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BACKGROUND: Increasing survival among patients with congenital heart disease (CHD) has recently been reported. However,
the impact of Down syndrome (DS) in patients with CHD is still debated. We aimed to estimate survival in patients with CHD
with versus without DS compared with matched controls from the general population without CHD or DS.

METHODS AND RESULTS: We linked data from Swedish health registries to identify patients with CHD born between 1970 and
2017. Data from the Total Population Register were used to match each patient with CHD by sex and birth year with 8 controls
without CHD or DS. A Cox proportional regression model was used to estimate mortality risk, and Kaplan—Meier curves were
analyzed for the survival analysis. We identified 3285 patients with CHD-DS, 64 529 patients with CHD without DS, and 26 128
matched controls. The mortality risk was 25.1 times higher (95% Cl, 21.3-29.5) in patients with CHD-DS versus controls. The
mortality rate was 2 times higher (95% ClI, 1.94-2.31) for patients with CHD with versus without DS. Lower mortality was found
during the second versus first birth periods in patients with CHD-DS compared with controls; hazard ratio: 46.8 (95% Cl,
29.5-74.0) and 17.7 (95% ClI, 12.8-24.42) in those born between 1970 and 1989 versus 1990 and 2017, respectively.

CONCLUSIONS: In this retrospective cohort study, the mortality risk among patients with CHD-DS was 25 times higher com-
pared with matched controls and 2 times higher compared with patients with CHD without DS. Survival was higher in patients
with CHD-DS born after versus before 1990, coinciding with the modern era of congenital heart care.
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(CHD) is 1% to 2% globally and is associated

with several syndromes."? Previous reports have
shown that half of the children with Down syndrome
(DS) have associated CHD, and the most common
types are atrioventricular septal defect, ventricular sep-
tal defect, and tetralogy of Fallot.®* Trisomy 21, Down
syndrome, comprises a complex of malformations,
with a higher incidence of many other conditions that

The birth prevalence of congenital heart disease

affect survival, such as respiratory diseases, leukemia,
and early-onset Alzheimer disease.®

Generally, patients with complex CHD undergo at
least 1 congenital heart surgery during early child-
hood to survive to adulthood. However, heart and
lung machines for newborns were not fully developed
until the mid-1980s in developed countries, including
Sweden. Before corrective heart surgery was avail-
able, or in a few cases, depending on the severity of
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CLINICAL PERSPECTIVE
What Is New?

The overall mortality risk in patients with con-
genital heart disease (CHD)-Down syndrome
(DS) was 25 times higher compared with
matched controls and 2 times higher compared
with patients with CHD without DS.

e Patients with CHD-DS born in the later birth
cohort (1990-2017) still had a higher risk of
mortality compared with matched controls and
patients with CHD without DS.

What Are the Clinical Implications?

e The results of this study confirm increased sur-
vival among patients with CHD-DS born after
1990 versus patients born before 1990, coin-
ciding with the modern era of congenital heart
care.

e However, patients with CHD-DS still have an
increased risk of mortality compared with the
general population and patients with CHD with-
out DS.

e Future studies are needed to determine the un-
derlying causes for this excess risk and evaluate
whether there is a need for better follow-up for
patients with CHD-DS.

Nonstandard Abbreviations and Acronyms

DS Down syndrome
IR incidence rate

CHD, a palliative procedure was performed.® Patients
with DS were not highly prioritized for surgery pre-
viously, partly because the prognosis was consid-
ered poor; therefore, most patients with CHD-DS did
not undergo congenital heart surgery until the late
1980s.” This lack of surgery led to the development of
pulmonary hypertension and Eisenmenger syndrome,
which is 1 of the most complex conditions in CHD
and which is associated with high morbidity and mor-
tality during early adulthood.? Since the early 1990s,
surgical heart treatment standards have changed,
and surgical correction of heart defects, even for the
most complex CHD, has become feasible. Therefore,
long-term outcomes in patients with CHD-DS are of
great interest.® The present study aimed to determine
the survival trends in patients with CHD-DS born be-
tween 1970 and 2017 in Sweden and estimate their
mortality risk compared with age- and sex-matched
controls from the general population and with pa-
tients with CHD without DS.
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METHODS

All raw data from the Swedish National Board of Health
and Welfare are available provided that ethical permis-
sion can be obtained from the Swedish Ethical Review
Authority. For more information, please contact the
corresponding author.

