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Abstract

Aims: Emerging adults with chronic diseases like diabetes often experience
a decline in health during the process of transition from paediatric to adult
healthcare. This study assesses the impact of transition on healthcare quality of
people with diabetes, focusing on glycated haemoglobin (HbA, ).

Methods: We conducted a systematic review and meta-analysis of the difference
in HbA,. before and after transition following the PRISMA guidelines. A
comprehensive search across four databases for studies of diabetes type 1 and 2
published between 2018 and 2024 was conducted. Risk of bias was assessed using
the ROBINS-I tool for non-randomized studies.

Results: Twenty studies were included in the systematic review, fifteen to
the meta-analysis. Eleven studies considered a structured or semi-structured
transition programme: three reported a reduction in HbA,, (improved glycaemic
control) and eight no significant difference. Nine studies considered no transition
programme: four showed a worsening of glycaemic control and five no significant
difference. Overall, the meta-analysis showed a worsening of glycaemic
control post-transition with mean difference (MD) —1.75mmol/mol (—0.16%)
[95% confidence interval (CI) -5.24-1.75mmol/mol (—0.48%-0.16%)], with
considerable heterogeneity, where negative values indicate higher HbA,. post-
transition. Subgroup analysis for transition programmes and usual care showed,
respectively, significant improvement and worsening of glycaemic control with
MD of 3.28 mmol/mol (0.30%) [95% CI 0.44-6.12mmol/mol (0.04%-0.56%)]
and —6.99 mmol/mol (—0.64%) [95% CI —11.79 to —2.19 mmol/mol (—1.08% to
—0.20%)].

Conclusions: Findings suggest that the transition to adult care may negatively
affect glycaemic control in emerging adults with diabetes, whereas structured

transition programmes can neutralize this effect and prevent consequences.
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1 | INTRODUCTION

Diabetes mellitus is a metabolic disease, characterized by
chronic hyperglycaemia and classified in autoimmune
type 1 diabetes and type 2 diabetes resulting from genetic,
environmental and metabolic causes that differ among
populations.!

Current evidence suggests that diabetes prevalence is
continuously rising worldwide, posing a major challenge
to global health."? This rapidly increasing incidence rep-
resents a significant problem not only in adults but also in
the paediatric and young populations.?

Chronic hyperglycaemia can lead to severe long-term
consequences such as microvascular and macrovascular
complications, which may result in dysfunction and fail-
ure in the nervous system, kidneys, eyes and blood vessels,
increasing the risk of cardiovascular diseases.' Achieving
optimal glycaemic control, commonly assessed through
glycated haemoglobin (HbA,.) measurements in blood, is
therefore crucial to minimise these risks. Current guide-
lines recommend HbA, targets <6.5% for youth with ac-
cess to advanced diabetes technologies3’4; however, this
was not the standard target in many of the studies in-
cluded in this review.

Numerous studies™® have documented that the pro-
cess of transition from paediatric to adult healthcare
represents a crucial and vulnerable phase where young
adults with chronic diseases, such as diabetes, are at
high risk of poor health outcomes, both during this
process and afterwards. Adolescents and young adults
(AYA) with type 1 or type 2 diabetes face considerable
challenges in maintaining stable metabolic control due
to hormonal fluctuations, psychosocial stressors and
the increased responsibility associated with autono-
mous disease management.® Elevated HbA,, levels are
frequently observed in this age group and are strongly
linked to a heightened risk of acute complications,
such as diabetic ketoacidosis, as well as early onset of
long-term complications.’ Moreover, this developmen-
tal period coincides with significant life transitions,
such as completing education, entering the workforce
and adapting to evolving social and family dynam-
ics, which may further disrupt effective diabetes self
management.7

Further investigations are needed to develop evidence-based guidelines for opti-

mizing transition interventions.

adult care, diabetes, diabetes healthcare, HbA,, paediatric diabetes, paediatric healthcare,

What's new?

What is already known?

« Given the challenges emerging adults with dia-
betes face during the transition from paediatric
to adult healthcare, we aimed to assess the im-
pact of this phase and of transition programs
on glycaemic control, focusing on changes in
glycated haemoglobin levels in adolescents
and young adults (AYA) with type 1 and type 2
diabetes.

What did we find?

« Transition to adult care generally worsened gly-
caemic control; however, transition programs
helped to mitigate this, showing improved gly-
caemic control compared with usual care.

What are the implications?

« These findings highlight the importance of
transition programmes in maintaining or im-
proving glycaemic control during this vulner-
able life phase.

Evidence indicates that suboptimal transition processes
are associated with gaps in care, deteriorating glycaemic
control, and increased rates of acute complications and
hospitalisations.® Consequently, there is growing consen-
sus regarding the necessity for structured, evidence-based
transition programmes that address the complex medical,
psychological and social needs of adolescents and young
adults with diabetes.’

Guidance from GotTransition.org'® recommends ini-
tiating transition planning as early as ages 12 to 14, em-
phasising that readiness should be based on individual
maturity rather than chronological age. Essential ele-
ments include preparing a comprehensive written health
summary for the adult care team, systematic education
in self management skills and proactive coordination
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between paediatric and adult care providers to ensure
continuity of care."” Complementing these recommenda-
tions, the American Diabetes Association highlights that
emerging adulthood frequently coincides with major life
changes and stresses the importance of addressing psy-
chosocial factors, conducting routine screening of met-
abolic and mental health parameters and empowering
young adults to take independent responsibility for their
diabetes management."'

Therefore, it is essential to systematically explore the
current literature on the impact of transition on health-
care outcomes, particularly HbA,. levels, to provide evi-
dence for public health regulators. This evidence should
support the development of clinical guidelines and best
practices to ensure better patient support and improve gly-
caemic control during this critical period of transition for
AYA with diabetes.

