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context: 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 A;¢ (HbA;¢) and (2) evaluate
whether multicomponent interventions targeting both direct and indirect processes of T1D
management continue to yield greater HbA;c 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.

resulrs: 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
HbA.c (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.

uimitations: Findings are limited to published RCTs.

concLusions: Despite significant advancements in diabetes technology over the last decade,
behavioral interventions continue to modestly improve HbA;c 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
HbA;c 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 A;¢ (HbA¢) level of less than 7% for
most children and adolescents with type 1 diabetes (T1D).!
At this HbA;¢ 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.” Data from the Type 1 Diabetes Exchange
suggest that less than 20% of youth with T1D in the
United States have achieved an HbA;¢ less than 7% and
more than a third have an HbA;( 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 HbA;c levels and greater
engagement in T1D management among youth,* 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 HbA; levels in pediatric
T1D patients.” The authors characterized interventions
with “adherence-promoting components” as strategies that
target either direct behaviors essential to T1D management
(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
HbA;c 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 HbA;c reductions than
direct-only interventions.’

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 HbA;c. 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.® Further,
health care delivery has shifted, with increasing adoption
of video-based telehealth, mobile health (mHealth), and
real-time monitoring data from commercial wearables.”
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
whether more recent behavioral interventions designed
to increase engagement in T1D management translate into
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improvements in metabolic control, that is, HbA, 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,® intervention type,>'® or publication win-
dow.’'2 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 HbA;¢ and that
multicomponent interventions, including strategies target-
ing both direct and indirect processes, will yield greater
improvements in HbA;¢ 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)."*> Methods adhere to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.’® 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,” 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,
HbA;¢), 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.®>1%? 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., ].S.P, and RW.) 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 RCTs'®), 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
Supplementary Materials 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
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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.*®

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
HbA,¢ 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 HbA;¢ 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
sizes!” 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.'® Random-effects
meta-analysis with inverse variance weighting was used
to calculate pooled effect sizes for the effect of intervention
on HbAlc.19 The pooled effect size estimate, P value, and
95% CI are presented. The I* 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.*°

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 HbA¢ 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.'® 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. These meta-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
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FIGURE 1.
PRISMA flow diagram.

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 HbA,c, 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, HbA;, 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

Abbreviation: PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.
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FIGURE 2.

Observed Outcome

Pooled prevalence of all behavioral interventions included in the meta-analysis with individual study effect sizes and 95% Cls.

Abbreviation: RE, random effects.

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 samples was 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; I* = 33.5%).
This effect size is similar to the effect size reported in the
Hood et al® meta-analysis and demonstrates modest
improvement in HbA; for behavioral intervention groups
vs a comparator. See Figure 1 for the pooled prevalence
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of all included studies. This pooled estimate includes 13
pilot trials and 33 full RCTs. When examining HbA; ¢ by trial
type, the pooled estimate for pilot trials is 0.36 (95% CI,
0.18-0.53; I*=0.0%) and for full RCTs is 0.07 (95% CI,
0.01-0.14; I*= 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

Downloaded from publications.aap.org/pediatrics/article-pdf/158/4/e2025075333/1964137/pediatrics.2025075333.pdf
bv University of Michioan heidar dolati



(aged 1xau U0 panuiuog)
‘suaulJed Juaded pauted} ygnodyl yioddns usad papiroad
SjuaJed auoyd eIA QL YHM UdJp|iyd 3unoh Joy sa13aledis
Juaded gunuaded pue ‘sjuaded 1doddns 01 sa189184IS |BJOIARYDQ
Joad e wodj s||ea auoyd 9AIHUZ0D ‘UOI1BONPS S9laqeIp PaJo|ie} Ajjeluswdolanap
uoeonp3 | ¥ ‘suolssas suoyd uiw 09 ‘g ow | fjuo jusued paulquioy papirodd uoluaAIaIul pasougelq AIMaN-PIIY) BUnoA 8yl | %06 9-L L1 F Gy 0¢ VSN ‘910¢ Kexoep
'S|e0g u013eoNPs SUIPSS puB ‘JUBWSFRURW 0] SJolJJEq
guifiauapl ‘adeo-|as aAlndepe 3ulodojulad ‘SaIAIJOE aJed
|043U09 -J|9s uo pasnoo} Adeday] SwalsAg Ajiwed |edoineyag wodj
1siiiem s||ed auoyd ulw 0z—G| ‘9 AM L Ajiwed paulquioy sa|dioulud guiedoduooul Adedsyy [edoireyaq paseq-auoud | - %c/ 11-6 VT F Ll 44 q¥SN ‘010Z ‘lunyjwiya
‘ueld aJed
QrL sAliwey sy} ypm ugije Jeyy sigey eadepe juoddns
pue saullnod Ajlep Jiay} ojul 93eJ8ajul ued juswageuew
aJed $919geIP MOY puelsdapun yinok djay 03 [BOY "SUOISSaS
pdepuelg SU0ISSas ulw 09 ‘gl AM L Ajiweq 10941 U3eaya(al ygnoayy padanijap guiyoeod paseq-uoinednod) | %0629 7l-C 6CF L8 9l q¥SN ‘G20 ‘llemar
'9Jed ()1 Sulnp uoljewdyse
|0J1U0D IM 8 -J]0S pue apniieJd ul 98e8us 0} PaYSE 8JOM SJUBISI|OpE
uonusny J0J M g Adans s||ea auoyd AM g8 Kjuo piiyg 10841pu| pue ‘Suadsa|ope 0} suoljewldyje papiodd sjuaded | %1g [I=SL'SLF 6L |0V 2qVSN 710g Jeser
'$]003 SUIdeSSaW pue SaldewwNns pajedauad-dde
uo paseq sjuaded wodj UOIHIUB0IaJ pue asiedd paAIaoad
aJeo YINOA "8Jed (L1 PunoJe uoilediunwwod 9A1309448 aAoJddul
pJdepuelg VIN ow ¢ Ajiweq paulqwo) 0} UaJp|iyo pue sjusJed Joj dde suoyd—oudHQLLAW | %19 GI-0L 9L F¥2L |¢¥ »qeVSN 720C ZHOH
'SYI8UBJ1S palelad
-$919QRIP S,U93] JI9Y} 90J0JUIBJ PUB YIBJ] DD130U SjudJed
guidjay Ag aJed $9190RIP PUNOJE SUOIJ0RJSIUI Uddl-luadJed
aJeo aAlIsod paoueyud 1By} Q1L YIIM SIUsdsajope Jo sjuaded
pJepueig VIN ow y—¢ Ajuo uaJed 10941pU| Joj dde yyesHuw paseq-syidusuis—i|am 3uloq | adAL | %68 L1-gL 'SLF 96 |08 ¢2VSN ‘020C ‘PuellIH
'$91891RJ1S |BJOIARYSQ PaJO|IR} puR JUBWIZeURW 3SeD
Y8noJdy3} sagua||eys [eIUBWUOJIAUS JO AjiWe)} Japeodq pue
suoIssas dn SJ9IJJBQ OY109dS-S939qRIP Y10q PasSaJppy AHuUNWWOo
aJeo -MO||0} UIW (¢ ‘9| ‘SU0ISSDS 9Y] Ul JO BWOY 1B JaYYd SJaXJOM yleay Aunwiwio
pJepueig Adewidd uiw 06-09 ‘02 ow g jiwey paulquo) Aq padJanijep pue g1 Joj paidepe Adedayl olweISASIINN | %29 81-0L Y F ¢yl |08 q¥SN ‘6102 ‘s!li3
‘Juswageurw Q] 031 pPall SIOIABYSQ PUB ‘SUOIIOWS
2Jeo ‘$143N0Y3 YNOUJIP 93BUBW pUB SSBJISIP Pale|ad-salagelp
pJdepueig SUOISSaS UIW 0B ‘G WM 8 Ajuo pyn paulquo? 99npadJ 0} Adeuay} dnod§ JUBWHWWOD pue 9oueldaddy | %9 91-¢l 7L FveL |a PUBIUI 2202 ‘OulY
‘sajedpAyoqden guiunod ul ynoA 3sisse 03 sagewl
WO0J} SPO0} SaYIIUSPI 1By} WYJ0od|e uoiugoosd agew ue
sasn ddy "Spooy} 40 A}191JeA SpIM B SSOJOB San|eA anJl Jo
aJed 8 01 UIyuM 1udlu09 aledpAyogued alewiise yinok uidjay qeBPEUEY
pdepuels Y/N ow ¢ fjuo piyg 10841Q g Juswsageuew-yjas g1] oddns 03 pswie dde Adgi 8yl [  %6¢ =01 LLFOovL |9y ‘020¢ ‘1suojly
dnouay (uonjeunqg ‘u) y18ua 1984e] adf JUSJU0) UOIJUBAIAIU| (%) X3S (saeak) agy N uoi1e907 UB3A Uoyiny
1043u09 SUO0ISSAG UOIJUBAJIIIU| UOIJUBAJBIU| | uo1UBAJBIU| | UOIIUBAJBIU] ajewsaq