Data Source

This study used data from the Swedish National
Patient Register and Cause of Death Register, which
are held by the National Board of Health and Welfare
in Sweden. The National Patient Register was cre-
ated in 1964 and has had nationwide coverage since
1987. The register contains primary and secondary
discharge diagnoses and surgical procedures for all
hospital admissions, and since 2001, it also includes
data on diagnosis from outpatient clinics. The Cause
of Death Register contains information on deaths from
1961 onwards, and is complete since 1968 and up-
dated yearly. The registers are regulated by law, and
it is mandatory for hospitals and clinics to partici-
pate. All diagnoses are coded in accordance with the
International Classification of Diseases, Eighth Revision
(ICD-8), International Classification of Diseases, Ninth
Revision (ICD-9), and International Classification of
Diseases, Tenth Revision (ICD-10).

Study Population

The Swedish National Patient Register and Cause of
Death Register were used to identify all patients with
CHD diagnoses who were born between January 1970
and December 2017. All patients with CHD with DS
were then identified, and each patient was matched
for sex and birth year with 8 controls without a diagno-
sis of CHD or DS from the Total Population Register in
Sweden. The follow-up data for the study population
were obtained through the Swedish National Patient
Register and Cause of Death Register from January
1970 until December 2017, or death.

Definitions
Patients with CHD were defined as individuals with at
least 1 registered ICD code diagnosis of CHD between
1970 and 2017 from an outpatient visit, hospital dis-
charge, or death certificate. The complexity of CHD
was classified as complex and noncomplex, which
were defined using the hierarchical classification first
suggested by Botto et al'® (Table S1).

The complex group comprised lesion groups 1 and
2, which were defined as patients with conotruncal (ie,
tetralogy of Fallot, common arterial trunk, transposition
of the great vessels, and aortopulmonary septal de-
fect) and nonconotruncal (ie, endocardial cushion de-
fects, hypoplastic left heart syndrome, and a common
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ventricle) defects. The noncomplex group comprised
lesion groups 3, 4, 5, and 6, which were defined as
patients with coarctation of the aorta, ventricular sep-
tal defect, atrial septal defect, and all other remaining
CHD diagnoses, respectively.

Cardiovascular death was identified from the Cause
of Death Register. Comorbidities registered before
death or at the end of the study were identified from
the National Patient Register as hypertension, diabe-
tes, hyperlipidemia, atrial fibrillation, ischemic stroke,
and myocardial infarction (Table S2).

Statistical Analysis

The main outcome was death. The baseline charac-
teristics that were recorded were sex, complexity of
CHD, and birth period. Descriptive statistics were used
to analyze the characteristics of the study population.
Numbers and percentages were used to present cat-
egorical data, and numerical data were presented as
mean and SD or median and interquartile ranges.

The absolute risk of mortality was estimated as
the incidence rate (IR), which was calculated by di-
viding the number of deaths by the total follow-up
time and reported as the number of events per 1000
person-years with 95% Cls based on Poisson CI.
Kaplan—Meier survival analysis was used to calculate
survival probability with 95% Cl and was performed
for patients with CHD with DS, matched controls, and
patients with CHD without DS. To compare the mor-
tality risk, a Cox proportional hazard regression model
was used to calculate the hazard ratio (HR) with 95%
Cl, with the control population as the reference group.
Analyses were performed for the group as a whole and
on the basis of the complexity of the lesion, sex, and
the 2 birth periods (1970-1989 and 1990-2017). In ad-
dition, all patients with CHD and controls were divided
into age groups (0-0.9, 1-9, 10-17, and >18years),
with separate calculations for each age interval. This
was performed because of nonproportionality caused
by the long follow-up duration. All final models met the
requirement of proportionality. P<0.05 was considered
statistically significant, and all statistical analyses were
performed with R software, version 4.2.0 (www.r-proje
ct.org).

Ethical Approval

This study was approved by the Regional Ethics Review
Board (Gbg 912-16, T619-18). The requirement to ob-
tain informed consent for patients to participate was
waived because this study used administrative data.
All national personal identity numbers are replaced by
a code by the National Board of Health and Welfare
in Sweden; therefore, all data used in this study were
anonymized.
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RESULTS

Baseline Characteristics of the Study
Population

A total of 67 814 patients with CHD were identified;
3285 patients with CHD-DS (4.8%), 64529 patients
with CHD without DS, and 26128 matched controls
were included in the present study (Figure S1).