Given recent findings in this area"*"” and the findings
of a previous meta-analysis by Schultz and Smaldone’
in 2017, showing no significant improvement in HbA,
after transition between the intervention and control
group but a significant reduction of diabetic ketoacido-
sis in the intervention group, it is of utmost importance
to integrate and evaluate them in a timely manner. Our
study builds on this by including more recent studies
and focusing on pre- and post-transition HbA,. out-
comes. A recent systematic review'* found no clear
metabolic benefit for transition interventions to im-
prove transition readiness and/or transfer to adult care,
highlighting the need for further exploration. Therefore,
the goal of this research is to conduct a systematic re-
view and meta-analysis, to synthesize the most recent
and relevant evidence, assessing the impact of the tran-
sition, both with and without structured programs, on
healthcare outcomes for AYA with diabetes, specifically
regarding metabolic control and HbA, levels.

12,13

2 | METHODS

2.1 | Literature search and inclusion
criteria

The present systematic review and meta-analysis was
conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA 2020) checklist."

A comprehensive literature search was performed
across four databases: PubMed, Cochrane, Embase and
Web of Science covering publications between 2018 and
31 March 2024. The search strategy employed a combi-
nation of search terms and Boolean operators, including

39 ¢

“diabetes”, “healthcare”, “transition of care”, “paediatrics”,

DIABETIC HIELaR

“children”, “adult”, combined with “AND” and “OR”
operators.

Inclusion and exclusion criteria were developed
based on the PICO framework (participants, inter-
ventions, control, outcomes), which is summarized in
Table S1. We included studies that met the following cri-
teria: (i) studies published in English, German, Italian,
Spanish or French; (ii) investigating people with any
diabetes type undergoing transition of healthcare from
childhood to adult healthcare; (iii) published not before
2018; and (iv) investigating HbA,, as a healthcare out-
come, reporting HbA,. data both before and after the
transfer to adult healthcare. The following study types
were excluded: guidelines, meta-analyses, reviews, let-
ters, comments, posters, editorials and conference ab-
stracts. By adhering to these criteria, we aimed to ensure
the inclusion of relevant and high-quality studies that
specifically addressed the impact of healthcare transi-
tion on HbA, levels in AYA with diabetes transitioning
from paediatric to adult care, focusing on the most re-
cent publications to better reflect current evidence and
evolving practices in transitional care.

2.2 | Data extraction

Records retrieved through our search were imported into
Zotero, where duplicates were removed. After deleting
duplicate studies and applying the selection criteria, two
independent and blinded reviewers screened the titles and
abstracts and selected reports for full-text review. Possible
disagreements were resolved by a third reviewer and
discussed until reaching a consensus. To represent this
process through a flow diagram, we used the online tool
as recommended by the PRISMA guidelines."

The primary outcome assessed was the change in
HbA, levels before and after the transition from paediat-
ric to adult healthcare providers.

Data extracted from each study included: sample size,
study location, year of publication, study duration, age at
transition, sex, components of the transition program and
study outcomes. All extracted data were compiled into an
Excel spreadsheet and combined across studies to provide
a comprehensive analysis of the transition's impact on
HbA, levels.

2.3 | Quality assessment

To assess the quality of the studies included in this review,
we used the Risk Of Bias In Non-randomized Studies of
Interventions (ROBINS-I) tool, designed for evaluating
the risk of bias in non-randomized studies of interventions
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(including uncontrolled before-after studies).'® We used
the ROBINS-I tool because the majority of included
studies investigated interventions in a non-randomized
design, and ROBINS-I is a widely recommended and
structured tool. To facilitate this assessment and to visu-
ally summarize the results we used an online platform."’
For each of the seven domains of bias'® assessed through
the ROBINS-I tool, studies were evaluated and catego-
rized as having a critical, serious, moderate or low risk of
bias, or as having no information available.

2.4 | Statistical analysis
Studies that clearly reported mean HbA,  values pre-
and post-transition along with their standard devia-
tion were eligible for inclusion in the meta-analysis
to estimate the pooled mean difference and the cor-
responding standard deviation. HbA,, values that
were reported in International Federation of Clinical
Chemistry units (mmol/mol) were converted to National
Glycohemoglobin Standardization Program units (%)."®
For studies containing only median and interquartile
range for the HbA,_ value, we converted it to the mean
value with standard deviation using a standardized
methodology according to Hozo et al.'’ Given the ex-
pected heterogeneity across studies, we a priori selected
the random effects model (REM) to estimate the mean
difference in HbA,, pre- and post-transition. The I* sta-
tistic and the Q test were used to quantify heterogeneity
between studies. Furthermore, subgroup analyses were
carried out in order to pinpoint the cause of heteroge-
neity. Through the use of Egger's regression test** and
funnel plot inspection, potential publication bias was
visually evaluated. p-values were considered significant
at o <0.05.

Statistical analysis was performed using R software
version 4.3.2 (R Core Team, Vienna, Austria), using pack-

age ‘meta’”!

3 | RESULTS

As shown in Figure 1, a total of 2684 articles were iden-
tified across four databases. After removing 561 dupli-
cates and excluding 851 articles published before 2018,
1272 records were screened by title and abstract. Of
these, 123 full-text articles were assessed for eligibility.
Disagreements between the two reviewers, resolved by a
third reviewer, resulted in 103 articles retained for full-
text evaluation. Following full-text assessment, twenty
studies were included in the systematic review. The
remaining 83 articles were excluded for the following

reasons: lack of pre- and post-transition data (n=14),
duplicates (n=1), non-original research (guidelines,
reviews or protocols; n=38), abstracts or commentaries
(n=37), no clinical outcomes reported (n=19) or out-
comes other than HbA,, (n=4). Of the twenty included
studies, fifteen reported the mean and standard devia-
tion of HbA,, and were therefore eligible for inclusion
in the meta-analysis.

The final twenty studies for the systematic review in-
cluded studies of various study designs, including cohort
studies, retrospective studies, as well as non-randomized
clinical trials.

