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Background: Patients with congenital heart defects have a well-established risk of
neuropsychiatric comorbidities. Inattention and hyperactivity are three to four times more
frequent in children with complex congenital heart defects. We have previously shown
a higher burden of overall attention deficit/hyperactivity disorder (ADHD) symptoms in
adults with simple congenital heart defects as well. However, it is unknown whether the
higher burden of ADHD symptoms is mainly driven by hyperactivity, inattention, or both.

Methods: The participants [simple congenital heart defect = 80 (26.6 years old),
controls = 36 (25.3 years old)] and a close relative for each (n = 107) responded to the
long version of the Conners’ Adults ADHD Rating Scales questionnaire. Our primary and
secondary outcomes are mean T-scores in the ADHD scores and symptom sub-scores.

Results: Patients with simple congenital heart defects reported a higher mean
T-score at all three DSM-IV ADHD scores (ADHD—combined: 52.8 vs. 44.9, p =
0.007, ADHD—inattention: 55.5 vs. 46.4, p = 0.002, and ADHD —hyperactivity: 49.4
vs. 44.0, p = 0.03) and in all four ADHD symptom sub-scores (inattention/memory
problems: 50.3 vs. 44.2, p = 0.001, hyperactivity/restlessness: 49.7 vs. 45.9, p
= 0.03, impulsivity/emotional lability: 50.0 vs. 41.3, p = 0.001, and self-esteem
problems: 53.8 vs. 46.3, p = 0.003). The results were maintained after the removal of
outliers (incongruent responses), albeit the hyperactivity/restlessness ADHD symptom
sub-score lost significance. Self- and informant ratings differed significantly on the
ADHD—inattention score for the congenital heart defect group, where informants
rated the ADHD—inattention scores better than the congenital heart defect patients
rated themselves.

Conclusions: Patients with a simple congenital heart defect have a higher symptom
burden across all ADHD scores and all symptom sub-scores. The higher burden of
ADHD is driven by both inattention and hyperactivity symptoms, though the inattention
symptoms seem more prominent. Close relatives were less aware of the inattention
symptoms than the congenital heart defect patients themselves. Routine screening for
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ADHD symptoms may be warranted to facilitate adequate help and guidance as these
symptoms are easily overlooked.

Clinical Trial Registration: www.ClinicalTrials.gov, identifier: NCT03871881.

Keywords: neuro-psychiatric disease, young adult, case - control, inattention, inattention deficit hyperactivity
disorder, congenital hear defects, morbidity

INTRODUCTION

Congenital heart defects (CHDs) are the most common birth
defect found in neonates (5.5-8/1,000 all births) (1, 2). With
advancements in diagnostics and treatment, including pre-, peri-
, and postoperative care and operation techniques, neonates
with CHDs survive until childhood and adulthood (3-6).
This alters the research focus from mortality to morbidity.
A growing body of literature is found on morbidity in
patients with complex CHDs. Less is found on patients with
simple CHDs, even though the simple CHD is twice as
common as the complex ones (2). Patients with CHDs (both
complex and simple) have an increased risk of psychiatric and
neurocognitive disabilities throughout life and twice the risk
for being unemployed than the background population (7-
15).

Attention deficit/hyperactivity disorder (ADHD) symptoms,
such as inattention and hyperactivity, are found three to
four times more frequent in children with complex CHDs
(10). The severity of symptoms is found to be related
to a disrupted brain network (16). The Diagnostic and
Statistical Manual of Psychiatric Disorders, Edition IV (DSM-
IV), published by the American Psychiatric Association,
defines three different presentations of ADHD: ADHD—
combined, ADHD—inattention, and ADHD—hyperactivity.
ADHD—combined is diagnosed when clinically significant
symptoms of both inattention and hyperactivity are present.
In ADHD—inattention, symptoms of inattention are present
without clinically significant symptoms of hyperactivity
and vice versa in regard to ADHD—hyperactivity. In
adults, ADHD has a negative impact on everyday life:
ADHD increases the risk of unemployment and thereby
lowers the overall income for the affected patient (17-
19). Moreover, it decreases the quality of life not only for
adults but also for children, adolescents, and their families.
The negative effect is not entirely uniform but depends
on the character and especially the severity of the ADHD
symptoms (20).