(91 = u) s[el 10]1d PapN|ou| JO Alewwng | F1GYL

www.pediatrics.org

Downloaded from publications.aap.org/pediatrics/article-pdf/158/4/62025075333/1964137/pediatrics.2025075333.pdf

bv University of Michioan heidar dolati


www.pediatrics.org

'9500N|3 PO0|q JO SULIONUOW-J[8S BUISEBIOUI 18 PaWIR UOIJUSAIBIUI UB SB1edIpU| |
'siskjeue aAijeuenb By} ul papnjoul sem Apnis e sajealpul
‘dde auoyd Jo 91ISGaM B BIA PaJBAI[SP UOHUSAJSIUI [BUSIP B S31BDIpU| |

‘a8ued pue QS F uesw aJde elep ady

‘8uluted] au(Q adA] ‘s]Q] ‘sa3aqelp | adAl ‘] ‘Sjuaded ul elwadA|3odAH pooyp|iyn Joj $SaJIsIq [euoilowd guionpay diH9dIY ‘ejqedrjdde jou ‘y/N ‘Yieay a|1qow ‘YleaHw SUOIIeIABJGQY

'$93essaW aAIsod 9AIg 0} Sdapuiwad
JUSS OS|B 9JOM SJUBAIZDUB) HOIM/SBWI} §— JUBIU0D
[euoijedidsul 4o Jowny PaAlddad Yinoa 10aye aaiysod

uoleanpy V/N M 8 fjiweq 108Jipu| ajowoud 03 UOIUBAJIBIUI SUIZeSSAW Jx8) Pazijeuosdsd | %gS L=SLeLF [yl |8y L,VSN ‘810g ‘8ueyz

"3WI} JBAO SJOIABYA(Q

UIBJUIBW PUB ‘S|[IYS UOIIRIN83J-}|8S pue JulA|0S-wa|qoud

Joaguodls dojanap ‘Aep Jad $309yd 9s00N|3 G 9AdIYOE

yinoA djay 03 [e0Y "ul3oedju0d Aouaguijuod ul ululedy

S|B9 8ulyoeod Apjaam pue ‘Buiured} Adowaw unjdom ‘Adedayy |edoireyaq

aJdeo pue syse} Adowaw guiydom 9AIHUB09 pue |eUOIlBAIlIOW ‘SludJed pue SlUdISa|0pe JO)
pdepuelg + SU0ISSAS UIW (g ‘Gl IM G fjiweq pauiquo)y SBAIJUBOUI PBPN|OUL 1By} UOIJUBAJRIUI PISBQ-GaM—XHAIM | %S L1=8L'GLF LGl 19|  oqeVSN 8107 Uo3uElg

‘Roeayje-}|as

9SBaJOUI PUB ‘S3|SSBY 90Npad ‘@oudJaype 99 aroddwi 0}

9Jed [e0Y "SpJe0q uoISSNISIP pue ‘3uilds uoijeloadxs ‘uies
pdepuelg Y/N M9 Ajuo piyo 108410 |BOS PapN|oul Jey} UoI}eINpa pue Jululedd NDJ PIsed-asm | %08 ¥e-GL ‘SL F 0LL 8 ¢=¥SN 120¢ ‘ynws

‘Juswageuew (|] Aep-03-Aep panosdwi Jeyy saigaiedis

guijuaded [edoIABYSQ PUB |BJOIABYS(Q BAIHUZ0D pauJes|

|0J43U09 SjuaJed elwadk|3odAy Jo Jesy Jiayl 9onpad suaded djay
1siiem SUOISSaS UIW 09—0¢ ‘01 IM 0L Ajuo juaued 108dipu 0} U0IUdAJBIUI dNOJS Y}BaYa|d} B SI UOIJUSAIBIUI dIHOATY | %l LY F vy a4 q¥SN ‘020¢ ‘uoed

‘gulyonuow 8s0on|g Ajiep-a9im}

aJdeo anoddwi 03 sysel Juswageuew-4as g1 YIMm aJded ysy
pJdepuelg VIN ow ¢ Ajuo piyo 108uIpU] Jied 0} pagednooud auam saljiweq 'ysy 3od e Joj Sule) [ %9y 1101 8L F Tyl |8 ,VSN ‘GL0Z ‘epuedepy

