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Abstract
Background  Nowadays, more than 90% of patients with congenital heart disease (CHD) reach adulthood. However, long-
term impact on neurodevelopment and executive functioning in adults with CHD are not completely understood.
Purpose  To investigate the self- and informant-reported executive functioning in adults with CHD operated in childhood.
Material and methods  Longitudinal study of a cohort of patients (n = 194, median age: 49.9 [46.1–53.8]) who were operated 
in childhood (< 15 years old) between 1968 and 1980 (median follow-up time: 45 [40–53] years) for one of the following 
diagnoses: atrial septal defect (ASD), ventricular septal defect (VSD), pulmonary stenosis (PS), tetralogy of Fallot (ToF) 
or transposition of the great arteries (TGA). Behavior Rating Inventory of Executive Function-Adult version (BRIEF-A) 
questionnaire was used to assess self- and informant-reported executive functioning.
Results  40–53 years after surgery, the CHD group did show significantly better executive functioning compared to the 
norm data. No significant difference was found between mild CHD (ASD, VSD and PS) and moderate/severe CHD (ToF 
and TGA). Higher education, NYHA class 1 and better exercise capacity were associated with better self-reported executive 
functioning, whereas females or patients taking psychiatric or cardiac medications reported worse executive functioning.
Conclusions  Our findings suggest favorable outcomes (comparable to normative data) regarding executive functioning in 
adults with CHD, both self- and informant-reported. However, further study is warranted to explore more in detail the dif-
ferent cognitive domains of executive functioning in these patients.

Graphical abstract

54% 46%

n = 194

50 [46-54] years old
45 years after surgery

Questionnaires 
(self- and informant)

Executive functioning (EF) of adults with Congenital Heart Disease (CHD)

CHD Adults CHD vs. Norm data
Better Executive Functioning 

Factors associated with 
better self-reported EF

Factors associated with 
worse self-reported EF

Female

Taking psychiatric 
medications

Taking cardiac 
medications

NYHA class 1

Higher educational
level

Better exercise
capacity

Keywords  Congenital heart disease · Executive function · Psychology · Long-term follow-up

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s00392-023-02187-3&domain=pdf
http://orcid.org/0000-0001-6793-1123


1418	 Clinical Research in Cardiology (2023) 112:1417–1426

1 3

Introduction

Congenital heart diseases (CHD) affect almost 1% of all 
newborns [1]. Thanks to the dramatic improvements in 
diagnostic, surgical, and medical care, the survival of 
these patients dramatically improved nowadays and the 
prevalence of adults with CHD is 3000 per million adults 
[2]. However, it was shown that newborns and children 
with CHD are exposed to a higher risk of neurodevel-
opmental impairment [3, 4]. Prenatally, the inadequate 
delivery of oxygen to the brain seems to play a fundamen-
tal role; whereas, postnatally, the hemodynamic instabil-
ity is an important factor which may affect the normal 
development of the brain in newborns with CHD [3]. In 
addition, neurodevelopment in these children is supposed 
to be influenced by multiple perioperative factors such as 
hemodilution, tissue oxygenation changes, and non-pul-
satile blood flow from hypothermic low-perfusion due to 
circulatory arrest [5].

The impact of CHD on the neurological development is 
already clear prenatally; therefore, many infants requiring 
treatment present neurodevelopmental impairment already 
before cardiac surgery [6, 7]. Furthermore, the neurode-
velopmental impairment remains in adolescents with CHD 
and particularly in those with cyanotic lesions [8]. Spe-
cifically, deficits in flexibility/problem solving and ver-
bally mediated executive functioning (EF) were reported 
[6, 8, 9]. EF encompasses a cluster of skills involved in 
higher-order and goal-directed behaviors associated with 
cognitive and behavioral components. They encompass, 
for instance, the ability to inhibit not suitable behaviors, 
to shift between different activities, to control emotions, 
to focus attention or to plan and organize [10]. All these 
functions are necessary to learn new skills, remember 
them and use them to solve everyday problems, which are 
fundamental to live and work independently.

