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ORIGINAL CONTRIBUTION

Social Cognitive Dysfunction Following Pediatric 
Arterial Ischemic Stroke
Evidence From a Prospective Cohort Study

Nicholas P. Ryan , PhD*; Mardee Greenham , PhD*; Anne L. Gordon, PhD; Michael Ditchfield , PhD; Lee Coleman, PhD;  
Anna Cooper , PhD; Louise Crowe, PhD; Rod W. Hunt , PhD; Paul Monagle, PhD; Mark T. Mackay, PhD; Vicki Anderson, PhD

BACKGROUND AND PURPOSE: Childhood and adolescence coincide with rapid maturation of distributed brain networks 
supporting social cognition; however, little is known about the impact of early ischemic brain insult on the acquisition of 
these skills. This study aimed to examine the influence of arterial ischemic stroke (AIS) on facial emotion recognition and 
theory of mind (ToM) abilities of children and adolescents initially recruited to a single-center, prospective longitudinal 
study of recovery following AIS.

METHODS: The study involved 67 participants, including 30 children with AIS (mean time since stroke=5 years) and 37 
age-matched typically developing controls who were assessed on measures of cognitive ToM, facial emotion recognition, 
and affective ToM. Acute clinical magnetic resonance imaging, including diffusion-weighted imaging sequences, were used 
to evaluate prospective structure-function relationships between acute lesion characteristics (size, location, and arterial 
territories affected) and long-term social cognitive abilities.

RESULTS: Relative to age-matched typically developing controls, children with AIS showed significantly worse performance 
on measures of basic facial emotion processing, cognitive ToM, and affective ToM. In univariate models, poorer ToM was 
associated with larger infarcts, combined cortical-subcortical pathology, and involvement of multiple arterial territories. In 
multivariate analyses, larger lesions and multiterritory infants were predictive of ToM processing but not facial emotion 
recognition. Poorer cognitive ToM predicted less frequent prosocial behavior and increased peer problems.

CONCLUSIONS: Social cognitive skills appear vulnerable to disruption from early ischemic brain insult. In the first study to 
examine social cognition in a prospective cohort of children with AIS, our findings suggest that acute magnetic resonance 
imaging-based lesion characteristics may have predictive value for long-term social cognitive outcomes and may assist to 
identify children at elevated risk for social cognitive dysfunction.

GRAPHIC ABSTRACT: An online graphic abstract is available for this article.

Key Words:  adolescent ◼ child ◼ emotion ◼ social cognition ◼ theory of mind

Social cognition is a multifaceted construct that 
involves the ability to encode and interpret a 
range of social cues, including language, intona-

tion, and nonverbal cues (eg, facial expression, eye 
gaze, and gesture).1,2 Although foundational social 
cognitive skills emerge within the first days of life,3–5 
complex aspects of social cognition show protracted 

maturation through to mid-to-late adolescence,6–8 cor-
responding to the structural and functional maturation 
of distributed neural networks involving frontotem-
poral, limbic, and temporo-occipital brain regions.9,10 
Although neurological insult during critical periods of 
brain development has potential to perturb the acqui-
sition of social cognitive skills,11 little is known about 
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the influence of early ischemic brain injury on the 
acquisition of these competencies.

Arterial ischemic stroke (AIS) is a relatively rare 
cause of childhood disability with an incidence of 1.3 to 
13.0 per 100 000 children and 1 per 1200 live births 
in neonates.12,13 Pediatric AIS has been linked to a 
range of physical,14,15 cognitive,16 and behavioral impair-
ments,17–19 with evidence suggesting that early ischemic 
brain insults confer a heightened vulnerability to deficits 
in skills that are emerging or not yet fully developed at 
the time of stroke. With respect to social cognition, isch-
emic brain lesions have potential to disrupt connectivity 
within the putative social brain network; a distributed 
neural system characterized by complex interactions 
among frontotemporal, mesolimbic, temporo-occipital, 
and cerebro-cerebellar circuitry.6,9,20,21 Although previ-
ous research suggests that social cognitive skills sup-
ported by this network may be vulnerable to the effects 
of diffuse childhood traumatic brain injury,22–24 the long-
term social cognitive consequences of pediatric AIS are 
poorly delineated.

