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BACKGROUND: Heart failure (HF) is the leading cause of mortality and associated with significant morbidity in adults with con-
genital heart disease. We sought to assess the association between HF and patient- report outcomes in adults with congenital 
heart disease.

METHODS AND RESULTS: As part of the APPROACH- IS (Assessment of Patterns of Patient- Reported Outcomes in Adults 
with Congenital Heart disease— International Study), we collected data on HF status and patient- reported outcomes 
in 3959 patients from 15 countries across 5 continents. Patient- report outcomes were: perceived health status (12- 
item Short Form Health Survey), quality of life (Linear Analogue Scale and Satisfaction with Life Scale), sense of coher-
ence- 13, psychological distress (Hospital Anxiety and Depression Scale), and illness perception (Brief Illness Perception 
Questionnaire). In this sample, 137 (3.5%) had HF at the time of investigation, 298 (7.5%) had a history of HF, and 3524 
(89.0%) had no current or past episode of HF. Patients with current or past HF were older and had a higher prevalence of 
complex congenital heart disease, arrhythmias, implantable cardioverter- defibrillators, other clinical comorbidities, and 
mood disorders than those who never had HF. Patients with HF had worse physical functioning, mental functioning, qual-
ity of life, satisfaction with life, sense of coherence, depressive symptoms, and illness perception scores. Magnitudes of 
differences were large for physical functioning and illness perception and moderate for mental functioning, quality of life, 
and depressive symptoms.

CONCLUSIONS: HF in adults with congenital heart disease is associated with poorer patient- reported outcomes, with large ef-
fect sizes for physical functioning and illness perception.
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Heart failure (HF) is the leading cause of mortal-
ity in adults with congenital heart disease (CHD),1 
with population trends indicating a sharp rise in 

the proportion of deaths attributable to HF over time.2 
Despite the success in management of CHD which 
has greatly improved survival, many long- term survi-
vors possess variable degrees of sequelae and he-
modynamic abnormalities.3 Unlike patients with HF 
because of acquired heart diseases, adults with CHD 
often have abnormal baseline cardiovascular function 
and are subject to lifelong adaptation to their cardiac 
physiological derangement. Therefore, the clinical pre-
sentation and outcomes of HF in adults with CHD are 
often quite different from those with HF because of 
acquired heart disease. For example, compared with 
patients with non- CHD admitted because of HF, adults 
with CHD have longer lengths of stay and a higher in-
cidence of arrhythmia and in- hospital mortality.4 The 
substantial symptom burden and high incidence of 
mortality and morbidity associated with HF may im-
pact their psychosocial status, functional status, and 
general health perception.

Patient- reported outcomes (PROs) refer to any re-
port obtained directly from patients about how they feel 
or function in relation to their health condition and ther-
apy.5 Through the various domains of PROs, such as 
patient- reported health status, health- related quality of 

life (QoL), sense of coherence, psychological distress, 
and illness perceptions, healthcare providers can bet-
ter understand patient perspectives and deliver more 
patient- centered care. Although HF has been associ-
ated with poor QoL and psychosocial functioning in 
adults with acquired heart disease,6 the psychosocial 
impact of HF on adults with CHD has not previously 
been reported. We, therefore, assessed the interaction 
between HF and PROs and explored correlates of HF 
in adults with CHD.

METHODS
The data underlying this article can be shared on rea-
sonable request to the corresponding author.

Study Population
This study is part of the APPROACH- IS (Assessment 
of Patterns of Patient- Reported Outcomes in Adults 
with Congenital Heart disease— International Study).7 
APPROACH- IS is a cross- sectional study in which 
data were collected from 24 medical centers across 
15 countries: Argentina, Australia, Belgium, Canada, 
France, India, Italy, Japan, Malta, Norway, Sweden, 
Switzerland, Taiwan, the Netherlands, and the United 
States. A total of 4028 patients were enrolled be-
tween 2013 and 2015. Patients were eligible if they 
met all of the following criteria: (1) 18  years of age 
or older; (2) established diagnosis of CHD before 
adolescence; and (3) possessing physical, cognitive, 
and language capabilities required to complete self- 
report questionnaires. Excluding criteria consisted 
of: (1) prior heart transplantation or (2) idiopathic 
pulmonary hypertension. The study was conducted 
in accordance with the Declaration of Helsinki and 
was approved by the institutional review board of 
all participating centers. All participants provided 
informed consent, in line with the national require-
ments. Detailed information on the rationale, design, 
and methods of APPROACH- IS has been previously 
described7 and the study protocol was registered at 
ClinicalTrials.gov: NCT02150603.

