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ABSTRACT

Purpose:

Currently, nearly 90% of patients with congenital heart disease (CHD) reach adulthood in
relatively good health. Structured transition programs have emerged to support adolescents
and young adults in transitioning to adult care structures, improve their autonomy, and limit
healthcare ruptures. The TRANSITION-CHD randomized controlled trial aimed to assess the
impact of a transition program on health-related quality of life (HRQoL) in adolescents and
young adults with CHD.

Methods:

From January 2017 to February 2020, 200 subjects with a CHD, aged 13e25 years, were
enrolled in a prospective, controlled, multicenter study and randomized in two balanced
groups (transition program vs. standard of care). The primary outcome was the change in
PedsQL self-reported HRQoL score between baseline and 12-month follow-up, using an
intention-to-treat analysis. The secondary outcomes were the change in disease knowledge,
physical health (cardiopulmonary fitness, physical activity), and mental health (anxiety,
depression).

Results:

The change in HRQoL differed significantly between the transition group and the control
group (mean difference = 3.03, 95% confidence interval (Cl) = [0.08; 5.98]; p = .044; effect
size = 0.30), in favor of the intervention group. A significant increase was also observed in
the selfreported psychosocial HRQoL (mean difference = 3.33, 95% CI = [0.01; 6.64];
p=.049; effect size = 0.29), in the proxy-reported physical HRQoL (mean difference = 9.18,
95% CI = [1.86; 16.51]; p = .015; effect size = 0.53), and in disease knowledge (mean
difference = 3.13, 95% CI =[1.54; 4.72]; p < .001; effect size =0.64).

Discussion:
The TRANSITION-CHD program improved HRQoL and disease knowledge in adolescents

and young adults with CHD, supporting the generalization and systematization of similar
preventive interventions in pediatric and congenital cardiology.



Medical, technical, and surgical advances over the past decades have dramatically improved
the prognosis of patients with congenital heart disease (CHD), including severe forms. As a
result, currently, more than 90% of children born with a CHD reach adulthood [1].

Nevertheless, while nearly all children are regularly followed in specialized pediatric
cardiology settings, many teenagers and young adults with a CHD are prone to drop out of
active healthcare. These patients are at risk of later reintegrating into the healthcare system,
mostly from the emergency department, when facing complications [2]. Such lapses in care
appear to be predictors of morbidity and poor outcomes in CHD, especially for minority
populations [3].

Healthcare transition is defined as the process through which adolescents and young adults
with chronic childhood illnesses are prepared to manage their lives and health in adulthood
[4]. The outlined procedure concludes with the transfer, coinciding with the designated
moment when the patient moves from th pediatric unit to the adult unit. This process involves
a shift of responsibility for the management of family health care to the patient. In the past
decade, structured programs dedicated to the CHD population have emerged to structure this
transition [3,5]. Transition is an age and developmentally dependent process that addresses
medical, psychosocial, educational, and vocational aspects. Overall, transition programs
intend to promote patient autonomy, limit loss to followup, and ensure appropriate transfer of
care.

Various transition programs have been tested worldwide in patients with CHD, with
preliminary results from mostly noncontrolled studies suggesting an improvement in disease
knowledge, self-empowerment, and continuity of care [6e9]. However, the impact of
transition programs on patient-reported outcomes (PROs) has been poorly evaluated in studies
with a high level of evidence [10]. Yet, the current low level of morbimortality in youth with
CHD justifies the choice of PROs to evaluate the impact of preventive actions in this
population [11]. Among the various PROs, health-related quality of life (HRQoL), which may
be defined as “the sub-set of the important or most common ways in which health or health
care impact upon wellbeing” [12], has been widely used in the CHD population and is
associated with physical capacity, cognitive function, psychosocial status, and gender
[13e15]. Nevertheless, only one study assessed the impact of a transition program on PROSs in
the CHD population, and none used HRQoL as the primary outcome [9].

The TRANSITION-CHD randomized controlled trial aimed to assess the impact of a
transition program on the HRQoL of adolescents and young adults with CHD.

