
RESEARCH ARTICLE OPEN ACCESS

Risk of Autism After Pediatric Ischemic Stroke
A Nationwide Cohort Study
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Abstract
Background and Objectives
Ischemic stroke increases the risk of neurodevelopmental disorders; however, the risk of autism
is not thoroughly explored. Our aim was to evaluate risk of autism and risk factors for autism in
children with pediatric ischemic stroke and in their first-degree relatives.

Methods
In this cohort study, individuals with ischemic stroke from 1969 to 2016, <18 years of age, alive
1 week after stroke, and without prior autism were identified in Swedish national registers. Ten
matched controls per index individual and all first-degree relatives of index individuals and
controls were identified. Conditional Cox regression was used to calculate the risk of autism.
Unconditional logistic regression was performed to analyze sex, gestational age, age at stroke
diagnoses, comorbid adverse motor outcome, comorbid epilepsy, and a sibling with autism as
risk factors for autism in children with ischemic stroke.

Results
Of the 1,322 index individuals, 46 (3.5%) were diagnosed with autism compared to 161 (1.2%)
controls (adjusted hazard ratio [aHR] 3.02, 95% CI 2.15–4.25). There was no significant
difference in risk of autism according to age at stroke: perinatal (aHR 2.69, 95% CI 1.44–5.03)
and childhood stroke (aHR 3.18, 95% CI 2.12–4.78). The increased risk remained after
exclusion of children born preterm or small for gestational age (aHR 3.78, 95% CI 2.55–5.60)
and when children with stroke diagnosed from 1997 to 2014 were analyzed (aHR 2.91, 95%
CI = 1.95–4.35). Compared to controls, the risk of autism was increased in individuals with
ischemic stroke and comorbid epilepsy (aHR 7.05, 95% CI 3.74–13.30), as well as adverse
motor outcome (aHR 4.28, 95% CI 2.44–7.51). When individuals with adverse motor outcome
and epilepsy were censored, the risk of autism was still increased (aHR 2.37, 95% CI
1.45–3.85). Sex, gestational age, and having a sibling with autism were not associated with
autism in individuals with pediatric ischemic stroke.

Discussion
An increased risk of autism was seen after pediatric ischemic stroke, particularly in individuals
with comorbid epilepsy, and could not be explained by being born preterm or small for
gestational age. The risk was increased also in individuals free from epilepsy and adverse motor
outcome, implying that all children with ischemic stroke should be readily screened for autism if
the disorder is suspected.
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Ischemic stroke is a rare but severe condition with a high risk of
neurologic complications such as adverse motor outcome,1-5

epilepsy, and cognitive difficulties.6-11 There are 2 subtypes of
pediatric ischemic stroke: perinatal (occurring from 20th ges-
tational week until 28 days of age) and childhood (occurring
from 29 days of age). Arteriopathies, cardiac disorders, pro-
thrombotic conditions, infections, inflammations, and meta-
bolic and genetic disorders are risk factors of both childhood
and perinatal stroke, whereas in the latter, maternal and peri-
natal factors are also important.3,12,13

Autism is characterized by varying degrees of difficulties in
social interaction and communication in combination with
restricted, repetitive, stereotyped behavior, interests, and ac-
tivities.14 The etiology of autism is complex and has been
under intense examination, pointing both to genetic and en-
vironmental causes, in some cases shown by abnormal
structural development of the brain.15-17 Autism also shares
risk factors with pediatric ischemic stroke such as maternal
and perinatal complications.3,16,18-20

To the best of our knowledge, only 1 study has investigated
the association between stroke and autism in a mixed cohort
with hemorrhagic and ischemic perinatal stroke.21 However,
other studies have reported impaired theory of mind and
cognitive deficits affecting psychosocial functioning in both
children and adults who had a stroke.22,23

Several studies have found an association between epilepsy of
different etiologies, especially genetic, and autism,24,25 leading
to the assumption that both disorders are based partly on an
impaired balance between inhibition and excitation.26

An ischemic stroke that occurs before the affected motor
function develops often results in cerebral palsy (CP).27 In
contrast, a later insult most commonly results in hemiplegia or
other paretic conditions. CP, especially with comorbid epilepsy,
is strongly associated with autism.28,29 However, no studies
have reported the risk of autism in individuals with hemiplegia.

Pediatric ischemic stroke and autism are difficult to study
prospectively because of the low incidences, justifying the use
of national registers with prospectively collected data on na-
tionwide cohorts. Our aim was to estimate the risk of autism
after pediatric ischemic stroke. We assessed the hereditary
component by adjusting for autism in first-degree relatives
and estimated the risk of autism in first-degree relatives of
children with ischemic stroke. In addition, we hypothesized
that adverse motor outcome (as a marker for stroke severity)
and epilepsy (as an indicator of impaired balance between

inhibition and excitation) further increase the risk of autism
after pediatric ischemic stroke.