Only a few studies have focused on neurodevelopmental 
outcomes and EF in adults with CHD. These studies were 
characterized by heterogeneity of assessment tools and 
by diversity of CHD severity. The results of these studies 
were contradictory. Whereas some studies showed no dif-
ferences between CHD and general population in terms of 
EF, others demonstrated executive dysfunction [11–16].

The aim of this study was to investigate self- and 
informant-reported EF in 194 patients with CHD, aged 
between 40 and 66, and operated in the Erasmus Medi-
cal Center (MC), Rotterdam, the Netherlands, between 
1968 and 1980. Based on previous studies, we expected 
worse EF outcomes of the CHD cohort when compared 
to the normal Dutch population. Furthermore, we aimed 
to identify possible risk factors, such as the current car-
diac health, which could predict EF impairment in adults 

with CHD. For this purpose, patients were followed every 
10 years, and for the current investigation we used our 
long-term follow-up data (median follow-up  time: 45 
[40–53] years) [17–23].

Methods

Patient sample

This study is part of a multidisciplinary longitudinal study 
following a large cohort of consecutive patients operated 
for CHD at young age. Our original cohort consisted of 597 
consecutive non-syndromic patients diagnosed with atrial 
septal defect (ASD), ventricular septal defect (VSD), pul-
monary stenosis (PS), tetralogy of Fallot (ToF) or transpo-
sition of the great arteries (TGA), who underwent cardio-
thoracic surgery at young age (< 15 years) at Erasmus MC 
(Rotterdam, the Netherlands), between 1968 and 1980. This 
cohort has been investigated every 10 years (1991, 2001, 
2011 and 2021). The target population of the current follow-
up study consisted of 431 patients who were alive at the 
time of enrollment. Of these group, 343 patients, who were 
traceable and who participated at least at two of the previous 
follow-up studies, received an invitation to participate to this 
follow-up (Table 1S—supplementary material) . Patients 
were classified into two groups according to the classifica-
tion of adults with CHD according to the European Society 
of Cardiology: mild CHD (n = 131), which encompass ASD, 
VSD, and PS and moderate/severe CHD (n = 63), including 
corrected ToF and TGA after Mustard procedure [24].

Assessment procedure

The research protocol was approved a priori by the local 
institutional ethical committee (MEC-2019 0465) and fol-
lowed the ethical guidelines of the 1975 Declaration of Hel-
sinki. All patients were approached uniformly and before 
participating in the study, they signed an informed consent. 
Patients were invited to visit our outpatient clinic between 
2020 and 2022 where they underwent psychological ques-
tionnaires and in-depth cardiac examinations including 
echocardiography, ECG, exercise test, cardiac visit, cardiac 
magnetic resonance or, when not possible, computer tomog-
raphy, 24-h Holter registration, and blood tests. Before their 
visit at the hospital, the patients received questionnaires for 
the psychosocial assessment via email and they completed 
them digitally at home via a privacy protected website 
(GemsTracker, Copyright©2011, ErasmusMC and Equipe 
Healthcare companies). Due to delays in producing the digi-
tal questionnaires or due to personal reasons (e.g., no access 
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to email, difficulties to reach the hospital), 37 patients and 
48 informants completed the paper version.

Instruments

EF assessment In this study, we used the Behavior Rating 
Inventory of Executive Function-Adult version (BRIEF-A) 
questionnaire to assess self- and informant-reported EF of 
CHD adults in their daily activities [25, 26]. This question-
naire is a standardized 75-items scale and the response for-
mat is 1 = never, 2 = sometimes, 3 = often. The items are 
focused on activities of everyday living and they are divided 
into nine scales which are non-overlapping: Inhibit, Shift, 
Emotional Control, Self-monitor, Initiate, Working Memory, 
Plan/Organize, Task Monitor, and Organization of Materials. 
The sum of the subscales permits to calculate two indexes: 
the Behavioral Index (BRI) (Inhibit, Shift, Emotional Con-
trol, and Self-monitor) and the Metacognition Index (MI) 
(Initiate, Working Memory, Plan/Organize, Task Monitor, 
and Organization of Materials). A global executive compos-
ite (GEC) score is derived from the sum of all the subscales. 
Raw scores or converted T-scores based on the Dutch/Flem-
ish population were used. T-scores are standardized scores 
with mean of 50 and standard deviation (SD) of 10. Higher 
scores represent worse EF. A T-score higher than 65 is con-
sidered clinically relevant.

