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ABSTRACT
Background: Advances in medical and surgical care have improved 
survival in patients with transposition of the great arteries (TGA), 
shifting focus toward quality of life (QoL). In this study we evaluate 
QoL in adults with TGA, including congenitally corrected TGA (ccTGA) 
and patients with dextro-TGA (d-TGA), by comparing patients with a 
systemic right ventricle (sRV) and systemic left ventricle (sLV), while 
identifying mediating factors.
Methods: This cross-sectional study, part of the APPROACH-IS II trial, 
included 798 adults with TGA from 42 centres worldwide. QoL was 
assessed using a linear analogue scale (0-100). Regression models 
identified variables associated with QoL, and mediation analysis 
assessed the effect of sRV on QoL.
Results: Among participants (median age 34 years, 44.9% women), 
504 (63.2%) had an sRV (ccTGA or d-TGA with atrial switch) and 294 
(36.8%) had an sLV (ccTGA with double-switch operation or Rastelli 
and d-TGA with arterial switch or Rastelli). Patients with an sRV re-
ported lower QoL (median 75, interquartile range 60-85) compared 
with those with an sLV (median 80, interquartile range 70-90; P < 
0.001). The negative effect of sRV on QoL was mediated for 59% of 
patients by ventricular dysfunction (B = − 2.37, 95% confidence in-
terval − 3.38 to − 1.21; P < 0.001). Poorer QoL was independently 
associated with Asian race, employment status (job seeking, unem-
ployed, or disabled), less social support, New York Heart Association 
functional class ≥ II, ventricular dysfunction, more interventional 
catheterizations, and depression/anxiety.
Conclusions: TGA patients with an sRV experience a lower QoL than 
those with an sLV, mediated mainly by ventricular dysfunction. 
Clinical Trial Registration: NCT04902768.

R � ESUM �E 
Contexte : Les progrès dans les soins m�edicaux et chirurgicaux ont
am� elior� e la survie des patients pr� esentant une transposition des 
grandes artères (TGA), si bien que l’attention porte d� esormais sur la 
qualit� e de vie. Cette � etude a � et� e r� ealis� ee pour � evaluer la qualit� e de vie 
d’adultes pr� esentant une TGA, notamment une TGA corrig� ee con-
g� enitalement (TGAcc) et une dextro-TGA (d-TGA), en comparant des 
patients pr� esentant un ventricule droit syst� emique (VDS) à des pa-
tients pr� esentant un ventricule gauche syst� emique (VGS), tout en 
identifiant les facteurs m�ediateurs.
M� ethodologie : Cette � etude transversale men� ee dans le cadre de 
l’essai APPROACH-IS II incluait 798 adultes pr� esentant une TGA dans 
42 centres situ� es partout dans le monde. La qualit� e de vie a � et� e
� evalu� ee à l’aide d’une � echelle analogique lin� eaire (0-100). Des 
modèles de r� egression ont permis d’identifier les variables associ�ees
à la qualit� e de vie, et l’analyse de m� ediation a permis d’� evaluer l’effet 
du VDS sur la qualit� e de vie.
R� esultats : Parmi les participants (âge m� edian de 34 ans, 44,9 % de 
femmes), 504 patients (63,2 %) pr� esentaient un VDS (TGAcc ou d-
TGA avec commutateur auriculaire), et 294 patients (36,8 %) 
pr� esentaient un VGS (TGAcc avec double commutateur ou proc� edure
de Rastelli et d-TGA avec commutateur art� eriel ou proc� edure de 
Rastelli). Les patients pr� esentant un VDS ont rapport� e une moins 
bonne qualit� e de vie (75; intervalle interquartile [IIQ] : 60-85) que 
ceux pr� esentant un VGS (80; IIQ : 70-90; p < 0,001). L’effet n� egatif du 
VDS sur la qualit� e de vie a � et� e m� edi� e par une dysfonction ventriculaire 
dans 59 % des cas (B = -2,37; intervalle de confiance [IC] à 95 % : 
-3,38 à -1,21; p < 0,001). Un lien ind� ependant a � et� e � etabli entre une 
moins bonne qualit� e de vie et la race asiatique, le statut d’emploi (à 
la recherche d’un emploi, sans emploi ou handicap� e), un moins bon 
soutien social, une classe fonctionnelle de la New York Heart Asso-
ciation ≥ II, une dysfonction ventriculaire, un plus grand nombre de 
cath� et� erismes interventionnels et la d� epression/l’anxi� et� e.
Conclusions : Les patients pr� esentant une TGA et un VDS ont une 
qualit� e de vie inf� erieure à celle des patients pr� esentant un VGS, en 
raison principalement de la dysfonction ventriculaire. 
Enregistrement de l’essai clinique : NCT04902768.

