
HAL Id: hal-04710452
https://hal.science/hal-04710452v1

Submitted on 26 Sep 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Frailty and Cognitive Function in Middle-Aged and
Older Adults With Congenital Heart Disease

Bo Daelman, Liesbet van Bulck, Koen Luyckx, Adrienne Kovacs, Alexander
van de Bruaene, Magalie Ladouceur, Hsiao-Ling Yang, Ju Ryoung Moon,

André Schmidt, Birgitte Lykkeberg, et al.

To cite this version:
Bo Daelman, Liesbet van Bulck, Koen Luyckx, Adrienne Kovacs, Alexander van de Bruaene,
et al.. Frailty and Cognitive Function in Middle-Aged and Older Adults With Congenital
Heart Disease. Journal of the American College of Cardiology, 2024, 83 (12), pp.1149-1159.
�10.1016/j.jacc.2024.01.021�. �hal-04710452�

https://hal.science/hal-04710452v1
https://hal.archives-ouvertes.fr


Frailty and Cognitive Function in Middle-Aged and Older 

Adults With Congenital Heart Disease 

Bo Daelman
  1 

, Liesbet Van Bulck
  2 

, Koen Luyckx
  3 

, Adrienne H Kovacs
  4 

, Alexander Van 

De Bruaene
  5 

, Magalie Ladouceur
  6 

, Hsiao-Ling Yang
  7 

, Ju Ryoung Moon
  8 

, André 

Schmidt
  9 

, Birgitte Lykkeberg
  10 

, Edward Callus
  11 

, Michèle de Hosson
  12 

, Camilla 

Sandberg
  13 

, Bengt Johansson
  14 

, Joanna Hlebowicz
  15 

, Maria Emília Areias
  16 

, Pascal 

Amedro
  17 

, Louise Coats
  18 

, Zacharias Mandalenakis
  19 

, Anna Kaneva
  20 

, Philip Moons
  21 

, Eva Goossens
  22 

; APPROACH-IS II consortium; International Society for Adult Congenital 

Heart Disease  

Collaborators  

Navaneetha Sasikumar
  23 

, Junko Enomoto
  24 

, Yoshiko Mizuno
  24 

, Ming Chern Leong
  25 

, Izzatun Nafsi Binto Sabran
  25 

, Laila Akbar Ladak
  26 

, Babar Hasan
  26 

, Ayat Siddiqui
  26 

, Ju 

Ryoung Moon
  27 

, June Huh
  27 

, Hsiao-Ling Yang
  28 

, Jou-Kou Wang
  28 

, Chun-Wei Lu
  28 

, Fatma Demir
  29 

, Tuğba Öden
  29 

, Endale Tefera
  30 

, Julius Mwita
  30 

, Jean-Claude 

Ambassa
  31 

, Charles Mvondo
  31 

, Marcel Fanka
  31 

, Dejuma Yadeta
  32 

, Mulualem 

Alemayehu
  32 

, Mohamed Leye
  33 

, Khadija Gueye
  33 

, Harald Gabriel
  34 

, Matthias 

Svhneider
  34 

, Selina Seeliger
  34 

, Werner Budts
  35 

, Alexander Van De Bruaene
  35 

, Philip 

Moons
  35 

, Eva Goossens
  35 

, Liesbet Van Bulck
  35 

, Jessica Rassart
  35 

, Koen Luyckx
  35 

, Michele De Hosson
  36 

, Julie De Backer
  36 

, Anna Kaneva
  37 

, Mila Markova
  37 

, Birgitte 

Lykkeberg
  38 

, Miriam Biyai
  38 

, Magalie Ladouceur
  39 

, Anissa Boubrit
  39 

, Jean-Benoît 

Thambo
  40 

, Amandine Ruissel
  40 

, Cecile Jore
  40 

, Pascal Amedro
  41 

, Hamouda Abassi
  41 

, Sonia Soltani
  41 

, Charlene Bredy
  41 

, George Giannakoulas
  42 

, Diamantis Kosmidis
  42 

, Despina Ntiloudi
  42 

, Edward Callus
  43 

, Silvana Pagliuca
  43 

, Enrico Giuseppe Bertoldo
  43 

, Valentina Fiolo
  43 

, Maryanne Caruana
  44 

, Justine Swain
  44 

, Neil Grech
  44 

, Rachel 

Xuereb
  44 

, Sarah Craus
  44 

, Maria Bonello
  44 

, Darren Borg
  44 

, Paul Farrugia
  44 

, Joanne 

Cardona
  44 

, Mette-Elise Estensen
  45 

, Brith Andresen
  45 

, Katrine Eriksen
  45 

, Maria Emília 

Areias
  46 

, Joana Miranda
  46 

, José Carlos Areias
  46 

, Cristina Cruz
  46 

, Filipe Macedo
  46 

, Filipa 

Manuela Ribeiro Nunes
  46 

, Ana Maria Barbosa de Bessa
  46 

, Sara Mafalda Espírito Santo
  46 

, Paula Brito
  46 

, Marisa Pereira
  46 

, Sofia Teixeira
  46 

, Brenda Marques
  46 

, Ana Raquel 

Marques
  46 

, Bengt Johansson
  47 

, Camilla Sandberg
  47 

, Helena Cronesten
  47 

, Mikael 

Dellborg
  48 

, Zacharias Mandalenakis
  48 

, Eva Mattson
  49 

, Christina Christersson
  50 

, Louise 

Robertsson
  50 

, Joanna Hlebowicz
  51 

, Linda Ternrud
  51 

, Corina Thomet
  52 

, Javier Ruperti
  52 

, Judith Bouchardy
  53 

, Fanny Brand
  53 

, Tobias Rutz
  53 

, Coralie Blanche
  53 

, Joost P van 

Melle
  54 

, Anna Boer
  54 

, Andrew Constantine
  55 

, Michael A Gatzoulis
  55 

, Konstantinos 

Dimopoulos
  55 

, Louise Coats
  56 

, Debbie McParlin
  56 

, Paul Khairy
  57 

, Anna Proietti
  57 

, Veronique Roy
  57 

, Jonathan Windram
  58 

, Deborah Jandura
  58 

, Susan Jameson
  59 

, Melissa 

Major
  59 

, Vaikom Subremanian Mahadevan
  60 

, Thomas Nguyen
  60 

, Shabir Sarwary
  60 

, Arwa Saidi
  61 

, Leah Breault
  61 

, Dalia Lopez Colon
  61 

, Ari Cedars
  62 

, Shelby Kutty
  62 

, Jong 

Ko
  62 

, Anne Marie Valente
  63 

, Sarah Brainard
  63 

, Jeffrey Reichman
  63 

, Ali Zaidi
  64 

, Amrin 

Amlani
  64 

, Jamie Jackson
  65 

, Taylor Swenski
  65 

, Steven Neville
  65 

, Adrienne Kovacs
  66 

, Lidija McGrath
  66 

, Marshall Taunton
  66 

, Yuli Kim
  67 

, Jessica Carducci
  67 

, Saffy Bashey
  67 

, Luis Alday
  68 

, Marina Lousararian
  68 

, Héctor Maisuls
  68 

, Marisa Quinteros
  68 

, Mónica 

Lucero
  68 

, Lucia Ortiz
  69 

, Fernando Amaral
  70 

, Andre Schmidt
  70 

, Paulo Henrique Manso
  70 

, Rafael Brolio Pavão
  70 

, Fernando Baraona Reyes
  71 

, M Francisca Arancibia
  71 

, John Jairo 

Araujo
  72 

, Alberto Hernadez Súarez
  72 

, Samuel Menahem
  73 

, Pasangi Madhuka 

Wijayarathne
  73 

 

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Daelman+B&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Van+Bulck+L&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Luyckx+K&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Kovacs+AH&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Van+De+Bruaene+A&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Van+De+Bruaene+A&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-5
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ladouceur+M&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-6
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Yang+HL&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-7
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Moon+JR&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-8
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Schmidt+A&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Schmidt+A&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-9
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Lykkeberg+B&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-10
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Callus+E&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-11
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=de+Hosson+M&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-12
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Sandberg+C&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Sandberg+C&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-13
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Johansson+B&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-14
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Hlebowicz+J&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-15
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Areias+ME&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-16
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Amedro+P&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Amedro+P&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-17
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Coats+L&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-18
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Mandalenakis+Z&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-19
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Kaneva+A&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-20
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Moons+P&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-21
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-21
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Goossens+E&cauthor_id=38508848
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-22
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=APPROACH-IS+II+consortium%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=International+Society+for+Adult+Congenital+Heart+Disease%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=International+Society+for+Adult+Congenital+Heart+Disease%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Sasikumar+N
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-23
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Enomoto+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-24
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Mizuno+Y
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-24
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Leong+MC
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-25
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-25
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Binto+Sabran+IN
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-25
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ladak+LA
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-26
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Hasan+B
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-26
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Siddiqui+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-26
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Moon+JR
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Moon+JR
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-27
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Huh+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-27
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Yang+HL
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-28
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Wang+JK
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-28
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Lu+CW
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-28
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-28
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Demir+F
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-29
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=%C3%96den+T
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-29
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Tefera+E
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-30
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Mwita+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-30
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ambassa+JC
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ambassa+JC
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-31
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Mvondo+C
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-31
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Fanka+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-31
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Yadeta+D
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-32
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Alemayehu+M
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Alemayehu+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-32
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Leye+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-33
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Gueye+K
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-33
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Gabriel+H
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-34
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Svhneider+M
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Svhneider+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-34
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Seeliger+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-34
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Budts+W
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-35
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Van+De+Bruaene+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-35
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Moons+P
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Moons+P
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-35
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Goossens+E
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-35
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Van+Bulck+L
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-35
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Rassart+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-35
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Luyckx+K
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-35
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-35
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=De+Hosson+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-36
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=De+Backer+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-36
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Kaneva+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-37
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Markova+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-37
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Lykkeberg+B
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Lykkeberg+B
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-38
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Biyai+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-38
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ladouceur+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-39