Methods

Study design and setting

As previously reported in the study design article, the TRANSITION-CHD trial is an open-
label prospective, multicenter, randomized, controlled, parallel-arm study with a 12-month
patient follow-up and a 2-year recruitment period [16]. After informed consent, participants
were randomly allocated in a 1:1 ratio to either the intervention group (e.g., the transition
program) or the control group. Subjects randomized in the control group underwent a routine,



non-modified follow-up with no formalized transition program during the 12-month study
period. However, they were offered to participate in the transition program once the 12-month
study period was over.

Randomization was stratified by age group (13-17 years and 18-25 years), centralized using a
secure, web-based randomization system (Ennov Clinical Software, Paris, France) managed
by the Clinical Research Unit of Montpellier University Hospital, independently from the
investigators. All three tertiary care CHD centers from the Occitanie region, southern France,
participated in the study (Montpellier University Hospital, Saint-Pierre- Institute, and
Toulouse University Hospital), with a total of 17 investigators involved in patient screening
and enrollment.

Study population

Patients with a CHD, defined by the international anatomic and clinical CHD classification
[17], and aged 13-25 years old were prospectively recruited in the participating centers during
an outpatient visit. Parents of minors and partners of adult patients were also invited to
participate in group sessions, separate from those held for the patients. The TRANSITION-
CHD study relied on a nonselective program; however, patients unable to understand the
study information were not eligible, as well as patients with a severe intellectual disability that
did not allow the completion of the HRQoL questionnaire.

Intervention

The TRANSITION-CHD program has been structurally developed following the educational
objectives outlined in the current guidelines for transition care for patients with CHD [5]. This
program was built in partnership with the two national CHD patient advocacy organizations
(“ANCC” and “Petit Coeur de Beurre”), delivered in a single setting (Pediatric Rehabilitation
Centre, Saint-Pierre-Institute, Palavas-Les-Flots, France), and broadcast to the patients and on
social networks (https://youtu.be/GwZahh9Nf78). The TRANSITION-CHD program was
previously described in a nonrandomized controlled pilot study [10], as well as in the study
design paper of the current trial [16]. A single health educator (A.A.), i.e., an advanced
practice nurse in pediatric cardiology holding board certification in patient education,
supervised the program for all participating centers. To limit contamination bias, the health
educator was not in charge of patients from the control group during the study period. Using a
holistic approach, the overall aim of the transition program was to address, at every stage, the
physical, psychological, and social components of life for young people living with a CHD.

In practice, the intervention was divided into three parts (Figure 1):

(1) First educational outpatient visit (1 hour): this individual interview with a health
educator (e.g., a specialist nurse) aimed to determine the patient’s educational objectives and
needs.

(2) Group session (1 day): dedicated to patients and their relatives, this group session
included 5-8 patients of similar age ranges (13-17 years or 18-25 years) and involved two
health educators, a pediatric cardiologist, an adult congenital cardiologist, a psychologist, and
a patient advocacy organization delegate. The program of this group session was divided into
four sections: medical aspects, “living with my disease,” an administrative workshop, and a



final individual interview with a cardiologist and a health educator to establish a personalized
educational report.

(3) Transfer preparation outpatient visit: approximately 6months after the group
session, the patient underwent a medical visit with both a pediatric cardiologist and an adult
congenital cardiologist to prepare for the transfer to the adult care setting.

Primary outcome

Assessing PROs in cardiovascular clinical trials is relevant and fully justified in the context of
transitioning adolescents, given that the program was designed using a holistic approach [18].

The transition program aimed to comprehensively address the physical, psychological, and
social aspects of the lives of youth with CHD. Among various PROs, HRQoL assessment
integrates each of these facets into a single criterion that is both reproducible and sensitive to
change. The primary outcome was the change between baseline (M0) and 12-month follow-up
(M12) in the PedsQL self-reported HRQoL total score.

The PedsQL instrument is a generic HRQoL questionnaire including four multidimensional
scales: physical functioning (eight items), emotional functioning (five items), social
functioning (five items), and school functioning (five items). In addition to the four scores for
these dimensions, two summary scores were calculated: total score (23 items) and
psychosocial health summary score (15 items, corresponding to emotional, social, and school
functioning). Each item uses a 5-point Likert scale from 0 (never) to 4 (almost always). Items
are reversed scored and linearly transformed to a 0-100 scale, with higher scores indicating a
better quality of life. Psychometric properties showed reliability, validity, and responsiveness
to clinical change over time [19]. After translation and cultural adaptation, the psychometric
properties of the French version of the PedsQL appeared to be acceptable [20,21]. Two
versions of the PedsQL questionnaire (13-17 and 18-25 years old) were used for adolescents
and young adults, respectively. The parent-reported HRQoL scores were also measured using
the proxy version of the PedsQL for adolescents (aged 13-17 years old).