We have previously found increased ADHD symptoms in
patients with simple CHDs, looking at the overall ADHD score
(15). It is unclear if the higher ADHD burden in these patients
are driven mostly by hyperactivity or inattention symptoms. As
these ADHD presentations differ in how they are perceived by
others and differ in problem characteristics (21), it is important
to make this distinction to best help the affected patients.

In this study, we aimed to evaluate the self- and informant-
reported burden of ADHD symptoms in young adults with
simple CHDs and investigate whether the symptoms are driven
by sub-scores of inattention, hyperactivity, or both.

MATERIALS AND METHODS

The study complies with the Declaration of Helsinki (the World
Medical Association, 2013). It is approved by the Danish Central
Regional’s Committee on Biomedical Research Ethics (chart: 1-
10-72-233-17) and the Danish Data Protection Agency (chart:
2012-58-006). It is registered in clinicaltrials.gov (identifier:
NCT03871881). All participants provided written informed
consent prior to enrollment. The data that support the findings
of this study are available from the corresponding author upon
reasonable request.

Study Population

We included patients age >18 years with either an isolated atrial
septal defect (ASD) or an isolated ventricular septal defect (VSD).
We excluded patients with known syndromes (e.g., Trisomy 21),
who had a previous stroke, with recent head trauma, who are
pregnant, or who lack sufficient Danish language skills.

All patients had been diagnosed and treated for their CHD
by a homogeneous group of anesthetists, cardiologists, and
cardiac surgeons at Aarhus University Hospital, a tertiary referral
hospital, in the years 1990 to 2000.

The study group was composed of 32 surgically closed
VSDs, 34 surgically closed ASDs, 10 percutaneously closed
ASDs, and four still open ASDs. The control group is
composed of 39 healthy peers matched on age, gender,
and educational level (International Standard Classification of
Education 2011, ISCED).

Each participant provided a close relative (informant) to
participate in the study as well.

Both the participants and their close relatives (informant)
were asked to respond to the long version of the Conners’ Adult
ADHD Rating Scales (CAARS) questionnaire (total number of
participants = 218).

Most of the participants in this study (except the participants
with percutaneously closed ASDs and with open ASDs) have
participated in a previous study by Asschenfeldt et al. (15).
Please refer to this study for further detailed information on
enrollment/recruitment procedures.

CAARS Questionnaire

The CAARS questionnaire consists of 66 questions, and it
is designed to screen for ADHD symptoms. As an overall
parameter, it provides an ADHD index score which is composed
of the questions most likely to differentiate a person with ADHD
from a person without ADHD. It is further composed of ADHD
scores that differentiate between the DSM-IV diagnosis of the
three presentations of ADHD:
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(1) ADHD-—combined, (2) and
(3) ADHD—hyperactivity.

It also includes four ADHD symptom sub-scores related to the
ADHD diagnosis:

(1) inattention/memory problems, (2)

hyperactivity/restlessness, (3) impulsivity/emotional lability,
and (4) self-esteem problems.
The CAARS questionnaire is validated, and all ADHD scores
and ADHD symptom sub-scores can be standardized to an
age- and gender-corrected T-score (mean, 50; SD, 10) based
on American normative data. Higher scores indicate a higher
presence of symptoms.

An incongruent score for each participant can be calculated.
A high incongruent score (>8) is most likely due to an
unwilling participant, random answering, or a participant
answering to make a specific impression. Exclusion of
responses with an incongruent score >8 increases the validity
of the answers.

Though the CAARS questionnaire is based on DSM-IV, the
definition of ADHD has remained the same from DSM-IV
and DSM-V.

Like most other psychiatric questionnaires, CAARS does
not, by itself, provide a diagnosis. In this study, we will
use the results to provide an estimate of a given burden
of symptoms.

ADHD—inattention,

Statistics

The percentage of T-scores above 65 (corresponding to the 93rd
percentile), representing a great likelihood for a clinical problem,
was calculated for each group.

Data are presented as mean (£SD) or as n (%) where
appropriate. Comparisons between all three groups were done
with ANOVA, and when appropriate, post-hoc comparisons
between two groups were made with either Welch T-test or
Student’s T-test.

Chi-square test was used to analyze a dichotomous outcome.