Variables and Measurement
Background characteristics pertained to sociodemo-
graphic, clinical, and behavioral variables. Age, sex, 
and patient- reported New York Heart Association 
functional class assessment were based on self- 
report. Complexity of heart defect (ie, simple, moder-
ate, complex),8 history of arrhythmias, cardiac device 
implantation, physical and mental comorbidities, and 
cardiac admissions were obtained by medical chart 
review. Behavioral variables, more specifically smoking 
status, substance use, and sports participation, were 
evaluated using the Health Behavior Scale- CHD.9

CLINICAL PERSPECTIVE

What Is New?
• Heart failure is associated with patient- reported 

health status, quality of life, sense of coherence, 
anxiety, depression, and illness perceptions, il-
lustrating the importance of patient- reported 
outcomes in understanding the impact of heart 
failure from a patient perspective.

What Are the Clinical Implications?
• Heart failure is an important factor that explains 

patient- reported outcomes, and therefore, it is 
an indispensable covariate in patient- reported 
outcomes research in congenital heart disease.

Nonstandard Abbreviations and Acronyms

APPROACH- IS Assessment of Patterns of 
Patient Reported Outcomes in 
Adults with Congenital Heart 
disease -  International Study

PROs patient- reported outcomes
QoL quality of life
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The diagnosis of HF was determined by a re-
view of medical records. It was based on the eval-
uation from available clinical information including 
history (dyspnea, orthopnea, paroxysmal noctur-
nal dyspnea, fatigue and/or history of weight gain), 
current and past treatments (diuretics, angiotensin- 
converting enzyme inhibitors, angiotensin receptor 
blockers), physical examination (neck vein distention, 
pulmonary rales, ascites or pedal edema), hemody-
namic assessment (imaging studies or cardiac cath-
eterization), and other diagnostic tests (radiographic 
pulmonary congestion, signs of impaired end- organ 
perfusion, and natriuretic peptide levels greater that 
the upper limit of normal). Patients were categorized 
into 3 groups: never HF; past but not current HF; or 
current HF.

Each participant completed a set of questionnaires 
to assess PROs. The following PROs were mea-
sured: (1) perceived health status using the 12- item 
Short Form Health Survey version 2, and further di-
vided into physical and mental component scores; (2) 
QoL using a Linear Analog Scale and the Satisfaction 
With Life Scale; (3) sense of coherence assessed by 
Orientation to Life Questionnaire; (4) psychological 
distress using the Hospital Anxiety and Depression 
Scale; (5) illness perceptions assessed by Brief Illness 
Perception Questionnaire. The measurements, de-
scription, scale, interpretation, and references of PROs 
in APPROACH- IS are detailed in Table S1.

Diversity Information
The present study is conducted and authored by 
researchers from 15 countries in 5 continents. 
Furthermore, 13 of the authors of the present study 
(43%) are women. In addition, both established and 
junior researchers are involved and represented as 
co- authors. This study also included patients from 
low-  and middle- income countries (376/3959, 9.5%, 
defined according to the report from the World Bank 
Group in 2014). Patients from such countries are sel-
domly included in studies on PROs. Altogether, diver-
sity received substantial attention in the set- up of the 
present study.

Statistical Analysis
Categorical variables are summarized by frequency 
and percentage. Continuous variables are expressed 
as the mean and 95% CI or median and quartiles. 
The distribution of baseline characteristics and asso-
ciated factors among patients with past or current HF 
versus without history of HF were compared by Chi- 
Square test, Cochran- Mantel- Haenszel trend test, 
or 1- way ANOVA. A logistic regression model was 
developed to identify potential factors associated 
with current or past HF in the adult CHD population. 