To date, only one study has examined social cognition 
in children with a history of stroke. In this small retro-
spective pilot study, Lo et al25 used functional magnetic 
resonance imaging (MRI) to evaluate the neural corre-
lates of social cognition in 10 children diagnosed with 
hemorrhagic or ischemic stroke. Relative to typically 
developing controls (TDCs), the stroke group performed 
significantly worse on a tasks involving theory of mind 
(ToM); a complex social cognitive skill that involves the 
ability to infer another person’s thoughts, beliefs, inten-
tions, and feelings.26–28 Contrary to predictions, the study 
found no significant association between reduced ToM 
performance and changes to resting-state connectiv-
ity within the default mode, salience, or mirror neuron 
empathy network.25

Although preliminary findings from Lo et al25 are the 
first to suggest that childhood stroke may confer elevated 
risk for social cognitive dysfunction, the results raise sev-
eral unresolved questions about the nature, correlates, and 
functional impact of poststroke social cognitive impair-
ment. First, it remains unclear whether the presence of 
poststroke social cognitive deficits may underlie impair-
ments in social behavior and functioning, which are con-
sistently documented following child stroke.17,29 Second, 
there are substantial limits to the generalizability of Lo et 

al’s25 small retrospective study of ToM in 10 child stroke 
cases. Given that AIS has potential to disrupt maturation 
of distributed neural circuitry supporting a range of distinct 
but overlapping social cognitive abilities, larger prospective 
studies are needed to identify stroke-related characteris-
tics that may be predictive of long-term outcomes across 
multiple social cognitive domains, including basic social 
processing (eg, facial emotion recognition) and more com-
plex forms of social understanding (eg, ToM).

The impact of brain lesion characteristics on social 
cognitive skills has seldom been studied in childhood and 
adolescence; periods that coincide with rapid maturation 
of neural circuitry supporting social cognition.7,8 Although 
the medial prefrontal and lateral temporal cortices are 
critical for social perceptual and cognitive processes,30,31 
lesions in these regions are unlikely to predict social cog-
nitive dysfunction in children for whom these regions are 
undergoing rapid maturation and possess relatively lim-
ited functional specificity.32,33 Consistent with this view, 
previous studies of diffuse childhood TBI suggest that, 
irrespective of lesion location, larger, and more diffuse 
lesions are predictive of higher-order cognitive out-
comes, including ToM.11,34 Given that social cognition is 
dependent on frontal-temporal, temporo-occipital, and 
cerebro-cerebellar circuitry that extends across multiple 
arterial territories,35 a network paradigm of social cog-
nitive disturbance would predict poorer outcomes to be 
documented in association with larger lesions and diffuse 
infarcts involving multiple arterial territories.36 Although 
previous studies of child stroke populations have linked 
poorer executive functioning to large infarcts and com-
bined cortical-subcortical lesions,16,18,37–39 no existing 
studies have evaluated the predictive value of infarct 
characteristics for long-term social cognitive outcomes 
of children with AIS.

To address the dearth of literature concerning the 
effect of early ischemic brain insult on social cognitive 
abilities, this prospective cohort study aimed to charac-
terize the nature, correlates, and functional impact of 
social cognitive dysfunction in children and adolescents 
with MRI-confirmed acute AIS. Specifically, we sought 
to disentangle the effects of pediatric AIS on cognitive 
ToM, concerned with understanding other’s thoughts, 
intentions, and beliefs; affective ToM, which involves the 
ability to infer what others’ are feeling based on specific 
social context40 and basic facial emotion recognition, 
which involves the ability to recognize basic emotions 
from facial features. We also aimed to examine whether 
specific stroke characteristics (ie, lesion size, lesion loca-
tion, and number of vascular territories affected) explain 
individual differences in social cognitive outcomes and 
explore the association between social cognition and 
everyday social functioning in children with AIS.

We expected the following: (1) compared with age-
matched TDCs, children with AIS will display poorer ToM 
and facial emotion recognition; (2) lower scores on tests of 

Nonstandard Abbreviations and Acronyms

AIS	 arterial ischemic stroke
MRI	 magnetic resonance imaging
SDQ	 Strengths and Difficulties Questionnaire
TDC	 typically developing control
ToM	 theory of mind
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ToM and facial emotion recognition would be associated 
with larger lesions, multiterritory infarcts, and combined 
cortico-subcortical pathology; (3) lower ToM and facial 
emotion recognition would correlate with less frequent 
prosocial behavior and increased peer problems on stan-
dardized parent-report measures of social functioning.

METHODS
Source data will not be made available since no patient approval 
was obtained for sharing anonymized data. However, detailed 
analytic methods and study materials, including output files of 
statistical analyses, will be made available to other researchers 
on request to the first author.