3.1 | Studies characteristics
Table 1 shows an overview of the studies included in
this review and fully describes their characteristics.
As shown, eight studies were conducted in the United
States, two in Canada, six in Europe, one in Tunisia and
three in Australia. The majority (75%) of the studies fo-
cused exclusively on type 1 diabetes, while three studies
dealt with both types, and two considered only type 2
diabetes in adolescents and young adults (AYA). Eleven
studies evaluated a structured or semi-structured transi-
tion programme, and five out of the twenty studies also
accounted for other factors, such as mental health con-
ditions, healthcare coverage degree, hypoglycaemia un-
awareness, the co-location of paediatric and transition
clinics and the duration of the transition period from
childhood to adult healthcare.

The transition programs analysed in the included stud-
ies varied and included:

A semi-structured program involving an initial meeting
with an adult diabetologist prior to transition.*

« The ‘Ready Steady Go’ (RSG) holistic structured transi-
tion program: a comprehensive approach to transition-
ing focusing on the empowerment of the young people
to equip them with the necessary skills.**

« Comparison of more (HI-ATT) versus less attention
(LO-ATT) to transitional care.”*

« A comparison between a control group treated with
usual care and the intervention group which received
usual care plus support from a transition coordinator
(using communication technology).*

« A diabetes transition clinic, with a multidisciplinary
team involved in the process of transition (including
endocrinologist, educator and dietitian) with one of the
educators serving as a coordinator.*®

« A comparison between standard care versus a transi-
tion programme with the central figure of a transition
coordinator who maintains contact with participants
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Identification of new studies via databases and registers

Records identified from:
& Databases (n = 4):
‘85 PubMed (n = 1,131) Records removed before screening:
= Cochrane (n = 110) Duplicate records (n = 561)
5 WOS (n = 833)
S Embase (n = 610)
Records screened Records excluded
(n=2,123) (n=851)
Y
Reports sought for retrieval Reports not retrieved
(n=1,272) (n=1,169)
2
c
8 Reports excluded:
3 * not focused on before and after
transition (n = 14)
* duplicate (n = 1)
Reports assessed for eligibility * reviews or protocols (n = 8)
(n=103) « abstracts or editorials (n = 37)
« transition with no clinical
outcome (n = 19)
« transition with clinical outcome
other than HbA1c (n = 4)
el
L New studies included in review
2 (n=20)
C

FIGURE 1 PRISMA flow diagram of study identification and selection.

between the visits and facilitates support to people with
diabetes, with the intervention lasting 18 months (6 in
paediatric and 12 in adult care).*®

A structured program of transition with transitional
meetings including paediatric and adult specialists;
then, when children were ready, they were welcomed
in specialized consultations for AYA with a unique
‘passport’.?’

The diabetes Empowerment Council (DEC): a 12-week
multimodality, holistic, facilitated group intervention,
comprising a ‘council’ procedure grounded in indige-
nous community customs, guided imagery for stress re-
duction and other integrative techniques, involving also
narrative medicine techniques.?®

+ A therapeutic care and education program in 4 phases
(12months): a transfer process coordinated from

paediatric and adult units, and individual, group and
telematic visits.*

A clinic model that ensures a transition coordinator/di-
abetes educator arranging booking and rebooking, SMS
text reminders, access to a multidisciplinary team and
phone support for sick days.*

A structured transition programme designed around a
receivership model, with care coordination led by the
adult endocrinology team to support AYA (age 18-23)
through the transition process while working closely
with the paediatric endocrinology team. Central to the
programme redesign is a transition orientation ses-
sion, which was a 2.5-h group class for young adults
and their support person(s). Other key elements of the
programme redesign included the assessment of transi-
tion readiness, the use of a transition coordinator and
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TABLE 1 Overview of study designs and key features.

Author, year, country
and study design

Iyengar et al.,*! 2024, USA,
single-centre cohort study

Hodnekvam et al.,> 2023,
Norway, population-
based cohort study
(questionnaire)

Schweizer et al.,'* 2023,
Germany, Retrospective,
follow-up study
(questionnaire)

Harmer et al.,22 2022, UK,
Single-centre retrospective
observational study

Peeters et al.,” 2022,
Netherlands, retrospective
chart review

Soliman et al.,’” 2022, USA,
retrospective chart review

Tilden et al.,” 2022, USA,
Single-centre retrospective
cohort study

Diabetes
type
land2

Study population size Women, n (%)

Type 1 diabetes: 300 (256 -
with both baseline and
post-transfer HbA,.); Type

2 diabetes: 16 (13 with both
baseline and post-transfer

Hb Alc)
321 185 (57.6)
190 91 (47.9)

106 (35 in non-RSG; 71 in 18 (51.4) in non-RSG;
RSG) 40 (56.3) in RSG

320 (130 LO-ATT; 190 64 (49.2) in LO-ATT;

HI-ATT) 82(43.2) in HI-ATT
214 116 (54.2)
449 271 (48.3)

Mean age at transfer, years
(SD or min-max)

Type 1 diabetes: 20.9 (1.5);
Type 2 diabetes: 20.8

18.0 (15.0-23.5)

21.2(2.5)

Median: 18 (18-25)

18.64 (1.77) in LO-ATT;
18.62 (1.11) in HI-ATT

Median (Q1-Q3): 21.5 (19.9-23.1)

19.8 (1.3)
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Transition intervention/
Program Description

Structured transition program
with care coordination led by
the adult endocrinology with
key elements such as assessment
of transition readiness and
transition coordinator

Semi-structured program for
transfer: initial consultation
with an adult diabetologist prior
to transition

‘Ready Steady Go’ (RSG) holistic
structured transition program

More (HI-ATT) versus
less attention (LO-ATT) to
transitional care

Mean HbA,. (SD or min-
max) before and after

Type 1 diabetes: HbA, at or
<3 months before the initial
adult visit 9.1 +2.1%, HbA .
at 12months after care
transfer 8.7 +1.9%

Type 2 diabetes: HbA,_ at or
<3 months before the initial
adult visit 8.6 +2.2%, HbA,,
at 12 months after care
transfer 7.6 +2.3%

HbA,, at the last registration:
8.8% (5.5%-15.8%)

Baseline: 7.6% (1.1); no clear
data about follow-up on
tables but on a figure ‘With
increasing time after transfer
and thus increasing age, the
HbA, level decreases’

Non-RSG group: pre-transfer
10.1% (5.8); post-transfer
10.9% (6.1); RSG group:
pre-transfer 9.2% (5.2); post-
transfer 9.3% (4.9)
Paediatric (n=261): 8.7
(1.33); adult care (n=261):
8.6 (1.32).