Methods
Data Sources
Data used in this nationwide cohort study were retrieved from
the National Patient Register (NPR), the Swedish Medical
Birth Register (MBR), the Cause of Death Register, and the
Total Population Register, including the Multi-Generation
Register.30 The Swedish personal identity number assigned to
all residents of Sweden was used to link the registers.31 The
NPR includes diagnoses registered in inpatient care at Swedish
hospitals from 1964, becoming nationwide in 1987; today, the
coverage is 99% of all hospital discharges.32 Beginning in 2001,
diagnoses made at outpatient visits are also included. Since
1973, information on antenatal and perinatal factors has been
registered in the MBR as variables with high validity.33

Study Cohort
The study cohort comprises children <18 years of age who
were diagnosed with ischemic stroke from 1969 to 2016
identified in the NPR, MBR, and Cause of Death Register
using ICD codes for ischemic stroke (ICD-8 and ICD-9: 433,
434, 436; ICD-10: I63, I64). A randomly chosen sample of
273 cases found in the NPR and MBR has been validated
through chart review, showing a positive predictive value of
89% for ischemic stroke.34 Children who died within the first
week after stroke and those with a previous diagnosis of
autism were excluded from the main analyses, although not
for the analysis of first-degree relatives (Figure 1).

Each child with ischemic stroke was compared to 10 controls
matched for sex, year of birth, and county of residence at
diagnosis. Controls and first-degree relatives of children with
ischemic stroke and their controls were identified from the
Total Population and Multi-Generation Registers.

Outcome
The primary outcome was autism, defined by ICD codes
(ICD-9: 299A, 299B, 299W, 299X; ICD-10: F84.0-F84.5,
F84.8, F84.9) in the NPR from 1987 onward, when ICD-9was
first introduced in Sweden.

Covariates
Preterm birth was defined as <37 completed weeks of gesta-
tion, and small for gestational age (SGA) was defined with the
Swedish sex-specific estimated fetal growth curves35 as having
a birth weight of <2 SDs below the mean birth weight for their
gestational age.

Glossary
aHR = adjusted HR;CP = cerebral palsy;HR = hazard ratio; ICD = International Classification of Disease;MBR =Medical Birth
Register; NPR = National Patient Register; OR = odds ratio; SGA = small for gestational age.
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Adverse motor outcome was defined as having 1 of the fol-
lowing diagnoses in the NPR: CP, hemiparesis, tetraparesis/
paraplegia, and other paresis (ICD-8: 343, 344 [except for
344.B, C, G]; ICD-9: 343, 342, 344 [except for 344.01,
344.03]; ICD-10: G80, G81, G82, G83 [except for G83.0,
G83.4–G83.6]). Epilepsy was defined as having 1 of the
following diagnoses registered in the NPR: ICD-8 code 345
(except for 345.2), ICD-9 code 345 (except for 345Q), and
ICD-10 code G40.

In addition, we stratified for sex, age at diagnosis of stroke
(perinatal [≤28 days], childhood [>28 days]), and year of first
diagnosis of stroke (1969–1986, 1987–1996, 1997–2016).

Follow-up
Follow-up started at the date of ischemic stroke or corre-
sponding date in matched controls and ended with autism,
death, or December 31, 2016, whichever occurred first.
Matched controls were censored at an event of ischemic stroke.

For first-degree relatives and their controls, follow-up started
in 1987 or with their birth and ended with autism, death, or
December 31, 2016.

In a separate analysis of the risk of autism, index individuals
were censored at the date of epilepsy or adverse motor out-
come diagnosis. A censored individual may or may not be
diagnosed with autism thereafter but is then no longer in-
cluded in the risk calculations.

When stratified according to comorbidity, follow-up started at
the diagnosis of epilepsy and adverse motor outcome.

Because autism has been registered only after the imple-
mentation of ICD-9 in 1987 in Sweden, we conducted a
sensitivity analysis in which we included only individuals
diagnosed with stroke from 1997 to 2014 with follow-up until
December 31, 2016.

To estimate the association between autism after pediatric
ischemic stroke and potential risk factors, only index indi-
viduals were included when we compared children with and
without comorbid autism.

Statistical Analysis
We used conditional Cox regression to calculate hazard ratios
(HRs) to estimate the risk of future autism in individuals with
stroke and their first-degree relatives. The analyses were
conditioned on a matching set (age, sex, year of birth, and
county of residence at the time of stroke). Hence, each in-
dividual with a stroke was compared to their controls. Relative
risks with 95% CIs that did not include 1.0 were regarded as
statistically significant. Analyses of index individuals were in
addition adjusted for history of autism in first-degree relatives
and stratified according to sex, age at and year of diagnosis,
and diagnosis of adverse motor outcome, epilepsy, or both.

In relatives, we adjusted for sex, their index individual’s age,
and calendar year of diagnosis.

Figure Flowchart of the Study Cohort

*If 1 index individual was excluded, their controls also were excluded because the analyses were conditioned on amatching set (each individual with a stroke
was compared to their controls).
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Unconditional logistic regression was used to analyze sex,
gestational age, age at stroke diagnoses, comorbid adverse
motor outcome, epilepsy, and having a sibling with autism as
risk factors for autism in children with ischemic stroke. Ad-
justments were made for sex, gestational age, age, and calen-
dar year of stroke. The adjustment variable that was used as
the outcome in each calculation was excluded.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the regional ethics committee in
Linköping (DNR 2017/10–31). Because the authors had
access only to data that were already pseudonymized when
received from Statistics Sweden and because of the register-
based nature of the study, the ethics committee waived the
requirement for individual informed consent.36

The reporting of this study is according to Strengthening the
Reporting of Observational Studies in Epidemiology guideline.

Data Availability
All data can be requested from the Swedish National Board of
Health and Welfare and Statistics Sweden after ethics ap-
proval from the Swedish Ethical Review Authority.

