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AIM To determine whether socioeconomic status (SES) is a stronger predictor for cognitive

outcome after childhood arterial ischemic stroke compared to clinical factors.

METHOD We investigated perceptual reasoning, executive functions, language, memory, and

attention in 18 children and adolescents (12 males, six females, median age at testing 13y

4mo, range 7y–17y 5mo) after arterial ischemic stroke; collected sociodemographic

information (education of parents, household income); and used clinical information (initial

lesion volume, residual lesion volume, age at stroke, time since stroke). Linear regression

models were used to investigate the potential influence of SES and clinical parameters on

cognitive abilities.

RESULTS SES had a moderate effect on all cognitive outcome parameters except attention by

explaining 41.9%, 37.9%, 38.0%, and 22.5% of variability in perceptual reasoning, executive

functions, language, and memory respectively. Initial lesion volume was the only clinical

parameter that showed moderate importance on cognitive outcome (33.1% and 25.6% of the

variability in perceptual reasoning and memory respectively). Overall, SES was a stronger

predictor of cognitive outcome than clinical factors.

INTERPRETATION Future paediatric studies aiming at clinical predictors of cognitive outcome

should control their analyses for SES in their study participants. The findings of the present

study further point to the need for more attention to the treatment of children with low SES.

Across educational and income groups, children do not
have the same opportunities when growing up. The rela-
tionship between socioeconomic status (SES) and health in
children has been well documented over many years. This
substantial relationship begins before birth, when children
from low SES families are more likely to show growth
restriction and neurological deficits in utero, and proceeds
throughout childhood into adolescence, where low SES is
associated with a higher risk of injury and is implicated in
a number of diseases.1 Moreover, the SES of children is
significantly associated with cognitive development. Several
studies have identified low parental education and low fam-
ily income as important predictors of later IQ and aca-
demic achievement.2

When children experience health problems, the conse-
quences are often more pronounced in those with lower
SES. SES is associated with long-term health consequences
in preterm birth, infections throughout childhood, and
child injury, among others.3 Similarily, in childhood
stroke, SES has shown to have some influence on neuro-
logical outcome.4 A comprehensive multicentre study

(Vascular Effects of Infection in Pediatric Stroke [VIPS]
study) with 355 children after stroke found that very low
household income was associated with worse outcome
using the Pediatric Stroke Outcome Measure, a standard
neurological measure examining mental status; cranial
nerves; motor, sensory, and cerebellar functions; and gait.5

Maternal education level or type of residence (rural, urban)
were not associated with neurological outcome in this
study.

Large prospective studies were conducted to evaluate
neurological outcome after stroke, including the interna-
tional VIPS study described above,5 a Swiss study,6 a
Canadian study,7 and a UK study.8 Three of these studies
did not formally assess cognition, and markers of SES were
not collected in the last two studies. However, half of the
children who experience a stroke face residual cognitive
impairment. Smaller studies have demonstrated that, when
investigated in detail, executive function, processing speed,
attention, language, and memory are most often affected
after childhood stroke.9,10 While some studies have shown
that age at stroke, lesion size, and lesion location have
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some influence on cognitive outcome, overall clinical fac-
tors do not explain much of the variance of cognitive abili-
ties after stroke.6,10,11 This raises the question about the
influence of SES on the cognitive outcome in these chil-
dren.

The aim of the present study was to determine whether
SES is a stronger predictor for cognitive outcome after
childhood arterial ischemic stroke compared to clinical fac-
tors. We examined a relatively small but homogeneous
group of children and administered a comprehensive neu-
ropsychological test battery to evaluate various cognitive
domains. Our a priori hypothesis was that SES would
explain more variance of cognitive outcome than clinical
factors.

METHOD
Participants
Eighteen children and adolescents (12 males, six females)
with unilateral arterial ischemic stroke were recruited
between 2014 and 2017 at the neuropediatric outpatient
unit of the Department of Pediatrics and Adolescent Medi-
cine, Medical University of Vienna, Austria. Inclusion cri-
teria for patients were a single arterial ischemic stroke in
one hemisphere, radiological evidence of an ischemic
stroke, native German speaking, normal hearing, and nor-
mal or corrected-to-normal vision. Exclusion criteria were
an active seizure disorder, antiseizure medication, or devel-
opmental problems before stroke. Table 1 displays the
patient characteristics. This observational study was
approved by the Ethics Committee of the Medical Univer-
sity of Vienna and conducted in accordance with the Hel-
sinki Declaration of 1975. For children, age-appropriate
assent forms were provided; parents received a parental
permission form. All children and one parent per child
gave written informed consent before inclusion.

