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Abstract

Background: Congenital heart defects (CHD) are prevalent, affecting 1% of live births glob-
ally. Despite improved survival rates, adults with CHD face increased risks of psychological
distress and neurocognitive deficits. The P-BAHn study (P-BAHn = “Psyche Bei Angebore-
nen Herzfehlern”, Psyche for congenital heart defects) evaluates the mental health status
and psychosocial challenges of German children and adolescents with CHD, focusing on
retrospectively assessed COVID-19-related burden and patient-/parent-rated experiences
with psychological, psychotherapeutic, or psychiatric treatment (PST). Methods: A cross-
sectional, online-based survey was conducted using the National Register for Congenital
Heart Defects (NRCHD). The final dataset comprised 1567 respondent-level records from
1310 families, including 992 parent reports and 575 self-reports from children/adolescents
aged 6 to <18 years. The survey assessed mental health, emotional well-being, psychosocial
W) Check for updates ‘ status, demographics, medical history, and psychological treatment. Data were analyzed de-
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was associated with female sex, whereas CHD severity was not significant after adjustment.
Among patients with previous or current PST, patient- and parent-rated treatment benefit
varied by patient sex and CHD complexity. Previous/current PST was reported by 25.9%
of patients and 23.8% of parents and was associated with older age in both respondent
groups and with complex CHD in parent reports. Among patients with previous/current
PST, 56.4% reported high perceived support. Conclusions: The P-BAHn study highlights
the need for targeted psychosocial support for children and adolescents with CHD, in-
cluding female patients, those with complex conditions, and patients reporting school-
or crisis-related burden. Retrospectively reported pandemic-related burden underscores
the importance of integrating crisis-sensitive strategies into psychosocial care frameworks.
Longitudinal studies are essential to understand mental health trajectories and to evalu-
ate the sustained patient- and parent-perceived benefit as well as clinical effectiveness of
PST use. Enhancing support services and refining intervention models will improve the
well-being and quality of life for young CHD patients.

Keywords: congenital heart defect (CHD); mental health; psychotherapy; treatment;
COVID-19; young patients

1. Introduction

Congenital heart defects (CHD) are the most common congenital disorder, affecting
approximately 1% of live births worldwide [1]. Advances in medical care have significantly
improved survival rates, with around 90% of CHD patients now reaching adulthood [2,3].
Despite these improvements, adults with CHD (ACHD) face increased risks of psycho-
logical distress, neurocognitive deficits, and social difficulties [4-6]. Numerous studies
have shown that ACHD patients exhibit a higher prevalence of mental health disorders
compared to their healthy peers [7-10], and as they transition into adulthood, address-
ing psychosocial aspects becomes as crucial as medical care [11]. Nevertheless, despite
empirical evidence of an increased risk of mental illness and the expressed interest in
psychological treatment among those affected, research on treating psychological stress in
CHD remains insufficient [12,13].

Miles et al. [14] reported that over one-third of children (<18 years) with CHD in
Denmark were diagnosed or treated for a mental health condition, with a cumulative
incidence of 35.1% by age 18—a rate significantly higher than that observed in the general
population and sibling cohorts. Similarly, Gonzalez et al. [15] analyzed data from a large
U.S. tertiary care hospital and found that 18.2% of children with CHD had an anxiety or
depression diagnosis or received medication, compared to 5.2% of those without CHD.
Their study concluded that youth with CHD, regardless of severity, have significantly
higher odds of anxiety, depression, and ADHD than those without CHD [15]. Consequently,
continuous, lifelong holistic care for CHD patients is undisputed [1]. Beyond medical
management, such care should also include preventive aspects related to physical activity,
nutrition, and mental well-being. Previous nationwide studies from our research group
have shown reduced physical activity and specific nutritional challenges in children with
CHD, particularly in those with more complex defects [16,17]. However, research on the
mental health status of children and adolescents with CHD remains limited, particularly
in Germany.

Global crises have increased in recent years, significantly affecting children’s and
adolescents” health, with some being more vulnerable than others. The German population-
based longitudinal COPSY study (COVID-19 and PSYchological Health) found that girls,
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single-parent children, and those with highly burdened parents had higher multiple health
complaints (MHC) during and after the COVID-19 pandemic, while social support and a
positive family climate helped reduce MHC [18]. Further COPSY analyses also showed
impairments in health-related quality of life (HrQoL), mental health problems, and depres-
sive and anxiety symptoms in the context of ongoing global crises [19]. These findings
emphasize the need for targeted health interventions to protect young people in future
crises. Globally, the pandemic imposed an emotional burden that has negatively impacted
psychological functioning and mental health [20-22]. Moreover, the COVID-19 pandemic
likely compounded the existing stressors associated with CHD, further impairing the
mental well-being of the affected young patients [23,24]. Given the chronic nature of
CHD and the extra strain from pandemic-related stressors, it is critical to comprehensively
assess the mental health status of children and adolescents with CHD and evaluate the
adequacy of current psychological support services. If feelings are not properly perceived
or effective coping strategies are lacking, significant difficulties and psychological stress
can arise [25,26]. Accordingly, it is necessary to take into account possible long-term conse-
quences, coping, and processing of the COVID-19 pandemic when analyzing the current
mental health status of young CHD patients.

The P-BAHn study (“Psyche Bei Angeborenen Herzfehlern”) aims to provide a large
nationwide registry-based assessment of psychological well-being, psychosocial burden,
and mental health-related care use among children and adolescents with CHD in Germany.
In this initial descriptive report, we focus on school-related stress, crisis- and COVID-
19-related burden, self-rated health, life satisfaction, reported mental health problems,
and previous or current PST. We further describe patient- and parent-rated perceptions
of support, helpfulness, and long-term improvement associated with PST and explore
whether key outcomes vary by patient sex and CHD severity. These analyses are intended
to characterize mental health-related burden and care experiences in young patients with
CHD, while avoiding causal interpretation or formal hypothesis testing. Study findings
may help inform targeted psychosocial support services for this population.

2. Methods
2.1. Study Design

This cross-sectional, online-based survey targeted children and adolescents with CHD.
Data were collected in the second quarter of 2024. Participants were recruited through
the National Register for Congenital Heart Defects (NRCHD) [27]. Invitations were sent
via email or postal mail to 10,744 eligible individuals aged 6 to <18 years. Inclusion
criteria were a CHD diagnosis, age between 6 and <18 years, online consent, sufficient
German reading and comprehension skills, and internet access during the study period.
Within the NRCHD, minor children are registered by their parents or legal guardians,
who provide consent for the child’s registration and indicate whether they themselves
and/or the child may generally be contacted regarding future studies. Before starting the
online survey, participants received study information and data protection information.
Consent to participate in the present study was provided electronically by proceeding to
and completing the online questionnaire. Accordingly, the analytical dataset consisted of
respondent-level records rather than exclusively independent patient-level observations.
In families in which both a parent and the affected child/adolescent participated, two
respondent perspectives were available for the same family.

The online survey was pseudonymized using a nine-digit family code, which enabled
the identification of possible parent—child pairs and linkage with medical data from the
NRCHD database via a trusted third party. The trusted third party managed the linkage
between survey data and registry-based medical information so that the research team
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analyzed only pseudonymized datasets and did not directly access identifying informa-
tion during analysis. After entering the family code, respondents indicated whether the
questionnaire was completed by the patient, a parent, or another adult caregiver. Parents
and other adult respondents completed the parent-report version, whereas patients were
assigned to one of four age-adapted self-report versions (6-7, 8-10, 11-13, and 14-17 years).
The questionnaire covered demographic characteristics, mental health, emotional and psy-
chosocial well-being, family and school context, crisis-related burden, COVID-19-related
experiences, physical fitness, HRQoL, CHD-related functional impact, and current or
previous PST. Depending on age and respondent type, completion time ranged from ap-
proximately 10 to 30 min. To reduce respondent burden and potential survey fatigue,
age-adapted questionnaire versions and filter questions were used so that participants were
only presented with items relevant to their age group and respondent status. Core medi-
cal information, including CHD diagnosis and severity, was obtained from the NRCHD
database. If both a parent and child from the same family participated, their responses
could be linked pseudonymously via the family code. However, the present analyses
focused on overall group-level patterns in parent reports and patient self-reports rather
than on matched parent—child dyads. Parent and patient reports were therefore treated as
complementary respondent perspectives. Combined descriptive information was used only
to characterize the overall respondent dataset and should not be interpreted as independent
patient-level inference.

