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Background. Life expectancy for individuals with
Down syndrome (DS) has increased dramatically.
To improve detection and prevention, the risk of
age-related cardiovascular disease in this popula-
tion needs to be better defined.

Methods. We performed a population-based
matched cohort study. Through the National
Patient Register (NPR) and/or the Medical Birth
Register, we identified all individuals born in Swe-
den between 1946 and 2000 with a diagnosis
of DS. Each individual with DS was matched to
50 comparators by sex, birth year, and county
of birth. Data on ischemic and hemorrhagic
stroke, acute myocardial infarction (AMI), and
covariates indicating cardiovascular risk were
retrieved from the NPR. Associations between
DS and cardiovascular outcomes were estimated
using Cox proportional hazards models. We also
assessed the influence of cardiovascular risk
factors.

Results. We included 5155 individuals with DS, of
which 55% were male. The median age at the end
of follow-up was 35 in the DS population and 42
among the comparisons. DS was associated with
increased risk of ischemic stroke (hazard ratios
[HR] 4.41, 95% confidence intervals [CI] 3.53–5.52)
and hemorrhagic stroke (HR 5.14, 95% CI 3.84–
6.89). The overall risk of AMI was similar in DS and
comparators but increased in young individuals
with DS. The risk of ischemic stroke was elevated
in individuals with DS with selected atheroscle-
rotic (HR 12.67, 95% CI 7.04–22.78) as well as
embolic (HR 10.35, 95% CI 6.69–16.01) risk fac-
tors, as compared to comparators without risk fac-
tors.

Conclusion. Individuals with DS were at increased
risk of cardiovascular outcomes.
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Introduction

Down syndrome (DS), caused by a partial or com-
plete triplication of chromosome 21, is the most
frequent survivable autosomal aneuploidy and the
most common genetic cause of intellectual disabil-

ity in the world [1, 2]. Over the last decades, the life
expectancy for individuals with DS has increased
dramatically from 25 years in 1983 [3] to 60 years
in 2020 [4]. This development entails age-related
comorbidities in these individuals that, due to
their different genetic constitution, do not seem to
mirror those of a general aging population [5–8].
Therefore, there is a need for large population-
based studies on aging DS individuals to improve
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detection, prevention, and treatment of age-related
comorbidities in this unique population.

The extra chromosome 21 in DS results in a
diversity of manifestations from early childhood,
including congenital heart defects and intellec-
tual disability, as well as an increased risk for
autoimmune and hematological disorders, includ-
ing leukemia [8, 9], and, later in life, early-
onset Alzheimer’s disease [8, 10]. Chromosome 21
includes a large number of protein-coding and
non-protein-coding genes, and the exact molecu-
lar mechanisms underlying the phenotypic mani-
festations of DS are not well-known [9]. However,
at least in part, it is thought to result from the
overexpression, including its downstream conse-
quences, of specific genes on chromosome 21 [9].
For instance, overexpression of the APP gene is
considered one of the main causes of Alzheimer’s
disease, and the genes RCAN1 and DYRK1A have
been suggested to play a role in cardiovascular pre-
vention [7, 11]. Clearly, experimental studies are
needed to further elucidate the pathophysiologi-
cal mechanisms underlying the different pheno-
typic manifestations of DS. These studies need to
be complemented by robust observational data to
define the DS phenotype across a lifespan.

To date, the number of population-based studies
on age-related comorbidities in large cohorts of DS
is limited. Clinical practice guidelines for this group
are hampered by the lack of high-quality evidence,
which limits the strength of recommendations and
highlights the need for additional research within
this area [12]. Observational data suggest that the
distribution of traditional vascular risk factors dif-
fers in DS compared to the general population, with
a higher prevalence of obesity, sedentary lifestyle,
and dyslipidemia, but a remarkably low preva-
lence of hypertension [7, 8, 13]. In addition, DS
individuals are thought to be protected from the
development of atherosclerosis [14–16]. Neverthe-
less, increased risk both for ischemic heart disease
and cerebrovascular disease in DS compared to the
general population was reported in a recent large
meta-analysis [17]. In other cohorts, an increased
risk of cerebrovascular events but a lower risk
of coronary events has been observed [8, 18]. To
conclude, the bodily aging process of individuals
with DS differ from that of the general population,
but detailed assessment of comorbidities in large
population-based cohorts are scarce. Here, we per-
formed a population-based matched cohort study
to assess the risk of cardiovascular disease in adult

individuals with DS, while taking cardiovascular
risk factors into account.