Participants
This study reports data from a 5-year follow-up of children 
enrolled in a larger prospective, longitudinal study41 evaluating 
recovery in the first 12 months following MRI-confirmed acute 
ischemic parenchymal infarction corresponding to ≥1 arterial 
territories. Children were aged 0 to 18 years at recruitment and 
represented consecutive admissions to The Royal Children’s 
Hospital Melbourne between December 2007 and January 
2012. Exclusion criteria included previously diagnosed stroke, 
primarily hemorrhagic infarction, coexisting diffuse brain injury 
due to a traumatic or hypoxic-ischemic event, and birth before 
36 weeks gestation. Children for whom English was a second 
language were also excluded. Ethics approval was obtained 
for this study from the Human Research Ethics Committee 
(HREC) of the Royal Children’s Hospital Melbourne. Written 
consent was obtained by parents for their participation and that 
of their children.

Forty-one families were approached to participate in the 
5-year follow-up. Three declined with no reason given and 
four families were untraceable. One participant was excluded 
due to unexplained developmental regression unrelated to the 
stroke. Two participants had substantial missing data, and 1 
was 20-years of age at follow-up and did not have all social 
cognition measures administered. Therefore, this paper reports 
on the 5-year follow-up outcomes for 30 children with AIS and 
37 TDCs recruited from the local community. Children were 
excluded from the TDC group if they had previous stroke, any 
neurological or psychological disorder, or English as a second 
language. Among those who underwent social cognitive test-
ing at the 5-year follow-up, none of the children in the AIS or 
TDC groups had a comorbid neurodevelopmental or psychiatric 
diagnosis at the time of initial study enrollment or at the 5-year 
follow-up assessment.

Measures
Clinical MRI
Clinical brain MRI, including diffusion-weighted sequences, 
were conducted at the Royal Children’s Hospital Melbourne on 
acute admission, using a standardized clinical protocol. Infarct 
characteristics (size, location, laterality, arterial territory) were 
rated by 2 neuroradiologists (M.D., L.C.) and the study Principal 
Investigator (A.G.), using a standardized coding system.41,42 
In keeping with our standardized coding system reported 

elsewhere,41,43 lesion size was classified according to degree of 
vascular territory affected upon visual assessment. For exam-
ple, infarcts were coded small when structures served by small 
perforating branches of arteries were affected (eg, discrete 
area of injury to structures supplied by lenticulostriate arter-
ies). Infarcts were coded medium when a branch of a major 
cerebrovascular artery (eg, temporal arteries) was affected, 
and large denoted cases where an entire vascular territory was 
affected. Stroke location was qualitatively coded and catego-
rized as cortical, subcortical (including white matter/subcortical 
nuclei/thalamus), combined cortico-subcortical, or cerebellar/
brain stem. This coding system also allowed us to distinguish 
between children with supratentorial infarcts only (ie, cortical, 
combined cortico-subcortical, or discrete subcortical lesions) 
and those participants with infratentorial infarcts only (ie, cer-
ebellar/brain stem lesions).

Neurological Function
Acute neurological impairment was assessed with the Pediatric 
Stroke Outcome Measure (PSOM),44,45 a clinically administered 
tool that rates stroke severity from 0 (no deficits) to 10 (severe 
deficit). The PSOM is composed of 5 subscales (right senso-
rimotor, left sensorimotor, language production, language pro-
duction, and cognition/behavior) that use ordinal scales ranging 
from 0 to 2 (0=none; 0.5=mild; 1=moderate; 2=severe). PSOM 
was administered within the first week after diagnosis by a 
pediatric occupational therapist. Consistent with the approach 
adopted in previous research,17 we divided the stroke group into 
2 groups; low severity and high severity, based upon the total 
PSOM score. The low severity group had a total PSOM score of 
0 to 1.0; the high severity group had scores of ≥1.5.

Primary Outcomes
Social cognition was assessed across 3 domains using tasks 
from the Developmental NEuroPSYchological Assessment - 
Second Edition (NEPSY-II) Social Perception battery.46

Cognitive ToM
The NEPSY-II ToM Verbal Task was used to assess cognitive 
ToM, reflected in the child’s understanding of others’ beliefs 
and intentions. In this task, the child is read social stories or 
shown pictures depicting a variety of social scenes. The child is 
then asked questions about the protagonist’s beliefs and inten-
tions. In all the items, the child can answer very briefly; a word 
is often sufficient for a correct answer. The total number of cor-
rect responses is converted to a percentage accuracy score for 
statistical analyses, which adjust for child age.

