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abstractCONTEXT: The last meta-analysis of behavioral interventions regarding pediatric type 1 diabetes
(T1D) management was conducted over a decade ago.

OBJECTIVE: This meta-analysis aimed to (1) provide an updated review of adherence-promoting
behavioral interventions and their effect on youths’ hemoglobin A1C (HbA1C) and (2) evaluate
whether multicomponent interventions targeting both direct and indirect processes of T1D
management continue to yield greater HbA1C improvements.

DATA SOURCES: We conducted a systematic search in PubMed and Scopus for articles published
between April 2009 and February 2025.

STUDY SELECTION: Included studies were randomized controlled trials (RCTs) evaluating behav-
ioral interventions targeting T1D self-management in youth and young adults up to age
25 years.

DATA EXTRACTION: Extracted data included study characteristics, intervention content and dura-
tion, and glycemic outcomes for intervention and comparison groups.

RESULTS: Of the 62 RCTs identified, 46 reported sufficient data for quantitative analysis. The
pooled effect size demonstrated a small benefit of adherence-promoting interventions on
HbA1C (g= 0.12). Pilot RCTs showed larger effects (g= 0.36) than full RCTs (g= 0.07).
Multicomponent interventions yielded greater improvements (g= 0.19) than direct (g=
0.08) or indirect (g= 0.15) interventions. Family-focused interventions demonstrated
stronger effects (g= 0.29) than youth- (g= 0.05) or parent-focused (g= 0.04) interventions.

LIMITATIONS: Findings are limited to published RCTs.

CONCLUSIONS: Despite significant advancements in diabetes technology over the last decade,
behavioral interventions continue to modestly improve HbA1C in youth with T1D.
Multicomponent, family-focused strategies appear to be most effective. Findings highlight
the need for rigorous trial designs to advance care for youth living with T1D.

ARTICLE SUMMARY: Updated meta-analysis shows behavioral interventions modestly improve
HbA1C in youth with T1D, with multicomponent, family-focused approaches outperforming
single-component, youth- or parent-focused strategies overall.
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INTRODUCTION

Since 2022, the American Diabetes Association has recom-
mended a hemoglobin A1C (HbA1C) level of less than 7% for
most children and adolescents with type 1 diabetes (T1D).1

At this HbA1C level, youth with T1D have a lower risk of
developing diabetes-related complications and a greater
likelihood of experiencing the protective effects of meta-
bolic memory.2 Data from the Type 1 Diabetes Exchange
suggest that less than 20% of youth with T1D in the
United States have achieved an HbA1C less than 7% and
more than a third have an HbA1C level greater than 9%.3

For youth, diabetes management tasks are challenging
due to biological, behavioral, familial, and social factors.
Nevertheless, findings from meta-analytic studies indicate
a relationship between lower HbA1C levels and greater
engagement in T1Dmanagement among youth,4 underscor-
ing the continued need for behavioral interventions to
enhance treatment engagement.

In 2010, Hood and colleagues published a meta-analysis
of behavioral interventions designed to enhance T1D treat-
ment engagement and improve HbA1C levels in pediatric
T1D patients.5 The authors characterized interventions
with “adherence-promoting components” as strategies that
target either direct behaviors essential to T1Dmanagement
(eg, increased glucose monitoring) or the indirect psycho-
social processes that support effective management (eg,
coping skills). Their meta-analysis reported a small pooled
effect size (d= 0.11) for pre- to post-treatment changes in
HbA1C among youth receiving adherence-promoting
interventions against comparators.5 However, subgroup
analyses indicated that multicomponent interventions
addressing both direct behaviors and indirect processes
were associated with greater HbA1C reductions than
direct-only interventions.5

The meta-analysis conducted by Hood and colleagues
remains foundational, highlighting the ongoing need to
develop and disseminate interventions that help youth with
T1D achieve a clinically significant reduction in HbA1C. It
has been more than a decade since Hood et al published
their meta-analysis. During this time, numerous advance-
ments have taken place, including a rise in the availability
of T1D devices (eg, continuous glucose monitors [CGMs],
automated insulin delivery systems) in youth.6 Further,
health care delivery has shifted, with increasing adoption
of video-based telehealth, mobile health (mHealth), and
real-time monitoring data from commercial wearables.7

These substantial advances in both T1D management and
health care delivery have transformed the context in which
behavioral interventions operate, making it unclear
whether effect sizes reported more than a decade ago still
reflect the realities of contemporary T1D care.