2.2. Measuring Instruments

The online questionnaire was developed based on the research group’s clinical and
research expertise and in alignment with established instruments and large-scale survey
approaches. In particular, items were adapted from the COPSY study (autumn 2023) [19]
where appropriate for children and adolescents with CHD and complemented by study-
specific questions. In addition, validated instruments, including the Strength and Difficul-
ties Questionnaire (SDQ) [28], KIDSCREEN-27 [29], and the short version of the Congenital
Heart Disease Specific Inventory (CHDSI) [30] were incorporated.

Separate questionnaire versions were used depending on respondent type and age.
The child /adolescent self-report versions comprised 27 items for ages 6-7 years, 54 items for
ages 8-10 years, and 184 items for ages 11-13 and 14-17 years, with only minor age-specific
adaptations in wording and response options in the oldest group. The parent-report version
comprised 271 items. Not all respondents were presented with all items, as filter questions
were used to route participants to relevant sections. Response formats included single-
choice items, multiple-choice items, matrix questions, scale-based ratings, and open-ended
text responses.

The questionnaire covered demographic and contextual variables (e.g., age, gender,
school situation), mental health and well-being, family and school context, perceived
burden related to current crises, life satisfaction, diagnosed mental health problems, PST,
and possible consequences of the COVID-19 pandemic, including perceived physical,
psychological, and social changes after infection. Although validated instruments such as
the SDQ, KIDSCREEN-27, and CHDSI were included in the broader P-BAHn questionnaire,
the present manuscript focuses on selected items and item groups addressing general
mental well-being, school- and crisis-related burden, COVID-19-related experiences, PST
use, and patient-/parent-rated treatment benefit. Psychometric scale-score analyses of SDQ,
KIDSCREEN-27, and CHDSI were not the primary objective of this initial descriptive report
and will be addressed separately in analyses specifically designed to examine validated
scale scores and subscale patterns.
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For PST, patients were asked whether they had ever received or were currently re-
ceiving psychological, psychotherapeutic, or psychiatric treatment, whereas parents were
asked the same question with regard to their child with CHD. Perceived support dur-
ing PST, perceived helpfulness of PST, and perceived long-term improvement after PST
were rated retrospectively on a scale from 1 (very poor) to 6 (very good), with ratings
categorized as low (1-2), moderate (3—4), and high (5-6). These ratings reflect subjective
patient- or parent-reported benefit and should not be interpreted as prospective evidence
of treatment efficacy.

2.3. National Register for Congenital Heart Defects

As of March 2025, the NRCHD manages medical data for approximately 60,000 CHD
patients [31], making it Europe’s largest database for CHD [32]. It plays a key role in
clinical research, facilitating studies on various aspects of CHD. Participation is voluntary
and requires patients” general consent, allowing treating physicians to transmit medical
information. This consent applies to both current and future research but can be revoked at
any time. The NRCHD’s multicenter research approach enables large nationwide registry-
based data collection and analysis on CHD and mental health. Previous analyses have
demonstrated that the NRCHD provides broad clinical coverage of the German CHD
population, making it particularly suitable for nationwide registry-based research [32].
Nevertheless, participation in the present survey was voluntary, and possible response bias
must be considered.

2.4. Statistical Analyses

Statistical analyses were carried out using SPSS (Version 29.0). Data were analyzed
primarily using descriptive statistical methods. All group comparisons were exploratory
and unadjusted. Exploratory group comparisons by patient sex and CHD severity were
conducted using chi-square tests for categorical variables, while pairwise t-tests were used
for continuous or approximately continuous variables. Ordinal response variables that
were collapsed into broader categories for analysis were treated as categorical variables
and analyzed using chi-square tests. Given the exploratory nature of the analyses and
the sample size, the use of t-tests was considered appropriate despite possible moderate
deviations from normality. No correction for multiple testing was applied, as the analyses
were exploratory and intended to identify potentially relevant group differences without
increasing the risk of overlooking meaningful associations. To assess whether selected
exploratory associations were robust to basic adjustment, additional multivariable logistic
regression analyses were performed for key outcomes. These outcomes were selected
a priori based on clinical relevance and included school-related stress, less good/poor
self-rated health, high COVID-19-related burden, any self-reported mental illness, previ-
ous/current PST use, and moderate/high perceived long-term improvement after PST.
Models were fitted separately for patient self-reports and parent reports where applicable,
in order to avoid treating parent and child reports from the same family as independent
observations. Predictor variables included age, sex, CHD severity, and syndromic/genetic
condition where model convergence allowed. Simple CHD, male sex, and absence of
syndromic/genetic condition served as reference categories. Results are presented as odds
ratios (ORs) with 95% confidence intervals. All multivariable analyses were exploratory
and were not corrected for multiple testing.

CHD cases were assigned a principal diagnosis based on the International Pediatric
and Congenital Cardiac Code (IPCCC) [33] and categorized as simple, moderate, or complex
CHD according to the severity classification of Warnes et al. [34]. Gender differences were
based on the biological sex recorded in medical documents (e.g., doctors’ letters).
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2.5. Ethical Statement

Ethical approval for this study (EA2/197/22) was given by the Ethics Committee of
Charité Berlin. Participation was voluntary and based on the NRCHD consent procedures,
including parental registration of minor children and permission for study contact, as well
as study-specific electronic consent after provision of study and data protection information
at the beginning of the online survey.

3. Results

Of the 10,744 families invited, 10,425 successfully received the invitation. A total of
3262 respondents accessed the questionnaire portal, but 1543 did not complete the survey,
leaving 1719 completed responses. After excluding 152 responses because of implausible
response behavior or insufficient medical data, the final analysis included 1567 respondent-
level records from 1310 families, comprising 992 parent reports and 575 self-reports from
children/adolescents with CHD. Further details on sample recruitment are provided in

Figure 1.

10,744 families were invited to take part in the survey (4720 letters, 6024 E-Mails)

220 letters were undeliverable

99 E-Mails were undeliverable

7,163 individuals did not respond to the invitation

10,425 families received the invitation

T

3262 individuals visited the online questionnaire portal ]

1543 individuals did not complete the questionnaire

[

1719 individuals completed the questionnaire ]

152 individuals with implausible response behavior or insufficient medical data

Response rate of

[ 1567 individuals (1310 families) were included in the final statistical analyses 12.6% (1310 out of

T T 10,425 families)

992 parents ’ [ 575 children/adolescents

Figure 1. Sample recruitment.

A sociodemographic and clinical overview of the total sample is shown in Table 1.
Across the 1567 respondent-level records, 51.4% referred to female patients, with a mean
patient age of 13.0 & 3.5 years. With regard to CHD severity, 31.2% of patients had
simple CHD, 31.7% moderate CHD, and 37.1% complex CHD. In addition, 104 of the
1567 represented patients (6.6%) had a documented syndromic or genetic condition. These
conditions were more frequently represented in the parent-report group than in the self-
report group (88/992 [8.9%] vs. 16/575 [2.8%]).

Among the included responses, 257 families contributed both a parent report and
a child/adolescent self-report. However, the present analyses focused on group-level
comparisons between all parent reports and all patient self-reports rather than on matched
parent—child dyads.

To contextualize the composition of the final analysis dataset, basic characteristics of all
invited patients were compared descriptively with those of the included respondent-level
records. Among all 10,744 invited patients, 49.1% were female and 50.9% were male, with a
mean age of 13.21 & 3.46 years. The final analysis dataset included 51.4% female and 48.6%
male patient records, with a mean age of 13.0 & 3.5 years.
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Table 1. Sociodemographic and clinical overview of the respondent-level dataset. Data are based
on 1567 respondent-level records from 1310 families and are shown for the full respondent dataset,
parent reports (n = 992), and patient self-reports (n = 575). Parent-report and self-report groups are
shown descriptively; no inferential comparison between respondent groups was performed because

these groups reflect different respondent types and age-dependent questionnaire pathways.