Variables with a P value <0.2 in univariable analyses 
were included in the multivariable logistic regression 
model. One- way ANOVA tests were used to com-
pare the results of PROs among patients with past or 
current HF versus without history of HF. Effect sizes 
were calculated by Cohen’s d. Values between 0.2 
to 0.5 were considered indicative of a small effect; 
>0.5 to 0.8 of a moderate effect; and >0.8 of a large 
effect.10 To define the relationship between HF and 
PROs, multivariable regression models were created 
that included age, sex, CHD complexity, comorbid-
ity, smoking, substance abuse, arrhythmia, cardiac 
devices, physical exercise, psychiatric disorders, 
and participating countries as potential confounding 
factors. Variables with 2- tailed P values <0.05 in the 
multivariable regression model were considered sta-
tistically significant. The statistics software SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA) was used for 
statistical analysis.

RESULTS
Demographic, Clinical, and Behavioral 
Characteristics of Patients With and 
Without HF
Of the 4028 patients enrolled in APPROACH- IS, 69 
were excluded because of insufficient information to 
determine HF status. In the remaining 3959 patients, 
137 (3.5%) were experiencing HF at the time of investi-
gation, 298 (7.5%) had HF in the past but not currently, 
and 3524 (89.0%) had no history of HF. Background 
characteristics are summarized in Table 1. Significant 
differences in most background characteristics were 
observed in the 3 groups of patients with the excep-
tion of sex, cognitive impairment, and smoking status. 
Patients with HF were significantly more likely to have a 
history of arrhythmia, implanted cardiac devices, other 
medical conditions, psychiatric disorders, and a higher 
number of adult cardiac admissions and cardiac ad-
missions within the past year (Table 1). Heart defects 
associated with the highest prevalence of HF were cy-
anotic CHD or Eisenmenger syndrome, univentricular 
anatomy, congenitally corrected transposition of great 
arteries, and tricuspid atresia. (Figure  1) In patients 
with CHD of moderate complexity, those with Ebstein 
anomaly or ventricular septal defects with other com-
plications were associated with a higher occurrence of 
HF (Figure 1).

Multivariable logistic regression analysis showed that 
patients with current HF, when compared with patients 
who never had HF, were older (odds ratio [OR], 1.04 
per year; 95% CI, 1.02– 1.06; P<0.0001) and more 
likely to have complex CHD versus a simple defect 
(OR, 2.75; 95% CI, 1.49– 5.07; P=0.0012), history of 
arrhythmia (OR, 2.94; 95% CI, 1.85– 4.66; P<0.0001), 
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an implantable cardioverter- defibrillator (OR, 4.09; 95% 
CI, 1.02– 1.06; P<0.0001), other medical conditions 
(OR, 3.34; 95% CI, 2.12– 5.27; P<0.0001), and mood 
disorders (OR, 2.67; 95% CI, 1.52– 4.68; P<0.0001) 
(Figure 2A). The factors associated with past but not 
current HF versus never HF included older age (OR, 
1.02 per year; 95% CI, 1.01– 1.03; P=0.0017), complex 
CHD versus simple defect (OR, 2.78; 95% CI, 1.81– 
4.26; P<0.0001), CHD of moderate complexity 
versus simple defect (OR, 1.99; 95% CI, 1.34– 2.95; 
P=0.0007), history of arrhythmia (OR, 2.05; 95% CI, 
1.53– 2.77; P<0.0001) and presence of an implantable 

cardioverter- defibrillator (OR, 1.84; 95% CI, 1.02– 3.02; 
P=0.016) (Figure 2B).

PROs in Patients With and Without HF
Significant differences between patients with and with-
out HF were observed for all PROs (Figure 3). Patients 
with current or past HF had lower scores for physical 
and mental functioning, QoL, satisfaction with life, and 
sense of coherence. They also had more anxiety and 
depressive symptoms, and more negative illness per-
ceptions (Figure 3). The PROs were worst in patients 
with current HF. The magnitude of differences between 

Table 1. Background Characteristics of 3959 Adult Patients With Congenital Heart Disease With (Past, Current)/Without 
Heart Failure

Current HF Past, not current HF Never HF P value

Median age, y 42 (Q1=30;Q3=55)* 35 (Q1=26;Q3=48)* 31 (Q1=24;Q3=41)* <0.0001*

Women 76/137 (55.5%) 164/296 (55.4%) 1836/3510 (52.3%) 0.471

Participating countries 0.440

High- income countries (n=3583) 127/3583 (3.5%) 265/3583 (7.4%) 3191/3583 (89.1%)