Therefore, the current meta-analysis evaluates
whether more recent behavioral interventions designed
to increase engagement in T1D management translate into

improvements in metabolic control, that is, HbA1C, a clini-
cally meaningful and universally reported endpoint in
T1D research, within the context of modern diabetes care.
Although recent systematic reviews and meta-analyses
have examined behavioral interventions in pediatric diabe-
tes, these have generally restricted their focus to a single
modality,8 intervention type,9,10 or publication win-
dow.11,12 In contrast, this study synthesizes more than a
decade of randomized trials conducted during an era of
widespread CGM use, telehealth, and digital health integra-
tion, while systematically examining how intervention tar-
gets (direct vs indirect), family involvement, setting, and
delivery modality relate to glycemic outcomes. We hypoth-
esize that behavioral interventions will continue to demon-
strate at least a small effect on youth’s HbA1C and that
multicomponent interventions, including strategies target-
ing both direct and indirect processes, will yield greater
improvements in HbA1C than interventions targeting direct
behaviors alone. By integrating these features in a single
comprehensive meta-analysis, this study clarifies which
behavioral intervention strategies continue to add value
in contemporary pediatric T1D care and identifies priorities
for future intervention development.

RESEARCH DESIGN AND METHODS

We registered the details of the systematic review and
meta-analysis on Open Science Framework (https://osf.
io/nkjyx).13 Methods adhere to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.14 Table S1 in the Supplementary Materials con-
tains the PRISMA checklist.

Search Strategy and Article Identification

To update the meta-analysis conducted by Hood and
colleagues,5 we searched the same databases (PubMed
and Scopus) for studies published between April 2009 and
February 2025. We formed the search string and uploaded
all identified articles to Covidence (Veritas Health
Innovation). Table S2 in the Supplementary Materials pro-
vides complete search strings. Like Hood et al, the search
strings included components for diagnosis (eg, T1D), treat-
ment engagement (eg, adherence), glycemic outcomes (eg,
HbA1C), and population (eg, children, youth). The search
strings also included components to reflect changes in
behavioral diabetes management, such as digital health
interventions (eg, mHealth) that have evolved over the past
16 years.

After identifying articles from the database search, we
removed duplicate citations. Study team members further
conducted a reference check of recent reviews and meta-
analyses.8–10,12 A study met inclusion criteria if it (1) was
a randomized controlled trial (RCT), (2) included individ-
uals with T1D only, (3) included youth and young adults
aged up to 25 years, (4) reported glycemic outcomes, and
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(5) examined the effect of a behavioral to improve T1D self-
management. In this review, we use the term youth to
include children, adolescents, and young adults up to age
25 years, reflecting the age range commonly served in pedi-
atric and transitional diabetes care. Table S3 in the
Supplementary Materials provides additional information
regarding inclusion and exclusion criteria.

Data Extraction and Quality Assessment

Four authors (A.D.M., S.R.P., J.S.P., and R.W.) screened
abstracts and extracted data from the identified articles.
Two reviewers screened each abstract and collected data
from each included article. We recorded year of publication,
country, study outcomes, whether the study was a pilot or
full RCT, and sample demographics (ie, age, sex, duration of
T1D). Because no consensus definition of pilot RCTs exists
in this area of research, we adopted a transparent, repro-
ducible, rule-based approach in which a study was coded
as a pilot trial only when the authors explicitly labeled it
as such. This approach aims to conservatively control for
effect size shrinkage (ie, full RCTs often fail to replicate
the effect sizes observed in pilot RCTs15), without introduc-
ing bias by classifying studies inconsistently with authors’
self-reports of whether their study was a pilot RCT, which
reflects their research questions and designs. Additionally,
we recorded the delivery modality of the intervention,
intervention type, intervention duration, total intervention
time, comparator type, time to follow-up, and mean glucose
at baseline and follow-up assessments. Table S4 in the
SupplementaryMaterials provides the data extraction code-
book and explanation of variables.

