive, and psychosocial—for both
children and their caregivers, requiring daily insulin
administration; frequent blood glucose monitoring; precise
dietary management; and ongoing adherence to a structured,
health-oriented lifestyle. Advancements in technologies in
the treatment of T1DM such as insulin pumps, continu-
ous glucose monitoring (CGM) systems, and intermittently
scanned CGM systems have significantly improved patients’
metabolic control and, in turn, have helped to mitigate
long-term diabetic complications [3].

Despite advances in insulin delivery systems and glucose
monitoring technologies, achieving optimal glycemic control
continues to rely heavily on effective self-management.
Effective management requires strict and sustained discipline
in regular glucose monitoring, carbohydrate counting, and
adherence to an insulin regimen. This remains a long-term
challenge, particularly among children and adolescents as
they navigate emerging autonomy in the self-management
of their diabetes [4]. With the advent of digital health,
patients and health care providers can now leverage digital
tools such as video conferencing, mobile health (mHealth)
apps, and remote monitoring systems to improve accessibil-
ity to consistent health care, revolutionizing the management
of T1DM. Recognizing its potential, the American Diabe-
tes Association advocates that telehealth should complement
in-person visits to achieve optimal glycemic management [5].
As such, exploring effective and innovative strategies that
enhance self-management skills in the pediatric population
with T1DM becomes critical. With the rapid advancement
of mHealth technologies, mHealth apps have emerged as
promising tools to support disease management by children
and adolescents with T1DM. These digital interventions
integrate features such as real-time reminders, interactive
education, gamification, and data sharing to promote
treatment adherence and self-management. Although several
studies suggest that mHealth apps may improve glycemic
control and psychosocial outcomes in pediatric T1DM, the
extent and consistency of their clinical and behavioral impact
remain unclear.

Social cognitive theory (SCT) [6,7] is a widely applied
behavioral framework that explains how individuals acquire
and maintain health behaviors through the dynamic interac-
tion of personal factors, behavioral patterns, and environmen-
tal influences—a concept known as reciprocal determinism.
Key constructs include self-efficacy, behavioral capability,
expectations, and reinforcement, all of which are critical to
sustaining self-management in chronic conditions such as
T1DM. This scoping review aimed to synthesize the current
evidence on mHealth interventions for pediatric T1DM, with
a focus on their effects on key outcomes including hemo-
globin A1c (HbA1c), self-efficacy, treatment adherence, and
quality of life. In doing so, we also examined the extent to
which SCT constructs are embedded within these interven-
tions to better understand how digital tools are designed to
promote behavior change and support sustainable improve-
ments in pediatric diabetes care.

Methods
We conducted our scoping review with reference to the
updated Joanna Briggs Institute guidance for scoping reviews.
This was also aligned with the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses Extension for Scoping Reviews) guidelines for reporting
scoping reviews [8]. The review protocol was preregistered
on the Open Science Framework.

Data Sources and Search Strategy
We conducted a comprehensive literature search in 5
databases including PubMed, Cochrane Library, EMBASE,
CINAHL, and Scopus. A broad search strategy was used and
included the following terms as MeSH, EMBASE Subject
Headings terms, major headings, or title or abstract key-
words: (“diabetes mellitus”) AND (“pediatrics” OR “child”
OR “adolescent” OR “infant” OR “minor” OR “puberty” OR
“schools”)) AND (“mobile applications” OR “telemedicine”
OR “telehealth” OR “mobile health”).

Search results were limited to studies published in English
between January 2000 and July 2024. This time frame ensures
the inclusion of studies reflecting contemporary technological
capabilities and behavioral frameworks relevant to mHealth
interventions. The studies were screened and selected by 3
independent reviewers (EB, JL, and GL) and adjudicated by
an independent fourth reviewer (DC).

Screening and Data Extraction
We used the web-based software Covidence [9] for title
and abstract screening, full-text review, and subsequent
data extraction. We extracted the following information
about each study: author, year of publication, study design,
sample size, type of mHealth intervention, and main
outcome findings.
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Eligibility Criteria
We included specific study designs such as randomized
controlled trials, observational studies, and prospective
interventional studies published between January 2000 and
July 2024. We focused on studies reporting on the impact of
mHealth apps on children and adolescents with T1DM. The
definition for a pediatric population in this review was ≤18
years old.

We looked at important outcomes related to T1DM
including HbA1c, self-efficacy, adherence to therapy, T1DM
self-management skills, and quality of life. T1DM self-man-
agement included carbohydrate counting and insulin dosing,
treatment of hyperglycemia, and prevention and treatment of
hypoglycemia. Quality of life measurements were assessed
objectively using validated questionnaires, including items
assessing satisfaction with lifestyle, impact on life and
relationships, and future concerns.