Education level Patients were asked for the highest edu-
cation level that they achieved through a questionnaire [18, 
20]. The answers were classified according to the SOI 2021 
(Dutch Standard Classification of Education) of the CBS 
(Dutch Institute of Statistics) [27].

Exercise capacity Maximal exercise capacity was 
assessed by bicycle ergometer. A 20 Watt increase per min-
ute protocol was used. Maximal exercise capacity is pre-
sented as a percentage of the target of healthy adults cor-
rected per age, gender, weight and height.

Statistical analysis

Baseline medical characteristics of participants and non-par-
ticipants were illustrated with descriptive statistics: continu-
ous data were presented as mean ± SD, categorical data as 
percentages. In case of non-normal distribution, median and 
25th–75th percentile were presented. Differences between 
diagnostic groups were analyzed with χ2 or Fisher’s exact 
test for categorical variables as appropriate. Independent 
samples t test or Mann–Whitney-U test were used for con-
tinuous data according to variable distribution (normal or 
non-normal).

One sample t tests were used to compare the T test scores 
of self and informant reports of EF between adults with 
CHD and normative data of the same age and gender. Effect 
sizes were calculated using the Cohen’s d test. A Bonferroni 

correction was used to account for the assessment of 36 com-
parisons, such that p < 0.0014 were considered significant. 
Finally, the percentages of patients in the clinical range were 
calculated (> 1.5 standard deviation from the norm) [26].

Univariable linear regressions were performed to iden-
tify possible biographical and medical predictors of self- 
and informant-reported EF (i.e., raw scores). The follow-
ing predictors were tested separately: age, gender, cardiac 
diagnosis, educational level, duration of pregnancy, weight 
at birth, palliative surgery before first heart operation, satu-
ration before operation, age at first open-heart operation, 
aorta clamp and aorta clamp time, re-intervention with 
cardiopulmonary bypass (CPB), cerebrovascular accidents 
(CVA) and/or transitory ischemic attack (TIA), heart failure, 
NT-pro-BNP, maximum exercise capacity, New York Heart 
Association (NYHA) class, psychiatric medication, cardiac 
medication, and systemic ventricular function. Predictors 
with p values ≤ 0.20 were entered into a multivariable linear 
regression model (backward elimination; p < 0.05).

Statistical analyses were processed using IBM SPSS Sta-
tistics for Windows 28.0 (Armonk, New York, USA).

Results

Group characteristics: (Table 1)

Of the invited patients, 194 completed the questionnaire. 
The informant report was filled out by the patient’s partner 
(n = 161). If this was not possible, it was filled out by 
someone close to the patient (n = 8) (son/daughter, sister-
in-law, aunt). In total, 169 informants completed the 
questionnaire.

The final cohort consisted of 194 patients (45.9% female) 
aged 49.9 [46.1–53.8] years old. Of the final sample, 34.9% 
were higher educated. Median age at operation was 4.8 
[1.3–7.2] years old, CPB was used in the 93.1% of the sur-
geries with median time of 39.0 [19.7–52.2] minutes. Since 
the first surgery, 17.5% of the patients had a re-intervention 
with CPB. CVA and/or TIA occurred in 4.6% of the patients, 
while 4.1% had history of heart failure. Cardiac medication 
was used by 40.7%, and psychiatric medication by 10.8% 
of the patients. The mean exercise test capacity was 98.6% 
of the expected and 86.5% of the patients were in NYHA 
functional class 1, 64.7% had a good systemic ventricular 
function.