For intervention type, we retained the categories of
“direct” and “combined,” like the meta-analysis conducted
by Hood and colleagues. Direct interventions focused exclu-
sively on diabetes self-management behaviors (eg, insulin
administration). Combined interventions included both
these behaviors and related psychosocial components that
support diabetes management (eg, coping). We created a
third category of “indirect” interventions for studies
targeting psychosocial factors surrounding diabetes
management, with minimal or no emphasis on direct T1D
behaviors. These interventions addressed indirect
influences, such as depressive symptoms, parental anxiety,
or family conflict, based on the assumption that improve-
ments in these domains may indirectly enhance engage-
ment with T1D management. Next, we recorded whether
interventions were entirely digital (eg, phone apps),
whether the main intervention target was to increase
self-monitoring of blood glucose (SMBG), and whether
the intervention took place during the youth’s routine dia-
betes clinic appointment. Following the meta-analysis con-
ducted by Hood and colleagues, we attempted to calculate
the percentage of the intervention that explicitly targeted
engagement in diabetes management (ie, adherence

promotion). Unfortunately, we were unable to reliably esti-
mate this variable due to a limited description of several
interventions. Lastly, 2 authors (A.D.M., S.U.) assessed the
risk of bias in the findings of all included RCTs via the
revised Cochrane risk-of-bias tool for randomized trials.16

Data Synthesis and Statistical Analysis

The synthesis of results for this study included primary and
secondary analyses. The primary analysis included a meta-
analysis of the pooled effect of behavioral interventions on
HbA1C in the target population across all eligible studies;
further, the primary analysis included 2 meta-analyses bro-
ken out by trial type to compare the effect of the behavioral
intervention on HbA1C in full RCTs to the effect in pilot
RCTs. The secondary analyses included meta-analyses of
the effect of behavioral interventions broken out by covari-
ates (ie, subgroup analyses by intervention type: direct,
combined, indirect). Additionally, the secondary analyses
included mixed-effects meta-regression using study-level
effect sizes, intervention length, and total time of
intervention.

Primary Analyses

Eligible studies were included for meta-analysis if sufficient
information was reported to calculate an effect size. Effect
sizes were calculated using standardized mean differences.
In the majority of the included studies, Cohen’s d effect
sizes17 were calculated using means and SDs; however,
reported test statistics (eg, t) were used when necessary
to calculate Cohen’s d. The Cohen’s d effect sizes were con-
verted to Hedges’ g to produce unbiased effect size esti-
mates even with small sample sizes.18 Random-effects
meta-analysis with inverse variance weighting was used
to calculate pooled effect sizes for the effect of intervention
on HbA1C.

19 The pooled effect size estimate, P value, and
95% CI are presented. The I2 statistics are presented as a
measure of heterogeneity within the included studies.
The Egger regression test was used to assess the risk of pub-
lication bias.20

Secondary Analyses

The study-level effect sizes calculated for the primary analy-
ses were used for the secondary analyses. The meta-analy-
ses for the secondary analyses also used random-effects
meta-analysis, and the same statistics were reported. The
secondary analyses examined subgroup meta-analyses
broken out by covariates: type of intervention (ie, direct,
indirect, combined), digital interventions (ie, yes, no), inter-
ventions to increase SBMG (ie, yes, no), interventions dur-
ing routine diabetes appointments (ie, yes, no), and
intervention target (ie, youth, parent, family). These sub-
group analyses were designed to identify the effect of
behavioral interventions on HbA1C in the target population
across the levels of these covariates. These subgroup
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analyses were reported for all included studies and full
RCTs only. Results are presented as a narrative analysis
when 5 or fewer studies were included by providing
study-level effect size estimates.