LO-ATT (n=91): 8.6% (71;
+13.57); HI-ATT (n=141)
8.6% (70; +15.34)

Last paediatric HbA ;.
(n=200): 8.73 (5.00-15.10)

Mean HbA,. 1y before
transfer: 9.0% (75 mmol/
mol; SD 1.9%); Mean HbA
1y after transfer: 8.9%

(74 mmol/mol; SD 2.0%)

HbA, variations—conclusions

Type 1 diabetes: where both baseline
and post-transfer HbA, . were available
modest but significant improvement
observed (baseline mean 9.1 +2.1% and
post-transfer mean 8.7 +1.9%, p <0.01 by

paired ¢ test).

Type 2 diabetes: Among participants

for whom both baseline and 1-year
post-transition HbA . were available,
there was a non-significant trend toward
improved glycaemic control from 8.2% to

7.6% (p=0.23, paired t test)

Group in the intermediate-decrease
trajectory (n=218): descending from

mean 8.3% at 14 y to 7.5% at 24.
Group of the high-arch trajectory
(n=102), starting at mean 9.4%,

increased to higher than 9.9% between
16 and 21y, decreased to 9.0% at 24y

No difference in HbA, levels between
people in f-up by resident diabetologists

and in f-up in diabetes-specific

outpatient clinics. People not in diabetes-
specific care shown significantly higher
HbA, . levels than the others (7.5+1.1%

vs. 7.1+0.8%)

In the intervention group, no rise in
HbA, . usually observed in young people

during early adult life

No appreciable variations in HbA
between adult and paediatric care. With
the exception of transfer readiness, the
Dutch diabetes care system's current
transitional care investments have not
significantly improved experiences or

results

Transitioning at an older age was
associated with a lower rate of

hospitalization and ED visits but not
significantly associated with HbA .

An increase in average HbA, of 0.31%
(3mmol/mol; 95 %CI 0.09%-0.53%)
for every 6 months of delay between

the last paediatric and first adult
visits (unadjusted model); after

adjustment: 0.19% (2mmol/mol; 95 %CI

0.04%-0.33%)

DIABETIC B

Other characteristics
(or RF) associated to
the transition

Prolonged lapses between
paediatric and adult care

(Continues)
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TABLE 1 (Continued)

Author, year, country
and study design

Ali et al.,*® 2021, Australia,
retrospective medical
records review

Butalia et al.,?* 2021,
Canada, Non-randomized
clinical trial

Sritharan et al.,?> 2021,
Australia, Retrospective
study (audit)

TODAY Study Group,*
2020, USA, Observational
follow-up study

Vidal et al.,*® 2020, Spain,
Retrospective observational
study

Walch et al.,*® 2020, USA,
Retrospective chart review

Spaic et al.,”® 2019, Canada,
Multi-centre, randomized,
parallel-group, controlled
trial

Diabetes
type
1

1,2 and
other

Study population size

356 (121: internally
referred from the hospital's
paediatric clinic (IRG);
235: externally referred
from other sources
paediatric(ERG))

203 (102 usual care; 101
intervention)

220

421 1in 2013; 427 in 2016

56

54

104 in structured transition
program; 101 in standard
care

Women, n (%)

54 (44.6) in IRG; 117
(49.8) in ERG

53(52.0) in usual
care; 48 (47.5) in
intervention

92 (44.5)

63 (15.0) in 2013; 64
(15.0) in 2016

26 (46.4)

26 (48.1)

47 (45.2) in
intervention; 54 (53.5)
in usual care

Mean age at transfer, years
(SD or min-max)

17.1+£1.7 in IRG; 18.8 £2.6 in ERG

18.6 (0.4) in usual care; 18 (0.4)
in intervention

19.2 (1.8)

21 (3) in 2013; 24 (2) in 2016

18.1+0.3

18.1 (1.0)

17.9 (0.7) in intervention
group; 17.9 (0.6) in standard group
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Transition intervention/
Program Description

Control group: usual care;
Intervention group: received
usual care + support from a
transition coordinator (using
communication technology)

Diabetes transition

clinic: a multidisciplinary
(endocrinologist, educator,
dietitian) Clinic with one of
the educators serving as a
coordinator

Therapeutic care and
education program in 4 phases
(12months): a transfer process
coordinated from paediatric
and adult units, and individual,
group and telematic visits

Standard care vs. Transition
program (with a transition
coordinator).