No significant difference was found between participants 
(n = 194) and non-participants (n = 237) in terms of diag-
nosis, sex, and medical characteristics before and at sur-
gery (Table 2S in supplementary material). Non-participant 
patients were defined as all the alive patients who do not 
participated in the current follow-up study. Patients with 
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moderate/severe CHD in comparison with mild CHD were 
younger, received more often palliative surgery, had higher 
levels of NT-pro-BNP, and had lower oxygen saturation 
before reparative surgery. In addition, patients with mod-
erate/severe CHD underwent their first open-heart opera-
tion at a younger age and with longer aorta clamp time than 
for the mild CHD. Cardiac medication and re-intervention 
were more frequent in patients with moderate/severe CHD. 
Moreover, NYHA functional class was higher, the exercise 
capacity and systolic function of the systemic ventricle were 
worse in this group in comparison with mild CHD (Table 1).

Executive function per age group

For illustrative purposes, Fig. 1 shows the mean T-scores 
with SD per sub-scale of CHD adults compared to the norm.

The total CHD sample scored significantly lower (better) 
than the norm population on all indexes and on the GEC 
for both self (BRI: t = − 6.75, p < 0.001, MI: t = − 4.23, 
p < 0.001, GEC: t = − 5.68, p < 0.001) and informant reports 
(BRI: t = − 5.97, p < 0.001, MI: t = − 5.75, p < 0.001, GEC: 
t = − 6.35, p < 0.001) (Table 2). All the differences remained 
significant after applying a Bonferroni correction for 36 
comparisons.

When analyzing per age group, CHD patients aged 
between 40 and 49 years scored significantly lower (bet-
ter) than the norm population on all indexes for both self 
(BRI: t = − 4.05, p < 0.001, MI: t = − 2.58, p = 0.011, GEC: 
t = − 3.46, p < 0.001) and informant reports(BRI: t = − 3.23, 
p = 0.002, MI: t = − 2.98, p = 0.004, GEC: t = − 3.34, 
p < 0.001). However, after Bonferroni correction for 36 com-
parisons, the self-reported MI and informant-reported BRI 
and MI were no longer significant.

Older patients aged between 50 and 59, scored sig-
nificantly better than the norm population on all indexes 
for both self (BRI: t = − 4.40, p < 0.001, MI: t = − 2.53, 
p = 0.014, GEC: t = − 3.54, p = 0.001) and informant reports 
(BRI: t = − 4.93, p < 0.001, MI: t = − 3.92, p = 0.011, GEC: 
t = − 4.66, p < 0.001). The self-reported MI was no longer 
significant after Bonferroni correction for 36 comparisons.

Executive function per gender

Males with CHD scored significantly better on all the scales 
as compared to male norm population on the self-reports. 
Informants reported significantly better BRI and GEC scores 
if compared to the norm (Fig. 2).

Females with CHD scored significantly better on the BRI 
and GEC as compared to norm data. However, after Bonfer-
roni correction, this difference was no longer significant on 
the GEC. Informants scored significantly better on both the 
indexes and GEC. These differences remained significant 
after Bonferroni correction for 36 comparisons.

Percentages of patients scoring in the clinical range are 
presented in Fig. 1S in the supplementary material.

Mild and moderate/severe CHD

No significant differences on self and informant-reported 
EF were found between mild and moderate/severe CHD 
(Table 3S, supplementary material).