Methods

We used a population-based matched cohort
design with data from Swedish national registers
to study the associations between DS and selected
cardiovascular outcomes. Ethical permission was
granted by the Swedish Ethical Review Authority
(2018/1849-32).

National registers

Sweden has a long tradition of collecting
population-based data on demographics and
health in national registers. Linkage between
registers is made possible through the personal
identification number that is given to all permanent
Swedish residents [19]. We collected healthcare
data, diagnoses defined using the International
Classification of Diseases (ICD) codes, from the
National Patient Register (NPR) and the Medical
Birth Register (MBR) held by the Swedish National
Board of Health and Welfare. The NPR was founded
in 1964 and reached nationwide coverage in 1987.
It contains data on diagnoses and procedures in
inpatient care from 1964 and outpatient specialist
care from 2001 [20]. The MBR was established
nationwide in 1973 and registers pre- and perina-
tal data on both mother and child [21]. Further,
the Swedish National Board of Health and Wel-
fare holds the Swedish Cause of Death Register
from which the date of death was attained [22].
The Total Population Register was used to collect
information on place and date of birth, migration,
and parental age, whereas parental educational
level was obtained from the longitudinal integrated
database for health insurance and labor market
studies [23, 24].

Exposure and outcomes

Using the NPR and/or MBR we identified all indi-
viduals born in Sweden between 1946 and 2000
with a diagnosis of DS (Table S1), that is, start-
ing with individuals who were 18 years of age at
the beginning of the follow-up period in 1964. DS
individuals were excluded from the study if there
was a diagnosis of another chromosomal aberra-
tion after the last date of DS diagnosis. Moreover,
to minimize misclassification, only individuals with
at least two diagnostic events of DS were included.
Each DS individual was matched to 50 compara-
tors by sex, birth year, and county of birth using
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the Total Population Register. Each DS individ-
ual was matched to 50 comparators by sex, birth
year, and county of birth using the Total Popula-
tion Register. Outcomes investigated were stroke,
subcategorized as hemorrhagic or ischemic, and
acute myocardial infarction (AMI) according to ICD
7–10 (Table S2) until end of follow-up December
31, 2018. Data on cardiovascular outcomes were
retrieved from the NPR, and the date of the first
diagnostic event was used in analyses.

Covariates

To investigate if the risk of cardiovascular out-
comes was even further increased in DS patients
with cardiovascular risk factors, three proxy vari-
ables were created based on available and reli-
able variables in the Swedish registers (Table
S3). The first variable, indicating cardioembolic
risk, included diagnoses of heart malformations
and/or arrhythmias. The second variable, indicat-
ing atherosclerotic risk, included diabetes, cere-
bral atherosclerosis, and/or occlusion/stenosis of
precerebral arteries. The third variable, describing
any cardiovascular risk factor, included all afore-
mentioned diagnoses. As the distribution of tra-
ditional vascular risk factors is expected to differ
in DS by for instance a high prevalence of heart
malformations and a low prevalence of atheroscle-
rosis, we chose to present both the combined
proxy variables for cardioembolic and atheroscle-
rotic risk and the single variables heart malfor-
mations, arrhythmias and diabetes in the anal-
yses assessing whether the risk of cardiovascu-
lar outcomes in individuals with DS was modified
by these risk factors. Parental level of education
was used as a proxy for socioeconomic status in
adjusted models, with data retrieved from the lon-
gitudinal integrated database for health insurance
and labor market studies, categorized as primary,
secondary, and post-secondary educational levels.
Parental age at birth was categorized as <30, 30–
34, 35–39, and >39.