The characteristics of the study population are pre-
sented in Table 1. Among the patients with CHD-DS,
48.4% were female patients and 43.8% had a complex
CHD. During a mean follow-up of 16.5 (x12.5) years,
558 patients with CHD-DS (17%), 5131 patients with
CHD without DS (7.95%), and 198 controls (0.76%)
died. The most common comorbidity in patients with
CHD-DS was diabetes, whereas hypertension, atrial
fibrillation, and ischemic stroke were common in pa-
tients with CHD without DS. The baseline character-
istics of the patients with CHD-DS by birth period are
presented in Table S3, and by birth year in Table S4.
During the earlier birth period, 54.1% of the patients
with CHD-DS had a complex CHD compared with only
39.5% in the later birth period. We found that 155 pa-
tients with CHD-DS (4.7%) within the complex lesion
group had a univentricular heart defect diagnosis,
and 47.1% of those died during the study period; how-
ever, most patients with CHD-DS with a univentricular
heart (55/155) who died were born in early birth period
(1970-1989).

Mortality

The IR of mortality for the entire observed period was
10.29 per 1000 person-years in patients with CHD-DS
compared with 4.98 per 1000 person-years for pa-
tients with CHD without DS and 0.39 per 1000 per-
son-years for controls without DS or CHD (Table 2).
Patients with CHD-DS in the complex lesion group had
a higher IR of mortality (15.97 per 1000 person-years)
compared with the noncomplex lesion group (5.81 per
1000 person-years). The IR of mortality differed be-
tween the 2 birth periods. For 1970 to 1989, the IR was
15.16 per 1000 person-years; and for 1990 to 2017,
the IR decreased to 6.25 per 1000 person-years for
patients with CHD-DS. Furthermore, the IR of mortal-
ity was highest during the first year of life for patients
with CHD-DS, then patients with CHD without DS, and
controls; and it was highest for patients with CHD-DS
(79.09 per 1000 person-years) compared with patients
with CHD without DS (58.49 per 1000 person-years)
and with controls (2.93 per 1000 person-years).

Survival Probability

The survival probability of patients with CHD-DS was
markedly lower compared with patients with CHD
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Table 1. Characteristics of the Study Population

Female sex 1591 (48.4) 32050 (49.7) 12507 (47.9)
Year of birth, mean+SD 1996.9+12.9 1999.6+12.8 1998.3+12.7
Year of birth, median (IQR)* 1999 (1987-2008) 2003 (1991-2010) 2001 (1990-2009)
Follow-up, mean+SD, y 16.5+12.5 16.0+12.6 192+12.6
Follow-up, median (IQR)*, y 14.5 (5.8-25.5) 12.8 (5.6-24.5) 16.7 (8.7-27.7)
Birth period

1970-1989 956 (29.1) 14737 (22.8) 6460 (24.7)

1990-2017 2329 (70.9) 49792 (77.2) 19668 (75.3)
Lesion complexity

Complex CHD 1438 (43.8) 7202 (11.2) N/A

Noncomplex CHD 1847 (56.2) 57327 (88.8) N/A

Down syndrome 3285 (100.0) 0(0.0) 0(0.0)
Comorbidities’

Hypertension 29 (0.9) 1237 (1.9) 116 (0.4)

Diabetes 62 (1.9) 589 (0.9) 190 (0.7)

Hyperlipidemia 8(0.2) 209 (0.3) 44 (0.2)

Atrial fibrillation 29(0.9) 856 (1.3) 26 (0.1)

Ischemic stroke 29 (0.9) 777 (1.2) 22 (0.1)

Myocardial infarction 11 (0.9) 180 (0.3) 4 (<0.1)
Deaths

Total 558 (17.0) 5131 (8.0) 198 (0.8)

Cardiovascular death 4(0.1) 73 (0.1) 1(<0.1)

Data are given as number (percentage) unless otherwise indicated. CHD indicates congenital heart disease; DS, Down syndrome; IQR, interquartile range;

and N/A, not applicable.
*Continuous variable.

fComorbidities defined at the last registration before death or at the end of the study.

without DS and matched controls (Figure 1). Patients
born in the birth period 1970 to 1989 had a longer fol-
low-up time compared with patients born in the birth

period 1990 to 2017 (Figure 2). The survival probabil-
ity after the first years of life was much lower for both
patients with CHD-DS and patients with CHD without

Table 2. Incidence of Mortality for Patients With CHD and DS, Patients With CHD Without DS, and Matched Controls