Our primary outcome was between group difference in the
mean T-score of the four DSM-IV ADHD scores: ADHD—
index, ADHD—combined presentation, ADHD—inattention
presentation, and ADHD—hyperactivity presentation.

Post-hoc sub-analyses were done to compare the T-scores of
the ADHD symptom sub-scores and to compare the primary
outcome between subgroups of the surgically closed ASDs and
the percutaneously closed ASDs.

Statistical analysis was performed on a with/without-outlier
basis. Analysis of all participants was initially performed
regardless of their incongruence score; however, in order to
control for potential bias of outliers, patients with an incongruent
score above 8 were excluded, and all of the above-mentioned
analyses were rerun to test the robustness of the results.

The Benjamini-Hochberg method was used to correct false
discovery rates caused by multiple testing.

A p-value of 0.05 is considered statistically significant.

Sample Size Justification
The sample size was calculated as in the study by Asschenfeldt
et al. (15) and estimated on the basis of previously published

full-scale IQ data (12). The sample size was determined to be 35
CHD patients to find a difference in IQ (the primary outcome of
the previous study) with a power of 80% and a significance level
of 0.05.

RESULTS

Baseline Characteristics/Demographics
The groups (CHD vs. controls) were comparable on sex/gender,
age, body mass index, and ISCED education level (Table 1).

The participants gave a self-reported status of prior psychiatric
diagnosis (Table 1). More of the participants in the CHD group
had a prior psychiatric diagnosis than the participants in the
control group.

As there were no differences in the mean T-scores between the
VSD and the ASD group in any of the ADHD scores or symptom
sub-scores, we analyzed these two groups combined as a CHD
group (Table 2).

T-Score >65

In the CHD group, 15% of all T-scores were above 65 compared
to 4% of the T-scores in the control group [RR = 4.61 (2.52, 8.5),
p < 0.001] (Figure 1). If a participant has one or more T-scores
above 65, the likelihood of a diagnosis of ADHD is higher. We
found that a total of 31 participants (38.8%) in the CHD group
had more than one T-score above 65 (Table 3).

DSM-IV ADHD Scores

We performed a post-hoc analysis of the different ADHD scores
between the CHD and the control groups to characterize this
difference in continuous T-scores.

The CHD group reported significantly higher means across all
ADHD scores than the control group (Table 2).

We found no difference in the ADHD scores between the
subgroup of ASD patients treated with percutaneous ASD closure
(N = 10) compared to ASD patients treated with open surgery
(N = 34) (ADHD index score: 50.7 vs. 55.8, p = 0.3, ADHD—
combined: 48.8 vs. 53.4, p = 0.3, ADHD—inattention: 52.1 vs.
55.5, p = 0.5, and ADHD—hyperactivity: 47.0 vs. 50.3, p = 0.5)
(Figure 2).

ADHD Symptoms Sub-scores
The CHD group reported a higher mean T-score in all of the four
ADHD symptom sub-scores than the control group (Table 2).
Hedges' g effect size was calculated, and a medium effect
size between groups on all ADHD scores and three out
of four ADHD symptom sub-scores (inattention/memory
problems, impulsivity/emotional lability, and self-esteem
problems) were found. Only a small effect size was found on
hyperactivity/restlessness symptoms (Table 2).

Self-Report vs. Informant Report

Compared to the informant report, the CHD group reported
themselves as having more problems at the ADHD—inattention
score, but not at the ADHD—hyperactivity score and ADHD—
combined score (Table 4). No differences were found between
self- and informant-reported ADHD symptom sub-scores. There
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TABLE 1 | Demographics.