"PazIAIjUddUI Bq 0}

JolAeyaq Juswadeuew-4as 1L A|lep auo pajas|es Yinop

“Jawun aJ4am s|eog JI paonpad Sem ey} adueleq |eriul ue

aJdeo SUIAIB0a—oWeRY SSO| (Z) ‘S|ROZ SUII9aW JO} SBAIJUSIUI
pdepuelg Y/N AM 9¢ Ajuo piyy 108410 [eloUBUY SUlUJES—OWEY) UIEF (1) :SANOJZ JUdWIRAI} OML | %0Z 9¥ 81-¢L 6L F L9l |62 VSN v202 MeN

"uo1ssas

uosJad-ul pue ‘xa} ‘duoyd BIA PaJdAIlRP QL1 YHM UaJpliyo

aJdeo uo0IS$as uosJad-ur ulw 08 ‘| 8unoA o sjuaded Joj uoiusAdalul ALAIOR |ROISAYd
pJdepuelg | ‘suoissas auoyd ulw 0G—0p ‘G WM ZL AJuo juaded pauiquio) pue 8uilea Ayyeay jusuodwodiynw—uwedgoud s10L | %9¢ G—Z60F L 9¢ VSN '220C Resoe
dnouay (uoneunqg ‘u) yigual 198ue] adAL JuU9lU0Y UOIUBAIAIU| (%) x9S (saeak) agdy N uoieosoq ueap uoyiny

1043u09 SUOISSAG UOIJUBAJIIIU| UOIJUBAJBIU| | UOIJUBAJBIU| | UOIJUBAJIIU| ajewa4

(PenunuoY) (91 = u) s|ell 10jid papnjou| Jo Auewiwng | 314VL

PEDIATRICS Volume 158, Issue 4, October 2026
Downloaded from publications.aap.org/pediatrics/article-pdf/158/4/62025075333/1964137/pediatrics.2025075333.pdf

bv University of Michioan heidar dolati



(98ed 1xau uO panunuon)

J9IIIRY PAUIIUaP! JIay] 01 PaJo|iel SUIA|0S
-wa|goud pue ‘sallAIe ‘SuoISSNasIp ul paledioilded
YINOA "SYSIA $3190RIP YIIM PaleuIpJood Suoissas

9Jed dnoug Ajiwey $S0JOB PAJBAIIBP SJolddeq payijuspl eVSN
pJdepuelg SUOISSas UlW G/ ‘p ow g Aiwed paulqwo) -J|as sAjlwey e 0] $904N0SAU JUBWOZRURW-AS Padoliel | %6y 9/-8 ¥12 ‘610 ‘JaJeyog-ojelq

"SW9lsAs Aunwiwoo pue

‘looyas ‘Ajiwey ssoJoe 9Jed $918qeIp aleudalul pad|ay

pue sjuswiulodde |ealpaw 0} Suaa} paluedwodoe

s1sideday] ‘swea} aJed S93ageIp pue |00yds YiIm

(9'81) /'Gy = suoissas UOIB}NSU0D BUIAJOAUI SWBISAS B]dI}NW SSOJOE SJ0J0B)

104302 J0 Jaquinu ueap 3SId SUI393Je] UOIJUBAJIBIUI Ajlwe) paseq-Alunwwiod
uoiuaRy ‘Ajiwey yoes Joj s|qerten ow g Ajiuweq jo8uIQ pue swoy ‘dAisusiul ue—Adedayl oIWLISASIINN [ %98 81-0L ‘e F ¢yl | 9nl VSN 2102 ‘sl

‘AdeJay} jolug pasnaoy-uoinjos pue

SUIMBIAJBIUI [BUOIIRAIIOW PAIRJ0dJU0aUl SUOISSAS “S[|IYS

aJed @11 Ul 80uapyuod yinok pjing o} Adedayy dnodg Ajiwey
pJepuelg SuoIsses § ow Aliweq paulquoy PaAJOAUI Weugodd U01eONPa PaunionJis 3AvISYD dul | %GS 91-8 LT F Tel 2982 | »qPUBIBUI ‘9107 ‘B1ISIYD

‘JUBWAFeURW-}[3S UO UOIJRINPd

pue papeau 4l SjuUswWISN(pe uliNsul YUM Yoam Ise|

9Je9 NN ANELE] 8} Jano s3uipead 8s09N|3 Poo|q ZUISSNISIP SHBOM T
pJdepuelg s||eo auoyd uiw g1—Q| ow g Ajuo pyn 100410 KJaAa J01RONPa 9SUNU $B18gRIP B WOJ) S||BY duoyd | %91 67— ‘0G F /9L 08 +qB!PUI ‘6107 ‘Buadoy)

QUEE))

J1ay} 1oddns 01 moy noge sjuaded J0j uoljewJoul

pue ‘sa3edpAyoqJdes Junod 03 MOY U0 UOIeW.IOJU|

‘sugad yYlM Wood Jeyd ‘uswidedap sajaqelp
9Je9 ayj noge uoewdoyul ‘ueldisAyd aJeo yieay e 03 poHeWUaq '8L0T
pJdepueis YIN ow gl Ajuo piyg 10841Q u01399UU0d S3PN|oUl ,$83BCRIQ UIM Sunoj, dde yiesHw | %W el 9T F 91 IGL | ‘uspejuaplag-agSudISe)

MuljaJe]

9y} 0] jul| B pue ‘pJeoq Ulld||Ng auljuo ‘Sasn Jaylo
aJed YHIM Jeyo ‘elep |euosJad Jo MalAad ‘s|euolssajodd yum poqSPUBJIAUION
pJepuels YIN ow 6 juo piyy 10841Q pJeoq agessaw e sapn|oul Jey} aJdenbsJedng, dUSGIM [ %G9 1Z-11 ‘0C F TSl a9 3yl ‘y10g ‘p4egoog

‘8|S guijuaded

pue ‘sdoysyJom guipas-|eod ‘Adedayl dnodg |edoireysq

SAIHUZ0D ‘UOIRJISIUIWPE UlNSUl pue ‘GulJoHUOW
aJed 9S00N|3 ‘9S1049Xd }9IP UO SUOISSAS UOIIRINPD sguepdop
pJepuelg YIN ow g Ajiweq paulquioy 40 Pa)SISUOD [3POW JuBWJIMOW PaUdIuBd-AlIWe) Byl [ %08 81—¢l SLF Tyl 89 v20¢ ‘Yadyemez|y

