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Among children with congenital heart disease (CHD), there is often neurodevelopmental
and behavioral impairment with unclear implications regarding adult socioeconomic
achievements. We aimed to compare economic self-sufficiency and educational attainment
in CHD adults with sibling and general population controls. Using Danish population-
based nationwide registries, this cohort study aimed to include all CHD subjects greater
than 13 years born between 1963 and 1993. Comparison cohorts included: (1) sibling
cohort and (2) general population cohort matched 10:1 on birth year and gender. We com-
puted cumulative incidences of time to first full year of economic self-sufficiency, as well as
educational attainment. We assessed the relative probability of self-sufficiency in all
cohorts before 30 years of age, defined by Statistics Denmark federal standard. In total,
we identified 7,019 CHD subjects, 6,257 full siblings, and 68,805 general population con-
trols. The cumulative incidence of self-sufficiency by age 20 and 35 years for CHD subjects
(49% and 84%, respectively) was lower than sibling (68% and 96%) and general popula-
tion cohorts (67% and 95%). The relative probability of self-sufficiency for CHD subjects
compared with siblings was 0.44 (95% confidence interval 0.39 to 0.49). By age 30, adults
with CHD were less likely than their siblings to attain all levels of education. Among those
achieving higher educational milestones, differences in self-sufficiency between cohorts
were absent by age 35. In conclusion, CHD is associated with reduced adult economic self-
sufficiency, and the relation between educational level attained and self-sufficiency may
suggest that targeted interventions have the potential to improve adult self-sufficiency.
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As more and more children with congenital heart disease
(CHD) successfully reach adulthood, research has increas-
ingly transitioned to include a greater assessment of long
term morbidities.1−4 Within the CHD population, there is a
distinctive pattern of neurodevelopmental and psychosocial
challenges characterized by impairment of cognition, social
interaction, core communication skills, as well as increased
prevalence of inattention, impulsive behavior, and impaired
executive function.4−13 Previous speculation suggests that
these risk factors are potentially modifiable, both positively
and negatively, by environmental factors in the home, at
school, and in places of employment.4 Although limited
literature exists on the educational attainment of the CHD
population,14 it is presently unknown to what degree these
neurodevelopmental and psychosocial challenges restrict
those with CHDs’ ultimate capacity to achieve economic
self-sufficiency consistent with the transition to adulthood.
As a result, we aim to compare achievement of self-suffi-
ciency in adults with CHD with that of sibling and general
population cohorts. We hypothesize that CHD is associated
with a lower probability of self-sufficiency, and that
increasing CHD complexity further lowers or delays this
probability. In addition, we aim to determine whether varia-
tion in educational level attained is associated with, and
potentially contributes to, adult self-sufficiency.
Methods

We conducted a cohort study based on prospectively col-
lected data from the Danish nationwide population-based
medical registries. The study was approved by the Danish
Data Protection Agency (record number: 2013-41-1754),
whose role is to protect the privacy of individuals whose
data are recorded in Danish registries. No informed consent
was required for this study.

Our study was conducted in Denmark, with a current
population of approximately 5.8 million individuals. The
Danish National Health Service provides tax-supported
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healthcare, with universal and free access to hospital-based
and primary medical care, including care for CHD. A
unique 10-digit civil personal registration number has been
assigned to all residents of Denmark since 1968 by the Cen-
tral Office of Civil Registration. The civil personal registra-
tion numbers are used in all Danish registries, permitting
unambiguous individual-level linkage of data from all sour-
ces used in this study.15 This provided us with virtually
complete follow-up for death, emigration, and the outcomes
under study. The Civil Registration System also made it
possible to identify the sibling and the general population
comparison cohorts.