All 558 10.29 (9.46-11.18) 5131 4.98 (4.84-5.12) 198 0.39 (0.34-0.45)
Male sex 270 9.98 (8.83-11.25) 2776 5.31 (6.11-5.51) 86 0.45 (0.37-0.54)
Female sex 288 10.60 (9.41-11.90) 2355 4.64 (4.45-4.83) 112 0.34 (0.27-0.42)
Birth period

1970-1989 373 15.16 (13.66-16.78) 2875 6.33 (6.10-6.57) 116 0.49 (0.40-0.58)

1990-2017 185 6.25 (5.38-7.21) 2256 3.91 (3.75-4.08) 82 0.31 (0.25-0.39)
Lesion complexity

Complex CHD 382 15.97 (14.41-17.66) 2189 19.79 (18.97-20.63) 112 0.46 (0.38-0.55)

Noncomplex CHD 176 5.81 (4.98-6.73) 2942 3.20 (3.08-3.32) 86 0.34 (0.27-0.41)
Age group, y

0-0.9 249 79.09 (69.57-89.55) 3608 58.49 (56.60-60.43) 76 2.93 (2.31-3.67)

1-9 190 8.44 (7.28-9.73) 798 1.82 (1.70-1.95) 30 0.15 (0.10-0.21)

10-17 34 2.53 (1.75-3.54) 228 0.93 (0.82-1.06) 7 0.06 (0.02-0.12)

>18 85 5.62 (4.49-6.94) 497 1.73 (1.59-1.89) 85 0.55 (0.44-0.68)

CHD indicates congenital heart disease; DS, Down syndrome; and IR, incidence rate.
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Figure 1. Kaplan-Meier survival curves of patients with congenital heart disease (CHD) and Down syndrome (DS), matched

controls, and patients with CHD without DS.

DS in the birth period 1970 to 1989 compared with
the birth period 1990 to 2017. Survival probability
by complexity for patients with CHD-DS was higher
compared with patients with CHD without DS in the
complex group during the first 30years of follow-up
(Figure S2). However, in the noncomplex group, pa-
tients with CHD-DS had a lower survival probability
compared with both controls and patients with CHD
without DS. In patients with CHD-DS, female patients
had a slightly lower survival probability compared with
male patients (Figure S3).

Risk of Mortality

Patients with CHD-DS had 25.11 times higher risk of
mortality (95% Cl, 21.3-29.5) compared with con-
trols and 2.12 times higher risk of mortality (95% CI,
1.94-2.31) compared with patients with CHD without
DS (Table 3). The risk of mortality was higher in fe-
male versus male patients with CHD-DS. Patients with
CHD-DS with complex CHD had a lower mortality risk
(HR, 0.80 [95% ClI, 0.72—-0.89]) compared with patients

J Am Heart Assoc. 2024;13:e031392. DOI: 10.1161/JAHA.123.031392

with CHD without DS. An overall decrease in mortality
for patients with CHD-DS was found between the 2
birth periods in all age groups (Tables S5 and S6). The
risk of mortality during the first year of life was 46.8
(95% Cl, 29.5-74.0) from 1970 to 1989 and 17.7 (95%
Cl, 12.8-24.42) from 1990 to 2017, compared with
controls. The mortality risk was highest before adult-
hood in patients with CHD-DS compared with con-
trols. However, adult patients with CHD-DS still had a
10.43 times higher risk of mortality (HR, 10.43 [95% Cl,
7.72-14.10]) compared with controls. Compared with
patients with CHD without DS, patients with CHD-DS
had the highest mortality risk in the 1- to 9-year age
group (HR, 4.70 [95% ClI, 4.01-5.50]).

DISCUSSION

In this retrospective register-based cohort study, 1 of
the main findings was that patients with CHD-DS had a
25-fold higher risk of mortality compared with matched
controls. In addition, there was an improvement in



Engsner et al

Down Syndrome Impact in Congenital Heart Disease

CHDwith Down{- 2329 1350 517 o

1970-1989
100
————
80
2
2
5
E]
2
[
a
®
2
2
@ 60
== Control
= cHDony
== CHD with Down
40
o 10 20 30 0 0
Follow-up time (years)
Number at risk
Control{ 6460 6423 6412 5490 2256 o
CHDonly 114737 12432 12254 10191 3994 o
CHDwith Down |- -956 689 653 536 178 0
o 10 20 30 0 0
Follow-up time (years)

1990-2017

g

Survival probability,%

= conol
= cHDonly
= CHD with Down

[ 10 20
Follow-up time (years)

