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Mental Health Conditions Among Children and
Adolescents With Congenital Heart Disease: A
Danish Population-Based Cohort Study

Kimberley G. Miles®, MD; Déra Kérmendiné Farkas®, MSc; Kristina Laugesen, MD, PhD; Henrik Toft Serensen®, MD, DMSc, PhD;
Nadine A. Kasparian®, PhD*; Nicolas Madsen, MD, MPH"

BACKGROUND: Despite the known mental health burden among children with congenital heart disease (CHD), the literature
is constrained by a lack of comparison cohorts and population-based follow-up data. We examined the incidence of mental
health conditions among children with CHD, relative to 3 comparison cohorts.

METHODS: This population-based cohort study identified all children with CHD (<18 years of age; n=16 473) in Denmark from
1996 to 2017, through linkage of individual-level data across national registries. This allowed for complete follow-up of the
population. Comparison cohorts included children from the general population (n=162204), siblings of children with CHD
(n=20079), and children with non-CHD major congenital anomalies (n=47 799). Mental health conditions were identified
using inpatient and outpatient hospital discharge codes, prescription data, and data on use of community-based psychology,
psychiatry, and psychotherapy services. We computed cumulative incidence by 18 years of age, incidence rates, and adjusted
hazard ratios (aHRs) using Cox regression. aHRs accounted for sex, year of CHD diagnosis, parental mental health, and
socioeconomic status. All estimates were stratified by age, sex, and CHD complexity.

RESULTS: The cumulative incidence of mental health conditions by 18 years of age in the CHD cohort was 35.1% (95%
Cl, 34.0%-36.1%), corresponding to aHRs of 1.64 (95% Cl, 1.568-1.71), 1.41 (95% ClI, 1.30-1.52), and 1.02 (95% CI,
0.98-1.07) compared with the general population, sibling, and major congenital anomaly cohorts, respectively. Mental health
incidence rates showed prominent peaks in early childhood and adolescence. Males and children with severe or single-
ventricle CHD demonstrated higher incidence rates of mental health conditions relative to females and children with mild
or moderate CHD, respectively. Compared with the general population and sibling cohorts, incidence rates and aHRs in the
CHD cohort were highest for severe stress reactions, attention deficit/hyperactivity disorder, intellectual disability, and autism
spectrum disorder. Compared with children in the major congenital anomaly cohort, the aHRs were close to 1.

CONCLUSIONS: More than one-third of children with CHD were diagnosed or treated for a mental health condition by 18 years
of age. Mental health conditions began early in life and were most prominent among males and children with severe or single-
ventricle heart disease.
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congenital heart disease (CHD)." Many impor-  now recognized in this growing patient population.>® Chil-

M ore than 12 million individuals worldwide live with neurodevelopmental and mental health conditions, are
tant complications and comorbidities, including dren and adults with CHD have higher rates of mental
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Clinical Perspective

What Is New?

* In this national longitudinal cohort study of the
Danish population spanning 22 years of follow-up,
35.1% of children with congenital heart disease
(CHD) were diagnosed with or treated for a mental
health condition by 18 years of age.

* Incidence of mental health conditions in children
with CHD was bimodal, with peaks in early child-
hood and adolescence, and highest in males and
children with severe or single-ventricle CHD rela-
tive to females and children with mild or moderate
CHD.

* Relative to the general population and sibling
cohorts, children with CHD were at increased risk
of mental health conditions, most notably severe
stress and neurodevelopmental disorders, includ-
ing attention-deficit/hyperactivity disorder, intellec-
tual disability, and autism spectrum disorder.

What Are the Clinical Implications?

* In one of the most comprehensive assessments of
mental health risk in the CHD literature, our findings
stress the importance of prevention, early identifi-
cation, and intervention approaches for neurodevel-
opmental and mental health conditions as part of
congenital cardiac care.

* In nations with certain notable differences from
Denmark (eg, larger populations of children with
severe and single-ventricle CHD and reduced
health care equity and access), these findings may
underestimate the burden of mental health condi-
tions in children with CHD.

Nonstandard Abbreviations and Acronyms

ADHD attention deficit hyperactivity disorder
ASD autism spectrum disorder

CHD congenital heart disease

ICD International Classification of Diseases
MCA major congenital anomaly

health conditions than those reported for the general
population.*® Among adults with CHD, the lifetime risk
of depression and anxiety is approximately 50%, and
these conditions are associated with greater health care
use and adverse outcomes, including poorer quality of life
and greater morbidity and mortality.®~'? Studies including
children with CHD (<18 years of age) are limited, but
in the general pediatric population, mental health con-
ditions are associated with poorer physical, educational,
and social outcomes in childhood,'®"'5 as well as poorer
mental health outcomes in adulthood.’®
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The need to better understand the incidence of
mental health conditions in the pediatric CHD popula-
tion has become a call to action within the congenital
cardiac community.?'” Limitations of existing research
include small samples, lack of longitudinal data and
relevant comparison cohorts, and the narrow scope of
mental health outcomes examined.? Use of national
population-based registry data can address some
of these shortcomings. Denmark registries allow for
analysis of a wide spectrum of mental health condi-
tions and relevant risk factors among individuals with
CHD, as well as direct comparison of estimates with
relevant cohorts, including children in the general popu-
lation, siblings of children with CHD, and children with
non-CHD major congenital anomalies (MCAs). Such
comparison cohorts allow a better understanding of
estimates of mental health conditions in children with
CHD relative to their peers, as well as detection of
potential influences of chronic medical iliness and fam-
ily-related factors (eg, parental mental health, genetic
and socioeconomic factors).

In this context, we present the first in a series of stud-
ies describing the burden of mental health conditions
among children with CHD based on Danish national
health registry data. In the current population-based
cohort study, we aimed to: (1) examine the incidence
of mental health conditions and specific hospital-based
mental health diagnoses in children with CHD; (2) iden-
tify age-, sex-, and CHD severity-based differences in
the incidence of mental health conditions in this popula-
tion; and (3) contextualize these findings by comparison
with children in the general population, siblings of chil-
dren with CHD, and non-CHD MCA cohorts.