Advances in medical management have improved the survival 
of patients with congenital heart disease (CHD). One of the 
most impressive developments in the field has occurred in the 
surgical treatment of patients with transposition of the great 
arteries (TGA). 1 Previously, patients with dextro-TGA (d-
TGA) underwent an atrial switch operation (ie, a Mustard or 
Senning operation). 2,3 Consequently, these patients were left 
with a systemic right ventricle (sRV), where the right ventricle 
assumes the role of supporting the systemic circulation. Pa-
tients with a congenitally corrected transposition of the great 
arteries (ccTGA) also have an sRV. 4 Those with an sRV face 
multiple cardiovascular challenges and complications as they 
age, such as reduced exercise capacity, an increased risk of 
ventricular dysfunction leading to heart failure hospitaliza-
tions and arrhythmias. 5 By contrast, the contemporary
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surgical management of TGA involves an arterial switch 
operation, which culminates in a systemic left ventricle (LV). 
Since the introduction of the atrial switch and arterial switch 
procedures, the majority of neonates with TGA reach 
adulthood, 6 resulting in a shift of focus to factors other than 
merely survival. However, data about the personal and social 
impact of living with this condition and the overall effect on 
QoL is sparse. Thus far, only 2 studies investigated the dif-
ferences between adult patients with an sRV and sLV, but 
these studies were limited by the low numbers (n = 59 and 
82, respectively) of patients. 7,8 In this study we aimed to: 1) 
assess the QoL of adults with TGA, comparing those with an 
sRV to those with an sLV; 2) find predictors of QoL in these 
patients; and 3) evaluate the predictors that mediate the effect 
of having an sRV on QoL.

Methods

Study population and inclusion criteria

This study is a substudy of the Assessment of Patterns of 
Patient-Reported Outcomes in Adults With Congenital 
Heart Disease—International Study II (APPROACH-IS II), 9 

with a cross-sectional, global, multicentric design. In this 
substudy, we focussed on patients with TGA, which 
encompassed 11% of the original cohort. 10 Included patients 
with TGA encompasses both patients with a d-TGA, as well 
as patients with a ccTGA. As a result, d-TGA patients who 
underwent an atrial switch operation, or ccTGA patients 
without a double switch or a combined atrial switch and 
Rastelli operation, comprise the group with an sRV. In 
contrast, ccTGA patients who underwent a double switch or 
a combined atrial switch and Rastelli operation, as well as d-
TGA patients who underwent an arterial switch operation or 
Rastelli procedure, comprise the group with an sLV.

Patients were enrolled from 42 centres in 27 countries 
across the globe. Participants were eligible if they met the 
following criteria: 1) a diagnosis of TGA; 2) age ≥ 18 years at 
study entry; 3) a diagnosis of CHD before 10 years of age; 4) 
receiving care at an adult CHD centre; and 5) possessing the 
physical, cognitive, and language capabilities required to 
complete self-report questionnaires.

Study procedure

Data for the APPROACH-IS II study were collected from 
August 2019 until December 2022. The original data 
collection period was extended because of pauses during the 
COVID-19 pandemic. Participants received unique study 
numbers, and their data were encoded in the Research 
Electronic Data Capture (REDCap) data management plat-
form (Vanderbilt University). Patients eligible for the study 
were consecutively enrolled. After being informed about the 
study’s aims and procedures, verbal and written informed 
consent was obtained. The patients completed the question-
naires either at home, onsite during clinic visits, or online via 
REDCap. In some countries, a subset of patients participated 
via telephone interviews. Data obtained through paper forms 
or phone interviews were subsequently digitized and entered 
into the database by a locally trained research assistant. Data 
regarding type of TGA surgery and having an sRV or sLV

were extracted from the medical records and added to the 
REDCap database by the participating centres. The institu-
tional review board of the University Hospital Leuven/KU 
Leuven (coordinating centre), and the respective local insti-
tutional review boards of the participating centres approved 
the study. The research was conducted in compliance with 
the Declaration of Helsinki. The study’s protocol is registered 
at ClinicalTrials.gov (NCT04902768).

Variables and instruments

Outcome. In this study, QoL was defined as “the degree of 
overall life satisfaction that is positively or negatively influ-
enced by individuals’ perception of certain aspects of life 
important to them, including matters both related and un-
related to health.” 11 It was measured using a linear analogue 
scale (LAS) with grading from 0 (worst imaginable QoL) to 
100 (best imaginable QoL). Hence, higher scores reflect 
better QoL.

Predictors. Self-report questionnaires completed by patients 
were used to collect demographic data. 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) were retrieved from medical 
records.