Low-  and middle- income countries 
(n=376)

10/376 (2.7%) 33/376 (8.8%) 333/376 (88.6%)

Patient- reported NYHA functional 
class

<0.0001*

Class I 20/133 (15.0%)* 89/286 (31.1%)* 1966/3441 (57.1%)*

Class II 53/133 (39.9%)* 149/286 (52.1%)* 1150/3441 (33.4%)*

Class III 37/133 (27.8%)* 28/286 (9.8%)* 217/3441 (6.3%)*

Class IV 23/133 (17.3%)* 20/286 (7%)* 108/3441 (3.1%)*

Complexity of heart defect <0.0001*

Simple (n=1029) 19/137 (13.9%)* 38/298 (12.8%)* 972/3524 (27.6%)*

Moderate (n=1916) 56/137 (40.9%)* 150/298 (50.3%)* 1718/3524 (48.7%)*

Great (n=1014) 62/137 (45.3%)* 110/298 (36.9%)* 834/3524 (23.7%)*

History of arrhythmia 95/136 (69.9%)* 151/297 (50.8%)* 817/3514 (23.2%)* <0.0001*

Cardiac device <0.0001*

None 79/128 (61.7%)* 213/282 (75.5%)* 2802/3085 (90.8%)*

Pacemaker 23/128 (18.0%)* 43/282 (15.2%)* 190/3085 (6.2%)*

ICD 26/128 (20.3%)* 26/282 (9.2%)* 93/3085 (3.0%)*

Other medical condition 105/137 (76.6%)* 152/298 (51.0%)* 1447/3506 (41.3%)* <0.0001*

Cognitive impairment 2/137 (1.5%) 6/298 (2.0%) 40/3504 (1.1%) 0.406

Chart documented psychiatric 
disorder

Mood disorder 27/136 (19.9%)* 27/296 (9.1%)* 196/3512 (5.6%)* <0.0001*

Anxiety disorder 12/137 (8.8%)* 22/297 (7.4%)* 156/3517 (4.4%)* 0.006*

Other psychiatric diagnosis 7/137 (5.1%)* 1/296 (0.3%)* 63/3516 (1.8%)* 0.002*

Smoking 10/136 (7.4%) 33/294 (11.2%) 426/3484 (12.2%) 0.210

Substance abuse score (0– 100) 16.1 (95% CI, 12.0– 20.1)* 21.1 (95% CI, 18.2– 24.0)* 22.2 (95% CI, 21.4– 23.1)* 0.020*

Total sport score 1.97 (95% CI, 0.91– 3.03)* 2.45 (95% CI, 1.88– 3.02)* 3.72 (95% CI, 3.46– 3.98)* 0.001*

Physical exercise score 2.11 (95% CI, 1.04– 3.19)* 2.61 (95% CI, 2.04– 3.19)* 3.93 (95% CI, 3.67– 4.19)* 0.001*

Total number of adult cardiac 
admissions

3.2 (95% CI, 2.6– 3.8)* 2.1 (95% CI, 1.8– 2.4)* 0.7 (95% CI, 0.7– 0.8)* <0.0001*

Cardiac admission within past 1 year 56/137 (40.8%)* 78/298 (26.2%)* 518/3472 (14.9%)* <0.0001*

Q1: 25th percentile; Q3: 75th percentile. HF indicates heart failure; ICD, implantable cardioverter- defibrillator; and NYHA, New York Heart Association.
*Represents statistical significance at P<0.05.
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patients with current HF compared with those who 
never had HF were large for physical functioning and 
illness perceptions; moderate for mental functioning, 
QoL, and depressive symptoms; and small for satisfac-
tion with life, sense of coherence, and anxiety. When 
comparing patients with a past but not current history 
of HF to those who never had HF, the differences for 
physical functioning, mental functioning, QoL, satisfac-
tion with life, depressive symptoms, and illness per-
ceptions were small; and the differences for sense of 
coherence and anxiety were negligible (Figure 3).
Adjusting for demographic, clinical, and behavioral fac-
tors, multivariable linear regression analysis showed 
that all PROs except for anxiety were significantly 
worse in patients with current HF compared with 

patients who never had HF (Table 2). Patients with a 
past but not current history of HF had poorer physical 
functioning and satisfaction with life than patients who 
never had HF (Table 2).