Secondary outcomes

The following outcomes were measured at baseline (M0), and 12-month follow-up (M12) and
their changes over time were analyzed:

_ The level of disease knowledge was assessed using the Leuven Knowledge
Questionnaire for CHD, which covers four domains in which patients with CHD should be
knowledgeable to be able to adopt adequate health behavior: (1) the disease and its treatment;
(2) the prevention of complications; (3) physical activities; and (4) reproductive issues [22].

_ The main cardiovascular health outcomes were assessed, given that adolescents with
CHD are concerned by sedentary lifestyles, physical deconditioning, and long-term increased
cardiovascular risk, even in noncomplex CHD [23e25]. Clinical outcomes included New York
Heart Association functional class, healthcare usage (primary and secondary care contacts,
hospitalization), and medication. Physical health outcomes included cardiopulmonary fitness
evaluated by cardiopulmonary exercise testing to measure aerobic fitness (peak oxygen
consumption), ventilatory anaerobic threshold, and ventilatory efficiency (VE/VVCO; slope).
Impaired aerobic fitness was defined as peak oxygen consumption <80% of predicted values
[23,26]. As previously detailed, cardiopulmonary exercise test procedures in all participating



laboratories were harmonized before the study started [23,26e30]. The level of physical
activity was assessed using the Ricci and Gagnon questionnaire, composed of nine items with
a total score ranging from 9 to 45 ([9-18] = physical inactivity; [18-35] = moderate physical
activity; [36-45]= intensive physical activity) [26,31].

_ Mental health outcomes were assessed, considering that perceived health
competence predicts anxiety and depressive symptoms in adolescents with CHD [32]. The
level of anxiety was assessed with the self-administered State and Trait Anxiety Inventory
questionnaire for young adults and the State and Trait Anxiety Inventory-Children
questionnaire for adolescents [33]. The level of depression was assessed with the self-
administered Beck Depression Inventory questionnaire for young adults and the Child
Depression Inventory questionnaire for adolescents [34,35].
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Figure 1. The TRANSITION-CHD program.

Statistical analyses

The minimum clinically relevant difference was estimated from our previous HRQoL in the
CHD population [20,36e38]. The trial was designed to have 80% power to detect an absolute
difference of seven points +/-13.5 points) in the change of the selfreported HRQoL total score
with a two-sided alpha-risk of 5%. We planned to enroll a total of 200 subjects (e.g., 100
patients in each group) and potentially lose 20% of follow-up or missing data on the primary
outcome.

Baseline characteristics of the two groups were reported using mean and standard deviation or
median and interquartile range for continuous variables and frequencies and percentages for
categorical variables.

The primary analysis was performed according to the intention-to-treat (ITT) principle and
involved all randomly assigned subjects with a complete baseline primary outcome
assessment. When at least one of the four PedsQL multidimensional scores (physical,
emotional, social, and school functioning) was missing at the final assessment visit, multiple
linear imputation was implemented using a fully conditional specification method [39]. For



better stability, the number of imputations was 20 in the imputation process, and all baseline
characteristics and follow-up data were used in the imputation model [39].

A sensitivity analysis was performed on complete data (patients with a complete baseline and
final assessment of the primary outcome).

A per-protocol analysis was performed in randomized subjects with no significant protocol
deviation (good compliance with the transition program and complete patient follow-up). In
this study, the M12 assessment of the primary outcome was considered a protocol deviation if
the delay exceeded 12 months (24 months after inclusion). Good compliance with the
transition program was defined as a level of participation in the educational sessions above
80%.

For each score, the change between baseline and 12-month follow-up was evaluated by a
covariate analysis adjusted for the score’s baseline value, age, and allocated intervention

group.

The effect size was estimated using Cohen’s D method and expressed with its 95%
confidence interval.