Additionally, the secondary analyses included mixed-
effects meta-regression using study-level effect sizes, inter-
vention length, and total time of intervention.19 The meta-
regression analyses used the Hedges’ g effect sizes with
inverse variance weighting. Study-level effect sizes were
regressed on intervention length and total intervention
time. Thesemeta-regression analyses were designed to pro-
vide evidence on whether the length or total duration of the
intervention was associated with the effect sizes observed
in each study.

RESULTS

Search Results

The initial searches identified a total of 3470 articles; how-
ever, 2220 articles were duplicate records, resulting in

1250 abstracts screened (see Figure 1 for the PRISMA flow
diagram). We excluded 1155 records during abstract
screening, leaving 95 articles for full-text screening. Of
these, 33 articles were deemed ineligible, and 62 articles
met the inclusion criteria. Due to limited data for calculating
an effect size for HbA1C, only 46 articles were included in
the quantitative analysis. Intraclass correlation coefficients
ranged from 0.84 to 1.00, indicating acceptable to good
interrater reliability.

Study Characteristics

Of the 62 studies meeting inclusion criteria for the system-
atic review, 16 studies specifically stated they were pilot
RCTs. Of the 46 full RCTs, 36 reported a power analysis
or sample size calculation, indicating intentional, high-
quality study design. Across the 62 included studies, 45
adequately described the sample (ie, age, sex, HbA1C, diabe-
tes duration) to better understand who these interventions
served. Further, 39 studies recruited samples from North
America, 13 studies from Europe, 7 from Asia, 2 from

Records identified from:
Databases (n = 3446)
Citation searching (n = 24)

Duplicate records removed 
(n = 2220)

Records screened
(n = 1250)

Records excluded
(n = 1155)

Full-text articles assessed for 
eligibility
(n = 95)

Full-text articles excluded:
Wrong Study Design (n = 14)
Wrong Intervention (n = 13)
Wrong Comparator (n = 4)
Wrong Outcomes (n = 1)
Wrong Population (n = 1)

Studies meeting inclusion 
criteria
(n = 62)
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FIGURE 1.
PRISMA flow diagram.
Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Australia/Oceania, and 1 from Africa. Sample sizes ranged
from 8 to 693 participants, with a median sample size of
91 participants. On average, study samples were 52%
female, and an average of 25% of participants belonged
to minoritized racial and ethnic backgrounds. The average
age of study participants across study sampleswas 13 years,
and the average time since T1D diagnosis was 5.7 years. See
Table 1 for a summary of the 16 pilot RCTs, Table 2 for a
summary of the 46 full RCTs, and the Supplementary
Materials for additional study-related variables.

Primary Analyses

Although 62 articles met the inclusion criteria, 16 did not
provide sufficient information to calculate an effect size;
thus, 46 studies were included for quantitative analysis.
The pooled estimate from the random-effects meta-analysis
of these 46 studies is 0.12 (95% CI, 0.05–0.19; I2= 33.5%).
This effect size is similar to the effect size reported in the
Hood et al5 meta-analysis and demonstrates modest
improvement in HbA1C for behavioral intervention groups
vs a comparator. See Figure 1 for the pooled prevalence

of all included studies. This pooled estimate includes 13
pilot trials and 33 full RCTs. When examining HbA1C by trial
type, the pooled estimate for pilot trials is 0.36 (95% CI,
0.18–0.53; I2= 0.0%) and for full RCTs is 0.07 (95% CI,
0.01–0.14; I2= 22.9%). Figures S1 and S2 in the
Supplementary Materials provide the pooled prevalence
of pilot RCTs and full RCTs, respectively. We were unable
to assess the pooled estimate for time in range due to the
low number of studies that included time in range as an out-
come (n= 4). Of these, study-level effect size estimates
ranged from −0.27 to 0.21. Lastly, Egger’s regression test
indicates no significant risk of publication bias for pilot
studies (z =−0.27, P= .79); however, it does indicate sig-
nificant risk of publication bias for the full RCT studies (z =
2.86, P< .01). Thus, it appears that full RCTs observing sta-
tistically significant effect sizes were more likely to be
published.