Furthermore, the Adult Congenital Heart Disease 
Anatomic and Physiologic (ACHD AP) classification, 12 

incorporating both anatomic and physiologic factors, was 
recorded. This classification is based on the presence or 
absence of aortopathy, arrhythmia, concomitant valvular 
heart disease, end-organ dysfunction (renal, hepatic, or pul-
monary), hypoxemia or cyanosis, pulmonary hypertension, 
shunts, and venous and arterial stenosis in the patient; New 
York Heart Association (NYHA) functional class of the pa-
tient; and presence of ventricular dysfunction (any 
ventricle). 12 Data on ventricular function were also extracted 
from the medical records. Mild ventricular dysfunction was 
defined as an ejection fraction (EF) of 40%-50%, and 
moderate or severe dysfunction as an EF < 40%, based on 
echocardiography or cardiac magnetic resonance imaging. 
Data were entered into REDCap as categorical variables (no, 
mild, or moderate/severe ventricular dysfunction) without 
specifying whether the dysfunction pertained to the right or 
left ventricle. Psychological distress was assessed using the 
General Anxiety Disorder-7 (GAD-7) scale for anxiety 13 and 
the Patient Health Questionnaire-8 (PHQ-8) scale for 
depression. 14 A score of ≥ 10 on the GAD-7 (for anxiety) 
and on the PHQ-8 (for depression) shows high sensitivity 
and specificity (> 80%) for identifying patients with these 
respective diagnoses. 13,14

The Multidimensional Scale of Perceived Social Support 
(MSPSS) questionnaire was used to identify the patients’ 
perceived level of social support with family, friends, and 
significant-others. 15 This is a 12-item scale designed to 
measure perceived social support from 3 sources. 15 The 
MSPSS total score is calculated by summing the scores of all 
individual items and dividing by 12. It was used as a measure 
of the perceived level of social support, with higher scores 
indicating greater perceived support.
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Statistical analysis

Statistical analyses were conducted using SPSS version 
25.0 (IBM Corp, Armonk, NY) and R version 4.0.5 (R Core 
Team, Vienna, Austria), incorporating the statistics, media-
tion, and boot packages. Shapiro-Wilk and Levene tests 
evaluated data normality and homogeneity, respectively. 
Continuous variables are reported as median and interquartile 
range (IQR), and categorical variables as absolute numbers 
with percentages. The Mann-Whitney U test was applied to 
continuous variables for group comparisons, whereas the χ 2 

test was used for categorical data.
The relationships between QoL and demographic, clinical, 

and psychosocial factors, as identified through standardized 
questionnaires, were examined using univariable linear 
regression. The individual components of the ACHD AP 
classification were used for the regression analysis. Variables 
with a P value < 0.1 in the univariable analysis were included 
in a multivariable model to find the variables associated 
independently with QoL, using backward stepwise regression. 
Associations between having an sRV and factors mediating 
QoL were evaluated using linear regression for continuous 
variables and logistic regression for binary variables and these 
were adjusted for age.

Mediation analysis was conducted using the mediate func-
tion from the mediation R package (R Core Team) for variables 
identified as potential mediators in the preceding analyses while 
adjusting for age. The assumptions of multicollinearity and 
temporal order (meaning that the presence of an sRV must 
precede the occurrence/existence of the mediator and QoL is 
measured after the presence of the mediator) between the 
variables were checked. This approach decomposed the total 
effect of having an sRV on QoL into 3 components: 1) the 
average direct effect (ADE), representing the effect of sRV on 
QoL independent of mediation; 2) the average causal media-
tion effect (ACME), capturing the effect mediated by the 
variable of interest; and 3) the total effect, comprising the sum 
of ADE and ACME. The proportion mediated, calculated as 
ACME/total effect, quantifies the extent to which the mediator 
accounts for the relationship between sRV and QoL. The sig-
nificance of these effects and the proportion mediated was 
determined through percentile bootstrapping with 1000 sim-
ulations, providing robust confidence intervals. The null hy-
pothesis was rejected with a P value of < 0.05.

Results

Patient characteristics

A total of 798 patients from 42 centres in 27 countries 
were included in this study. Patients were recruited from 
countries spanning 6 continents: Europe (14 countries), Asia 
(5 countries), South America (4 countries), North America (2 
countries), Australia (1 country), and Africa (1 country).

The median age of the 798 included patients was 34 
(interquartile range [IQR] 27.0-42.8) years and 44.9% of 
them were women. Among them, 504 patients (63.2%) had an 
sRV (n = 152 for ccTGA and n = 352 for d-TGA with atrial 
switch operation) and 294 patients (36.8%) had an sLV (n = 
36 for ccTGA with double switch operation or Rastelli and 
n = 258 for d-TGA with arterial switch operation or Rastelli).

The demographic and clinical characteristics of the sample 
stratified based on having an sRV or an sLV are presented in 
Table 1. Patients with an sLV were significantly younger 
(median 27 [IQR 23-32] years) than the sRV group (median 
40 [IQR 33-47] years), which also explains the differences 
between education level, marital status, employment status, 
and having children between the 2 groups (Table 1).