Total Parents Children
N =1567 n =992 n =575
Male patients 761 (48.6%) 532 (53.6%) 229 (39.8%)
Female patients 806 (51.4%) 460 (46.4%) 346 (60.2%)

Average patient age (mean and standard deviation) 13.0 =35years 122+ 3.6years  14.5 1 2.8 years
Simple CHD patients 489 (31.2%) 260 (26.2%) 229 (39.8%)
Moderate CHD patients 497 (31.7%) 337 (34.0%) 160 (27.8%)
Complex CHD patients 581 (37.1%) 395 (39.8%) 186 (32.4%)
At least one congenital cardiac comorbidity is present 1060 (67.6%) 702 (70.8%) 358 (62.3%)
At least one acquired cardiac comorbidity is present 754 (48.1%) 527 (53.1%) 227 (39.5%)
At least one extracardiac diagnosis is present 495 (31.6%) 341 (34.4%) 154 (26.8%)
Syndromic or genetic condition 104 (6.6%) 88 (8.9%) 16 (2.8%)

With regard to CHD severity, the invited cohort comprised 36.3% simple, 26.4%
moderate, 23.0% complex, and 14.2% non-classified cases. After excluding non-classified
cases from the invited cohort, the distribution was 42.4% simple, 30.8% moderate, and
26.8% complex CHD. In the final analysis dataset, 31.2% of patient records were classified
as simple CHD, 31.7% as moderate CHD, and 37.1% as complex CHD.

3.1. Mental Health and Wellbeing

Of the 575 self-responding young CHD patients, 528 were in school at the time of the
survey. A total of 503 patients were aged 11 years or older (mean age 15.3 £ 1.8 years)
and were therefore asked about their current feelings toward school, studying, or working.
45.3% found it somewhat or very stressful, 35.0% moderately stressful, and 19.7% not very
or not at all stressful. Both patient sex and CHD severity were significantly associated with
responses. Female patients were more likely to report school and learning as somewhat
or very stressful (51.5% vs. 35.6% for males, p = 0.0007). Patients with simple CHD were
the most likely to find school somewhat or very stressful (51.1%), followed by those with
moderate (40.9%) and complex CHD (40.8%) (p = 0.032). Exploratory adjusted analyses of
school-related stress and other key outcomes are presented together in Section 3.5.

Patients (N = 503) rated their overall physical fitness on a scale from 1 (very unfit)
to 10 (very fit), with a mean score of 6.4 &+ 2.2. In exploratory pairwise comparisons by
CHD severity, patients with moderate CHD reported slightly higher fitness scores than
those with complex CHD (6.7 & 2.2 vs. 6.2 &= 2.2; p = 0.044), while no significant differences
were observed between patients with simple CHD (6.4 &+ 2.1) and those with moderate
or complex CHD. Male patients reported significantly higher fitness scores than female
patients (6.7 £ 2.1 vs. 6.2 = 2.2; p = 0.019).

Of the 503 patients aged 11 years or older, 2.8% described the family mood as bad or
very bad, 24.3% rated it as average, and 73.0% considered it good or very good. Neither
patient sex nor CHD severity was significantly associated with these perceptions. Among
the 992 parents surveyed, the distribution of ratings of the current family mood was
descriptively similar: 3.4% described the family mood as bad or very bad, 24.5% rated it as
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average, and 72.1% considered it good or very good. Neither patient sex nor CHD severity
was significantly associated with parents’ perceptions.

Out of the 503 CHD patients, 12.3% rated their overall health as less good to poor,
41.4% considered it good, and 46.3% described it as very good or excellent. Patient sex
and CHD severity were significantly associated with response behavior (p = 0.002 and
p = 0.045), with female patients tending to rate their health lower than male patients. In
fact, 56.2% of male patients described their health as very good or excellent compared to
40.1% of female patients, while a higher proportion of female patients assessed their health
as good (45.6% vs. 34.5%) or less good/poor (14.2% vs. 9.3%). Patients with complex CHD
were the least likely to report very good or excellent health (41.4%), compared with those
with simple (45.2%) or moderate CHD (53.8%). Among the 992 parents surveyed on how
their child would describe their own health, the distribution of ratings was descriptively
similar: 10.6% rated it as less good to poor, 47.8% as good, and 41.6% as very good or
excellent. CHD severity was significantly associated with parents’ responses (p = 0.0003),
with parents of patients with complex CHD being the least likely to report very good or ex-
cellent health (34.9%), compared with those with simple (47.3%) or moderate CHD (45.1%).
The corresponding proportions for good overall health were 43.8% (simple CHD), 48.1%
(moderate CHD), and 50.1% (complex CHD), and for less good /poor health, 8.8% (simple
CHD), 6.8% (moderate CHD), and 14.9% (complex CHD), respectively. Corresponding
multivariable models for patient- and parent-rated health are summarized in Section 3.5.

Among 503 patients, 39.0% reported that changes related to the coronavirus pandemic
were not at all or hardly stressful, 37.2% found them somewhat stressful, and 23.9%
considered them quite or extremely stressful. Both patient sex (p = 0.0004) and CHD severity
(p = 0.008) were significantly associated with perceived pandemic-related burden, with
females reporting higher overall burden than males (29.8% high burden vs. 14.4% of males).
Similarly, patients with complex CHD felt the most distressed (27.0% reported high distress
vs. 26.0% simple CHD and 16.7% moderate CHD). An additional exploratory analysis by
age group (11-13, 14-15, and 16-17 years) showed no significant overall group difference
in the distribution of perceived pandemic-related burden (chi-square p = 0.125), but a
significant linear trend indicated that older patients tended to report greater burden (linear-
by-linear association p = 0.014). Adjusted analyses of high COVID-related burden are
presented in Section 3.5.

The 992 parents were also asked to rate how stressful pandemic-related changes had
been for them personally. 29.5% reported that changes were not at all or hardly stressful,
34.4% found them somewhat stressful, and 36.1% considered them quite or extremely
stressful. Neither the child’s sex nor CHD severity was significantly associated with
parents’ perceptions.

Among the 575 patients, 6.6% reported that someone in their family or social circle
had died from COVID-19; a similar proportion was reported in the parent reports (6.4%).
Overall, 72.5% of patients and 74.3% of parents reported that the child had experienced
a COVID-19 infection. The 417 patients and 737 parents in these subgroups were subse-
quently asked to assess the child’s condition in four specific domains by comparing the
period before and after the infection.

In the parent reports, most respondents observed no change in their child’s physical
resilience, psychological state, social environment, or general health following COVID-19
infection. However, a notable minority reported worsening, particularly in psycholog-
ical state (18.9%) and general health (17.9%). Physical resilience was most often rated
as unchanged (86.3%), although 9.8% of parents reported a decline. Parents of female
patients were significantly more likely than parents of male patients to report worsening
physical resilience in their child (p = 0.018). In the patients’ self-reports, a higher proportion
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described declines in physical resilience (16.5%) and general health (19.9%) than in the
parent reports. A significant sex difference was observed for physical resilience (p = 0.0004),
with female patients reporting deterioration more often than male patients. Psychological
state also showed notable deterioration, particularly among patients with simple CHD
(27.1%), with significant differences across CHD severity groups (p = 0.031). Although most
patients reported no change in their social environment, a considerable proportion (19.4%)
described improvement. Further details are provided in Table 2.

Table 2. Retrospectively perceived condition before and after COVID-19 infection. Percentages refer to
respondents who reported that the patient/child /adolescent had experienced a COVID-19 infection.

Parents Assess the Impact of the Child’s COVID-19 Infection on Physical Resilience, Psychological State, Social Environment and