Secondary Analyses

Of the 46 studies included in the quantitative analysis, the
pooled estimate for the 17 “direct” interventions is 0.08

FIGURE 2.
Pooled prevalence of all behavioral interventions included in the meta-analysis with individual study effect sizes and 95% CIs.
Abbreviation: RE, random effects.
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(95% CI, −0.02 to 0.18; I2= 18.0%), for the 12 “indirect”
interventions is 0.15 (95% CI, −0.03 to 0.33; I2= 59.1%),
and for the 17 “combined” interventions is 0.19 (95% CI,
0.04–0.33; I2= 51.6%). The pooled estimate for the 14 dig-
ital interventions is 0.09 (95% CI, −0.06 to 0.24; I2=
25.7%), and for the 32 nondigital interventions is 0.13
(95% CI, 0.05–0.22; I2= 40.1%). The pooled estimate of
the 10 interventions aimed to increase SMBG is 0.18
(95% CI, 0.04–0.32; I2= 0.0%) and for the 36 studies that
did not include SMBG as a primary intervention target is
0.10 (95% CI, 0.02–0.19; I2= 41.5%). The pooled estimate
for the 7 interventions that took place at diabetes appoint-
ments is 0.38 (95% CI, 0.03–0.72; I2= 87.4%) and for the
39 interventions that took place in other settings is 0.06
(95% CI, 0.00–0.12; I2= 0.0%). The pooled estimate for
the 24 studies where youth were the primary intervention
participants is 0.05 (95% CI, −0.02 to 0.12; I2= 0.0%), for
the 7 studies where the parent or caregiver was the primary
intervention participant is 0.04 (95% CI −0.14 to 0.22; I2=
0.0%), and for the 15 studies where the parent/child dyad
or family unit was the intervention participant is 0.29 (95%
CI, 0.09–0.49; I2= 74.3%). In addition, we did not observe a
significant relationship between the effect size of the inter-
vention and the intervention length (R2= 0.0) or total time
of the intervention (R2= 0.0). Lastly, we evaluated the mod-
erating role of age, duration of T1D, sex, and ethnicity in the
effect of each intervention onHbA1C; however, none of these
relationships were statistically significant.

Given the difference observed between the pooled esti-
mate for the pilot and full RCTs, we replicated the secondary
analysis, excluding the pilot RCTs. Only including full RCTs,
the pooled estimate for “direct” interventions is 0.07 (95%
CI −0.04 to 0.17; I2= 20.0%), for “indirect” interventions is
0.12 (95% CI, −0.07 to 0.32; I2= 63.8%), and for “com-
bined” interventions is 0.10 (95% CI, −0.04 to 0.25; I2=
50.3%). The pooled estimate for digital interventions is
−0.01 (95% CI, −0.15 to 0.13; I2= 0.0%) and for nondigital
interventions is 0.10 (95% CI, 0.02–0.19; I2= 37.3%). The
pooled estimate for interventions aimed to increase
SMBG is 0.10 (95% CI, −0.05 to 0.25; I2= 0.0%) and for
those that did not include SMBG as a primary intervention
target is 0.08 (95% CI, −0.01 to 0.17; I2= 48.6%). The
pooled estimate for interventions that took place at the
youth’s routine diabetes appointment is 0.38 (95% CI,
0.03–0.72; I2= 87.4%) and for those that took place in other
settings is 0.02 (95% CI, −0.04 to 0.09; I2= 0.0%). Lastly,
the pooled estimate for youth-focused interventions is
0.02 (95% CI, −0.05 to 0.10; I2= 0.0%) and for family-
focused interventions is 0.25 (95% CI, 0.00–0.51; I2=
84.2%). We were unable to assess the pooled estimate
for parent-focused interventions among full RCTs due to
the low number of studies testing these interventions. In
the Supplementary Materials, Table S5 provides all results

for the primary and secondary analyses, and Table S6 pro-
vides the risk-of-bias assessment.