We excluded feasibility trials, study protocols, design
studies, commentaries, case reports, and studies that were not
published in English.
Data Synthesis and Analysis
We conducted a thematic analysis using a deductive,
semi-iterative approach guided by predefined constructs from

SCT. Interventions were categorized and mapped to the
5 core SCT constructs: reciprocal determinism, behavioral
capability, reinforcement, expectations, and self-efficacy.
This analysis was performed by our team of reviewers
independently (EB, JL, GL, PYL, and EJP), with disagree-
ments first discussed and resolved among reviewers followed
by further referral for adjudication by DC. We also assessed
the reported impact of each intervention on the clinical and
behavioral management of pediatric T1DM.

Results
Overview
Our database search, conducted in July 2024, yielded a total
of 5607 studies. After removal of duplicates, there were
2404 studies. Through screening of title and abstracts, 1866
papers were excluded. A further 491 studies were excluded
after full-text review. The screening and selection process is
illustrated in the PRISMA flowchart (Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of study selection for the scoping review
on mobile health (mHealth) interventions for pediatric type 1 diabetes mellitus.

We identified a total of 12 suitable studies. Of the 12 papers,
4 were randomized controlled trials, 4 were pilot studies,
2 were pre-post intervention studies, 1 was a retrospective
cohort study, and 1 was a randomized double crossover

study. Table 1 gives an overview of the included studies.
Different diabetes mHealth apps were evaluated across the
studies. App features included glucose level recording, insulin
dose recording, feedback on glucose measurements, physical
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activity promotion, daily reminders, educational features, and
reward systems. Some apps also combined multiple features
on the platform.

Table 1. Study characteristics.

Domain
Author
(year) Title

Study
design Participants, n

Age
(years),
range Outcome measures App features

Ba, Rb, Ec, Sd Cafazzo et
al (2012)
[10]

Design of an
mHealthe app for
the self-manage-
ment of adolescent
type 1 diabetes: a
pilot study

Pilot study 20 12‐16 Frequency of daily blood
glucose readings, HbA1cf,
self-care inventory
survey, and Diabetes
Family Responsibility
Questionnaire

Gamification incentives and
blood glucose trend analysis

B, E, S Nilsson
(2016) [11]

How young people
can learn about
newly diagnosed
type 1 diabetes

Prospective
pilot study

15 6.5‐16 Qualitative interview
regarding knowledge and
learning

App with educational content
about injection technique,
hyperglycemia, and
hypoglycemia; diabetes
game; an anatomy app; and a
carbohydrate counter
provided during the hospital
stay

B, R, S Goyal et al
(2017) [12]

A mobile app for
the self-
management of
type 1 diabetes
among
adolescents: a
randomized
controlled trial

RCTg 92 11‐16 HbA1c, hypoglycemic
event, self-monitoring of
blood glucose, and self-
initiated adjustments to
regimen

Out-of-range blood glucose
trend alerts, coaching around
out-of-range trend causes,
and fixed point-based
incentive system

B, S Clifton et
al (2018)
[13]

A tablet-based
educational tool:
toward more
comprehensive
pediatric patient
education

Prospective
pilot study

106 6‐17 Perceived diabetes
knowledge

Education regarding insulin
regime, doses, treatment of
hyperglycemia, prevention
and treatment of
hypoglycemia, and to teach
patients and caregivers

B, R, E, S Klee et al
(2018) [14]

An intervention by
a patient-designed
do-it-yourself
mobile device app
reduces HbA1c in
children and
adolescents with
type 1 diabetes: a
randomized
double-crossover
Study

Randomized
double
crossover

55 10‐18 HbA1c, QoLh,
and hypoglycemia

Logging blood glucose
readings, carbohydrate/sugar
intake, and insulin dosing
and regular, remote feedback
from the diabetes care team

B, R, E, S Pramanik
et al (2019)
[15]

Smartphone app as
motivational
intervention to
improve glycemic
control in
adolescents with
type 1 diabetes

Pre-post
intervention
study (single
group)

34 11‐18 HbA1c Daily reminders for insulin,
meals, and exercise; thrice-
daily reminders (morning,
evening, bedtime) on
weekdays; and an additional
midday reminder on
weekends for insulin
administration, meal timing,
and exercise

R Hilliard et
al (2020)
[16]

Type 1 Doing
Well: pilot
feasibility and
acceptability study
of a strengths-
based mHealth app
for parents of
adolescents with
type 1 diabetes