"94e9-J|9$ Juspuadapul

pue S8UIIN0J $918CEIP 01 palejad S|eog pazijeuosdJad

‘WJ}-}40YS 189S 0} 9SUNU dY} YUM PayJOM SIUdISa|0pY

aJeo s|1eo auoyd utw 'S||1YS JuswageuBW-|aS aYl0ads-(q| ] dundoddns
pJdepuels 01 y ‘uoIssas ulw Qg ‘| ow g Kjuo piiug paulquo)y U0 PasNo0) UOIUDAIBIUI PESE]-BUIMBIAIBIUL [BUOIIBAIION | %08 81-¢L L1 F 26l 99 [ oqeBlSIUNL TT0T IS IV
dnoun (uoijednq ‘u) yigual 1084e] adfL JU3lU0) UOIJUAAJIDIU| (%) X3S (sJeayp) agy N uoijeao ueap uoyiny

1043u09 SUOISSAS UOIJUAAJIIIU| UOIJUBAJRIU| | UOIJUBAJAIU| | UOIUBAIRIU| ajewa4

(97 = u) S19Y papn|oul Jo Alewwng 'z 319YL

www.pediatrics.org

Downloaded from publications.aap.org/pediatrics/article-pdf/158/4/62025075333/1964137/pediatrics.2025075333.pdf

bv University of Michioan heidar dolati


www.pediatrics.org

(93ed 1xau uo panunuon)

'sagua|(eyo paje|ad
QL1 Suifyiuapr pue ‘sa18e1eJls Yuomweal guigioedd
‘fe|d-8]0J ‘UOISSNISIP PBAIOAUI SBINAIY "JBD S9}9geIp

s||eo suoyd UM s||1ys Suidod paoijoedd pue suoijoedalul Ajiwey
uoneonp3 + SUOISSaS UIW Gp—0% ‘¥ £ Aliwe4 paulquo) 9AI1}09}49 pajowoud weddoud Suidod yaomwesl Ajiweq [ %pg -1 7L F62 |92C 4e¥SN 710g ‘SoW|oH

‘18180j0yoAsd

pue J01eonpa $a}ogelp B YUM Suoile}nsuod—y¢ dals

‘}SIUOIJUBAJDIUI [9A3] S,JDISBW B YLM SUOISSAS

auoyda|a} aAy—rg dals ‘3ulyoeod juased—| dais

:(°'WQH paleAss 40 swoldwAs aAIsSaudap

aJed quaded ‘1) AYNOUYIP BJOW YHM SBIjILIB) 01 UOIJUDAJDIUI
pJdepuelg da3s uo paseq salep ow g Ajuo juaded paulqwo) 9AISUIU| 8JOW 81L00||e 0} Pawle aJed-paddals [ %GG 9-1 ‘9L F Gy /61 +q¥SN 20C ‘PelllH

syJed (S409Y0 8s09n|3

jusuodwod Joj s}J9|e awil-|ead ‘a1) DS pooueyua—Agojouyosy

10 sdnoud sogessaw UOIIRWJOLUI Y}[Bay puB SUIM3IAJIBIUI [RUOIIBAIIOW
|043u00 g 8] + SUOISS8S UIW ¢ T owg 108410 UHM BUIR9S |B08 Pausjuad-Ajiwie) Jo UoeUIquwo) | %6l 81—¢l LLF 9yl |8l 00q¥SN 810C ‘Uouuey

‘BUIYY Ul yinok uoy pajdepe e}

s||eo auoyd Ajyuow -}|9s anijsod pue ‘Juswadeurw S$Sadls ‘Juswageuew

aJe9 G + Su0Issas dnoud uiw 1011JU09 ‘BuIA|0S-WBIQOoJd [BID0S ‘UDIFRIIUNWWIOD
pJepuelg 06-09 ‘. yum duwes fep-g ow 9-¢ Kjuo pjiug 10841pu| ‘Sunes [eod papnjoul Jey} dweo Suiutedy sjjis uidod [ %9 028 I'e F9¢L ¢0l qBUIU) ‘020g ‘ony

'$9gua||eyd |elo0s paje|ad-sajeqelp

guilegineu suajorJeyd Suldnies) aullAdols [aAou-01ydeds

B Pasn Juajuog) "UoIIN|0Sad J01|4U0D pue ‘U013NpPad

$SJ]S ‘UOIFRIIUNWWIOD 9AIJJASSE ‘UOITRIYIPOW

JOIABYAQ BAINUS0D ‘BUlUIBJ] S||14S [BID0S papn|oul
uoneanp3 V/N MG Kjuo piiyg 109J1py| 18U} (3d0IN33L) weugoud Buluiedy s|ins Suidod Jouddlu| | %G yI=LL 1L F ¢l |0 poqVSN 2102 Keug

‘1s13010yoAsd Jo 1s1deday}

pauleJi e Agq paping ‘ao110e4d pue ‘uoissnosip “Aeid

-9|0J 9AI}OBUDIUI PASN SUOISSAS "UOIIN|0SAU JOIUOD pue

‘JuswageurwW S$SaJ1S ‘BUIUNIONJISAU BAIHUSO0D ‘BUIAIOS

-W9|qoJd |B120S ‘UOIIRDIIUNWWOD PassaJdppe jeyl L
uoljeonp3 SUOISSas UlW 06 ‘9 ow ¢ Ajuo juaded 10841pu| Yum ynoA o sjuaded Joj guiuredy dnodg sjjiys gurdo) %.G Zl-1 6CF 08 621 L,¥SN ‘110g Keun

"W91SAS aAIqUBIUI paseq-ulod e

pue ‘s|9Ad] 9S00N|8 98URJI-J0-IN0 puNoJe SUIyoeod ‘sidoje

aJed puaJ} 8S09N|8 POO|Q 93URJ-J0-IN0 ‘Uajsued] Juipead
pJdepuelg ¥/N ow ¢l juo piyy 10341Q 9S00N|3 P00|Q $SB|adIM S9pN|oul Jey} Jueg, dde auoyd [  9%GS 91-LL ‘9L F OVl 6 | opoqBPRUBY L10T ‘leA0Y

'$|e0d 9say} aAsIyoe

0} S91391eJ1s dojoAdp pue ‘pliyd Jisy} Juoddns 03

aJed S|e0g 19S ‘JUBWIZeURW-}|9S S,PIIYD J18Yl YlM Sodud|ieyd
pJdepuelg VIN owg Kjuo jusued 10841py| fyiuapl 03 sjusded Joj uoUBAJIBIUL GulyoeOod Buoydalsl [ %eS Y-8 TCF 611 ¢0l »qBPEUBD PZ0T ‘Bung
dnoup (uoijednq ‘u) yi3ual 1984e] adf) JU3U0H UOIJUBAJIBIU] (%) Xo8 (s4eap) agy N uol1eao Ueap “uoyny