The intervention lasted

18 months (6 in paediatric and
12 in adult care)

Mean HbA,. (SD or min-
max) before and after

IRG: mean HbA,
pretransition 9.1% +1.9%, at
6months 9.2%, at 12months
9.0%; ERG: mean HbA
pretransition vs. 9.7% +2.6%,
at 6 months 8.4%, at
12months 8.3%

lyear prior to transfer in
usual care: 9.3% (1.8); in
intervention 8.9% (2.0)
1year after transfer in
usual care 9.2% (1.8); in
intervention 8.8% (1.9)

At entry: 9.9% (2.6);
At last visit: 8.9% (2.3)

In 2013: 8.8% (2, 9);
In 2016: 9.6% (3.0)

At baseline (at transition
moment): 8.01% (1.22); after
transition (at 12 months):
7.70% (0.99)

Before transition: 9.0%; after
transition: 9.2%

Intervention group:
Baseline (n=103) 8.46%
(1.30); Intervention period
(0-18 months; n=63)

8.59% (1.47); F-up period
(18-24 months, n=73) 8.33%
(1.21);

Standard group: Baseline
(n=99) 8.61% (1.57);
Intervention period (n=50)
8.63% (1.49); F-up period
(n=71) 8.80% (1.55)

HbA, variations—conclusions

Improvements in HbA, . were seen

only in the ERG at 6 and 12 months
(p<0.001). Although co-location of a
paediatric and transition clinic improved
medical engagement, this did not

equate to better glycaemic control or
complication rates

No significant differences in HbA
post-transfer

Improvement in glycaemic control at last
visit in comparison with entry values.
Over eight years, those with, compared
with those without mental health
conditions had higher HbA,, at the

last visit (9.4% (79 mmol/mol) vs. 8.7%
(71 mmol/mol), p=0.027)

Comparing healthcare coverage and
glycaemic control during the 2years
before transition to community care
(TODAY?2 phase 1, when participants
received diabetes care from the study
team at no cost) to the 2years after the
transition to community care in the
TODAY?2 cohort, glycaemic control
remained poor, regardless of coverage

Non-significant reductions were
observed in HbA .

The HbA,, was stable over the transition
period

Intervention group: Change from
baseline to intervention period in HbA,.:
—0.20% (1.24); Change from baseline

to f-up period in HbA,.: 0.03% (1.09) —
this positive difference means a decrease
(improvement) from the baseline

HbA, .-value;

Standard group: Change from baseline
to intervention period in HbA,.: —0.19%
(1.29); Change from baseline to f-up
period in HbA,: —0.28% (1.64). Trend
toward improvement in average HbA,,
(8.33% vs. 8.80%), although during the
f-up, the mean change in HbA, did not
differ between groups

DIABETIC B

Other characteristics
(or RF) associated to
the transition

Co-location of a
paediatric and transition
clinic

Associated mental health
conditions

Healthcare coverage:
government, commercial,
no coverage

Additional evaluation
of hypoglycaemia
unawareness (HU): TEP
improves HU but does
not solve the problem

(Continues)
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TABLE 1 (Continued)

Author, year, country Diabetes

and study design type Study population size
Agarwal et al.,* 2018, USA, 2 182

Multi-centre, follow-up

study

Berg et al.,** 2018, USA, 1 220

Longitudinal, multisite

study (survey)

Essaddam et al.,”” 2018, 1 48

Tunisia, Longitudinal study

Farrell et al.,*° 2018, 1 439

Australia, Audit of records

Kapellen et al.,*® 2018, 1 1283

Germany, Retrospective

(database extracted data)

Weigensberg et al.,*® 2018, 1and 2 37 (9 in DEC; 28 in control

USA, Pilot intervention group)

study (non-randomized)

Mean age at transfer, years

Women, n (%) (SD or min-max)

117 (64.3) Upto25y

138 (63.0) 17.77 (0.39)

25(52.1) 16.3 (1.56)

245 (55.8) Median age (IQR): 18 (17-19)
711 (55.4) 21.5(5.1)

5(55.6) in DEC; 13
(46.4) in control
group

19.78 (1.09) in DEC; 19.54
(1.00) in control group

Abbreviations: CSSI, continuous subcutaneous insulin infusion; DEC, Diabetes Empowerment Council; ED, emergency department; f-up, follow-up;
HbA,, glycated haemoglobin; HI-ATT, high attention to transitional care; LO-ATT, low attention to transitional care; RF, risk factors; RSG, Ready

Steady Go; SD, standard deviation; Y, years.

transition meetings between paediatric and adult en-
docrinologists to discuss patient-specific concerns and
workflows and to facilitate care coordination.’!

Of the eleven studies that evaluated a structured or
semi-structured transition program, two*?’ reported a
reduction in HbA,, levels after transition indicating im-
proved glycaemic control, while eight'>**2+26:28-30 found
no significant difference in HbA,, levels. The study by
Iyengar et al.”’ showed a decrement of HbA, values after

transition for AYA with type 1 diabetes and no significant
difference for AYA with type 2 diabetes.

Among the nine papers that did not examine a specific
program, four noticed an increase in HbA,. levels post-
transition, indicating worsening of metabolic control, 3%
while five found no significant difference in the HbA,,
levels post-transition.**™ In particular, the study by
Soliman et al.*” showed that transitioning at an older age
was not significantly associated with HbA, . levels but did
correlate with other clinical outcomes such as Emergency
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Transition intervention/
Program Description

Structured program of
transition: transitional meetings
involving paediatric and

adult team, then welcomed in
specialized consultations for
adolescents with “passport”

Clinic model that ensures a
transition coordinator arranging
booking, SMS text reminders,
access to multidisciplinary team,
phone support for sick days

DEC: a 12-week multimodality,
holistic, facilitated group
intervention consisting of
‘council’ process based on
indigenous community
practices, stress reduction
guided imagery, narrative
medicine modalities and other
integrative modalities

Mean HbA,, (SD or min-
max) before and after

Baseline: 7.0%;

follow-up: in adult care:
9.0%; no care: 9.3 paediatric
care group: 8.0%

Baseline: 8.218% (1.668);
Year 2: 8.937% (1.976); Year
3:9.229% (2.052)

In year before transition:
10.49% (1.68); in year after
transition: 9.55% (1.82)

Median HbA,. (IQR): at
first appointment: 8.5%
(7.6%-10.2%); at 18-month
f-up 8.6% (7.7%-10.2%);

at 30-month f-up 8.7%
(7.7%-10.0%)

Last year paediatric: 8.95%
(2.04); 2years before
transfer: 8.71% (2.05) (in
1043 documented cases);

first year of adult treatment:

9.20% (2.34); second year
after transfer: 8.81% (2.14)
DEC group: baseline (n=9)
10.54% (2.51); 6 months
(n=9) 9.98 (2.58)%;
12months (n=9) 9.89%
(2.74); Control group:
baseline (n=28) 9.15%
(2.00); 6 months (n=24)
9.00% (1.79); 12 months
(n=22) 8.98% (2.05)

HbA, variations—conclusions

Transferring from paediatric care was
associated with a 4.5 and 4.6 higher
odds of poor glycaemic control at f-up
in adult and no care, respectively, after
adjustment

HbA, increased significantly across the
three time points

75% of participants benefited from

this program and demonstrated an
improvement in their metabolic control
the year following transition to adult
care service

The median HbA, . at the first
appointment did not change at the
18-month f-up or at the 30-month
f-up: continuing engagement with the
multidisciplinary transition service
prevented deterioration in HbA, .
following transition

Mean HbA, increase in first year of
adult treatment of 0.25% (significantly
higher) then in the second year
decreased to 8.81%

Modest difference in reduction in HbA,,
in the DEC group compared with the
non-DEC, but not significant

DIABETIC Nkl

Other characteristics
(or RF) associated to
the transition

Department visits. The paper by Tilden et al.*® found no
significant difference in the values of HbA,_ pre- and post-
transition but did report a slight increase in mean HbA,,
for every six-month delay between the last paediatric visit
and the first adult visit.

Considering other factors influencing transition, the
study by Sritharan et al.®® highlighted that those with,
compared with those without a mental health condition,
had higher HbA, . According to Ali et al.,** although co-
location of paediatric and transition clinics improved

medical engagement, this did not equate to better glycae-
mic control or complication rates.

3.2 | Studies quality

The quality of the studies included assessed using the
ROBINS-I tool is shown in the Figure S1. Four'>*"*3
out of twenty studies showed a high risk of bias in at least
one domain: The most common issues contributing to

95U017 SUOWLLOD SAIIea1D) 3l jdde a4} Ag peuenob aJe sajoiLie YO ‘88N Jo 3| 10} AkeiqiT aUIUO AB|IAA UO (SUONIPUOD-PUe-SWLIALI0D" A8 | 1M Aleiq 1 puljuo//:Sdny) SUONIPUOD pue Swid 1 84} 89S *[5202/60/T0] Lo ARiqiauliuo A31IM ‘SZT0Z SWP/TTTT OT/I0P/L0D A8 |imAleig1jouljuo//:Sdny o) papeojumod ‘0 ‘TerSyovT



DONVITO ET AL.

120f17 | HYIN:I|e

this high risk were a lack of control for confounders in the
analysis, inadequate allocation concealment and lack of
blinding. Despite these issues, the majority of the studies
included were judged to have an overall good quality with
a low risk of bias.

3.3 | Meta-analysis results and
quantitative synthesis

The meta-analysis results are illustrated in the forest plot
shown in Figure 2, which presents the mean difference
in HbA,, levels pre- and post-transition for every study
included. A priori, we selected the random effects model
(REM) due to the heterogeneity among studies. The
REM estimated a mean difference (MD) of —1.75mmol/
mol (—0.16%) [95% CI —5.24 — 1.75mmol/mol (—0.48%—
0.16%)], where negative values indicate higher HbA,,
post-transition, suggesting that HbA, levels were, on av-
erage, 1.75mmol/mol (0.16%) higher post-transition than
pretransition; however, this result was not statistically
significant.

For reference, the fixed effects model (FEM) estimated
a MD of —1.20mmol/mol (—0.11%) [95% CI -2.08 to
-0.33mmol/mol (—0.19% to —-0.03%)], indicating a slight
but statistically significant worsening in glycaemic control

Before transition

After transition

post-transition. However, given the substantial heteroge-
neity among studies, we relied on the REM results as the
primary estimate.

The funnel plot from the meta-analysis reveals an im-
balance in study distribution, with fewer small studies
at the bottom and more large studies at the top. A slight
asymmetry is observed, as a greater number of studies
report a negative mean difference, indicating worsening
glycaemic control post-transition. However, Egger's test
yielded a p-value of 0.813, which is not statistically sig-
nificant, suggesting no strong evidence of publication bias
(Figure S2).

3.4 | Subgroup analysis to explore
heterogeneity

Heterogeneity among the included studies was high, with
an I” value of 85%, indicating substantial variability across
studies, which may limit the interpretability of the overall
meta-analysis results. To explore the substantial hetero-
geneity, we performed a subgroups analysis. As shown in
Figure 3 Panel A, studies were stratified into two groups:
those implementing intervention programs and those fol-
lowing usual care, each represented by separate forest
plots.