METHODS
Study Setting and Population

Denmark has a tax-funded public health care system that
ensures free access to health care for all residents.’®'® A per-
sonal identification number is assigned to each resident, making
it possible to link individual-level data across numerous health,
social, and financial registries.'® This facilitates continuous and
virtually complete prospective follow-up of the national popula-
tion. This study was reported to the Danish Data Protection
Agency (2016-051-000001-605) by Aarhus University and,
as per Danish law, informed consent was waived. The data set
is available upon application to the Danish health authorities
and is not available to the public.

In this study, children in the CHD and comparison cohorts
were identified by the Danish Civil Registration System'® and
the Danish National Patient Registry (covering all Danish hos-
pitals.2® The Civil Registration System contains demographic
(ie, sex and parental identity) and vital status information. The
Danish National Patient Registry contains hospital admis-
sion and discharge, procedure, and diagnostic codes from
inpatient hospital admissions (1977 to present) and outpa-
tient hospital clinic and emergency room contacts (1995 to
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present). Discharge diagnoses have been coded according to
the International Classification of Diseases, Tenth Revision (ICD-
10), since 1994.

Children With CHD

The CHD cohort included children <18 years of age diag-
nosed with CHD /CD-10 codes Q20-Q26) between January
1996 and December 2017. Children were excluded if a men-
tal health condition was identified before CHD diagnosis or if
the CHD was a patent ductus arteriosus associated with pre-
maturity (<37 weeks of gestation), as recorded in the Danish
Medical Birth Registry.8'® CHD complexity was categorized
into 5 groups:?"?? (1) mild CHD, defined as all simple con-
genital heart anomalies not requiring intervention in the first
year of life; (2) moderate CHD, defined as simple biventricu-
lar malformations requiring surgical or catheter-based inter-
vention (eg, atrial septal defects, ventricular septal defects,
coarctation of the aorta); (3) severe CHD, defined as sig-
nificantly malformed but biventricular heart anomalies requir-
ing surgery in the first year of life (eg, tetralogy of Fallot,
transposition of the great arteries, and atrioventricular canal
defects); (4) single-ventricle CHD (eg, hypoplastic left heart
syndrome); and (5) other (eg, unspecified malformations of
cardiac chambers, septa, or valves; Table S1). The index date
was defined as the date of CHD diagnosis. CHD complexity
was categorized as mild/moderate and severe/single-ventri-
cle CHD to reduce the risk of misclassification of complexity
stemming from miscoding or categorization based on timing
of interventions.

Comparison Cohorts

Members of the general population cohort were individually
matched 10:1 to patients with CHD by calendar year, age,
and sex. Follow-up for children in the general population
cohort began at the same age as their matched patient with
CHD. The sibling cohort included all siblings of children with
CHD. Siblings were identified through the Civil Registration
System and defined as all additional children born to the
mother of the child with CHD.?® Follow-up of siblings already
born began on the index date of their matched sibling with
CHD, and follow-up of siblings not yet born began on their
birth dates. For all analyses related to the sibling comparison
cohort, a subcohort was created that included only members
of the CHD cohort with siblings. The MCA cohort included
children with non-CHD MCAs, as defined by the EUROCAT
(European Concerted Action on Congenital Anomalies and
Twins) categorization of congenital anomalies (eg, genetic
anomalies, neural tube defects, and cleft palate; Table $2).242%
Patients in the MCA cohort were individually matched 3:1
to patients with CHD based on calendar year, age on the
index date, and sex. Follow-up began on the MCA index date,
defined as the date of MCA diagnosis. Children in the com-
parison cohorts were excluded if they had a mental health
condition before their index date or if their matched CHD
subject was excluded.

Mental Health Conditions

The Danish Psychiatric Central Research Register records
data from all psychiatric hospital admissions (1969 to pres-
ent), outpatient hospital-associated psychiatric clinics (1995 to
present), and emergency department visits (1995 to present).?®
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Diagnostic codes from primary care providers, psychiatrists in
private practice, and psychologists are not collected in the reg-
ister. To identify cases managed outside of the inpatient set-
ting and outpatient hospital clinics, we used prescription and
psychotherapy code data. The Danish National Prescription
Registry collects data on all prescription drugs dispensed
in Danish community pharmacies (1994 to present).?” The
National Health Insurance Service Registry collects data on
numerous services, such as psychotherapy services rendered
by any provider, including primary care practitioners, commu-
nity-based psychologists, and community-based psychiatrists
who are supported by the health insurance system (1990 to
present for adult services and 1996 to present for pediatric
services).

As we aimed to sensitively estimate the mental health bur-
den and specific mental health diagnoses, we broadly defined
mental health condition as a composite variable based on: (1)
ICD codes for specific hospital-based mental health diagnoses;
(2) prescriptions for psychotropic medications; and (3) use of
community-based psychology, psychiatry, and psychotherapy
services.

Specific hospital-based mental health diagnoses were
grouped into 11 categories, incorporating 10 categories from
previously published approaches and an 11th category captur-
ing self-harm and suicidality.>??° We used the World Health
Organization Anatomical Therapeutic Chemical code system
to identify relevant psychotropic medications (Table S2)32°
Because a single medication can be used for different con-
ditions, medications were not mapped to specific diagnoses.
Finally, we identified all mental health—related encounters using
specific health insurance codes associated with a primary care
(or general) practitioner visit for mental health concerns, psy-
chotherapy encounters with a psychologist, and any visit to a
psychiatrist (Table S2).

The date of mental health condition onset was considered
the first contact with a hospital-based provider associated with
a relevant /CD code, redemption of a relevant medication pre-
scription, or a psychology, psychiatry, or psychotherapy visit
associated with a relevant health insurance code.