Medical predictors for self‑reported EF

The univariable analyses (Table 3) showed that female 
patients (B = 5.54, 95% CI [0.22; 10.85], p = 0.041), patients 
who take psychiatric medication (B = 14.17, 95% CI [5.08; 
22.55], p = 0.001) and/or cardiac medication (B = 6.38, 
95% CI [1.01; 11.75], p = 0.020) reported higher scores 
on the GEC. Patients with at least secondary (B = − 6.22, 
95% CI [− 12.65; 0.22], p = 0.023) or higher (B = − 9.88; 
95% CI [− 16.22; − 3.54], p = 0.002) education, with bet-
ter exercise capacity (B = − 0.15, 95% CI [− 0.29; − 0.03], 
p = 0.013) with NYHA functional class 1 (B = − 12.36, 95% 
CI [− 20.15; − 4.57], p = 0.002) reported lower scores on 
the GEC.

Multivariable analysis for self-reported executive function-
ing indicated that better exercise capacity was associated with 
better EF (B = − 0.15, 95% CI [− 0.28; − 0.02], p = 0.021), 
whereas taking psychiatric medication was associated with 
worse outcomes (B = 12.51, 95% CI [2.84; 22.18], p = 0.012).

Medical predictors for informant‑reported EF

The univariable analyses (Table 3) showed that patients with 
better exercise capacity (B = − 0.25, 95% CI [− 0.39; − 0.12], 

Fig. 1   Brief-A self- and informant-reports mean scores per sub-scale 
reported in T-scores. T-scores are derived from the normative data 
of the Dutch/Flemish population 18–65 years old [26]. The error bar 
represents the standard deviation. Higher scores indicate worse exec-
utive functioning. The horizontal blue line and area, respectively, rep-
resent the mean (T-score = 50) and the standard deviation (SD = 10) 
of the mean (T-score = 50) of the normal population. The horizontal 
red line and red area mark represent, respectively, the Brief-A clinical 
impairment threshold and range (T-score > 65)
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p < 0.001) obtained lower informant-reported scores on the 
GEC.

The multivariate analysis indicated that better exercise 
capacity (B = − 0.27, 95% CI [− 0.42; − 0.12], p < 0.001) 
was associated with better informant-reported executive 
functioning.

Discussion

Our study focused on self- and informant-reported EF in 
194 adults with CHD (median age of 50 years old) with-
out any associated syndrome. In our study, we found that 
adults with CHD reported similar EF scores compared to 
healthy peers. In addition, no difference between diagnos-
tic CHD groups was reported. The comparison per gender 

Table 1   Biological and clinical characteristics of patients with CHD

For continuous variables, median [25th–75th percentile] is reported. For categorical variables, percentage (n) is shown. Differences between 
diagnostic groups were analyzed for the continuous data with Mann–Whitney-U test if not normally distributed. χ2 test was used to analyze dif-
ferences between categorical data
CPET Cardio-pulmonary Exercise Test, CVA/TIA cerebrovascular accident/transient ischemic attack, NYHA New York Heart Association
a Based on SOI 2021 classification
b Percentage of expected max exercise capacity for healthy control adjusted per sex, height and age
c Some patients use multiple psychiatric medication
d Antipsychotic, psychostimulants, and anticonvulsants

Total CHD (n = 194) Mild CHD (n = 131) Moderate/severe CHD 
(n = 63)

p

Biographical status
Female 45.9% (89) 48.1% (63) 41.3% (26) 0.372
Age at follow-up (years) 49.9 [46.1–53.8] 50.0 [46.9–54.9] 48.8 [44.4–51.2] 0.003
Education levela

Lower
Secondary
Higher

31.8% (61)
33.3% (64)
34.9% (67)

28.7% (37)
34.9% (45)
36.4% (47)

38.1% (24)
30.2% (19)
31.7% (20)