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Boubrit+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-39
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Thambo+JB
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Thambo+JB
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-40
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ruissel+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-40
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Jore+C
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-40
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Amedro+P
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-41
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Abassi+H
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-41
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-41
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Soltani+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-41
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Bredy+C
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-41
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Giannakoulas+G
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-42
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Kosmidis+D
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-42
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-42
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ntiloudi+D
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-42
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Callus+E
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-43
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Pagliuca+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-43
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Bertoldo+EG
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-43
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-43
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Fiolo+V
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-43
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Caruana+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-44
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Swain+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-44
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Grech+N
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-44
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Xuereb+R
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Xuereb+R
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-44
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Craus+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-44
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Bonello+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-44
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Borg+D
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-44
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Farrugia+P
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-44
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Cardona+J
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Cardona+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-44
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Estensen+ME
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-45
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Andresen+B
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-45
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Eriksen+K
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-45
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Areias+ME
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Areias+ME
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Miranda+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Areias+JC
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Cruz+C
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Macedo+F
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ribeiro+Nunes+FM
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ribeiro+Nunes+FM
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Barbosa+de+Bessa+AM
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Esp%C3%ADrito+Santo+SM
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Brito+P
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Pereira+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Teixeira+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Marques+B
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Marques+AR
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Marques+AR
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-46
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Johansson+B
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-47
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Sandberg+C
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-47
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Cronesten+H
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-47
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Dellborg+M
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Dellborg+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-48
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Mandalenakis+Z
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-48
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Mattson+E
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-49
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Christersson+C
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-50
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Robertsson+L
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Robertsson+L
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-50
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Hlebowicz+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-51
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ternrud+L
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-51
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Thomet+C
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-52
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ruperti+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-52
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-52
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Bouchardy+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-53
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Brand+F
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-53
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Rutz+T
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-53
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Blanche+C
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-53
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=van+Melle+JP
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=van+Melle+JP
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-54
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Boer+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-54
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Constantine+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-55
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Gatzoulis+MA
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-55
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Dimopoulos+K
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Dimopoulos+K
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-55
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Coats+L
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-56
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=McParlin+D
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-56
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Khairy+P
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-57
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Proietti+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-57
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-57
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Roy+V
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-57
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Windram+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-58
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Jandura+D
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-58
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Jameson+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-59
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Major+M
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Major+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-59
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Mahadevan+VS
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-60
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Nguyen+T
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-60
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Sarwary+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-60
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-60
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Saidi+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-61
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Breault+L
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-61
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Colon+DL
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-61
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Cedars+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-62
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Kutty+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-62
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ko+J
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ko+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-62
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Valente+AM
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-63
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Brainard+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-63
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Reichman+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-63
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Zaidi+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-64
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Amlani+A
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Amlani+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-64
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Jackson+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-65
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Swenski+T
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-65
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Neville+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-65
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Kovacs+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-66
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-66
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=McGrath+L
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-66
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Taunton+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-66
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Kim+Y
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-67
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Carducci+J
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-67
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Bashey+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-67
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-67
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Alday+L
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-68
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Lousararian+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-68
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Maisuls+H
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-68
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Quinteros+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-68
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Lucero+M
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Lucero+M
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-68
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Ortiz+L
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-69
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Amaral+F
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-70
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Schmidt+A
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-70
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Manso+PH
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-70
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-70
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Pav%C3%A3o+RB
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-70
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Reyes+FB
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-71
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Arancibia+MF
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-71
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Araujo+JJ
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Araujo+JJ
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-72
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=S%C3%BAarez+AH
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-72
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Menahem+S
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-73
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Wijayarathne+PM
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=100&term=Wijayarathne+PM
https://pubmed.ncbi.nlm.nih.gov/38508848/#full-view-affiliation-73