In the past 5 years, more than one third of the patients 
(36.3%) had 1-5 hospital admissions, and 3.6% of the patients 
had > 5 hospital admissions. Patients with an sRV had more 
total (1.33 ± 4.53 vs 0.72 ± 1.51; P < 0.001) and unplanned 
cardiac admissions (0.68 ± 1.80 vs 0.31 ± 0.72; P = 0.048) in 
the previous 5 years. The prevalence of depression (PHQ-8 
score ≥ 10) and anxiety (GAD-7 score ≥ 10) was 16.8% and 
18%, respectively, in the total population. There was no sig-
nificant difference between the prevalences of depression and 
anxiety in patients with an sRV and sLV (Table 1).

QoL and its predictors

The median score for QoL on the LAS was 80 (IQR 65-90). 
Patients with an sLV rated their QoL (median 80, IQR 70-90) 
significantly higher than patients with an sRV (median 75, 
IQR 60-85; P < 0.001) (Fig. 1A). Patients with ccTGA 
experienced poorer QoL compared to those with d-TGA 
(Fig. 1B). However, within the 2 groups of patients with sLV 
and sRV, there was no difference in QoL between patients 
with ccTGA and those with d-TGA (Fig. 1, C and D).

The findings on the univariable and multivariable linear 
regression analyses identifying variables associated with QoL 
are presented in Table 2. Univariable analysis revealed several 
variables associated with poorer QoL: Asian race (95% of 
them living in Asia) and sociopsychological and clinical 
characteristics. The psychosocial characteristics included 
lower education level (having not completed high school), 
marital status (divorced or widowed), employment status (job 
seeking, unemployed, or disabled), lower perceived social 
support, depression, and anxiety. The clinical characteristics 
associated with poorer QoL included older age, presence of an 
sRV, NYHA functional class ≥ II, history of arrhythmia, 
cyanosis, ventricular dilatation, ventricular dysfunction, 
valvular heart disease, pulmonary hypertension, intracardiac 
shunt, and organ dysfunction. Higher numbers of unplanned 
cardiac admissions and interventional catheterizations were 
also associated with poorer QoL.

The multivariable regression analysis identified the 
following variables independently associated with poorer QoL: 
Asian race, employment status (job seeking, unemployed, or 
disabled), less perceived social support, NYHA functional class
≥ II, ventricular dysfunction, a higher number of interven-
tional catheterizations, and presence of depression and anxiety. 
These variables maintained an association with poorer QoL 
after adjustment for age in the model. Collectively, these var-
iables explained 37.7% of the variance in QoL.

Mediation analysis

Among all the candidate variables, only ventricular dysfunc-
tion met the assumptions for mediation analysis (multi-
collinearity and temporal order) and was significantly associated 
with sRV and QoL after adjustment for age. The negative effect 
of sRV on QoL (B = − 3.99, 95% confidence interval
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Table 1. Demographics and clinical characteristics of the sample

Total (n = 798) sRV (n = 504) sLV (n = 294) P value

Age, years 34 (27.0-42.8) 40.0 (33.0-47.0) 27.0 (23.0-32.0) < 0.001
Number of patients (% female) 357 (44.9%) 238 (47.3%) 119 (40.8%) 0.102
Race 0.072
White 650 (81.6%) 424 (84.3%) 226 (76.9%)
Black African/African American 9 (1.1%) 5 (1.0%) 4 (1.4%)
Asian 59 (7.4%) 27 (5.4%) 32 (10.9%)
Hispanic/Latino 41 (5.1%) 26 (5.2%) 15 (5.1%)
Middle-Eastern/Arabic 13 (1.6%) 7 (1.4%) 6 (2.0%)
Other 25 (3.1%) 14 (2.8%) 11 (3.7%)

BMI, kg/m 2 24.3 (21.7-27.8) 25.0 (21.9-28.3) 23.7 (21.2-26.8) 0.003
Have children 321 (40.2%) 261 (51.8%) 60 (20.4%) < 0.001
Highest education level attained 0.923
Did not complete high school 100 (12.7%) 64 (12.8%) 36 (12.6%)
Graduated high school 374 (47.6%) 235 (47.1%) 139 (48.6%)
College degree/bachelor’s 201 (25.6%) 127 (25.5%) 74 (25.9%)
Master’s or higher 110 (14.0%) 73 (14.6%) 37 (12.9%)

Marital status <0.001
Never married 336 (42.4%) 156 (31.1%) 180 (62.1%)
Married or living with partner 405 (51.1%) 305 (60.8%) 100 (34.5%)
Divorced or widowed 47 (5.9%) 39 (7.8%) 8 (2.8%)
Other 4 (0.5%) 2 (0.4%) 2 (0.7%)

