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Abstract

Introduction: We aimed to investigate the prevalence of cognitive impairment in the subacute phase after transient
ischemic attack (TIA) and ischemic stroke (IS), factors associated with a vascular cognitive disorder, and the prevalence
of subjective cognitive complaints and their relation with objective cognitive performance.

Patients and methods: In this multicenter prospective cohort study, we recruited patients with first-ever TIA and
IS, aged 18—49years, between 2013 and 2021 for cognitive assessment up to 6 months after index event. We calculated
composite Z-scores for seven cognitive domains. We defined cognitive impairment as a composite Z-score <-—1.5. We
defined major vascular cognitive disorder as a Z-score <-2.0 in one or more cognitive domains.

Results: Fifty three TIA and 545 IS patients completed cognitive assessment with mean time to assessment of 89.7 (SD
40.7) days. The median NIHSS at admission was 3 (interquartile range, |-5). Cognitive impairment was common in five
domains (up to 37%), with similar proportion in TIA and IS patients. Patients with major vascular cognitive disorder
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had a lower education level, higher NIHSS scores and more frequent lesions in the left frontotemporal lobe than
without vascular cognitive disorder (p <0.05 FDR-corrected). Subjective memory and executive cognitive complaints
were present in about two-thirds of the patients, but were weakly associated with objective cognitive performance (p:

—0.32 and -0.21, respectively).

Discussion and conclusion: In the subacute phase after TIA or stroke in young adults, cognitive impairment and
subjective cognitive complaints are prevalent, but they are weakly associated with each other.
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Cognitive impairment, stroke in young adults, neuropsychological tests, subjective cognitive complaints
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Introduction

Stroke in young adults affects at least 1.5million people
worldwide each year, with increasing incidence of stroke
globally.!? Many young patients with a stroke experience
lifelong disabling consequences, including cognitive
impairment.? Post-stroke cognitive impairment (PSCI) is
an important clinical outcome in young patients as it affects
their social life, quality of life and return to work, inde-
pendent of physical recovery.* However, data on PSCI in
young patients are scarce.

Few short term (acute phase up to 12months)*” and
long term (up to several years)>® studies showed worse
cognitive performance in patients with young stroke com-
pared to healthy controls on a wide range of cognitive
domains. Even in one-third of patients after a transient
ischemic attack (TIA) aged 4565 years, impairment in one
or more cognitive domains was present within 3 months
after their TIA.? However, earlier studies in the subacute
phase had a small sample size,>” did not cover all cognitive
domains,” included events with and without radiological
evidence,®® or only included infratentorial infarcts.® In
addition, subjective cognitive complaints are prevalent in
young adults measured in a small group of patients in the
subacute phase and up to years after stroke, but its relation
with objective cognitive impairment is uncertain.'*-!?

The goal of the present study therefore was (1) to inves-
tigate the cognitive performance prospectively covering all
cognitive domains in the subacute phase (till 6 months) after
a first-ever ischemic stroke (IS) or TIA with radiological
evidence in a large cohort of young patients, (2) to explore
clinical and radiological factors potentially associated with
a cognitive disorder, and (3) to assess the prevalence of sub-
jective cognitive complaints in the subacute phase and
whether they predict objective cognitive performance.

Patients and methods

Patients and study design

This study is part of the “Observational Dutch Young
Symptomatic StrokE studY” (ODYSSEY), a multicenter

prospective cohort study on the risk factors and prognosis
of patients with a stroke in young adults."> The present
study comprises patients with first-ever TIA or IS with radi-
ological evidence of cerebral ischemia, aged 18—49years,
included between May 2013 and February 2021. We
defined acute stroke as a rapidly evolving focal neurologi-
cal deficit, without positive phenomena, with a vascular
cause, lasting for more than 24 h. We defined TIA similarly
with a duration of clinical symptoms less than 24h with
radiological evidence of cerebral ischemia (tissue-based
definition). Exclusion criteria were a history of stroke, TIA,
retinal infarction, and cerebral venous sinus thrombosis.
Detailed information on the data collection is described
elsewhere.'® The Medical Review Ethics Committee region
Arnhem-Nijmegen approved the study. We obtained writ-
ten informed consent from all participants. If the patient
was unable to provide informed consent, consent was pro-
vided by the patient’s legally acceptable representative.

Cognitive assessment

Neuropsychological tests were administrated up to 6 months
after the index event. The cognitive assessment included
tests used in other large scale epidemiologic studies cover-
ing the most relevant cognitive domains.!*!> The following
cognitive domains were examined: Episodic memory
(3-trial version of the Rey Auditory Verbal Learning Test),
Processing speed (the written version of the Symbol-Digit
Modalities Test, the abbreviated Stroop Color Word Test,
parts I and II), Visuoconstruction (Rey-Osterrieth Complex
Figure (ROCF)-copy trial), Executive functioning (Fluency
test, Stroop interference score, Brixton Spatial Anticipation
Test), Visual neglect (Star Cancelation of the Behavioral
Inattention Test), Language deficits (Short Token Test),
Attention and working memory (Digit Span subtest from
the Wechsler adult Intelligence Scale — Fourth Edition).
Global cognitive functioning was examined with the Mini
Mental State Examination. If a specific test was not per-
formed due to technical problems, physical disability, cog-
nitive impairment that prevented the patient from
understanding the instruction, or refusal of the patient, only
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the reliable and valid administered tests were included.
Supplemental Table 2 provides the reasons for non-comple-
tion for each test. We calculated composite scores to
account for speed-accuracy trade-off on the Stroop test
(accuracy(%)/reaction time). We computed Stroop interfer-
ence by dividing the composite Stroop part 11 score by the
mean of the composite scores of parts I and II. To prevent
potential bias in scoring the ROCF, two researchers inde-
pendently rated 10% of the complex figures, with high
inter-rater reliability using the Pearson’s correlation coeffi-
cients (r,=0.95).'6