Results
Characteristics of the Study Participants
After exclusion of children who died within the first week after
stroke or were diagnosed with autism before their stroke,
1,322 index individuals and 13,193 controls remained
(Figure 1). In the study cohort, there were more male (53%)

Table 1 Baseline Characteristics in Children With Pediatric Ischemic Strokea

Variable

Pediatric ischemic stroke
after exclusion,a

1969–2016

Pediatric ischemic stroke
after exclusion,a

1997–2014

Index individuals, n (%) Controls, n (%) Index individuals, n (%) Controls, n (%)

All 1,322 (100) 13,193 (100) 741 (100) 7,393 (100)

Sex Male 701 (53.0) 6,991 (53.0) 387 (52.2) 3,856 (52.2)

Female 621 (47.0) 6,202 (47.0) 354 (47.8) 3,537 (47.8)

Age at diagnosis Perinatal ischemic stroke (≤28 d) 343 (25.9) 3,429 (26.0) 226 (30.5) 2,260 (30.6)

Childhood ischemic stroke (>28 d) 979 (74.1) 9,764 (74.0) 515 (69.5) 5,133 (69.4)

Year of diagnosis of first
stroke

1969–1986 136 (10.3) 1,360 (10.3)

1987–1996 314 (23.8) 3,137 (23.8)

1997–2016 872 (66.0) 8,696 (65.9)

1997–2004 NC NC 212 (28.6) 2,116 (28.6)

2005–2014 NC NC 529 (71.4) 5,277 (71.4)

Intrauterine growth SGA 79 (6.0) 350 (2.7) 44 (5.9) 184 (2.5)

Missing birth weight 177 (13.4) 1,610 (12.2) 54 (7.3) 472 (6.4)

Gestational age Preterm born (<37 + 0 wk) 125 (9.5) 677 (5.1) 70 (9.4) 388 (5.2)

Missing gestational age 164 (12.4) 1,590 (12.1) 45 (6.1) 462 (6.2)

Comorbid conditions Adverse motor outcomeb 423 (32.0) 41 (0.3) 244 (32.9) 17 (0.2)

Epilepsyc 302 (22.8) 117 (0.9) 173 (23.3) 55 (0.7)

Maternal age, y Median (IQR) 29.2 (25.5–33.1) 29.2 (25.4–33.1) 30.0 (26.2–33.8) 30.0 (26.3–33.7)

Missing 7 (0.5) 106 (0.8) 3 (0.4) 56 (0.8)

Paternal age, y Median (IQR) 31.9 (27.8–36.0) 31.7 (27.9–36.0) 32.6 (28.8–36.7) 32.5 (28.8–36.6)

Missing 29 (2.2) 300 (2.3) 16 (2.2) 153 (2.1)

Abbreviations: IQR = interquartile range; NC = not calculated; SGA = small for gestational age.
a Individuals who diedwithin the first week after pediatric ischemic stroke or corresponding date in reference individuals or had a diagnosis of autismwithin 1
week after their stroke were excluded.
b Adverse motor outcome was defined as having cerebral palsy, hemiparesis, tetraparesis/paraplegia, and other paresis (ICD-8: 343, 344 [except for 344.B, C,
G]; ICD-9: 343, 342, 344 [except for 344.01, 344.03]; ICD-10: G80, G81, G82, G83 [except for G83.0, G83.4–G83.6]).
c Status epilepticus and febrile convulsions were not included in our definition of epilepsy, which was defined as ICD-8 code 345 (except for 345.2), ICD-9 code
345 (except for 345Q), and ICD-10 code G40.

e1956 Neurology | Volume 98, Number 19 | May 10, 2022 Neurology.org/N

http://neurology.org/n


Table 2 Risk of Autism in Children With Pediatric Ischemic Stroke,a 1969 to 2016

Pediatric ischemic stroke Diagnosed with autism Incidence rate (95% CI) per 1,000 person-y

Index cases,
n (%) Controls, n (%) Index cases, n (%) Controls, n (%) Index cases, n (%) Controls, n (%) HRb, (95% CI) aHRc (95% CI)

All 1,322 (100) 13,193 (100) 46 (3.5) 161 (1.2) 2.6 (1.8–3.3) 0.8 (0.7–1.0) 3.04 (2.19–4.24) 3.02 (2.15–4.25)

Sex Male 701 (53.0) 6,991 (53.0) 27 (3.9) 112 (1.6) 2.8 (1.7–3.8) 1.1 (0.9–1.3) 2.57 (1.68–3.93) 2.47 (1.60–3.81)

Female 621 (47.0) 6,202 (47.0) 19 (3.1) 49 (0.8) 2.3 (1.3–3.4) 0.6 (0.4–0.7) 4.12 (2.41–7.03) 4.66 (2.64–8.21)

Age at stroke diagnosis ≤28 d 343 (25.9) 3,429 (26.0) 13 (3.8) 49 (1.4) 3.4 (1.6–5.3) 1.2 (0.9–1.5) 2.72 (1.47–5.03) 2.69 (1.44–5.03)

>28 d 979 (74.1) 9,764 (74.0) 33 (3.4) 112 (1.1) 2.3 (1.5–3.1) 0.7 (0.6–0.9) 3.19 (2.16–4.73) 3.18 (2.12–4.78)

Year of stroke diagnosis ≤1986 136 (10.3) 1,360 (10.3) 3 (2.2) 4 (0.3) 0.7 (0.0–1.4) 0.1 (0.0–0.2) 7.39 (1.65–33.02) 6.50 (1.39–30.29)