Employment status <0.001
Part time or full time 503 (63.8%) 327 (65.7%) 176 (60.7%)
Homemaker or retired 46 (5.8%) 38 (7.6%) 8 (2.8%)
Job seeking, unemployed, or disabled 123 (15.6%) 89 (17.9%) 34 (11.7%)
Full-time student 65 (8.2%) 22 (4.4%) 43 (14.9%)
Other 51 (6.5%) 22 (4.4%) 29 (10.0%)

Social support total score* 6.2 (5.3-6.8) 6.2 (5.3-6.8) 6.2 (5.4-6.8) 0.900
ACHD AP class <0.001
3A 53 (6.7%) 11 (2.2%) 42 (14.5%)
3B 201 (25.5%) 123 (24.6%) 78 (27.0%)
3C 492 (62.4%) 332 (66.5%) 160 (55.4%)
3D 42 (5.3%) 33 (6.6%) 9 (3.1%)

NYHA functional class <0.001
I 478 (60.6%) 256 (51.6%) 222 (75.8%)
II 259 (32.8%) 200 (40.3%) 59 (20.1%)
III 49 (6.2%) 37 (7.5%) 12 (4.1%)
IV 3 (0.4%) 3 (0.6%) 0

History of arrhythmia < 0.001
No 407 (51.1%) 187 (37.2%) 220 (74.8%)
Yes, no treatment required 84 (10.5%) 62 (12.3%) 22 (7.5%)
Yes, stable on treatment 283 (35.5%) 236 (46.9%) 47 (16.0%)
Yes, but refractory 23 (2.9%) 18 (3.6%) 5 (1.7%)

Cyanosis or hypoxemia 0.010
No (resting O 2 saturation > 90%) 768 (98.1%) 474 (96.9%) 294 (100%)
Mild/moderate (85%-90%) 7 (0.9%) 7 (1.4%) 0
Severe (< 85%) 8 (1.0%) 8 (1.6%) 0

Ventricular dilatation < 0.001
No 314 (40.1%) 124 (25.1%) 190 (66.0%)
Mild 212 (27.1%) 139 (28.1%) 73 (25.3%)
Moderate/severe 257 (32.8%) 232 (46.8%) 25 (8.7%)

Ventricular dysfunction < 0.001
No 336 (42.9%) 129 (26.3%) 207 (70.6%)
Mild 277 (35.3%) 215 (43.8%) 62 (21.2%)
Moderate/severe 171 (21.8%) 147 (29.9%) 24 (8.2%)

Valvular heart disease 0.021
No or mild TR 282 (35.9%) 167 (33,7%) 115 (39.7%)
Mild excluding mild TR 324 (41.2%) 200 (40.3%) 124 (42,8%)
Moderate or severe 180 (22.9%) 129 (26.0%) 51 (17.6%)

Aortic dilatation < 0.001
No 580 (78.4%) 400 (86.6%) 180 (64.7%)
Yes, mild (3.5-3.9 cm) 89 (12.0%) 39 (8.4%) 50 (18.0%)
Yes, moderate (4-4.9 cm) 68 (9.2%) 22 (4.8%) 46 (16.5%)
Yes, severe (> 5 cm) 3 (0.4%) 1 (0.2%) 2 (0.7%)

Pulmonary hypertension 0.344
No, sPAP < 35 mm Hg 628 (92.8%) 384 (91.9%) 244 (94.2%)
Mild, sPAP 35-50 mm Hg 32 (4.7%) 20 (4.8%) 12 (4.6%)
Moderate, sPAP 51-60 mm Hg 9 (1.3%) 7 (1,7%) 2 (0.8%)
Severe, sPAP > 60 mm Hg 8 (1.2%) 7 (1.7%) 1 (0.4%)

Venous stenosis 40 (5.3%) 28 (5.9%) 12 (4.2%) 0.320
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[CI] − 6.72 to − 1.04; P = 0.01) and the average causal medi-
ation effect of ventricular dysfunction for QoL (B = − 2.37, 95% 
CI − 3.38 to − 1.21; P < 0.001) were significant. Furthermore, 
ventricular dysfunction mediated 59% of the total effect of sRV 
on QoL. The ADE (B = − 1.62, 95% CI − 4.72 to 1.32) of sRV 
on QoL showed no clear evidence of an effect (P = 0.28).

Discussion
In this study we have provided a comprehensive analysis of 

QoL and psychosocial factors in a population of patients from 
across the globe with TGA with either an sRV or sLV. Despite a 
similar underlying CHD, 2 distinct surgical interventions have 
developed over the decades: 1 resulting in an sRV and 1 in an 
sLV. In addition, patients with ccTGA who have not under-
gone surgery also have an sRV. This provides a unique op-
portunity to compare the QoL and psychosocial factors 
associated with these different adaptations. By comparing pa-
tients with an sRV and an sLV, we may have overlooked the 
influence of different surgical and nonsurgical approaches in 
patients with ccTGA and d-TGA. To address this, we also 
compared these 2 groups within the sRV and sLV population 
and found no significant difference in QoL between them.