Affiliations  

1
 KU Leuven Department of Public Health and Primary Care, KU Leuven-University of 

Leuven, Leuven, Belgium. 

2
 KU Leuven Department of Public Health and Primary Care, KU Leuven-University of 

Leuven, Leuven, Belgium; Research Foundation Flanders, Brussels, Belgium. Electronic 

address: https://twitter.com/BulckLiesbet. 

3
 School Psychology and Development in Context, KU Leuven-University of Leuven, 

Leuven, Belgium; Unit for Professional Training and Service in the Behavioural Sciences, 

University of the Free State, Bloemfontein, South Africa. 

4
 Equilibria Psychological Health, Toronto, Ontario, Canada. Electronic address: 

https://twitter.com/AdrienneK_PhD. 

5
 Division of Congenital and Structural Cardiology, University Hospitals Leuven, Leuven, 

Belgium. Electronic address: https://twitter.com/alexvdbruaene. 

6
 Centre de recherche Cardiovasculaire de Paris, INSERM U970, Adult Congenital Heart 

Disease Medico-Surgical Unit, European Georges Pompidou Hospital, Paris, France. 

Electronic address: https://twitter.com/Mag_Ladouceur. 

7
 School of Nursing, College of Medicine, National Taiwan University, Taipei, Taiwan. 

8
 Department of Nursing, Cardiac Center, Heart Vascular Stroke Institute, Samsung Medical 

Center, Seoul, South Korea. 

9
 Adult Congenital Heart Disease Unit, Hospital das Clínicas, Facultdade de Medicina de 

Ribeirão Preto, Universidade de São Paulo, Ribeirão Preto, São Paulo, Brazil. 

10
 The Cardiology Clinic, the Heart Centre, Copenhagen University Hospital, Rigshospitalet, 

Copenhagen, Denmark. 

11
 Clinical Psychology Service, Istituto di Ricovero e Cura a Carattere Scientifico, Policlinico 

San Donato, Milan, Italy; Department of Biomedical Sciences for Health, University of 

Milan, Milan, Italy. 

12
 Department of Adult Congenital Heart Disease Ghent, Ghent University Hospital, Ghent, 

Belgium. 

13
 Department of Surgery and Perioperative Sciences, Umeå University, Umeå, Sweden; 

Department of Community Medicine and Rehabilitation, Umeå University, Umeå, Sweden. 

14
 Department of Public Health and Clinical Medicine, Umeå University, Umeå, Sweden. 

15
 Department of Cardiology, Clinical Sciences, Lund University, Skåne University Hospital, 

Lund, Sweden. Electronic address: https://twitter.com/JoannaHlebowicz. 

16
 UnIC@RISE, Faculty of Medicine, University of Porto, Porto, Portugal. 



17
 University of Bordeaux, Liryc Institute, Hôpital cardiologique Haut-Leveque, Bordeaux, 

France; Paediatric and Congenital Cardiology Department, M3C Regional Reference Centre, 

Montpellier University Hospital, Montpellier, France. Electronic address: 

https://twitter.com/Pascal_Amedro. 

18
 Population Health Sciences Institute, Newcastle University, Newcastle upon Tyne, United 

Kingdom. Electronic address: https://twitter.com/LouiseCoats7. 

19
 Department of Molecular and Clinical Medicine, Institute of Medicine, Sahlgrenska 

Academy, University of Gothenburg, Gothenburg, Sweden. 

20
 Pediatric Cardiology Department, National Cardiology Hospital, Sofia, Bulgaria. 

21
 KU Leuven Department of Public Health and Primary Care, KU Leuven-University of 

Leuven, Leuven, Belgium; Institute of Health and Care Sciences, University of Gothenburg, 

Gothenburg, Sweden; Department of Paediatrics and Child Health, University of Cape Town, 

Cape Town, South Africa. Electronic address: philip.moons@kuleuven.be. 

22
 KU Leuven Department of Public Health and Primary Care, KU Leuven-University of 

Leuven, Leuven, Belgium; Faculty of Medicine and Health Sciences, Centre for Research and 

Innovation in Care, Division of Nursing and Midwifery, University of Antwerp, Antwerp, 

Belgium. Electronic address: https://twitter.com/EvaGoossens_PhD. 