1987–1996 314 (23.8) 3,137 (23.8) 10 (3.2) 37 (1.2) 1.4 (0.5–2.3) 0.5 (0.3–0.6) 3.29 (1.61–6.73) 3.19 (1.55–6.57)

≥1997 872 (66.0) 8,696 (65.9) 33 (3.8) 120 (1.4) 5.1 (3.3–6.8) 1.7 (1.4–2.0) 2.83 (1.92–4.17) 2.87 (1.92–4.29)

Exclusion of pretermd and
SGA

All 968 (100) 10,632 (100) 38 (3.9) 133 (1.3) 3.2 (2.2–4.2) 0.9 (0.8–1.1) 3.58 (2.45–5.23) 3.78 (2.55–5.60)

Stroke (≤28 d) 283 (29.2) 3,049 (28.7) 12 (4.2) 38 (1.2) 4.0 (1.7–6.3) 1.1 (0.7–1.4) 3.60 (1.84–7.03) 4.02 (2.01–8.02)

Stroke (>28 d) 685 (70.8) 7,583 (71.3) 26 (3.8) 95 (1.3) 2.9 (1.8–4.1) 0.9 (0.7–1.1) 3.57 (2.26–5.65) 3.66 (2.27–5.91)

Children with adverse motor
outcome or epilepsy were
censored

All 1,322 (100) 13,193 (100) 22 (1.7) 147 (1.1) 1.8 (1.0–2.5) 0.8 (0.6–0.9) 2.42 (1.51–3.85) 2.37 (1.45–3.85)

Stroke (≤28 d) 343 (25.9) 3,429 (26.0) 6 (1.7) 47 (1.4) 2.2 (0.4–4.0) 1.2 (0.8–1.5) 1.88 (0.78–4.51) 1.86 (0.77–4.52)

Stroke (>28 d) 979 (74.1) 9,764 (74.0) 16 (1.6) 100 (1.0) 1.6 (0.8–2.5) 0.7 (0.5–0.8) 2.70 (1.55–4.70) 2.64 (1.47–4.74)

Stratification according to comorbidity with follow-up from diagnosed adverse motor outcome or epilepsy

Children with adverse
motor outcome or
epilepsy

All 528 (39.9) 5,240 (39.7) 24 (4.5) 57 (1.1) 4.3 (2.6–6.1) 0.9 (0.7–1.1) 4.73 (2.90–7.69) 4.95 (2.99–8.19)

Stroke (≤28 d) 130 (9.8) 1,289 (9.8) 7 (5.4) 15 (1.2) 6.3 (1.6–10.9) 1.3 (0.6–1.9) 4.90 (1.98–12.14) 5.01 (1.92–13.06)

Stroke (>28 d) 398 (30.1) 3,951 (29.9) 17 (4.3) 42 (1.1) 3.9 (2.0–5.7) 0.8 (0.6–1.1) 4.66 (2.62–8.29) 4.92 (2.72–8.91)

Children with adverse
motor outcome

All 418 (31.6) 4,158 (31.5) 18 (4.3) 47 (1.1) 4.1 (2.2–6.0) 0.9 (0.7–1.2) 4.12 (2.38–7.14) 4.28 (2.44–7.51)

Stroke (≤28 d) 100 (7.6) 993 (7.5) 6 (6.0) 13 (1.3) 7.3 (1.5–13.1) 1.5 (0.7–2.3) 4.88 (1.83–13.01) 5.77 (2.09–15.87)

Stroke (>28 d) 318 (24.1) 3,165 (24.0) 12 (3.8) 34 (1.1) 3.4 (1.5–5.3) 0.8 (0.5–1.1) 3.82 (1.96–7.44) 3.85 (1.95–7.59)

Children with
epilepsy

All 292 (22.1) 2,899 (22.0) 17 (5.8) 32 (1.1) 6.7 (3.5–9.9) 1.1 (0.7–1.5) 5.97 (3.27–10.91) 7.05 (3.74–13.30)

Stroke (≤28 d) 83 (6.3) 825 (6.3) 6 (7.2) 12 (1.5) 9.4 (1.9–16.9) 1.7 (0.8–2.7) 5.35 (1.98–14.48) 5.52 (1.88–16.19)

Stroke (>28 d) 209 (15.8) 2,074 (15.7) 11 (5.3) 20 (1.0) 5.8 (2.4–9.2) 0.9 (0.5–1.3) 6.37 (2.98–13.61) 8.05 (3.63–17.85)

Abbreviations: aHR = adjusted HR; HR = hazard ratio; SGA = small for gestational age.
a Individuals who died within the first week after pediatric ischemic stroke or corresponding date in reference individuals or had a diagnosis of autism within 1 week after their stroke were excluded.
b Conditioned on matching set (age, sex, year of birth, and county of residence at the time of stroke).
c Conditioned on matching set and further adjusted for history of autism spectrum disorder in relatives.
d Preterm, born before week 37.
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than female (47%) participants. Among children with stroke,
79 (6.0%) were born SGA and 125 (9.5%) were born preterm
compared to 350 (2.7%) and 677 (5.1%), respectively, among
controls. In the study cohort, 872 (65.9) children with is-
chemic stroke were diagnosed after 1996. Adverse motor
outcome was diagnosed in 423 (32%) index individuals, and
epilepsy was diagnosed in 302 (22.8%) (Table 1 gives other
characteristics).