Statistical analyses

The associations between DS and outcomes were
estimated using Cox proportional hazards mod-
els, with attained age as the underlying time scale.
Individuals were followed from the age of 18 until
the outcome event, emigration, death, or the end
of the study period (December 31, 2018). Results
are presented as hazard ratios (HR) with 95% con-
fidence intervals (CI). Models were adjusted for
sex, birth year, and birth county through matching

and further adjusted for parental age and parental
educational level. Models were tested for propor-
tionality using Schoenfeld’s residuals and strat-
ified by sex and age when tests indicated non-
proportionality. When studying whether the risk of
cardiovascular outcomes was modified by the pres-
ence of cardiovascular risk factors, we categorized
individuals into four groups (non-DS without risk
factors, non-DS with risk factors, DS without risk
factors, and DS with risk factors), using the non-
DS without risk factors as the reference group.

Statistical analyses were not performed if there
were less than five events in the DS group, and the
number of cases was censored for confidentiality.
All statistical analyses were performed using Stata
version 16.1.

Results

In total, 5939 individuals born in Sweden 1946–
2000 had received a diagnosis of DS in the NPR or
MBR. Sixty-three individuals had been diagnosed
with another chromosomal aberration after the last
date of DS diagnosis and were therefore excluded.
Finally, 5155 individuals fulfilled the criteria of a
minimum of two diagnostic DS events and were
included in further analyses.

The characteristics of the study population are pre-
sented in Table 1. Fifty-five percent of the cohort
consisted of males. The median age at the end
of follow-up was lower in the DS population than
among comparators, 35 versus 42 years of age. As
expected, the age of the DS individuals’ parents
was higher than that of comparators, 19.4% of the
DS mothers had an age of more than 39 years at
birth, as compared to 2.9% of the non-DS mothers.
Parental educational level was similar; however,
missing for a larger proportion in the DS cohort.

Both hemorrhagic and ischemic strokes were more
prevalent in the DS cohort, affecting 3.9% of DS
individuals and 1.4% of comparators. The preva-
lence of registered AMI among DS was low, 0.6%,
and only half of that of non-DS individuals, 1.2%.
This was further reflected by a low prevalence of
open coronary heart procedures in the DS cohort,
0.1%, as compared to 1.4% of comparators. As
expected, heart malformations were more preva-
lent in the DS group, affecting nearly a third of DS
individuals. The same was true for diabetes, mak-
ing the selected presumed embolic and atheroscle-
rotic risk factors more prevalent in DS, 30.6% and
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Table 1. Characteristics of the study population. Prevalence
of outcomes and covariates amongst DS and non-DS indi-
viduals.

DS Non-DS
N % N %

Total number of
individuals

5155 257,750

Birth year
1946–1950 401 7.8 20,050 7.8
1951–1960 848 16.5 42,400 16.5
1961–1970 833 16.2 41,650 16.2
1971–1980 874 17.0 43,700 17.0
1981–1990 997 19.3 49,850 19.3
1991–2000 1202 23.3 60,100 23.3
Sex
Male 2848 55.2 142,400 55.2
Female 2307 44.8 115,350 44.8
Parental level of education
Primary 1061 20.6 51,347 19.9
Secondary 1883 36.5 110,146 42.7
Post-secondary 1821 35.3 89,204 34.6
Missing 390 7.6 7053 2.7
Maternal age at birth
<30 1741 33.8 159,164 61.8
30–34 1164 22.6 62,053 24.1
35–39 1189 23.1 27,461 10.7
>39 1000 19.4 7459 2.9
Missing 61 1.2 1613 0.6
Paternal age at birth
<30 1235 24.0 110,242 42.8
30–34 1249 24.2 73,345 28.5
35–39 1090 21.1 41,849 16.2
>39 1428 27.7 26,332 10.2
Missing 153 3.0 5982 2.3
Cardiovascular outcomes and covariates
Non traumatic
intracerebral
hemorrhage

62 1.2 906 0.4

Subarachnoid
hemorrhage

11 0.2 549 0.2

Any hemorrhagic stroke 71 1.4 1354 0.5
Ischemic stroke 121 2.3 2328 0.9
Stroke NOS 21 0.4 286 0.1
Any strokea 199 3.9 3614 1.4
Acute myocardial
infarction

32 0.6 3181 1.2

Any coronary artery
surgery

5 0.1 3482 1.4

(Continued)

Table 1. (Continued)

DS Non-DS
N % N %

Open coronary artery
surgery

<5 795 0.3

Endovascular coronary
artery surgery

<5 2921 1.1

Atrial fibrillation or
flutter

57 1.1 4615 1.8

Other arrhythmias 9 0.2 534 0.2
Any arrhythmia 65 1.3 4992 1.9
Diabetes mellitus any 272 5.3 8511 3.3
Diabetes mellitus Type
II