CONCLUSIONS

The current meta-analysis extends prior work by providing
the most comprehensive evaluation to date of behavioral
interventions targeting treatment engagement and glyce-
mic outcomes in youth with T1D in the modern era of dia-
betes technology. By synthesizing RCTs published after the
seminal Hood et al5 meta-analysis, this review demon-
strates that adherence-promoting behavioral interventions
continue to confer modest improvements in HbA1C despite
significant advances in diabetes devices and care delivery
models. Further, consistent with our hypotheses, interven-
tions that combined strategies targeting both direct T1D
self-management behaviors and indirect psychosocial proc-
esses were associated with greater improvements in HbA1C

compared to interventions targeting direct behaviors or
indirect processes alone. These results support the contin-
ued value of multicomponent interventions and underscore
the complex nature of T1D management.

Notably, pilot RCTs demonstrated larger effects on HbA1C

than full RCTs. However, this finding should be interpreted
with caution for several reasons. First, we categorized stud-
ies based on the authors’ descriptions of the trial, which
may vary in clarity or consistency, as there is often disagree-
ment among researchers about what constitutes a pilot
trial.21 Also, we did not independently evaluate whether
the “full RCTs” were indeed adequately powered. Second,
as Freedland21 outlines, positive findings of small pilot
studies often fail to replicate in larger RCTs. Moreover,
the median sample size in the pilot RCTs was 42, compared
to 129 in the full RCTs. Smaller samples yield less precise
estimates due to greater variability and reduced power to
detect true effects. As a result, findings from pilot studies
may be less reliable and may not generalize well to broader
populations. Thus, it is important to interpret this finding
with caution and refrain from suggesting clinical implica-
tions based on the positive effects of pilot studies alone.

Interestingly, subgroup analyses revealed several note-
worthy findings. First, we found that interventions deliv-
ered during routine diabetes clinical visits demonstrated
greater efficacy than those conducted in other settings.
Families and individuals may be more responsive to diabe-
tes-focused interventions within the context of their routine
diabetes medical appointments, possibly due to established
trust with the medical team that extends to behavioral
interventions conducted in the same setting or families
being already primed to discuss diabetes management in
this setting. It is also possible that the perceived benefits
of clinic-embedded interventions reflect fewer structural
barriers among families who regularly attend diabetes vis-
its (eg, transportation reliability, work-schedule flexibility),
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as socioeconomic factors can influence both the ability to
attend clinic appointments and readiness to participate in
behavioral interventions. Still, these findings suggest the
structured setting of routine clinical visits may provide
an opportunity to enhance engagement and seamlessly
integrate intervention content into time-limited clinical
trials.

Second, interventions involving both youth and their
families, together, yielded stronger effects than those tar-
geting youth or parents alone, potentially underscoring
the central role of families in supporting diabetes manage-
ment during childhood and adolescence. Moreover, this
finding aligns with a robust body of literature emphasizing
the importance of collaboration between parents and their
children in diabetes care, where shared responsibility, emo-
tional support, and consistent communication within the
family unit are associated with improved health and family
outcomes.22 Involving both youth and caregivers in behav-
ioral interventions may facilitate problem-solving around
diabetes-related challenges and foster parent–child com-
munication patterns that reinforce positive behavioral
change. There are also important developmental consider-
ations when determining shared responsibility for daily
T1D self-care, including how to gradually transition toward
autonomous self-management. Considering these factors,
future interventions should continue to target parents
and youth, when appropriate and as needed, and include
content to promote youth independence in a developmen-
tally appropriate manner.