Risk of Autism After Pediatric Ischemic Stroke
Of index individuals with ischemic stroke, 46 (3.5%) were
diagnosed with autism compared to 161 (1.2%) controls,
corresponding to an adjusted HR (aHR) of 3.02 (95% CI
2.15–4.25) (Table 2). The risk of autism after perinatal is-
chemic stroke was aHR = 2.69 (95% CI 1.44–5.03) and after
childhood stroke was aHR = 3.18 (95% CI 2.12–4.78). There
was no significant difference in risk increase between female
and male participants or regarding age at stroke. After ex-
clusion of children born preterm and SGA, the increased risk
of autism remained for both perinatal (aHR 4.02, 95% CI
2.01–8.02) and childhood (aHR 3.66, 95% CI 2.27–5.91)
stroke (Table 2). In children with stroke and comorbid epi-
lepsy, the risk of autism was aHR = 7.05 (95%CI 3.74–13.30),
and when this group was stratified according to age at stroke,
the risk of autism in perinatal stroke was aHR = 5.52 (95% CI
1.88–16.19) and in childhood stroke was aHR = 8.05 (95%CI
3.63–17.85). The risk of autism in children with stroke and
adverse motor outcome was aHR = 4.28 (95% CI 2.44–7.51);
according to age at stroke, the aHR was 5.77 (95% CI
2.09–15.87) for perinatal and 3.85 (95% CI 1.95–7.59) for
childhood stroke.

Censoring index individuals diagnosed with epilepsy or ad-
verse motor outcome, we found that the risk of autismwas still
increased in individuals with pediatric ischemic stroke (aHR
2.37, 95% CI 1.45–3.85). However, after stratification
according to age at stroke onset, there was no increased risk of
autism in children with perinatal stroke (aHR 1.86, 95% CI
0.77–4.52) in contrast to those with childhood stroke (aHR
2.64, 95% CI 1.47–4.74) (Table 2).

When we included only children with stroke from 1997 to
2014, with follow-up to 2016, the risk estimates for autism
remained similarly increased (aHR 2.91, 95% CI 1.95–4.35)
(Table 3).

Association Between Autism After Pediatric
Ischemic Stroke and Potential Risk Factors
Sex, gestational age at birth, age at stroke diagnosis, and
having a sibling with autism were not associated with au-
tism in individuals with pediatric ischemic stroke. Comor-
bid epilepsy (odds ratio [OR] 3.98, 95% CI 2.14–7.40),
adverse motor outcome (OR 2.11, 95% CI 1.15–3.89), and
epilepsy in combination with adverse motor outcome (OR
2.83, 95% CI 1.49–5.36) all had a significant association
with autism in individuals with pediatric ischemic stroke
(Table 4).

Risk of Autism in First-Degree Relatives
First-degree relatives of children with ischemic stroke had an
increased risk of autism compared to relatives of controls (HR
1.59, 95% CI 1.20–2.11), largely due to the increased risk in
siblings (HR 1.73, 95% CI 1.25–2.41). The increased risk was
significant in relatives of individuals with childhood stroke
(stroke onset >28 days of age) (HR 1.64, 95% CI 1.20–2.25)
but not with perinatal stroke (HR 1.40, 95% CI 0.73–2.66)
(Table 5). The increased risk remained even in siblings to
index individuals without autism (Table 5).

Discussion
In this nationwide cohort study, we found a 3-fold increased
risk of future autism after pediatric ischemic stroke, especially
in children with comorbid epilepsy, in whom the risk was
7-fold. To the best of our knowledge, there is only 1 previous
study on autism after ischemic stroke concerning perinatal
stroke.21

The risk of autism after perinatal ischemic stroke was 2.7-fold
compared to controls in our study including 343 cases, which
is in line with the previous study reporting a prevalence of
autism of 11.4% in a smaller cohort (n = 201) including both
hemorrhagic and ischemic stroke.21 In childhood stroke, the
corresponding risk in our study compared to controls was 3.3-
fold, which is in line with the risk after perinatal stroke.

Studies indicate that theory of mind and psychosocial
functioning are impaired after stroke.22,23 The insult has
been assumed to affect several social cognitive domains,
probably regardless of stroke characteristics.23 Although
autism cannot be acquired later in life and the main cause of
autism is considered genetic, stroke might be an additional
factor for reaching the turning point because autism has
multiple and complex causes. Although there are some dif-
ferences in etiology and risk factors between perinatal and
childhood stroke, in our study, it seems that the de-
velopmental stage of the brain at the insult was not crucial
for the risk of developing autism after stroke.

There was a 2.6-fold increased risk of autism in individuals
with childhood ischemic stroke without comorbid epilepsy
and adverse motor outcome. However, the risk of autism in
individuals with perinatal stroke after censoring of those
with epilepsy and adverse motor outcome was not signifi-
cantly increased, possibly because epilepsy is more common
after perinatal stroke, rendering only a few cases for this
analyses.

Lifestyle factors and hereditary, metabolic, and inflammatory
disorders have been linked to ischemic stroke in adults.