ASD VSD CHD Control

(n = 48) (n=32) (n = 80) (n =39)
Gender (n, %)
Male 9 (18.8%) 14 (43.8%) 23 (28.8%) 14 (35.9%)
Female 39 (81.3%) 18 (66.3%) 57 (71.3%) 25 (64.1%)
Age
Mean (SD) 28.7 (6.44) 23.4 (3.34) 26.6 (6.00) 25.3 (4.53)
Body mass index
Mean (SD) 25.7 (5.68) 23.1(2.96) 24.6 (4.93) 22.9 (3.20)
Education (n, %)
ISCED primary education 2 (4.2%) 1(38.1%) 3(3.8%) 0 (0%)
ISCED secondary education 31 (64.6%) 26 (81.3%) 57 (71.3%) 25 (64.1%)
ISCED tertiary education 15 (31.3%) 5 (15.6%) 20 (25.0%) 14 (35.9%)
Any psychiatric disorder? (n, %)
Yes - - 27 (33.8) 4 (10.3%)
ADHD, ADD
Yes - - 7 (8.8%) 0 (0%)
Informant relationship (n, %)
CHD—informant: (n = 75), information onn = 71
Control—informant: (n = 32), information on all
Parent - - 43 (567.3%) 12 (37.5%)
Spouse, partner - - 21 (29.6) 10 (31.3%)
Sibling - - 6 (8.5%) 8 (25.0%)
Friend - - 0 (0%) 2 (6.3%)
Unanswered - - 1(1.4%) 0 (0%)
Duration of relation (years)
Mean (SD) - - 18.9 (9.48) 17.4 (10.5)
ASD, atrial septum defects; VSD, ventricular septum defect; ISCED, International Standard Classification of Education.
aPsychosis, depression, OCD, anxiety, eating disorder, personality disorder, autism spectrum disorders and ADHD/ADD.
TABLE 2 | Mean and SD T-scores.
DMS-IV ASD VSD CHD Control ASD vs. VSD? CHD vs. control® Hedges’ g
ADHD index score
Mean (SD) 54.0 (12.3) 53.6 (12.6) 53.8 (12.4) 45.1(9.2) 0.9 0.001* 0.76
ADHD —combined
Mean (SD) 51.6 (13.0) 54.5 (14.4) 52.8 (13.6) 44.9 (10.5) 0.3 0.007* 0.62
ADHD —inattention
Mean (SD) 54.1 (12.7) 57.7 (13.8) 55.5(18.2) 46.4 (11.4) 0.2 0.002* 0.72
ADHD — Hyperactivity
Mean (SD) 48.8 (12.7) 50.3 (13.9) 49.4 (13.1) 44.0 (8.1) 0.6 0.03* 0.46
Symptoms
Inattention/memory problems
Mean (SD) 50.5 (9.0) 50.3 (11.7) 50.3 (10.1) 44.2 (7.2) 0.8 0.001* 0.66
Hyperactivity/restlessness
Mean (SD) 49.0 (9.2) 50.7 (10.0) 49.7 (9.5) 45.9 (7.3) 0.4 0.03* 0.43
Impulsivity/emotional lability
Mean (SD) 50.3(12.2) 49.6 (14.5) 50.0 (13.1) 41.3(9.0) 0.8 0.001* 0.73
Self-esteem problems
Mean (SD) 55.2(12.7) 51.7 (11.1) 53.8 (12.1) 46.3 (10.5) 0.2 0.003* 0.65
ASD, atrial septum defect; VVSD, ventricular septum defect; CHD, congenital heart defect.
aT-test.
*p < 0.05 (after multiple analysis correction; Benjamini—-Hochberg correction).
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FIGURE 1 | Distribution in % of T-scores above 65 between group for all ADHD-Index score, ADHD DSM-IV scores, all symptoms sub-scores and all scores together.

Controls

TABLE 3 | Participants at risk for an ADHD diagnosis between the CHD group
and the control group.

CHD (N = 80) Control (N = 39)

Count of T-scores above 65
0 49 (61.3%)
1-8 31 (38.8%)

35 (89.7%)
4(10.3%)

were no differences between self- and informant-reported scores
in the control group (Table 4).

Excluding Incongruent Responses

Based on the CAARS incongruent subscore, a total of 14
participants were excluded (two percutaneously closed ASDs, five
surgically closed ASDs, four surgically closed VSDs, and three
controls), leaving a total number of 36 controls, 28 VSDs, and
41 ASDs (29 surgically closed ASDs, eight percutaneously closed
ASDs, and four non-operated ASDs).

We again found no difference in the DSM-IV ADHD scores
between the subgroup of ASD patients treated with open surgery
compared to ASD patients treated with percutaneous ASD
closure (ADHD Index score: 53.9 vs. 50.5, p = 0.50, ADHD—
combined: 51.4 vs. 48.4, p = 0.7, ADHD—inattention: 53.1 vs.
53.3, p = 1.0, and ADHD—hyperactivity: 49.5 vs. 45.1, p = 0.5).