RCT 80 12‐17 HbA1c (%) and
qualitative interviews

Praise messages and tracking
diabetes-related behaviors
with a weekly summary
report
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Domain
Author
(year) Title

Study
design Participants, n

Age
(years),
range Outcome measures App features

B, S Alfonsi et
al (2020)
[17]

Carbohydrate
counting app using
image recognition
for youth with type
1 diabetes: pilot
randomized
control trial

RCT 46 8.5‐17 HbA1c, carbohydrate
counting accuracy,
counting errors, QoL for
youth, self-care, and
patient or parent
responsibility

Food identification and
carbohydrate counting

B, R, E, S Holtz et al
(2021) [18]

An mHealth-based
intervention for
adolescents with
type 1 diabetes and
their parents: pilot
feasibility and
efficacy single-arm
study

Prospective
pilot study

30 (adolescent-
parent pairs)

10‐15 Diabetes care adherence,
QoL, family conflict, and
HbA1c

Parent-adolescent
communication

B, R, S Kime et al
(2023) [19]

Evaluation of the
DigiBete App, a
self-management
app for type 1
diabetes:
experiences of
young people,
families, and
healthcare
professionals

Pre-post
intervention
study (single
group)

1343 5‐16 Qualitative interviews Educational advice and
resources such as guidance,
quizzes, and educational and
instructional videos; store
insulin ratios/doses; and
communication with the
diabetes team via the app

B, S Bender et
al (2024)
[20]

Impact of Sten-O
Starter on
glycemic
management in
children and
adolescents with
type 1 diabetes in
the north region of
Denmark

Retrospective
cohort study

181 ≤18i HbA1c, time in range,
time above range, and
time below range

Educational app (each topic
with animation, quizzes, and
games)
and instruction videos

B, R, E, S Holtz et al
(2024) [21]

The effect of an
mHealth
intervention for
adolescents with
type 1 diabetes and
their parents

RCT 33 (adolescent-
parent pairs)

10‐15 HbA1c, self-management,
Diabetes Behavior Rating
scale, and QoL via Impact
on Family Scale

Parent-child communication

aB: behavioral.
bR: reinforcement.
cE: expectations.
dS: self-efficacy.
emHealth: mobile health.
fHbA1c: hemoglobin A1c.
gRCT: randomized controlled trial.
hQoL quality of life.
iInclusion criterion for the study.

The results for each of the included outcomes are described in
the following sections.
HbA1c
HbA1c values as an outcome measure were reported in 9
studies [10,12,14-18,20,21]. In these studies, there were 355
people in the intervention groups and 208 people in the
control groups. Significant improvement in HbA1c values
(reduced HbA1c values) were reported within the interven-
tion groups in 4 studies (Alfonsi et al [17]: −0.35%, P=.03;
Klee et al [14]: –0.33%, P=.048; Pramanik et al [15]:
−0.91%, P=.004; Goyal et al [12] −0.58%, P=.02). Signif-
icant differences were not found in 3 studies [10,16,20].

HbA1c stability in the intervention group (HbA1c: −0.22%,
P=.26) compared with worsening in the control group
(HbA1c:+0.52%, P=.02) was reported in 1 study [21].

Holtz et al [18] did not find a significant change in HbA1c
levels between the groups; however, a higher use of the
mobile app correlated with a greater improvement in HbA1c
levels (P<.005).
Hypoglycemia
The occurrence of hypoglycemic events as an outcome
measure was reported in 3 studies [12,20,21].
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Bender et al [20] found a significant difference in the
reduction of the time below range between the intervention
and control groups at both 6 months (1.2% vs 2.6%, P=.02)
and 12 months (1% vs 2%, P=.05) posttreatment. Klee et
al [14] and Goyal et al [12] did not find any significant
differences in hypoglycemic events.
Self-Efficacy
Self-efficacy as an outcome measure was reported in 3 studies
[13,16,17].

Alfonsi et al [17] reported increased carbohydrate counting
accuracy (P=.008) and reduced frequency of individual
counting errors >10 g (P=.047).

Hilliard et al [16] used the Diabetes Strengths and
Resilience Measure for Adolescents to assess how often
patients engaged in T1DM-related behaviors, but found no
significant differences between the groups.

Through a multiple-choice survey designed with a 5-point
Likert-type scale, Clifton et al [13] assessed the change in
caregivers’ knowledge level for T1DM in general, hypoglyce-
mia, hyperglycemia, and diabetic ketoacidosis. They found
that 57% (36/63) of the intervention group perceived an
increase in diabetes knowledge compared with 39% (16/41)
of the control group, though the difference did not reach
statistical significance (P=.059).
Treatment Adherence
The impact on treatment adherence was evaluated in 4 studies
[10,12,18,21].