Neuroimaging
3D structural magnetic resonance imaging (MRI) was per-
formed using an isocubic magnetization-prepared rapid

gradient echo sequence (T1-weighted, TE/TR_4.21/
2300ms, inversion time 900ms, with a matrix size of
24092569160mm, voxel size 19191.10mm, flip angle 9°)
sequence on a 3T Siemens TIM Trio scanner (Siemens,
Erlangen, Germany). MRIcron was used to define the
lesions in the T1-weighted images.12 For each patient,
lesions were outlined manually on axial slices on the T1-
weighted images and were then normalized to the Mon-
treal Neurological Institute space with the clinical toolbox
for SPM12 (Wellcome Department of Cognitive Neurol-
ogy, London, UK) implemented in MATLAB 2019a (Ver-
sion 9.6, Mathworks, Inc., Sherborn, MA, USA). Lesion
volumes in cm3 were calculated, applying MRIcron’s
descriptive statistics option on the normalized volumes of
interest.

Retrospective analysis of initial MRI
The modified paediatric version of the Alberta Stroke Pro-
gram Early Computed Tomography Score (modAS-
PECTS)13 was used to retrospectively assess initial infarct
volume on axial diffusion-weighted MRI in all supratento-
rial regions, including the territories of the anterior, mid-
dle, and posterior cerebral arteries as well as the thalamus.
A region was scored positive if it was involved in the stroke
area, yielding a maximum modASPECTS of 30.

SES
Educational levels of parents and household income were
used as indicators of the children’s SES. Information was
obtained in a semi-structured interview with one parent.
The educational levels of the parents were rated on a 5-
point scale for the mother and the father separately: (1)
secondary school, (2) apprenticeship, (3) vocational school,
(4) school leaving examination (general qualification for

Table 1: Clinical and demographic information

n Median 25th 75th Range

Sex, female/male 6/12
Side of stroke, left/right 9/9
Stroke location:
Cortical 1
Subcortical 5
Combined cortical+subcortical 12
Age at stroke, y:mo 9:7 6:1 12:5 0:1–16:7
Age at testing, y:mo 13:4 9:10 15:6 7:0–17:5
Time between stroke and testing, y:mo 1:8 0:7 7:1 0:2–10:2
Handedness (–1.0 to +1.0) 0.9 0.6 1.0 –1.0 to 1.0
ModASPECTS (1–30) 4.0 2.0 8.0 1–11
Residual lesion volume, cm3 17.3 0.7 90.2 0.9–331.5
Maternal education (5-point scale) 2.0 1.0 4.0 1–5
Paternal education (5-point scale) 2.0 1.8 3.3 1–5
Household income (6-point scale) 4.5 2.0 5.3 1–6

modASPECTS, modified paediatric version of the Alberta Stroke Program Early Computed Tomography Score.

What this paper adds
• Socioeconomic status (SES) explains up to 42% of variance in cognitive out-

come after childhood arterial ischemic stroke.

• SES is a stronger predictor of outcome than clinical factors.
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university entrance), and (5) university degree. The family
household yearly gross net income was classified on a 6-
point scale where higher scores reflect higher income
(ranging from less than 10 000€, 10 000–19 000€, 20 000–
29 000€, 30 000–39 000€, 40 000–49 000€, and 50 000€
and above).

Neuropsychological assessment
Perceptual reasoning was evaluated using the three subtests
block design, matrix reasoning, and picture completion of
the Hamburg-Wechsler Intelligenztest f€ur Kinder.14 These
subtests measure visual perception, organization, and rea-
soning with visually presented, nonverbal material. Execu-
tive functioning involving task switching, planning,
problem-solving, and verbal flexibility was tested by the
Trail Making Test subtest B,15 the Tower of London,16

and the Regensburger Wortfl€ussigkeitstest.17 Language
tests comprised different tests of vocabulary, comprehen-
sion, and reception of grammar, and were examined using
the Wortschatz- und Wortfindungstest (WWT),18 the
TROG-D,19 the German version of the Test for Reception
of Grammar,20 and the Token Test for Children.21 Mem-
ory was tested for visual and verbal-auditory stimuli sepa-
rately using the Rey-Osterrieth Complex Figure Test22

and the German version of the Auditory Verbal Learning
Test,23 the Verbaler Lern- und Merkf€ahigkeitstest.24

Attention and concentration performance was evaluated
using the d2 Test of Attention.25 Poststroke handedness
was evaluated using the Edinburgh Handedness Inven-
tory.26

Statistical analyses
The SES was calculated by taking the arithmetic mean of
maternal education (5-point scale), paternal education (5-
point scale), and household income (rescaled from 6-point
scale to 5-point scale as: [income–1]*4/5+1). Raw scores of
cognitive tests were transformed into age-adjusted per-
centiles for each test. Because of missing normative data,
WWT raw scores of the children aged 11 years and above
were transformed into percentiles based on the norms of
children aged 10 years 11 months. Based on previous liter-
ature,27 we clustered the test scores into six cognitive
domains by calculating, if necessary, means of the corre-
sponding subtest percentile ranks.