For most tests, we used the normative data from the
Advanced Neuropsychological Diagnostics Infrastructure
(ANDI) that includes data from up to 26,000 healthy indi-
viduals from all ages, enabling fine-grained adjustment for
age, sex and/or education level, where appropriate.!” For
the written version of the Symbol-Digit Modalities Test, we
used the normative data from the test manual (n=1307),'8
adjusted for age and education level. For the abbreviated
Stroop Color Word Test, we used age- and education-
matched control data from our earlier young-stroke study
(n=146).> We used healthy controls from another stroke
study for the Star Cancelation test (n=63)."

We converted raw test scores to Z-scores per test for
each participant based on the normative data from the
ANDI dataset, or based on the mean and the SD of control
data, adjusted for age and education level (age- and educa-
tion-adjusted normative mean: Z=0; SD=1). In four
patients, education level was missing, we used simple
imputation with the median (education category 5, i.e. mid-
dle school/secondary vocational training) for these missing
values. We corrected Z-scores >3 or <—-3 to 3 and —3
respectively, to correct for outliers. Next, averaging
Z-scores of cognitive tests that reflected the same cognitive
domain resulted in a composite Z-score per cognitive
domain. If one test of a particular domain was missing, the
domain score was based on the remaining tests of that
domain. We defined cognitive impairment on a test as a
Z-score of <—1.5 (i.e. reflecting a performance level of
more than 1.5 SD below the age- and education-adjusted
normative mean) on that particular test. We defined cogni-
tive impairment on a domain as a composite Z-score of
<—1.5 and a below average performance as a composite
Z-score between —1.0 and —1.5.2°

To compare patients on various clinical and radiological
parameters, we used the diagnostic criteria for vascular
cognitive disorder (VCD) of the International Society for
Vascular Behavioral and Cognitive Disorders (VASCOG).
We defined mild VCD as a composite Z-score of between
—1.5 and —2.0 in one or more cognitive domains (represent-
ing 4.4% of the normal population).”?! We defined major
VCD as a composite Z-score of <—2.0, in one more cogni-
tive domains (representing 2.3% of the normal population).
These criteria are more conservative and have a higher
specificity than the VASCOG cut-off criteria, which define

mild VCD as a Z-score in one or more cognitive domains
between —1.0 and —2.0.?2 This interval, however, represents
13.6% of the normal population, resulting in a poor speci-
ficity and the risk of a too high proportion of false positive
diagnoses.

Subjective cognitive assessment

We used a 15-item semi-structured interview on subjective
cognitive complaints, which has been applied in previous
research,'! to assess the presence of subjective cognitive
complaints in the past month. Subjective cognitive com-
plaints were considered present when a participant scored a
“2” (moderate) or higher on a scale of 0-3 on at least 1 item
or scored a “1” (present) on 1 item with dichotomous
answers. Next, we calculated the total scores of subjective
memory complaints (two questions with a 4-point scale and
8 questions witch dichotomous answers) and subjective
executive complaints (three questions with a 4-point scale).

Other measurements

We scored level of education with a Dutch scoring system,
using seven categories (l=Iless than primary school;
7=university degree),”® comparable with the UNESCO
international classification of education levels.?* Symptoms
of depression and fatigue were assessed using the Mini
International Neuropsychiatric Interview (MINI),? and the
subscale Subjective Fatigue of the revises Checklist on
Individual Strength (CIS-20R).%

We evaluated functional outcome at the time of the
cognitive assessment using the Barthel Index?’” and modi-
fied Rankins Scale (mRS).?® We defined good functional
outcome as a mRS score of 0—1 and a Barthel Index of
=85.

Furthermore, we assessed the etiology of stroke (based
on modified Trial of ORG 10172 in Acute Stroke Treatment;
TOAST)? and severity at discharge (National Institutes of
Health Stroke Scale; NIHSS)* retrospectively using a vali-
dated approach,’'*? because this scale was not used in all
medical files.

Lesion locations and vascular territories were visually
scored on the available imaging modalities.

We determined whether there was recurrent stroke
before the cognitive assessment based on patient records or
a telephone interview.

Statistical analyses

We performed all statistical analyses with RStudio 3.6.2
and IBM SPSS Statistics 25. We compared baseline char-
acteristics of patients with cognitive assessment and
patients without cognitive assessment using a Pearson’s
%2 test, Mann-Whitney U test, or Student’s ¢-test when
appropriate.
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We used one-sample #-test with one-tailed p-values for
the composite Z-scores of each cognitive domain in TIA
and IS patients separately to determine if they were lower
than the age, education and/or sex-adjusted control. We
investigated differences in composite Z-scores between
TIA and IS with Student’s 7-test. We used a one-way analy-
sis of covariance (ANCOVA) to determine whether there
were significant differences in composite Z-scores between
each stroke subtype adjusting for fatigue severity and
symptoms of depression.

We used a Pearson’s i test (or Fisher’s exact test when
an expected cell count was less than 5) to investigate dif-
ferences in TIA and IS patients in the proportion of par-
ticipants with a below average performance or cognitive
impairment.

We compared patients without VCD, with mild VCD
and major VCD using a one-way analysis of variance
(ANOVA), Pearson’s y° test or Kruskal-Wallis test when
appropriate. If there was a significant difference between
the groups, we used the Pearson’s y? test or the Mann-
Whitney U test to perform pairwise comparisons as post-
hoc analysis. Furthermore, we compared patients without
VCD, with mild VCD and major VCD on infarcts involving
the left frontotemporal lobe, left thalamus, or right parietal
lobe, since lesions in these locations are strongly associated
with post-stroke cognitive impairment.3?