Holtz et al [18] and Hilliard et al [16] used the Diabetes
Behavior Rating Scale, showing significant improvements in
diabetes behavior 12 weeks postintervention (P=.02 in both
studies).

Goyal et al [12] used the Self Care Inventory questionnaire
to measure adherence to treatment recommendations but did
not find any significant changes in scores. Similarly, Cafazzo
et al [10] did not find any significant changes in Self Care
Inventory scores but did report a 50% (2.4 to 3.6 per day)
increase in the daily average frequency of blood glucose
measurements (P=.006).
Quality of Life
Quality of life was measured through various questionnaires
in 7 studies [10,12,16-19,21]. Alfonsi et al [17], Cafazzo et al

[10], and Goyal et al [12] used the Diabetes Quality of Life
for Youth questionnaire. Hilliard et al [16] used the Mon-
itoring Individual Needs in Diabetes Youth Questionnaire.
Klee et al [14] used the Quality of Life for Youth question-
naire, and Holtz et al [21] used the PedsQl questionnaire.
None of the studies found significant differences between the
intervention and control groups.

Holtz et al [18] reported significant improvement in
quality of life measured via the PedsQoL generic scale
(before study: mean 4.02, SD 0.84; after study: mean 4.27,
SD 0.73; t24=2.48, P=.01, d=0.32).
Family Quality of Life and Family Conflict
The impact on quality of life in the family was evaluated in 5
studies [10,12,16,18,21].

Holtz et al [21] used the Impact on Family Scale in their
study, showing that parents’ perceptions of quality of family
life improved significantly for the intervention group (P=.02).

Hilliard et al [16] used the Diabetes Family Impact Scale,
Holtz et al [18] used the Revised Diabetes Family Conflict
scale, and Cafazzo et al [10] and Goyal et al [12] both
used the Diabetes Family Responsibility Questionnaire to
examine family conflict and parent-adolescent interaction
around diabetes. However, no significant differences between
intervention and control groups were found.
SCT Constructs Across the mHealth
Apps
All included mHealth apps incorporated at least one SCT
construct, with two-thirds of studies using at least 3 con-
structs within the same app. Among the individual SCT
constructs, behavioral capability and self-efficacy were the
most frequently used, appearing in 11 of the 12 included
mHealth apps. Many of the apps had various tools: Digi-
Bete [19] had the ability to store insulin ratios/doses and
pump settings and guidance videos on the administration
of injections, while WebDia [14] had a bolus calculator
function with a section centered on carbohydrate estimation
with pictorial assistance. In the iSpy study [17], the use
of a mobile app designed to assist youth with T1DM with
counting carbohydrates made food identification through
images possible. Figure 2 illustrates the key features of the
mHealth apps and their associated SCT construct(s).
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Figure 2. Mapping of mobile health (mHealth) app features to core constructs of social cognitive theory in pediatric type 1 diabetes management.

Gamified features were used within the mHealth apps in
5 studies [10,11,18,20,21]. The Bant app [12] in particu-
lar was designed with a rewards algorithm that allocated
game-like experience points for adherence to blood glucose
testing with bonus points and level-ups awarded accordingly.
A total of 161 rewards (an average of 8 rewards each)
were distributed to participants based on their frequency of
blood glucose measurement, with 50% (10/20) of participants
collecting more than 10 awards. The use of gamification and
rewards encouraged adherence and reinforced positive health
behavior.

The majority of the studies provided educational modules
to participants, thereby enhancing their behavioral capability.
Alfonsi et al [17] and Klee et al [14] focused on nutrition with
food identification and carbohydrate counting, while other
studies [11-13,19] included analysis of blood glucose trends
and awareness of hypoglycemia and hyperglycemia. Some
studies also included educational materials regarding insulin
storage, calculation, and administration. The DigiBete [19]
and Sten-O Starter [20] apps also made use of quizzes to help
users consolidate their learning and understanding of their
own condition, with awards for completion that allowed for
positive reinforcement.
Intervention Engagement and User
Analytics
Hilliard et al [16] reported parental use of the app for an
average of 106.1 (SD 37.1) days over the 3-month study
period, with parents logging in 1 or more times a day on 80%

of the days. Alfonsi et al [17] reported 43% (9/21) of iSpy
participants were still engaged (medium to high users) at the
end of the study. Both noted high app acceptability ratings
among their participants pertaining to usefulness, ease of use,
and learning on the app.