General Health
Total Male Female Simple Moderate Complex
N =737 n=23% n =343 CHD CHD CHD
n =186 n =254 n =297
, - , , worse 72(9.8%) 29 (74%)  43(12.5%)  19(102%)  24(94%) 29 (9.8%)
Physical resilience (sport, leisure time,
everyday life) is now. .. unchanged 636 (86.3%) 345 (87.6%) 291 (84.8%) 161 (86.6%) 221 (87.0%) 254 (85.5%)
male vs. female: p = 0.018 better 2939%)  20(5.1%) 9 (2.6%) 6 (3.2%) 9(35%) 14 (4.7%)
worse 139 (189%) 69 (17.5%) 70 (204%) 31 (16.7%) 53 (20.9%) 55 (18.5%)
Psychological state (feelings, fears, worries, unchanged 566 (76.8%) 306 (77.7%) 260 (75.8%) 144 (77.4%) 192 (75.6%) 230 (77.4%)
desires) is now. . .
better 32(43%)  19(48%)  13(3.8%) 11 (5.9%) 9 (3.5%) 12 (4.0%)
worse 107 (14.5%) 53 (13.5%) 54 (15.7%) 27 (14.5%) 39 (154%) 41 (13.8%)
Social environment (acquaintances, friends, unchanged 586 (79.5%) 313 (79.4%) 273 (79.6%) 148 (79.6%) 198 (78.0%) 240 (80.8%)
family) is now. ..
better 44(60%)  28(71%)  16(A7%)  11(59%)  17(67%) 16 (5.4%)
worse 132 (17.9%) 64 (162%) 68 (19.8%)  25(134%)  55(21.7%) 52 (17.5%)
General health (physical and mental unchanged 562 (76.3%) 302 (76.6%) 260 (75.8%) 150 (80.6%) 186 (73.2%) 226 (76.1%)
well-being) is now. ..
better 43 (5.8%) 28 (7.1%)  15(44%) 11 (59%)  13(5.1%) 19 (6.4%)
Patients assess the impact of their COVID-19 infection on physical resilience, psychological state, social environment and general health
simple moderate complex
e e CED TGRS Gh
- n= n= n =166 n=118 n=133
, . , , worse 69 (165%)  12(7.8%) 57 (21.6%) 37 (22.3%)  15(12.7%) 17 (12.8%)
Physical resilience (sport, leisure time,
everyday life) is now. .. unchanged 311 (74.6%) 122 (79.7%) 189 (71.6%) 112 (67.5%) 93 (78.8%) 106 (79.7%)
male vs. female: p = 0.0004 better 37(89%)  19(124%)  18(6.8%)  17(102%)  10(85%) 10 (7.5%)
Psychological state (feelings, fears, worries, ~ worse 89 (21.3%) 24 (15.7%) 65 (24.6%) 45 (27.1%) 23 (19.5%) 21 (15.8%)

desires) is now. . .

simple vs. moderate vs. complex CHD:

unchanged 297 (71.2%) 118 (77.1%) 179 (67.8%) 104 (62.7%) 89 (75.4%) 104 (78.2%)

p=0.031 better 31(74%)  11(72%)  20(7.6%)  17(102%)  6(5.1%) 8 (6.0%)

worse 59 (14.1%) 17 (11.1%) 42 (159%) 30 (18.1%) 16 (13.6%) 13 (9.8%)
Social environment (acquaintances, friends, unchanged 277 (664%) 102 (66.7%) 175 (66.3%) 105 (63.3%) 81 (68.6%) 91 (68.4%)
family) is now. ..

better 81(19.4%) 34 (222%) 47 (17.8%) 31 (18.7%) 21(17.8%) 29 (21.8%)
General health (physical and mental worse 83 (19.9%) 15 (9.8%) 68 (25.8%) 45 (27.1%) 14 (11.9%) 24 (18.0%)
well-being) is now. .. hanged 288 (68.6%) 114 (745%) 172(65.2%) 98 (59.0%) 93 (78.8%) 95 (71.4%)
male vs. female: p = 0.0001; simple vs. unchange o il < iy oo il
moderate vs. complex CHD: p = 0.007 better 48 (11.5%) 24 (15.7%) 24 (9.1%) 23 (13.9%) 11 (9.3%) 14 (10.5%)

Patients rated the burden associated with current crises, including wars, economic
instability, energy concerns, climate change, and terrorism, while parents assessed the
burden experienced by their child. Among the 503 CHD patients, 55.1% found these crises
not at all or hardly stressful, 31.8% somewhat stressful, and 13.1% quite or extremely
stressful. Sex differences were significant (p = 0.007), with female patients perceiving crises
as more challenging than males. Specifically, 49.5% of females found them not at all or
hardly stressful (vs. 63.9% of males), 35.6% somewhat stressful (vs. 25.8%), 14.9% quite or
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extremely stressful (vs. 10.3%). Parents also evaluated the overall crisis burden for their
children. Among 992 parents, 71.6% considered the crises not at all or hardly stressful,
23.2% somewhat stressful, and 5.2% quite or extremely stressful. Neither patient sex nor
CHD severity was significantly associated with parental assessments.

Patients (N = 503) rated their overall life satisfaction on a scale from 0 (worst) to 10 (best),
with a mean score of 8.0 £ 1.8. Male patients reported significantly higher life satisfaction
than female patients (8.3 & 1.7 vs. 7.8 £ 1.8; p = 0.002). In exploratory pairwise comparisons
by CHD severity, patients with simple CHD reported significantly lower life satisfaction
than those with moderate CHD (7.8 + 1.8 vs. 8.2 &= 1.8; p = 0.03), whereas patients with
complex CHD (8.1 £ 1.8) did not differ significantly from the other CHD severity groups.

Of all 575 patients, 17.0% reported having a mental illness. Specifically, 39 (6.8%) re-
ported anxiety symptoms, an anxiety disorder, or panic attacks; 32 (5.6%) reported an eating
disorder; 27 (4.7%) reported depressive symptoms or depression; 16 (2.8%) reported con-
centration problems (e.g., ADHD); and 29 (5.0%) reported another mental health condition.
Adjusted analyses of self-reported mental illness are presented in Section 3.5.

Among the 992 parents surveyed, 11.7% reported having a mental illness themselves.
Specifically, 56 (5.6%) reported depressive symptoms or depression, 25 (2.5%) reported
anxiety symptoms, an anxiety disorder, or panic attacks, 16 (1.6%) reported stress symptoms,
trauma, or PTSD, 14 (1.4%) reported exhaustion or burnout, and 21 (2.1%) reported another
mental health condition.

3.2. Psychological, Psychotherapeutic, or Psychiatric Treatment

Overall, reported PST rates did not differ significantly by patient sex, but CHD severity
was associated with reported PST rates in the parent reports. Specifically, parents of children
with complex CHD were significantly more likely to report that their child had received
PST than parents of children with simple or moderate CHD. In contrast, CHD severity
was not significantly associated with self-reported PST rates among young CHD patients.
Reported PST rates were 23.8% in the parent reports and 25.9% in the patient self-reports.
The highest reported PST rates were observed for patients with complex CHD, ranging
from 29.0% in patient self-reports to 29.4% in parent reports. Further details are provided
in Figure 2. Adjusted analyses of previous/current PST use are presented in Section 3.5.

3.3. Further Questions on Psychological, Psychotherapeutic, or Psychiatric Treatment

In total, 149 of the 575 surveyed patients (25.9%) reported current or previous PST,
and 236 of the 992 surveyed parents (23.8%) reported current or previous PST for their
child with CHD. If PST was reported, further questions were asked. Reported reasons for
PST are summarized in Table 3. Overall, school-related problems, mental illness, family-
or peer-related problems, and other reasons were among the most frequently reported
indications in both parent and patient reports. In the parent reports, attributing PST to
the CHD itself differed significantly by CHD severity (p = 0.0004) and was reported most
often for children with complex CHD. In the patient reports, attributing PST to the CHD
itself also differed significantly by sex (p = 0.005) and CHD severity (p = 0.004), with male
patients and those with complex CHD reporting this reason more often.

Among the 149 CHD patients who were currently receiving or had previously received
PST, the majority (80.5%) reported that the treatment had been provided by a psychologist
or psychotherapist. In comparison, 12.1% reported that the treatment had been provided
by a physician, 5.4% by another person, and 2.0% were unsure. A similar distribution
was observed in the parent reports: among the 236 parents who reported PST for their
child with CHD, 79.2% stated that the treatment had been provided by a psychologist or
psychotherapist, 16.5% by a physician, and 4.2% by another person.
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Table 3. Reasons for psychological, psychotherapeutic, or psychiatric treatment (PST); multiple

answers were possible.