DISCUSSION
HF poses great challenges to adults with CHD from 
many perspectives, given its impact on increased 
mortality, morbidity, symptom burden, and hospitaliza-
tions.1,2,4 To our knowledge, this multicenter study is the 
first to extensively assess the impact of HF on PROs 
in adults with CHD. HF independently associated with 
older age, more complex defects, arrhythmias, implant-
able cardioverter- defibrillators, clinical comorbidities, 

Figure 1. The occurrence of heart failure in different congenital heart disease severities. Patients are assigned to the types 
of heart defect in a mutually exclusive way.
When >1 defect was present in patients, the patient was assigned to the defect of highest complexity or with the biggest functional 
impact. ASD indicates atrial septal defect; CHD, congenital heart disease; CCTGA, congenitally corrected transposition of great 
arteries; HF, heart failure; PDA, patent ductus arteriosus; RVOTO, right ventricle outflow track obstruction; and VSD, ventricular septal 
defect.
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and mood disorders. Importantly, we found that current 
HF was associated with an adverse impact on a broad 
of range of PROs including patient- reported health sta-
tus, quality of life, sense of coherence, depression, and 
illness perceptions. In patients with a history of, but no 
current, HF, the effect on PROs was less marked, al-
though significantly lower PRO scores were observed 
for physical functioning and satisfaction with life.

Factors Related to HF in Adults With CHD
The diagnosis of HF, especially in adults with CHD, can 
be challenging. Since, by definition, CHD is present at 
birth, adults with CHD have faced lifelong adaptation 
to their chronic physical limitations. As a result, adults 
with CHD may not be aware of HF- related symptoms 
and notoriously underreport their objective degree of 
exercise impairment.11 Therefore, identifying those pa-
tients with HF related risk factors may help the car-
egivers to detect the presence of HF through more 
comprehensive diagnostic work- up and provide timely 
treatments to prevent adverse outcomes.

A recent study by Arnaert et al. identified several risk 
factors associated with the presence of HF in adults 
with CHD including: older age, infective endocarditis, 
atrial arrhythmia, pacemaker, end- organ dysfunction, 
advanced New York Heart Association class, faster 
heart rate, ventricular dysfunction, and pulmonary hy-
pertension severity.12 Consistent with our findings, they 
reported a higher prevalence of HF in patients with 
cyanotic CHD (41%), Fontan circulation (30%) and sys-
temic right ventricle (25%).12 Another study by Cohen et 
al. identified factors associated with hospitalization for 

HF during the following year: age ≥50 years, male sex, 
CHD lesion severity, HF admission over the previous 
12  months, pulmonary arterial hypertension, chronic 
kidney disease, coronary artery disease, systemic arte-
rial hypertension, and diabetes.13 The factors identified 
with HF in our study, including older age, complex CHD, 
arrhythmias, implantable cardioverter- defibrillators, and 
comorbidities are coherent with the prior literature.

In addition, we found that mood disorders were 
independently associated with current HF in adults 
with CHD. In adults with HF because of acquired 
heart disease, mood disorders have been associ-
ated with the development and progression of HF.14 
The interaction between mood disorders and HF 
appears to be bidirectional. Mediating mechanisms 
likely involve both physiologic (e.g., enhanced inflam-
mation, autonomic derangement, platelet aggrega-
tion, vascular endothelial dysfunction) and behavioral 
(e.g., poorer adherence to physical activity, healthy 
diet, or medical therapy) factors.14 However, there is 
a paucity of research examining the association be-
tween mood disorders and HF in adults with CHD. 
The prevalence of mood disorder in adults with CHD 
is similar to rates identified for those with acquired 
heart disease.15 In a recent population- based study, 
adults with CHD had a significantly higher risk of 
depression than matched controls (adjusted haz-
ard ratio, 1.43), with coronary artery disease and 
chronic obstructive pulmonary disease identified as 
significant comorbidities mediating the relationship 
between adult CHD and depression.16 Depressive 
symptomatology was also independently impacted 
by the presence of HF in the current study. Therefore, 

Figure 2. Patient characteristics associated with past/current history of heart failure.
A, Comparison of current heart failure versus never heart failure (reference). B, Comparison of past heart failure versus never heart 
failure (reference). CHF indicates chronic heart failure; ICD, implantable cardioverter- defibrillator; and OR, odds ratio.