Weight Weight

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
lyengar et al. Intervention T1D (2024) 300 9.10 2.1000 256 8.70 1.9000 i+ 0.40 [0.07; 0.73] 6.1% 5.6%
lyengar et al. Intervention T2D (2024) 16 8.60 2.2000 13 7.60 2.3000 y 1.00 [-0.65; 2.65] 0.2% 2.3%
Harmer et al. Usual care (2022) 106 10.10 5.8000 106 10.90 6.1000 : -0.80 [-2.40; 0.80] 0.3% 2.4%
Harmer et al. Intervention (2022) 71 9.20 52000 71 9.30 4.9000 + -0.10 [-1.76; 1.56] 0.2% 2.3%
Peeters et al. Intervention (2022) 261 8.70 1.3300 261 8.60 1.3200 i?- 0.10 [-0.13; 0.33] 13.1% 5.8%
Tilden et al. Usual care (2022) 449 9.00 1.9000 449 8.90 2.0000 g 0.10 [-0.16; 0.36] 10.4% 5.8%
Butalia et al. Usual care (2021) 102 9.30 1.8000 102 9.20 1.8000 i 0.10 [-0.39; 0.59] 2.8% 5.3%
Butalia et al. Intervention (2021) 101 8.90 2.0000 101 8.80 1.9000 f:r% 0.10 [-0.44; 0.64] 2.3% 5.1%
Sritharan et al. Intervention (2021) 220 9.90 2.6000 220 8.90 2.3000 I 1.00 [0.54; 1.46] 3.2% 5.4%
TODAY Study Group Usual care (2020) 421 8.80 2.9000 427 9.60 3.0000 —— -0.80 [-1.20;-0.40] 4.3% 5.5%
Vidal et al. Intervention (2020) 56 8.01 1.2200 56 7.77 0.9900 :H» 0.24 [-0.17; 0.65] 4.0% 5.5%
Spaic et al. Usual care (2019) 99 8.61 1.5700 71 8.80 1.5500 —4 -0.19 [-0.67; 0.29] 3.0% 5.3%
Spaic et al. Intervention (2019) 103 8.46 1.3000 73 8.33 1.2100 :r# 0.13 [-0.24; 0.50] 4.8% 5.6%
Agarwal et al. Pediatric care (2018) 52 6.60 1.6000 52 8.00 2.8000 — -1.40 [-2.28;-0.52] 0.9% 4.2%
Agarwal et al. Adult care (2018) 102 7.10 2.0000 102 9.00 2.8000 —— i -1.90 [-2.57;-1.23] 1.5% 4.8%
Agarwal et al. No care (2018) 28 7.20 21000 28 9.30 3.8000 —— i -2.10 [-3.71; -0.49] 0.3% 2.4%
Berg et al. Usual care (2018) 220 8.22 1.6700 220 9.23 2.0500 - -1.01 [-1.36; -0.66] 5.5% 5.6%
Essaddam et al. Intervention (2018) 48 10.49 1.6800 48 9.55 1.8200 i — 0.94 [0.24; 1.64] 1.4% 4.7%
Farrell et al. Intervention (2018) 439 8.50 1.9300 439 8.70 1.7000 =5 -0.20 [-0.44; 0.04] 11.7% 5.8%
Kapellen et al. Usual care (2018) 1283 8.95 2.0400 1283 9.20 2.3400 . -0.25 [-0.42;-0.08] 23.4% 5.9%
Weigensberg et al. Usual care (2018) 28 9.152.0000 22 8.98 2.0500 : 0.17 [-0.96; 1.30] 0.5% 3.4%
Weigensberg et al. Intervention (2018) 9 10.54 2.5100 9 9.89 2.7400 i 0.65 [-1.78; 3.08] 0.1% 1.4%
Common effect model 4514 4409 i -0.11 [-0.19; -0.03] 100.0% -
Random effects model -0.16 [-0.48; 0.16] - 100.0%

Prediction interval
Heterogeneity: /% = 85%, 12 = 0.4469, p < 0.01

[-1.59; 1.28]

T 17 T 1T T 1
83 -2 -1 0 1 2 3

Worse glycaemic control Better glycaemic control

FIGURE 2 Forest plot of meta-analysis: Mean difference in HbA, levels pre- and post-transition. HbA, . values are reported here

in percentage (%) according to the Diabetes Control and Complications Trial (DCCT) units for clarity of the figure. These values can be

converted to International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) units (mmol/mol) using the official IFCC

conversion tables.
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The heterogeneity among the studies implementing in-
tervention programs was 67%, indicating moderate-to-high
heterogeneity within this subgroup. The MD in the REM
was 3.28 mmol/mol (0.30%) [95% CI 0.44-6.12mmol/mol
(0.04%-0.56%)], which was statistically significant. This
suggests that the intervention programs may contribute to
better glycaemic control post-transition.

On the contrary, the heterogeneity among studies with-
out an intervention program was 85%, and the MD esti-
mated was —6.99 mmol/mol (—0.64%) [95% CI -11.79 to
-2.19 mmol/mol (—1.08% to -0.20%)], indicating a statisti-
cally significant worsening of glycaemic control. This sug-
gests that the absence of a structured transition program
negatively impacts HbA, . levels post-transition.

We performed a further subgroups analysis, stratifying
the studies based on geographic location. Studies were
categorized into two groups: seven studies conducted in
America (USA and Canada) and eight studies conducted
in other regions, resulting in two separate forest plots for
comparison (Figure 3 Panel B).

The heterogeneity among the studies conducted in
America was 86%, indicating substantial variability within
this subgroup. The MD for this subgroup was —3.93 mmol/
mol (—0.36%) [95% CI -8.63 to 0.77 mmol/mol (—0.79% to
0.07%)], which was not statistically significant. Similarly,
the heterogeneity among the studies conducted outside
North America was 82%, indicating high variability. The
MD in this subgroup was 2.08 mmol/mol (0.19%) [95% CI
-2.19 to 6.23mmol/mol (—0.20% to 0.57%)], which was
also not statistically significant. These findings suggest
that the geographic location of the studies does not sig-
nificantly impact HbA,,. levels post-transition. The high
heterogeneity in both subgroups indicates that other fac-
tors may contribute more substantially to the observed dif-
ferences in glycaemic control.

4 | DISCUSSION

This systematic review and meta-analysis evaluated the
impact of transition from paediatric to adult care on
healthcare outcomes, focusing primarily on glycaemic
control measured by HbA, levels. Our findings highlight
that structured transition programs showed a significant
improvement in glycaemic control. These programs ap-
pear to support better diabetes management during the
vulnerable transition phase. However, the results high-
light a fragmented situation with significant variability
across studies. While our analysis focused on HbA,,, it
is important to consider that differences in healthcare
systems, policies and transition programs across coun-
tries could play a role. Particularly in countries with frag-
mented healthcare systems like the United States, where

DIABETIC HIREkaE

inconsistent insurance coverage may contribute to higher
loss to follow-up and poorer outcomes during the transi-
tion period from adolescence to adult care, this may par-
tially explain these disparities, though our study was not
designed to directly assess system-level effects. Further re-
search is needed to explore this question in greater detail.