The CHD group reported a significantly higher means across
all DSM-IV ADHD scores than the control group (Table 5).
The CHD group likewise reported a higher mean T-score in
three of the four ADHD symptom sub-scores than the control
group, though we found no difference in mean T-scores in the
hyperactivity sub-score (Table 5).

The 14 participants excluded in the above-mentioned analysis
had a higher mean T-score on all scores and sub-scores both
for the CHD group and for the control group [ADHD index
score: 64.2 (SD 10.7) and 46.7 (SD 6.1), ADHD-combined score:
62.5 (SD 11.8) and 53.3 (SD 7.0), ADHD—inattention: 65.3 (SD
13.8) and 54.7 (SD 5.5), and ADHD—hyperactivity: 57.0 (SD 8.1)
and 50.3 (8.1), inattention/memory problems: 60.6 (SD 8.1) and
47.3 (SD 3.1), impulsivity/emotional lability: 56.7 (SD 10.1) and
44.7 (SD 7.8), self-esteem problems: 62.9 (SD 9.5), and 47.7 (SD
8.4), hyperactivity/restlessness: 57.6 (SD 8.6) and 52.0 (SD 8.0)].
Moreover, 34% of T-scores in the excluded CHD group were
above 65 vs. 0% in the excluded control group.

Self-Report vs. Informant Report Without
Participants With Incongruent Answers

The CHD group reported themselves as having more
problems at the ADHD—combined score and at the ADHD—
inattention score, but not at the ADHD—hyperactivity score,
compared to the informant report. There were no differences
between self- and informant-reported scores in the control
group (Table 6).
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FIGURE 2 | CAARS scores for Perctuaneus ASD and Surgical ASD. H: ADHD-Index, G: ADHD-Combined, E: ADHD-Inattention, F: ADHD-Hyperactivity, A:
Innatention/Memory problems, B: Hyperactivity/Restlessness, C: Impulsivity/Emotional lability, D: Self-esteem problems.

TABLE 4 | Congenital heart defect informant vs. congenital heart defect self-evaluation (mean and SD of T-scores).

CHD Control
DMS-IV Self Informant Self vs. informant? Self Informant Self vs. Informant?
ADHD index score
Mean (SD) 53.8 (12.3) 49.7 (11.4) 0.16 45.1 (9.2) 45.2 (8.1) 0.94
ADHD —combined score
Mean (SD) 52.8 (13.6) 46.0 (9.1) 0.08 44.9 (20.5) 431 (7) 0.37
ADHD —inattention score
Mean (SD) 55.5(13.2) 46.9 (8.5) 0.003* 46.6 (11.4) 44.3 (7.3) 0.3
ADHD —hyperactivity score
Mean (SD) 49.4 (13.1) 45.1(9.9) 0.08 44.0 (8.1) 42.7 (6) 0.45
Symptoms
Inattention/memory problems
Mean (SD) 50.3 (10.1) 48.6 (11.0) 0.35 44.0 (7.5) 45.3 (7.6) 0.48
Hyperactivity/restlessness
Mean (SD) 49.7 (9.5) 47.1(9.4) 0.35 45.9 (7.3) 45.2 (7.4) 0.69
Impulsivity/emotional lability
Mean (SD) 50.0 (13.1) 48.0 (9.6) 0.35 41.3 (9.0 43.2 (5.8) 0.31
Self-esteem problems
Mean (SD) 52.3 (12.0) 50.9 (10.9) 0.35 46.3 (10.5) 48.4 (9.6) 0.4
aT-test.

*p < 0.05 after multiple analysis correction (Benjamini-Hochberg correction).
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TABLE 5 | Mean and SD between groups of T-scores (when participants with incongruent answers are excluded).