The statistical significance was set as 0.05, and analyses were conducted using Statistical
Analysis Systems version 7.13 (SAS Enterprise Guide).

Ethics

The study was conducted in compliance with the Good Clinical Practices protocol and
Declaration of Helsinki principles. It was approved by a drawn National Ethics Committee
(South- Mediterranean IV 2016-A01681-50) and registered on Clinicaltrials.gov
(NCT03005626).Written informed consent was obtained from all patients and their parents or
legal guardians for minors. Children’s assent to participate in the study was also required.

Results

Population

From January 2017 to February 2020, the expected number of 200 patients were enrolled in
the trial (mean age 18.6 +/-3.6 years, 49% female), of which 100 were randomly assigned to
the TRANSITION-CHD intervention group and 100 were assigned to the control group.
Eleven subjects were removed from the study analysis (missing data on the primary outcome
at baseline, withdrawal of consent, and inclusion error). Therefore, the ITT analysis was
performed on a total of 189 patients, with 95 subjects in the transition group and 94 subjects
in the control group (Figure 2).
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At baseline, both groups were balanced in terms of demographic data, except for height, as
well as medical data, except for a higher number of subjects with a pacemaker in the
transition group. Most patients did not have any symptoms of heart failure (New York Heart
Association class | for 93% of subjects), and most types of CHD were represented. No
significant group differences at baseline were observed for the primary and secondary
outcomes (Table 1).

The sensitivity analysis was performed on 157 patients, as the primary outcome was not
available for 32 subjects: lost to follow-up (N = 21) or missing data on the primary outcome
at the final assessment (N = 11).

The per-protocol analysis was performed on 122 patients, as significant protocol deviation
was observed for 35 subjects: poor participation in the transition program (N = 15) or
significant delay (>12 months) in the final outcome assessment (N = 20).

Among patients randomized in the intervention group, a total of 31 “drop-out” patients did not
participate in the therapeutic session, of which 16 were lost to follow-up and 15 underwent
the final assessment without participating in the intervention (Figure 2). These drop-outs were
significantly older than the participants (20.2 +/- 3.7 vs. 17.7+/- 3.0 years, p = .004) and more
independent than the participants (living in their parent’s house for 47% of them vs. 80%,
p=017, respectively). No other parameters could discriminate the patients joining the program
from the nonparticipants in the intervention group.



Change in the primary outcome (HRQoL)

In the ITT analysis, the PedsQL self-reported HRQoL total score, e.g., the primary outcome,
between baseline and 12- month follow-up, increased more significantly in the transition
group than in the control group (+ 3.85 points vs. + 0.82 points, p = .044, respectively, effect
size = 0.30). Moreover, a significant increase was observed in the PedsQL self-reported
psychological health summary score (+ 4.22 points vs. + 0.89 points, p = .049, effect size =
0.29), and in the PedsQL proxy-reported physical dimension (+ 5.98 points vs. - 3.20 points,
p = .015, effect size = 0.53). A trend for an increase in the transition group for the PedsQL
self-reported physical dimension was also observed (+ 3.14 points vs. + 0.30 points, p = .149,
effect size = 0.21) (Table 2).

In the sensitivity analysis on patients with complete data on the baseline and final outcome
assessments, a significant increase in the transition group was observed for the PedsQL proxy-
reported physical dimension (+ 4.92 points vs. - 3.35 points, p = .041, effect size = 0.51).
Nonsignificant trends were also observed for the PedsQL self-reported total and psychological
scores (Table S1).

In the per-protocol analysis, no significant changes were observed in any of the HRQoL
scores (Tables S2 and S3).

Change in the secondary outcomes

A significant improvement of the disease knowledge score was observed for the transition
group in the ITT analysis (+ 4.36 vs. + 1.23, p < .001, effect size = 0.64) (Table 2), and in the
perprotocol analysis (+ 4.90 vs. + 1.50, p < .001, effect size = 0.70) (Table S3).

No significant changes were observed in terms of clinical outcomes, physical capacity, level
of physical activity, and mental health outcomes in ITT or per-protocol analyses (Table 2 and
Table S3).