23
 Amrita Institute of Medical Sciences, Kochi, Kerala, India. 

24
 Chiba Cerebral and Cardiovascular Center, Chiba, Japan. 

25
 Paediatric & Congenital Heart Center, IJN, Kuala Lumpur, Malaysia. 

26
 Aga Khan University, Karachi, Pakistan. 

27
 Samsung Medical Center, Heart Vascular Stroke Institute, Seoul, South Korea. 

28
 National Taiwan University Hospital, Taipei City, Taiwan. 

29
 Ege University Health Application and Research Center, Bornova/İZMİR, Turkey. 

30
 Princess Marina Hospital, Gaborone, Botswana. 

31
 Clinique Medical Le Jourdain, Yaoundé, Cameroon. 

32
 Addis Ababa University Faculty of Medicine, Addis Ababa, Ethiopia. 

33
 University of Thiés, UFR des sciences de la santé, Thiés, Senegal. 

34
 Medical University of Vienna, Vienna, Austria. 

35
 University Hospitals Leuven, Leuven, Belgium. 

36
 University Hospital Ghent, Ghent, Belgium. 



37
 National Heart Hospital, Sofia, Bulgaria. 

38
 Copenhagen University Hospital, Copenhagen, Denmark. 

39
 Hôpital Européen Georges Pompidou, Paris, France. 

40
 Hôpital cardiologique Haut-Leveque, Bordeaux, France. 

41
 Montpellier University Hospital, Montpellier, France. 

42
 Aristotle University of Thessaloniki, Medical School, Greece. 

43
 Policlinico San Donato & University of Milan, Milan, Italy. 

44
 Mater Dei Hospital, L-Imsida, Malta. 

45
 Oslo University Hospital, Rikshospitalet, Oslo, Norway. 

46
 CHUSJ; Faculty of Medicine, University of Porto; University Institute of Health Sciences, 

Gandra, Portugal, Porto, Portugal. 

47
 Umeå University Hospital, Umeå, Sweden. 

48
 Sahlgrenska University Hospital/Östra, Gothenburg, Sweden. 

49
 Karolinska University Hospital/Solna, Stockholm, Sweden. 

50
 Uppsala University Hospital, Uppsala, Sweden. 

51
 Skånes University Hospital, Lund, Sweden. 

52
 University Hospital Bern, Bern, Switzerland. 

53
 Centre Hospitalier Universitaire Vaudois & Genève, Switzerland, Hôpitaux Universitaires 

de Genève, Lausanne, Switzerland. 

54
 UMCG, Groningen, the Netherlands. 

55
 Royal Brompton Hospital, Royal Brompton & Harefield Hospitals, Guy's and St Thomas' 

NHS Foundation Trust, London, United Kingdom. 

56
 Freeman Hospital, Newcastle upon Tyne, United Kingdom. 

57
 Montreal Heart Institute, Université de Montréal, Montreal, Canada. 

58
 Mazankowski Alberta Heart Institute, Edmonton, Canada. 

59
 Lucile Packard Children's Hospital and Stanford Health Care, Stanford, California, United 

States. 



60
 University of California San Francisco (UCSF), San Francisco, California, United States. 

61
 University of Florida Health, Gainesville, Florida, United States. 

62
 Taussig Heart Center of John Hopkins Hospital & Dallas, Texas, United States, University 

of Southwestern Medical Center, Baltimore, Maryland, United States. 

63
 Boston Children's Hospital / Brigham and Women's / Harvard Medical School, Boston, 

Massachusetts, United States. 

64
 Mount Sinai Heart, New York, New York, United States. 

65
 Nationwide Children's Hospital, Columbus, Ohio, United States. 

66
 Oregon Health and Science University, Portland, Oregon, United States. 

67
 Philadelphia Penn Medicine and Children's Hospital of Philadelphia, Philadelphia, 

Pennsylvania, United States. 

68
 Hospital de Niños, Cordoba, Argentina. 

69
 Hospital San Juan De Dios De La Plata, Buenos Aires, Argentina. 

70
 Hospital das Clinicas da Faculdade de Medicina de Ribeirão Preto, Ribeirão Preto, Brazil. 

71
 Intituto Nacional Del Torax, Santiago, Chile. 

72
 Meintegral-Clinic, Manizales, Colombia. 

73
 Melbourne Children's Cardiology/Adult Congenital Heart, Monash University. 

 

Keywords:  

aging; cognition; congenital heart defects; frailty; frailty phenotype.  

ADDRESS FOR CORRESPONDENCE:  

 

Dr Philip Moons, KU Leuven–University of Leuven, Kapucijnenvoer 7, Box 7001, B-3000 

Leuven, Belgium. E-mail: philip.moons@kuleuven.be. @MoonsPhilip, 

@BulckLiesbet,@AdrienneK_ PhD, @EvaGoossens_PhD, @alexvdbruaene, @Mag_ 

Ladouceur, @JoannaHlebowicz, @Pascal_Amedro, @LouiseCoats7. 

 

 

ABBREVIAT IONS AND ACRONYMS 
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Abstract 

Background:  

Life expectancy of patients with congenital heart disease (CHD) has increased rapidly, 

resulting in a growing and aging population. Recent studies have shown that older people with 

CHD have higher morbidity, health care use, and mortality. To maintain longevity and quality 

of life, understanding their evolving medical and psychosocial challenges is essential.  

Objectives:  

The authors describe the frailty and cognitive profile of middle-aged and older adults with 

CHD to identify predictor variables and to explore the relationship with hospital admissions 

and outpatient visits.  

Methods:  

Using a cross-sectional, multicentric design, we included 814 patients aged ≥40 years from 11 

countries. Frailty phenotype was determined using the Fried method. Cognitive function was 

assessed by the Montreal Cognitive Assessment.  

Results:  

In this sample, 52.3% of patients were assessed as robust, 41.9% as prefrail, and 5.8% as frail; 

38.8% had cognitive dysfunction. Multinomial regression showed that frailty was associated 

with older age, female sex, higher physiologic class, and comorbidities. Counterintuitively, 

patients with mild heart defects were more likely than those with complex lesions to be 

prefrail. Patients from middle-income countries displayed more prefrailty than those from 

higher-income countries. Logistic regression demonstrated that cognitive dysfunction was 

related to older age, comorbidities, and lower country-level income.  