Third, interventions that focused specifically on increas-
ing the frequency of SMBG demonstrated a small, yet signifi-
cant, effect on glycemic outcomes. Although SMBG remains
a part of new-onset diabetes education, its relevance as a
daily self-care behavior is fading with the widespread adop-
tion of CGMs. Future interventions should consider how to
translate effective components of SMBG-focused strategies,
such as habit formation, goal setting, and data interpreta-
tion, into approaches that align with CGM technology.
Finally, we calculated pooled effect sizes for digital and
mHealth interventions for youth with T1D. Interestingly,
when we included full RCT and pilot studies, the pooled
effect sizes for digital and nondigital formats were compa-
rable, with nondigital interventions showing a slightly
greater impact. This finding suggests that digital platforms
may be slightly less effective than traditional in-person
approaches. However, when only full RCTs were included
in the analysis, nondigital interventions appeared to have
a greater impact on HbA1C than digital interventions. The
potential for digital interventions to enhance reach, scal-
ability, and cost-efficiency is particularly relevant in set-
tings with limited access to behavioral health providers.
Nevertheless, these results highlight a need for more
nuanced evaluations of and greater optimization of digital
delivery formats. Future research should explore factors

such as accessibility across diverse populations, sustained
engagement with digital tools, the degree of individual tai-
loring, and long-term clinical outcomes. As the digital health
landscape continues to evolve, with increasing integration
of wearables, real-time data feedback, and artificial intelli-
gence (AI)-driven personalization, understanding how to
optimize these technologies to support behavioral change
remains a critical area for investigation in pediatric
diabetes.

Our meta-analysis underscores several gaps in current
literature and directions for future research. First, few
interventions explicitly targeted time in range as an out-
come, despite its increasing relevance in clinical practice
and its potential to meaningfully capture glycemic variabil-
ity. Second, although interest in individualized intervention
strategies is increasing, few studies used adaptive, just-in-
time, or tiered delivery approaches that tailor behavioral
support to youth and/or parents. The growing availability
of digital health tools, including CGMs and other wearable
devices, mobile apps, and AI, coupled with innovations in
real-time data capture (eg, ecological momentary assess-
ment), offers new opportunities to develop scalable, per-
sonalized behavioral interventions. Finally, there remains
a need for more transparent reporting of intervention com-
ponents, dosing, and engagement metrics to facilitate more
consistent comparisons across studies and provide
stronger implementation guidance.

Despite the many strengths of this updated meta-analy-
sis, the current study has some limitations. First, we only
examined the effects of these interventions on HbA1C. In
general, pediatric diabetes trials use HbA1C as their primary
or only measure of glycemia, but this practice may ignore
other important health and psychosocial outcomes (eg, time
in range, acute complications, diabetes distress). Second, we
only included data from published studies in our meta-
analysis. Other clinical trials of behavioral interventions
in pediatric diabetes may have recently been completed
but are not yet published. Third, we restricted the inclusion
criteria to studies published after April 2009 to capture
publications following the Hood et al meta-analysis.5

Although this approach excluded some earlier interventions
that demonstrated efficacy, those interventions were deliv-
ered within a markedly different diabetes care context and
may not generalize to the behavioral and technological
demands youth with T1D experience today. Finally, as
previously mentioned, we did not independently verify that
full RCTs were indeed adequately powered to detect
differences in HbA1C outcomes. Thus, it is possible we inad-
vertently included some pilot studies in our sample of full-
scale RCTs.

In conclusion, daily T1D treatment is effortful and relent-
less and requires consistent engagement in T1D self-care
activities by youth living with T1D and their families.
Despite substantial progress in diabetes technology over
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the past decade, behavioral interventions for youth with
T1D have yielded only modest improvements in HbA1C,
underscoring the importance of evaluating and refining
these approaches to optimize their efficacy. Our findings
reinforce the importance of combining direct behavioral
and indirect psychosocial strategies, targeting family sys-
tems, and carefully interpreting pilot data that were
designed to test feasibility and acceptability rather than
intervention efficacy. To accelerate progress toward opti-
mal diabetes management for all youth, future work must
prioritize rigorous trial designs and innovative delivery
models, in addition to standardizing reporting of trial
results and including more clinically relevant endpoints
(eg, time in range).
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