0.412

Medical history
Duration of pregnancy (weeks) 40.0 [40.0–40.0] 40.0 [39.25–40.0] 40.0 [40.0–40.0] 0.300
Weight at birth (kg) 3.2 [2.8–3.6] 3.1 [2.7–3.6] 3.3 [2.7–3.6] 0.075
Palliative surgery before the surgical repair 18.6% (36) 3.1% (4) 50.8% (32) < 0.001
Saturation before operation (%) 94.0 [82.2–97.7] 97.0 [95.0–98.0] 81.0 [74.0–88.5] < 0.001
First open-heart surgery
Age at first open-heart operation (years) 4.8 [1.3–7.2] 5.4 [2.1–8.4] 2.4 [0.8–5.4] < 0.001
Clamp of the aorta 93.1% (163) 89.7% (104) 100% (59)** 0.010
Time aorta clamp (min) 39.0 [19.7–52.2] 25.0 [14.2–40.0] 55.0 [46.7–60.0] < 0.001
Post-operative course from operation until 2021
Re-intervention with CPB 17.5% (34) 6.1% (8) 41.3% (26) < 0.001
CVA and TIA 4.6% (9) 3.8% (5) 6.3% (4) 0.432
Heart failure 4.1% (8) 0.8% (1) 11.1% (7) < 0.001
NYHA class 1 86.5% (160) 92.1% (117) 74.1% (43) 0.001
CPET (%)b 98.6 ± 21.8 102.2 ± 20.6 89.6 ± 22.3 < 0.001
Cardiac medications 40.7% (79) 32.1% (42) 58.7% (37) < 0.001
Psychiatric medications (total)c 10.8% (21) 10.7% (14) 11.1% (7) 0.929
Anti-depressant 6.7%(13) 7.6% (10) 4.8% (3) 0.454
Minor tranquillizers/anxiolytics 3.1% (6) 2.3% (3) 4.8% (3) 0.652
Otherd 3.6% (7) 3.1% (4) 4.8% (3) 0.550
NT-pro-BNP 15.5 [9.0–30.2] 14.5 [8.0–24.0] 23.5 [11.0–44.2] 0.009
Systemic ventricular function
Good
Reasonable
Poor
Bad

64.7% (119)
23.9% (44)
9.8% (18)
1.6% (3)

81.0% (102)
15.9% (20)
3.2% (4)
0

29.3% (17)
41.4% (24)
24.1% (14)
5.2% (3)

< 0.001
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showed that both male and female patients scored better 
than the norm group. This result was unexpected since 
previous studies have shown that patients with CHD who 
underwent open-heart surgery are at higher risk of neu-
rodevelopmental impairment [3].

Previous studies investigating neurocognitive outcomes 
in adults with CHD generally showed more impairment in 
terms of EF in CHD adults when compared to a control 
group. Furthermore, most of them confirmed this impair-
ment also when comparing the CHD population to the norm, 
whereas only two studies showed no difference in term of EF 
between the CHD cohort and the norm population [11–15, 

28–30]. However, all these past studies had a smaller sample 
size and generally focused on younger patients. In addition, 
they focused also on different types of CHD which we did 
not include in our study. Only a limited number of them 
focused exclusively on EF. Moreover, EF was evaluated 
through different types of tests, mostly performance-based 
assessments. In fact, two different types of tests can be used 
to assess EF: rating measures and performance-based tests. 
In the rating measures, like the BRIEF-A, patients are asked 
to estimate their daily performance in different situations 
engaging EF. Differently, the performance-based tests assess 
EF under optimal conditions, and they are interpreted by an 

Table 2   Mean BRIEF-A self- 
and informant-reported raw 
scores are shown for the CHD 
cohort and for the norm (total 
and per age group)

Data are presented as mean ± standard deviation. One sample t test was used to test the differences between 
CHD cohort and the norm in the self and informant reports. Norm data are derived from the Dutch/Flemish 
population aged 18–65 [26]. Four patients aged 60–64 were not compared with the mean of their age group 
seen the small sample size
BRI Behavioral Rating Index, MI Metacognition Index, GEC global executive composite
*Significant after Bonferroni correction for 36 comparisons

