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Abstract

Objective: This review examined the effectiveness of mobile-health (m-health) app-supported interventions in improving
patient health outcomes. It also sought to describe the behavior change techniques (BCTs) used in these interventions
and identify effective BCTs or combinations of BCTs to facilitate glycemic control.

Method: MEDLINE, EMBASE, and Web of Science databases were searched for relevant studies published until November
2024. Forty-three randomized controlled trials (RCTs) examining the effects of m-health app on glycemic control were iden-
tified and included in the analysis. The BCTs utilized in each intervention were coded based on a widely used BCT taxonomy.
Health outcomes (e.g. change in hemoglobin A1c [HbA1c]) were meta-analyzed using random effect models. Meta-regres-
sion models were used to examine associations between the use of BCTs and HbA1c improvements. Cochrane
Collaboration’s tool was used for the evaluation of the risk of bias.

Results: Using m-health app-supported interventions significantly reduced HbA1c, fasting blood glucose, systolic and dia-
stolic blood pressure, low-density lipoprotein cholesterol, triglycerides, weight, and waist circumference. The examined
interventions utilized 5.77 BCTs on average. The most frequently used BCTs included “credible source,” followed by “social
support (general),” “self-monitoring of outcome(s) of behavior,” “biofeedback,” “self-monitoring of behavior,” and “instruc-
tion on how to perform a behavior (skills training).” Interventions that utilized “problem solving” and “reward and threat”
were associated with greater HbA1c improvement than those did not. Using BCTs in groupings of “feedback and monitoring,”
“social support,” and “comparison of outcomes” formed the simplest and most effective combination.

Conclusion: Our study provides evidence about effective BCTs and combinations for better glycemic control. However, opti-
mal BCT combinations warrant further examination. Future RCTs that clearly report the BCTs used are recommended.
Experimental designs such as a multiphase optimization strategy should be used to examine the effects of single BCTs
and their interactions.
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Introduction
Approximately 537 million adults are living with diabetes,1

and 90% of them have type 2 diabetes.2 Diabetes can cause
serious complications (e.g. cardiovascular disease, kidney
failure, and retinopathy), and it is a leading cause of death
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and disability worldwide.3,4 To improve glycemic control,
patients with type 2 diabetes must perform diligent self-
management, such as taking prescribed medications, eating
a healthy diet, conducting regular self-monitoring, and exer-
cising.5 However, patient compliance is often suboptimal,
and many patients struggle to adhere to treatment regimens
consistently.5–7 Nonadherence to self-management regi-
mens is associated with health consequences.8,9

Recently, with the ongoing and dramatic spread of
mobile technologies, mobile health (m-health) has
emerged as a promising tool to encourage behavior
changes and support disease management among patients
with diabetes who need lifelong self-care.10–12 Health
apps are among the most common delivery modalities for
m-health interventions. Specifically, m-health app-
supported interventions capitalize on various features (e.g.
self-monitoring of blood glucose, education, reminders,
and patient-care provider communication) to address the
constraints of conventional self-management pro-
cesses.10,12,13 For instance, Or et al.11 developed a
tablet-based self-management app for patients with
comorbid type 2 diabetes and hypertension that enables
patients to record and retrieve their blood glucose and
blood pressure levels. Agarwal et al.14 designed an
m-health app-assisted intervention to support the self-
monitoring of health behaviors and outcomes and deliver
tailored, real-time feedback messages to facilitate patient
behavior and motivation.

Systematic reviews of randomized controlled trials
(RCTs) consistently illustrate the positive effects of
m-health app-supported interventions.10,15,16 However,
very few studies have examined the underlying theoretical
basis of the intervention.17,18 Notably, m-health apps
developed for diabetes self-management are often
complex and include various behavior change techniques
(BCTs),19,20 which are “an observable, replicable, and
irreducible component of an intervention designed to
alter or redirect causal processes that regulate behavior.”21
Individual BCTs may have additive, synergistic, or antag-
onistic interactions with others.22,23 Identifying the most
effective BCT components and combinations is crucial
to investigating potential causal relationships between
BCT components and glycemic control, subsequently
guiding the optimization of future interventions.24

Although a few reviews have addressed this issue,17,18,24

their findings are inconsistent.
To fill the aforementioned research gap, this systematic

review addressed two objectives: (1) to investigate the
effects of m-health app supported interventions on health
outcomes (e.g. hemoglobin A1c [HbA1c], fasting blood
glucose [FBG], and body mass index [BMI]) among
patients with type 2 diabetes, and (2) to identify which
BCTs and BCT combinations were effective when deliv-
ered via m-health apps to patients with type 2 diabetes.