We determined the prevalence of subjective memory com-
plaints and subjective executive complaints. Subsequently,
the distribution of the total scores of subjective memory and
executive complaints is reported as a measure of severity of
subjective complaints. The association between subjective
cognitive complaints and objective performance was calcu-
lated in two ways. First, we determined the association
between total scores of subjective memory complaints and
the domain score of attention and working memory, and
between subjective executive failure and the domain score of
executive functioning using linear regression, while adjusting
for depression and fatigue. Next, we determined the associa-
tion between the total scores of subjective cognitive com-
plaints and the number of cognitively impaired tasks, using
linear regression.

To explore the effect of differences in time from index
event to the neuropsychological assessment on the com-
posite Z-score in each domain we used Pearson correla-
tion analysis. Next, we performed a median split in “time
from index event to cognitive assessment” and compared
the groups with (1) the composite Z-scores in each domain
using a Student’s t-test and (2) the proportion of patients
with cognitive impairment on a domain using Pearson’s
x? test.

To correct for multiple comparisons, we applied a
Benjamini-Hochberg procedure, with false discovery rate
Q set at 0.05.3* We reported two-tailed p-values, unless the
use of a one-tailed p-value is specifically stated.

Baseline first-ever TIA or
ischemic stroke

population
n= 1322
Post-mortem inclusion
n=33
Deceased before
cognitive assessment
n=6
\ 4
Survivors
n=1283
No cognitive assessment
n=685
e Severely disabled
atients
—> P .

e Insufficient command
of the Dutch language

e Refused to participate

e Logisticreasons

\ 4

Baseline cognitive
assesement in first-ever
TIA or ischemic stroke
n=598

Figure |. Flowchart of the study population.

To investigate whether a recurrent event influenced the
results, we performed post-hoc analyses in which we con-
ducted all above described analyses after excluding patients
with a recurrent stroke before the first cognitive assessment.

Results

This study consisted of 53 TIA and 545 IS patients
(Figure 1). Baseline characteristics of the study population
are described in Table 1 and neuropsychological test scores
are presented in Table 2, both stratified by the type of event.
Mean age of patients at stroke onset was 41.7 (SD 7.7)
years, 48.2% were women, and the median NIHSS at
admission was 3 (interquartile range, 1-5). Mean time from
index event to cognitive assessment was 89.7 (SD 40.7)
days. Baseline characteristics of patients with (n=598) or
without cognitive assessment (n=685) are presented in
Supplemental table 1.
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Table I. Baseline characteristics.

All participants (n=598) TIA (n=53) Ischemic stroke (n=545)
Mean age at index event, years (SD) 41.7 (7.7) 393 (9.1) 41.9 (7.5)
Men, N (%) 310 (51.8) 25 (47.2) 285 (52.3)
Mean time to assessment, days (SD) 89.7 (40.7) 92.3 (43.4) 89.5 (40.4)
Lesion location, right/left, N (%)

Anterior 349 (58.4) 40 (75.5) 309 (56.7)
MCA 185(30.9)/149(24.9) 17(32.1)/22(41.5) 168(30.8)/127(23.3)
ACA 1 (0.2)/6 (1.0) 0 (0)/0 (0) 1 (0.2)/6 (1.1)
MCA and ACA 5 (0.8)/3(0.5) I (1.9)/0 (0) 4 (0.7)/3 (0.6)

Posterior 184 (30.8) 9 (17.0) 175 (32.1)

PCA 25 (4.2)/39 (6.5) I (1.9)/4 (7.5) 24 (4.4)/35 (6.4)
Vertebrobasilar 120 (20.1) 4 (7.5) 116 (21.3)

Watershed 3 (0.5)/4 (0.7) 0 (0)/ 0 (0) 3 (0.6)/4 (0.7)

Multiple 58 (9.7) 4 (7.5) 54 (9.9)
Median education level (IQR) 5 (5-6) 5 (5-6) 5 (5-6)
Median NIHSS score at admission (IQR) 3 (1-5) 0 (0-1) 3 (1-5)
Median NIHSS score at discharge (IQR) I (0-2) 0 (0-0) 1 (0-2)

Mean barthel Index at assessment (SD) 98.3 (7.0) 99.7 (1.2) 98.1 (7.4)

Good outcome (Bl =85), N (%) 550 (96.3) 51 (100) 499 (96.0)
Median mRS at assessment (IQR) I (1-2) 1 (0-1) I (1-2)

Good outcome (mRS 0-1), N (%) 377 (65.6) 43 (82.7) 334 (63.9)
Median MMSE (IQR) 28 (26-29) 28 (27-29) 28 (26-29)
MINI- symptoms of depression present, N (%) 54 (9.3) 3(5.7) 51 (9.7)

Mean CIS-20R-fatigue severity (SD) 329 (11.9) 32.8 (12.8) 329 (11.8)

Mild fatigue 27-35, N (%) 135 (27.7) 12 (26.1) 123 (27.8)

Severe fatigue =36, N (%) 205 (42.0) 19 (41.3) 186 (42.1)
TOAST, N (%)

Atherothrombotic 25 (4.2) 0 (0.0) 25 (4.6)

Likely atherothrombotic 70 (11.7) 4 (7.5) 66 (12.1)

Small vessel 85 (14.2) 3(5.7) 82 (15.0)

Cardioembolic 97 (16.2) 17 (32.1) 78 (14.7)