Covariates

We evaluated 4 main categories of potential factors associated
with mental health diagnoses: (1) child demographic character-
istics; (2) child clinical history; (3) parent socioeconomic sta-
tus; and (4) parent health history. Demographic characteristics
included age on the index date (<1 year, 1 to <b years, and
>b years), sex, and immigration status (Danish citizen versus
immigrant). Clinical risk factors included CHD complexity, ges-
tational age and weight at birth (further categorized as small
for gestational age, defined as <10th percentile for infants of
the same gestational age, sex, and birth year), and diagnosis
of a non-CHD major congenital anomaly or genetic syndrome
before or within the first year after CHD diagnosis (Table S2).
To estimate the potential effect of early exposures on the inci-
dence of mental health conditions and to clearly define the
mild CHD subcohort, we analyzed the number of surgeries and
catheterizations, length of index hospitalization (defined as the
first hospitalization associated with CHD or MCA diagnosis),
total number of hospitalizations, and cumulative hospitalization
duration in the first year after CHD diagnosis. Admissions were
only included for children who were in the hospital on day 5 of
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life or later, up to the first year after CHD diagnosis. Parental
factors included maternal marital status and residence (rural
versus urban), age, educational level, income, and employment
status of both parents. Data on income and employment status
were obtained from the Integrated Database for Labor Market
Research, and data on the highest level of education completed
were obtained from the Educational Attainment Register®’
Parental income was analyzed for mothers and fathers sepa-
rately. The parental income earned in the year before the index
date was adjusted for inflation to an equivalent 2015 income
and then categorized into quartiles based on the distribution of
income among individuals of the same age and sex in 2015.
A composite socioeconomic status score was created using a
previously published methodology.®? Parental health history was
evaluated at the time of the index date using Danish National
Patient Registry data, including hospital-based mental health
diagnoses, substance use disorders, and Charlson Comorbidity
Index scores.?" Additional covariates were collected and will be
reported elsewhere.

Statistical Analysis

We followed members of the study cohorts from their index
dates until an outcome of interest, 18 years of age, emigration,
death, or end of follow-up (December 31, 2018). We com-
puted incidence rates (incident cases per 1000 person-years)
and cumulative incidence (%) by age 18 years of mental
health conditions and specific mental health diagnoses, treat-
ing death as a competing event. To account for differences in
outcomes by age, we used age as a time scale and divided
the follow-up periods into successive age groups (0 to <1
years, 1 to <3 years, 3 to <b years, 5 to <10 years, and 10 to
<18 years). For example, a child diagnosed with CHD at birth
and followed for 11 years was included in all 5 age groups,
whereas a child diagnosed with CHD at 4 years of age and fol-
lowed for 2 years was included in the 3- to <b-year and 5- to
<10-year age groups.

We used Cox proportional hazard regression stratified on
matched pairs to compute crude and adjusted hazard ratios
(aHRs). The proportional hazards assumption was checked by
log-minus-log plots and was found to be satisfied. The CHD
versus general population and the CHD versus MCA compari-
son cohort analyses were adjusted by design for sex and year
of CHD diagnosis as a result of matching and further adjusted
for immigration status, maternal marital status, maternal resi-
dence, maternal composite socioeconomic status score, paren-
tal mental health history, and parental chronic illnesses based
on Charlson Comorbidity Index scores. The CHD versus sibling
comparison cohort analysis was adjusted for sex and calendar
year. Patients with missing data for a covariate were excluded
from the Cox regression, but given the nature of this data
set, this affected only a minimal number of cases. Incidence
rates and aHRs were stratified by age groups, sex, and CHD
complexity. Sex and CHD complexity subgroups were further
stratified by age groups to examine age-based subgroup differ-
ences. In the age group-stratified aHR computations, follow-
up was left-truncated at the age of entry and censored at the
age of last known follow-up or end of the age group period.

All analyses were performed using SAS version 9.4 (SAS
Institute Inc, Cary, NC). We support interpretation of point esti-
mates and Cls without reliance on statistical tests and thus do
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not report P values.®* One author (D.K.F) had full access to all
study data and takes responsibility for its integrity and analy-
sis. This article conforms to the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) guidelines
for observational studies.

RESULTS

We identified 17 114 children diagnosed with CHD by
18 years of age. Of these, 641 (3.7%) were excluded
due to history of a mental health condition (composite
score) before the index date. Thus, the final CHD cohort
included 16473 children with a median follow-up of 8.4
years (25th percentile [Q1], 75th percentile [Q3]: 4.0,
13.7 years]. The matched comparison cohorts included
162204 children from the general population (median
follow-up = 9.4 years [Q1, Q3: 4.9, 14.4 years]) after
exclusion of 3060 (1.8%) children; 20079 siblings of
children with CHD (median follow-up = 8.2 years [Q1,
Q3: 4.3, 12.3 years]) after exclusion of 891 (4.1%) chil-
dren; and 47 799 children with non-CHD MCAs (me-
dian follow-up = 8.3 years [Q1, Q3: 3.8, 13.6 years])
after exclusion of 1820 (3.5%) children. Within both the
CHD and comparison cohorts, <3.5% died or were lost
to follow-up due to emigration during the study period
(Figure S1).

CHD Cohort Characteristics

CHD was diagnosed in most subjects within the first
year of life (71.7%; median age at diagnosis = 0.1 years
[Q1, Q3: O, 1.3 years]), with slight male predominance
(50.9%; Table 1). The CHD cohort had the lowest ges-
tational age (median, 39.3 weeks [Q1, Q3: 379, 40.6
weeks]) and lowest weight at birth (3.31 kg [Q1, Q3:
2.80, 3.75 kg]), with the highest prevalence of small for
gestational age at birth (14.8%) relative to all 3 com-
parison cohorts. Within the CHD cohort, 74.6% of chil-
dren had mild or moderate CHD, and 7.9% had severe or
single-ventricle CHD. Non-CHD MCAs were present in
2610 (15.8%) children with CHD, including 1157 (7.0%)
children with a genetic syndrome. Within the first year
after CHD diagnosis, 3407 children (20.7%) underwent
cardiac surgery or catheterization, and 10790 (65.5%)
were hospitalized. For those hospitalized within the first
year after CHD diagnosis, median index hospitalization
duration was 9 days (Q1, Q3: 4, 23 days), with a cumula-
tive hospitalization duration of 10 days (Q1, Q3: 3, 25
days). Cox regression analyses adjusted for parental so-
cioeconomic status, mental health conditions, and Charl-
son Comorbidity Index (Table S3).