Methods
This systematic review and meta-analysis were conducted
based on the Cochrane Handbook for Systematic Reviews
of Interventions25 and reported according to the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses statement26 (see Appendix 1). This review
was not pre-registered, and a research protocol was not pre-
pared. Two researchers independently performed study
selection, data extraction, and risk of bias assessment.
Any discrepancies were addressed and resolved through
discussion.

Search strategy

We searched the MEDLINE, EMBASE, and Web of
Science databases to identify relevant studies published
between January 2007 and November 2024. The search
was initially conducted in December 2022 and updated in
December 2024. We chose 2007 as the starting year
because most m-health apps were released after 2007.10,27

The search strategy included four sets of terms for type 2
diabetes (type 2 diabetes or type 2 diabetic or T2DM),
technological medium (phone* or tablet*), disease manage-
ment (monitor* or manag* or care or control), and effect
examination (examin* or evaluat* or assess* or
compar*). The detailed search strategy and limits employed
across databases were presented in Appendix 2.

Eligibility criteria

The eligibility criteria were: (a) RCTs, (b) studied type 2
diabetic patients, (c) assessed the effectiveness of
m-health app-supported interventions on changes in
HbA1c and other patient outcomes relative to the effective-
ness of usual care, and (d) were published in
English-language, peer-reviewed journals.

Study selection

Two researchers initially assessed the titles and abstracts of
the sources retrieved via the literature search. They then
determined the eligibility of potentially relevant papers by
reading the full text. The researchers also scrutinized the
reference lists of the selected papers and relevant review
articles to identify any publications that had been missed
by the search.

Data extraction

Data extraction was guided by a preconstructed coding
scheme. Extracted information included study characteris-
tics (e.g. study location, sample size, HbA1c eligibility, par-
ticipants’ mean age, male proportion) and the quantitative
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data on changes in HbA1c and other patient outcomes.
Specifically, means and SDs of outcome measures at base-
line and last time-point follow-up were extracted for both
the intervention and control groups. If SD was missing,
the authors estimated it using standard error (SE) and
95% confidence interval (CI) (if reported), according to
the Cochrane Handbook.25 For RCTs with multiple inter-
vention groups related to using m-health apps, the control
group was divided into two or more groups to facilitate mul-
tiple pairwise comparisons, as the Cochrane Collaboration
Guideline suggests.25 In addition, the BCTs used in each
intervention were coded according to Michie’s BCT tax-
onomy.21 A BCT was coded as “present” if it was used in
the intervention group but not the control group.17,23

Outcome measures

Primary outcome was changes in HbA1c at the end of each
trial. Secondary outcomes included changes in other clin-
ical outcomes, for example, FBG, systolic/diastolic blood
pressure (SBP/DBP), and low-density/high-density lipopro-
tein (LDL/HDL) cholesterol.

Risk of bias assessment

Researchers evaluated the risk of bias for each trial using
the Cochrane Collaboration’s tool.25 Risk of bias was eval-
uated in terms of: (a) selection bias, (b) performance bias,
(c) detection bias, (d) attrition bias, and (e) reporting bias.

Data analysis

The level of agreement between the two researchers during
the study selection process was examined with Kappa sta-
tistics. All of the study outcomes were meta-analyzed.
The standardized mean difference (SMD) for each
outcome was calculated with a random-effect model to
represent the effect size. I2 statistic was calculated to
examine the between-trial heterogeneity, with 50% and
75% indicating moderate and high levels of heterogeneity,
respectively.28 Egger’s test was used to examine the publi-
cation bias of each outcome.25 Forest plot was used to
represent the meta-analysis result of intervention versus
control regarding HbA1c improvement. Quality of evi-
dence for each outcome was evaluated using the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) system.29 Quality of evidence was
evaluated in terms of risk of bias, imprecision, indirectness,
inconsistency, and publication bias. A univariate
random-effect meta-regression model was planned using
the BCT number and the presence or absence of each
BCT grouping and individual BCTs as independent vari-
ables. Only BCTs and BCT groupings coded as present
for at least two trials were included in the analysis. The
adjusted R2 was calculated as a measure of how much of

the outcome heterogeneity the covariate accounted for.
Subgroup analyses were performed to examine the effects
of certain combinations of BCTs on glycemic control.
Comprehensive meta-analysis statistical software was
used for all analyses.