Affective ToM
The NEPSY-II ToM Contextual Task was used to evaluate 
affective ToM, reflected in the child’s understanding of others’ 
emotions in social context.47 In this task, the child is shown a 
series of drawings depicting children in a range of social con-
texts. In each drawing, there is a protagonist whose face is not 
shown. The child is provided with 4 photographs of different 
facial emotions and asked to select the face that depicts the 
protagonist’s feeling in a specific social scenario. Thus, the child 
is required to infer the child’s emotion based on social context, 
not their face. The total number of correct responses is con-
verted to a percentage accuracy score for statistical analyses, 
which adjust for child age.
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Facial Emotion Recognition
The NEPSY-II Emotion Recognition Task evaluated the child’s 
ability to process basic emotions from facial features. In this 
task, the child is asked to discriminate between basic facial 
expressions by comparing pictures of faces of children with 
typical facial expressions including joy, sadness, anger, dis-
gust, fear, and a neutral expression. The child must decide if 
2 expressions are similar or different, determine which faces 
have similar expressions among a series of faces, and identify 
2 children with expressions similar to that of a third face. The 
child’s performance is converted to a standard score for use in 
statistical analyses (mean=10; SD=3). Higher scores indicate 
better performance.

Social Functioning
Parents rated their child’s social behavior using the Strengths 
and Difficulties Questionnaire (SDQ).48 The SDQ is a parent-
rated questionnaire that measures behavior and emotional 
symptoms across 5 domains: emotional symptoms, conduct 
problems, hyperactivity, peer problems, and prosocial behav-
ior. Each of these 5 scales contains items on which parents 
rate their child on a 3-point scale according to how much an 
attribute applies to the child (0, 1, or 2 for each item). For the 
current study, social behavior was assessed using the Peer 
Problem and Prosocial Behavior scales, which are those that 
most directly assess social functioning.

Statistical Analysis
All analyses were entered into SPSS Version 25.0 and 
screened for missing data and violations of normality. Normality 
plots indicated that ToM measures were normally distributed, 
and preliminary analysis indicated no violation of assumptions 
across analyses unless otherwise stated. For primary outcome 
analyses, performance for each of the 3 social cognitive tasks 
(facial emotion recognition, cognitive ToM, affective ToM) was 
examined separately. In addition to the individual task scores, 
performance on the cognitive and affective ToM tasks are 
summed to provide a ToM composite score, which provides an 
overall indicator of ToM.

Social cognition data for the entire sample were ana-
lyzed using multivariate ANCOVA (MANCOVA) with Group 
Membership (AIS versus TDC) as the between-subjects fac-
tor and social cognitive domain (facial emotion recognition 
versus cognitive ToM versus affective ToM) as the within-sub-
jects factors, with follow-up post hoc pairwise comparisons. 
For all analyses involving the primary outcome measures, we 
acknowledged factors previously shown to influence social 
outcomes after acquired brain insult, including sex, socio-
economic status, and age. Taking these factors into account, 
all analyses were performed with these variables entered 
as covariates. Effect sizes were calculated using partial eta 
squared (η2; small effect η2=0.01; medium effect η2=0.059; 
large effect η2=0.138).

To examine the effect of lesion characteristics on dif-
ferent aspects of social cognition, data for the entire sam-
ple were analyzed using MANCOVA with lesion subgroup 
as the between-subjects factor and social cognitive task 
(facial emotion recognition versus cognitive ToM versus 
affective ToM) as the within-subjects factors, with follow-up 

post hoc pairwise comparisons. In these models, social 
cognitive abilities were examined in relation to the follow-
ing neuroradiological factors: (1) lesion size (TDC versus 
medium infarcts versus large infarcts); (2) lesion location 
(TDC versus discrete subcortical/cerebellar versus com-
bined cortico-subcortical lesions); and (3) number of arte-
rial territories involved (TDC versus single territory versus 
multiterritory infarcts).

Finally, multivariable regression models were used to 
explore the independent contribution of all stroke character-
istics (lesion size, location, number of arterial territories, and 
severity of acute neurological symptoms) to social cognitive 
outcomes. Exploratory analyses of the association between 
social cognition and everyday social function were conducted 
using multilinear regressions covarying for age, sex, and 
maternal SES.

RESULTS
Sample Characteristics
This article reports outcome data for 67 participants, 
including 30 individuals with pediatric AIS and 37 TDC 
children. As shown in Table 1, the AIS and TDC groups 
did not differ in age at assessment or sex. Maternal SES 
was higher in the TDC group and was used as a covari-
ate in all analyses involving the primary outcome variable. 
None of the children in the stroke group had epilepsy or 
were taking seizure medication at the time of the 5-year 
follow-up assessment.