Born preterm or SGA is associated with an increased risk of
autism.19,37 However, in our cohort, the increased risk of autism
remained when individuals born SGA or pretermwere excluded.
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Table 3 Risk of Autism in Children With Pediatric Ischemic Stroke From 1997 to 2014 With Follow-up Until December 31, 2016a

Pediatric ischemic stroke Diagnosed with autism Incidence rate (95% CI) per 1,000 person-y

Index cases, n (%) Controls, n (%) Index cases, n (%) Controls, n (%) Index cases, n (%) Controls, n (%) HRb, (95% CI) aHRc (95% CI)

Overall 741 (100) 7,393 (100) 33 (4.5) 118 (1.6) 5.2 (3.4–6.9) 1.7 (1.4–2.1) 2.88 (1.95–4.24) 2.91 (1.95–4.35)

Sex Male 387 (52.2) 3,856 (52.2) 19 (4.9) 84 (2.2) 5.4 (3.0–7.9) 2.3 (1.8–2.8) 2.33 (1.41–3.84) 2.25 (1.35–3.74)

Female 354 (47.8) 3,537 (47.8) 14 (4.0) 34 (1.0) 4.8 (2.3–7.3) 1.1 (0.7–1.5) 4.23 (2.27–7.91) 5.32 (2.69–10.53)

Age at diagnosis ≤28 d 226 (30.5) 2,260 (30.6) 9 (4.0) 39 (1.7) 4.6 (1.6–7.6) 1.9 (1.3–2.6) 2.33 (1.13–4.82) 2.35 (1.12–4.94)

>28 d 515 (69.5) 5,133 (69.4) 24 (4.7) 79 (1.5) 5.4 (3.2–7.6) 1.7 (1.3–2.0) 3.16 (1.99–5.00) 3.20 (1.98–5.17)

Year of diagnosis 1997–2006 212 (28.6) 2,116 (28.6) 17 (8.0) 45 (2.1) 5.7 (3.0–8.4) 1.4 (1.0–1.8) 4.06 (2.31–7.15) 4.03 (2.25–7.20)

2007–2016 529 (71.4) 5,277 (71.4) 16 (3.0) 73 (1.4) 4.7 (2.4–7.0) 2.0 (1.6–2.5) 2.20 (1.28–3.78) 2.24 (1.27–3.94)

Exclusion of pretermd and SGA Overall 588 (79.4) 5,096 (68.9) 27 (4.6) 79 (1.6) 5.3 (3.3–7.3) 1.7 (1.3–2.1) 3.23 (2.08–5.02) 3.41 (2.15–5.41)

Stroke (≤28 d) 190 (25.6) 1,724 (23.3) 8 (4.2) 26 (1.5) 4.9 (1.5–8.4) 1.7 (1.1–2.4) 2.90 (1.31–6.43) 3.68 (1.61–8.41)

Stroke (>28 d) 398 (53.7) 3,372 (45.6) 19 (4.8) 53 (1.6) 5.5 (3.0–7.9) 1.7 (1.2–2.1) 3.40 (2.00–5.77) 3.32 (1.90–5.80)

Children with adverse motor
outcome or epilepsy were
censored

Overall 741 (100) 7,393 (100) 14 (1.9) 110 (1.5) 3.3 (1.6–5.0) 1.6 (1.3–1.9) 2.01 (1.13–3.57) 1.89 (1.03–3.47)

Stroke (≤28 d) 226 (30.5) 2,260 (30.6) 4 (1.8) 37 (1.6) 3.0 (0.1–5.9) 1.9 (1.3–2.4) 1.55 (0.54–4.45) 1.47 (0.50–4.35)

Stroke (>28 d) 515 (69.5) 5,133 (69.4) 10 (1.9) 73 (1.4) 3.4 (1.3–5.6) 1.5 (1.2–1.9) 2.28 (1.15–4.54) 2.15 (1.03–4.49)

Stratification according to comorbidity with follow-up from diagnosed adverse motor outcome or epilepsy

Children with adverse motor
outcome or epilepsy

Overall 303 (40.9) 3,008 (40.7) 19 (6.3) 44 (1.5) 8.8 (4.9–12.8) 1.9 (1.3–2.4) 4.68 (2.71–8.08) 5.17 (2.93–9.14)

Stroke (≤28 d) 88 (11.9) 874 (11.8) 5 (5.7) 12 (1.4) 8.2 (1.0–15.3) 1.9 (0.8–2.9) 4.46 (1.55–12.83) 5.35 (1.79–15.96)

Stroke (>28 d) 215 (29.0) 2,134 (28.9) 14 (6.5) 32 (1.5) 9.1 (4.3–13.9) 1.8 (1.2–2.5) 4.77 (2.52–9.03) 5.15 (2.65–10.03)

Children with adverse motor
outcome

Overall 241 (32.5) 2,400 (32.5) 14 (5.8) 35 (1.5) 8.2 (3.9–12.5) 1.9 (1.3–2.5) 4.05 (2.18–7.55) 4.27 (2.24–8.15)

Stroke (≤28 d) 71 (9.6) 707 (9.6) 5 (7.0) 11 (1.6) 10.5 (1.3–19.7) 2.2 (0.9–3.5) 4.89 (1.67–14.32) 6.00 (1.96–18.35)

Stroke (>28 d) 170 (22.9) 1,693 (22.9) 9 (5.3) 24 (1.4) 7.4 (2.6–12.2) 1.8 (1.1–2.5) 3.70 (1.72–7.96) 3.72 (1.69–8.20)

Children with epilepsy Overall 169 (22.8) 1,677 (22.7) 15 (8.9) 29 (1.7) 14.1 (7.0–21.2) 2.4 (1.5–3.3) 5.91 (3.11–11.20) 7.51 (3.83–14.71)

Stroke (≤28 d) 54 (7.3) 537 (7.3) 4 (7.4) 11 (2.0) 11.7 (0.2–23.2) 3.1 (1.3–4.9) 3.91 (1.23–12.47) 4.83 (1.45–16.03)