1043u09 SUOISSAG UOIJUBAIIIU| UOIJUBAJIRIU| | UOIJUBAJAIU| | UOIUBAIDIU| alewa4

(PenunuoY) (g = u) s19Y PapNjou| Jo Auewiwing "z F1dVL

PEDIATRICS Volume 158, Issue 4, October 2026
Downloaded from publications.aap.org/pediatrics/article-pdf/158/4/62025075333/1964137/pediatrics.2025075333.pdf

bv University of Michioan heidar dolati



(93ed 1xau uo panunuon)

s||ed
auoyd ¥ pue ‘suoissas
uoI1eINPa JUsWageuew
-4198 $819geIp UlW 06—09

'98UBYD JOIARYD(Q JO} SSBUIPRaJ dAoJdwl
pue ‘s||iys gulAjos-wajqodd usylduaJis ‘uoieAlIOW
0ISUIJIUI 9SBBJOUI 0} SUO0ISSAS dNOJZ SUIMBIAIBIUI

|euorieAijow snjd (uoiluNu pue ‘suoiedljdwod sajeqelp
‘quawageuew Aep-y0Is ‘U0IlOR UINSUI UudWageuewWw

‘Z ‘SU0ISSAS SUIMBIAJIBIUI elwodA|84adAy/0dAy ‘BS1049%a DYNS ‘08pa|MOuy Jpuejeyl
uoieanpy |euoljeAIOW UlW 09—-GY ow g Ajuo ppyn paulqwo) $9]agelp ‘al) uoleoNpa JuswadeuewWw-y|as saleqelq [ %9y 81-0 S F L'yl 62 ‘120z ‘8uoydeuueqidal
‘SUBIOIUID
pue SJaAIZaJed YIIM awll |ead ul elep paggol |e
9JBYS P|N0D SUDS| "SOIIIUD [BAW 1SE| JO MBIASJ BIEp pue
aJed ‘S|EaW J0} JUAIUO0D 91eJPAYOQJED PUB SJUBIJIINU JO 3ISI| B porgPUBIIBZIMS
pJdepuelg ¥IN ow ¢ juo piiyy 10841Q 403e[No[ed snjog e sulejuod jeyl eipgapm, dde yiesHw | %py 8101 ¥CF 9¢l GG ‘810¢ 99y
aJed "S9AIJUBOUI [BIDUBUY YHM
pJdepuelg V/N owg Kjuo piyg 10841Q Joineyaq aJeg-j|as pajos|aseud Inoge agessaw xa} Ajleq | %/v 81—¢l ‘L'cF LGl | &9l q¥SN ‘220g ‘leysney
'$9190RIP JO Juswageuew Ajiwey
punodJe uoljuaAJalul [euolreanpaoyafsd snid yoeadino
9Jed USIA $919qeIp Ajuldenb Ajyuow (g) ‘jrews Jo auoyd ein Jopessequie aJed
pJdepuelg 8ulnp uoIssas UIW Og ¥4 paulquiod | 8y} wody yoesdno Ajyuow (1) :sdnoug uoruBAISIUI OML 9g 91-8 ¢°C F 67T oGl VSN ¥102 ‘Zaey
‘suoljowa
anpsod 03 31 gupjul| Ag Surjeajow Ajjeolsutujul
9J0W pue swosuapJng Ajjeuorjows $s9| Juswageuew
@11 9ew 0} pawly ‘suoljewdJyje papirod os|e
SjuaJded ‘uollewJyje-J|as pue apniiedg ssaddxe 0} s||eod
auoyd Jo s93essaw 1xa] pue SYIF [|ews 0} uolppe
uoneonp3y VIN M 8 Kjuo piiug 109Jipy| ul s|eluajew [euoileonpa paniadad—~30j0yoksd aAlNsod | %gS L=l YL F 8yl | 0Tt o0q¥SN ‘610 Jaser
aJed ‘Aep ay3 Inoygnodys suorjoaful unsuy dwoud
pJdepuels VIN owg Kjuo piyg 10841Q 0} SBWI} PBI0B|9S-49S JB SudpulWad agessaul o} Alleq [ %e9 12—l ‘(Ueipaw) 89l | 26 | pq@OUBdd 10T ‘WiYedq|
‘GLL UM SBINOUYIP padeys pue [enpiApul 8.o|dxe
aJed 0} $}99ys U0I1199|48d pale|dwod sjuaded pue ynok N LIVIVE|
pJdepuelg SUOISSas UIW (9 ‘8 ow zi1-8 10841pu| YOIYm Ul s398Ys UOIUDAUSIUI UOIBUIWUDISP-I3S paping | %19 81-¢L V'L F 8l L ‘710 ‘PaISNH
"90ual|Isad
aoueyus pue ‘guidod pue uiyew-uolsosp aroJddwi
‘S1y8noyl aaize8au 93us|eyd 01 Sussl gulyoesl Aq
swoldwAs aAlIssaddap aonpad 03 pawly ‘ldoddns |e100S
3uIy99s pue sanbluydsl uollexelad se yons sj|iys guidod
SOAJ0AUI 0S[e weddodd ay] "dnodd S||i%s SuiAj0s-wa|qoud
uoneonp3y SU0ISSas UlW 0g1—06 ‘6 ow gy Kjuo piyg 103J1py| [BI20S pUB [BJOIABYS] BAINUB0D S| WeJSodd SdBIS | %09 81—yl ‘I'L F LGl | ¥9¢C VSN '810C ‘POOH
dnoup (uoijednq ‘u) yi3ual 1984e] adf) JU3U0H UOIJUBAJIBIU] (%) Xo8 (s4eap) agy N uol1eao Ueap “uoyny
1043u09 SUOISSAG UOIJUBAIIIU| UOIJUBAJIRIU| | UOIJUBAJAIU| | UOIUBAIDIU| alewa4

(PenunuoY) (g = u) s19Y PapNjou| Jo Auewiwing "z F1dVL

www.pediatrics.org

10
Downloaded from publications.aap.org/pediatrics/article-pdf/158/4/62025075333/1964137/pediatrics.2025075333.pdf

bv University of Michioan heidar dolati


www.pediatrics.org

(aged 1xau U0 panuiuog)

“JSIA Yord
sdnoJd pooy 193Je} g aseadoul 0} |e0g B pue SallAIoe
9AIJOBJDIUI UM SUOISSIS UOIHJINU 8409 9 papuane
ynox "gunes Ayljeay aseaJoul 01 gulA|0s-wajqodd

aJed SUOISSaS J93S00(q paijdde pue ‘GuiuJea| 9AI}0 ‘BUIMAIAJSIUI |BUOIJBAIJOW
pJdepuelg ¢ pue suolssas 8409 9 ow G| paulquoy 8uljedgajul UoIUaAIBIUI [edoIARYD] pased-Allwed | %gS 91-8 ‘9¢C F 8¢l 9¢l q¥SN ‘§L0g ‘lesueN