D
ow

nloaded from
 http://ahajournals.org by on A

pril 27, 2022



J Am Heart Assoc. 2022;11:e024993. DOI: 10.1161/JAHA.121.024993 7

Lu et al Heart Failure in Congenital Heart Disease

the interaction between mood disorders and HF in 
adults with CHD may be multifactorial and involve 
similar mechanisms invoked in those with HF attrib-
utable to acquired heart disease.

HF and PROs in Adult Congenital Heart 
Disease
The importance of PROs in understanding the im-
pact of HF from a patient perspective is increasingly 

recognized.17 PROs can provide information about 
the impact of HF on the patient’s symptoms, func-
tional limitations, daily activities, emotional well- being, 
psychological health and social functioning.17 At the 
same time, PROs can help clinicians and research-
ers to assess the patient’s baseline status, treatment 
effectiveness, and clinical trial end points. PROs can 
also serve as important prognostic predictors for sub-
sequent clinical events and even mortality according 
to HF- related research in acquired heart disease.18 

Figure 3. Standardized effect size (Cohen’s d) for patients with congenital heart disease with current or past heart failure 
versus no heart failure.
Scores: mean (95% CI). HADS- A indicates Hospital Anxiety and Depression Scale— Anxiety; HADS- D, Hospital Anxiety and Depression 
Scale— Depression; HF, heart failure; IPQ, Illness Perception Questionnaire; LAS QOL, Linear Analog Scale Quality of Life; MCS, Mental 
Component Summary; PCS, Physical Component Summary; SOC, Sense of Coherence; and SWLS, Satisfaction with Life Scale.

Table 2. Patient- Reported Outcomes in Adult Patients With Congenital Heart Disease With/Without History of Heart 
Failure

Current vs Never*

P value

Past, not current vs Never*

P valueCoefficient (95%CI) Coefficient (95%CI)

Physical health status (0−100) −14.57 (−18.03 to −11.11)† <.0001† −3.38 (−5.76 to −1.00)† 0.006†

Mental health status (0– 100) −4.81 (−8.09 to −1.53)† 0.004† −1.77 (−4.03 to 0.49) 0.12

Linear analog quality of life (0– 100) −6.59 (−9.54 to −3.65)† <.0001† −1.27 (−3.29 to 0.75) 0.22

Satisfaction with life scale (5– 35) −1.44 (−2.62 to −0.26)† 0.017† −0.87 (−1.69 to −0.06)† 0.036†

Sense of coherence scale (13– 91) −2.27 (−4.47 to −0.06)† 0.044† −1.51 (−3.05 to 0.03) 0.055

Hospital anxiety scale (0– 21) 0.25 (−0.43 to 0.93) 0.47 0.08 (−0.39 to 0.55) 0.75

Hospital depression scale (0– 21) 0.78 (0.20 to 1.37)† 0.009† 0.38 (−0.02 to 0.79) 0.063

Illness perception (0– 80) 5.04 (2.72 to 7.35)† <.0001† 1.06 (−0.56 to 2.68) 0.20

CHD complexity, comorbidity, smoking, substance abuse, arrhythmia, cardiac devices, physical exercise, psychiatric disorders, and participating country.
CHD indicates congenital heart disease.
*Adjusted for age, sex.
†Represents statistical significance at P<0.05.
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Although PROs are widely used in studies involving 
HF attributable to acquired heart disease, studies on 
the impact of HF on PROs in adults with CHD are 
scarce. A few previous studies revealed that poorer 
New York Heart Association functional class was as-
sociated with impaired physical and emotional QoL, 
and higher perception of distress among adolescents 
and young adults with CHD.19,20 However, New York 
Heart Association class is based on patient- reported 
symptoms in relation to physical activity. Therefore, it 
is not an accurate surrogate for the severity of HF as-
sociated with CHD. Our study demonstrated that after 
adjusting for confounding covariates, HF remains sig-
nificantly associated with impaired psychosocial func-
tioning and QoL in adults with CHD. The presence of 
co- existing factors that may also strongly impact PROs 
in patients with CHD with HF are common, such as 
complex CHD (45.3%), arrhythmia (69.9%), cardiac de-
vice (38.3%), medical comorbidities (76.6%), and mood 
disorder (19.9%).21– 25 Therefore, we speculate that, in 
addition to these co- existing factors associated with 
HF, the stress and illness perceptions associated with 
HF- related symptoms, repeated hospitalizations, and 
uncertainty or side effects of treatment, together with 
impaired executive functions and coping mechanisms 
for HF- related stress can contribute to the extensive 
and profound impact of HF on PROs in adults with 
CHD.20,26– 30