Mental Health Conditions

A total of 3316 children with CHD, 21398 children
from the general population, 2646 children in the sibling
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Table 1. Characteristics of the CHD, General Population, Sibling, and Non-CHD Major

Age5to<10y

12856 (78.0%)

128511 (79.2%)

15404 (76.7%)

36 736 (76.9%)

Age 10to <18y

10282 (62.4%)

102016 (62.9%)

13902 (69.2%)

28851 (60.4%)

Age at index date (y)

0.1 [0, 1.3]

0.1 [0, 1.2]

2.6 [0, 6.3]

0.2 [0, 1.2]

Congenital Anomaly Cohorts, Denmark, 1996 to 2017 g

CHD cohort General cohort Sibling cohort MCA cohort 2

No. 16473 162204 20079 47799 |:=

Follow-up time (y)* 8.4 [4.0, 13.7] 9.4 [4.9,14.4] 8.2 [4.3,12.3] 8.3 [3.8, 13.6] E

AgeOto<1ly 11810 (71.7%) 117987 (72.7%) | 7977 (39.7%) 34958 (73.1%) E

Age 1t0 <8y 13310 (80.8%) 133242 (82.1%) | 10553 (52.6%) 38736 (81.0%) 2
Age 3to<by 13198 (80.1%) 132233 (81.5%) | 12531 (62.4%) 37975 (79.4%)

<1y 11810 (71.7%) | 117987 (72.7%) | 7977 (39.7%) 34958 (73.1%)

1-5y 2670 (16.2%) 25978 (16.0%) | 5738 (28.6%) 7744 (16.2%)

>5y 1993 (12.1%) 18239 (11.2%) | 6364 (31.7%) 5097 (10.7%)
Sex (male) 8390 (50.9%) 82523 (50.9%) | 10233 (51.0%) | 24335 (50.9%)
Immigrant 1623 (9.9%) 15333 (9.5%) 2416 (12%) 4904 (10.3%)

Gestational age (wk) 39.3 [37.9,40.6] | 40 [39, 41] 39.9 [38.4,40.9] | 89.7 [38.3,40.7]

SGA 2445 (14.8%) 15011 (9.3%) 1938 (9.7%) 6203 (13.0%)

Birth weight (kg)
Non-CHD MCAt

3.31[2.80, 3.75] | 3.561 [3.16,3.86] | 3.47 [3.08,3.84] | 3.40 [3.00, 3.79]

2610 (15.8%) 3737 (2.3%) 636 (3.2%)

Genetic syndromet 1157 (7.0%) 243 (0.1%) 61 (0.3%) 3633 (7.6%)
CHD type#

Atrial septal defect 4281 (26.0%)

Ventricular septal defect 4038 (24.5%)

Patent ductus arteriosus 1193 (7.2%)

Aortic stenoses 386 (2.3%)

Pulmonary stenoses 782 (4.7%)

Atrioventricular septal defect 456 (2.8%)

Transposition of great arteries 228 (1.4%)

Tetralogy of Fallot 274 (1.7%)

CHD complexity

Mild CHD 10320 (62.6%)
Moderate CHD 1983 (12.0%)
Severe CHD 1193 (7.2%)
Single-ventricle CHD 114 (0.7%)
Other 2863 (17.4%)

Cardiac interventions§

One 2634 (16.0%)
Two + 773 (4.7%)

Length of index hospitalizationll 9 [4, 23] 5[3,11]
1-7d 3482 (21.1%) 13730 (28.7%)
8-30d 2872 (17.4%) 6292 (13.2%)
31+d 1444 (8.8%) 1880 (3.9%)

Total number of hospitalizations# 1[0, 2] 0 [0, 0] 0 [0, 0] 1[0, 2]

One 4959 (30.1%) 24999 (15.4%) 2632 (13.1%) 13582 (28.4%)
Two 2290 (13.9%) 5950 (3.7%) 781 (3.9%) 6618 (13.8%)

Three +

3541 (21.5%)

3758 (2.3%)

499 (2.5%)

9550 (20%)
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Table 1. Continued

CHD cohort General cohort Sibling cohort MCA cohort
Cumulative hospitalization days# 3 [0, 15] 0 [0, 0] 0 [0, 0] 2 [0, 9]
1-7d 4740 (28.8%) 28089 (17.3%) 2789 (18.9%) 16223 (33.9%)
8-30d 3780 (22.9%) 5524 (3.4%) 854 (4.3%) 10034 (21%)
31+d 2270 (13.8%) 1094 (0.7%) 269 (1.3%) 3493 (7.3%)

Data are presented as medians [25th percentile and 75th percentile] and n (%).

*Number of children contributing follow-up data to each age group period.

tNon-CHD MCA and genetic syndrome were diagnosed at any time before the index date or during the next year.

$A subset of CHD types included in this study are presented; a full list of CHD types can be found in Table S1.

§Surgical and catheter-based cardiac interventions performed in the first year after CHD diagnosis are reported.

IA hospital admission was defined as the index hospitalization if the child remained admitted on day 5 of life or later or if
the hospitalization occurred within the first year after the index date (ie, CHD diagnosis date).

#The total number of hospitalizations and cumulative hospital days within the first year after the index date, including the
index hospitalization, are reported.

CHD indicates congenital heart disease; MCA, major congenital anomalies; and SGA, small for gestational age.

cohort, and 9913 children in the MCA cohort had a men-
tal health condition (54.0% were detected by /CD code,
279% by prescription code, and 18.1% by first contact
for community-based psychology, psychiatry, or psycho-
therapy services). The cumulative incidence of mental
health conditions by 18 years of age in the CHD cohort
was 35.1% (95% Cl, 34.0%-36.1%) compared with
256.3% (95% ClI, 25.0%-25.6%) in the general popula-
tion cohort, 26.2% (95% Cl, 25.4%—-27.1%) in the sib-
ling cohort, and 34.9% (95% Cl, 34.2%-35.5%) in the
MCA cohort (Figure 1). aHRs were 1.64 (95% Cl, 1.58—
1.71), 1.41 (95% CI, 1.30-1.52), and 1.02 (95% CI,
0.98-1.07) when the CHD cohort was compared with
the general population, sibling, and MCA cohorts, respec-
tively (Table 2). These associations remained consistent
across age group—stratified comparisons.