Assessment of contamination bias

The risk of contamination was limited as a large majority of patients enrolled in the trial
(N=132, 90.4%) were referred to the institution delivering the transition program from an
institution not offering any transition program and lacking an advanced practice nurse or
health educator. Indeed, a single health educator supervised the program (A.A.), and only 15
(9.6%) patients previously followed in the institution where the transition program was
delivered were enrolled in the trial, of which 8 were in the control group. The health educator
was not in charge of these eight patients from the control group during the study period,
further limiting contamination bias. The control group received no specific intervention for 1
year apart from routine care. Moreover, no clinically relevant increase in disease knowledge
between baseline and final outcome assessment was observed in the control group (+1.4 +/0.5
points).



Table 1

Bsdine populaton characteristics

Totad population

Transiton group Control group

(N — 189) (N —95) N —943)
Soa odemmo graphic
characteristcs
Age (years) 186 = 36 184=34 189 =37
Male 96(51) 55 (58) 41 (84)
Heaght (cm) 1658 = 100 1679 =110 1640 =89
Weight (kg) 578 = 128 600 =147 558 =108
Body maxs index 209 = 36 211 =40 207 =33
(Kgim™)
Level of educaton
Middle schoaol ST 2(52) 4182 (50) 48fA0 (53)
High schoaol 53172(1) 2682 (32) 28/90 (31)
Umniversity 29172(17) 15/82 (18) 14790 (16)
Livhtg_
environIment
Alone 21/172(12) 181 (12) 1191 (12)
Couple 19/172(11) a/81 (11) 191 (11)
Pxents house 124172(72) 59181 (73) 6591 (71)
Other 8N172(5) 3i81 (@) SE (s
hirmocal outco mes
Prenatl diggnasis 14126(11) af6s (14) 5/62 (8)
NYHA functional
class
1 156167 (93) 8186 (949) 7581 (93)
n 10167 (6) 4486 (5) /81 (7)
m 1167(1) Y8E (1) sl (a)
Type of CHD
Transpasiton of 147157 (9) 8§73 (8) 283 (9)
the great
arteries
Atrial septal 247157(15) 1Y73(15) 1384 (15)
defect
Ventricular 10157 (8) &f73 (8) 4a4/84 (5)
septal defect
25M157(16) 1373 (18) 1284 (14)
carciopathy
Aorticvave 21/157(13) 273011) 13/88 (15)
disease
Pulmonary valwve 14157 (9) SI73(7) 984 (11)
disease
Coarctation of 15157 (10) 673 8) 9r83(11)
the aorta
Umniventricular SM57(3) Y73 (1) 4784 (5)
heart
Atrioventricul 3157(2) Q73 ©) 3/83(Q)
septal defect
anwax.inaul 1IS7(6) 573 () 584 (6)
isomerism
Other 16157 (10) 12/73(16) 4a4/83 (5)
Grdiac surgenies 1517186 (81) 7305 (27 7891 (86)
Grdiac S6/186(30) 25595 26) 3191 (34)
interventio nal
catheteTization
Pacemaker 6186 (3) aras (6) e (a)
Patient under 54184 (29) 3094 (32) 24190 (27)
med katon
Patient expasureto 15184(8) 18s11) 590 (6)
B-blockers
Grdiovasacular
commorbadity
Thromboemba hic 1J185¢(1) aras ) 190 (1)
Arrhythmia 12/185(6) 6795 (6) G/90 (7)
Other 61/185(33) 28195 29) 33790 (37)
cormar bid sties
HRQolL
Ped=Ql seli-