We identified Danish persons with CHD 13 years of age or
older born between January 1, 1963, and December 31, 1993,
who had received a diagnosis of a CHD before 13 years of
age. CHD subjects diagnosed between 1963 and 1974 were
identified based on review of medical records in all Danish
pediatric and medical departments by an experienced medical
doctor, Henning Bækgaard Laursen (Danish Registry of CHD,
DRCHD).16 The review was done in the years 1970 to 1974
and the diagnoses were later translated from the International
Society of Cardiology (1970) classification to the International
Classification of Diseases 10th revision (ICD-10).17 CHD sur-
vivors diagnosed after 1977 were identified by use of the Dan-
ish National Registry of Patients (DNRP). The DNRP contains
information on all hospital admissions in Denmark and
includes subject’s civil registration numbers, dates of admis-
sion and discharge, surgical procedures, and up to 20 discharge
diagnoses coded by physicians according to the ICD.15 Since
1995, the DNRP also contains information on hospital outpa-
tient clinic contacts. We were not able to capture those subjects
diagnosed exclusively between January 1, 1974 and December
31, 1976 who were never again hospitalized, as this particular
3-year period is not captured in either data source. ICD-8 codes
obtained by way of the DNRP were used to identify all CHD
patients between 1977 and 1993 (ICD-8: 746 to 747 except for
746.7 and 747.5 to 747.9, which are not specific to CHD).

We used a previously described algorithm to exclude
patients with invalid CHD or inaccurate coding in the
DNRP.18 Severity of CHD were defined as mild (simple
biventricular anatomy/physiology without any history of
surgery or catheter-based intervention including atrial sep-
tal defects, ventricular septal defects, patent ductus arterio-
sus greater than 37 weeks gestation, and isolated
coarctation of the aorta), moderate (identical biventricular
anatomy/physiology subtypes categorized as “mild” but
with a history of at least 1 surgery or catheter-based inter-
vention), severe (complex biventricular physiology such as
tetralogy of Fallot, atrioventricular canal defect, or transpo-
sition of the great arteries), univentricular (history of single
ventricle diagnoses or palliative surgery such as Norwood,
Glenn, and/or Fontan), and unclassified.

In addition to CHDs, we used the DNRP and the DRCHD
to identify diagnoses of extra-cardiac defects (ECDs) and
chromosomal abnormalities. In accordance with a guideline
from the European Surveillance of Congenital Anomalies, we
disregarded isolated minor defects such as subluxation or
unstable hip, cryptorchidism, torticollis, or protuberant ears.19

We obtained data on gestational age from the Danish Medical
Birth Registry and defined preterm birth as gestational age
<37 weeks.
Relative to each CHD subject, we created 2 comparison
cohorts utilizing the Danish Civil Registration System: (1)
general population cohort (10:1) matched by gender and
birth year and (2) sibling cohort—all full siblings of the
CHD cohort members alive at 13 years of age born before
December 31, 1993. The sibling cohort was included in an
effort to account for unmeasured potential confounders sec-
ondary to family-related factors, such as general socioeco-
nomic status, parental educational status or IQ, and similar
factors.20

From the Employment Classification Module, Statistics
Denmark, we extracted the BESKST (data prior to 2002)
and BESKST02 (data from 2002 until present) variables to
determine economic self-sufficiency based on personal
yearly income. Self-sufficiency is defined according to the
federal standard by Statistics Denmark as total income from
all available sources greater than 50% of a student’s annual
subsidy. We measured the time interval from age 13 years
to the first date the subject was determined to be economi-
cally self-sufficient. These variables are adjusted yearly for
inflation.

From Statistics Denmark, we extracted data on the high-
est educational attainment obtained by the study population
in each calendar year during the study period. The educa-
tional attainment was separated into 4 categories: basic
(completion of primary education), vocational (3- to 4-year
programs completed after primary education), high school
(3-year secondary education known as gymnasium), and
higher (university education). In Denmark, completing
gymnasium is required for university education, but not for
vocational training. In addition, higher education is typi-
cally completed before the age of 30 years.

Observation time was computed from age 13 years to
outcome of interest, death, emigration, age 35 years, or
December 31, 2011, whichever came first. For all subjects,
we calculated cumulative incidence of self-sufficiency and
educational levels. We computed the relative probability of
achieving economic self-sufficiency before the age of
30 years, using a pseudo-observation approach and general-
ized linear models while adjusting for birth year and gen-
der.21 Two subanalyses were performed: (1) excluding all
individuals in the study population diagnosed with prema-
ture birth or ECD and (2) stratifying by birth era to account
for improved mortality and morbidity results of the CHD
population: 1963 to 1972, 1973 to 1982, 1983 to 1993.
Analyses were performed using the STATA 14 package
(StataCorp LP, College Station, TX).
Results

We identified 7,019 CHD subjects (50% male) who met
our inclusion criteria. Divided into categories of CHD com-
plexity, we identified: 2,426 (35%) mild, 1,858 (26%) mod-
erate, 1,719 (24%) severe, 108 (1.5%) univentricular, and
895 (13%) unclassified (Table 1). We identified 6,257 CHD
siblings and 68,805 general population subjects for compar-
ison.