Without incongruent answers ASD VSD CHD Control ASD vs. VSD? CHD vs. control? Hedges’ g
DSM-IV ADHD scores

ADHD index score

Mean (SD) 52.5(11.9) 51.6 (12.0) 52.2 (11.9) 44.9(9.4) 0.74 0.01* 0.66
ADHD —combined score

Mean (SD) 50.0 (13.0) 52.9 (13.6) 51.2(18.2) 44.3 (10.5) 0.38 0.02* 0.56
ADHD —inattention score

Mean (SD) 52.5(12.3) 56.1(12.8) 54.0 (12.5) 45.9 (11.6) 0.25 0.01* 0.66
ADHD —hyperactivity score

Mean (SD) 47.7 (13.2) 48.8 (12.5) 48.1 (12.9) 43.5(8.0) 0.74 0.05* 0.4

Symptoms sub-scores
Inattention/memory problems

Mean (SD) 49.2 (8.4) 48.0 (10.9) 48.7 (9.4) 43.8(7.7) 0.6 0.02* 0.55
Hyperactivity/restlessness

Mean (SD) 47.8(8.9) 49.2 (9.4) 48.4 (9.1) 45.4 (7.1) 0.53 0.12 0.35
Impulsivity/emotional lability

Mean (SD) 49.7 (12.5) 47.8 (14.4) 49.0 (18.3) 41.1(9.2) 0.56 0.01* 0.65
Self-esteem problems

Mean (SD) 53.7 (12.5) 50.4 (11.0) 52.3(12.0) 46.2 (10.8) 0.26 0.03* 0.53

Number of participants with incongruent answers: ASD = 7, VVSD = 4, and controls = 3.
ASD, atrial septum defect; VSD ventricular septum defect; CHD, congenital heart defect.
aT-test.

*p < 0.05 after multiple analysis correction.

TABLE 6 | Congenital heart defect informant vs. congenital heart defect self-evaluation.

Without incongruent answers Controls
CHD
DMS-IV ADHD scores Self Informant Self vs. informant? Self Informant Self vs. Informant?
ADHD index score
Mean (SD) 52.2 (11.9) 48.1 (10.4) 0.3 44.9 (9.4) 45.7 (8.1) 0.73
ADHD —combined score
Mean (SD) 51.2(13.2) 42.2 (7.5) 0.03* 44.3 (10.5) 43.4 (7.1) 0.66
ADHD —inattention score
Mean (SD) 54.0 (12.5) 45.6 (7.7) 0.002* 45.9 (11.6) 44.4 (7.5) 0.52
ADHD —hyperactivity score
Mean (SD) 48.1 (12.9) 43.1 (8.4) 0.06 43.5 (8.0) 43 (6.1) 0.79

Symptom sub-scores
Inattention/memory problems

Mean (SD) 48.7 (9.4) 46.8 (9.3) 0.46 43.8(7.7) 45.7 (7.7) 0.36
Hyperactivity/restlessness

Mean (SD) 48.4 (9.1) 45.2 (7.7) 0.06 45.4 (7.1) 45.5 (7.6) 0.95
Impulsivity/emotional lability

Mean (SD) 49.0 (13.3) 46.5 (8.6) 0.3 41.1 (9.2 43.5(5.7) 0.2
Self-esteem problems

Mean (SD) 52.3 (12.0) 50.9 (10.9) 0.46 46.2 (10.8) 48.8(9.7) 0.31

Mean and SD of T-scores (when participants with incongruent answers are excluded).
aT-test.
*p < 0.05 after multiple analysis correction.
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DISCUSSION

The aim of this study was to investigate the distribution in ADHD
symptoms in young adults with simple CHD and investigate
whether such a burden is mostly driven by inattention,
hyperactivity, or both.

We found that the CHD group had a higher burden of
ADHD symptoms in general (all of ADHD—combined,
ADHD—inattention, —and  ADHD—hyperactivity)  and
all related symptoms (inattention/memory  problems,
impulsivity/emotional ~ lability, ~ hyperactivity/restlessness,
and self-esteem problems) compared to healthy controls.