CHD Norm Cohen’s d t 95% CI of the dif-
ference

p

Self-report
Total group (n = 194)
BRI 40.6 ± 8.5 44.7 ± 9.6 − 0.48 − 6.75 [− 5.31; − 2.91] < 0.001*
MI 54.4 ± 11.6 58.0 ± 12.2 − 0.30 − 4.23 [− 5.17; − 1.88] < 0.001*
GEC 95.0 ± 18.9 102.7 ± 20.4 − 0.41 − 5.68 [− 10.35; − 5.01] < 0.001*
Age group 40–49 (n = 114)
BRI 40.7 ± 8.6 43.9 ± 9.6 − 0.38 − 4.05 [− 4.89; − 1.68] < 0.001*
MI 54.3 ± 12.2 57.2 ± 12.0 − 0.24 − 2.58 [− 5.20; − 0.69] 0.011
GEC 94.9 ± 19.4 101.2 ± 20.2 − 0.32 − 3.46 [− 9.87; − 2.69] < 0.001*
Age group 50–59 (n = 76)
BRI 40.6 ± 8.3 44.8 ± 9.4 − 0.50 − 4.40 [− 6.11; − 2.30] < 0.001*
MI 54.9 ± 11.1 58.1 ± 11.4 − 0.29 − 2.53 [− 5.74; − 0.68] 0.014
GEC 95.5 ± 18.4 102.9 ± 19.4 − 0.41 − 3.54 [− 11.65; − 3.25] 0.001*
Informant report
Total group (n = 169)
BRI 40.5 ± 8.8 44.5 ± 11.6 − 0.46 − 5.97 [− 5.41; − 2.72] < 0.001*
MI 53.9 ± 13.0 59.7 ± 15.9 − 0.44 − 5.75 [− 7.69; − 3.76] < 0.001*
GEC 94.4 ± 20.2 104.2 ± 25.6 − 0.49 − 6.35 [− 12.83; − 6.74] < 0.001*
Age group 40–49 (n = 100)
BRI 40.2 ± 9.4 43.2 ± 10.7 − 0.32 − 3.23 [− 4.88; − 1.16] 0.002
MI 54.1 ± 13.2 58.0 ± 14.4 − 0.30 − 2.98 [− 6.54; − 1.31] 0.004
GEC 94.3 ± 20.8 101.2 ± 23.1 − 0.33 − 3.34 [− 11.06; − 2.82] < 0.001*
Age group 50–59 (n = 66)
BRI 40.8 ± 7.8 45.5 ± 12.5 − 0.61 − 4.93 [− 6.63; − 2.81] < 0.001*
MI 53.9 ± 12.9 60.1 ± 17.3 − 0.48 − 3.92 [− 9.36; − 3.04] < 0.001*
GEC 94.7 ± 19.0 105.6 ± 28.0 − 0.57 − 4.66 [− 15.60; − 6.23] < 0.001*
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external examiner. These two different types of tests assess 
different aspects of EF, so the measurements are not strongly 
associated and it is difficult to make direct comparisons 
between them [31].

If we focus on the studies which used BRIEF-A, results 
are contrasting: on the one hand, studies agree that there is 
no significant difference in term of EF between the CHD 
group and the norm population; on the other hand, two of 
them underlined the difference between the CHD and the 
control group [11–13, 15]. This could have been due to the 
fact that the control group size was relatively small, even 
smaller than the case group. Therefore, the control group 
may be a hyper functioning group not fully representative 
of the general population.

We found no difference between different diagnostic 
groups in term of EF. In the literature, results are con-
trasting. Some studies showed no significant difference 
based on the CHD severity [11, 13]. However, other stud-
ies found more neurocognitive impairment in severe CHD 
[12, 14]. This finding could be related to differences in 
inclusion of CHD diagnosis between studies. In fact, every 
CHD diagnosis may have different hemodynamic conse-
quences, which can result in different effects on the neu-
rocognitive system and a different impact on the EF. In 
fact, some of the previous studies included patients with 
more severe CHD, such as patients with Fontan circulation 

which could explain the worse outcomes [12, 28]. A previ-
ous study focusing on younger CHD population showed 
that more severe CHD are associated with worse EF [8].