183 3.5 6475 2.5

Heart malformations 1551 30.1 1741 0.7
Atherosclerosis of
cerebral or
precerebral arteries

0 0.0 290 0.1

Any cardioembolic risk
factorb

1575 30.6 6565 2.5

Any atherosclerotic risk
factorc

272 5.3 8728 3.4

Any cardiovascular risk
factord

1792 34.8 14,552 5.6

Age at cardiovascular outcomes
Median age at ischemic
stroke diagnosis (IQR)

44.3 (23.0) 57.2 (14.2)

Median age at
hemorrhagic stroke
diagnosis (IQR)

52.3 (16.9) 51.4 (20.5)

Median age at AMI
diagnosis (IQR)

50.0 (21.6) 56.9 (11.9)

Emigrated 9 0.2 11,276 4.4
Median age at
emigration (IQR)

24.3 (10.2) 28.2 (11.8)

End of follow up,
December 31, 2018

3773 73.2 239,561 92.9

Median age at end of
follow up (IQR)

34.9 (20.4) 42.4 (28.9)

Note: For details of included ICD codes, please refer to
Tables S2 and S3.
Abbreviations: DS, Down syndrome; IQR, interquartile
range; NOS, not otherwise specified.
aIncluding subarachnoid or intracerebral hemorrhage,
ischemic stroke, or stroke NOS.
bPresence of heart malformations or arrhythmias.
cPresence of diabetes, cerebral atherosclerosis, occlusion
or stenosis of precerebral arteries.
dPresence of heart malformations, arrhythmias, diabetes,
cerebral atherosclerosis, or occlusion or stenosis of pre-
cerebral arteries.
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Table 2. Cardiovascular outcomes in DS as compared to
non-DS.

N aHR (95% CI)

Intracerebral hemorrhage 62 5.03 (3.67–6.88)a

Subarachnoid hemorrhage 11 1.20 (0.59–2.44)a

Any hemorrhagic strokeb 71 5.14 (3.84–6.89)a

Ischemic stroke 121 4.41 (3.53–5.52)
Stroke NOS 21 6.30 (3.59–11.06)a

Any strokec 199 4.18 (3.50–4.98)a

Acute myocardial infarction 32 0.85 (0.56–1.29)
Any coronary artery surgery 5 0.13 (0.05–0.63)a

Note: Results from adjusted Cox proportional hazards
models showing hazard ratios for cardiovascular out-
comes in DS as compared to non-DS. All analyses are
adjusted for birth county, parental age and level of edu-
cation, and sex.
Abbreviations: CI, confidence interval; DS, Down syn-
drome; HR, hazard ratio; NOS, not otherwise specified
aDoes not fulfill the proportional hazard assumption and
should be interpreted as the average HR over the whole
study period.
bIncluding non-traumatic subarachnoid or intracerebral
hemorrhage.
cIncluding non-traumatic subarachnoid or intracerebral
hemorrhage, ischemic stroke, or stroke NOS.

5.3%, respectively, compared to 2.5% and 3.4% in
the comparators.

Results from adjusted Cox regression models are
displayed in Table 2. DS was associated with an
increased risk of hemorrhagic stroke (HR 5.14,
95% CI 3.84–6.89), ischemic stroke (HR 4.41,
95% CI 3.53–5.52), and any type of stroke (HR
4.18, 95% CI 3.50–4.98), with no significant differ-
ences in risk between men and women (Table S4).
To compare risk factors for different etiologies of
stroke, we performed analyses assessing individu-
als with selected atherosclerotic and cardioembolic
risk factors separately. The risk of stroke was mod-
ified by the presence of these risk factors (Table 3).
The risk of ischemic stroke was 10 times higher
among DS individuals with selected embolic risk
factors (HR 10.35, 95% CI 6.69–16.01) as com-
pared to non-DS individuals without risk factors
and significantly increased as compared to DS indi-
viduals without the selected embolic risk factors
(HR 4.24, CI 95% 3.27–5.49). The risk of ischemic
stroke in DS individuals without selected embolic
risk factors was similar to that of non-DS individ-
uals with selected embolic risk factors (HR 4.33,
95% CI 3.84–4.89). The risk of ischemic stroke was
also elevated in DS with the selected atheroscle-