Stroke (>28 d) 115 (15.5) 1,140 (15.4) 11 (9.6) 18 (1.6) 15.2 (6.2–24.2) 2.1 (1.1–3.1) 7.25 (3.33–15.78) 9.48 (4.15–21.66)

Abbreviations: aHR = adjusted HR; HR = hazard ratio; SGA = small for gestational age.
a Individuals who died within the first week after pediatric ischemic stroke or corresponding date in reference individuals or had a diagnosis of autism within one week after their stroke were excluded.
b Conditioned on matching set (age, sex, year of birth, and county of residence at the time of stroke).
c Conditioned on matching set and further adjusted for history of autism in relatives.
d Preterm, born before week 37.
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The risk of autism was 7 times higher for individuals with
pediatric ischemic stroke and epilepsy than in controls,
probably due to a common underlying mechanism for both
epilepsy and autism.24,25 The prevalence of autism in children
with CP is almost twice as high in those with an additional
diagnosis of epilepsy.28 The risk of autism for individuals <20
years of age with all types of epilepsy is 11.4-fold compared to
controls, which is higher than for individuals <18 years of age
with pediatric ischemic stroke and epilepsy.24 A possible ex-
planation for this observation could be that some types of
childhood epilepsy are part of broader, often genetic, neuro-
developmental disorders that may be independently associ-
ated with autism spectrum disorder.38,39 However, the same
study showed that individuals with epilepsy with onset later in
life with etiologies more often being stroke and dementias had
only a slightly higher risk of autism (HR ≈8) than the indi-
viduals with pediatric ischemic stroke in our study.24

The association between autism and pediatric ischemic stroke
with epilepsy was significantly higher than between autism
and pediatric ischemic stroke with adverse motor outcome.
Nevertheless, the risk of autism in individuals with pediatric
ischemic stroke and adverse motor outcome was 4-fold
compared to controls, which is in line with studies on autism

in individuals with CP.28 It is possible that the severity of the
insult and its location are of greater importance for the risk of
autism after stroke. However, the type of CP and gross motor
function have been reported not to influence the risk of autism
in individuals with CP.28 Affected ability regarding theory of
mind and reduced psychosocial functioning after stroke is
seen more often after insults on the right side of the brain.23

Adverse motor outcome is used in our study to indicate the
severity of the insult because our register data lack in-
formation on stroke location and severity. Alterations in the
white matter of the brain and many other neuroanatomic
markers have been described in individuals with autism.15,16

We found an increased risk of autism in first-degree relatives of
children with ischemic stroke, especially in siblings and relatives
of individuals with childhood stroke. This finding could indicate
a genetic contribution to the cause of autism after ischemic
stroke. However, this contention is weak considering that no
significant association was noted between having a sibling with
autism and being diagnosed with autism after pediatric ischemic
stroke. In our subanalyses of relatives of individuals with stroke
without autism, we found a significantly increased risk of autism
in siblings, supporting our hypothesis of shared risk factors be-
tween ischemic stroke and autism.3,12,16-20

Table 4 Association Between Potential Risk Factors and Comorbid Conditions and AutismAfter Pediatric Ischemic Stroke

Children with ischemic stroke, n (%)

Crude OR, 95% CI Adjusted ORa (95% CI)With autism Without autism

Total 46 (100) 1,276 (100)

Sex Male 27 (58.7) 674 (52.8) 1.27 (0.70–2.31) 1.21 (0.65–2.22)

Female (reference) 19 (41.3) 602 (47.2) 1.00 1.00

Gestational age
at birth

Preterm <37 wk 4 (8.7) 121 (9.5) 0.82 (0.29–2.34) 0.78 (0.27–2.22)

Full-term ≥37 wk 40 (87.0) 994 (77.9) 1.00 1.00

Age at diagnosis ≤28 d 13 (28.3) 330 (25.9) 1.13 (0.59–2.17) 1.01 (0.52–1.97)

>28 d 33 (71.7) 946 (74.1) 1.00 1.00

Comorbidity Epilepsy 24 (52.2) 278 (21.8) 3.92 (2.16–7.09) 3.98 (2.14–7.40)

No epilepsy (reference) 22 (47.8) 998 (78.2) 1.00 1.00

Adverse motor outcome 23 (50.0) 400 (31.3) 2.19 (1.21–3.95) 2.11 (1.15–3.89)

No adverse motor outcome (reference) 23 (50.0) 876 (68.7) 1.00 1.00

Epilepsy and adverse motor outcome 30 (65.2) 505 (39.6) 2.86 (1.54–5.31) 2.83 (1.49–5.36)

No epilepsy and adverse motor
outcome (reference)

16 (34.8) 771 (60.4) 1.00 1.00

Siblingb with autism 4 (8.7) 30 (2.4) 3.96 (1.33–11.74) 3.09 (0.89–10.73)

Sibling with no autism (reference) 42 (91.3) 1,246 (97.6) 1.00 1.00

Abbreviation: OR = odds ratio.
a Adjusted for sex, gestational age, age at stroke, and calendar year of stroke, excluding the adjustment variable used as the outcome in each calculation.
b Sibling without stroke.
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One strength of our study is the comparatively large number of
individuals with stroke, which allowed us to calculate risk es-
timates compared to matched controls from the general pop-
ulation. We used a population-based approach incorporating
high-quality national registers to minimize selection bias. A
substantial part of the cohort was validated through chart re-
view, showing an overall positive predicted value of 89% for
pediatric ischemic stroke and 96% and 84% for perinatal and
childhood stroke, respectively. We could also adjust our data
for any autism in first-degree relatives, although residual con-
founding can never fully be ruled out in observational studies.
The data were collected prospectively before the outcome of
the study, thereby minimizing recall bias.33 Birth data were
retrieved from a registry with high validity (the Swedish
MBR).33