Results

Study selection

The study selection process (Figure 1) identified 36 eligible
articles (29 from databases and 7 from manual
search).11,14,30–63 Of them, five RCTs31,35,45,55,63 had mul-
tiple relevant intervention groups; therefore, the control
groups in these studies were split into more groups accord-
ingly. Forty-three trials were included in our data analysis.
Kappa statistics indicated a good level of agreement during
the abstract screening phase (kappa= 0.83) and the full-text
analysis (kappa= 0.91).

Trial characteristics

Among the 43 trials, most of the trials were published after
2017 and in Asia and North American countries (Table 1).
The mean sample size of the trials was 86, and the mean
trial length was 6 months. Detailed characteristics of the
included studies are presented in Appendix 3.

Risk of bias assessment

Of all trials, 81%, 53%, 0%, 14%, 70%, 100%, and 26%
were assessed as low risk in terms of the seven aspects,
respectively (see Figures 2 and 3).

Effects of m-health apps on study outcomes

Eleven outcomes were meta-analyzed (Table 2). M-health
app-supported interventions significantly lowered HbA1c
levels (SMD=−0.42, 95% CI, −0.56 to −0.27, p < 0.001,
corresponding to an absolute mean difference [MD]=
−0.42%, 95% CI, −0.57 to −0.27, p < 0.001). Figure 4 pre-
sents the forest plots for HbA1c change. For secondary out-
comes, m-health apps also yielded more improvements in
SBP (SMD see Table 2, MD=−2.69 mmHg, 95% CI,
−4.72 to −0.67, p= 0.009), DBP (MD=−1.66 mmHg,
95% CI, −2.78 to −0.53, p= 0.004), LDL cholesterol
(MD=−0.06 mmol/L, 95% CI, −0.12 to 0.001, p=
0.052), triglycerides (MD=−0.12 mmol/L, 95% CI,
−0.21 to −0.03, p= 0.01), FBG (MD=−0.92 mmol/L,
95% CI, −1.07 to −0.76, p < 0.001), weight (MD=
−1.01 kg, 95% CI, −1.87 to −0.16, p= 0.02), and waist cir-
cumference (MD=−2.01 cm, 95% CI, −3.55 to −0.47, p=
0.01). There was no significant effect of using m-health
apps on HDL cholesterol, BMI, and total cholesterol. The
GRADE assessment indicated that the quality of evidence
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for HbA1c was low due to a moderate-to-high level of
inconsistency and risk of publication bias.

Use of BCTs

Among the BCT taxonomy proposed by Michie et al.,21 23
BCTs (of 93 BCTs, 24.73%) from 11 groupings (of 16
groupings, 68.75%) were used. Interventions utilized an
average of 4.02 (SD= 1.35, range 1–7, median= 4) BCT
groupings. The most frequently used BCT groupings
were “feedback and monitoring,” “comparison of out-
comes,” “social support,” and “shaping knowledge”
(Table 3, BCT coding details see Appendix 3). Other
BCT groupings were utilized in less than 50% of the
trials. Interventions utilized 5.77 BCTs (SD= 1.85, range
2–9, median= 6) on average. The most frequently used
BCTs were “credible source,” followed by “social support
(general),” “self-monitoring of outcome(s) of behavior,”
“biofeedback,” “self-monitoring of behavior,” and “instruc-
tion on how to perform a behavior (skills training).” Other
BCTs were utilized in less than 30% of the trials.

Effectiveness of BCTs

Meta-regression analysis showed that the number of BCTs
used in the intervention was not found to be associated with
more HbA1c improvement (β=−0.01, p= 0.80). At the
grouping level, utilizing BCTs in grouping “reward and
threat” yielded significantly greater improvement in
HbA1c (β=−1.23, p < 0.001, Table 4). At the individual

BCT level, utilizing “problem solving (coping planning)”
(β=−0.70, p= 0.003) was found to be associated with
greater improvements in HbA1c (Table 5). Using “feedback
on behavior” yielded a marginally significant effect on
HbA1c change (β=−0.31, p= 0.05).