Reasons for PST of the CHD Patient According to the Parents’ Statements

Total Male Female Simple =~ Moderate  Complex
N =236 n =135 n =101 CHD CHD CHD
} - - n =50 n="70 n=116
Problems at home/with 47 (19.9%) 30 (22.2%) 17 (16.8%) 13 (26.0%) 17 (24.3%) 17 (14.7%)

the family

Problems at school/
training /university

78 (33.1%)

51 (37.8%)

27 (26.7%)

15 (30.0%)

22 (31.4%)

41 (35.3%)

Problems with other students/

acquaintances, friends 51 (21.6%) 29 (21.5%) 22(21.8%) 13(26.0%) 14 (20.0%) 24 (20.7%)
Because of a mental illness 55(23.3%) 30 (22.2%) 25(24.8%) 13(26.0%) 16(22.9%) 26 (22.4%)
Because of the congenital
heart defect o o o o o o
simple vs. moderate vs. complex 61 (25.8%) 41 (30.4%) 20 (19.8%) 4 (8.0%) 15 (21.4%) 42 (36.2%)
CHD: p = 0.0004
For other reasons 84 (35.6%) 44 (32.6%) 40 (39.6%) 21 (42.0%) 22 (31.4%) 41 (35.3%)
Reasons for PST of the CHD patient according to the patients’ statements
simple moderate complex
g,k CGEGET SO
a a a n=61 n=234 n=>54
Problems at home/with the family
male vs. female: p = 0.010; simple o o o o o o
vs. moderate vs. complex CHD: 43 (289%) 9(164%)  34(36.2%) 24(39.3%) 10(29.4%) 9 (16.7%)
p =0.028
Problems at school/ o o o o o o
fraining,/university 61 (40.9%) 22 (40.0%) 39 (41.5%) 27 (44.3%) 12 (35.3%) 22 (40.7%)
Problems with other students/ o o o o o o
acquaintances, friends 34 (22.8%) 13 (23.6%) 21(22.3%) 13(21.3%) 11(32.4%) 10 (18.5%)
Because of a mental illness 45 (30.2%) 13 (23.6%) 32 (34.0%) 23 (37.7%) 10 (29.4%) 12 (22.2%)
Because of the congenital
heart defect
male vs. female: p = 0.005; simple 22 (14.8%) 14 (25.5%) 8 (8.5%) 2 (3.3%) 8(23.5%)  12(22.2%)
vs. moderate vs. complex CHD:
p = 0.004
For other reasons 46 (30.9%) 17 (30.9%) 29 (30.9%) 17 (27.9%) 9 (26.5%) 20 (37.0%)

Among the 148 patients aged eight years or older, recommendations for PST were

reported to come from various sources; most commonly family or friends (31.1%), a

physician (29.1%), or the patients themselves (23.6%), 8.8% named another source, and

7.4% were unsure who had recommended PST. Among the parents who reported PST for

their child with CHD, treatment initiation was predominantly described as parent-driven:

64.4% stated that the decision had been made on their own initiative, 25.8% reported a

physician’s recommendation, 8.1% named another source, and 1.7% cited family or friends.

In the parent reports, 89.4% stated that their child’s PST was fully covered by health
insurance, while 5.5% reported partial coverage and 5.1% reported full out-of-pocket pay-
ment. Overall, 45.3% stated that their child had attended between 1 and 10 appointments,
17.8% reported 11 to 20 sessions, and 36.9% reported more than 20 appointments.
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Psychological, psychosocial or psychiatric treatment (PST) received

25.9%
All young CHD patients (n = 575) 24.0%

no significant differences regarding gender and 27.2%
CHD severity: gender (p =0.399) and CHD 26.6%
severity (p = 0.244) 21.3%

All parents of CHD patients (n = 992)
no significant differences regarding gender and

I 29.0%

23.8%
25.4%

L . . . 22.0%
significant differences regarding CHD severity: 19.2%
gender (p = 0.207) and CHD severity (p = : °0
0.003) 20.8%
N o .4%
W total B male patients female patients
simple CHD patients moderate CHD patients B complex CHD patients

Figure 2. Reported rates of psychological, psychotherapeutic, or psychiatric treatment (PST) among
CHD patients.

3.4. Patient- and Parent-Rated Benefit of Psychological, Psychotherapeutic, or
Psychiatric Treatment

Overall, many patients and parents retrospectively rated PST as supportive and
helpful, although patient- and parent-rated benefit varied according to patient sex and
CHD severity. In the parent reports, 55.9% rated the level of support their child received
during PST as high, 36.4% as moderate, and 7.6% as low. Parents of male patients were
significantly less likely than parents of female patients to report a high level of support
(p = 0.007). Regarding perceived helpfulness, 47.5% of parents rated PST as highly helpful,
36.4% as moderately helpful, and 16.1% as low in helpfulness. For perceived long-term
improvement, 40.7% of parents reported high improvement, 37.7% moderate improvement,
and 21.6% low improvement. Parents of female patients reported significantly greater
long-term improvement than parents of male patients, with high perceived long-term
improvement reported for 48.5% of female patients compared with 34.8% of male patients
(p = 0.005). CHD severity was also associated with perceived long-term improvement:
parents of patients with simple CHD reported high perceived improvement most frequently
(52.0%), followed by parents of patients with moderate CHD (44.3%) and complex CHD
(33.6%) (p = 0.037). Patient reports showed a distribution similar to that observed in the
parent reports (see Table 4). Adjusted analyses of perceived long-term improvement after
PST are presented in Section 3.5.

3.5. Exploratory Multivariable Logistic Regression Analyses of Key Outcomes

Exploratory multivariable logistic regression analyses were performed for selected
key outcomes to assess whether the main descriptive associations were robust to basic
adjustment for age, sex, CHD severity, and syndromic/genetic condition where model
convergence allowed. Models were fitted separately for patient self-reports and parent
reports where applicable. Full results are shown in Table 5.

https://doi.org/10.3390/jcm15114342


https://doi.org/10.3390/jcm15114342

J. Clin. Med. 2026, 15, 4342

13 of 24

Table 4. Patient- and parent-rated support, helpfulness, and perceived long-term improvement

associated with psychological, psychotherapeutic, or psychiatric treatment (PST).

Parent-Rated Support, Helpfulness, and Perceived Long-Term Improvement Associated with PST of the CHD Patient

o, e T b Vo ai
n=>50 n=70 n=116

Support level low 18 (7.6%)  15(11.1%)  3(3.0%) 3 (6.0%) 5 (7.1%) 10 (8.6%)

Patient felt well supported/advised during PST ~ moderate 86 (364%) 55 (40.7%) 31 (30.7%) 14 (28.0%)  25(35.7%) 47 (40.5%)

male vs. female: p =0.007 high 132 (559%) 65 (48.1%) 67 (66.3%) 33 (66.0%) 40 (57.1%) 59 (50.9%)

low 38(161%)  27(20.0%)  11(109%)  5(10.0%)  10(143%) 23 (19.8%)

Egjfi;’f;i 4 the PST help the patient moderate 86 (36.4%) 51 (37.8%)  35(34.7%) 14 (28.0%) 26 (37.1%) 46 (39.7%)

high 112 (47.5%) 57 (422%)  55(545%)  31(62.0%) 34 (48.6%) 47 (40.5%)

Long-term improvements low 51 (21.6%) 39 (28.9%) 12 (11.9%) 5 (10.0%) 12 (17.1%) 34 (29.3%)

iﬁ f 3 ST Zfeﬁgllg"]fzéegg;”:ﬁ; opz’lim‘f:t moderate 89 (37.7%) 49 (36.3%) 40 (39.6%) 19 (38.0%) 27 (38.6%) 43 (37.1%)

moderate vs. complex CHD: p = 0.037 high 96 (40.7%) 47 (34.8%) 49 (48.5%) 26 (52.0%) 31 (44.3%) 39 (33.6%)
Patient-rated support, helpfulness, and perceived long-term improvement associated with PST

e e Eh Tan O

n=>6l n=234 n=>54

low 17 (114%)  509.1%)  12(12.8%) 9 (14.8%) 1(2.9%) 7 (13.0%)

ﬁﬁﬁﬁr}e}fﬁu supportedjadvised during ST _MOderate  48(3220%)  14(255%)  34(362%)  22(361%) 14(412%) 12(22.2%)

high 84 (56.4%)  36(65.5%) 48 (51.1%) 30 (492%)  19(559%) 35 (64.8%)

low 27(181%)  9(164%)  18(19.1%)  15(24.6%)  4(11.8%) 8 (14.8%)

E;lfﬁ;’f;i 4 the PST help the patient moderate 50 (33.6%) 18 (32.7%) 32 (34.0%) 18(29.5%) 12(353%) 20 (37.0%)

high 72 (48.3%)  28(50.9%) 44 (46.8%) 28 (45.9%)  18(52.9%) 26 (48.1%)

Long-term improvements low 34(22.8%)  8(145%) 26 (27.7%) 21 (244%)  5(147%) 8 (14.8%)

gﬁ Ifli ! ée‘inig g’ggﬁfg”iggggj&ﬁg moderate 56 (37.6%) 20 (364%) 36 (383%) 14 (23.0%) 13 (382%) 29 (53.7%)

p =0.005 high 50 (39.6%) 27 (49.1%)  32(34.0%) 26 (42.6%) 16 (47.1%) 17 (31.5%)

Table 5. Exploratory multivariable logistic regression analyses of selected key outcomes.