Rare causes 125 (20.9) 9 (17.0) 116 (21.3)

Multiple causes 37 (6.2) 4 (7.5) 33 (6.1)

Cryptogenic 159 (26.6) 16 (30.2) 143 (26.2)

IQR: interquartile range; MCA: Middle Cerebral Artery; ACA: Anterior Cerebral Artery; PCA: Posterior Cerebral Artery; NIHSS: National

Institutes of Health Stroke Scale; mRS: modified Rankin Scale; MMSE: Mini-Mental State Examination; MINI: Mini International Neuropsychiatric
Interview; CIS-20R: Checklist Individual Strength; TOAST: Trial of ORG 10172 in Acute Stroke Treatment.
Education category 5, i.e. middle school/secondary vocational training.
Missing data: NIHSS at admission 3 (0.5%); NIHSS at discharge 3 (0.5%); Barthel index 27 (4.5%); mRS 23 (3.8%); MMSE 32 (5.4%); MINI — symptoms

of depression 20 (3.3%); CIS-20R-fatigue 110 (18.4%).

Cognitive outcome after TIA or ischemic stroke

TIA and IS patients had a mean composite Z-score below
the normative mean on respectively 5 and 6 domains
(Figure 2). IS patients had worse cognitive performance
than TIA patients on processing speed (»p=0.001), visuo-
construction (p=0.002), executive functioning (p=0.004),
and visual neglect (p=0.02). After additional adjustment
for fatigue severity and symptoms of depression, IS patients
had worse cognitive performance than TIA patients on pro-
cessing speed (p=0.008) and visuoconstruction (p=0.007).
Time from index event to neuropsychological assessment
was not significantly associated with cognitive perfor-
mance in any of the domains. In addition, there were no

differences in composite Z-scores on any of the cognitive
domains using a median split in “time from index event to
cognitive assessment” (i.e. neuropsychological assessment
within 83 days vs after 83 days).

Below-average performance and cognitive
impairment after TIA or ischemic stroke

The percentage of patients with cognitive impairment on
each test is presented in Table 2. The total number of cogni-
tively impaired tests in a patient is described in Supplemental
Table 3. Among TIA and IS patients, there was a high pro-
portion of patients with below-average performance and
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Table 2. Raw neuropsychological test scores and percentage of patients with cognitive impairment on a test.

Cognitive domain & test  Participants ~ Percent cognitive TIA (n=53) Percent cognitive Ischemic stroke Percent cognitive

(n=598) impaired?® impaired?® (n=545) impaired®

Episodic memory

RAVLT trial 1-3 21.3 (6.2) 25.0 21.3 (4.5) 28.3 21.3 (6.3) 24.6

RAVLT delayed recall 6.7 (2.9) 20.6 6.7 (2.6) 10 6.7 (3.0 20.7
Processing speed

SDMT 49.9 (12.0) 27.3 55.0 (9.9) 154 49.4 (12.1) 28.5

Stroop part I° 4.2 (1.0) 23.1 4.5 (0.9) 7.8 4.1 (1.0 24.6

Stroop part II° 3.3(0.8) 234 3.6 (0.7) 9.8 3.3(0.8) 24.7
Visuoconstruction

ROCF copy 29.9 (4.7) 37.0 31.7 (3.7) 28.3 29.7 (4.8) 37.9
Executive functioning

Verbal fluency 19.4 (5.0) 135 20.6 (4.4) 9.4 19.2 (5.0) 13.9

Stroop interference®  0.57 (0.1) 7.0 0.59 (0.1) 0.0 0.57 (0.1) 40.0

Brixton test 12.7 (6.1) 8.4 11.0 (4.7) 1.9 12.9 (6.2) 9.1
Visual neglect

Star cancelation 53.6 (1.3) 6.8 53.9 (0.3) 0.0 53.6 (1.4) 7.5
Language deficits

Short token test 19.5 (1.9) 18.7 19.6 (2.2) 17.0 19.5 (1.9) 18.8
Attention and working memory

Digit span test 24.6 (5.1) 228 25.3 (4.8) 23.1 24.5 (5.1) 228

RAVLT: Rey Auditory Verbal Learning Test; SDMT: Symbol-Digit Modalities Test; ROCF: Rey-Osterrieth Complex Figure.

Data were expressed as mean (SD).

Test not valid/performed: RAVLT trial 1-3: n=9 (1.5%); RAVLT delayed recall n=19 (3.2%); SDMT n=237 (6.2%); Stroop part | n=26 (4.3%); Stroop
part Il n=25 (4.2%); ROCF copy n=31 (5.2%); Verbal fluency n= 13 (2.2%); Stroop interference n=29 (4.8%); Brixton test n=17 (2.8%); Star cancel-
ation n=14 (2.3%); Short token test n=30 (5.0%); Digit span test n=28 (4.7%).

?Percent cognitive impaired: the percentage of the patients with a Z-score of <—1.5 on the test.

bSpeed-accuracy composite score.

Higher scores indicate better performance on all measures, except for the Brixton test (number of errors).

Episodic memary Processing speed Visuoconstruction  Executive functioning Visual neglect Language deficits fienton andiworking

memory
05- ]
£ oo- ]
Q
2
N
@
£
3
[=]
o
£
o
O.0s
10-
TIA IS TIA IS TIA 1S TIA 1S TIA IS TIA 1S TIA 1S

Baseline event

Figure 2. Cognitive performance after first-ever TIA or ischemic stroke.