BCT combinations

There were 29 different combinations of BCT groupings.
Twenty-six (60.5%) trials simultaneously included BCTs in
groupings “feedback and monitoring,” “social support,” and
“comparison of outcomes.” Among them, six interventions
only used BCTs from the three groupings, while others
added BCTs from “goals and planning,” “shaping knowl-
edge,” “comparison of behavior,” “association,” “reward
and threat,” and “regulation,” or their combinations.
Meta-analysis indicated that interventions using BCTs from
groupings 2, 3, and 9 (SMD=−0.48, p<0.001), grouping
2, 3, 9, and 4 (SMD=−0.56, p= 0.03), and groupings 2, 3,
9, 1, and 4 (SMD=−0.27, p= 0.03) were favorable in redu-
cing HbA1c (Table 6). However, other combinations did not
show greater improvement in HbA1c.

Discussion

Principal findings

Our systematic review investigated the effects of m-health
app-supported interventions on type 2 diabetes patients’
health outcomes. We identified 43 trials to analyze with a

Figure 1. Flow diagram of study selection process.
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literature search.Ourmeta-analyses indicated that, compared
with conventional care, m-health app-supported interven-
tions achieved greater improvements in HbA1c (SMD=

−0.42, corresponding to an absolute MD of −0.42%) than
usual care. This effect size was similar to those reported in
other systematic reviews (SMD range −0.31 to −0.44, MD
range −0.40% to −0.49%).10,15,16,18 It was also considered
clinically meaningful because a decrease in HbA1c by
0.3% was associated with a lower risk of diabetic complica-
tions.18,64 Among the secondary outcomes, significant
improvements in SBP, DBP, LDL cholesterol, triglycerides,
FBG, weight, and waist circumference were found. These
significant improvements may reflect that most m-health
app-supported interventions involve lifestyle management
features, such as diet and exercise management. However,
m-health app-supported interventions did not improve
HDL cholesterol, BMI, or total cholesterol. The reasons for
this need to be further examined.

Of the 93 BCTs in Michie’s taxonomy,21 only 23 were
used in the selected trials, illustrating that most BCTs in
the taxonomy are not currently used in m-health apps for
diabetes management. An average of 5.77 BCTs were
used in the studied m-health apps. This number was
similar to those reported in similar existing reviews
(average number of BCTs: 4.5 to 9.07).17,18,24,65

Descriptive analyses indicated that “feedback and monitor-
ing,” “comparison of outcomes,” “social support,” and
“shaping knowledge” were identified in more than 50%
of the trials. To utilize these types of BCTs, interventions
usually included features such as self-monitoring of blood
glucose, exercise, and diet; educational materials; and
patient–healthcare provider communication.10,13,27

The univariate meta-regression analyses revealed that
the number of BCTs was not associated with improved
HbA1c. This finding diverged from some previous
reviews.17,24 For example, Rhoon et al.24 found that effect-
ive digital interventions for type 2 diabetes used more BCTs
than ineffective interventions. El-Gayar et al.17 indicated
that using more BCTs may lead to slightly more HbA1c
improvement. However, our results are consistent with

Table 1. Trial characteristics.

Characteristics Value

Year of publication, n (%)

2008–2012 4 (9.3)

2013–2016 11 (25.6)

2017–2020 14 (32.6)

2021–2024 14 (32.6)

Study location, n (%)

Asia 17 (39.5)

North America 16 (37.2)

Europe 7 (16.3)

Africa 1 (2.3)

South America 1 (2.3)

Oceania 1 (2.3)

Sample size, median (range) 86 (4–669)

Participants’ mean age (years), mean (range) 56.1 (45.5–73.4)

Male participants (%), median (range) 50.4(25–76.2)

Trial length (months), median (range) 6 (2–12)

Figure 2. Risk of bias of the 43 trials.
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other studies18,65 indicating that BCT number was not asso-
ciated with better health outcomes. This finding affirms that
using effective BCTs or BCT combinations is more import-
ant than using more BCTs. More research is needed to elu-
cidate the relationship between BCT quantity and health
outcomes.

This study identified several effective BCT groupings
and individual BCTs through meta-regression analysis. At
the group level, “reward and threat,” although used infre-
quently, effectively facilitated glycemic control. For
example, Kamat et al.53 provided financial incentives to
patients if they maintained 80% medication adherence.
This finding is consistent with previous studies indicating
that rewards and incentives effectively encourage behavior
changes for diet management,66 tobacco cessation,67 and
medication-taking.68 However, providing incentives may
reduce patients’ intrinsic motivation to improve their
behavior.69 In addition, many studies report that incentives
tend to facilitate initial behavior change, but the effects may
diminish over time.69–71 As only two trials used this BCT,
further research is needed to examine how different incen-
tive types influence behavior change among chronically ill
patients.