By 30 years of age, 93% of CHD adults had completed
basic education compared with 97% in both sibling and
general population cohorts. The cumulative incidence of
attaining higher educational levels, including vocational
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Table 1

Characteristics of 3 comparison cohorts (congenital heart disease, sibling, and general population)

Variable CHD cohort CHD sibling cohort General population cohort

n (%) n (%) n (%)

All 7,019 (100%) 6,257 (100%) 68,805 (100%)

Men 3,529 (50%) 3,181 (51%) 34,554 (50%)

Birth year

1963 to 1972 2,332 (33%) 2,164 (35%) 23,035 (33%)

1973 to 1982 1,868 (27%) 2,089 (33%) 18,158 (26%)

1983 to 1992 2,819 (40%) 2,004 (32%) 27,612 (40%)

Extra cardiac defects 1,632 (23%) 98 (2%) 3,241 (5%)

Preterm birth 910 (13%) 202 (3%) 1,671 (5%)

Missing gestational age data 1,588 (23%) 3,653 (58%) 35,218 (51%)

CHD complexity

Mild 2,426 (35%) - -

Moderate 1,858 (27%) - -

Severe 1,719 (25%) - -

Univentricular 108 (2%) - -

Not classified 895 (13%) - -

Age at first CHD diagnosis

0 to 29 days 1,033 (15%) - -

30 days to 1 year 2,066 (29%) - -

>1 year to <5 years 2,002 (29%) - -

>5 years to <13 years 1,918 (27%) - -

Major CHD diagnoses

Atrial septal defect 902 (13%) - -

Coarctation 386 (5%) - -

Patent ductus arteriosus 857 (12%) - -

Transposition great arteries 203 (3%) - -

Tetralogy of Fallot 342 (5%) - -

Ventricular septal defect 2,048 (29%) - -

Other 2,281 (32%) - -
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education, was reduced in the CHD cohort compared with
the sibling and general population cohorts (Table 2).

The cumulative incidence of self-sufficiency by age
20 years for all CHD subjects was 49%. Both the sibling
cohort (68%) and the population cohort (67%) demon-
strated higher rates of self-sufficiency achievement by the
equivalent age. Although the rate of self-sufficiency was
improved by age 35 years, CHD subjects remained less
self-sufficient (84%) than both comparison cohorts (sibling
96% and general population 95%, Figure 1). This difference
between cohorts, although less pronounced, remained after
exclusion of those subjects with ECDs or prematurity
(Figure 1). Further analysis by categories of CHD complex-
ity demonstrated that reduced adult self-sufficiency was not
limited to severe biventricular and univentricular CHD cat-
egories. Although relatively less impacted, mild and
Table 2

Educational attainment by age 30 years for congenital heart disease (CHD) subje

tion cohort

Cumulative incidence of attaining edu

CHD cohort

Basic education 93%

Vocational education 9.6%

High school education 23%

Higher education 19%

Long-term higher education 3.7%
moderate forms of CHD were also impaired compared to
sibling and general population cohorts (Figure 2).

We calculated relative probabilities of self-sufficiency as
achieved by CHD adults relative to their siblings, which
demonstrated reduced self-sufficiency across all strata
investigated (Table 3). The risk of reduced self-sufficiency
was present regardless of gender, birth era, age at diagnosis,
and CHD subtype.