Kime et al [19] reported an average of 4.4 videos viewed
per app user. Uniquely, their app allowed for communica-
tion and interactions with health care professionals. It was
noted that more than one-half of health care professionals
surveyed (99/178, 55.6%) reported that they frequently or
very frequently sent out information and news to support their
patients and families via the clinic portal in the app.

Holtz et al [18] reported an average number of 63 (SD
27.7) days of app use, with 84% (21/25) of the participants
having use in the medium or high use categories over the
90-day study period. Linear regression analysis demonstrated
a significant effect between the overall use of the app and
improvement in HbA1c levels (F1,20=9.74, P<.005; R2=0.33).

Klee et al [14] shared that 80% (27/33) of participants
reported using Webdia daily. However, the subgroup analysis
showed that frequency of app use did not influence the effect
of intervention, although overall results showed a significant
difference in the decrease in HbA1c between intervention and
control groups.

Goyal et al [12] reported 35% (16/46) of the participants
were moderately or highly engaged users (uploaded self-
monitored blood glucose [SMBG] concentrations ≥3 days
a week) over the 12-month period. Exploratory regression
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analysis demonstrated a statistically significant association
between increased SMBG and improved HbA1c in the
intervention group. For a subgroup of users with SMBG≥5
times daily, there was a significant improvement in HbA1c of
0.58% (P=.02) compared with the parallel control subgroup
who did not have a significant HbA1c change.

Holtz et al [21] reported an average of 23.3 (SD 16.44)
days of parental app use and 57.72 (SD 25.4) days of
adolescent app use over the 12-week study period. However,
they did not identify any correlation between adolescents’ use
days and HbA1c levels.

Of the studies, 4 [11,13,15,20] did not report any usage
data, as these were either interventions implemented within
the health care setting or they were not included as a studied
outcome.

Discussion
Principal Findings
We performed a scoping review to examine mHealth apps
focused on the management of T1DM in the pediatric
population, looking into their effects on clinical and patient-
related outcomes, as well as examining the underlying
behavioral frameworks informed by SCT. To our knowledge,
no review has been conducted in the past decade to specifi-
cally examine pediatric digital health interventions for T1DM,
with the most recent being published by Blake et al [22] in
2015. Although recent meta-analyses and umbrella reviews

have evaluated mHealth interventions for diabetes [23,24],
these reviews have primarily addressed adult populations or
mixed-age cohorts, with limited focus on pediatric-specific
outcomes. However, children and adolescents with T1DM
face distinct developmental and psychosocial challenges that
may influence both the design and effectiveness of digital
interventions. Although Trnka et al [25] focused on cate-
gorizing coaching-based mHealth technologies for pediatric
T1DM, our review builds on this by systematically evaluat-
ing a broader range of interventions, with specific attention
to clinical outcomes such as HbA1c and hypoglycemia, as
well as behavioral outcomes including treatment adherence
and self-efficacy. Furthermore, we uniquely analyzed the
theoretical foundations of these interventions, drawing on
constructs from SCT to elucidate the behavioral mechanisms
underlying their impact.

The results of our study suggest that mHealth apps for
children and adolescents with T1DM are complex interven-
tions grounded in multiple constructs of SCT. A widely
used framework in behavioral interventions [26], SCT [27]
explains how behaviors are learned within a social context
(Figure 3). This process is grounded in the interplay of
personal factors, environmental influences, and behavior itself
—a concept known as reciprocal determinism. Key constructs
of SCT include (1) self-efficacy (belief in one’s ability to
succeed), (2) behavioral capability (knowledge and skills to
perform a behavior), (3) expectations (anticipated outcomes),
and (4) reinforcements (responses that influence behavior
recurrence) [6].

Figure 3. Triadic reciprocal causation and key elements of social cognitive theory.
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For reciprocal determinism, SCT proposes that behavior is
influenced by 3 interlocking factors: personal, behavioral,
and environmental factors [28]. Behavior is influenced by a
continuous interaction between personal factors, environmen-
tal factors, and behavior itself.

Behavioral capability refers to an individual’s ability to
perform a behavior, thus relying on their knowledge and skills
[28]. The individual then learns from the consequences of
their behavior.

Internal and external responses to a person’s behavior
then positively or negatively reinforce the behavior. Expecta-
tions refer to the anticipated consequences one has of their
behavior.