Nevertheless, this burden seems somewhat more dominated
by inattention and less by hyperactivity symptoms, as the
hyperactivity sub-scores reveal smaller effect sizes and did not
reach significance after removing the incongruent responses.
Typically, inattention symptoms continue into adulthood,
whereas hyperactivity seems to burn out with age. This could
be why we only find a small effect size in this group of
young adults. In accordance to our findings, a higher burden of
inattention symptoms, but not hyperactivity, has previously been
documented in a combined group of complex (TGA) and simple
(VSD) CHD children (age 10-17) when compared to a matched
control group (22). We found both a higher burden of inattention
and hyperactivity while not excluding the incongruent responses.
These findings indicate that some participants in our CHD group
have more hyperactivity symptoms that linger into adulthood
despite the general adult ADHD presentation. When analyzing
the participants with incongruent responses, we see that these
participants have higher mean T-scores—especially in the CHD
group. Two (11%) of the participants in the CHD group who
had incongruent answers had a prior diagnosis of ADHD/ADD.
We found that 34% of all T-scores in this group were above the
93rd percentile (corresponding to a great likelihood for clinical
problems) compared to 15% for the CHD group as a whole.
This suggests that the incongruent responses may be part of their
symptomatology (or a desire to make a specific impression) and
not due to unwillingness to answer the questions. More of the
participants in the CHD group had a prior psychiatric diagnosis
of any kind (33.8 vs. 10.3%) and more of them had a prior specific
diagnosis of ADHD/ADD (8.8 vs. 0%) than the participants in the
control group. The higher frequency of preexisting psychiatric
diagnoses and our findings of previously undiscovered symptoms
confirm that the psychiatric well-being of young adults with CHD
is challenged.

The informants reported the CHD patients better (i.e., lower
scores) than the CHD patients reported themselves at the
scores for ADHD—inattention. There are different possibilities
as to why we find this discrepancy between participants and
informants. It could be that the participants over-report their
problems because of symptoms of depression or general low
self-worth. The discrepancy could also be due to informants
being defensive in their responses (“things are better than I
expected”), or it could be that the informants are not aware of
the struggling at school or work because inattention problems
are more “silent” than hyperactivity. Since the discrepancy is only
seen with regards to ADHD—inattention, we think the latter

to be most likely in this study. This corresponded well with
another study that found that parents are less aware of the social
difficulties experienced by children with ADHD—inattention
(21). ADHD—inattention is associated with difficulties in
academic achievements compared to ADHD—hyperactivity
which is more associated with behavioral impairments that may
be more evident at home (23). This correlated well with our
findings. The problems of this patient group with inattention
may not be apparent for other people—even people close to
the patient. Awareness of potential inattention is the first step
in managing these difficulties in a child or an adolescent. In
this aspect, the treating physician has a special and important
role in making the parent or other close relatives aware of these
difficulties and their effect on academic achievements.

ADHD—combined and ADHD—inattention are associated
with problems in social performance. ADHD—inattention is
associated with social performance problems linked to more
passive behaviors. ADHD—combined is associated with more
aggressive behavior problems, which, in turn, are more visible
to the outside world (21). Inattention symptoms are associated
with negative performance on stimuli inhibition, vigilance, and
processing speed (more than hyperactivity symptoms) (24, 25).
These problems could explain the issues with social cognition
found in patients with simple CHD (15). Most studies trying to
describe the difference in cognitive and social functions between
subtypes have focused on ADHD—inattention and ADHD—
combined. Less have been made on ADHD—hyperactivity, and
the results are conflicting. One study found that children with
ADHD—hyperactivity have been found to have the same level
of executive functioning and response inhibition as those with
ADHD—inattention (26). Another study found that ADHD—
hyperactivity had the best cognitive functioning and the best
self-rated self-esteem of the subtypes (27).

Both patients with complex and simple CHDs have
neurocognitive and psychiatric comorbidities compared to
the general population (7-15). Our findings are in line with
these previous studies. Different pathophysiological pathways
have been suggested to explain these comorbidities, including
brain development, brain hypoxia, brain vulnerabilities, surgical
complications, and genetics.

Different pre-, peri-, and post-surgical complications
are known risk factors for early and late neuropsychiatric
comorbidities in patients with complex CHD (28, 29). Research
has progressed to also include patients with simple CHD that
only requires minor operations, and even some without any
operations (7) and surgical complications cannot explain the
neuropsychiatric complications detected in this patient group.
In our study, we found no difference in ADHD scores between
patients with surgically corrected ASDs and percutaneously
corrected ASDs. However, our subgroups are small (ASD
surgically corrected: N = 34 and ASD percutaneously corrected:
N = 10). These findings are in line with the above-mentioned
notion that other factors than surgical complications may play a
bigger role in the development of neurocognitive and psychiatric
morbidities in simple CHDs.