Outcome Respondent Group  Predictor OR 95% CI p-Value
Age, per year 1.19 1.07-1.32 0.002
Female sex 1.71 1.17-2.52 0.006

Patient self-reports . _

School-related stress > 11 years, N = 503 Moderate CHD vs. simple CHD  0.78 0.50-1.24 0.296
Complex CHD vs. simple CHD 0.88 0.57-1.38 0.586
Syndromic/genetic condition 0.87 0.29-2.66 0.813
Age, per year 1.33 1.10-1.61 0.003
Female sex 1.79 0.98-3.30 0.060

Less good/poor Patient self-reports = "y jqorate CHD vs. simple CHD 179 0.87-3.68  0.112

self-rated health > 11 years, N = 503
Complex CHD vs. simple CHD 3.16 1.62-6.14 0.001
Syndromic/genetic condition 0.34 0.04-2.77 0.314
Age, per year 1.07 1.00-1.13 0.037
Female sex 1.16 0.76-1.75 0.494

Less good/ Parent reports, Moderate CHD vs. simple CHD  0.79 0.42-1.47 0.453

poor health N =992
Complex CHD vs. simple CHD 1.96 1.16-3.32 0.013
Syndromic/genetic condition 1.27 0.63-2.55 0.511
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Outcome Respondent Group  Predictor OR 95% CI p-Value
Age, per year 1.12 0.98-1.27 0.093
Female sex 2.49 1.53—4.05 <0.001

High COVID-19-  Pafientself-reports = "y g 1o CHD vs. simple CHD 070 0.39-123 0213

related burden > 11 years, N = 503
Complex CHD vs. simple CHD 1.45 0.87-2.41 0.151
Syndromic/genetic condition 0.80 0.21-3.10 0.749
Age, per year 1.09 1.00-1.19 0.065

Any self-reported Patient self-reports, ~Female sex 1.31 0.82-2.10 0.263

mental illness N =575 Moderate CHD vs. simple CHD  0.74 0.41-1.33 0.309
Complex CHD vs. simple CHD 1.31 0.78-2.22 0.312
Age, per year 1.10 1.02-1.19 0.014
Female sex 1.14 0.77-1.70 0.514

Previous/current  Patient self-reports,  nfoderate CHD vs. simple CHD 087  053-144 0590

PST use N =575
Complex CHD vs. simple CHD 1.39 0.87-2.20 0.165
Syndromic/genetic condition 0.64 0.18-2.36 0.506
Age, per year 1.12 1.07-1.17 <0.001
Female sex 091 0.67-1.23 0.520

Previous/current  Parent reports, Moderate CHD vs. simple CHD ~ 1.35  0.88-2.06  0.167

PST use N =992
Complex CHD vs. simple CHD 2.10 1.41-3.11 <0.001
Syndromic/genetic condition 0.50 0.27-0.92 0.027

Moderate/high Age, per year 0.86 0.69-1.08 0.186

oderate/hi .

perceived longg—term Patient self-reports  Female sex 074 028194 0537

b with previous/ :

Improvement current PST, N = 149 Moderate CHD vs. simple CHD ~ 2.28 0.73-7.12 0.156

after PST Complex CHD vs. simple CHD ~ 1.96 0.70-549  0.198
Age, per year 1.08 0.98-1.19 0.131

h/éc;;ieiiaetg /1 (})1rilg}-1term Parent reports with Female sex | 2.73 1.32-5.66 0.007

p tg previous/current Moderate CHD vs. simple CHD 0.77 0.24-2.43 0.650

improvemen

o PST, N =236 Complex CHD vs. simple CHD 037 0.13-1.04  0.060
Syndromic/genetic condition 0.51 0.14-1.85 0.304

ORs are from exploratory multivariable logistic regression models. Models were fitted separately for patient
self-reports and parent reports where applicable. Simple CHD, male sex, and absence of syndromic/genetic
condition served as reference categories. School-related stress was coded as somewhat/very stressful versus
moderate/not very/not at all stressful. Less good/poor health was coded as less good/poor versus good/very
good/excellent. High COVID-19-related burden was coded as quite/extremely stressful versus somewhat/not at
all/hardly stressful. Any self-reported mental illness and previous/current PST use were coded as yes versus no.
Moderate/high perceived long-term improvement after PST was coded as moderate/high versus low perceived
long-term improvement. The model for a self-reported mental illness was adjusted for age, sex, and CHD
severity only because inclusion of syndromic/genetic conditions resulted in quasi-complete separation and
model non-convergence. The patient self-report model for perceived long-term improvement after PST was also
adjusted for age, sex, and CHD severity only because inclusion of syndromic/genetic conditions resulted in model
non-convergence. CI = confidence interval; CHD = congenital heart defect; OR = odds ratio; PST = psychological,
psychotherapeutic, or psychiatric treatment.

In patient self-reports, older age and female sex were associated with higher odds of
school-related stress, whereas CHD severity was not significantly associated with school-
related stress after adjustment. Less good/poor self-rated health was associated with
older age and complex CHD in patient self-reports, and a corresponding parent-report
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model showed the same pattern, although with a smaller effect size for complex CHD.
High COVID-19-related burden was associated with female sex, while CHD severity was
not significantly associated with this outcome after adjustment. The model for any self-
reported mental illness did not identify significant associations with sex or CHD severity;
age showed a non-significant tendency toward higher odds.

For previous/current PST use, older age was associated with higher odds in both
patient self-reports and parent reports. In parent reports, complex CHD was addition-
ally associated with higher odds of reported PST use, whereas this association was not
significant in patient self-reports. Among respondents with previous/current PST, no
individual predictor was significantly associated with moderate/high perceived long-term
improvement in patient self-reports. In parent reports, female patient sex was associated
with higher odds of moderate/high perceived long-term improvement, while complex
CHD showed a non-significant tendency toward lower odds.

4. Discussion

The P-BAHn study provides important insights into mental health status, psychosocial
challenges, crisis-related burden, use of PST, and patient- and parent-rated benefit of PST
among German children and adolescents with CHD. Our findings show that mental health
problems and psychosocial burden are common in this population, with both CHD severity
and patient sex being associated with perceived stress, overall health, and treatment-
related outcomes.

Because this was a cross-sectional, exploratory survey based on self- and parent-
reported data, all associations should be interpreted as descriptive and hypothesis-
generating. The multivariable models were intended to examine the robustness of selected
associations to basic adjustment, not to establish causality.

The comparison between the invited cohort and the final analysis dataset suggests
that age and sex distributions were broadly similar. However, patients with complex CHD
were more strongly represented in the final analysis dataset, whereas patients with simple
CHD were less strongly represented. This pattern should be considered when interpreting
the descriptive prevalence estimates and limits unqualified claims of representativeness for
the overall population of invited children and adolescents with CHD.

4.1. Mental Health and Wellbeing

The findings indicate several areas of psychosocial burden among young CHD pa-
tients, particularly school-related stress, crisis-related burden, reduced self-rated health and
fitness, lower life satisfaction in female patients, and self-reported mental health conditions.
School-related stress affected 45.3% of self-reporting patients aged 11 years or older and
differed by patient sex and CHD severity in unadjusted analyses. Female patients reported
more stress than males (51.5% vs. 35.6%), and unexpectedly, patients with simple CHD
reported the highest proportion of school-related stress. However, this severity-related as-
sociation was attenuated in multivariable logistic regression and was no longer statistically
significant after adjustment. In contrast, older age and female sex remained associated
with higher odds of school-related stress. This suggests that the initially observed severity-
related pattern may partly reflect other unmeasured factors rather than an independent
effect of anatomical CHD severity. Nevertheless, the descriptive finding remains clinically
relevant because it indicates that school-related stress is not confined to patients with
complex CHD. Patients with anatomically less severe CHD may also experience substantial
psychosocial burden, potentially related to lower illness visibility, fewer formal accom-
modations, less anticipatory psychosocial guidance, or higher school-related expectations.
Chiang et al. [35] found that adolescents with mild CHD transition from feeling limited

https:/ /doi.org/10.3390/jcm15114342


https://doi.org/10.3390/jcm15114342

J. Clin. Med. 2026, 15, 4342

16 of 24

to mastering their condition through self-awareness and coping strategies. These insights,
together with the present findings, highlight the need for early psychosocial support and
tailored supportive interventions.