Cognitive performance after TIA or ischemic stroke in young adults. Mean composite Z-score (95% confidence interval) per cognitive domain.
Z-scores were based on the raw scores of our patients compared with a control group or normative data. IS: ischemic stroke. Missing values in dif-
ferent domains: 0.2%-5.7%.
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Figure 3. Below average performance and cognitive impairment stratified by event.
The proportion of patients (%) with TIA and ischemic stroke at young age with below average performance (composite Z-score between —1.5 and
—1.0) or a cognitive impairment (composite Z-score <-1.5). IS: ischemic stroke.

cognitive impairment (Figure 3). Cognitive impairment in
episodic memory (21.4%), processing speed (23.3%), visu-
oconstruction (37.0%), language deficits (18.7%), and
attention and working memory (22.8%) were most com-
mon. There were no significant differences between TIA
and IS patients in the proportion of patients with below-
average performance or cognitive impairment. There were
no significant differences between patients who completed
the cognitive assessment within 83 days after the event ver-
sus more than 83 days after the event with respect to the
proportion of patients with a cognitive impairment.

Mild and major vascular cognitive disorder

30.2% of TIA patients had mild VCD and 28.3% had major
VCD. In IS patients, the prevalence of mild and major VCD
was 33.8% and 34.3% respectively. Differences in baseline
and imaging characteristics between patients without VCD,
mild VCD and major VCD are described in Table 3. Patients
with major VCD had a lower education level, had more fre-
quent lesions in the left frontotemporal lobe, a higher
NIHSS score at admission and at discharge than patients
without VCD (all p <0.05 FDR-corrected).

Subjective cognitive complaints

Subjective memory complaints were present in 60.4% of
the TIA patients and 71.5% of the IS patients. Subjective
executive complaints were present in 45.3% of the TIA and
63.5% of the IS patients. Supplemental Figure 1 shows the
distribution of total scores of subjective memory and exec-
utive complaints. Higher scores of subjective memory com-
plaints were associated with lower cognitive performance

on the cognitive domain attention and working memory in
the overall study population (B: —0.32, p<<0.001) and for
the IS patients (B: —0.34, p<<0.001), but not for TIA
patients. However, the effect sizes were small with an
R, jiusica ©F 0.10 and 0.11, respectively. Higher scores of the
subjective executive complaints were associated with lower
cognitive performance on the cognitive domain executive
functioning in the overall study population (B: —0.21,
»<<0.001) and for the IS patients (: —0.20, p <0.001), but
not for TIA patients. Again, the effect sizes were small with
an R2adjusled of 0.04 in both the analyses. Supplemental
Figure 2 shows the association between the total scores of
subjective cognitive complaints and the number of cogni-
tively impaired tasks. The effect size of this relation is
small, with an R? of 0.06 (p <0.05).

Recurrent stroke

After excluding patients who had a recurrent TIA (n=4) or
IS (n=24) before the cognitive assessment, we no longer
found a significant difference in cognitive performance
between TIA and IS on processing speed, after adjustment
for fatigue severity and symptoms of depression. In addi-
tion, we found a lower proportion of patients with symp-
toms of depression in the group without VCD compared to
the group with mild VCD (p=0.015). Excluding patients
with a recurrent stroke did not influence the other results.

Discussion

In this large prospective study in young patients with TIA
or IS, we found that (1) a high proportion of both TIA and
IS patients showed worse cognitive performance on a wide
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Table 3. Patients with mild and major vascular cognitive disorder and no cognitive disorder.

Characteristics

Without VCD (0= 196)

Mild VCD (n=200)  Major VCD (n=202)

Mean age at index event, years (SD) 42.6 (6.9)
Mean time to assessment, days (SD) 93.4 (42.0)
Median education level (IQR)? 5 (5-6)
Ischemic stroke, N (%) 174 (88.8)
Territorial lesion, N (%) 144 (73.5)
Lesion location, N (%)
Left frontotemporal lobe® 36 (18.4)
Left thalamus 18 (9.2)
Right parietal lobe 19 (9.7)
Median NIHSS score at admission (IQR)¢ 2 (1-5)
Median NIHSS score at discharge (IQR)? 0 (0-2)
Thrombolysis, N (%) 52 (26.6)
Thrombectomy, N (%) 13 (6.6)
Bl good outcome (=85), N (%) 185 (96.9)
mRS good outcome (0-1), N (%) 135 (70.7)
MINI - symptoms of depression present, N (%) 10 (5.2)
Mean CIS-20R-fatigue severity, (SD) 314 (11.7)
Mild fatigue 27-35, N (%) 45 (26.5)
Severe fatigue =36, N (%) 66 (38.8)
TOAST, N (%)
Atherothrombotic 7 (3.6)
Likely atherothrombotic 21 (10.7)
Small vessel 25 (12.8)
Cardioembolic 38 (194)
Rare causes 41 (20.9)
Multiple causes 13 (6.6)
Cryptogenic 51 (26.0)

423 (7.0) 445 (8.8)
89.6 (42.3) 86.3 (37.5)
5 (5-6) 5 (5-6)
184 (92.0) 187 (92.6)
150 (75.0) 151 (74.8)
38 (19.0) 58 (28.7)
20 (10.0) 15 (7.4)
29 (14.5) 29 (14.4)
2 (1-5) 3 (1-6)
| (0-2) I (0-3)
52 (26.1) 47 (232)
9 (4.5) 16 (7.9)
187 (97.9) 178 (94.2)
128 (66.0) 114 (60.0)
23 (11.8) 21 (11.1)
33.1 (11.8) 33.5 (12.2)
45 (27.4) 45 (29.2)
70 (42.7) 69 (44.8)
6 (3.0) 12 (5.9)
26 (13.0) 23 (11.4)
28 (14.0) 32 (15.8)
31 (15.5) 28 (13.9)
36 (18.0) 48 (23.8)
15 (7.5) 9 (4.5)
58 (29.0) 50 (24.8)

IQR: interquartile range. VCD: vascular cognitive disorder; NIHSS: National Institutes of Health Stroke Scale; Bl: Barthel Index; mRS: modified
Rankin Scale; MINI: Mini International Neuropsychiatric Interview; CIS-20R: Checklist Individual Strength.