Table 2 presents the clinical and radiological find-
ings of the stroke group at time of diagnosis. Infarcts 
were discrete subcortical in 9 children (30%), com-
bined cortico-subcortical in 16 (53%), and discrete 
brain stem/cerebellar in 5 children (17%). Twenty-3 
children had strokes involving a single arterial territory, 
whereas the remaining 7 children had multiterritory 
infarcts. Of note, age at stroke was not associated with 
lesion characteristics, including lesion size (P=0.279), 
number of vascular territories involved (P=0.737), or 
the presence of combined cortico-subcortical pathol-
ogy (P=0.201). Eleven children (37%) had a car-
dioembolic cause, 3 children (10%) had Moya Moya 
syndrome, 2 children (7%) had cervical arterial dissec-
tion, 4 children (13%) had steno-occlusive arteriopathy, 

Table 1.  Sample Demographic Characteristics

 AIS TDC F/X2 P value

No. of children 30  
(12 neonatal)

37 … …

Sex (male), n (%) 18 (60) 15 (40) 2.51 0.144

Maternal SES, mean (SD) 2.93 (1.11) 3.76 (1.04) 9.78 0.003

Age at assessment, y, 
mean (SD)

7.85 (3.12) 7.80 (2.79) 0.01 0.94

SES is socioeconomic status: 1=9th grade or less; 2=10th/11th grade; 
3=high school graduate; 4=partial degree/professional qualification; 5=col-
lege/university graduate; 6=postgraduate degree. AIS indicates arterial ischemic 
stroke; SES, socioeconomic status; and TDC, typically developing control
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1 child (3%) had multiple probable causes, and 9 chil-
dren (30%) had unknown risk factors. On acute neu-
rological examination, most stroke participants (63%) 
had mild-moderate deficits based on the PSOM total 
score; the median total PSOM score was 0.75 (inter-
quartile range, 2.0).

Social Cognition 5 Years Poststroke
Table 3 displays the means and SDs for the AIS and 
TD groups for each social cognitive task. The overall 
MANCOVA was significant after controlling for SES, 
sex, and age, F=3.88, P=0.01, η2=0.170. There was a 
significant main effect of group on all social cognition 
measures. As shown in Table  3, children with stroke 
performed significantly worse than TDCs on the ToM 
composite measure. Group differences also reached 
statistical significance when cognitive and affective 
ToM tasks were examined separately, such that children 
with stroke displayed significantly poorer cognitive and 
affective ToM. Compared with TDCs, the stroke group 
also displayed significantly poorer facial emotion rec-
ognition abilities (Table 3).

Predictors of Social Cognition: Univariate 
Models
Preliminary analyses involving the entire sample (AIS 
and TDC) were used to examine whether infarct charac-
teristics (size, location, and number of arterial territories 
involved) were related to social cognitive performance. 
Each of the lesion subgroups did not differ from TDCs on 
age at assessment or maternal SES (all P>0.10).

Impact of Lesion Size
The overall MANCOVA was significant after control-
ling for SES, sex, and age, F=4.26, P=0.009, η2=0.110. 
Lesion size was significantly associated with affec-
tive ToM, F(2,66)=6.13, P=0.004, such that children 
with large-sized lesions performed significantly worse 
than both the TDC group (P=0.001) and children with 
medium-sized lesions (P=0.005). There was no main 
effect of lesion size on any other measure of social cog-
nition (η2 effect size range: 0.04–0.09).

Impact of Lesion Location
The overall MANCOVA was significant after controlling for 
SES, sex, and age, F=5.47, P=0.002, η2=0.12. There was a 
significant main effect of lesion location on affective ToM 
(F[2,66]=6.16, P=0.004), cognitive ToM (F[2,66]=7.52, 
P=0.001), and ToM composite scores (F[2,66]=7.97, 
P=0.001). In all these models, pairwise comparisons revealed 
that children with combined cortico-subcortical lesions had 
significantly worse scores than both the TDC group (all 
P<0.01) and children with discrete subcortical/cerebellar 
lesions (all P<0.01). There was no main effect of lesion loca-
tion on facial affect recognition (F[2,66]=2.38, P=0.10).

Impact of Number of Arterial Territories
The overall MANCOVA was significant after controlling for 
SES, sex, and age, F=4.10, P=0.01, η2=0.17. There was a 
significant main effect of arterial territory on affective ToM 
(F[2,66]=4.94, P=0.010), cognitive ToM (F[2,66]=5.69, 
P=0.005), and ToM composite scores (F[2,66]=5.91, 
P=0.005). In all these models, pairwise comparisons 
revealed that children with multiterritory infarcts had 
significantly worse scores than both the TDC group (all 
P<0.01) and children with single territory infarcts (all 
P<0.05). There was no main effect of lesion location on 
facial affect recognition (F[2,66]=2.14, P=0.13).