At the single BCT level, “problem solving (coping plan-
ning),” in which patients “analyze factors influencing the
behavior and generate/select strategies that include over-
coming barriers and/or increasing facilitators,”21 was
useful in reducing HbA1c level. Other digital behavior
change intervention literature has also reported its effective-
ness.23,72 This BCT was implemented via features that
prompt patients to identify and document reasons or bar-
riers causing non-adherence to specific self-management
behaviors.53 Patients were also trained to challenge nega-
tive thinking and improve their interpersonal and
problem-solving skills.55,59 This approach can foster
patients’ reflection on their behavior and facilitate the iden-
tification of challenges to adherence, enabling targeted
improvements. Moreover, “feedback on behavior,” in
which apps “monitor and provide informative or evaluative
feedback on performance of the behavior,”21 yielded mar-
ginally significant effects on HbA1c change. This BCT
was enacted by sending individualized feedback about
patients’ diet, exercise, and medication-taking behaviors.
The results indicate that self-monitoring alone may be
insufficient and ineffective without feedback. Providing
real-time feedback can help patients feel supported and
foster sustained engagement.38,73 The effects of these
BCTs require further examination because of the limited
number of trials that have assessed them.

We also analyzed common combinations of BCTs and
performed subgroup meta-analyses of the effectiveness of
certain combinations. Most interventions simultaneously
included BCTs from feedback and monitoring (group 2),Figure 3. Risk of bias for each trial.
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social support (group 3), and comparison of outcomes (group
9). Interventions that only usedBCTs fromgroups 2, 3, and 9
worked to reduce HbA1c. Adding BCTs from group 4
(shaping knowledge) or from groups 4 and 1 (goals and plan-
ning) can also be effective. However, the number of trials in
such subgroupswas limited due to the significant differences
in the BCT combinations used. Effective BCT combinations
merit further study in the future.

Implications for research

First, using m-health app-supported interventions to assist
self-management positively affected glycemic control
among patients with type 2 diabetes. However, the mechan-
isms by which various BCTs affect patients’ health beha-
viors and outcomes remain unclear. Future research
should investigate the factors driving behavior change and
screen for effective BCTs and/or their combinations to
improve intervention effectiveness. Second, investigating

how different BCTs interact with each other is important.
While RCTs can provide information about the overall
effectiveness of an intervention, they cannot provide evi-
dence about the effects of individual BCTs and their interac-
tions. Therefore, future studies could utilize other
experimental designs, such as a multiphase optimization
strategy,74,75 to identify effective BCTs and/or their combi-
nations. Third, the implementation time of most trials was
six months or less, which is relatively short for chronic
disease management studies. The long-term influence of
BCTs warrants further examination in trials with longer
study periods. Fourth, m-health app-supported interventions
for diabetes self-management include multiple target beha-
viors. Further studies are needed to identify effective BCTs
and BCT combinations for different behaviors. Fifth, the
most frequently used BCTs were not the most effective
ones.65 Some effective BCTs were used infrequently.
Researchers could explore other available BCTs, integrate
them into diabetes management apps, and verify their

Table 2. Meta-analysis and GRADE assessment results for the outcome measures.