Education category 5, i.e. middle school/secondary vocational training.

Missing data: NIHSS at admission three (0.5%); NIHSS at discharge 3 (0.5%); thrombolysis 2 (0.3%); thrombectomy 2 (0.3%); Barthel index 27
(4.5%); mRS 23 (3.8%); MINI- symptoms of depression 20 (3.3%); CIS-20R-fatigue |10 (18.4%).

?Indicating significant difference between without VCD and mild VCD, and without VCD and major VCD after Benjamini-Hochberg correction.
PIndicating significant difference between without VCD and major VCD, and mild VCD and major VCD after Benjamini-Hochberg correction.
‘Indicating significant difference between without VCD and major VCD after Benjamini-Hochberg correction.

range of cognitive domains in the subacute phase (up to
6 months after index event) compared to healthy controls,
(2) higher NIHSS score at admission and discharge, stroke
lesion in the left frontal lobe and lower education level
were more common in patients with a major VCD than in
patients without VCD, and (3) subjective cognitive com-
plaints were prevalent, but were weakly associated with
objective cognitive performance.

This study has multiple strengths. First, this is a multi-
center prospective study with large sample size consisting
of first-ever TIA and IS patients at a young age. Second,
both TIA and IS were supported by radiological evidence,
which reduces the risk of stroke mimics. Third, we used
extensive neuropsychological testing (though a weakness is
that this may prevent people from participating because of
the extensiveness of the examination), as well as compre-
hensive questionnaires on mood and subjective cognitive
complaints, with limited missing data. Finally, we used the

normative data from the ANDI database, containing scores
on neuropsychological tests from a large group of healthy
controls.

However, several limitations need to be addressed. First,
cognitive data of patients who were unable (for example
severe aphasia) or refused to participate were lacking. This
selection bias could affect the results, as patients without
cognitive assessment had higher NIHSS scores at admission
and discharge, but we expect that this bias, if any, would
most likely lead to underestimation of the actual deficits. A
shorter domain-specific assessment such as the Oxford
Cognitive Screen,® less confounded by aphasia, may be
used in future research to get an estimate of the cognitive
status of individuals unable to complete a full comprehen-
sive neuropsychological assessment. Second, due to logistic
reasons, not all the neuropsychological tests were performed
at the exact same time point after stroke. Time between the
stroke and neuropsychological assessment might affect the
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cognitive performance, as recovery may have occurred in
some patients. Nevertheless, all cognitive tests were per-
formed within 6 months after the event and time from index
event to assessment was unrelated to the test performance
nor was it different between without, mild, and major cogni-
tive disorder. Third, premorbid cognitive performance of
our patients is unknown. However, all patients are under the
age of 50 and we expect that other neurodegenerative disor-
ders will be negligible. Fourth, the lack of a strong associa-
tion between subjective cognitive complaints and objective
cognitive performance could have been due to the instru-
ment used to measure it, as the semi-structured interview on
subjective cognitive complaints is a generic instrument. A
stroke-specific instrument, such as the Checklist of
Cognitive an Emotional Consequences after stroke (CLCE-
24), may be more preferable for future studies.'? Finally, our
patients with stroke at young age scored well on the Star
Cancelation test, leading to better performance on visual
neglect compared to controls. For this test, we used a control
group as reference, who were on average older than ours."”
However, the main advantage of using this control group is
to obtain a continuous outcome measure.

We showed that cognitive impairment was common in
young patients after IS and TIA with an equal proportion of
patients with a below average performance and cognitive
impairment. This suggest that TIA patients exhibit cogni-
tive impairment similar to IS patients, even after full recov-
ery from focal neurological symptoms. In our study, all TIA
patients had recent cerebral ischemia on MRI. This could
cause temporary or permanent disruption of the brain net-
work, resulting in cognitive impairment. In addition, anxi-
ety, depression, and fatigue may also contribute to cognitive
impairment.

Consistent with other studies with similar severity of
stroke in terms of NIHSS and mRS, deficits in memory,
language deficits, attention, and especially processing
speed were most common.>>7° Our patients performed
relatively well on executive functioning. This domain is
partly evaluated based on the performance of the Stroop
parts I and II, which was scored relatively low in a high
proportion of participants, resulting in relatively unim-
paired Stroop interference scores. In addition, another
explanation for this result is the use and the timing of differ-
ent subtests and operationalization of the executive domain
in studies,>’ which may result in different outcomes. For
instance, both our Stroop interference score (which adjusts
for baseline processing speed by computing a ratio score)
and the Brixton test (which is not timed and does not require
a motor response) are not confounded by the patients’ pro-
cessing speed deficits, making them a more process-pure
measure of executive function.

The results of this study provide evidence for high prev-
alence of mild or major VCD in the subacute phase. Up to
two-third of our patients had mild or major VCD, even after
using strict criteria for VCD with a higher specificity.
Factors that are related to major VCD, are lower education

level, higher NIHSS scores at admission and at discharge
and lesions in the left frontotemporal lobe. Previous studies
have found that left hemisphere stroke is more frequent
associated with cognitive impairment.> This may be
explained by the involvement of language area as the most
cognitive tests are heavily language-based. Note that in this
study, we only scored lesion locations visually. Lesion
symptom mapping might be more specific to support this
hypothesis. In addition, disrupted brain network involved
in cognitive process due to strategic infarct locations and
lower remote white matter integrity could lead to the devel-
opment of PSCI.3*3¢ These findings suggest that if one of
these factors is present, clinicians should be aware that
PSCI might be present.