Conclusions:  

Approximately one-half of included patients were (pre-)frail, and more than one-third 

experienced cognitive impairment. Frailty and cognitive dysfunction were identified in 

patients with mild CHD, indicating that these concerns extend beyond severe CHD. Assessing 

frailty and cognition routinely could offer valuable insights into this aging population.  

  



Congenital heart disease (CHD) is the most prevalent birth defect worldwide, occurring in 

almost 1 in 100 newborns.1 Although the life expectancy for these patients was limited 5 

decades ago, now 90% of children with CHD reach adulthood because of improved medical, 

surgical, and technical innovations.2 This results in a substantially growing and aging 

population in which the number of adults exceeds the number of children in higher-income 

countries. 2,3 By 2030, it is estimated that 11% of the adult CHD population will be aged 60 

years or older.4 

 

However, these successes in life expectancy come at a cost. As the survival rates of patients 

with CHD improve, the demand for adult CHD services grows.5 Indeed, older patients with 

CHD exhibit a higher prevalence of morbidity, health care use, and mortality rates.5,6 

Understanding their evolving medical and psychosocial challenges is vital for mapping their 

specific health care needs and maintaining longevity and quality of life.6,7 However, limited 

information is available about the profile of the aging CHD population. 

 

Several age-related morbidities, including coronary heart disease, heart failure, stroke, erectile 

dysfunction, diabetes, dementia, or cancer, occur earlier and more often in people with CHD 

compared to the general population.8 This decrease in physiologic capacity across multiple 

organ systems may be approximated to frailty. Frailty is defined as a decline in the functional 

reserve, resistance, and resilience of multiple organ systems, leading to an accelerated 

functional decline and adverse health outcomes following stressor events.8,9 The Fried frailty 

phenotype refers to a clinical syndrome that classifies patients as non-frail, prefrail, or frail 

based on 5 criteria: weakness, slow walking speed, unintentional weight loss, exhaustion, and 

low physical activity.10 Growing evidence suggests that frailty phenotypes can guide risk 

prediction in chronically ill patients, independent of age and comorbidity.11 However, to our 

knowledge, the prevalence of frailty and the proportion of the Fried frailty phenotypes have 

not been comprehensively investigated in older patients with CHD. 

 

A second important factor influencing the clinical profile of older patients with CHD is 

cognitive impairment. It is well established that children with (complex) CHD are at risk for 

neurodevelopmental impairment.12-14 Consequently, the American Heart Association issued 

guidelines for periodic neurocognitive assessment in children with CHD.13 The causes of 

these deficits are multifactorial, interactive, and complex, including hypoxic/ischemic injuries 

caused by the condition and a spectrum of genetic, prenatal, and preoperative and 

postoperative risks. Medical and surgical therapies and resulting hypoperfusion also 

contribute to the development of neurologic impairment. The prevalence and degree of 

neurodevelopmental deficits and disorders increase in correspondence with increasing CHD 

complexity.13,15-17 More recently, there has been increased empirical investigation into the 

cognitive profile of adults with CHD. Despite the persistence of neurodevelopmental 

challenges into adulthood, there are also adult-onset risk factors for neurocognitive 

impairment.15,18-21 Understanding the cognitive functioning of older patients with CHD is 

essential because impairment may adversely affect their quality of life, health care needs, and 

mortality.15,22 

 

It is important to consider whether frailty and cognitive impairment are affected by 

socioeconomic factors. Frailty occurs more often in low- and middle income countries than in 

high-income countries.23 Because data on frailty and cognitive functioning in CHD are 

currently limited and because international studies covering countries from different income 

classes are imperative to yield generalizable findings, the present study aimed to do the 

following: 1) assess frailty and cognitive impairment in an international sample of middle-



aged and older adults with CHD; 2) evaluate whether patient-related factors and country 

income level are predictor variables for frailty and cognition; and 3) to explore consequences 

in terms of hospital admissions and outpatient visits. 

 

 

METHODS 
 

STUDY DESIGN.  

 

This study was part of APPROACH-IS II (Assessment of Patterns of Patient-Reported 

Outcomes in Adults With Congenital Heart Disease– International Study II), with a cross-

sectional, global, multicentric design.24 This is a follow-up study to the initial successful 

international APPROACH-IS collaboration.25 For this substudy focusing on frailty and 

cognitive impairment, patients were enrolled from 17 centers in 11 countries categorized as 

having high income (Belgium, Denmark, France, Italy, Portugal, South Korea, Sweden, 

Taiwan, and the United Kingdom) or upper middle income (Brazil and Bulgaria). The 

rationale and methodology of this study can be found in the published APPROACH-IS II 

methods paper.24 

 

 

STUDY POPULATION.  

 

Participants were eligible if they met the following criteria: 1) diagnosed with CHD; 2) aged 

40 years or older at study entry; 3) diagnosed with CHD before the age of 10 years; 4) 

receiving care at an adult CHD center; and 5) demonstrating the physical, cognitive, and 

language capabilities required to complete self-report questionnaires and study tasks. 

Participating centers were encouraged to recruit 20 adults in each of the following age groups: 

1) 40 to 50 years; 2) 51 to 60 years; and 3) older than 60 years. 

 

 

STUDY PROCEDURE.  

 

Data were collected from August 1, 2019, until November 31, 2022. The original data 

collection period was extended because of pauses during the acute waves of the COVID-19 

pandemic. Participants received unique study numbers, and their data were encoded in the 

Research Electronic Data Capture (REDCap) data management platform (Vanderbilt 

University).26 

 

Eligible patients were consecutively enrolled and seen at the outpatient clinic for adults with 

CHD. They were informed about the study’s aim and procedure, and subsequently, verbal and 

written informed consent was obtained. A data collection officer/research assistant conducted 

cognitive and frailty assessments in addition to gathering demographic and comorbidity data. 