We observed a bimodal pattern of mental health
condition incidence rates by age group, with the high-
est incidence in children with CHD between the ages

of 0 and 1 year (45.93 per 1000 person-years [95%
Cl, 41.70-50.15 per 1000 person-years]) and 10 to 18
years (26.39 per 1000 person-years [95% Cl, 24.88—
2790 per 1000 person-years]). Compared with the gen-
eral population and sibling comparison cohorts, in the
CHD cohort, aHRs for mental health conditions were
highest in infancy and early childhood (Table 2). In ado-
lescence, the aHRs of mental health conditions in the
CHD cohort were higher, but more closely approximated,
than those for the general population (aHR, 1.19 [95%
Cl, 1.12-1.27]) and sibling (aHR, 1.22 [95% ClI, 1.10—
1.37]) cohorts (Table 2; Figure S2). When we compared
the CHD and MCA cohorts, the incidence rates were
similar, and aHRs were close to 1 (Table 2).

Differences by Sex

The cumulative incidence of mental health conditions by
18 years of age in males with CHD exceeded that of fe-
males with CHD (36.0% [95% ClI, 34.6%—37.4%)] versus

— CHD cohort

— CHD cohort

35 ——CHD cohort
— General population cohort

— Sibling cohort — MCA cohort

Cumulative Incidence (%) 3>

2 4 6 8 0 12 14 16 18

Age (years)

Age (years)

Age (years)

Figure 1. Cumulative incidence of mental health conditions in the CHD cohort relative to the comparison cohorts.

The cumulative incidence of mental health conditions by 18 years of age in the CHD cohort exceeded that in the general population cohort (A)
and sibling cohort (B) but was similar to that in the non-CHD MCA cohort (C). Mental health conditions were defined as a composite outcome
of a first medical contact yielding an associated International Classification of Diseases, Tenth Revision (ICD-10) diagnosis, prescription of a
psychotropic medication, or provision of psychotherapy. The solid line represents the point estimate, and the dashed lines represent 95% Cls.
CHD indicates congenital heart disease; and MCA, major congenital anomaly.
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Table 2. Incidence Rates and aHRs of Mental Health Conditions by Cohort, Stratified by Age Group, Sex, and CHD
Complexity
CHD cohort General population cohort Sibling cohort MCA cohort
n=16473 n=162204 n=20079 n=47799
IR [95% CI] IR [95% CI] aHR [95% CI] | IR [95% CI] aHR [95% CI] | IR [95% CI] aHR [95% CI]
Overall 22.68 [21.91-23.45] | 13.70 [13.52-13.89] | 1.64 [1.58-1.71] | 15.68 [15.08-16.27] | 1.41 [1.30-1.52] | 21.94 [21.49-22.39] | 1.02 [0.98-1.07]
Oto<ly 45.93 [41.70-50.15] | 9.28 [8.68-9.87] 4.90 [4.37-5.50] | 8.89 [6.76-11.02] 4.15 [2.65-6.51] | 39.55 [37.21-41.89] | 1.13[1.00-1.27]
1t0<8y 25.61 [23.53-27.69] | 12.32 [11.88-12.77] | 2.01 [1.84-2.20] | 11.64 [9.99-13.28] | 2.57 [1.93-3.49] | 23.69 [22.43-24.76] | 1.07 [0.97-1.18]
3t0<By 13.69 [12.15-15.24] | 6.20 [5.88-6.52] 2.17[1.91-2.47] | 7.25 [6.09-8.41] 1,56 [1.15-2.09] | 13.49 [12.60-14.39] | 1.00 [0.87-1.14]
5t0<10y 1710 [15.92-18.28] | 11.00 [10.71-11.29] | 1.53[1.42-1.65] | 12.32 [11.41-13.24] | 1.30[1.12-1.51] | 17.51 [16.80-18.22] | 0.97 [0.89-1.06]
10to<18y | 26.39 [24.88-27.90] | 21.80 [21.39-22.22] | 1.19[1.12-1.27] | 22.80 [21.66-23.94] | 1.22[1.10-1.37] | 26.26 [25.36-27.16] | 1.00 [0.93-1.08]
Sex
Female 20.71 [19.67-21.76] | 18.17 [12.92-13.43] | 1.57 [1.49-1.66] | 15.29 [14.31-16.28] | 1.35 [1.18-1.54] | 22.14 [21.49-22.78] | 0.92 [0.87-0.98]
Male 24.66 [23.52-25.80] | 14.23 [13.97-14.49] | 1.71 [1.63-1.80] | 15.75 [14.81-16.69] | 1.41 [1.25-1.60] | 21.75 [21.13-22.38] | 1.12[1.06-1.19]
CHD complexity
Mild/moderate | 21.95 [21.07-22.83] | 13.52 [13.30-18.73] | 1.60[1.53-1.68] | 15.54 [14.83-16.24] | 1.38[1.26-1.52] | 21.92 [21.40-22.45] | 0.99 [0.94-1.04]
Severe/SV 28.39 [25.29-31.49] | 13.44 [12.82-14.06] | 2.21 [1.96-2.51] | 14.24 [12.31-16.16] | 2.25 [1.67-3.03] | 21.29 [19.79-22.80] | 1.31 [1.14-1.51]

Mental health conditions were defined as a composite outcome of a first medical contact yielding an associated International Classification of Diseases,
Tenth Revision, diagnosis, prescription of a psychotropic medication, or provision of psychotherapy. Incidence rates [95% Cls] were reported as mental health
conditions per 1000 person-years; the aHRs [95% Cls] are italicized for the CHD cohort vs the general population cohort and the CHD cohort vs the MCA
cohort analyses were adjusted by design for sex and year of CHD diagnosis as a result of matching and further adjusted for immigration status, mother's
marital status, socioeconomic status, rurality, maternal and paternal mental health, and maternal and paternal physical health as determined by the Charlson
Comorbidity Index; the CHD cohort vs the sibling cohort analysis was adjusted for sex and calendar year. aHR indicates adjusted hazard ratio; CHD, congeni-
tal heart disease; IR, incidence rates; MCA, major congenital anomaly; and SV, single ventricle.