Because we excluded all individuals with autism before is-
chemic stroke, the true risk estimates might be higher con-
sidering that stroke sometimes is registered years after it
occurred. However, registering a pediatric stroke diagnosis
retrospectively is rare according to our validation of ischemic
stroke in the NPR and MBR.34 Perinatal ischemic stroke is
sometimes registered at the date of discharge from the neo-
natal intensive care units instead of the actual date when the

stroke occurred and sometimes is not diagnosed until years
after the stroke (presumed perinatal stroke), leading to the
inclusion of individuals with perinatal ischemic stroke in the
group of individuals with childhood stroke. However, in our
validation study, only 3.6% of childhood strokes were reca-
tegorized as perinatal.34

Autism is registered only after the implementation of ICD-9
in 1987 when the diagnosis was entered in Sweden. Never-
theless, a sensitivity analysis including only children with
stroke from 1997 to 2014 found similarly increased risk es-
timates for autism in all different subcategories. In this study,
we excluded children in whom autism was diagnosed before
stroke. However, symptoms of autism may be present before
the stroke, although the autism diagnosis is established after.
This problem cannot be resolved in a study like ours that is
based on registry data.

Another limitation is that follow-up might be too short for
some children, especially those with perinatal stroke di-
agnosed in later calendar years, to have been diagnosed with
autism, although in our sensitivity analysis, follow-up lasted 2
years after the last day of inclusion. It is unlikely however that
it affected our risk estimates given that index individuals were
compared only to their matched controls, although this might
have influenced the magnitude of the risk of autism after
stroke.

Moreover, a Swedish study has shown that 96% of all autism
cases identified in the NPR could be confirmed through pa-
tient chart review, although there are no data on the pro-
portion of individuals with autism who are not identified in
the NPR.40

Epilepsy has been validated in the Swedish Inpatient Register,
which is a major part of the NPR, suggesting that most epi-
lepsy cases have been registered.41,42 CP and hemiplegia or
other paresis had not been validated in the NPR; however, CP
in the Norwegian NPR is correct in only 59.5% of the cases.43

Therefore, we chose to use a broader definition of adverse
motor outcome, including CP, hemiparesis, tetraparesis/
paraplegia, and other paresis.

Not all patients with autism, epilepsy, and adverse motor
outcome are admitted to a hospital and therefore are not
registered until the start of the outpatient register in 2001.
However, because this is also the case for the controls, it will
have only a small impact on our risk estimates.

The lack of information about intellectual disability is a lim-
itation because autism in CP often co-occurs with intellectual
disability, which is also the case in epilepsy with comorbid
autism.28,44 The register-based data also do not provide in-
formation on cognitive profiles, impairment of language, or
other functional deficits such as balance or dyscoordination,
giving the study a synoptic view, which can be seen as a
limitation. This is also the case concerning the lack of

Table 5 Risk of Autism Spectrum Disorder in Siblings,
Offspring, and Parents of IndividualsWith Pediatric
Ischemic Strokea

Number of autism cases in
relatives, n (%)

HRb (95% CI)

Relatives of children
with pediatric
ischemic stroke

Relatives
of
controls

Index individuals with pediatric stroke with or without autism

Overall 58 (1.0) 338 (0.7) 1.59 (1.20–2.11)

Siblings 51 (2.3) 243 (1.4) 1.73 (1.25–2.41)

Parents 4 (0.1) 54 (0.2) 0.81 (0.29–2.25)

Offspring 3 (1.0) 41 (1.8) 0.41 (0.12–1.42)

Perinatal
stroke
(≤28 d)

11 (0.9) 71 (0.7) 1.40 (0.73–2.66)

Stroke in
childhood
(>28 d)

47 (1.0) 267 (0.7) 1.64 (1.20–2.25)

Index individuals with pediatric stroke without autism

Siblings 43 (2.0) 213 (1.3) 1.68 (1.17–2.41)

Parents 4 (0.1) 46 (0.2) 0.95 (0.34–2.67)

Offspring 3 (1.0) 41 (1.8) 0.41 (0.12–1.42)

Abbreviation: HR = hazard ratio.
a Relatives of all individuals with pediatric ischemic stroke (n = 1,606) from
1969 to 2016 in the National Swedish Register.
b Adjusted for sex and their index individual’s age and calendar year of
diagnosis.
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information regarding the location, severity, and region of the
insult caused by the stroke.

Some studies on ischemic stroke include only arterial ische-
mic stroke. In contrast, we also included cases of cerebral
venous thrombosis because these cannot be distinguished
reliably from each other by the 3-character ICD codes used to
minimize false-positive cases.34

There is an increased risk of autism after pediatric ischemic
stroke, particularly in individuals with comorbid epilepsy, that
could not be explained by being born preterm or SGA or
having a first-degree relative with autism. Regardless of
whether the individual with childhood ischemic stroke was
diagnosed with epilepsy or adverse motor outcome, there
was an increased risk of autism. In perinatal stroke, the risk
was significantly increased only in individuals diagnosed with
adverse motor outcome with or without epilepsy. Children
with ischemic stroke should readily be screened for autism if
the disorder is suspected.
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