Because of non-normal distributions, clinical and demo-
graphic characteristics as well as percentile ranks of cogni-
tive tests are presented using median, quartiles, and range.
In order to investigate the potential influence of SES and
clinical parameters on cognitive test percentiles linear
regression models were used. Each predictor’s effect on a
cognitive outcome was estimated in a simple linear regres-
sion and quantified by its regression coefficient with 95%
confidence interval (CI). Because of right-skewed distribu-
tions, residual lesion volume and time since stroke were
log-transformed with log-basis 1.2 such that regression
coefficients quantify a 20% increase in the predictor.
Model residuals were checked for approximate normal

distribution using histograms and Q–Q plots. The mar-
ginal R2 value quantifies the proportion of variation in the
cognitive outcome that is explained by the predictor. It can
thus be interpreted as the importance of the factor in pre-
dicting the outcome. Using multiple linear regression
models, each clinical predictor’s effect was adjusted for
SES. Adjusted regression coefficients are reported with
95% CIs to quantify the clinical predictor’s effect while
keeping SES constant. The partial R2 value equals the pro-
portion of variation that is explained by a clinical predictor
in addition to what is already explained by SES.

Model estimation was performed using SAS 9.4 (SAS
Institute, Cary, NC, USA). Descriptive statistics were pro-
duced using SPSS Statistics (Version 26; IBM Corp.,
Armonk, NY, USA). P-values below 0.05 indicated statisti-
cal significance. The potential influence of multiple predic-
tors on multiple outcomes was tested in a series of
regression models as described above. However, since this
is an exploratory study, no correction for multiple testing
was performed; the reported uncorrected p-values and CIs
have to be interpreted accordingly.

RESULTS
Cognitive test results
Group results of cognitive tests are presented in Table 2
(for individual test results, please see Appendix S1 and
Fig. S1, online supporting information). Median cognitive
performances were within the normal range, with notably

Table 2: Group percentile ranks of cognitive tests

Median 25th 75th Range

Perceptual reasoning 39.5 6.4 61.8 0.3–91.9
Spatial visualization (HAWIK
block design)

50.0 8.0 63.0 1.0–99.0

Visual organization (HAWIK
picture completion)

37.0 8.0 50.0 1.0–84.0

Visual reasoning (HAWIK matrix
reasoning)

37.0 21.0 63.0 2.0–75.0

Executive functions 33.6 23.6 47.4 4.0–73.5
Verbal fluency (RWT) 12.0 4.3 27.4 2.5–68.5
Task switching (TMT) 55.0 25.0 63.0 1.0–84.0
Problem-solving (TL) 61.5 16.3 91.8 5.0–99.0
Language 55.5 14.4 67.0 2.0–95.3
Expressive vocabulary (WWT) 67.5 0.0 67.5 0.0–96.0
Language comprehension (Token
Test)

65.0 34.0 74.5 5.0–97.0

Syntactic comprehension (Trog-D) 28.0 9.5 64.0 0.0–97.0
Memory 28.1 19.1 43.3 6.5–79.7
Verbal short- and long-term
memory (VLMT)

30.0 13.3 43.3 5.3–86.7

Visual short- and long-term
memory (RCTF)

29.0 14.0 41.5 5.3–65.3

Attention (d2) 25.5 10.5 64.0 3.0–88.0

Raw scores of cognitive tests were transformed into age-adjusted
percentiles. Percentile ranks between 15.9–84.1 are considered to
lie within the average range (SD –1.0 to 1.0) of normative data.
HAWIK, Hamburg-Wechsler Intelligenztest f€ur Kinder; RCTF, Rey-
Osterrieth Complex Figure Test; RWT, Regensburger
Wortfl€ussigkeitstest; TL, Tower of London; TMT, Trail Making Test;
Trog-D, Test for Reception of Grammar (German version); VLMT,
Verbaler Lern- und Merkf€ahigkeitstest; WWT, Wortschatz- und
Wortfindungstest.
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lower median scores in verbal fluency, attention, syntactic
comprehension, and both verbal and visual memory. The
score ranges point to a large heterogeneity of cognitive
performances in the study group.