QoL and psychosocial health and effect of a systemic 
right ventricle

Patients reported a moderately high QoL (80 on a 0-100 
scale), which was higher in patients with an sLV than in those 
with an sRV. Although some studies in pediatric populations 
suggest that patients with an sLV have a better QoL compared 
to those with an sRV, 16 others reported no significant differ-
ences between the 2 groups. 17,18 Only 2 research groups have 
compared QoL in adults with an sRV and an sLV and also 
reported higher QoL scores in sLV patients. 7,8 Unfortunately, 
these studies did not investigate the possible mediators playing

a role in the effect of having an sRV on QoL. In our study, the 
inclusion of a larger cohort enabled us to determine whether the 
observed impact of having an sRV on QoL is mediated through 
other variables. This approach allowed us to understand that 
approximately 60% of the lower QoL score in patients with an 
sRV in comparison to sLV is mediated through ventricular 
dysfunction. This signifies the need for studies identifying 
patients at risk for ventricular dysfunction and those studies 
evaluating new therapies to improve ventricular function in 
these patients. Nonetheless, it should be noted that the dif-
ference in median QoL score between patients with an sRV and 
those with an sLV was only 5 points on a 0-100 scale. Based on 
the entire APPROACH-IS II sample (n = 8415), 10 we calcu-
lated the minimal clinically important difference for the LAS to 
be 4, given a Cohen d = 0.2 (corresponding to at least a small 
difference; data on file). Because the difference between sRV 
and sLV exceeds this minimal clinically important difference, 
we can conclude that the difference is not negligible.

The prevalence of depression (PHQ-8 ≥ 10) and anxiety 
(GAD-7 ≥ 10) did not differ between patients with an sRV 
and an sLV. When compared with previously published re-
sults in the general population, we see an approximately 2-3 
times higher prevalence of anxiety and depression in TGA 
patients. 19-21 Moons et al. demonstrated that patients with 
TGA have poorer outcomes in terms of QoL, anxiety, and 
depression when compared with other CHD patients. 22 This 
further underscores the importance of incorporating psy-
chosocial health and QoL tools in the assessment of this 
specific CHD population.

Predictors of QoL

Among the many variables associated with QoL, having 
higher perceived social support (measured by the MSPSS) was 
associated with better QoL. Other studies in the CHD

Table 1. Continued.

Total (n = 798) sRV (n = 504) sLV (n = 294) P value

Arterial stenosis 85 (11.2%) 19 (4.0%) 66 (23.2%) < 0.001
Intracardiac shunt 0.003
No 691 (89.6%) 418 (86.9%) 273 (94.1%)
Yes, small or trivial 61 (7.9%) 46 (9.6%) 15 (5.2%)
Yes, hemodynamically significant 19 (2.5%) 17 (3.5%) 2 (0.7%)
Organ dysfunction (kidney, liver, lung) 0.827
No 769 (97.7%) 483 (97.6%) 286 (97.9%)
Yes, responsive to treatment 16 (2.0%) 11 (2.2%) 5 (1.7%)
Yes, refractory dysfunction 2 (0.3%) 1 (0.2%) 1 (0.3%)

Median number of cardiac admissions
per patient (past 5 years)

Total 1 (0-2) 1 (0-2) 1 (0-2) < 0.001
Planned 1 (0-1) 1 (0-2) 0 (0-1) 0.082
Unplanned 1 (0-1) 0 (0-1) 0 (0-0) 0.048

Median number of interventional
catheterisations per patient

0 (0-1) 0 (0-1) 1 (0-1) 0.089

Depression (PHQ-8 scale score ≥ 10) 134 (16.8%) 86 (17.1%) 48 (16.3%) 0.845 
Anxiety (GAD-7 scale score ≥ 10) 144 (18.0%) 97 (19.2%) 47 (16.0%) 0.254

Data expressed as median (interquartile range) or as number (% of sample).
ACHD AP, Adult Congenital Heart Disease Anatomic and Physiologic; BMI, body mass index; GAD-7, 7-item General Anxiety Disorder; NYHA New York 

Heart Association; PHQ-8, 8-item Patient Health Questionnaire; sLV, systemic left ventricle; sPAP, systolic pulmonary artery pressure; sRV, systemic right 
ventricle; TR, tricuspid regurgitation.

* Measured with Multidimensional Scale of Perceived Social Support with 3 components of family, friends, and significant-others and a score from 1 to 7, with 
higher scores indicating better social support.
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population have also demonstrated similar findings regarding 
the effects of social support on QoL. 23,24 Moreover, peer 
support groups have been shown to create a sense of 
belonging for these patients and are highly valued by par-
ticipants. 25 Intervention studies could add more clarity about 
the effects of improving the social support on the QoL 
experienced by these patients.