Table 1

Comtinued
Totad population Transitiongroup <Contraol group
(N — 189) (N —95) N — 94)
Psychological 755 = 163 751 =145 758 =180
component
Emoton 703 =213 713=186 894 =238
Relation 833 =185 823 -183 843 = 188
School 728 = 1838 717 =182 738 =194
Ped Q. proxy -
scoTes
(N — 88)°
Towl score 727 =176 718 =167 737 =188
FPhysical 779 =207 754=212 808 =199
component
Psychalogical a2 =182 697 =147 M7 =193
component
Emoton 623 =218 643 =189 6010 =248
Relation 796= 219 784 =221 S10=218
Schoal G686 = 202 664 =191 711 =213
Disease knowd edge 205 = 59 199 =53 208 =59
Phiysical health
outtomes
Physical capacity 133(70) 63 (66) 0 (79)
Peak VO (mlf 321= 80 332=821 nz=79
Kgjmin)
Pera=nt- 796 =174 792=189 780 =162
prediced
peak VO ()
VAT (mifXg/ 219=4a7 226 =61 213 =72
min)
Peraent- 539 = 141 535 =139 542 =143
predicted VAT
(%)
VENVCO: slope 297 = 51 295 =47 299 =54
Peak VO <30% Gaf131(46) 28852 (45) 32j68 (26)
of predicted
waluoe
Level of physial
v ity
Inactwve 30M181(017) 1289 (13) 18792 (20)
Active 128/181(82) T5m9 (849) 73592 (79)
Very active 3/181(2) 289 (2) 1ys2 (1)
Mental health
outtommes
Level of anxiety 385 = 108 393 =97 377 =118
(STAIF (N —91)
Level of anxiety 332= 77 320=68 343 =85
(STALC)Y
(N — %)
Level of depression
(BDIY* (N — 91)
No depression S8 /B0(7s) 32534 (73) 36486 (78)
Mild depression 1380(14) 7}44 0a6) 6486 (12)
Modetate SB8O(7) 444 9) 2746 (4)
depression
Severs 380(3) 144 02) 2/486 (4)
depression
Level of depression 104 = 7.2 1042 =69 107 =76
(<D™ (N — 98)

Values are means = standard deviation (SD) or N(X)
BD! ~ Hedk Depresson inwentory; T — Child Depression Inventary; CHD —
ongenital heart disexe; HRQol — health.related quality of life; NYHA — New
York Heart Association; STAl — Stase and Trait Anxiety Inventary; STAL.C — State
and Trait Anxdety Inventory-Chikiren; VAT — ventilatary anaerobic threshold;
VI:JVCD; - ventilatary efficiency; VO — oxygen consumptan
* Questomaire for young adults_
B Questomaire for adolesants



Table 2

Change in primary (HRQolL) and secondary outcomes in both groups with 117 analysic

Transition group(N = 95)  Controlgroup (N =94)  Absolute diffrence (956 Cl]  Bffect size (952 (] p vale
Change in HRQo L
Change in Pad ). self-
reparted wores
Tota scare 385 =106 082108 303]0.08; 599 030 001; 053] 044
Physial mmponent I4=141 0302138 284[-1.02; 6N 021 [-008; 0L50] 14
Psychalogical component 42 =118 089=1.19 333001; 664] 029 000, 58] 08
Change in Ped Q). proy -
reported wores”
Total score 318 =190 007180 311[-216; 837 024 [-016; 064] 245
Physial mmpanent 598 =235 -320=243 918]1.86; 1651] 053 012; 093] 015
Psychal ogical component 241 =208 16318 037]-478; 633] 006 [-034; 0L.46] 8
Change in level of disease 43 =059 1232054 313[154;472) 064 j031; 096 <00
kmowladge
Change in physical outcmes
Physical capacity
Peak VO (ml/Kg/min) -07% =027 -094 =066 018]-1.85; 222] 004 [-036; 043] A58
Percent. predicted peak 3852129 1182153 267 [-7.40; 2.0} 023 [-062017] 284
VO2(2)
VAT (ml[Kgfmin) 042 =076 -121 =066 079]-1.22; 29] 016 [-024; (155] AN
Percent predxted VAT () ~209 =186 -180+1.61 -030]-524;4.65] -2 [-042; 0.37) 206
VENCO; shpe 020 =084 111204 -091]-319;1.38] 016 [-056; 23] AN
Level of physical activity . 35
Worsening 1356(23) 1277 (16) 763]-608; 21.34]
Stakility M¥E6(70) L85 ) ~1.79]-1750; 1393}
Improvement 4% (7) 10077 (13) -584]-1594; 425|
Change in mental health
ouomes
Change in level of arodiety -183 =140 049116 ~232{-6.04;1.40] (133 [-083; 18] 216
(STAIY!
Change in Jevel of anxiety ~205 =097 -125=09 -080]-148;1.88] -014 [-061; 0.33) A5
(STALCY:
Change in Jevel of depression J%0
(HOIy
Improvement 42 (14) 638(16) ~200]-19.08; 1509}
Stability 19/29(66) 27158 M) -454]-2806; 1699]
Worsening 62 (21) 5B3(13) 153{-1071; 2578
Change in level of depression -(QL83 =116 -049=1.02 ~034(-347;2.78] 0106 [-056; 0.45] A6
()8