rotic risk factors (HR 12.67, 95% CI 7.04–22.78).
The heightened risk of hemorrhagic stroke in DS
was not modified by the included cardiovascular
risk factors, and it was increased in both individ-
uals with and without selected cardiovascular risk
factors (HR 4.66, 95% CI 2.65–8.20 and HR 5.80,
95%CI 4.13–8.15), as compared to non-DS individ-
uals without the selected cardiovascular risk fac-
tors. No significant sex differences were observed
when comparing DS individuals with and with-
out risk factors (data not shown). The overall risk
of AMI was similar among non-DS and DS indi-
viduals (HR 0.85, 95% CI 0.56–1.29). However, in
younger individuals (<40 years of age), the risk of
AMI was increased in DS (HR 3.48, 95% CI 1.55–
7.78). Individuals with the selected embolic as well
as atherosclerotic risk factors were, however, at
increased risk of AMI regardless of having a DS
diagnosis or not (Table 3). Notably, despite simi-
lar risks of AMI in both DS and non-DS individu-
als, the likelihood of treatment with coronary heart
intervention was lower in DS (HR 0.13, 95% CI
0.05–0.34).

As the prevalence of cardiovascular risk factors
as well as primary prevention has changed dur-
ing the lengthy study period, we performed addi-
tional analyses stratified by birth year, that is, for
individuals born in 1946–1974 and 1975–2000,
respectively. Results are presented in Table S5. In
summary, HR was slightly higher for hemorrhagic
stroke in the older compared to the younger cohort,
whereas the opposite was true for ischemic stroke.
The risk of AMI was significantly increased in DS
individuals born in 1975–2000 (HR 6.95, 95% CI
2.16–22.36), but no increased risk was observed
for those born in 1946–1974.

Discussion

In this large population-based cohort study, we
found an increased risk for ischemic and hemor-
rhagic stroke in individuals with DS. The overall
risk of AMI was similar in DS and non-DS indi-
viduals but higher in younger DS individuals. In
DS, both selected atherosclerotic and cardioem-
bolic risk factors were associated with an increased
risk of ischemic but not hemorrhagic stroke. Both
DS and non-DS individuals with selected cardio-
vascular risk factors were, however, at increased
risk of AMI.

In our cohort, the risks of ischemic and hem-
orrhagic stroke were about four times higher in
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DS compared to the general population. In line
with this, a recent large meta-analysis reported
an increased risk for cerebrovascular disease in
DS compared to the general population [17].
The same study observed sex differences within
the DS population, with a higher risk of cere-
brovascular disease in women [17], a finding that
could not be replicated in our data. Moreover,
in an Australian cohort of 4082 DS individuals,
an increased risk of cerebrovascular events was
observed [18]. Interestingly, the association with
ischemic stroke was substantially attenuated after
adjustment for cardioembolic, but not atheroscle-
rotic, risk factors, suggesting that the risk of
ischemic stroke was mainly explained by stroke
of cardioembolic etiology [18]. Our results indi-
cate that the increased risk of ischemic stroke in
DS was mainly attributed to the presence of con-
genital heart disease or diabetes mellitus. How-
ever, despite an increased presence of diabetes in
DS, we did not observe an increased overall risk
of AMI, possibly suggesting a mechanism sepa-
rate from atherosclerosis. We therefore speculate,
in line with the findings from the Australian study
[18], that ischemic stroke in DS is mainly of non-
atherosclerotic etiology. This view is supported by
previous data showing that DS individuals are pro-
tected from atherosclerosis and traditional vascu-
lar risk factors are not correlated to the presence
of atherosclerosis to the same extent as in non-DS
populations [14–16].

The increased risk of hemorrhagic stroke could not
be explained by the risk factors included in our
analyses. The role of non-included variables, such
as hypertension, is thus unclear. However, previ-
ous studies suggest that the distribution of tra-
ditional vascular risk factors differs between DS
and the general population, with a higher preva-
lence of obesity, sedentary lifestyle, and dyslipi-
demia, but a remarkably low prevalence of hyper-
tension in DS [7, 8, 13]. Possibly, the increased risk
could be related to Alzheimer’s disease and amyloid
pathology [25]. Comorbidities contributing to the
increased risk of hemorrhagic stroke needs to be
further investigated in cohorts with reliable mea-
sures of a wide spectrum of variables.