34.3% [95% Cl, 32.8%—35.8%)]; Figure 2). Across age
groups, males had higher incidence rates of mental health
conditions than females, except for the adolescent age
group (females = 28.38 per 1000 person-years [95%
Cl, 26.18-30.57 per 1000 person-years] versus males
= 24.31 per 1000 person-years [95% Cl, 22.24-26.38
per 1000 person-years]; Table S4; Figure S3). Compared
with the general population and sibling cohorts, males
with CHD had higher aHRs for mental health conditions
than females with CHD (Table 2). These associations re-
mained consistent in age group—stratified comparisons
(Table S4).

Differences by CHD Complexity

The cumulative incidence of mental health conditions
by 18 years of age in children with severe or single-
ventricle CHD exceeded that in children with mild or
moderate CHD (37.9% [95% Cl, 34.3%-41.4%)] ver-
sus 34.9% [95% ClI, 33.7%-36.2%]; Figure 3). Cor-
respondingly, the aHRs were highest among children
with severe or single-ventricle CHD compared with the
general population (aHR, 2.21 [95% CI, 1.96-2.51])
and sibling cohorts (aHR, 2.25 [95% CI, 1.67-3.03];
Table 2). aHRs among children with mild or moderate
CHD remained notable, with a 60% increased hazard
of mental health conditions compared with the general
population cohort (aHR, 1.60 [95% CI, 1.53-1.68])
and a 38% increased hazard compared with the sibling
cohort (aHR, 1.38 [95% CI, 1.26-1.62]). These asso-
ciations remained consistent in age group-—stratified
comparisons (Table S4).

Circulation. 2023;148:1381-1394. DOI: 10.1161/CIRCULATIONAHA.123.064705

Hospital-Based Mental Health Diagnoses

The cumulative incidence of hospital-based mental
health diagnoses by 18 years of age in the CHD co-
hort was 24.0% (95% ClI, 23.0%-24.9%) compared
with 15.2% (95% Cl, 14.9%—15.4%), 16.5% (95% Cl,
15.8%—17.2%), and 23.2% (95% Cl, 22.6%—23.7%) in
the general population, sibling, and MCA cohorts, respec-
tively. When we stratified the analyses by age group, sex,
and CHD severity, the overall mental health diagnosis
burden both within the CHD cohort and relative to the
comparison cohorts was the same as that found in the
composite mental health analyses (Table S5).

Within the CHD cohort, hospital-based mental
health diagnoses with the highest incidence rates
were severe stress reaction (3.43 per 1000 person-
years [95% Cl, 3.156-3.71 per 1000 person-years]),
attention-deficit/hyperactivity disorder (ADHD; 3.22
per 1000 person-years [95% Cl, 2.94-3.49 per 1000
person-years]), intellectual disability (2.95 per 1000
person-years [95% CI, 2.69-3.31 per 1000 person-
years]), and autism spectrum disorder (ASD; 2.64 per
1000 person-years [95% Cl, 2.39-2.89 per 1000
person-years]; Table 3; Figure 4A through 4D). Inci-
dence rates of ADHD and ASD were most prominent
in males, starting from 6 to 12 years of age, followed
by a slow decline in incidence rates in adolescence.
In contrast, females demonstrated a higher incidence
of anxiety and mood disorders, especially during ado-
lescence (Figure S4). Most anxiety disorders (77.8%)
were related to severe stress reactions in a bimodal
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Figure 2. Cumulative incidence of mental health conditions in the CHD cohort relative to the comparison cohorts, stratified by sex.
The cumulative incidence of mental health conditions in males (blue) generally exceeded that in females (red) in all cohorts (A-D), except in
adolescence. Mental health conditions were defined as a composite outcome of a first medical contact yielding an associated International
Classification of Diseases, Tenth Revision (ICD-10) diagnosis, prescription of a psychotropic medication, or provision of psychotherapy. The
solid line represents the point estimate, and the dashed lines represent 95% Cls. CHD indicates congenital heart disease; and MCA, major

congenital anomaly.

pattern, with peaks in early childhood and in adoles-
cence (Figure 4A).

Compared with the general population and sib-
ling cohorts, children with CHD had the highest aHRs
for moderate intellectual disability (aHR, 7.23 [95%
Cl, 558-9.36] and aHR, 882 [95% ClI, 4.30-18.12],
respectively), severe stress reaction (aHR, 1.95 [95% C],
1.78-2.14] and aHR, 1.51 [95% Cl, 1.25—-1.81], respec-
tively), and ASD (aHR, 1.564 [95% CI, 1.39-1.70] and
aHR, 1.37 [95% ClI, 1.11-1.70], respectively; Figure 5;
Table S6). Incidence rates were similar and aHRs were
close to 1 when diagnostic groups and specific diagno-
ses were compared between the CHD and MCA cohorts.

DISCUSSION

This national, longitudinal cohort study of the pediatric
Danish population represents a comprehensive assess-
ment of the risk of mental health conditions in the CHD

1388 October 31,2023

population compared with to multiple reference cohorts.
Herein, we report on 4 main findings. First, the cumula-
tive incidence of mental health conditions was 35.1% by
18 years of age in the CHD cohort; this far exceeded the
risk found in the general population and sibling cohorts
but was similar to the MCA cohort. Second, the incidence
of mental health conditions among children with CHD
had a bimodal pattern, with prominent peaks in early
childhood and adolescence. Third, males and children
with severe or single-ventricle CHD had an increased
risk of mental health conditions relative to females and
to children with mild/moderate CHD. Fourth, relative to
the general population and sibling cohorts, children with
CHD were at increased risk of severe stress and neu-
rodevelopmental disorders, including ADHD, intellectual
disability, and ASD.