In patients with TGA, depression and anxiety were asso-
ciated with poor QoL, which is in line with previous studies 
focussed on the effects of comorbid depression and anxiety in

those with CHD and cardiovascular diseases. 26-28 Consid-
ering the higher prevalence of anxiety and depression in pa-
tients with TGA, and their influence on QoL, addressing 
mental health concerns remains critical in these patients. The 
scientific community has also strongly advocated the inte-
gration of mental health professionals within the ACHD 
teams in recent years. 29

Being unemployed, job seeking, or disabled was also 
identified as a variable associated with worse QoL. This 
aligns with the findings of a study done by Apers and

Figure 1. Boxplots showing quality of life for: (A) patients with a systemic right ventricle (sRV) vs patients with a systemic left ventricle (sLV); (B) 
all patients with congenitally corrected transposition of the great arteries (ccTGA) vs all patients with d-TGA; (C) patients with ccTGA vs patients 
with d-TGA who have an sLV; and (D) patients with ccTGA vs patients with d-TGA who have an sRV. Created with BioRender.com.
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colleagues, evaluating QoL in 4028 patients with CHD. 30 

Given the higher unemployment rates among adults with 
CHD, 29 it is worthwhile to investigate whether providing 
equal employment opportunities could enhance their
QoL.

In addition, Asian race was independently associated with
poor QoL in the current study. Because 95% of the Asian
patients were living in Asia, it is difficult to determine 
whether this association was due to biological differences 
between races or cultural and demographic differences

between countries. Although there is evidence of the influ-
ence of socioeconomic status and race on surgical outcomes, 
lapses in care, and mortality in the CHD population, less is 
known about their effects on QoL and the mental health of 
these patients. 29,31 In a study conducted by Kovacs et al., 
which addressed symptoms of depression and anxiety in a 
CHD population, the authors found that a greater propor-
tion of non-Caucasian participants (76% of whom were 
Asian) had elevated scores on the Hospital Anxiety and 
Depression Scale, indicating more symptoms of anxiety and

Table 2. Univariable and multivariable regression analysis for variables associated with quality of life

Univariable regression Multivariable regression

B (95% CI) P value B (95% CI) P value

Age − 0.15 (− 0.26 to − 0.04) 0.006
Sex, female − 1.33 (− 3.78 to 1.12) 0.288
sRV − 4.70 (− 7.25 to − 2.15) < 0.001
Race*
Caucasian 4.09 (0.92 to 7.26) 0.012
Black African/African American 7.84 (− 4.49 to 20.17) 0.212
Asian − 4.41 (− 9.11 to 0.28) 0.065 − 4.84 (− 9.01 to − 0.68) 0.023
Hispanic/Latino − 3.20 (− 8.84 to 2.43) 0.265
Middle-Eastern/Arabic − 6.83 (− 16.54 to 2.87) 0.167
Other − 3.61 (− 10.66 to 3.45) 0.316

BMI − 0.13 (− 0.38 to 0.12) 0.307
Have children 1.95 (− 0.58 to 4.47) 0.130
Education level*
Did not complete high school − 4.15 (− 7.91 to − 0.39) 0.031
Graduated high school 0.303 (− 2.19 to 2.79) 0.811
College degree/bachelor’s − 0.52 (− 3.37 to 2.33) 0.722
Master’s or higher 3.88 (0.33 to 7.44) 0.032

Marital situation*
Never married − 1.49 (− 4.00 to 1.03) 0.246
Married or living with partner 3.09 (0.59 to 5.55) 0.015
Divorced or widowed − 8.27 (− 13.53 to − 3.02) 0.002
Other 10.59 (− 6.82 to 28.01) 0.233

Work situation*
Part time or full time 7.91 (5.37 to 10.44) < 0.001
Homemaker or retired − 5.25 (− 10.58 to 0.07) 0.053
Job seeking, unemployed, or
disabled

− 12.10 (− 15.42 to − 8.78) < 0.001 − 5.50 (− 8.48 to − 2.52) <0.001

Full-time student 1.47 (− 3.13 to 6.07) 0.531
Other − 0.71 (− 5.75 to 4.32) 0.782