Predictors of cognitive outcome in patients with
paediatric stroke
The SES exhibited a moderate influence (i.e. marginal R2

above approximately 0.25) on all cognitive outcome mea-
sures except attention: this factor explained 41.9%, 37.9%,
38.0%, and 22.5% of the variability in perceptual reason-
ing, executive functions, language, and memory respec-
tively (see Table 3 for the details; see Fig. S2, online
supporting information, for graphical presentation). One
additional point in the SES of the child added 15.64 more
per-percentile points to the perceptual reasoning score
(p=0.004), 14.36 more percentile points to the language
score (p=0.007), 9.58 more percentile points to the execu-
tive score (p=0.007), and 6.95 more percentile points to the
memory score (p=0.047) respectively. In contrast, the mod-
ASPECTS was the only one of the investigated clinical

parameters showing moderate importance for two of the
outcomes, for perceptual reasoning (33.1% of variability, –
5.31 percentile points for each additional point in the
modASPECTS, p=0.012) and memory (25.6% of variabil-
ity, –2.83 percentile points for each additional point in the
modASPECTS, p=0.032).

Partial R2 values in Table 3 indicate whether a clinical
parameter had importance for predicting an outcome that
was beyond that of the SES. This was the case in three
outcome measures, where clinical factors had some low
importance (i.e. partial R2 between approximately 0.10 and
0.25). While the SES explained 41.9% of the variability in
perceptual reasoning, the modASPECTS added 17.0%,
and log of residual lesion volume added 17.1%. Keeping
the SES constant (e.g. by comparing two patients with the
same SES) an increase by one score point in the modAS-
PECTS lowered perceptual reasoning by 3.96 percentile
points on average (p=0.025), whereas a 20% increase in
residual lesion volume lowered it by 0.83 percentile points
on average (p=0.024). For memory, the SES explained
22.5% of variability, the log of residual lesion volume

Table 3: Predictors of cognitive outcome in childhood stroke

Outcome Predictor

Unadjusted Adjusted for SES

Regression
coefficient 95% CI p

Marginal
R2

Regression
coefficient 95% CI p

Partial
R2

Perceptual
reasoning

SES (+1 score point) 15.64 5.89 25.40 0.004 0.419
Age at stroke ( +1y) 2.09 –1.28 5.47 0.207 0.097 1.99 –0.60 4.58 0.122 0.088
modASPECTS (+1
score point)

–5.31 –9.31 –1.31 0.012 0.331 –3.96 –7.34 –0.57 0.025 0.170

Residual lesion
volume (+20%)

–0.89 –1.84 0.07 0.066 0.195 –0.83 –1.54 –0.12 0.024 0.171

Time since stroke
(+20%)

–0.71 –2.86 1.44 0.494 0.030 –0.36 –2.09 1.38 0.668 0.007

Executive
function

SES 9.58 3.07 16.08 0.007 0.379
Age at stroke 0.04 –2.25 2.33 0.973 0.000 –0.02 –1.90 1.85 0.978 0.000
modASPECTS 0.12 –3.03 3.27 0.939 0.000 1.23 –1.37 3.82 0.331 0.039
Residual lesion
volume

0.29 –0.37 0.96 0.365 0.052 0.33 –0.20 0.86 0.206 0.065

Time since stroke –0.49 –1.88 0.89 0.460 0.035 –0.28 –1.43 0.88 0.616 0.011
Language SES 14.36 4.63 24.09 0.007 0.380

Age at stroke 2.78 –0.32 5.87 0.075 0.185 2.69 0.31 5.07 0.030 0.173
modASPECTS –3.45 –7.80 0.90 0.112 0.150 –2.09 –5.93 1.76 0.266 0.051
Residual lesion
volume

–0.70 –1.66 0.26 0.141 0.131 –0.65 –1.41 0.11 0.090 0.112

Time since stroke –0.31 –2.41 1.79 0.756 0.006 0.02 –1.72 1.76 0.981 0.000
Memory SES 6.95 0.11 13.79 0.047 0.225

Age at stroke 1.33 –0.71 3.37 0.185 0.107 1.29 –0.55 3.13 0.157 0.100
modASPECTS –2.83 –5.39 –0.27 0.032 0.256 –2.27 –4.80 0.26 0.076 0.152
Residual lesion
volume

–0.54 –1.12 0.04 0.064 0.198 –0.52 –1.04 –0.00 0.050 0.180

Time since stroke –0.15 –1.47 1.18 0.817 0.003 0.01 –1.21 1.24 0.981 0.000
Attention SES 0.30 –13.3 13.88 0.963 0.000

Age at stroke –0.35 –3.85 3.15 0.834 0.003 –0.36 –4.02 3.31 0.837 0.003
modASPECTS –1.21 –6.19 3.76 0.609 0.019 –1.31 –6.79 4.17 0.615 0.020
Residual lesion
volume

–0.13 –1.23 0.96 0.797 0.005 –0.13 –1.28 1.01 0.806 0.005

Time since stroke 1.34 –0.88 3.57 0.217 0.107 1.41 –0.96 3.77 0.221 0.113

In each model, unadjusted and adjusted, 18 observations were used. Regression coefficients quantify the effect on the respective outcome
(in percentile points) resulting from a change in the predictor as reported in brackets (multiplicative for residual lesion volume and time
since stroke due to logarithmic transformation). Significant findings (p≤0.05) are indicated in bold type. CI, confidence interval; modAS-
PECTS, modified paediatric version of the Alberta Stroke Program Early Computed Tomography Score; SES, socioeconomic status.
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added 18.0% (p=0.05 ). Finally, in language functions, the
SES explained 38.0% of the variability, while the age at
stroke explained an additional 17.3% (p=0.030). Keeping
constant SES, each additional year of age at stroke occur-
rence increased language scores by 2.69 percentile points.
Overall, SES was a stronger predictor than clinical factors
in our study group.