Strengths and Limitations
The APPROACH- IS study is a prospective collabora-
tion involving 24 medical centers from 15 countries, 
which enrolled >4000 adult patients with CHD world-
wide.7 The PRO instruments used are comprehensive 
and validated. The clinical information was obtained 
and interpreted by professional investigators and the 
data collection of structural questionnaires had a high 
degree of completeness. Therefore, the relationship 
between HF and PROs could be delineated more 
clearly across a broad spectrum of patients. However, 
this study also has several limitations. First, the 
APPROACH- IS is a cross- sectional study, therefore 
causality cannot be inferred and the influence of PROs 
on long- term outcomes cannot be determined. Such 
would require longitudinal follow- up studies. Secondly, 
since the APPROACH- IS study enrolled patients from 
collaborative medical centers all over the world, these 
patients tended to have more complex CHD (25.6% 
with great complexity, 48.3% with moderate complex-
ity) than the general population of adults with CHD. 
The patient selection process may, therefore, impact 
generalizability of results to the larger target popula-
tion of adults with CHD. Third, the presence of HF in 
participating patients was determined by on- site inves-
tigators on the basis of available medical records. The 

criteria for diagnosis of HF may vary among different 
medical centers.

CONCLUSIONS
The presence of current HF in adults with CHD is in-
dependently associated with an adverse effect on a 
broad range of PROs across multiple domains, includ-
ing patient- reported health status, QoL, sense of co-
herence, anxiety, depression, and illness perceptions. 
Large effect sizes are observed for physical function-
ing and illness perceptions.