Self-rated fitness averaged 6.4/10, with males rating themselves higher than females
(6.7 vs. 6.2, p = 0.019). CHD severity was also associated with perception, with patients
with moderate CHD rating their fitness slightly higher than those with complex CHD. This
pattern is in line with population-based findings from Germany: data from the MoMo
study show pronounced sex differences in physical activity participation, particularly
in sports club activity, with boys generally being more active than girls; MoMo-based
analyses further highlight the relevance of physical self-concept for adolescents” activity
behavior [36,37].

Regarding health perception, 12.3% rated their health as less good to poor, with females
and patients with complex CHD reporting the most negative views. Multivariable analyses
supported the relevance of CHD severity for self- and parent-rated health. After adjustment,
complex CHD remained associated with higher odds of less good/poor health in both
patient self-reports and parent reports. This consistency across respondent perspectives
suggests that the less favorable health perception among patients with complex CHD is not
explained solely by age or sex differences in the present sample. In an informal contextual
comparison with data from the German KiGGS study, this proportion appears higher: in
KiGGS Wave 2, only 4.3% of 3- to 17-year-olds were rated as having fair/bad/very bad
general health overall, and even among 14- to 17-year-olds, the proportion was 6.8% in
girls and 4.8% in boys. However, this comparison is not age- or sex-standardized and
should be interpreted cautiously because the present study and KiGGS differ in age range,
respondent type, item wording, assessment period, and clinical composition. Although
direct comparisons are limited, the contrast suggests that adolescents and young adults
with CHD—especially females and those with complex CHD—perceive their health less
favorably than peers from the general population [38]. Taken together, these findings
underscore the impact of patient sex and CHD severity on fitness and health perceptions
and suggest that disease burden adds to the sex differences already observed in the general
population [36-38].

Among patients aged 11 years or older, 73.0% rated family mood as good or very
good. Parent reports showed descriptively similar distributions, suggesting that family
climate may be an important contextual factor for mental well-being. However, female
patients more often reported a high burden related to current crises than male patients
(14.9% vs. 10.3%). Jackson et al. [39] reported that CHD families cope in diverse ways,
influenced by psychosocial resources and family cohesion rather than disease severity.
Strong parental support fosters psychological well-being, while resource-limited families
face greater distress. The present study’s high family mood provides a foundation for
strengthening resilience and adaptive coping strategies.

Retrospectively assessed pandemic-related burden differed between subgroups, with
female patients and those with complex CHD reporting greater distress, whereas parents’
perceptions of pandemic-related burden were not significantly associated with the child’s
sex or CHD severity. An additional exploratory analysis by age group (11-13, 14-15, and
16-17 years) showed no significant overall group difference in perceived pandemic-related
burden (p = 0.125). However, a significant linear trend was observed (p = 0.014), indicating
that older patients tended to report greater burden related to pandemic-associated changes.
In multivariable analysis, female sex remained strongly associated with high COVID-related
burden, whereas CHD severity was no longer statistically significant after adjustment. The
robust association with female sex is consistent with broader population-based findings
showing higher psychosocial burden among girls and female adolescents during and after
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the pandemic. However, because COVID-19-related burden was assessed retrospectively
in 2024, these findings should not be interpreted causally.

Overall, 72.5% of patients reported having had COVID-19, and 74.3% of parents
reported COVID-19 infection in their child. Because these assessments were retrospective,
the reported changes cannot be attributed causally to COVID-19 infection. In the parent
reports, most respondents did not observe substantial changes in their child after infection,
although a notable minority reported declines in psychological state (18.9%) and general
health (17.9%). In the patient self-reports, deterioration was also reported, particularly for
physical resilience (16.5%) and general health (19.9%), with female patients being especially
affected. Similar to the findings on school-related stress, this pattern may reflect differences
in baseline mental health, family context, expectations, follow-up intensity, illness visibility,
or selection effects rather than a direct effect of CHD severity.

Social consequences of COVID-19 appeared heterogeneous. Although most patients
reported no change in their social environment, 19.4% described improvements, which may
reflect reduced social pressures or altered social demands during and after the pandemic.
These findings underline the need for continued psychological support for young CHD
patients, particularly for female patients and those with complex CHD.

Harvey reported high mental health burdens among parents of young children with
CHD during the COVID-19 pandemic, while identifying resilience as well as emotional
and informational support as important protective factors [40]. Moons et al. [41] found
that adults with CHD in Belgium, Norway, and South Korea experienced considerable
pandemic-related disruptions but also demonstrated resilience. In contrast, the present
findings suggest that younger CHD patients may have experienced more persistent psy-
chosocial burden in specific domains. Together with previous nationwide analyses on
physical activity and nutritional status in children with CHD, the present findings con-
tribute to a broader understanding of modifiable and psychosocial aspects of long-term
care in this population.

Life satisfaction averaged 8.0/10, with males (8.3) reporting higher satisfaction than
females (7.8). This sex difference is broadly consistent with findings from the German HBSC
study, although the comparison is informal and not age- or sex-standardized, which also
identified girls as being at greater risk of lower well-being and low life satisfaction when
assessed using the Cantril Ladder. In the 2022 HBSC survey, the majority of adolescents
still reported high life satisfaction, but girls and older adolescents were significantly more
likely to fall below the established cut-off for low life satisfaction (<6). Direct comparisons
are limited by differences in age range, clinical status, respondent type, assessment period,
and item context. Nevertheless, our findings suggest that female patients with CHD may
represent a particularly vulnerable subgroup with regard to subjective well-being [42].
In exploratory comparisons, patients with moderate CHD reported slightly higher life
satisfaction than those with simple CHD. This pattern may reflect that psychosocial adapta-
tion is not determined by anatomical severity alone, but also by coping processes, family
context, and subjective illness experience. Self-reported mental illness prevalence was
17.0%, with anxiety (6.8%) and eating disorders (5.6%) being the most common. In contrast
to school-related stress, self-rated health, and COVID-related burden, the multivariable
model for a self-reported mental illness did not identify significant associations with sex or
CHD severity. This may indicate that reported mental illness in this cohort is influenced by
a broader range of factors not captured in the present models. It should also be considered
that the outcome was based on self-reported mental illness rather than a standardized diag-
nostic assessment. In informal comparison with population-based estimates from Germany,
this proportion does not appear markedly elevated, although such comparisons should be
interpreted cautiously because of differing assessment methods and case definitions. In
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KiGGS Wave 2, 16.9% of children and adolescents were classified as having mental health
problems based on screening data; nationwide ambulatory claims data further suggest
that documented mental disorders are common in this age group. At the same time, the
distribution of disorders in our sample is noteworthy, as anxiety disorders are also among
the most frequent conditions in population-based German studies, while eating disorder
symptoms have been reported particularly often among girls and adolescents [43—46].
Parental self-reported mental illness prevalence was lower (11.7%), but still highlights
family challenges. Taken together, these findings support the need for holistic psychosocial
care concepts that address not only cardiac status, but also emotional well-being, mental
health, and family burden [47].

4.2. Psychological, Psychotherapeutic, or Psychiatric Treatment

Reported PST rates ranged from 23.8% (parent reports) to 25.9% (patient reports).
While sex differences were not statistically significant, CHD severity was associated with
reported PST rates, particularly in the parent reports. Parents of children with complex
CHD were significantly more likely to report PST than those with milder forms, suggesting
that greater disease severity may be associated with higher perceived psychosocial burden,
greater awareness of mental health needs, more frequent contact with specialized care, or a
higher likelihood of referral. This finding is in line with previous literature discussed in
the introduction, showing that parents of children with CHD experience elevated rates of
psychological distress, anxiety, depression, and post-traumatic stress symptoms, especially
in the context of critical or more severe disease courses. Reviews further indicate that a
substantial proportion of these families have ongoing psychosocial care needs [48]. While
CHD severity had no significant effect on PST rates in young patients—possibly due
to smaller subgroup sizes—those with complex CHD consistently showed the highest
PST rates across groups. This pattern likewise accords with prior studies suggesting that
children and adolescents with CHD and their families are a psychosocially vulnerable
population, even though associations with anatomical severity are not always uniform
across studies [48,49].