Our study focuses on late adulthood with median age 
of 50 years old (range 40–66). This age may represent the 
ideal timing to measure EF. In fact, while older patients 
may have experienced age-related dementia, younger 
patients may have underlying conditions which were not 
yet investigated. Furthermore, better scores of the CHD 
patients could be related to the fact that these were the 
first operations of this type in Rotterdam. Therefore, a 
selection of suitable patients for the surgery could have 
occurred. In addition, our study excluded all the syndromic 
patients and/or patients with moderate to severe psycho-
motor deficits.

Generally, higher education was related to better scores 
on self-reports in the univariate analysis. This finding is 
supported by previous studies which have shown that 
higher education is related to better cognitive capacities 
also in older adults [32].

The univariable analysis indicated that better EF out-
comes (self-reports) were related to better exercise test-
ing performance and/or better functional capacity (NYHA 
class 1), whereas taking cardiac medication was related to 
worse EF. All these factors relate to a worse cardiac health, 
therefore a limited involvement in exercise activities. 
Worse exercise testing performance is generally also asso-
ciated with a sedentary lifestyle, whereas studies largely 
showed the benefits of physical activity on EF [33, 34]. A 
direct association between cardio-respiratory fitness (CRF) 
and cognitive functioning was also shown. In fact, patients 
with significant improvements in their CRF reported also 
significant improvements in multiple cognitive domains, 
included EF [34].

Patients using psychiatric medications scored worse 
on the self-reports. This could be related to an already 
existing psychiatric condition that may be associated with 
limited executive functions or to side effects of the medi-
cation themselves. For instance, patients who are currently 
depressed or recently remitted show impairment in cogni-
tive function as well in the EF domains as in memory and 
attention [35, 36]. Likewise, similar findings are docu-
mented for attention-deficit hyperactivity disorder. None-
theless, the level of psychopathology in our cohort was 
similar to adults from the normal population. However, 
female patients had higher levels of somatic complaints 
[37].

Strengths and limitations

Our study included a relatively large number of CHD 
adults (n = 194) and it studied patients with CHD in their 
middle adulthood, while other studies included a smaller 

Fig. 2   Brief-A self and informant reports raw scores: mean and 
standard deviation per gender in CHD group and norm (n = 1600 for 
the self-reports, n = 1082 for the informant reports). Norm data are 
derived from the Dutch/Flemish population from the manual [26]. 
T-scores were not available for normative data per gender. Error bar 
represents standard deviation. Higher scores indicate worse executive 
functioning. Only significant p values are reported. *Significant p val-
ues after Bonferroni correction per 36 correlations
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sample size and younger patients. This group of patients 
was followed clinically in our hospital for over 40 years. 
Internationally standardized questionnaires were used to 
evaluate the EF of our cohort.

It must be also considered that the response rate was 
45% of the eligible cohort of patients. This may have 
biased our cohort with higher participation of patients 
with a higher education level and a better health condi-
tion. However, no significant difference was found in terms 
of medical history and biological characteristics between 
participants and non-participants.

This study took into consideration only five CHD diag-
nostic groups (ASD, VSD, PS, ToF, TGA), operated a long 
time ago; therefore, caution is appropriate with regard to 
other diagnostic groups and results after contemporary 
surgery. Particularly, the lack of patients with single ven-
tricular heart defects treated with a Fontan circulation may 
be considered a weakness of this study. The concept of 
this approach was developed ± 50 years ago, so very few 
patients have reached the age of our current cohort [38].

Conclusion

This study showed favorable reassuring findings in terms 
of EF for adults with CHD.

Our cohort of non-syndromic adults with CHD did not 
show worse outcomes compared to the general popula-
tion. In the final multivariable regression model, taking 
psychiatric medication predicted worse outcomes for self-
reported EF, while a better performance at the exercise 
test was linked to better self- and informant-reported EF.

These promising results are of great importance not 
only for adults with CHD, but also to newborns and future 
parents of CHD children, who could achieve not only long-
term survival, but also good long-term quality of life.
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