Outcomes

Number of trials Sample size SMDa (95% CI) I2

Egger’s

GRADE assessmentt p

HbA1cb 40 4467 −0.42 (−0.56, −0.27)*** 79 2.29 0.03 Lowc,d

SBPe 13 2079 −0.18 (−0.31, −0.04)** 44 0.08 0.94 High

DBPf 13 2079 −0.17 (−0.28, −0.05)** 26 0.67 0.52 High

LDLg cholesterol 12 2031 −0.09 (−0.18, −0.002)* 0 0.91 0.39 High

HDLh cholesterol 12 2031 0.07 (−0.13, 0.26) 73 1.52 0.16 Moderatec

Body mass index 12 1318 −0.39 (−0.66, 0.003) 88 1.79 0.10 Moderatec

Total cholesterol 11 1958 −0.08 (−0.18, 0.01) 2 0.54 0.60 High

Triglycerides 11 1971 −0.10 (−0.19, −0.01)* 0 0.93 0.38 High

FBGi 10 1601 −0.57 (−0.87, −0.28)*** 85 2.16 0.06 Moderatec

Weight 10 1597 −0.41 (−0.81, −0.01)* 92 1.17 0.28 Moderatec

Waist circumference 5 686 −0.60 (−1.07, −0.13)* 87 1.97 0.14 Moderatec

a SMD: standardized mean difference.
b HbA1c: hemoglobin A1c.
c Downgraded by one level for inconsistency (I2 > 50%).
d Downgraded by one level for risk of publication.
e SBP: systolic blood pressure.
f DBP: diastolic blood pressure.
g LDL: low-density lipoprotein.
h HDL: high-density lipoprotein.
i FBG: fasting blood glucose.
*p < 0.05, **p < 0.01, ***p < 0.001.

Liu and Xia 7



effectiveness through empirical studies. Finally, many studies
failed toclearly report the theoreticalbasisof their interventions
or the specific BCTs utilized in the interventions. These vague
descriptions posed significant challenges in coding BCTs,65

making comparisons of the results across different review
studies difficult. Therefore, we urge researchers to report on
the theoretical basis andBCTs employed in their interventions.

Implications for practice

Our review provides evidence about effective BCTs and
combinations for improving glycemic control. Health app
designers should include effective BCTs and eliminate inef-
fective BCTs to make their apps more effective and less bur-
densome to use. For example, a combination of feedback and
monitoring, social support, and outcome comparisons are
useful in m-health apps for patients with diabetes. Other
BCTs, such as problem-solving and rewards, can also be
used to facilitate behavior change. Furthermore, m-health
app developers should know thatmore BCTs do not translate
to greater effectiveness. Toomany features increase the com-
plexity of health apps, making them difficult for patients

(especially older patients) to use. Finally, m-health app
designs should be theory-driven.76 Developers should
select an appropriate theoretical basis to help prevent the
unnecessary use of ineffective interventions.

Strengths and limitations

This systematic review, which considered 43 individual
trials, examined the effectiveness of m-health app-
supported interventions in facilitating glycemic control.
We employed the BCT taxonomy to systematically investi-
gate the BCTs used across trials and examined the associa-
tions between using BCTs from particular groups and
HbA1c reduction. However, this study had various limita-
tions that must be acknowledged. First, only a few studies
have reported that their interventions were designed accord-
ing to behavior change theories, and most failed to clearly
describe the BCTs used in their interventions.23,77

Therefore, the BCTs were identified based on the authors’
understanding based on the features described in published
articles,22 which may have introduced bias. Second, the tar-
geted behaviors varied among the included trials. Most

Figure 4. The forest plot for HbA1c change.
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m-health apps used in the selected studies targeted more
than one health behavior. However, the vague descriptions
of the interventions in the research articles made clarifying

which BCTs applied to each target behavior challenging.
Future studies should provide more details about their inter-
ventions, including target behaviors, applied BCTs, and the

Table 3. Frequency of BCTs used in the trials.

BCT grouping
Number of trials used the BCT
grouping (%) BCT

Number of trials used the
BCT (%)

1. Goals and planning 19 (44.2%) 1.1 Goal setting (behavior) 5 (11.6%)

1.2 Problem solving (coping planning) 7 (16.3%)

1.3 Goal setting (outcome) 5 (11.6%)

1.4 Action planning 4 (9.3%)

1.6 Discrepancy between current behavior
and goal standard

5 (11.6%)

2. Feedback and
monitoring

37 (86.0%) 2.2 Feedback on behavior 12 (27.9%)

2.3 Self-monitoring of behavior 28 (65.1%)

2.4 Self-monitoring of outcome of behavior 30 (69.8%)

2.6 Biofeedback 30 (69.8%)

3. Social support 31 (72.1%) 3.1 Social support (general) 31 (72.1%)

3.3 Social support (emotional) 3 (7.0%)

4. Shaping knowledge 26 (60.5%) 4.1 Instruction on how to perform a behavior
(skills training)

26 (60.5%)

5. Natural
consequences

1 (2.3%) 5.6 Emotional consequences 1 (2.3%)

6. Comparison of
behavior

9 (20.9%) 6.1 Demonstration of the behavior 9 (20.9%)

6.2 Social comparison 1 (2.3%)

7. Associations 11 (25.6%) 7.1 Prompts/cues 10 (23.3%)

7.3 Reduce prompts/cues 1 (2.3%)

8. Repetition and
substitution

1 (2.3%) 8.1 Behavioral rehearsal/practice 1 (2.3%)

9. Comparison of
outcomes

33 (76.7%) 9.1 Credible source 33 (76.7%)

10. Reward and threat 2 (4.7%) 10.1 Material incentive (behavior) 1 (2.3%)

10.2 Material reward (behavior) 1 (2.3%)

10.10 Reward (outcome) 1 (2.3%)

11. Regulation 3 (7.0%) 11.3 Conserving mental resources 3 (7.0%)
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Table 4. Meta-regression analysis results using BCT grouping as the moderator.