DISCUSSION
This study investigated cognitive functions in 18 children
and adolescents after arterial ischemic stroke, collected
sociodemographic information through a semi-structured
interview, and used clinical information to determine
whether SES is a stronger predictor for the cognitive out-
come compared to clinical factors. We found that SES had
a moderate effect on all cognitive outcome parameters
except attention by explaining up to 42% of variance in
data and was a stronger predictor of cognitive outcome
than clinical factors.

SES as a predictor of cognitive outcome
Why does SES explain nearly half of the variance of cogni-
tive outcome after stroke? We assume four main reasons
for this finding. First, the financial situation in families
may influence availability, frequency, and duration of treat-
ment, as well as the organization of additional learning
support for children after stroke. In Austria, diagnostic
care is free of charge for children and adolescents until the
end of education and is covered by statutory health insur-
ance. Therapeutic care, however, is a little more complex.
Only a limited number of physiotherapy, speech and lan-
guage therapy, and occupational therapy sessions are cov-
ered by health insurance, and therapists working on a
health insurance contract are often fully booked and have
long waiting lists. Neurocognitive training offered by neu-
ropsychologists is not covered by health insurance at all. In
rural areas, availability of therapy is further reduced. Par-
ents with higher incomes thus often finance therapy ses-
sions in private practice or pay for additional sessions to
increase therapy frequency and/or duration. The organiza-
tion of transport to therapy and adult supervision during
sessions may also be more difficult for families with lower
incomes. Moreover, additional learning support, including
tutors, extra educational resources, and learning aids, is not
covered by statutory health insurance. Thus, children from
families with lower incomes may not get the same quality
and quantity of therapy and learning support compared to
children with higher SES.

Second, parental education may be associated with the
child’s cognitive reserve and, thus, influence cognitive out-
come after stroke. Cognitive reserve refers to individual
differences in the neural reorganization of cognitive pro-
cessing and focuses on the functionality of brain pro-
cesses.28 After traumatic brain injury, cognitive reserve has
been shown to be a moderator of responsiveness to neu-
ropsychological intervention for adolescents.29 In popula-
tion norm adolescents and adults, cognitive reserve is

significantly associated with premorbid intelligence mea-
sures,30 whereas in children, where premorbid cognitive
measures are not quantifiable or not easy to interpret, par-
ental intelligence has been taken as a surrogate for the
child’s cognitive reserve.31,32 We assume that the same
genetic and environmental factors leading to higher educa-
tional levels in parents may also impact the cognitive
reserve in children.33 As a consequence, children with
increased flexibility in the reorganization of cognitive func-
tions may have a better chance for favourable cognitive
outcome after stroke.10

Third, not all children in this study experienced cogni-
tive deficits after stroke, and findings may therefore also
reflect the relationship between SES and cognitive func-
tioning in typically developing children.34 In Appendix S1,
we describe an additional investigation of the effect of SES
in a typically developing control group. We found that
each additional point in the SES of a typically developing
child added 9.3 more percentile points to the perceptual
reasoning score, compared to a 15.6 percentile point aver-
age increase of perceptual reasoning rank score per addi-
tional SES unit in the stroke group. This effect of SES on
cognition was not significantly different between groups.
Thus, in both groups, parents with higher levels of educa-
tion may enable better childhood experiences and educa-
tional environment, resulting in improved cognitive
performance.

Lastly, in previous studies, lower SES was not only asso-
ciated with neurological outcome, but also with a higher
incidence of childhood arterial ischemic stroke.5 Could this
association add to the worse cognitive outcome in children
with low SES? Paediatric stroke is less influenced by typi-
cal adult risk factors including diabetes mellitus, arte-
riosclerosis, hypertension, or smoking. However, a
decreased parental level of consciousness at stroke presen-
tation has been reported to be associated with an increased
risk of poor neurological outcome.4 The authors hypothe-
sized that in lower-income families, more severe stroke
symptoms might be necessary for parents to seek medical
help. Furthermore, worse nutritional status and increased
childhood obesity associated with lower income35 might
influence childhood stroke incidence, and, subsequently,
the course of the disease. However, further studies are
needed to disentangle this complex relationship.