The role of age at transition remains unclear, with lim-
ited research available. One study’” reported that transi-
tion at an older age was not significantly associated with
worse control, but further research is required to clarify
its impact.

The meta-analysis results indicate high heterogeneity
across studies, emphasizing the challenges in drawing
generalized conclusions. Researchers must consider this
when interpreting results and should strive for standard-
ized protocols and outcome measures in future studies
to enhance comparability. The REM, which accounts for
variability, showed a non-significant MD of —1.75mmol/
mol (—0.16%) [95% CI -5.24 to 1.75mmol/mol (—0.48%
to 0.16%)], indicating a potential worsening of glycaemic
control. Factors contributing to heterogeneity include vari-
ations in study settings, healthcare regulations, study pop-
ulations and designs. Subgroup analyses, one of the most
common strategies to explore heterogeneity,*' reduced but
did not eliminate heterogeneity, underscoring the need for
further research (including meta-regression or sensitiv-
ity analyses): They showed a significant improvement of
HbA,, for the transition programs group and a significant
worsening for the usual care group.

Strength of this study is that it included a substan-
tial number of studies and focused on recent evidence
from global literature. However, there are also limita-
tions: Studies included were not homogeneous in the
countries where they were conducted, reflecting diverse
healthcare systems and organizational structures that
may contribute to variability in outcomes, nor in design;
the decision to include only studies published from
2018 onward ensured an analysis of the most recent
findings but may have excluded relevant older studies.
We acknowledge that some studies (e.g. retrospective
cohort studies) might not perfectly fit the ROBINS-I
framework. However, for the sake of consistency and
comparability across all included studies, we decided to
use a single risk of bias tool rather than applying dif-
ferent tools for different study designs, which would
have complicated the comparison of the results. The
relatively small number of included studies is a result of
our strict inclusion criteria focusing specifically on met-
abolic control and HbA,, levels before and after tran-
sition. Furthermore, other relevant outcomes, such as
time in range and quality of life, were not consistently
reported across studies and therefore should be priori-
tized in future research.
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Including studies with various designs poses chal-
lenges for synthesizing evidence: Combining results
from different methodologies can introduce inconsisten-
cies. The lack of randomized controlled trials (RCTs) in
this review limits the strength of the conclusions. Well-
designed RCTs are needed to provide more robust evi-
dence on the effectiveness of transition programmes in
maintaining glycaemic control: Future research should
prioritize RCTs wusing standardized transition pro-
grammes with clear outcome measures such as HbA,,
diabetic ketoacidosis rates, hypoglycaemia, time in range
and quality of life.

Most research on glycaemic control during health-
care transition focuses on type 1 diabetes, with limited
data on type 2 diabetes; in fact, only 5 of the studies
included analysed data of AYA with type 2 diabe-
tes.?>?®3173 This imbalance may lead to an incomplete
understanding of the transition-related challenges for
people with type 2 diabetes. Given the rising prevalence
of type 2 diabetes,* it is crucial to include this popula-
tion in future studies.

To address the challenges in maintaining optimal gly-
caemic control during the transition from paediatric to
adult care, hospitals and clinics have developed various
transition programmes aimed at enhancing healthcare
continuity during this crucial phase. According to the
findings of this study, transition programmes showed a
significant improvement in glycaemic control and there-
fore may help maintain or improve glycaemic control
during this phase and/or prevent its decline. This must
be interpreted with caution due to limited long-term
follow-up. Many studies focus on short-term outcomes,
leaving a significant gap in understanding how these
programmes affect AYA with diabetes over several years.
Furthermore, transition programmes often include mul-
tiple components, making it difficult to determine which
elements are most effective. Developing public health
guidelines is becoming challenging, as transition pro-
grammes are complex health interventions. The WHO
has recently worked on methods to improve evidence
synthesis and develop impactful guidelines, taking into
account the diverse needs of stakeholders, from health-
care providers to individuals, to implement interventions
within complex health systems.*” Among the studies
included in this review, those that reported improved
glycaemic control post-transition shared several key
features within their structured transition programmes.

First, the presence of a dedicated transition coordinator
appeared to be a critical component. In one study, care
coordination was led by the adult endocrinology team
and included regular assessment of transition readiness,
suggesting that proactive preparation and early engage-
ment with adult services support a smoother transition
process. Another effective programme incorporated joint
transitional meetings involving both paediatric and adult
care teams, followed by targeted consultations for adoles-
cents using tools such as a ‘transition passport’. A third
successful model included a multidisciplinary diabetes
transition clinic with an endocrinologist, educator and
dietitian, where one of the educators served as a coordi-
nator, ensuring continuity and personalized care. This
extra attention and support may be helpful in keeping
AYA engaged in care and preparing them for adult care."
Additionally, psychosocial support is essential, particu-
larly for AYA with pre-existing mental health conditions,
as unmanaged stressors can exacerbate glycaemic insta-
bility.”> A good communication between AYA with dia-
betes and doctors together with transition readiness, that
can be assessed through questionnaires, could play an
important role* as well as the use of technology, includ-
ing mobile applications and social media together with
online education, which may support self management
and engagement in care during this transition.**

In conclusion, these findings suggest that structured
communication between paediatric and adult teams, as-
sessment of transition readiness and the presence of a
multidisciplinary support system are promising features
that may facilitate better glycaemic outcomes. However,
further research is needed to establish evidence-based
guidelines. This knowledge could enable healthcare pol-
icymakers to prioritize and invest in the most impactful
programmes, allowing hospitals to integrate best practices
into their transitional care strategies.
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FIGURE 3 Forest plot of subgroup analysis: Panel a, impact of transition programs on HbA, levels; Panel b, HbA, . changes by
geographic region. HbA, . values are reported here in percentage (%) according to the Diabetes Control and Complications Trial (DCCT)
units for clarity of the figure. These values can be converted to International Federation of Clinical Chemistry and Laboratory Medicine

(IFCC) units (mmol/mol) using the official IFCC conversion tables.
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