Covariate β (95% CI) z value p value R2 (%)

1. Goals and planning −0.26 (−0.55, 0.03) −1.76 0.08 1

2. Feedback and monitoring −0.34 (−0.83, 0.15) −1.36 0.17 0

3. Social support 0.05 (−0.26, 0.36) 0.30 0.76 0

4. Shaping knowledge 0.28 (−0.01, 0.56) 1.91 0.06 7

5. Natural consequences 0.10 (−0.76, 0.95) 0.22 0.83 0

6. Comparison of behavior 0.28 (−0.04, 0.61) 1.71 0.09 0

7. Associations −0.15 (−0.47, 0.18) −0.89 0.37 0

8. Repetition and substitution −0.12 (−1.00, 0.76) −0.26 0.79 0

9. Comparison of outcomes 0.06 (−0.27, 0.39) 0.36 0.72 0

10. Reward and threat −1.23 (−1.82, −0.64) −4.11 <0.001 15

11. Regulation 0.25 (−0.29, 0.79) 0.90 0.37 0

Table 5. Meta-regression analysis results using individual BCTs as the moderator.

Covariate β (95% CI) z value p value R2 (%)

1.1 Goal setting (behavior) 0.19 (−0.24, 0.62) 0.85 0.39 0

1.2 Problem solving (coping planning) −0.70 (−1.17, −0.24) −2.97 0.003 0

1.3 Goal setting (outcome) −0.21 (−0.66, 0.22) −0.97 0.33 0

1.4 Action planning 0.15 (−0.35, 0.64) 0.59 0.56 0

1.6 Discrepancy between current behavior and goal standard −0.001 (−0.43, 0.43) −0.001 0.99 0

2.2 Feedback on behavior −0.31 (−0.61, 0.0001) −1.96 0.05 9

2.3 Self-monitoring of behavior −0.24 (−0.55, 0.06) −1.57 0.12 0

2.4 Self-monitoring of outcome of behavior 0.13 (−0.20, 0.47) 0.78 0.44 0

2.6 Biofeedback 0.13 (−0.20, 0.47) 0.78 0.44 0

3.1 Social support (general) 0.05 (−0.26, 0.36) 0.30 0.76 0

3.3 Social support (emotional) 0.27 (−0.27, 0.80) 0.98 0.33 0

4.1 Instruction on how to perform a behavior (skills training) 0.28 (−0.01, 0.56) 1.91 0.06 7

6.1 Demonstration of the behavior 0.29 (−0.04, 0.61) 1.71 0.09 0

7.1 Prompts/cues −0.13 (−0.46, 0.21) −0.74 0.46 0

9.1 Credible source 0.06 (−0.27, 0.39) 0.36 0.72 0

11.3 Conserving mental resources 0.25 (−0.29, 0.79) 0.90 0.37 0
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intensity and frequency of each component. Third, rela-
tively few trials were included in this review, which may
limit its power to examine the moderating effects of all
single BCTs or BCT combinations. Future studies might
examine the effects of more moderators when more relevant
trials are published. Fourth, only articles published in
English were included in this review, which may have intro-
duced language and publication biases. Fifth, we did not
search databases such as CENTRAL, although most of its
indexed journals are included in other databases we
searched. Finally, there is a lack of prior registration of
review protocols.

Conclusions
Adhering to self-management activities is necessary but
challenging for patients with type 2 diabetes. This review
provides compelling evidence that m-health app-supported
interventions can facilitate glycemic control. This study
identified certain effective BCTs and BCT combinations.
BCTs that were used infrequently in our context but were
found effective in other behavior change domains should
be examined further. Moreover, the interaction effects of
various BCTs and optimal BCT combinations warrant
further examination. This review provides translational evi-
dence for healthcare practitioners to improve the design and
optimization of their interventions to support diabetes care.
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