Self-efficacy refers to the level of a person’s confidence
in their ability to successfully perform a behavior [29]. It is
influenced by an individual’s own capabilities and environ-
mental factors.
Impact of mHealth on Clinical Outcomes
in Pediatric T1DM

Glucose Control
mHealth apps for children and adolescents with T1DM could
help improve glycemic control to varying degrees. Among
the included studies, some mHealth apps were reported to
significantly reduce HbA1c over the course of exposure to
the intervention, while others kept HbA1c levels stable as
opposed to control groups. This is consistent with observa-
tions in previous evidence, with umbrella reviews by Wang et
al [24] and Kitsiou et al [23] showing pooled favorable effects
of mHealth interventions on HbA1c, at least in the short term.
This is a notable observation, as there are unique challenges
for maintaining glycemic control in the pediatric population,
ranging from hormonal fluctuations, conflicting academic
commitments, and struggles with the growing responsibility
of diabetes management to the impact of family and peer
pressure [30]. Given the pervasiveness of smartphone use
even among children and youths today [31], mHealth apps
could potentially help by improving self-management ability
and health literacy of children and adolescents, which tend
to be poorer than that in adults [32], allowing for better
treatment adherence and glycemic control. However, one
should approach the matter with cautious optimism, as the
effectiveness of mHealth apps remains heterogeneous across
different studies and its sustained benefits in the long term
remain unknown.

Educational Value and Treatment Adherence
mHealth apps can be of educational value by providing
structured education that is easily accessible to patients
and may facilitate improvement in communication between
health care providers and patients, to align treatment steps
and goals [33]. Many studies highlighted the usefulness of
digital health interventions for improving patients’ and their
families’ knowledge of their disease. From the DigiBete
study [19], children and families with T1DM felt that the
app was helpful for navigating the large volume of infor-
mation available on T1DM and allowed them to retrieve

information on T1DM readily. Of health care professionals,
83.7% (149/178) believed that the DigiBete app helped
patients manage their T1DM better. Our findings corrobo-
rate with a previous cross-sectional study that found that
educating children with T1DM and their parents regarding
major complications of T1DM increased overall adherence to
treatment and decreased their HbA1c levels [34].

Family Interaction and Quality of Life
Studies have found that mHealth apps have the potential
to improve family interactions as well as patients’ and
family members’ perception of their quality of life. The
MyT1DMHero app [18] linked adolescents with T1DM to
their parents through two separate interfaces, allowing parents
to establish a blood glucose testing schedule on the app so
that the child could follow the schedule accordingly and
update their blood glucose readings. Parents and children
could send each other preprogrammed messages within the
app to facilitate positive communication as well. The Type 1
Doing Well app [16], aimed at promoting supportive family
diabetes management, allows parents to record positive
T1DM-related actions that their child engaged in every day;
ratings would be summarized and presented as a strengths
summary for each family. There were multiple positive
comments from families who felt that the app allowed them to
generate a calmer atmosphere at home and helped adolescents
feel that their efforts were recognized. Many of these apps,
such as Webdia [14] and iSpy [17], received good feedback
but did not show statistically significant differences in the
quality of life from baseline and at postintervention. T1DM
management can be particularly challenging for families, as
it requires teamwork between parents and child [35] and
conflicts can be common [36,37]. Ineffective communication
can lead to youths feeling unsupported. mHealth technology
offers a promising avenue to make behavioral interventions
for family diabetes management more accessible [38,39]. The
extent to which family dynamics and glycemic management
are correlated is currently unknown, but the accumulated
knowledge within a family has also been shown to have
positive effects on glycemic management [40]. These studies
show that, although mHealth apps are promising avenues to
better improve family interactions and quality of life, more
robust evidence is still required.
SCT and its Application to mHealth
The majority of studies used at least 3 SCT constructs
within the same app. This underscores the complex inter-
play between these elements, as they do not function in
isolation but could reinforce one another in the design of
mHealth apps and driving behavioral change. For instance,
building behavioral capability such as equipping children
with essential self-care skills could enhance self-efficacy [41],
which in turn can strengthen expectations of improved health
outcomes [42]. Similarly, reinforcements, such as gamified
incentives, have been shown to sustain engagement while
bolstering productivity and self-efficacy in pediatric T1DM
management through tangible progress [43]. These combi-
nations of constructs align with current taxonomies of the
ideal app for people with diabetes [44], including tips and
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support, rewards, and reminders. Consequently, the dynamic
interaction between these constructs also mirror recipro-
cal determinism, where personal confidence, environmental
support (eg, caregiver involvement, app-based reminders),
and self-management behaviors continuously influence one
another [45].