Values are means adjustsd on age and baseline saore’s value = standard error or N (1)
HDl = Beck Depression Inventary; CDI = Chikd Depression Inventary; Cl = anfidence interval; HRol. = healthrelated quality of life; IIT = intentionto-treat,
STAl = State and Trait Anxiety Inventory; STALC = State and Trait Anxiety Inventory-Chikiren; VAT « ventilatory anaerobic threshald; VEMCO; = ventilatory effi
aency; W = axygen cansumption.

* Questiomnaire for young adults.

® Questomaire for adolesaents

Discussion

The TRANSITION-CHD randomized controlled trial demonstrated that the HRQoL of
adolescents and young adults with CHD was significantly improved by a structured transition
program. The expected number of 200 subjects was included in the study, of which 189
subjects were analyzed in the ITT analysis, as defined in the study protocol [16]. A significant
difference in the primary outcome was observed, e.g., the change in HRQoL selfreported
PedsQL total score between baseline and 12-month follow-up, with a mean group difference
of three points and an effect size of 0.3, in favor of the transition intervention.

The positive impact of this transition program on a global evaluation of the quality of life is a
step forward in research evaluating preventive interventions in youth with cardiac diseases.
The use of a PRO as a primary endpoint, as well as the assessment of its variation over a
fairly long period of 1 year, contribute to the value of these results.



The holistic approach adopted by the transition program could elucidate why the benefits
associated with the intervention in the trial surpassed values previously reported for the
minimal clinically important difference [40]. Notably, the mean HRQoL increase in the
transition group observed in this study (+ 3.85) was close to the reported minimal clinically
important difference for the PedsQL instrument (+ 4.3) [41].

This holistic intervention may have additionally played a role in fostering positive effects on
various dimensions of HRQoL, including physical health, social functioning, and proxy
reports.

In this study, despite the statistical significance, the magnitude of the difference in HRQoL
change (mean difference of 3 with an effect size of 0.3) may appear limited or even non-
clinically relevant. However, we believe that this result remains important, given the
preventive nature of this program dedicated to young people and considering the decrease in
quality of life in adults with CHD [15].

Our findings complement those of the recently conducted STEPSTONES randomized
controlled trial in a cohort of 114 adolescents with CHD, which found a favorable increase in
patient empowerment associated with the transition intervention (mean difference of 3.44 and
effect size of 0.397) [9]. Indeed, transition programs are commonly designed to improve
transition readiness and therefore increase the level of patient empowerment [42].
Nevertheless, no impact on HRQoL, used as a secondary outcome, was observed in the
STEPSTONES trial. These two transition programs are structurally similar and were
originally built using a holistic approach, aiming to address a wide spectrum of patient
potential needs [9, 10]. Nevertheless, our transition program has specific characteristics: (1)
referral of patients by several tertiary care centers to a single site delivering the transition
program, with supervision by a single health educator who is an advanced practice nurse
trained both in pediatric cardiology and patient education; (2) organization of distinct group
sessions for both patients and relatives, led by the same multidisciplinary team; and (3)
program delivered at a pediatric cardiac rehabilitation center, facilitating an active promotion
of physical activity [11]. Overall, the beneficial effects on HRQoL and patient empowerment
observed in these two randomized controlled trials support the relevance of the major
worldwide efforts made over the past decade by multidisciplinary healthcare teams and
patient organizations for adolescents with CHD transitioning to adulthood [3, 5].

Moreover, the change in HRQoL self-reported psychological score was significantly better in
the transition group, with a mean group difference of 3.3 points. In this study, nearly 10% of
the overall patient cohort at baseline reported symptoms of moderate to severe depression in
the Beck Depression Inventory questionnaire, which is concordant with the literature
concerning children and adolescents with CHD [43]. The presence of a psychologist in a
multidisciplinary team involved in transition programs is important. Even if individual mental
health care cannot be implemented during a transition group session, the identification of
difficult psychosocial situations in some adolescents or young adults must lead to structured
psychological support, following educational workshops.