Predictors of Social Cognition: Multivariate 
Models
As shown in Table  4, multiple regression models were 
performed to evaluate the relative contribution of various 
stroke-related factors to social cognition outcomes. Age, 
sex, and maternal SES were also added to the models 
as covariates. Multicollinearity between variable sets was 
checked by examining the variance inflation factor of the 
variables within regression models. None of the variance 

Table 2.  Clinical and Neuroradiological Characteristics

 AIS group: n=30

Age at diagnosis, median (IQR) 1.45 (4.04)

Time since diagnosis, y, mean (SD) 5.26 (0.76)

Lesion characteristics

  Lesion size

    Large, n (%) 6 (20)

    Medium, n (%) 24 (80)

    Small, n (%) 0 (0)

  Vascular territory

    Full MCA, n (%) 1 (3)

    Partial MCA, n (%) 13 (43)

    PCA, n (%) 5 (17)

    Vertebrobasilar, n (%) 4 (13)

    Multiterritory, n (%) 7 (23)

  Location

    Combined cortico-subcortical, n (%) 16 (53)

    Discrete subcortical, n (%) 9 (30)

    Discrete cerebellar/brain stem, n (%) 5 (17)

  Laterality

    Left n (%) 9 (30)

    Right n (%) 10 (33)

    Bilateral n (%) 6 (20)

    Infratentorial only n (%) 5 (17)

Acute PSOM total score, median (IQR) 0.75 (2.0)

Acute PSOM high severity, n (%) 11 (37)

Acute PSOM low severity, n (%) 19 (63)

IQR indicates interquartile range; MCA, middle cerebral artery; PCA, posterior 
cerebral artery; and PSOM, Pediatric Stroke Outcome Measure.



Original





 C
ontribution








Ryan et al Social Cognition in Pediatric Stroke

6    May 2021� Stroke. 2021;52:00–00. DOI: 10.1161/STROKEAHA.120.032955

inflation factors exceeded a conservative cutoff of 2, 
suggesting that multicollinearity was not problematic.49

For the ToM composite, the overall model including 
all predictors was significant, F(6,29)=8.302, P<0.001, 
R2=0.725. As shown in Table  4, multiterritory infarcts 
uniquely predicted poorer ToM performance. Similarly, 
the overall model for the Cognitive ToM was also sig-
nificant, F(6,29)=7.007, P<0.001, R2=0.690. Multiter-
ritory infarcts independently predicted poorer cognitive 
ToM, but lesion location, lesion size, and severity of acute 
neurological symptoms did not. For affective ToM, the 
overall model was significant, F(6,29)=3.931, P=0.006, 
R2=0.556. Large-sized lesions and multiterritory infarcts 
uniquely predicted poorer affective ToM processing.

For facial emotion recognition, the overall model was not 
statistically significant, F(6,29)=.45, P=0.84, R2=0.106, 
with no independent predictors of outcome (Table 4).

Associations Between Social Cognitive Task 
Performance and Parent-Reported Social 
Functioning
As shown in Table  5, multiple linear regressions were 
performed to evaluate the independent contribution of 

social cognition to everyday social functioning in the 
stroke group. After covarying for age, sex, and maternal 
SES, poorer cognitive ToM was predictive of more fre-
quent peer problems based on parent reports. Similarly, 
poorer cognitive ToM was associated with less frequent 
prosocial behavior as rated by parents.

DISCUSSION
Despite a growing body of research linking pediatric 
AIS to increased risk of neurodevelopmental dysfunc-
tion,19,50 little is known about the impact of early focal 
ischemic brain injury on social cognitive functions. In the 
first prospective study to quantify the effect of pediat-
ric AIS on facial emotion recognition and ToM, this study 
sought to evaluate nature, correlates, and functional 
impact of social cognitive dysfunction in a consecutive 
sample of children with MRI-confirmed AIS. As expected, 
we found that relative to TDCs, children with AIS dis-
played poorer social cognitive abilities across measures 
of cognitive ToM, basic facial emotion processing, and 
affective ToM. Poorer social cognitive outcomes were 
documented in association with combined cortico-sub-
cortical lesions, multiterritory infarcts, and large-sized 

Table 3.  Effect of AIS on Social Cognition

 AIS TDC F P value η2

Basic social processing

  Emotion recognition, M (SD) 9.87 (2.24) 10.95 (2.11) 4.65 0.035 0.07

Complex social processing

  Cognitive ToM, M (SD) 61.21 (21.74) 72.35 (17.63) 9.59 0.003 0.14

  Affective ToM, M (SD) 66.67 (26.26) 76.56 (16.86) 5.09 0.028 0.08

  ToM composite, M (SD) 62.38 (21.11) 72.19 (15.94) 8.72 0.005 0.13

AIS indicates arterial ischemic stroke; M, mean; TDC, typically developing control; and ToM, Theory of Mind.