The inclusion of multiple comparison cohorts
allowed us to better understand and contextualize
the incidence of mental health conditions in the CHD
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Figure 3. Cumulative incidence of mental health conditions in
the CHD cohort, stratified by CHD complexity.

The cumulative incidence of mental health conditions in children with
severe or single-ventricle CHD (red) exceeded that in children with
mild or moderate CHD and in children with “other” CHD. Children

with “other” CHD demonstrated a similar cumulative incidence pattern
as children with mild or moderate CHD. Mental health conditions
were defined as a composite outcome of a first medical encounter
yielding an associated International Classification of Diseases, Tenth
Revision (ICD-10) diagnosis, prescription of a psychotropic medication,
or provision of psychotherapy. The solid line represents the point
estimate, and dashed lines represent 95% Cls. CHD indicates
congenital heart disease.

cohort. The increased incidence of mental health con-
ditions in the CHD cohort, compared with the general
population and CHD sibling cohorts, was consistent
using both the composite outcome and hospital-based
mental health diagnostic codes for the entire CHD
cohort and the CHD cohort stratified by age groups.
This demonstrates that children of all ages with CHD
are at increased risk of mental health conditions com-
pared with their peers and siblings. The cumulative
incidence of hospital-based mental health diagnoses
by 18 years of age observed in the general popula-
tion cohort in our study closely approximated findings
in a similar Danish registry study (15.01% [95% ClI,
14.48%-14.77%]) and previous global prevalence
estimates of ~13%, substantiating our methodol-
ogy.282* We found that the incidence of mental health
conditions in the sibling cohort was slightly higher than
in the general population cohort. This is consistent with
the limited number of published studies including sib-
lings of children with congenital conditions.?®3¢ Siblings
of children with chronic illnesses may experience famil-
ial and personal stressors, and the concept of a “car-
ryover effect” in the sibling cohort may partially explain
the increased rates of mental health conditions found
in our study.®"8 Finally, the incidence of mental health
conditions among children with CHD and children with
non-CHD MCAs have not been directly compared in

Circulation. 2023;148:1381-1394. DOI: 10.1161/CIRCULATIONAHA.123.064705
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previous research. In our study, we found similar inci-
dence rates in the 2 cohorts; however, children with
non-CHD MCAs had a higher mental health burden
than children in the general population, as has been
found in previous studies.®*#° Using US national survey
data spanning =10 years, the estimated 2-year cumu-
lative incidence of mental health conditions was 11.5%
for children 6 to 25 years of age with chronic physical
conditions.® Our findings extend previous research and
suggest the cumulative incidence of hospital-based
mental health diagnoses nears 1 in 4 by 18 years of
age in children with non-CHD MCAs.

Although the incidence of mental health conditions in
the CHD cohort mirrored male-predominant and peak-
in-adolescence diagnostic patterns found in the general
population, children with CHD also had a high incidence
of mental health conditions in early childhood.?® Severe
stress reactions were among the conditions with the
highest incidence in infants and young children with
CHD. Thus, the current study offers important quantita-
tive epidemiological data on early-life stress, which are
especially scarce. The cumulative burden of early medi-
cal adversity can have profound consequences for men-
tal and physical health across the lifespan.*'~*3

Later, in mid-childhood and adolescence, neurodevel-
opmental and anxiety disorders predominated in our study.
The lifelong challenges of managing a complex chronic
illness, magnified by concomitant neurodevelopmental
and behavioral disorders, compound the risk of mental
health conditions in adolescence and adulthood.?** The
causes of neurodevelopmental disorders in children with
CHD have been extensively studied?34%4¢ |nnate indi-
vidual and environmental factors, such as genetic fac-
tors underlying common brain and heart developmental
pathways, are now understood to be more important
contributors to risk than perioperative factors.***® As
in the general population, our study demonstrated that
males have an increased incidence of ADHD and ASD,
especially during mid-childhood, whereas females have
an increased incidence of mood and anxiety disorders,
especially during adolescence.*614284748 [t is interesting
that the high incidence rate of mental health conditions
in adolescent females led to nearly equal cumulative inci-
dence curves between sexes by 18 years of age.?® Previ-
ous studies have found that <30% of children with CHD
received psychotherapy or psychopharmacotherapy for
known ADHD or anxiety.*® This represents an impor-
tant opportunity for collaboration among pediatricians,
mental health professionals such as psychologists and
psychiatrists, and cardiologists to improve mental health
outcomes among these patients.*

Our findings represent an important step in ongoing
efforts to characterize the burden of mental health con-
ditions in CHD. Next steps for our collaboration include
identification of clinical, socioeconomic,and parent-and
family-related factors associated with mental health
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Table 3. Incidence of Hospital-Based Mental Health Diagnoses in the CHD Cohort

ICD-10 codes Incident cases | IRs [95% CI]
Any mental health diagnoses FOO-F99 3373 14.23 [13.63-14.82]
Organic mental disorders FOO-F09 10 0.06 [0.02-0.10]
Substance use disorders F10-F19 112 0.67 [0.55-0.79]
Schizophrenia disorders F20-F29 47 0.28 [0.20-0.36]
Mood disorders F30-F39 106 0.63 [0.51-0.75]
Depression F32-F33 96 0.57 [0.46-0.69]
Anxiety disorders F40-F48 725 4.41 [4.09-4.73]
Anxiety F41 96 0.57 [0.46-0.69]
Severe stress reactions F43 566 3.43 [3.15-8.71]
Eating disorders F50 159 0.96 [0.81-1.10]
Anorexia nervosa F50.0 25 0.15 [0.09-0.21]
Personality disorders F60 33 0.20 [0.13-0.26]
Intellectual disability F70-F79 483 2.95 [2.69-3.31]
Mild intellectual disability F70 176 1.06 [0.90-1.21]
Moderate intellectual disability F71 108 0.65 [0.53-0.77]
Developmental disorders F80-84 731 4.48 [4.15-4.80]
Autism spectrum disorders F84.x, excluding F84.2-84.4 | 436 2.64 [2.39-2.89]
Behavior, attention, and emotional disorders | FQ0-F99 948 5.86 [5.49-6.23]
ADHD F90 and F98.8 530 3.22 [2.94-3.49]
Attachment disorders F94.x excluding F94.0 78 0.47 [0.36-0.57]
Tic disorders Fo5 122 0.73 [0.60-0.86]
Self-harm or suicidality R45.8, T14.91, X60-84 19 0.11 [0.06-0.16]