In the third trimester of pregnancy, the development of
the brain is accentuated, and MRI scans in utero have shown
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delayed brain maturation, decreased white and gray volumes,
immature cortical gyrification, and affected brain metabolism
(30-32). Related findings have also been found in newborns
pre-operatively (33-35). Moreover, in a recently published study
from our group, we found abnormal sulcal folding patterns in
adults with simple CHDs (36). This supports a notion of a
disruption in early brain development in these patients. The
general perception is that some of the CHDs result in desaturated
blood being delivered to the brain despite cerebral compensatory
mechanisms (37). De novo damage to specific genes that are
involved in both cardiac and neuro-development and function
has been found in patients with complex CHD (38). These
findings add to the pathophysiological pathways explaining the
brain vulnerabilities and neuropsychological difficulties found
in the patient group. Genetics could also very well be a
contributor to the explanation of the poorer neuropsychological
outcomes found in simple CHDs (39). Further research to
investigate the possible pathophysiology behind the poorer
neuropsychological long-term outcomes in simple CHDs is
still needed.

A proper diagnosis of the three different ADHD presentations
requires a psychiatric evaluation, and prevalence based on
symptom criterions (such as CAARS) must be interpreted with
caution since symptom criterions tend to overestimate (23). If
a participant has one or more T-scores above 65, the likelihood
of a diagnosis of ADHD is higher. We found that a total of
31 participants (38.8%) in the CHD group had more than one
T-score above 65 despite only 7 (8.8%) were diagnosed with a
ADHD/ADD diagnosis already. An explanation could be that
the diagnosis of ADHD/ADD requires a psychiatric evaluation,
and especially inattention problems are more difficult to detect.
Therefore, some of the participants may not have been correctly
recognized and referred to a psychiatrist.

We did not include information on socioeconomic status. We
deal with young adults who have not yet established their own
socioeconomic status, but they are most likely not adequately
defined by the status of their parents. Therefore, we chose to
match the control group to the CHD group by the educational
level of the patients in the belief that the educational level would
be the most accurate reflection of a lifetime socioeconomic status.
Moreover, in a large meta-analysis, no correlation was found
between socioeconomic status and the prevalence of ADHD (23),
but the research is not consistent (40-43).

The observations made by the participant informants are
surrogates for a proper psychiatric evaluation that would lead to a
definitive ADHD diagnosis. In this light, we avoid extrapolating
the results beyond statements about the difference in burden of
ADHD and of related symptoms. As the participants in the CHD
group are relatively well functioning, the burden of ADHD and
symptoms and the quality of this burden were, in fact, what we
wanted to explore.

A notable strength of this study is the control group of healthy
peers matched on gender, age, and educational level instead of
only the normative data provided in the CAARS manual. The
CHD group is exclusively simple CHD (ASD and VSD) and not a
mixture as most previous studies are. Another strength is that we
had evaluations from both the participants themselves and a close

relative, adding an extra layer to the understanding. Despite this
being a relatively small study, a clinically significant difference
was demonstrated.

Our control group had fewer high T-scores (above the 93rd
percentile) than expected (4 vs. 7%). In general, the mean T-
score for our control group was lower than the normative
data provided by the CAARS manual (mean, 50; SD, 10). This
is an expected finding as this is the case in many European
and especially Scandinavian normative datasets (44-47). This
emphasizes the importance of using a comparable control group.
The Danish normative data for the CAARS questionnaire has not
yet been established. To compensate for this somewhat expected
difference in means between our Danish patient group, we used
an age- and gender-matched control group as a comparison.

CONCLUSION

Young adults with simple CHD have a higher burden of ADHD
compared with healthy peers. The difference is driven both
by introvert symptoms, like inattention, and also extrovert
symptoms (atypically for the age group), like hyperactivity,
though the inattention symptoms seem more prominent, and
these are more likely to be overlooked by close relatives.
Awareness of potential inattention is the first step to managing
these difficulties in a child or an adolescent. In this aspect, the
treating physician has a special and important role in making the
parent or other close relatives aware of these difficulties and their
effect on academic achievements.

This study emphasizes the long-term neurodevelopmental
struggles of patients with simple CHDs and underlines the
importance of raising awareness of these hitherto unrecognized
life-changing burdens—struggles that we, as healthcare providers
(be it nurses or doctors), need to discuss with our patients and
their families.
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