Subjective memory and executive complaints were pre-
sent in about two-third of the participants. The high preva-
lence of subjective cognitive complaints may be due to the
cut-off values (i.e. one positive answer already results in
classification as “subjective cognitive failures present.”
This makes it a very sensitive method for assessing subjec-
tive cognitive complaints, but not very specific.

The subjective cognitive complaints scores were only
weakly associated with objective cognitive performance.
This suggests that in addition to objective cognitive impair-
ment other factors, including distress-related psychological
factors, coping and personality traits,>”*® may also be linked
to subjective cognitive complaints. Interventions such as
psycho-education, physical therapy and cognitive rehabilita-
tion and cognitive rehabilitation might be a valuable addition
to stroke rehabilitation reducing subjective cognitive com-
plaints.>” This highlights the importance of the evaluation of
objective and subjective cognitive performance in the first
few months after the stroke, since these information may
helpful to provide adequate patient-centered stroke care.

Conclusion

In conclusion, we showed that cognitive impairment on a
wide range of cognitive domains and subjective cognitive
complaints were prevalent in young patients after TIA and
IS. However, they are only weakly associated with each
other. Both neuropsychological assessment in the (sub)
acute phase and subjective cognitive assessment may be
considered in young stroke and TIA patients to obtain
detailed information regarding the cognitive deficits. Future
research projects should focus on the temporal dynamics of
cognitive impairment after stroke and factors associated
with cognitive impairment (including the role of strategic
infarct locations), but also with cognitive recovery. This
information might be important for patients and caregivers,
as well as for the treating rehabilitation team.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of inter-
est with respect to the research, authorship, and/or publication of
this article: AT is a junior staff member of the Dutch Heart



292

European Stroke Journal 8(1)

Foundation (grant number 2016T044). FEL has received a VIDI
grant (016-126-351); and the Clinical established investigator
Dutch Heart Foundation grant (2014 T060). MW has received a
VIDI grant (9171337) of the ZonMw/NWO and the Clinical
established investigator Dutch Heart Foundation grant
(2016T86).

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Ethical approval

The Medical Review Ethics Committee region Arnhem-Nijmegen
approved the study.

Informed consent

We obtained written informed consent from all participants.

Guarantor
MS

Contributorship

MS researched literature, did data analysis, wrote the first draft of
the manuscript. RA, MA, FEL, RK were involved in protocol
development. FEL gained ethical approval. All authors were
involved in patient recruitment. All authors reviewed and edited
the manuscript and approved the final version of the manuscript.

ORCID iDs

Mijntje MI Schellekens https://orcid.org/0000-0001-8757-
619X

Esther M Boot https://orcid.org/0000-0002-5561-9869

Jamie I Verhoeven
Merel S Ekker

Sarah E Vermeer

https://orcid.org/0000-0002-1229-3715
https://orcid.org/0000-0001-6598-2218
https://orcid.org/0000-0002-1237-1779

Data availability statement

Qualified investigators may request access to anonymized indi-
vidual patient data.

Supplemental material

Supplemental material for this article is available online.

References

1. Kissela BM, Khoury JC, Alwell K, et al. Age at stroke: tem-
poral trends in stroke incidence in a large, biracial popula-
tion. Neurology 2012; 79: 1781-1787.

2. Ekker MS, Verhoeven JI, Vaartjes I, et al. Stroke incidence
in young adults according to age, subtype, sex, and time
trends. Neurology 2019; 92: e2444—e2454.

3. Schaapsmeerders P, Maaijwee NA, van Dijk EJ, et al. Long-
term cognitive impairment after first-ever ischemic stroke in
young adults. Stroke 2013; 44: 1621-1628.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Edwards JD, Kapoor A, Linkewich E, et al. Return to work
after young stroke: a systematic review. Int J Stroke 2018;
13:243-256.

Cao M, Ferrari M, Patella R, et al. Neuropsychological find-
ings in young-adult stroke patients. Arch Clin Neuropsychol
2007; 22: 133-142.

Malm J, Kristensen B, Karlsson T, et al. Cognitive impair-
ment in young adults with infratentorial infarcts. Neurology
1998; 51: 433-440.

Pinter D, Enzinger C, Gattringer T, et al. Prevalence and
short-term changes of cognitive dysfunction in young ischae-
mic stroke patients. Eur J Neurol 2019; 26: 727-732.

de Bruijn MA, Synhaeve NE, van Rijsbergen MW, et al.
Long-term cognitive outcome of ischaemic stroke in young
adults. Cerebrovasc Dis 2014; 37: 376-381.

van Rooij FG, Schaapsmeerders P, Maaijwee NA, et al.
Persistent cognitive impairment after transient ischemic
attack. Stroke 2014; 45: 2270-2274.

Duits A, Munnecom T, van Heugten C, et al. Cognitive com-
plaints in the early phase after stroke are not indicative of cognitive
impairment. J Neurol Neurosurg Psychiatry 2008; 79: 143—146.
Maaijwee NA, Schaapsmeerders P, Rutten-Jacobs LC, et al.
Subjective cognitive failures after stroke in young adults:
prevalent but not related to cognitive impairment. J Neurol
2014; 261: 1300-1308.

van Rijsbergen MW, Mark RE, de Kort PL, et al. Prevalence
and profile of poststroke subjective cognitive complaints. J
Stroke Cerebrovasc Dis 2015; 24: 1823—1831.