 

The Institutional Review Board of the University Hospital Leuven/KU Leuven (coordinating 

center) and the respective local Institutional Review Boards of the participating centers 

approved the study. The research was conducted in accordance with the Declaration of 

Helsinki.27 The protocol was registered at ClinicalTrials.gov (NCT04902768). 

 

 

 



VARIABLES AND INSTRUMENTS.  

 

Demographic data were collected through self-report questionnaires completed by patients, 

and medical data (eg, CHD diagnosis, number of catheter interventions, number of cardiac 

surgeries, hospital admissions for cardiac reasons of at least 1 day over the past 5 years, and 

cardiac outpatient clinic visits over the past 5 years) were abstracted from medical records. 

Moreover, the adult congenital heart disease anatomic and physiologic (ACHD AP) 

classification, incorporating both anatomic and physiologic factors, was recorded.28 The 

incorporated physiologic factors encompassed the NYHA functional class, history of 

arrhythmias, cyanosis or hypoxemia, ventricular dilatation, ventricular dysfunction, aortic 

dilatation, pulmonary hypertension or Eisenmenger syndrome, venous stenosis/ obstruction, 

arterial stenosis/obstruction, intracardiac shunt, and organ dysfunction.28 

 

Frailty phenotype was determined using the Fried method, which classifies patients as robust, 

prefrail, or frail based on 5 criteria: self-reported unintentional weight loss, exhaustion, and 

physical activity; assessment of muscle weakness using a handgrip dynamometer (stratified 

by sex and body mass index); and the performance of a 4.5-m walking speed test (stratified by 

sex and height).10 Participants were considered frail if they met 3 or more of the 5 criteria, 

prefrail if they fulfilled 1 or 2 criteria, and robust if none of the criteria were present. The 

Fried method is commonly used and validated for frailty assessment in general populations 

and patients with chronic conditions.29,30 

 

Cognitive functioning was assessed using the Montreal Cognitive Assessment (MoCA), 

which evaluates multiple cognitive domains, including visuospatial skills, executive 

functions, attention, concentration, memory, language, abstraction, calculation, and 

orientation.31 The MoCA is a well established instrument with demonstrated validity in the 

CHD population.16 The maximum MoCA score is 30 points; individuals with 12 years or less 

of formal education receive an extra point in addition to their earned score. A final score of 26 

or higher indicates normal cognitive functioning. 

 

To gain insight into the presence and burden of comorbidities, the Charlson Comorbidity 

Index (CCI) was calculated based on data collected from medical records.32 As needed, 

collateral information was obtained directly from patients. Patients were classified into 4 

categories: no comorbidities (score of 0), mild comorbidities (score of 1-3), moderate 

comorbidities (score of 4-7), or severe comorbidities (score of 8 or more). 

 

Country-level income class was determined based on the World Bank’s categorization of the 

gross national income (GNI): high income (GNI of $$13,846 USD), upper middle income 

(GNI of $4,466-$13,845 USD), lower middle income (GNI of $1,136-$4,465 USD), and low 

income (GNI of #$1,135 USD).33 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 



 
 

STATISTICAL ANALYSIS.  

 

Data analysis was performed using IBM SPSS Statistics, version 29 (IBM Corp). Normality 

and homogeneity were checked using the Shapiro-Wilk and Levene tests. Data are presented 

as mean +/- SD, median (Q1-Q3), absolute number (%), or OR (95% CI). The Spearman rho 

test was used for correlation analysis. The relationships between frailty and sex, age, CHD 

complexity, physiologic stage (ie, ACHD AP classification), number of catheter interventions, 

number of cardiac surgeries, CCI (continuous), and World Bank income class were examined 

using a multivariable multinomial regression analysis. These predictor variables were also 

studied in relation to the MoCA score using multivariable logistic regression analysis. CCI 

unadjusted for age was used to avoid the inflation effect of age. A negative binomial 

regression analysis was performed examining the potential association between frailty or 

cognitive function and the number of hospital admissions and outpatient visits, corrected for 

age, sex, comorbidity, CHD complexity, and physiologic component of the ACHD AP 

classification. The null hypothesis was rejected for P values of <0.05. 

 

 

RESULTS 
 

 

SAMPLE CHARACTERISTICS.  

 

A total of 814 patients were included, with a median age of 52.0 years. Among them, 355 

patients were aged 40 to 50 years (43.7%), 239 were aged 51 to 60 years (29.4%), and 218 

were 60 years or older (26.9%). The sample consisted of 51.5% women. Most patients had 



CHD of moderate complexity (70.1%). In the past 5 years, most patients (50.7%) had 1 to 5 

cardiac outpatient visits (mean: 7.8 +/- 8.1). Additionally, almost one-half of the sample 

(47.4%) had at least 1 cardiac admission the past 5 years (mean: 1.3 +/- 3.9). The 

demographic and clinical characteristics of the sample are presented in Table 1. The 

frequency distribution of heart defects is described in Supplemental Table 1. 

 

 

FRAILTY AND COGNITIVE FUNCTIONING.  

 

Exhaustion was the most prevalent frailty criterion, occurring in 26.5% of the patients, 

followed by poor handgrip strength (15.6%) (Table 2). The other criteria occurred in about 

10% of the patients. When determining the frailty phenotype, 52.3% of patients were robust, 

41.9% were prefrail, and 5.8% were frail (Table 3). The prevalence of frailty was 3.3% in 

patients aged 40 to 49 years, 4.9% in patients aged 50 to 59 years, and 10.4% in those aged 60 

years or older. It was found in 8.2% of women and 3.3% of men. Counterintuitively, patients 

with mild CHD were less often robust (40.8%) than patients with moderate (54.4%) or 

complex heart defects (52.2%). Regarding physiologic stage, patients in stage C or D were 

frail in 6.1% and 16.7% of the cases, respectively, whereas 1.6% of patients in stage A or B 

were frail. Most patients with severe comorbidities (66.7%) presented with a frailty status. 

Patients from the 2 upper middle-income countries were prefrail in 52.7% of the cases and 

frail in 9.5%, whereas these values were 40.8% and 5.4% in high-income countries, 

respectively (Table 3). 