Hospital-based mental health diagnoses were grouped into 11 categories according to International Classification of Diseas-
es, Tenth Revision (ICD-10), codes, number of incident cases, and estimated incidence rates (IRs [95% Cl]) per 1000-person
years during follow-up. ADHD indicates attention-deficit/hyperactivity disorder; and CHD; congenital heart disease.

conditions in CHD. In previous studies, socioeco-
nomic factors (eg, education, employment, and house-
hold income) and parental psychological distress and
mental health history have been more strongly asso-
ciated with mental health conditions in children with
CHD than medical factors including disease com-
plexity.24-68124149 Qur findings suggest that the role
of medical complexity merits further investigation.*68
As previously reported, we observed that children with
mild or moderate CHD were at increased risk of men-
tal health conditions compared with the general popu-
lation cohort.” These findings should raise awareness
of a potentially underrecognized burden of mental
health conditions among children with otherwise “sim-
ple” CHD, such as children with a history of ventricular
septal defect repair or ballooned pulmonary stenosis.
Children with severe or single-ventricle CHD repre-
sented a group at even higher risk, with an =2.2-fold
increased risk of mental health conditions compared
with the general population.

Strengths of this study include the longitudinal anal-
ysis of a national population with multiple comparison
cohorts and minimal loss to follow-up. However, several

1390 October 31,2023

limitations must be addressed. First, misclassification
of diagnoses cannot be ruled out. Still, CHD diagnoses
in the Danish National Patient Registry have been vali-
dated to medical records, with an overall high positive
predictive value (95.5%).%° As well, most mental health
diagnoses have been similarly validated with acceptable
positive predictive values.?°?62” The Danish Psychiatric
Research Registry lacks diagnostic data from patients
managed outside hospitals (ie, by general practitioners,
psychologists, and psychiatrists in private practice). This
prompted our use of a more sensitive composite out-
come; however, the use of hospital-based diagnostic
codes and the known undertreatment of mental health
conditions with psychotherapy and pharmacotherapies
limit our ability to estimate the true incidence of men-
tal health conditions and specific mental health diag-
noses in the Danish population. In addition, follow-up
data were less robust in the adolescent cohort, as *70%
of CHD diagnoses were made by 12 months of age,
and the median follow-up duration after CHD diagno-
sis was 8 years. Thus, incidence estimates of specific
mental health conditions diagnosed at higher rates dur-
ing adolescence, such as anxiety and depression, are

Circulation. 2023;148:1381-1394. DOI: 10.1161/CIRCULATIONAHA.123.064705
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Figure 4. Incidence rates of the four highest incident hospital-based mental health diagnoses in the CHD cohort, stratified by

sex.

Incidence rates and 95% Cls for females (red) and males (blue) are graphed in 1-year intervals of age. ADHD indicates attention deficit/
hyperactivity disorder; ASD, autism spectrum disorder; and CHD, congenital heart disease

likely underestimated.'®?® In Denmark, routine develop-
mental evaluations are performed in the home by nurses
during infancy, in daycare and at school entry by early
childhood educators, and by general practitioners as
part of regular checkups. For children with CHD, a high
number of encounters with the health care system, as
well as increased awareness among parents and health
professionals, may have resulted in ascertainment bias;
however, we do not believe this fully explains the high
incidence rates found in young children with CHD in
this study. This study lacked adequate follow-up data to
investigate the effect of era (in terms of advancement in
medical and surgical care of children with CHD during
the study period) on the incidence of mental health con-
ditions, as children born in the early versus later periods
of the study had different durations of follow-up. Finally,
the incidence of mental health conditions reported in
our study represents a risk estimate within a specific
medical and sociocultural system. The rates of severe
and single-ventricle heart disease are comparatively
lower in Denmark than in many other countries; thus, the

Circulation. 2023;148:1381-1394. DOI: 10.1161/CIRCULATIONAHA.123.064705

data reported here potentially underestimate the men-
tal health burden in larger, more complex CHD popu-
lations. Similarly, children with CHD experiencing food
or housing insecurity, systemic racism, or less access to
health care may be at increased mental health risk than
children with CHD in Denmark who benefit from strong
social services and easy access to health care®' Thus,
our findings for Danish children should be reconsidered
within the different circumstances of children living in
other countries.

Conclusions

We found that more than 1 in 3 children with CHD were
diagnosed with or treated for a mental health condition by
18years of age. Compared with the general population and
siblings, the mental health burden was significantly higher
in the CHD population. This disparate risk began early in
life and was most prominent among males and children
with severe or single-ventricle heart disease. Children
with CHD were at increased risk for neurodevelopmental
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Figure 5. Forest plot of adjusted
hazard ratios for hospital-based
mental health diagnostic groups and
specific hospital-based diagnoses

in the CHD cohort, relative to the
comparison cohorts.

The aHR estimates are reported as a point
estimate (dot) and 95% Cls (horizontal
bars) for comparisons of the CHD

cohort vs the general population cohort
(purple), the CHD cohort vs the sibling
cohort (blue), and the CHD cohort vs

the non-CHD MCA cohort (green). The
CHD cohort vs the general population
cohort and the CHD cohort vs the MCA
cohort analyses were adjusted by design
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disorders and anxiety disorders (especially severe stress
in early childhood) compared with their peers and siblings.
Health care professionals should be aware of the sub-
stantial mental health burden in this high-risk population.
This study supports the growing body of evidence high-
lighting the importance of prevention, early identification,
and intervention approaches for mental health conditions
within the congenital cardiac community.
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