‘8uideys Ayjigisuodsad aieludoddde pue

‘S[|IYS UOIIROIUNWIWOD ‘S|[1YS SUIA|0S-Wwdlqodd Builey|ioe}

aJed Aq Juswegeuew sajaqgelp aroddwi saijiwey djay 03
pJdepuelg SUOISSas Ulw (¢ ‘L ow |g Ajiweq 108410 paugisap sem uoljusAJalul Se19qelp adeurwW NYI-IM. [ %IS v1-6 ‘81 F 6Tl 062 »qe¥SN ‘CLOT ‘lesueN

'Sysel 1L SuiSeuew Ul 90UIPYUOI ZUISBBJOUI pUR

‘uoileAllow guioueyus ‘guinjos-wajqodd uiroddwl ‘s||IqS

guidoo guuayiduadis ‘sygnoyl |nydjayun guikpipuspl se

4ons $31891eJ3S [BJOIARYSQ SAINUB0D PApN|oul SUOISSIS

‘syuaded Joy guiuied} dnodd S||1YS UOIFRIIUNWILIOD

9Je9 pue Aoeoyje-}|as g} 1 9oueyud 03} yoroudde sjuadsajope
pdepuelg SUOISSBS UIW 06 ‘8 M 8 Aliweq paulquo) [ Joj Adeday} dnod3 |edoireyaq BAIHUS0D JO UOIRUIGWOD ¥ | %gY 8l—¢l ‘8L F6¥lL |0CL LUBMI ‘2107 ‘lwfeN

‘Sal|lwey Jiay}

YHM Salll|Iqisuodsad $o39qeIp aJeys pue ‘Ajjuapyuod

ulnsul 1snfpe ‘syse} sejaqelp Ajiep anj0s-wa|qoud 03

S[|I$ [Bo130BJd pauJes| SUda| "Sululed} UOIFRIIUNWWIOD

aJeo Allwey pue Juswageuew-4|as $9319qeIp |RUOIJUBAUOD
pJepuelsg SUOISSas ulW 06 ‘9 ow g pauIquio) U0 UOISSaS U0I3RONPa dNoJ paJajuad-Ajiwed |  %zs gl-1L ‘0¢Fzel |coe N 210z ‘Aydaniy

‘Juswageuew (|1 03} sdalddeq

|e190soyohsd uowwos guihediod $a1403s elipawIlNW

9 PaJaAI[Op 91SGAM BY] 9HSTOM dY3 UO SJYI0 YHM

98e8ua 0} saljlunldoddo |B190S YlM Juswadeuew-as 0}

aJed SdaldJeq SulA|0S-wa|qodd $8OUBYUS YIIYM ‘UOIJUBAJSIUI
pJepuelg VIN ML Kjuo piiug 108J1pu| Juswageuew-4[as paseq-jaudaiul ue—ABMINOA [ %py L1=8L VL F 16l ¢l VSN 010¢ AoueAiniy

'$951049X9 PapINg Joj S39|qel

pue ‘suoi1sanb 9A[30BUSIUI ‘BUIMBIAJIBIUI [BUOIIBAIIOW

Pasn SUOISSAS "S|9AS| 9S0IN|§ %93Yd 0} SUspUIWa

93eSSaW 1Xa) PAAIFVAU 0S|E SJUBISA|OPY "SUOISSAS

aJed guIAj0s-wa|qodd ygnouyl uisop snjog uinsul pue
pJdepuelg SUO0ISSas § ow ¢l Kjuo pjiug 10041Q gul0HUOW BS00N|F POO|] UO PISNI0 UOIUBAIIIUI ML | %LG L1=8L ¢ L F 06l 10¢ 2e¥SN ‘0202 ‘1'9ON

‘AyIAi30e [BOISAYd pue ‘181p ‘BuiSOp ulNSul ‘YGNS se

SU0ISSas ulW 09—0p v—¢ 4ons SJolAeYaq aAoJdwl 03 $31891eJIS 9|qRUOIIR P|INg

Jo s|[ed auoyd uiw 0z—G| pUB ‘UOIFBAIZOW DISUIJIUI 9SBBJIUI ‘BOUD|BAIGUIR 9A[0SDU
9Jed Ajyuow [euoiyppe Jaye sjuaosajope dijay 03 Suiuiedy s||iqs SulA|0s-wajqodd pue 0qVSN
pJepuelg pue suoIssas ulw 09— ¥ ow gl paulquoy SUIM3IAIBIUI [EUOIIBAIIOW JO UOIJBUIGLIOD B PAsN XIT4 [ %8S 91-¢L I'L F6Yl |85¢C ‘8102 'sineq-4akepy
dnouy (uonjeang ‘u) yigual 1984e] adAL JUSIU0Y UOIJUIAIAIU| (%) Xas (sdeap) agy N uoljea0] ‘Ueaj uoyiny

1043u09 SUOISS9S UOIIUIAIRIU| UOIJUSAJIIU| | UOIIUBAIRIU| | UOUBAJIBIU| aleway

(PenunuoY) (g = u) s19Y PapNjou| Jo Auewiwing "z F1dVL

1

PEDIATRICS Volume 158, Issue 4, October 2026
Downloaded from publications.aap.org/pediatrics/article-pdf/158/4/62025075333/1964137/pediatrics.2025075333.pdf

bv University of Michioan heidar dolati



(aged 1xau

UO panuIu0g)

"uoIIN|0sad 391140
pue ‘Buinj0S-wa|qodd Y|el-4jes aaizedau/aniisod ‘Buines
|e0d ‘saI3aled}s Suidod PaJaA0d SUOISSAS "SUldNIONJISAU