Social support total score (MSPSS) 6.22 (5.11 to 7.33) < 0.001 4.33 (3.33 to 5.34) < 0.001
NYHA functional class ≥ II − 10.44 (− 12.89 to − 8.0) < 0.001 − 4.54 (− 6.81 to − 2.27) < 0.001
History of arrhythmia − 3.06 (− 5.53 to − 0.597) 0.015
Cyanosis or hypoxemia − 20.35 (− 29.31 to − 11.40) < 0.001
Ventricular dilatation − 6.39 (− 8.88 to − 3.91) < 0.001
Ventricular dysfunction − 7.59 (− 10.05 to − 5.12) < 0.001 − 5.29 (− 7.47 to − 3.11) < 0.001
Valvular heart disease − 4.05 (− 6.63 to − 1.48) 0.002
Aortic dilatation 4.24 (1.14 to 7.35) 0.007
Pulmonary hypertension − 11.62 (− 16.86 to − 6.39) < 0.001
Venous stenosis − 2.39 (− 8.05 to 3.27) 0.407
Arterial stenosis 3.55 (− 0.51 to 7.60) 0.086
Intracardiac shunt − 7.60 (− 11.71 to − 3.49) < 0.001
Organ dysfunction − 22.18 (− 30.81 to − 13.54) < 0.001
Median number of cardiac admissions 

per patient (past 5 years)
Total − 0.17 (− 0.50 to 0.17) 0.324
Planned − 0.30 (− 1.42 to 0.82) 0.595
Unplanned − 1.23 (− 2.37 to − 0.10) 0.033

Median number of interventional
catheterisations per patient 

− 2.21 (− 3.27 to − 1.15) < 0.001 − 1.52 (− 2.43 to − 0.61) 0.001

Depression (PHQ-8 scale score ≥ 10) − 19.69 (− 22.69 to − 16.68) < 0.001 − 9.65 (− 13.21 to − 6.08) < 0.001
Anxiety (GAD-7 scale score ≥ 10) − 17.51 (− 20.48 to − 14.54) < 0.001 − 8.63 (− 12.04 to − 5.22) < 0.001

ACHD, AP adult congenital heart disease (anatomic and physiologic), BMI, body mass index; CI, confidence interval; GAD-7, 7-item General Anxiety
Disorder; MSPSS, multidimensional scale of perceived social support; NYHA, New York Heart Association; PHQ-8, 8-item Patient Health Questionnaire; sRV, 
systemic right ventricle.

* The reference for the analysis was the combination of all categories excluding the selected category.

Ansari Ramandi et al. 2551
Quality of Life in Adults With TGA



depression. 28 While considering racial differences, some 
studies have also demonstrated variations in QoL, anxiety, 
and depression among participants of different ethnicities 
within the same racial group. 10,32 This could suggest that 
cultural and demographic differences also play an important 
role in shaping psychological and QoL outcomes. Given the 
relatively small number of Asians (n = 59) in our study, we 
believe it is crucial in future trials to include patients of 
different racial and ethnic backgrounds to identify in-
terventions that are either universally applicable or tailored to 
improve QoL across different groups.

These findings underscore the need for a multidisciplinary 
approach in the care of adults with TGA, incorporating both 
cardiology and mental health services. Given the elevated 
prevalence of depression and anxiety in this population, 
routine psychological screening should be integrated into 
standard cardiac follow-up. Early identification and inter-
vention for mental health concerns could significantly 
improve overall QoL. In addition, targeted psychosocial 
support programs and employment assistance initiatives may 
help address the broader social determinants of health 
affecting these patients.

Future research should focus on evaluating the effective-
ness of interventions aimed at improving both cardiac func-
tion and mental health outcomes, ensuring a more holistic 
approach to patient care.

Strengths and limitations

One of the main strengths of this study is its large and 
diverse sample representing a diverse and globally distributed 
cohort. This enhances the generalizability of the findings to a 
wide spectrum of patients with TGA. Furthermore, using 
comprehensive data collection and validated tools such as the 
LAS, GAD-7, PHQ-8, and MSPSS for assessing QoL, anx-
iety, depression, and social support make the results reliable. 
However, the study should be interpreted in light of some 
limitations. Its cross-sectional nature limits causal inferences 
and creates a mismatch between the groups, as they have lived 
through different eras, which may have influenced QoL. 
Longitudinal data would be necessary to understand how 
predictors and outcomes evolve over time. In addition, the 
mediation analysis was limited by the potential for unmea-
sured confounding. Data on ventricular function and dila-
tation were derived from medical records and assessed using 
different imaging modalities, which may introduce interob-
server and intermodality variability. Furthermore, informa-
tion on ventricular dilatation or dysfunction was reported 
without specifying whether it pertained to the right or left 
ventricle. Last, participants were drawn from specialized 
ACHD centres, which may not fully represent all individuals 
with TGA, particularly those with limited access to special-
ized care.

Conclusions
This study has highlighted the complex interplay of clin-

ical and psychosocial factors influencing QoL in patients with 
TGA. In addition to clinical factors, such as ventricular 
dysfunction, psychosocial factors, such as depression, anxiety, 
being unemployed, and perceived social support, are also 
associated with QoL. Although patients with an sRV

experience a lower QoL compared to patients with an sLV, 
both experience a moderately high QoL. The lower QoL in 
sRV patients is mainly mediated by the presence of ventric-
ular dysfunction.
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