We examined self-sufficiency of the cohorts according
to the highest level of education attained (Figure 3). If no
basic education was attained, the degree of self-sufficiency
was impaired in all cohorts; however, the CHD cohort was
more reduced relative to the others throughout the study
period (Figure 3). If basic education was attained, self-suffi-
ciency was improved for all groups, but again the relatively
reduced rate of the CHD cohort persisted (Figure 3). In the
cts, their sibling(s), and the birth year and gender-matched general popula-

cational level by 30 years of age

CHD sibling cohort General population cohort

97% 97%

11% 10%

30% 32%

25% 26%

5.3% 5.4%



Figure 1. Overall cumulative probability of self-sufficiency between ages 13 and 35 years demonstrated in 3 separate cohorts (congenital heart disease, sib-

ling, and general population comparison) (A), and after exclusion of those with extra-cardiac defects and born at less than 37 weeks gestation (B).
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CHD populations who attained a high school level of edu-
cation, although there was a delayed time to self-suffi-
ciency relative to the comparison cohorts, there was
ultimately no difference in achievement of self-suffi-
ciency between cohorts by age 35 (Figure 3). This was
also reflected by the birth year and gender adjusted rela-
tive probability of 0.98 (95% confidence interval 0.96 to
1.00) of achieving self-sufficiency among high school
graduates. A similar analysis could not be performed for
those with vocational and higher education attainment, as
all individuals in these educational tracks in Denmark
receive either a salary (for vocational trainees) or state
funding (for ongoing higher education enrollment) that
exceeds the self-sufficiency threshold.
Discussion

To our knowledge, this is the first study to describe on a
national scale the achievement of self-sufficiency in adults
born with CHD. Our results, in over 7,000 individuals with
CHD demonstrate that adult self-sufficiency is impaired rel-
ative to not only the general population, but also compared
with CHD subjects’ own siblings. The consistency of these
results across CHD severity classification, birth year and
presence or absence of ECDs calls attention to how CHD,
potentially even in its mildest forms, presents lifelong chal-
lenges.

Although extensive literature has examined the neurode-
velopmental and psychosocial impairments associated with
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Figure 2. Cumulative probability of self-sufficiency between ages 13 and 35 years in congenital heart disease individuals as divided by defect complexity

(mild, moderate, complex, and univentricular).
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CHD,4 this is the first examination to ask if CHD may hin-
der the opportunity to become self-sufficient as an adult.
Learning, memory and behavioral difficulties are well
described among individuals with CHD, and have previ-
ously been shown to affect educational attainment in ado-
lescents.14 Studies have highlighted that children with
complex CHD have significantly increased risk for impair-
ments in the areas of intelligence, academic achievement,
Table 3

Relative probability of self-sufficiency by age 30 of adults with congenital heart d

Individuals attaining s

CHD cohort

Overall 5,060

No ECD and full term 2,745

Men 2,609

Women 2,451

Birth period

1963 to 1972 1,921

1973 to 1982 1,478

1983 to 1992 1,661

Age at diagnosis

0 to 29 days 583

30 days to 1 year 1,422

>1 year to <5 years 1,510

>5 years to <13 years 1,545

Severity

Mild (biventricular, no surgery) 1,830

Moderate (biventricular, surgery) 1,400

Severe 1,121

Univentricular 63

Not classified 638

Educational level

Basic 4,905

High school 1,394

*Adjusted for birth year and gender.
language (development, expressive, and receptive), visual
construction and perception, attention, executive function-
ing, fine motor skills, gross motor skills, and psychosocial
maladjustment (internalizing problems).4 Our study raises
the likelihood that these risks have long-term consequen-
ces.

It is not a provocative statement to suggest that educa-
tional attainment is associated with the capacity to become
isease (CHD) compared with their sibling(s)

elf-sufficiency during follow-up Relative probability

of self-sufficiency

by age 30(95% CI)*

Sibling cohort

5,582 0.85 (0.84 - 0.87)

2,036 0.92 (0.90 - 0.94)

2,895 0.85 (0.83 - 0.87)

2,687 0.85 (0.83 - 0.87)

2,034 0.87 (0.85 - 0.89)

1,942 0.84 (0.82 - 0.87)

1,606 0.84 (0.82 - 0.86)

680 0.80 (0.76 - 0.84)

1,683 0.78 (0.76 - 0.81)

1,535 0.87 (0.85 - 0.90)

1,684 0.93 (0.91 - 0.95)

1,824 0.89 (0.87 - 0.92)

1,577 0.88 (0.85 - 0.91)

1,350 0.79 (0.76 - 0.82)

89 0.78 (0.69 - 0.89)

732 0.81 (0.77 - 0.85)

5,417 0.86 (0.85 - 0.87)

1,750 0.98 (0.96 - 1.00)