Table 4.  Multivariate Regression Models Predicting Social Cognition From Stroke Characteristics

 
 

Emotion recognition Cognitive ToM Affective ToM ToM composite

B SE P value B SE P value β SE P value β SE P value

Lesion Size

  Medium (ref)   (ref)   (ref)   (ref)   

  Large −0.69 1.23 0.581 −0.302 1.57 0.849 −1.55* 0.621* 0.02* −1.86 1.83 0.322

Lesion location

  Discrete subcortical/cerebellar (ref)   (ref)   (ref)   (ref)   

  Combined cortico-subcortical 0.51 1.22 0.679 −2.53 2.06 0.231 −0.25 0.69 0.718 −2.78 2.47 0.271

Vascular territory

  Single territory infarct (ref)   (ref)   (ref)   (ref)   

  Multiterritory infarct −1.26 1.41 0.381 −4.26* 1.58* 0.013* −1.35* 0.623* 0.041* −5.61 1.84 0.006*

Acute PSOM total score

  Low severity (ref)   (ref)   (ref)   (ref)   

  High severity 0.19 0.21 0.361 1.84 1.24 0.151 0.4 0.488 0.42 2.24 1.44 0.134

Covariates in all models: age, sex, maternal socioeconomic status. β indicates unstandardized beta coefficient; PSOM, Pediatric Stroke Outcome Measure; and ToM, 
theory of mind.

*P<0.05.
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lesions. As predicted, we also found that poorer cognitive 
ToM was associated with less frequent prosocial behav-
ior and increased peer problems reported on standard-
ized parent-report measures.

Although impairments in social cognition are rec-
ognized as one of the most profound and disabling 
sequelae in children with traumatic brain injury,11,51 these 
outcomes have seldom been studied in children with AIS. 
To address the dearth of research in this area, our first 
aim was to quantify the long-term impact of pediatric AIS 
on basic and complex social cognitive abilities. In line with 
predictions, we found that relative to TDCs, children with 
AIS displayed significantly worse performance on mea-
sures of cognitive ToM, basic facial emotion processing, 
and affective ToM. These findings are broadly consistent 
with previous findings from a small retrospective pilot 
study, which provided the first evidence for ToM impair-
ment in a sample of 10 children with hemorrhagic or 
ischemic stroke.25 Overall, findings from our prospective 
consecutive cohort add to an emerging body of evidence 
suggesting that social cognitive abilities are vulnerable 
to the effects of early ischemic brain insult25 and sug-
gest that social cognitive impairments are evident many 
years postdiagnosis following stabilization of neurologi-
cal functioning.

Our second aim was to assess whether specific stroke 
characteristics accounted for individual differences in 
social cognitive abilities. Univariate analyses revealed 
that when examined in isolation, poorer ToM abilities 
were associated with larger lesions, a combined cortico-
subcortical lesion pattern, and multiterritory infarcts. 
Although this pattern of results is broadly consistent 
with previous studies of other poststroke cognitive out-
comes,16,18,37–39 we found that lesion characteristics were 
predictive of ToM, but not basic facial emotion-processing 
abilities. Although unexpected, this pattern of results is 
likely explained by developmental factors.32 Specifically, a 
critical period model52 would hypothesize that, in contrast 
to complex ToM which shows protracted maturation into 
mid-late adolescence,6 basic facial emotion-processing 
skills are likely to be relatively well established at the time 
of ischemic insult and, therefore, less vulnerable to per-
sisting, long-term disruption.11 Overall, our findings sug-
gest that, at least for higher-order social cognitive skills, 

such as ToM, early clinical MRI-based indicators, may 
have some prognostic value for long-term social cogni-
tive outcomes in children with AIS.