Number at risk

Control 1 19668 11922 4701 o

CHDonly 149792 25874 9039 o

] 10 20 30
Follow-up time (years)

Figure 2. Kaplan-Meier survival curves of patients with congenital heart disease (CHD) and Down syndrome (DS), matched

controls, and patients with CHD without DS by birth period.

survival in the later birth period (1990-2017) compared
with the earlier cohort (1970-1989), particularly during
the first years of life. This improvement in survival was

Table 3. Risk of Mortality in Patients With CHD and

DS Compared With Patients With CHD Without DS and
Compared With Matched Controls, Overall and According to
Sex, Birth Period, Complexity of Lesion, and Age Intervals

HR for mortality in patients with CHD-DS
Patients Controls
with CHD without
without CHD or
DSasa DSasa
Variable reference | 95% CI reference | 95% Cl
All 212 1.94-2.31 | 2511 21.35-29.54
Male sex 1.87 1.65-2.12 | 21.56 17.29-26.88
Female sex 2.42 214-2.74 | 29.81 23.42-37.94
Birth period
1970-1989 2.09 1.88-2.33 |28.29 22.95-34.86
1990-2017 1.72 1.48-2.00 |19.68 156.17-25.52
Lesion complexity
Complex 0.80 0.72-0.89 | 32.28 26.14-39.87
Noncomplex | 1.85 1.69-2.15 | 17.27 13.34-22.35
Age group, y
0-0.9 1.35 1.19-1.53 | 26.91 20.81-34.79
1-9 4.70 4.01-5.50 |55.64 37.86-81.77
1017 2.1 1.89-3.88 |44.19 19.69-99.69
>18 3.28 2.61-413 |10.43 7.72-1410

CHD indicates congenital heart disease; DS, Down syndrome; and HR,
hazard ratio.
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not surprising and can be explained by better surgical
care and treatment being prioritized to all patients with
CHD, including patients with DS.

Surgical procedures for patients with DS have
changed over time and have resulted in better care and
prognosis for patients with DS and CHD.” A previous
study based in the northeast of England showed im-
proved 1-year survival in patients with CHD-DS when
comparing the birth cohorts 1985 to 1995 and 1996 to
2006, similar to the results seenin our study." However, in
our study, the mortality risk was still considerably higher
in patients with CHD-DS compared with matched con-
trols, which leads one to consider whether the elevated
risk is related to CHD or DS diagnosis. To investigate
this question, we performed a primary analysis com-
paring patients with CHD-DS with unmatched patients
with only CHD. The results showed that patients with
CHD-DS had a 2 times higher mortality risk compared
with patients with CHD only. Although the analysis was
limited because matching was not performed because
of an insufficient number of patients with CHD without
DS, the results suggest that patients with CHD-DS have
a worse prognosis compared with patients with CHD
only. Further studies are needed to determine why there
is a difference in mortality between these 2 groups. As
patients with DS often have other related conditions, it
is not unlikely that a DS diagnosis could be a negative
prognostic factor for patients with CHD. Thus, it is not
the presence of CHD or DS, but the combination of the
2, that has the most impact on the prognosis.
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A Danish population-based study on survival
among people with DS reported declining mortal-
ity over time, likely because of improved treatment of
CHD.”> The study also reported that deaths among
people with DS before the age of 20years were most
often CHD related, and deaths after the age of 20years
were most often attributable to respiratory diseases.
Another study evaluating causes of death in patients
with DS after CHD surgery did not find that DS was
a predictor of CHD-related mortality but did find that
DS was a risk factor for shortened long-term survival
after CHD surgery.'® This could suggest that coexis-
tent conditions in patients with DS are the main factor
affecting long-term survival when the heart defect has
been surgically corrected.