Clinical predictors of cognitive outcome
Besides SES, we found a moderate effect of the initial
infarct volume on memory and perceptual reasoning in our
study group, and when SES was kept constant, the initial
infarction volume explained an additional 15% and 17% of
variance respectively. This is in line with previous studies
that have identified an association between neurological
outcome and initial infarct volume in children after
stroke.36 Infarct location, seizures at stroke onset, and
stroke recurrence have also been associated with neurologi-
cal stroke outcome in previous studies.8,37 Unfortunately,
the present study cannot add information about the
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predictive value of these factors, as the sample size did not
allow us to test infarct location as a possible predictor.
Moreover both seizures and stroke recurrence were among
the exclusion criteria to avoid too much heterogeneity in
our small study sample.

Nevertheless, with SES kept constant we found two fur-
ther clinical parameters that explained some additional
variance. First, the residual lesion volume at the time of
cognitive testing accounted for 17% and 18% of variance
in perceptual reasoning and memory respectively. Residual
lesion volume is most likely associated with initial lesion
volume; thus, this result corresponds to the previously
reported moderate impact of initial lesion volume on cog-
nitive outcome. Second, the age at stroke explained an
additional 17% of variance in language, with older age at
stroke being associated with better language abilities when
SES was kept constant. This topic has been controversially
discussed in the literature and findings so far have been
contradictory. While some studies showed better cognitive
outcomes in perinatal stroke compared to childhood
stroke,38 the majority reported worse outcomes in stroke
acquired during the perinatal phase compared to later
onset.39–42 Nevertheless, the present study did not include
children who had experienced perinatal stroke, and previ-
ous studies focusing on childhood stroke alone did not find
an association between age at stroke and later language
functioning.10,43–46 However, compared to age at stroke,
SES is a far better predictor of language outcome, explain-
ing 38% of variance in language outcome in the present
study – meaning 13 percentile points of language score
more per life year at stroke occurrence. As previous studies
did not collect markers of SES, this may have skewed their
analyses of clinical predictors.

Limitations
Some limitations of our study have to be considered. First,
because of the rarity of disease and the strict inclusion cri-
teria for study participants, the patient group is relatively
small. Because of the low sample size, we must expect the
power to be low, meaning that non-significant results have
a high chance of being false negative. In addition, R2 values
exhibit large variability. Thus, generalizability of our
results to future patients is limited, although there is a
clear qualitative difference between SES and clinical
parameters regarding importance as predictors of outcome.

Second, the period between stroke and examination
shows large variability. Thus, in some children, reorganiza-
tional processes may not have been completed. Though
the post-stroke period did not predict any of the outcome
parameters, it probably had an influence on individual
results.

Third, because of the lack of normative data of the
expressive vocabulary test WWT for children at and older
than 12 years of age, we transformed their WWT raw
scores based on the norms of the children aged 10 years 11
months. The mean difficulty to name the items of the
WWT decreases exponentially and phases out in a flat

curve at 10 years of age;34 nevertheless, we may have over-
estimated the expressive vocabulary scores in the older
children.

Fourth, two children with left-side stroke suffered from
right motor dysfunctions at the time of testing. These chil-
dren had been right-handed premorbidly but used their left
hand for writing and drawing in the examination. Both
children had normal motor speed in the tests. One child,
however, exhibited constructional deficits in copying a
complex figure; the other performed within the lower aver-
age range. Though most errors could be attributed to
planning deficits and detail presence, thus pointing to
higher visuo-constructional deficits, detail inaccuracies also
occurred in both children. Thus, left hand clumsiness may
have influenced the results of some cognitive tests in these
two children.

Implications of findings
Our study suggests that SES is a stronger predictor for
cognitive outcome after childhood arterial ischemic stroke
compared to clinical factors. Thus, we propose that future
paediatric studies of clinical predictors of cognitive out-
come should control their analyses for SES in their study
participants.

Above all, however, these findings point to the need for
more attention to the treatment of children with low SES.
Increased funding and resources should be made available
for low SES families. Access to treatment programmes,
including neurocognitive training, physiotherapy, speech
and language therapy, and occupational therapy, should be
guaranteed to children from families with low SES, and
transportation to and from therapy sessions should be free of
charge for them. High frequency treatment should be
offered especially in the early period after stroke, and treat-
ment programmes and recurrent rehabilitation phases
should be planned throughout childhood and adolescence.
Furthermore, schoolteachers and tutors should be sensitized
and trained to improve teaching and learning for this partic-
ularly vulnerable patient group, help to create an informa-
tion-rich environment for the child, build a learning
community, and foster parental involvement in learning.