Interestingly, when all stroke-related factors were 
examined together in multivariate regression models, 
multiterritory infarcts and larger lesions were unique 
predictors of ToM, even after adjusting for acute neu-
rological symptoms as measured by the PSOM. Given 
that ToM is dependent on distributed frontal-temporal, 
temporo-occipital, and cerebro-cerebellar circuitry that 
is irrigated by middle cerebral artery, posterior cerebral 
artery, and vertebrobasilar circulation,35 it is perhaps not 
surprising that poorer ToM was documented in associa-
tion with infarcts in multiple arterial territories. In contrast, 
and despite the critical role of cortical brain regions in 
social cognitive processes,30,31 the presence of cortical 
pathology did not independently contribute to poorer 
ToM in multivariate regression models. Overall, the pat-
tern of structure-function relationships in our stroke 
sample converges to suggest that, irrespective of lesion 
location, variation in complex social cognitive outcomes 
is at least partly explained by the amount of structural 
brain pathology to distributed neural networks involved in 
complex social cognitive skills.11,34

Our third and final aim was to explore the indepen-
dent contribution of social cognitive abilities to every-
day social functioning in children with AIS. Although 
social cognitive impairments are linked to worse social 
adjustment in adult stroke survivors,53,54 these asso-
ciations remain largely unexplored in pediatric stroke 
populations. In keeping with expectations, we found 
that poorer cognitive ToM was predictive of less fre-
quent prosocial behavior and increased peer problems 
on standardized parent-report measures. Overall, these 
findings suggest that social cognitive dysfunction may 
be one of several factors that underpins everyday social 
and behavioral impairments commonly documented in 
children with AIS.17,29 Since social cognitive dysfunction 
appears to be a risk factor for poorer social functioning 
in our sample, social cognitive screening may be a valu-
able supplement to routine clinical neuropsychological 
assessments, which are often used to evaluate post-
stroke recovery and help guide intervention planning in 
this high-risk population.

Table 5.  Multilinear Regressions Predicting Everyday Social Functioning From Social Cognition

SDQ prosocial behavior SDQ peer problems

β SE P value B SE P value

Facial emotion recognition −0.036 0.139 0.797 −0.018 0.11 0.868

Cognitive ToM 0.182 0.087 0.047 −0.158 0.07 0.033

Affective ToM 0.125 0.227 0.587 −0.18 0.184 0.337

ToM composite 0.136 0.072 0.071 −0.126 0.058 0.038

Covariates in all models: age, sex, maternal socioeconomic status. SDQ indicates Strengths and Difficulties Questionnaire; and 
ToM, theory of mind.
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Although the current study represents the largest 
prospective investigation of long-term social cognitive 
outcomes of children with AIS, our analyses were con-
strained by small sample size. For instance, due to the 
small number of patients with cerebellar involvement, 
we did not have adequate statistical power to evaluate 
social cognitive outcomes of this subgroup separately. 
Although our lesion location groupings (ie, combined 
cortico-subcortical versus discrete lesions) are con-
sistent with the broader literature that distinguishes 
between outcomes of diffuse versus focal develop-
mental lesions,55 further research in larger samples 
is needed to examine whether cerebellar involvement 
may differentially affect social cognitive development 
in children with AIS. Similarly, due to small number of 
participants in the neonatal and childhood-onset AIS 
subgroups, further research is needed to examine 
whether the magnitude of the effect of AIS on social 
cognitive abilities differs as a function of developmen-
tal stage at stroke.

Moreover, although our study is the first to highlight 
the prognostic value of acute clinical MRI for long-term 
social cognitive outcomes, the study is limited by its sole 
reliance on a standardized coding system for clinically 
acquired images. This standardized coding protocol has 
been reported previously41,43 and involves visual assess-
ment of lesion size coded independently by 2 pediatric 
neuroradiologists. Further research is, therefore, needed 
to evaluate the prognostic value of other quantitative 
measures of lesion size, including infarct volumes. Further 
studies using advanced structural brain imaging methods 
(eg, diffusion tensor imaging/tractography, voxel-based 
morphometry) are also needed to evaluate whether neu-
roanatomical changes within social cognitive neural net-
works may assist to explain individual variation in social 
cognitive outcomes after child stroke.

CONCLUSIONS
To our knowledge, this study is the first to examine 
social cognition and its correlates in a prospectively 
recruited sample of children with AIS. Our findings 
show that, relative to their typically developing peers, 
children with stroke display significantly poorer per-
formance on measures of basic and complex social 
processing. Moreover, assessment of brain-behavior 
relationships revealed that multiterritory infarcts and 
larger lesions prospectively predicted poorer social 
cognition 5 years poststroke. Overall, these findings 
suggest that clinical MRI has potential to unlock prog-
nostic markers that may aid identification of children at 
elevated risk for long-term social cognitive dysfunction. 
Evidence of robust relationships between social cog-
nition and parent-reported social functioning under-
scores the potential value of social cognitive screening 
in pediatric stroke populations.
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