The second birth period in this study (1990-2017)
comprised 27 years and was longer than the first birth
period (1970-1989), which comprised 19years. This
may partly explain why there were more than twice as
many patients with CHD-DS in the second birth pe-
riod (n=2329) compared with the first (n=956). Another
possible factor causing this increase of patients with
CHD-DS over time could be that more patients with
less severe CHD were diagnosed as diagnostic tech-
nology improved. This possibility is supported by the
increased percentage of noncomplex CHDs over time,
when comparing the 2 birth periods. From 1970 to
1989, 45.9% of the patients had noncomplex CHD
compared with 60.5% from 1990 to 2017. Prenatal
screening for CHD has become more frequent over
time and makes it possible to detect heart defects be-
fore birth. This has led to higher numbers of terminated
pregnancies for fetal anomaly, especially in cases with
severe CHD." Therefore, this is also a possible expla-
nation for the decrease in complex CHDs over time.
A recent Swedish study supports this theory as the
study reported a changed spectrum of diagnoses and
a lower risk of complex cardiac lesions among infants
with DS and CHD over time."® Increasing maternal age
and the increased use of antenatal diagnostics over
time may also have affected the number of children
born with DS. In Sweden’s neighboring countries,
Norway and Denmark, the incidence of DS has in-
creased (in association with increasing maternal age)'®
or decreased (in association with antenatal diagnos-
tics and increased termination rates) over time."” In
Sweden, the number of children born with DS/1000
live births remained stable, despite increasing mater-
nal age until 2015 to 2016, when it declined markedly.
Thus, for most of the present study period, the birth
prevalence of DS remained stable.

There were slightly more male than female patients
with CHD-DS included in this study, and female pa-
tients had a higher mortality rate compared with male
patients. Patients with complex lesions had an almost
2 times higher mortality risk compared with patients
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with noncomplex lesions. A Danish study investigat-
ing the population with DS born between 1994 and
2009 using a similar classification of CHD as that in
the present study showed similar results for mortality
according to severity.”® In addition, the study found a
similar 5-year mortality rate for patients with DS and
nonsevere CHD and patients with DS only. This is an
interesting observation as it was not possible to include
a group of patients with DS only, in the present study.
Ideally, future studies will match patients with DS only
and patients with DS and CHD to evaluate the excess
risk of mortality.

Our observation (Figure S2) that patients with
CHD-DS with complex malformations had lower mor-
tality compared with patients with CHD without DS
reflects the shortcoming of grouping cardiac malfor-
mations. Patients with CHD-DS commonly have tetral-
ogy of Fallot or atrioventricular septal defects, which
are defects with a favorable prognosis once they are
repaired. However, in the classification in this study,
these patients were grouped and compared with
those with more complex lesions, such as hypoplas-
tic left heart syndrome or single ventricles, which are
relatively more frequent among patients with complex
CHD but rare in patients with CHD-DS.

Patients with DS can be affected by many different
medical conditions, and a CHD diagnosis is not the
only factor that may affect long-term outcomes and
survival. A recent consensus article by Dimopoulos
et al describes the diagnosis and management of car-
diovascular disease in patients with DS.° It would be of
interest in future studies to determine the main causes
of comorbidities and death in surgically corrected pa-
tients with CHD-DS and whether this group of patients
requires better follow-up.

Strengths and Limitations

This study had several strengths. First, the data were
from nationwide registers, and each patient with a
CHD-DS diagnosis was matched for sex and birth year
with 8 control subjects. Second, the registers used in
this study, the Swedish National Patient Register and
Cause of Death Register, require mandatory participa-
tion and long-term follow-up, which makes these regis-
ters suitable for population-based studies. Health care
in Sweden is also accessible for all citizens and mainly
government funded. Therefore, the data are consid-
ered representative for Sweden and may be applicable
to other countries with similar organization of the health
care system. Furthermore, the study design made fol-
low-up with minimal loss possible.

Administrative data from outpatient clinics were
first included in the Swedish National Patient Register
in 2001; data before this year and from primary care
sources were unavailable, which is a limitation of the
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study. As the National Patient Register was not nation-
wide until 1987 for inpatient care, there is a risk of un-
derreported CHD cases (most likely among the less
complex lesion groups) during the first birth period of
1970 to 1989. Another limitation is that the patients
with CHD without DS were unmatched when com-
pared with the patients with CHD-DS, which may have
led to underestimation of the increased risk of mortality
in patients with CHD-DS. Moreover, although the diag-
noses from the Swedish National Register for inpatient
care have been found to have high validity (85%—-95%
positive predictive value for most cardiovascular diag-
noses),' there is no published formal validation of the
CHD and DS diagnostic codes. However, a previous
study of patients with CHD with myocardial infarction
showed only slightly lower validity of the CHD diagno-
sis compared with that in the previous study.?°

CONCLUSIONS

The risk of mortality among patients with CHD-DS was
25 times higher compared with matched controls, and
it was 2 times higher compared with patients with CHD
without DS. However, the survival rate increased in pa-
tients with CHD-DS born after 1990 compared with
those born before 1990, coinciding with the modern
era of congenital heart care.
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