It should be noted that the median age at the end
of follow-up in our study was around 40 years of
age, and the prevalence of stroke in the general
population is low in this age span [26]. Thus, our
findings might reflect a general premature aging
process in DS. Considering this, screening for DS-

specific risk factors for stroke, such as congeni-
tal heart disease and diabetes, could be motivated
from an earlier age in DS. International guidelines
recommend diabetes screening in DS individuals
starting at age 30 and for individuals with comor-
bid obesity as early as 21 years [12]. This seems
reasonable to reduce diabetic complications, but
based on our results, possibly also to reduce the
risk of ischemic stroke. However, the specific risk
factor profiles predicting stroke in DS needs to be
further explored and defined.

We found similar overall risks of AMI among non-
DS and DS individuals, a finding in line with the
results from a cohort of 6078 hospitalized DS indi-
viduals from the United States [27]. Some studies
have observed a lower risk of ischemic heart dis-
ease in DS compared to the general population,
at least in individuals over 50 years of age [8, 18,
28], but an increased risk has also been reported
[17]. In support of a possible age-dependent risk,
we observed an increased risk of AMI <40 years of
age in DS. In our study, the selected embolic as well
as atherosclerotic risk factors increased the risk of
AMI in both DS and non-DS individuals. The main
risk factor categorized as atherosclerotic in our
analyses was diabetes mellitus. This categorization
was based on diabetes mellitus being a proxy vari-
able for atherosclerotic disease in the general pop-
ulation. We found that diabetes wasmore prevalent
in DS compared to the general population, which is
in line with the observations from large population-
based studies in the United Kingdom [8, 28]. How-
ever, despite the increased presence of diabetes, we
did not observe an increased overall risk of AMI
in DS. Considering this and the increased risk of
AMI in younger but not older individuals with DS,
our findings suggest that ischemic heart disease
in DS may primarily arise from nonatherosclerotic
causes, such as structural heart diseases. Another
observation in our cohort was a low chance of hav-
ing a coronary heart intervention among DS indi-
viduals, despite a similar risk of AMI as in the
general population. This could be due to a higher
prevalence of nonatherosclerotic etiologies in DS
ischemic heart disease. However, there are alterna-
tive explanations, for instance, comorbidities and
general health conditions in DS possibly prevent-
ing surgical procedures, thus the reasons underly-
ing this observation should be further explored.

The main strength of the present study is its large
cohort size and population-based design, which
were made possible by national Swedish registers
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and the use of the personal identification number.
The validity of the registers is generally high and,
especially for the specific outcomes of the present
study, that is, stroke and AMI [20]. Although the
study’s large cohort and use of national Swedish
registers support strong validity, some limitations
should be noted. Primary care diagnoses like dia-
betes and atrial fibrillation may appear more often
in the NPR for individuals with DS due to more
frequent follow-ups in specialized clinics. More-
over, the lack of primary care data prevented us
from including additional cardiovascular risk fac-
tors such as hypertension, hyperlipidemia, obesity,
and smoking in the analyses of the present study.
For DS diagnoses, specificity may be lower for indi-
viduals born before routine karyotyping, though
we minimized misclassification by including only
those with two or more DS diagnoses. Finally, the
median age at end of follow-up was around 40
years suggesting that the observed cardiovascular
risks in DS reflect an early onset but may not fully
capture the lifetime risk.

In this large population-based cohort study, we
found an increased risk of stroke in DS and an
overall risk of AMI that was similar to the general
population but increased in individuals younger
than 40 years of age. These findings contradict
the view that DS individuals are spared from
cardiovascular outcomes due to the absence of
atherosclerosis. Instead, our results indicate a dif-
ferent spectrum of cardiovascular risk factors in
DS, which might have implications for screening
measures as well as primary and secondary pre-
vention strategies. These findings should inform
future studies that aim to further investigate the
pathophysiological mechanisms of cardiovascular
diseases in DS, as well as healthcare systems
developing guidelines fitted for the unique needs
of the DS population.
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