Parents of patients with complex CHD reported PST rates up to 29.4%, highlighting
considerable psychosocial care needs in this subgroup. Recent data comparing parents
of children with univentricular hearts with parents of children with simple defects also
support this interpretation, showing higher psychosocial burden and reduced quality of
life in families facing particularly complex cardiac conditions [48,50].

Multivariable analyses further clarified the pattern of PST use. Older age was as-
sociated with higher odds of previous/current PST use in both patient self-reports and
parent reports, which may reflect a longer cumulative opportunity to receive treatment
and increasing recognition of psychosocial needs during adolescence. In parent reports,
complex CHD remained associated with higher odds of reported PST use after adjustment,
whereas this association was not significant in patient self-reports. This difference may
reflect parental awareness of cumulative disease-related burden, greater healthcare contact
among families of patients with complex CHD, or differences between proxy and self-
perceived treatment needs. Interestingly, a syndromic/genetic condition was associated
with lower odds of parent-reported PST use. This may reflect different care pathways, such
as developmental, social-pediatric, rehabilitative, or educational support services that are
not perceived or reported as psychological, psychotherapeutic, or psychiatric treatment.

4.3. Further Questions on Psychological, Psychotherapeutic, or Psychiatric Treatment

PST reasons among young CHD patients vary, with school difficulties and unspecified
factors most commonly reported by both parents and patients. Mental illness and social
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issues were also frequent triggers. Notably, while 25.8% of parents linked PST to CHD,
only 14.9% of patients did, with males and those with complex CHD more likely to make
this connection—suggesting parents may perceive CHD as a greater psychological burden
than patients do.

Psychologists or psychotherapists were the primary treatment providers, underscor-
ing the need for specialized mental health support. The predominantly parent-driven
initiation of treatment also suggests that parental awareness and navigation of care path-
ways may be central for access to PST in this age group. Parents typically initiated
treatment independently.

Regarding health insurance coverage for PST, parents reported that most treat-
ments were fully covered. Overall, parents most frequently reported that their child
had between 1 and 10 PST appointments.

Hays et al. [51] found that ACHD patients, mostly with moderate to complex CHD,
valued psychological support, future planning, coping skills, and navigating the healthcare
system. They emphasized education on health expectations and stress management.

The P-BAHn study reinforces the need for targeted mental health support, especially
for complex CHD patients, while also highlighting parental influence in seeking care.

4.4. Patient- and Parent-Rated Benefit of Psychological, Psychotherapeutic, or
Psychiatric Treatment

PST was generally rated as supportive and helpful by many respondents, although
these ratings represent retrospective patient- and parent-perceived benefit rather than
objective treatment efficacy. Over half of parents and patients reported high perceived
support. Parents of male patients were less likely to report strong support for their child,
and perceived long-term improvement was rated higher for female patients, which may
reflect sex differences in perceived treatment benefit, treatment needs, communication,
parental perception, or unmeasured characteristics of the treatment context. CHD severity
was also associated with perceived long-term improvement, with higher ratings reported
more often in patients with simple or moderate CHD than in those with complex CHD.
In adjusted analyses among respondents with previous/current PST, patient self-reports
did not identify significant individual correlates of moderate/high perceived long-term
improvement. In contrast, parent reports showed that female patient sex was associated
with higher odds of moderate/high perceived long-term improvement. This is consistent
with the descriptive finding that parents of female patients more often reported high long-
term improvement after PST. Complex CHD showed a non-significant tendency toward
lower odds of moderate/high perceived improvement, suggesting that perceived long-term
benefit may be more difficult to achieve or less readily perceived in the context of more
complex disease burden.

Knowles et al. [52] found that children with severe CHD felt socially isolated, while
those with milder conditions often viewed CHD as a minor issue or part of the past.
Both groups used coping strategies, but only those with mild CHD expressed a sense
of survivorship, emphasizing the need for social participation in pediatric CHD care.
Jackson et al. [53] found that young adults with CHD and executive function issues experi-
enced more distress, partly due to ineffective coping. While coping had little impact on
adolescents, young adults using maladaptive strategies reported higher distress [53]. These
findings suggest that coping strategies vary by disease severity and should be considered
in psychological interventions.
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5. Limitations

Several limitations should be considered when interpreting the present findings. First,
the cross-sectional design precludes causal inferences regarding associations between sex,
CHD severity, mental health outcomes, PST use, patient-/parent-rated treatment benefit,
and COVID-19-related burden. The analyses were exploratory; no correction for multiple
testing was applied, and all descriptive group comparisons were unadjusted. Although
additional multivariable logistic regression analyses were performed for selected key
outcomes, these models included only a limited number of a priori selected covariates and
were not intended to establish causal relationships. Residual confounding by unmeasured
factors such as socioeconomic status, family context, school environment, baseline mental
health, healthcare access, and prior psychosocial support cannot be excluded. Some
subgroup models were also limited by sparse cell counts.

Second, the reliance on self-reported and proxy-reported data may have introduced
recall bias, social desirability bias, and differences between patient and parent perceptions.
This is particularly relevant for the COVID-19-related items, as pandemic-related burden
and perceived changes after infection were assessed retrospectively in 2024. Information
on timing of infection, infection severity, vaccination status, long-COVID symptoms, and
baseline mental health was not available in sufficient detail. Therefore, perceived changes
after infection cannot be attributed causally to COVID-19 infection, and infection-related,
pandemic-related, developmental, family-related, school-related, and broader societal
effects cannot be clearly separated.

Third, although recruitment through the NRCHD enabled a large nationwide registry-
based sample, participation was voluntary and required internet access and sufficient
German language skills. Thus, response bias cannot be excluded. Families with higher
psychosocial burden, greater interest in mental health, higher health literacy, better internet
access, or stronger connection to the NRCHD may have been more likely to participate,
whereas socially disadvantaged families, migrant families, and families with limited Ger-
man language proficiency may be underrepresented. In addition, the final analysis dataset
was broadly similar to the invited cohort in age and sex but included a higher proportion
of patients with complex CHD and a lower proportion with simple CHD. Consequently,
unqualified claims of representativeness should be avoided.

Fourth, the analyses were based on parent and patient reports as complementary
respondent perspectives rather than being restricted to the smaller subgroup of 257 matched
parent—child dyads. This allowed broader descriptive use of the available data, but formal
parent—child agreement analyses and clustering-sensitive analyses were not performed.
Such dyadic agreement analyses require a separate analytical framework and will be
addressed in future work focusing specifically on proxy-self concordance. The descriptive
distribution of syndromic/genetic conditions also differed between parent-report and
self-report groups, likely reflecting differences in the ability or opportunity to participate
directly in the survey. Dyadic analyses and more detailed analyses of syndromic/genetic
subgroups should therefore be addressed in future work.

Finally, ratings of PST support, helpfulness, and long-term improvement were retro-
spective subjective assessments among respondents who reported previous or current PST.
They should not be interpreted as prospective evidence of treatment efficacy. Information
on treatment type, duration, therapeutic approach, treatment indication, baseline symptom
severity, and standardized pre-post outcomes was limited; therefore, conclusions about
clinical effectiveness cannot be drawn.
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6. Conclusions

The P-BAHn study underscores the need for targeted psychosocial support in children
and adolescents with CHD, particularly for female patients, patients with complex CHD,
and those reporting school- or crisis-related burden. Although psychological, psychothera-
peutic, or psychiatric treatment was retrospectively perceived as supportive and helpful
by many patients and parents, these findings reflect subjective patient- and parent-rated
benefit rather than objective evidence of treatment efficacy. The considerable variation in
perceived support, helpfulness, and long-term improvement points to the necessity for
tailored approaches that address individual needs and circumstances. Retrospectively re-
ported pandemic-related burden further emphasizes the importance of developing resilient
psychosocial care strategies that can address both chronic disease-related stress and acute
external crises.

Moving forward, longitudinal studies are essential to better understand mental health
trajectories in this population and to evaluate the sustained perceived benefit and clinical
effectiveness of targeted psychosocial interventions. Future studies should include repeated
assessments at developmentally and clinically meaningful intervals, for example, during
late childhood, early adolescence, mid-adolescence, transition to adult CHD care, and
early adulthood. Annual or biennial follow-up assessments may help distinguish transient
crisis-related burden from persistent mental health trajectories. Enhancing psychosocial
support services, refining intervention models, and incorporating crisis-specific measures
will be vital to improving the overall well-being and quality of life for young CHD patients,
ultimately leading to more holistic and effective lifelong care.
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