Additionally, the change in HRQoL proxy-reported physical score was significantly better in
the transition group, with a mean group difference of 9.2 points. The TRANSITION-CHD
program may have helped patients and families deconstruct prebuilt concepts around the risk
related to sports practice in CHD [44]. One of the main educational aims of the transition
group session dedicated to families was to limit parental barriers to their child’s physical



activity, which may have contributed to this positive change in their child’s proxy-reported
physical wellbeing. As a potential consequence, at baseline, cardiopulmonary fitness was
impaired in about half of the patients enrolled in the trial, and nearly one in five patients was
physically inactive. The TRANSITION-CHD program has been intrinsically built with strong
educational objectives in favor of the promotion of physical activity in young patients with
CHD [11]. Indeed, young patients with low levels of physical activity are particularly affected
by being overweight or obese, [29] whereas aerobic fitness is expected to be normal or
subnormal in most children with CHD [23]. Physical inactivity and sedentary behaviors
precipitate many children with CHD into the vicious circle of physical deconditioning, which
negatively affects their quality of life [11, 13]. Ultimately, physically inactive adolescents are
at higher risk for a sedentary lifestyle in adulthood [45], leading to substantial cardiovascular
morbidity in the long term [25].

Finally, a significant improvement in disease knowledge in the transition group has been
observed, which is consistent with the previous studies [8,9]. Indeed, patients’ lack of
knowledge about their disease leads to a deficit of self-efficacy and adherence to care,
potentially impacting their quality of life. It can also become an obstacle to patients’
implications and adherence to the decisions concerning their health [46,47]. Conversely, good
patient knowledge about the disease is usually associated with less anxiety and a better quality
of life [48]. In the TRANSITIONCHD program, the health educators used various educational
tools oriented towards patient disease knowledge and autonomy, such as 3D printed heart
models, card games of clinical symptoms, or a spinning wheel of questions on everyday life
[49]. Such educational support should probably be repeated throughout the patient’s life,
using different age-appropriate tools, to improve the long-term prognosis.

Study limitation

The heterogeneous nature of the patients enrolled in the trial made it impossible to evaluate
the impact of the TRANSITIONCHD program on specific subgroups of complex CHD, for
which the effect could be even greater. Indeed, larger effect sizes could have been observed in
targeted populations.

In addition, the wide age range among patients meant that the messages delivered had to be
adapted, addressing topics relevant to the age groups concerned. As a result, the potential
impact of the intervention is likely to be biased when comparing results between adolescents
and young adults.

No significant changes were observed in the major cardiovascular secondary outcomes, such
as cardiopulmonary fitness, or in the major mental health outcomes, such as anxiety and
depression. Moreover, this study was not designed to assess long-term outcomes, such as
adherence to care or cardiovascular morbidity. Ongoing randomized controlled trials with
specific interventions have been initiated by our group to address these aspects in adolescents
and young adults with CHD [18,21].

Despite the active support of the TRANSITION-CHD study group (e.g., 17 investigators, one
study coordinator, three clinical research associates, and two patient organization delegates),
30% of patients enrolled in the intervention group did not fully participate in the transition
program, and the per-protocol analysis failed to reach statistical significance. Commonly,
conducting patient education programs remains challenging, both in clinical research and in



real life. Therefore, after the end of the trial, these difficulties in terms of patient adherence
led our group to adapt the TRANSITION-CHD program into a “hybrid” model, combining in-
person and videoconference transition individual and group sessions.

Conclusion

In the TRANSITION-CHD randomized controlled trial, HRQoL of adolescents and young
adults with CHD was significantly improved by a structured transition program between
baseline and 12-month follow-up. A positive change in favor of the transition intervention
was observed in the primary outcome, e.g., the HRQoL self-reported global wellbeing, but
also in the HRQoL self-reported psychological wellbeing, the HRQoL proxy-reported
physical wellbeing, and the level of disease knowledge. In the global field of preventive
cardiology, transition programs dedicated to adolescents and young adults with CHD are the
gateway to patient-specific interventions, such as cardiac rehabilitation or psychological
support. Further studies will have to determine the impact of transition programs on long-term
prognosis.
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