Figure 3. Cumulative probability of self-sufficiency between ages 13 and 35 years demonstrated in 3 separate cohorts (congenital heart disease, sibling, and

general population comparison) according to those without basic education (A), those who completed only basic education (B), and those who completed

high school education (C).
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self-sufficient as an adult.22,23 In fact, the results of this
study’s comparison cohorts (sibling and general population)
underscore this point as demonstrated by the differences in
achievement of self-sufficiency between those without
basic education compared with those with completion of a
higher level of education. Given this accepted premise, it is
important to note that adults with CHD are less likely to
attain these educational milestones as demonstrated by our
results. However, importantly, those who do attain these
milestones demonstrate self-sufficiency rates that approxi-
mate their siblings and peers. Although our study is not
able to separate these factors, which align along a causal
pathway, it is worth considering how modifiable educa-
tional attainment may be in the CHD population. We specu-
late that targeted education-based interventions and
directed therapies augment educational attainment, and
thereby may improve adult self-sufficiency.

Failing to achieve economic self-sufficiency is unusual
in Denmark with a less than 5% unemployment rate. This is
substantiated by this study’s demonstration of a high per-
centage of self-sufficiency in the general population and
sibling cohorts. However, those who fail to achieve self-
sufficiency are uniquely well cared for within the Danish
welfare system. As a result, given that many of the compli-
cations and complexities of unsuccessfully achieving self-
sufficiency are not fully appreciated by these Danish
cohorts, there is reason to pursue additional research in
other geopolitical climates.

It is accepted that complex subtypes of CHD have an
association with negative long-term outcomes such as
increased mortality and morbidity, as well as more pro-
nounced neurodevelopmental and psychosocial issues.4

However, more recently, studies have demonstrated that
less complex CHD conditions are not spared important life-
long outcomes such as “re-intervention” or acquired dis-
ease.24 The CHD category labeled as “mild” in our study is
comprised exclusively of biventricular physiology that has
never required a cardiac intervention, and yet, these individ-
uals have impaired self-sufficiency compared with their sib-
lings and the general population.

The major strengths of our study are its large size, its
population-based design, and the complete and long-term
follow-up for economic self-sufficiency and educational
attainment provided by the Danish Civil Registration sys-
tem, which substantially reduces the impact of selection
bias. We also took the important step to account for residual
confounding from difficult to measure (or presently
unknown) factors by establishing the CHD sibling cohort.
Comparison to this cohort enabled analyses and interpreta-
tion while minimizing the impact of family-related factors.

www.ajconline.org
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Finally, we benefitted from the ability to utilize a federally
supported measure of economic self-sufficiency to accu-
rately determine economic conditions throughout adult life.

Our study should also be considered in terms of the pos-
sible limitations. Our data were obtained from registry-
based discharge diagnoses and outcome measurements,
which are vulnerable to being inaccurate or incomplete.
However, in regard to CHD, the positive predictive value in
the DNRP, as well as the older CHD registry (1963 to
1974), has been shown to be highly sensitive and specific
and any misclassification is small and independent of future
development of self-sufficiency.16,25 In order to avoid any
misclassification among subtypes of CHD complexity, we
took the additional steps to develop a hierarchical approach
to define the CHD subtype for each participant drawing on
the opportunity to identify the qualifications of the medical
center determining each diagnosis. It should also be noted
that the univentricular group is small in sample size as a
result of the era of birth under study. As a consequence,
when data from this group are presented, it is advisable to
not draw any firm conclusions based on the wide statistical
variation inherent when analyzing a small sample size. In
addition, there is not, at present, the opportunity to study
the adult outcomes of those children born with CHD in the
recent 2 decades, and as a result, it remains unknown if
they will mirror this early generation relative to self-suffi-
ciency. Lastly, the validity of the educational attainment in
the Danish Educational Attainment Registry, Statistics
Denmark, as well as the variable for economic self-suffi-
ciency has been previously described.20

In conclusion, CHD is associated with impaired or
delayed adult self-sufficiency, as well as lower educational
attainment. This is not explained by differences in socio-
economic status, or other family-related factors, as demon-
strated by comparisons with the sibling cohort. The relation
between educational level attained and self-sufficiency
achieved may reflect underlying CHD related factors;
however, it may also suggest that educationally targeted
interventions have the potential to augment adult self-suffi-
ciency.
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