ACKNOWLEDGEMENTS

This work was supported by the Oesterreichische Nationalbank

(Anniversary Fund, project number 15356), and by the Austrian

Science Fund (FWF), Grant KLI544-B27. We are grateful to

Astrid Novak for her help in the neuropsychological evaluation of

study participants. The authors have stated they had no interests

that might be perceived as posing a conflict or bias.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

SUPPORTING INFORMATION

The following additional material may be found online:

470 Developmental Medicine & Child Neurology 2021, 63: 465–471



Appendix S1: Individual test analyses and results.

Figure S1: Individual cognitive profiles in patients after stroke.

Figure S2: Predictors of cognitive outcome in childhood

stroke.

REFERENCES

1. Poulain T, Vogel M, Sobek C, Hilbert A, Korner A,

Kiess W. Associations between socio-economic status

and child health: findings of a large German cohort

study. Int J Environ Res Public Health 2019; 16: 677.

2. Ursache A, Noble KG. Neurocognitive development in

socioeconomic context: multiple mechanisms and impli-

cations for measuring socioeconomic status. Psychophysi-

ology 2016; 53: 71–82.

3. Mackenbach JP, Stirbu I, Roskam AJ, et al. Socioeco-

nomic inequalities in health in 22 European countries.

N Engl J Med 2008; 358: 2468–81.

4. Jordan LC, Hills NK, Fox CK, et al. Socioeconomic

determinants of outcome after childhood arterial

ischemic stroke. Neurology 2018; 91: e509–16.

5. Fullerton HJ, Hills NK, Elkind MS, et al. Infection,

vaccination, and childhood arterial ischemic stroke:

results of the VIPS study. Neurology 2015; 85: 1459–66.

6. Studer M, Boltshauser E, Capone Mori A, et al. Factors

affecting cognitive outcome in early pediatric stroke.

Neurology 2014; 82: 784–92.

7. deVeber GA, Kirton A, Booth FA, et al. Epidemiology

and outcomes of arterial ischemic stroke in children:

the Canadian Pediatric Ischemic Stroke Registry. Pedi-

atr Neurol 2017; 69: 58–70.

8. Mallick AA, Ganesan V, Kirkham FJ, et al. Outcome

and recurrence 1 year after pediatric arterial ischemic

stroke in a population-based cohort. Ann Neurol 2016;

79: 784–93.

9. Steinlin M. A clinical approach to arterial ischemic

childhood stroke: increasing knowledge over the last

decade. Neuropediatrics 2012; 43: 1–9.

10. Bartha-Doering L, Novak A, Kollndorfer K, et al.

Atypical language representation is unfavorable for lan-

guage abilities following childhood stroke. Eur J Paedi-

atr Neurol 2019; 23: 102–16.

11. Westmacott R, McDonald KP, Roberts SD, et al. Pre-

dictors of cognitive and academic outcome following

childhood subcortical stroke. Dev Neuropsychol 2018; 43:

708–28.

12. Rorden C, Karnath HO, Bonilha L. Improving lesion-

symptom mapping. J Cogn Neurosci 2007; 19: 1081–8.

13. Beslow LA, Vossough A, Dahmoush HM, et al. Modi-

fied pediatric ASPECTS correlates with infarct volume

in childhood arterial ischemic stroke. Front Neurol

2012; 3: 122.

14. Petermann F, Petermann U. Hamburg-Wechsler-Intel-

ligenztest f€ur Kinder IV (HAWIK IV). Bern: Huber,

2010.

15. Delis DC, Kaplan E, Kramer JH. Delis-Kaplan execu-

tive function system: Examiner’s manual. San Antonio,

TX: The Psychological Corporation, 2001.

16. Shallice T. Specific impairments of planning. Philos

Trans R Soc Lond B Biol Sci 1982; 298: 199–209.

17. Aschenbrenner S, Tucha O, Lange KW. Regensburger

Wortfl€ussigkeitstest. G€ottingen: Testzentrale, 2001.

18. Gl€uck CW. Wortschatz- und Wortfindungstest f€ur 6-

bis 10-J€ahrige. M€unchen: Elsevier, 2011.

19. Fox-Boyer AV. TROG-D. Test zur €Uberpr€ufung des

Grammatikverst€andnisses . Idstein: Schulz-Kirchner

Verlag, 2016.

20. Bishop DVM. TROG Test for Reception of Grammar.

Manchester: University of Manchester, 1989.

21. McGhee RL, Ehrler DJ, DiSimoni F. TTFC-2. The

Token Test for Children. Austin, TX: ProEd, 2007.

22. Meyers JE, Meyers KR. Rey Complex Figure Test and

Recognition Trial: Professional Manual. Odessa: Psy-

chological Assessment Resources, 1995.

23. Lezak MD. Neuropsychological assessment, 3rd ed.

New York: Oxford University Press, 1995.