 

The median MoCA score was 27 (Q1-Q3: 24-29). The score distribution is given in 

Supplemental Figure 1. The different MoCA item scores can be found in Table 2. Based on 

the established cutoff of 26, 38.8% of the patients displayed cognitive dysfunction (Table 3). 

Among patients aged 60 years or older, 53.3% displayed some degree of cognitive 

dysfunction. Surprisingly, cognitive dysfunction occurred less often in patients with complex 

heart lesions (32.1%). However, as expected, it was the highest in patients of physiologic 

stage D and in those with more comorbidities (Table 3). A weak negative correlation was 

found between being frail and cognitive function (r = –0.210; P < 0.001). The frequency 

distribution of frailty vs cognitive function is provided in Supplemental Table 2, 

demonstrating a certain, albeit limited, coexistence of frailty and cognitive dysfunction. 

 

 

PREDICTOR VARIABLES OF FRAILTY AND COGNITIVE DYSFUNCTION.  

 

Multivariable multinomial regression analysis showed that older age, female sex, higher 

physiologic stage, and more comorbidities were associated with a higher likelihood of having 

a prefrail or frail status (Table 4). Patients with mild heart defects, a higher number of catheter 

interventions, and those from middle-income countries were more likely to be prefrail than 

robust. The multinomial regression model explained 18.9% of the variance in frailty. 

 

Multivariable logistic regression analysis demonstrated that cognitive dysfunction was related 

to older age, higher number of comorbidities, and lower country income class (Table 4). 

 

 

 

 

 



 
CONSEQUENCES OF FRAILTY AND COGNITIVE DYSFUNCTION.  

 

The number of outpatient visits in the preceding 5 years was associated with a better cognitive 

status (OR: 1.024; 95% CI: 1.010-1.038; P = 0.001) when adjusted for age, sex, comorbidity, 

CHD complexity, and physiologic component of the ACHD AP classification. Adjusted for 

these covariates, outpatient visits were unrelated to the number of cardiac admissions (OR: 

1.030; 95% CI: 0.995-1.066; P = 0.092). Frailty status was not associated with the number of 

cardiac outpatient visits in the previous 5 years (OR: 1.070; 95%CI: 0.971-1.179; P = 0.173) 

or the number of cardiac admissions (OR: 0.972; 95% CI: 0.786-1.201; P ¼ 0.791), adjusted 

for the covariates mentioned. 

 

 

DISCUSSION 
 

 

Understanding the evolving medical and psychosocial challenges of the growing aging 

population of patients with CHD is important to optimize their care, improve quality of life, 

and allocate health resources. This study assessed the frailty phenotype and cognitive 

impairment of older adults with CHD and the association with health care usage. An overview 

of the findings can be found in the Central Illustration. 

 

 

FRAILTY IN PATIENTS WITH CHD.  

 

Almost one-half of the patients enrolled in this study were classified as prefrail or frail. This 

prevalence is comparable to non- CHD community-dwelling older individuals.34 However, 

individuals included in community frailty studies are typically 65 years of age or older, 

whereas in this study, the median age was 52 years. Few studies have investigated frailty in 

people in their 40s and 50s, one of which also used the Fried 



phenotype.35,36 Gordon et al35 found frailty rates of 1.4% for people aged 40 to 49 years, 

1.9% for those aged 50 to 59 years, and 2.4% for those aged 60 to 69 years. These rates are 2 

to 5 times lower than those observed in our study, indicating that patients with CHD develop 

frailty earlier in life than non-CHD individuals. A study by Sinclair et al37 reported an 8.1% 

prevalence of frailty in adults aged 50 years or older in England. They observed higher frailty 

rates in coastal areas, which might explain the elevated frailty numbers in England compared 

to our international study. Moreover, they used a different frailty assessment and included 

older patients, contributing to the variation.37 

 

 
 

In our sample, exhaustion was the most prevalent component of the Fried frailty phenotype, 

occurring in one-quarter of the patients. This may be a typical feature for the aging patient 

with CHD, because community samples report exhaustion in only 7.5% to 12%.35,36 

Exhaustion may result from factors like anemia, endothelial function, cyanosis, drug side 

effects, or iron deficiency. The number of unpaired handgrip strength in our patients was, 

however, in line with that of people in the community (13%- 14.8%).35,36 This was rather 

surprising, because 2 studies reported a prevalence of sarcopenia in 16% and 51% of patients 

with (mild and) complex CHD, although their populations were fairly young, with mean ages 

of 37 and 36 years.38,39 

 

Multivariable analysis showed that the prefrail phenotype was associated with older age, 

female sex, simple heart defects, higher physiologic stage, more catheter interventions, more 

comorbidities, and a lower country-level income. Frailty was related to older age, female sex, 

higher physiologic stage, and more comorbidities. These results align with community 



samples, where age,34,36 female sex,34,36,40 multimorbidity,36 and socioeconomic 

deprivation at the individual or country level36,40 predicted (pre-) frailty. 

 

 
 

 

 

Studies show that frailty is related to reduced bone mineral density and sarcopenia, especially 

in women because of menopause-related estrogen loss and lower muscle strength.41 This 

might accelerate the frailty development in women and may explain the association with sex 

as found in our study.10 

 

The disparity in predictor variables of frail and prefrail may reflect differences in statistical 

power, because the cohort of frail people is much smaller than that of prefrail and robust 

patients. The fact that patients with simple heart lesions were more often prefrail indicates that 

people with conditions that are benign from a cardiovascular point of view are still vulnerable 

to complications from a functional perspective.42 On the other hand, it is possible that no 

strong association was found between CHD complexity and frailty because of survival bias. 

Notably, only 18% of the frailty variance was determined by the factors in our model. Hence, 

other factors, like nutritional deficiencies, hormonal changes, health behavior, and 

inflammation may influence the frailty phenotype in these patients as well.29 

 

 

COGNITIVE FUNCTION IN PATIENTS WITH CHD. 