Among individual SCT constructs, behavioral capabil-
ity and self-efficacy were the most frequently used. Their
prevalence reflects the emphasis of mHealth interventions
on fostering self-management, which is in keeping with
existing knowledge on the clinical efficacy of self-monitor-
ing as a behavioral change technique in the management
of diabetes [46]. This focus on self-management is partic-
ularly crucial in the management of diabetes in pediatric
populations, where competency in self-care skills (from diet,
exercise, and treatment adherence,to monitoring) from early
in the life course could go a long way in supporting healthy
growth and prevent the development of potentially debili-
tating complications [47,48]. mHealth interventions could
help equip children with the necessary skills and reinforce
long-term self-care behaviors while instilling confidence in
their ability to manage their condition [49,50]. The spotlight
cast on patient self-management also aligns with a broader
shift toward patient empowerment, balancing autonomy with
structured caregiver and health care provider support.

In this review, studies that used gamification and improved
T1DM self-management demonstrated significant differen-
ces in clinical outcomes. The use of graphics, aesthetically
colorful images, and avatars are important elements in
mHealth apps that can make the apps more appealing to
use and better engage children and adolescents. Gamifica-
tion leverages SCT by incorporating its core constructs. For
example, completing levels in a game and earning rewards
build mastery, provide motivation, and boost self-efficacy.
Gamification also works through positive reinforcement using
points or social comparisons where users are rewarded for
their performance and the relevance of their achievements are
recognized on the gaming platform [51].
Intervention Engagement
A key functionality of mHealth in clinical practice is
improving clinical outcomes through behavior change and
enhancement of patient adherence and treatment compli-
ance. More frequent engagement is generally associated with
improved treatment adherence or self-management [33].

Participant engagement and retention continue to be
fundamental challenges for mHealth app studies [52].
Similarly, 2 of the included studies [17,18] reported initial
high levels of usage followed by decreasing levels over time.
This could be attributed to the “novelty effect” [53], whereby
participants are more motivated to good performance when an
experience is new to them. Additional feedback given for the
mHealth apps included the lack of personalization [16], need
for repeated manual entries [12,14], and requiring a secondary
mobile or supplementary device [12].

Several studies [12,14,18] that reported data on user
engagement noted medium to high usage levels; however, this

did not necessarily translate to improved clinical outcomes.
To examine the reasons for this gap, we considered research
design and participant factors. Regarding the participant
factors, the quantity of use might not reflect the quality of
use. A user’s degree of engagement is influenced by the depth
of the individual’s investment in the interaction with the
digital tool, and this investment may be defined temporally,
affectively, and/or cognitively [54]. Hence, current engage-
ment measures are not able to fully detail user characteristics
and their interactions with the app platform. For research
design factors, there is a lack of standardized classification
for user engagement. Studies tended to focus on a limited
number of indicators of engagement, leading to obscuration
of more complex patterns and posing a challenge for the
generalizability of findings [55]. To address these factors,
Shani et al [55] proposed an organizing framework to guide
the measurement, reporting, and interpretation of engagement
in digital intervention research. They suggested the concep-
tualization of digital interventions as a collection of stimuli
(such as notifications and reminders) and tasks (such as
opening the mobile app and practicing a relaxation technique)
and considering user engagement with digital interventions
as a continuous process. Moving forward, the adoption of
such a standardized framework would be useful for measur-
ing, reporting, and interpreting user engagement with digital
interventions.
mHealth in the Changing Landscape of
T1DM Management
There have been transformative advances in technolo-
gies to support T1DM management including CGM
devices, insulin pumps, and automated insulin delivery
systems. There have been significant improvements in both
glycemic control and quality of life measures for those
who have integrated the use of these technologies into care
of their diabetes [56].

Fang et al [57] reported a substantial increase in the use of
CGM and insulin pumps among youths. However, the lowest
rates of diabetes technology uptake and poorest glycemic
control were observed among Hispanic, non-Hispanic Black,
and state-insured youths and adults, and these disparities have
persisted or even widened over time. Racial, ethnic, and
socioeconomic disparities in access to diabetes technology
have been identified as common barriers to uptake of diabetes
technology in several studies [58-60]. This has also been
compounded by individual-level barriers such as physical
interferences from the device and body image concerns
[61]. Studies [62,63] examining the psychosocial barriers
to the uptake of diabetes technology have also highlighted
varied user experiences with technical failures, fear of device
dependence, and uncertainty of device accuracy. Diabetes
care then defers back to SMBG and multiple daily insulin
injections. Although CGM and insulin pump technologies are
increasingly regarded as the standard of care in contemporary
T1DM management, digital health interventions remain as
both a valuable and accessible adjunct for individuals who
either choose to delay the adoption of these technologies or
simply lack access due to psychosocial or socioeconomic

JMIR MHEALTH AND UHEALTH Beh et al

https://mhealth.jmir.org/2026/1/e79338 JMIR Mhealth Uhealth 2026 | vol. 14 | e79338 | p. 10
(page number not for citation purposes)

https://mhealth.jmir.org/2026/1/e79338


barriers. Such tools can still potentially support essential
self-management behaviors including carbohydrate count-
ing, insulin logging, and structured education. They could
also play a complementary role in addressing educational,
behavioral, and psychosocial needs that may not be the
primary objective of these technologies.