24. Helmstaedter C, Lendt M, Lux S. Verbaler Lern- und

Merkf€ahigkeitstest VLMT. G€ottingen: Beltz Test,

2001.

25. Brickenkamp R, Zillmer E. The d2 Test of Attention.

Seattle. Washington: Hogrefe & Huber Publisher,

1998.

26. Oldfield RC. The assessment and analysis of handed-

ness: the Edinburgh inventory. Neuropsychologia 1971; 9:

97–113.

27. Nyenhuis DL, Gorelick PB, Geenen EJ, et al. The pat-

tern of neuropsychological deficits in Vascular Cogni-

tive Impairment-No Dementia (Vascular CIND). Clin

Neuropsychol 2004; 18: 41–9.

28. Stern Y. Cognitive reserve. Neuropsychologia 2009; 47:

2015–28.

29. Karver CL, Wade SL, Cassedy A, et al. Cognitive

reserve as a moderator of responsiveness to an online

problem-solving intervention for adolescents with com-

plicated mild-to-severe traumatic brain injury. Child

Neuropsychol 2014; 20: 343–57.

30. Green RE, Melo B, Christensen B, Ngo LA, Monette

G, Bradbury C. Measuring premorbid IQ in traumatic

brain injury: an examination of the validity of the

Wechsler Test of Adult Reading (WTAR). J Clin Exp

Neuropsychol 2008; 30: 163–72.

31. Donders J, Kim E. Effect of cognitive reserve on chil-

dren with traumatic brain injury. J Int Neuropsychol Soc

2019; 25: 355–61.

32. Kesler SR, Tanaka H, Koovakkattu D. Cognitive

reserve and brain volumes in pediatric acute lym-

phoblastic leukemia. Brain Imaging Behav 2010; 4: 256–

69.

33. Dickson M, Gregg P, Robinson H. Early, late or never?

When does parental education impact child outcomes?

Econ J (London) 2016; 126: F184–F231.

34. Sigelman CK, Rider EA. Life-span human develop-

ment. Belmont: Wadsworth Cengage Learning, 2009.

35. Vazquez CE, Cubbin C. Socioeconomic status and

childhood obesity: a review of literature from the past

decade to inform intervention research. Curr Obes Rep

2020; 9: 562–70. https://doi.org/10.1007/s13679-020-

00400-2.

36. Engelmann KA, Jordan LC. Outcome measures used in

pediatric stroke studies: a systematic review. Arch Neurol

2012; 69: 23–7.

37. Nasiri J, Ariyana A, Yaghini O, Ghazavi MR, Keikhah

M, Salari M. Neurological outcome after arterial

ischemic stroke in children. Adv Biomed Res 2016; 5:

107.

38. Ilves P, Tomberg T, Kepler J, et al. Different plasticity

patterns of language function in children with perinatal

and childhood stroke. J Child Neurol 2014; 29: 756–64.

39. Chapman SB, Max JE, Gamino JF, McGlothlin JH,

Cliff SN. Discourse plasticity in children after stroke:

age at injury and lesion effects. Pediatr Neurol 2003; 29:

34–41.

40. Avila L, Riesgo R, Pedroso F, et al. Language and focal

brain lesion in childhood. J Child Neurol 2010; 25: 829–

33.

41. Kolk A, Ennok M, Laugesaar R, Kaldoja ML, Talvik

T. Long-term cognitive outcomes after pediatric stroke.

Pediatr Neurol 2011; 44: 101–9.

42. Max JE, Bruce M, Keatley E, Delis D. Pediatric stroke:

plasticity, vulnerability, and age of lesion onset. J Neu-

ropsychiatry Clin Neurosci 2010; 22: 30–9.

43. Chilosi AM, Cipriani P, Pecini C, et al. Acquired focal

brain lesions in childhood: effects on development and

reorganization of language. Brain Lang 2008; 106: 211–

25.

44. Chilosi AM, Pecini C, Cipriani P, et al. Cerebral lan-

guage lateralization and early linguistic in children with

focal brain lesions. In: Fabbro F, editor. Neurogenic

language disorders in children. Oxford: Elsevier, 2004:

49–63.

45. Martin IP. Persisten acquired childhood aphasia. In:

Fabbro F, editor. Neurogenic language disorders in

children. Oxford: Elsevier, 2004: 231–51.

46. Goeggel Simonetti B, Cavelti A, Arnold M, et al.

Long-term outcome after arterial ischemic stroke in

children and young adults. Neurology 2015; 84: 1941–7.

SES and Cognitive Outcome After Childhood Stroke Lisa Bartha-Doering et al. 471

https://doi.org/10.1007/s13679-020-00400-2
https://doi.org/10.1007/s13679-020-00400-2