APPENDIX
APPROACH- IS consortium: Luis Alday, Héctor 
Maisuls, Betina Vega (Córdoba, Argentina, Hospital 
de Niños); Samuel Menahem, Sarah Eaton, Qi Feng 
Wang, Ruth Larion (Melbourne, Australia, Monash 
Medical Center); Werner Budts, Kristien Van Deyk 
(Leuven, Belgium, University Hospitals of Leuven); 
Silke Apers, Eva Goossens, Jessica Rassart, Koen 
Luyckx, Philip Moons (Leuven, Belgium, University 
of Leuven); Gwen Rempel, Andrew Mackie, Ross 
Ballantyne, Kathryn Rankin, Colleen Norris, Dylan 
Taylor, Isabelle Vondermuhll, Jonathan Windram, 
Pamela Heggie, Gerri Lasiuk (Edmonton, Canada, 
University of Alberta); Paul Khairy, Anna Proietti, Annie 
Dore, Lise- Andrée Mercier, François- Pierre Mongeon, 
François Marcotte, Reda Ibrahim, Blandine Mondésert, 
Marie- Claude Côté (Montreal, Canada, Montreal Heart 
Institute); Adrienne Kovacs, Erwin Oechslin, Mimi 
Bandyopadhyay (Toronto, Canada, University Health 
Network); Alexandra Soufi, Sylvie Di Filippo, François 
Sassolas, André Bozio, Cécile Chareyras (Lyon, France, 
Louis Pradel Hospital); Shanthi Chidambarathanu, 
Farida Farzana, Nitya Lakshmi (Chennai, India, 
Frontier Lifeline Hospital, Dr. K. M. Cherian Heart 
Foundation); Edward Callus, Emilia Quadri, Massimo 
Chessa, Giovanna Campioni, Alessandro Giamberti 
(Milan, Italy, IRCCS Policlinco San Donato Hospital); 
Junko Enomoto, Yoshiko Mizuno (Chiba, Japan, Chiba 
Cardiovascular Center); Maryanne Caruana, Victor 
Grech, Sheena Vella, Anabel Mifsud, Neville Borg, 
Daniel Chircop, Matthew Mercieca Balbi, Rachel Vella 
Critien, James Farrugia, Yanika Gatt, Darlene Muscat 
(Msida, Malta, Mater Dei Hospital); Katrine Eriksen, 
Mette- Elise Estensen (Oslo, Norway, Oslo University 
Hospital); Mikael Dellborg, Malin Berghammer 
(Gothenburg, Sweden, Sahlgrenska University 
Hospital); Eva Mattsson, Anita Strandberg, Pia 
Karlström- Hallberg (Stockholm, Sweden, Karolinska 
University Hospital); Bengt Johansson, Anna- Karin 
Kronhamn (Umeå, Sweden, Umeå University Hospital); 
Markus Schwerzman, Corina Thomet, Margrit Huber 
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(Bern, Switzerland, University Hospital Bern); Jou- Kou 
Wang, Chun- Wei Lu, Hsiao- Ling Yang, Yu Chuan Hua 
(Taipei, Taiwan, National Taiwan University Hospital); 
Barbara Mulder, Maayke Sluman (Amsterdam, the 
Netherlands, Amsterdam Medical Center); Marco Post 
(Nieuwegein, the Netherlands, St. Antonius Hospital); 
Els Pieper (Groningen, the Netherlands, University 
Medical Center Groningen); Kathinka Peels (Eindhoven, 
the Netherlands, Catharina Hospital); Marc Waskowsky 
(Zwolle, the Netherlands, Isala Clinic); Gruschen 
Veldtman, Michelle Faust, Colin Lozier, Christy Reed, 
Jamie Hilfer (Cincinnati, USA, Cincinnati Children’s 
Hospital Medical Center); Curt Daniels, Jamie Jackson 
(Columbus, USA, Nationwide Children’s Hospital); 
Shelby Kutty, Carolyn Chamberlain, Sara Warta 
(Omaha, USA, Children’s Hospital & Medical Center); 
Stephen Cook, Morgan Hindes (Pittsburgh, USA, 
Children’s Hospital of Pittsburgh of UPMC); Ari Cedars, 
Kamila White (Saint Louis, USA, Washington University 
and Barnes Jewish Heart & Vascular Center, University 
of Missouri); Susan Fernandes, Anitra Romfh, Kirstie 
MacMillen (Palo Alto, USA, Stanford University).
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Table S1. Summary of patient-reported outcomes.

Variables Measurements Description Scale Interpretation 

Patient-reported 

health status 

12‐item Short‐form Health Survey 

version 2 (SF-12) 31 

• 8 health domains

• divided into physical (PCS) and mental (MCS) component

scores

Physical Component Summary (PCS): 

• Physical functioning

• Role participation with physical health problems

• Bodily pain

• General health

0-100
Higher score = better 

perceived health status 

Mental Component Summary (MCS): 

• Vitality

• Social functioning

• Emotional health

• Mental health

0-100
Higher score = better 

perceived health status. 

Quality of life 

Linear Analogue Scale (LAS) 32 

The degree of overall life satisfaction that is positively or 

negatively influenced by individuals’ perception of certain 

aspects of life important to them, including matters both related 

and unrelated to health.33 

0-100
Higher score = better 

quality of life 

Satisfaction With Life Scale (SWLS) 
34 5 statements with scores from 1 to 7 5 - 35 

Higher score = better 

satisfaction of life 

Sense of 

coherence 

Sense of Coherence Score – 

Orientation to Life Questionnaire 35 

3 components: 

• Comprehensibility

• Manageability

• Meaningfulness

13 - 91 
Higher score = higher sense 

of coherence 

Psychological 

distress 

Hospital Anxiety and Depression 

Scale 36 

Hospital Anxiety Scale (HADS-A) 0 - 21 
Higher score = greater 

psychological distress 

Hospital Depression Scale (HADS-D) 0 - 21 
Higher score = greater 

psychological distress 

Illness perception 
Brief Illness Perception 

Questionnaire (Brief IPQ) 37 

9 items: 

1) Consequences; 2) Timeline; 3) Personal control; 4) Treatment

control; 5) Identity; 6) Coherence; 7) Concern; 8) Emotional

response; 9) Perceived causes

0-80
Higher score = worse illness 

perception 
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