Proprietary CGM manufacturers feature mobile apps that
provide real-time glucose monitoring, trend alerts, and data
sharing. Nonetheless, third-party apps such as mySugr and
Glucose Buddy remain highly rated apps [64,65] on various
mobile operating systems. Zivkovic et al [66] investigated
the impact of transitioning from SMBG to CGM alongside
the use of a mHealth app, mySugr, on users’ glycemic
control. They found that this transition significantly improved
glycemic control in terms of glucose variability and mean
glucose levels. There remains an extensive selection of
third-party apps catering to the various needs of those with
T1DM, with features supporting data tracking, data analy-
sis, food insights, and motivational support either in the
form of online communities or chatbots. mHealth apps offer
the potential of an integrated platform for seamless pairing
with CGM sensors and devices while providing opportunity
for real-time feedback, timely intervention, communication
support (with family, health care providers, user community),
and education about T1DM.
Strengths and Limitations
This scoping review possesses several methodological and
conceptual strengths. First, it represents the most up-to-date
synthesis specifically focused on mHealth interventions for
pediatric T1DM, addressing a critical evidence gap in the
digital health literature. Unlike prior reviews that aggregated
data across broader or mixed populations, this review targets
children and adolescents—a group with unique behavioral,
cognitive, and developmental needs that warrant tailored
intervention strategies. The next notable strength lies in our
use of deductive thematic analysis guided by an underpinning
conceptual framework based on SCT. Intervention compo-
nents were systematically mapped to key SCT constructs—
self-efficacy, behavioral capability, reinforcement, expecta-
tions, and reciprocal determinism—allowing for an in-depth
exploration of how behavioral change mechanisms are
embedded in mHealth design. This theory-driven approach
moves beyond descriptive synthesis to offer explanatory
insight into how and why mHealth tools may support
effective self-management in pediatric T1DM. Finally, by
evaluating both clinical outcomes (such as HbA1c and
hypoglycemia) and behavioral outcomes (such as treatment
adherence, self-efficacy, and quality of life), this review
provides a comprehensive and translational understanding
of the impact of mHealth interventions. The findings offer

valuable guidance for the development and refinement of
future digital health strategies that are both evidence-based
and behaviorally grounded.

However, we do acknowledge that several limitations
should be considered when interpreting the findings of this
review. First, the overall number of eligible studies was
limited, and many were studies with small sample sizes and
short follow-up durations. This limits the statistical power
and generalizability of the reported outcomes, particularly
with respect to long-term clinical effectiveness. Next, due to
the limited availability of high-quality randomized controlled
trials, we included a range of nonrandomized study designs.
Although this approach aligns with scoping review methodol-
ogy and allows for broader coverage of real-world evidence,
it introduces inherent risks of bias and limits the ability
to draw causal inferences regarding intervention effective-
ness. Third, there was substantial heterogeneity in outcome
reporting across studies. Clinical and behavioral endpoints
—such as HbA1c, adherence, and quality of life—were
assessed using a variety of instruments, often with differing
definitions, scales, or time points. This lack of standardiza-
tion hinders direct comparisons across studies and precludes
meta-analytic synthesis. Another notable limitation was the
lack of inclusion of youths with T1DM as members of our
research team to co-design the methodology of our work.
Their lived experiences would also have provided deeper
insights into contextualizing our findings and direct applic-
ability of digital health. Using the key findings from this
paper, our study team aims to involve children and young
persons living with diabetes in subsequent qualitative and
mixed methods studies examining the role of digital health
interventions in both their lives as well as their families.
Conclusion
In conclusion, mHealth apps for children and adolescents
with T1DM are complex behavioral interventions that often
incorporate multiple constructs from SCT. Current evidence
suggests that these interventions may contribute to improved
glycemic control, with several studies reporting stability or
reductions in HbA1c relative to control groups. Although
the evidence base is heterogeneous, mHealth interventions
show potential benefits across a range of behavioral and
psychosocial outcomes, including self-efficacy, treatment
adherence, quality of life, hypoglycemia management, and
family dynamics. To strengthen the evidence and guide
future implementation, further research is needed, using
standardized outcome measures and robust methodological
designs to better understand how theory-informed digital
tools influence self-management and holistic well-being in
pediatric T1DM.
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