 

Neurodevelopmental research in CHD has historically been dominated by studies in children, 

adolescents, or young adults.14,43,44 Research on neurocognition in middle-aged and older 

people with CHD is rather scarce. However, besides the known neurodevelopmental issues, 

patients with CHD are prone to a neurocognitive decline because risk factors for cognitive 

deterioration, such as heart failure, atrial fibrillation, hypertension, diabetes, and coronary 



artery disease, are more prevalent.45 Consequently, cerebral blood flow and brain volumes 

are affected, leading to a higher prevalence and earlier onset of dementia in people with 

CHD.45-47 Early-onset dementia in CHD was substantiated by an incidence rate of 0.03 per 

1,000 person-years46 and a prevalence of 2.9 per 1,000 in middle-aged patients.47 This 

exceeds the rates in the general population, in which an incidence rate of 0.01 per 1,000 

person-years46 and a prevalence of 1.2 per 1,000 was found.47 

 

 
 

 

In the present study, 4 in 10 patients experienced some degree of cognitive dysfunction. This 

prevalence approximates the 34% that was found in a self-report study in patients aged 30+/- 

10 years with mild to complex CHD.48 However, a U.S.-based study conducted in 

adolescents and young adults with CHD using the MoCA found a median score of 23 and a 

69% prevalence of cognitive problems.16 This was significantly worse than the median score 

of 28 and the prevalence of 13% in healthy control individuals.16 The fact that patients in our 

sample are doing cognitively better could be because of survival bias, may be explained by 

intercountry variation, or could be the result of methodologic differences. Therefore, our 

findings stress the importance of conducting this kind of research on large samples in an 

international context. 

 

Cognitive dysfunction in patients with CHD was associated with older age, more 

comorbidities, and living in a middle-income country. In contrast to previous studies, there 

was no relationship between cognitive dysfunction and the complexity of the heart disease nor 

the physiologic stage when adjusted for other patient-related factors.49,50 Nonetheless, prior 

research described disease complexity as a risk factor for cognitive impairment in adults with 

CHD.48,51 The incongruence with our findings may be caused by differences in assessment 

and the fact that we adjusted for other patient factors. 

 

 

 



 

CONSEQUENCES OF FRAILTY AND COGNITIVE DYSFUNCTION. 

 

Both frailty and prefrailty are associated with adverse health outcomes. A meta-analysis 

demonstrated that prefrail individuals have an increased risk for faster onset of any type of 

cardiovascular disease.52 Further, frail and prefrail people have a higher mortality risk.36 In 

our study, we could not find a higher use of outpatient visits or cardiac admissions in frail or 

prefrail patients. However, patients with adequate cognitive function were likely to have more 

outpatient clinic visits. The most probable reason is that patients with complex heart defects, 

who by default have higher follow-up rates, had a lower—albeit nonsignificant—proportion 

of cognitive dysfunction. In addition, patients with complex heart lesions could be likely to be 

more engaged in their health and, therefore, more invested in their care. Another possible 

explanation could be that impaired cognitive function may lead to reduced health care use. 

 

 

STUDY STRENGTHS AND LIMITATIONS.  

 

This study has several strengths. As part of APPROACH-IS II, the study comprised >800 

patients from 11 countries around the world. Because the assessment was done during a 

scheduled outpatient visit, there was a high degree of complete data. We used validated 

assessments of both frailty and cognitive functioning, namely, the Fried frailty phenotype and 

the MoCA.10,16 The validity of the MoCA has been specifically tested in adults with 

CHD.16 

 

However, there are also some limitations to bear in mind in the interpretation of the findings. 

First, APPROACH-IS II used a cross-sectional design. Consequently, no causality in the 

relationships can be determined. Second, the study is prone to survivorship bias. Because 

patients with complex CHD, poor physiologic status, and comorbidities are less likely to 

reach older age, they may be underrepresented in our sample. Consequently, the prevalence of 

cognitive functioning and frailty in congenital heart disease may be underestimated. Third, 

APPROACH-IS II is mainly aiming to measure patient-reported outcomes. Therefore, only 

patients with the physical or mental capabilities to complete such self-report questionnaires 

were included. This may have led to an underrepresentation of people with cognitive 

disabilities and, thus, an overestimation of the cognitive function of the CHD population. 

Fourth, we did not have a control group. Therefore, we cannot directly compare the 

differences between our individuals with or without CHD. Fifth, we used the original CCI, 

which is based on weights assigned in 1984. Future research should consider using the 

updated CCI because of advances in chronic disease management and treatments, which 

caused a decrease in the 1-year mortality and assigned weights.32,53 Sixth, only 2 upper-

middle-income and no low-income countries participated in this study. Because frailty and 

cognitive dysfunction are associated with country income, the prevalence would be higher if 

more lower-income countries had been included. Therefore, caution is needed when 

generalizing these data to a global population of ACHD patients, including patients from 

lower-income countries. Finally, we initially aimed to include only patients with moderate 

and complex CHD.24 However, deviations from the protocol at certain centers resulted in the 

inadvertent inclusion of some patients with simple heart defects. This led to the discovery that 

even patients with mild CHD experienced frailty and cognitive impairment, challenging 

common beliefs that simple heart defects are benign and do not have substantial 

consequences. Nonetheless, the number of included patients with simple CHD is limited, 

which may have reduced the statistical power. 



 

CONCLUSIONS 
 

Almost one-half of the sample of patients with CHD were (pre-) frail, and 4 of 10 displayed 

some degree of cognitive dysfunction. Frailty was associated with being older, being female, 

having a worse physiologic stage, and having more comorbidity. Prefrailty was related to the 

same predictor variables, plus mild heart defects and lower country-level income. Cognitive 

dysfunction was also linked to increased age, more comorbidities, and lower country-level 

income. The fact that frailty and cognitive dysfunction were slightly, but not significantly, 

more prevalent in mild CHD indicates that these issues can affect all types of heart defects. 

Prefrailty and frailty were not associated with a higher health care use. However, patients with 

adequate cognitive function had more outpatient clinic visits. The present study offers the first 

clear clinical profile of middle-aged and older patients with CHD in terms of frailty and 

cognition, which expresses the functional consequences of aging. 
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