9AIHUZ0D pue ‘sayoeoddde Gulajos-wajgodd

9Jed ‘Suiuredy s|is Su1dog Jo UoIIRUIWOD B SBSN 1By} sqBlledIsny
pJepuelg SU0ISSas Uy ¢ ‘G MG Kjuo piiyg 10841pu| weugodd Adedsyy dnoug paseq-1g e si guidog jo 1sag | %¥S 9I=¢L L'LF eyl | 9SL ‘910¢ ‘sniydejJag
s N9I
0} SJalddeq 9q Ued jey} SJU0IABYAQ pue sapniijie Ajiwey
9Je9 passaJppe ey} SU0ISSas pue guluied} N9 pazipJepuels +q¥SN ‘1202
pdepuelg SUOISSas UIW 0¢ ‘G owg Ajiweq paulquog POAJOAUI JBU} UOIIUSAIBIUI [eJOIABYS AjIUBY YUM NDD [ %08 [=¢8LF LS eyl ‘dnoun Apnig JONIS
"9]A1S uoIedIUNWIWOD 8uIping
e pue sepuade Jo Suines padeys paziseydwa Suluied|
aJeo "93UBYD JOIABYSQ IN0QE SUOIIBSJBAUOD SAIIONJISUOD
pJdepuelg Y/IN ow gl Kjuo piiug 10841Q aJow ul 9gegus 0} dapiroud Joy wedgodd Sujuted] | %1G Gl—v '8¢ F 901 269 aqedN ‘TLOT Bullgoy
'SU0IARYDQ aJeD
-J]9S 1094409 8u10J40JUIBJ ‘UOISSDJS04d 98R1S pue ‘Sdels
p|o8 ‘syuiod yym ‘saoioyd uo paseq }oeqpas) aAlzeSau
pue aAllsod padJayo Aejdawey “dijo |eUOIIRINPS By} UO
paseq $9910Yd 9yew pue swed ayl Aejd pinod pjiyod ayl
aJed pue ‘01do] aJeo-4|as |e19ads e uo sdijo |Bu0I3RINPa 140YsS poqUed]
pJepuelg ¥IN M L Kjuo piiyy 10841Q papiAoad 1By} SWES 08PIA BAIJOBJDIUI [BUOIIEINPS UY [ %CY zl-8 'L F¢0l 89 '610¢ ‘Yspezaajey
"UOI3RJISIUILIPE Ul|NSUl pue 9s0oNn|8
9Jed guinoadwil U0 SND0 B UM 8JBD [BUOIIRONPS PJBpUR]S soqePUBIUH
pJdepuelg Y/IN ow gl Kjuo pjiug 10841Q ur sa|dioudd SUIMBIAIBIUI [BUOIBAIIOW PBSN SUBDISAUd | %9% Gl—¢l 80 F 9l Ly ‘020¢ ‘uaunpind
9Je9 "UOIJRJISIUIWPE UlNSUl pue guilunod ajeJdpAyoqJdes uo
pJdepuelg 984nod p ¢ ps Kjuo piiyg 10341Q $9SNJ0} JBY} 9SUN0O UOIRRONPS dNOU P G B SI 44030 | %SG 9l-LL CLF 8¢l |962 »gN 910C ‘@dlid
"S|e08 pazijenpIAlpul pue SuiAj0S-wa|qodd yum gmc;omusm_._
aJed s||eo auoyd sue|d aJed padojarap SiSIoRWJBY{ "SWa|qodd pauylluapl -ejusog pue Auewdsy
pJdepueig + SUOISSS UIW 06—09 ‘9 ow g Ajuo ppyn 100410 pue spaau paje|ad-gnup passasse SisIoewdRYd | %/G 81—zl Lyl 89 ‘GL0g ‘ulueadeqq
‘ARdeday} dwind Jo suo0130aful ulnNsul Joj saldelp
puB ‘Syul| 9}ISqaMm ‘SQ) ‘S19|Jes| ‘sauizedew ‘s1a|y00q
papnjoul suy ‘uswageuew Ajiep juoddns 03 paugdisap
aJeo agexoed uoI11eanpa $93aqeIp 3|qIxaly INg pazipJepuels
pJdepuelg VIN owg Kjuo piyg paulquioy B ‘UM JUBWAZRUBW-3S JIdT BY} PAAIBDA UMOA [ %¥S 8l-9 ‘I'¢ ¥ 62l 189 oIN 0202 ‘SakoN
‘aAIl0e Aels pue Jaypwopad
9y} JBAM 0} WA} pullwad 0} JUds aJam Sagessaw
aJeo X8} |BUOIIBAIIOW P/Sd91S 000 0} 1SB3] 18 JO |B0d JPuelesz
pJdepuelg V/N M gL Kjuo piyg 10841Q B UYIM ‘YM g| J0j Jojawopad uado Ue 84om SUSISBIOPY | %SG 8l-LL YT F vyl 8L MaN ‘600¢ ‘UOIMaN
dnouy (uonjeang ‘u) yigual 1984e] adAL JUSIU0Y UOIJUIAIAIU| (%) Xas (sdeap) agy N uoljea0] ‘Ueaj uoyiny
|1043u09 SUOISSAS UOIJUAAJIIIU| UOIJUAAJIRIU| | UOIJUBAJAIU| | UOIJUBAJIRIU| alewsa4

(PenunuoY) (g = u) s19Y PapNjou| Jo Auewiwing "z F1dVL

www.pediatrics.org

12
Downloaded from publications.aap.org/pediatrics/article-pdf/158/4/62025075333/1964137/pediatrics.2025075333.pdf

bv University of Michioan heidar dolati


www.pediatrics.org

YWNS SUISBIOUI JB PAWIR UOIJUSAIIUI UR S$3IBDIPU|
‘dde auoyd Jo ‘93essaw 1xa} pajewoIne ‘DUSIIM B BIA A|9]0S PaJIAI|aP UOIJUBAJAIUI [EUSIP B S81RIIPU|
‘sIskjeue aAlje}juENb BU} Ul Papn|oul Sem Apnis B $31edIpu|

‘siskjeue Jamod J1ay3 paldodad jey3 Apnis e sajealpu|
‘Juswiuiodde A8ojoutuoopus sjuedioled Je PaJaAl|dp UOIJUSAJSIUI UB S81eDIpU|

El
p
9

q

3

‘93Ued pue (S F sueaw aJe ejep ady
HJOMUD3] ‘M ‘Se1eqelp | adA} ‘gLl ‘9s00Nn|3 po0|q JO SUlJOHUOW-H[BS ‘DIWNS ‘|BlJ} PB||0JIU0D PazZIWOPUR
‘LOY ‘JUBWSSBUBI $SBJIS Ul 90UBI|ISaY Surlowodd ‘WSIHd ‘9|qedridde Jou v/N ‘P04 JO [043U0D Ul SPIN 440-4IIN ‘UNEaY djiqow ‘yyeaHw eguey) guluemoduwil 9|A3sayi] |qIxal4 K314 ‘SulJO}UOL 9SOIN|S SNONUIUOD NH) :SUOIIRINBUGQAY