Arntz RM, van Alebeek ME, Synhaeve NE, et al.
Observational Dutch Young Symptomatic StrokE studY
(ODYSSEY): study rationale and protocol of a multicentre
prospective cohort study. BMC Neurol 2014; 14: 55.

de Groot JC, de Leeuw FE, Oudkerk M, et al. Cerebral white
matter lesions and cognitive function: the Rotterdam Scan
Study. Ann Neurol 2000; 47: 145-151.

Moller J, Cluitmans P, Rasmussen L, et al. Long-term post-
operative cognitive dysfunction in the elderly: ISPOCDI1
study. Lancet 1998; 351: 857-861.

Meyers JE and Meyers KR. Rey complex figure test and rec-
ognition trial. Lutz: PAR.

de Vent NR, Agelink van Rentergem JA, Schmand BA, et al.
Advanced Neuropsychological Diagnostics Infrastructure
(ANDI): a normative database created from control datasets.
Front Psychol 2016; 7: 1601.

Smith A. SDMT symbol digit modalities test. Amsterdam:
Hogrefe Uitgevers B.V, 2010.

Nys GM, van Zandvoort MJ, van der Worp HB, et al.
Neuropsychological and neuroanatomical correlates of per-
severative responses in subacute stroke. Brain 2006; 129:
2148-2157.

Sachdev PS, Brodaty H, Valenzuela MJ, et al. The neuropsy-
chological profile of vascular cognitive impairment in stroke
and TIA patients. Neurology 2004; 62: 912-919.

Jak AJ, Bondi MW, Delano-Wood L, et al. Quantification of
five neuropsychological approaches to defining mild cogni-
tive impairment. Am J Geriatr Psychiatry 2009; 17: 368-375.
Sachdev P, Kalaria R, O’Brien J, et al. Diagnostic criteria
for vascular cognitive disorders: a VASCOG statement.
Alzheimer Dis Assoc Disord 2014; 28: 206-218.


https://orcid.org/0000-0001-8757-619X
https://orcid.org/0000-0001-8757-619X
https://orcid.org/0000-0002-5561-9869
https://orcid.org/0000-0002-1229-3715
https://orcid.org/0000-0001-6598-2218
https://orcid.org/0000-0002-1237-1779

Schellekens et al.

293

23.

24.

25.

26.

27.

28.

29.

30.

Verhage F. Intelligence and age in adults. Assen: Van
Gorcum, 1964.

UNESCO. International  Standard  Classification  of
Education (ISCED 2011). Montreal, QC: UNESCO Institute
for Statistics, 2011.

Sheehan DV, Lecrubier Y, Sheehan KH, et al. The mini-inter-
national Neuropsychiatric Interview (M.L.N.1.): the develop-
ment and validation of a structured diagnostic psychiatric
interview for DSM-IV and ICD-10. J Clin Psychiatry 1998;
59 Suppl 20: 22-33;quiz 34-57.

Vercoulen JH, Swanink CM, Fennis JF, et al. Dimensional
assessment of chronic fatigue syndrome. J Psychosom Res
1994; 38: 383-392.

Mahoney FI and Barthel DW. Functional Evaluation: the
Barthel index. Md State Med J 1965; 14: 61-65.

van Swieten JC, Koudstaal PJ, Visser MC, et al. Interobserver
agreement for the assessment of handicap in stroke patients.
Stroke 1988; 19: 604-607.

Bousser MG, Amarenco P, Chamorro A, et al. The preven-
tion of cerebrovascular and cardiovascular events of ischemic
origin with terutroban in patients with a history of ischemic
stroke or transient ischemic attack (PERFORM) study: base-
line characteristics of the population. Cerebrovasc Dis 2009;
27: 608-613.

Brott T, Adams HP Jr, Olinger CP, et al. Measurements of
acute cerebral infarction: a clinical examination scale. Stroke
1989; 20: 864-870.

31.

32.

33.

34.

35.

36.

37.

38.

Kasner SE, Chalela JA, Luciano JM, et al. Reliability and
validity of estimating the NIH stroke scale score from medi-
cal records. Stroke 1999; 30: 1534-1537.

Williams LS, Yilmaz EY and Lopez-Yunez AM.
Retrospective assessment of initial stroke severity with the
NIH stroke scale. Stroke 2000; 31: 858—-862.

Weaver NA, Kuijf HJ, Aben HP, et al. Strategic infarct loca-
tions for post-stroke cognitive impairment: a pooled analy-
sis of individual patient data from 12 acute ischaemic stroke
cohorts. Lancet Neurol 2021; 20: 448-459.

McDonald JH. Handbook of biological statistics. 3rd ed.
Baltimore, MD: Sparky House Publishing, 2014.

Demeyere N, Riddoch MJ, Slavkova ED, et al. The Oxford
Cognitive Screen (OCS): validation of a stroke-specific short
cognitive screening tool. Psychol Assess 2015; 27: 883—894.
Schaapsmeerders P, Tuladhar AM, Arntz RM, et al. Remote
lower white matter integrity increases the risk of long-term
cognitive impairment after ischemic stroke in young adults.
Stroke 2016; 47: 2517-2525.

van Rijsbergen MWA, Mark RE, Kop WJ, etal. Psychological
factors and subjective cognitive complaints after stroke:
beyond depression and anxiety. Neuropsychol Rehabil 2019;
29: 1671-1684.

Nijsse B, van Heugten CM, van Mierlo ML, et al
Psychological factors are associated with subjective cogni-
tive complaints 2 months post-stroke. Neuropsychol Rehabil
2017;27: 99-115.