‘Sunjew guluesw pue

aJed Aewwns ulw 09 ‘BulWedjad SAIHUS0D ‘BUINES O QUBWIZRUBW SSUIS
pJepuelg ‘| + SuOISS8S UIW 08-S ‘T ow g Ajuo piyg 108J1pu| '$904N0S3J BOUBI|ISAY # S}9BJe] UOIUAAJISIUI NSIHd | %96 81-¢L ‘9L F /G |cll »qVSN P20T Us1ZRU]-IA

‘BIEP ND) POMBIADJ pUB ‘Palen|eAd

‘pazAjeue 0s|e 8SJNU Y "UOIJBWJOJUI PalR|aJ-8918qRIp

aJeo 0UIUB19S S9IRUIWASSIP Yolym ,‘1quel Suelduoy, paweu
pJepuelg Y/IN ow g fjuo piyy 10841Q JUN0YYY [B10Y0 ¥BYJSM B 0} uoijduosgns pue N9 | %8Y 6101 ‘L1 F 2%l 08 poqBUIUD 120g NX

‘goue(eq |[BN}JIA pajepdn Jiayl

pue s[eog HNS W Aay} Jayaym guireolpul (3xa} 4o

9Je9 |lBW?I) S98BSSOW YIRQPIS} A|IBp PAAISdaJ SIUSISI|0PY
pJdepuelg VIN ow ¢ juo pyo 108410 '$|e0g SulJojuOW 3S0ON|F 04 SBAIUSDUI [eloURUY Ajleq [ %8S 0c—v1 61 F¢91 06 0qVSN "L10Z ‘SUOM

‘wedgoud |euoI1eINpd

91ISqoMm s9lagelp e ‘sajaqelq Suideuey yum ‘wedgoud uluiedy

10J1U00 s[4S 8uidod e ‘Jd09INIIL SaUIqUI0D Jeyl wedgodd
uonuany VIN AM ¥ Kjuo piiyg 109J1py| guluredy s||iis Suidoo JouJdlul UE S| J0BUUOY'SUDD] | %99 PI-LL UL F LS | vSh | oSN '910C ‘dJowaiym

'$91891ed1s 3u1doo pue sagus|jeyd

|B100S paje|aJ-sa1geIp )l|-|ead Suljopow SJdajoeJeyd

9SJBAID UM JewJo) [9A0uU-01ydedd e ygnodyy pajussadd

SBM JUIU0Y) "UOIIN|0SaJ 191|JU0D pUB ‘U0IIINPaU

$$9J1S ‘U0IIRIIUNWIWIOD BAI}JOSSE ‘UOIFRILIPOW

JOIABYaQ BAIIIUS0D ‘BulUIBJ] S|[14S |BID0S papn|oul
uoneanp3y Y/IN Y/IN Ajuo piyg 108J1py| 18U} (3d09N33L) wesgoud Buiuiedy s|ifs Sudod Joudolu| | %G PI=LL UL F CTL | 028 | pqVSN TLOT “@JOWwaliym

‘suJdanied 9s0on|§ uo %oeqpasy Ajyuow

aJed S||eo auoyda|al papiaodd 0S|e SueIDIUIY "SJOIABYS(Q PalR|aJ—os00N|S
pJdepuelg 9 + sogessow 1xa] AM ¥ fjuo piyo 108410 POO|q SUI0}UOW-[BS U0 JUBLIDIJOJUIRS AUBIBUOW |  %0F 61—¢l ‘¢C F 961 09 20qVSN ‘810 UaUZem
dnouy (uonjeang ‘u) yigual 1984e] adAL JUSIU0Y UOIJUIAIAIU| (%) Xas (sdeap) agy N uoljea0] ‘Ueaj uoyiny

|1043u09 SUOISSAS UOIJUAAJIIIU| UOIJUAAJIRIU| | UOIJUBAJAIU| | UOIJUBAJIRIU| alewsa4

(PenunuoY) (g = u) s19Y PapNjou| Jo Auewiwing "z F1dVL

13

PEDIATRICS Volume 158, Issue 4, October 2026
Downloaded from publications.aap.org/pediatrics/article-pdf/158/4/62025075333/1964137/pediatrics.2025075333.pdf

bv University of Michioan heidar dolati



(95% CI, —0.02 to 0.18; = 18.0%), for the 12 “indirect”
interventions is 0.15 (95% CI, —0.03 to 0.33; I* =59.1%),
and for the 17 “combined” interventions is 0.19 (95% CI,
0.04-0.33; I* = 51.6%). The pooled estimate for the 14 dig-
ital interventions is 0.09 (95% CI, —0.06 to 0.24; I*=
25.7%), and for the 32 nondigital interventions is 0.13
(95% CI, 0.05-0.22; I* =40.1%). The pooled estimate of
the 10 interventions aimed to increase SMBG is 0.18
(95% CI, 0.04-0.32; I> = 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; I* = 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; I? = 87.4%) and for the
39 interventions that took place in other settings is 0.06
(95% CI, 0.00-0.12; I*=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; I* = 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; I* =
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; I* = 74.3%). In addition, we did not observe a
significant relationship between the effect size of the inter-
vention and the intervention length (R? = 0.0) or total time
of the intervention (R? = 0.0). Lastly, we evaluated the mod-
erating role of age, duration of T1D, sex, and ethnicity in the
effect of each intervention on HbA;¢; 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%
Cl —0.04 t0 0.17; > = 20.0%), for “indirect” interventions is
0.12 (95% CI, —0.07 to 0.32; 12=63.8%), and for “com-
bined” interventions is 0.10 (95% CI, —0.04 to 0.25; =
50.3%). The pooled estimate for digital interventions is
—0.01 (95% CI, —0.15 to 0.13; I* = 0.0%) and for nondigital
interventions is 0.10 (95% CI, 0.02-0.19; I* = 37.3%). The
pooled estimate for interventions aimed to increase
SMBG is 0.10 (95% CI, —0.05 to 0.25; I*=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; I* =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; I* = 87.4%) and for those that took place in other
settings is 0.02 (95% CI, —0.04 to 0.09; = 0.0%). Lastly,
the pooled estimate for youth-focused interventions is
0.02 (95% CI, —0.05 to 0.10; I*=0.0%) and for family-
focused interventions is 0.25 (95% CI, 0.00-0.51; =
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
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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 al® meta-analysis, this review demon-
strates that adherence-promoting behavioral interventions
continue to confer modest improvements in HbA;. 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 HbA;¢
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 HbA;¢
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.?* Also, we did not independently evaluate whether
the “full RCTs” were indeed adequately powered. Second,
as Freedland?! 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.?? 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 HbA; 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

PEDIATRICS Volume 158, Issue 4, October 2026

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 (Al)-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 Al, 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 HbA;c. In
general, pediatric diabetes trials use HbA ¢ 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.®
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 HbA;¢ 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 HbA;,
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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