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Abstract

Background: We have recently demonstrated significant general cognitive recovery with delayed improvement
of working memory 10 years after stroke in a unique longitudinal cohort.

Aim: This study investigated demographic and clinical characteristics relevant to improved cognitive functions
10-year after a first-ever stroke.

Materials and Methods: A prospective longitudinal cohort study was carried out in 38 middle-aged (mean age
=54 at stroke onset) stroke survivors. Cognition was assessed thrice at one week, seven months, and ten years
after the stroke. Working memory and visuospatial function were assessed with the Digit Span and Block Design
subtests, respectively. General cognition was evaluated with the Mini-Mental State Examination at the two later
time points. Multivariate linear regression was used to identify the variables that may significantly predict
improved cognitive functions at 10-year follow-up.

Results: We found that having a full-time job prior to the stroke, suffering an ischemic (as opposed to a
hemorrhagic) stroke, and having a university education predicted significantly superior general cognitive
function 10 years after stroke (R? of 0.77, p <0.001), while working memory and visuospatial function at 1 week
after stroke significantly predicted their respective functions at 10-year follow-up (R? of 0.41, p = 0.003).

Conclusions: Our results indicate that premorbid employment status and higher education as well as having
suffered from an ischemic rather than a hemorrhagic stroke might predict superior cognitive recovery among
middle-aged individuals 10 years after stroke.
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Introduction

systematic review and meta-analysis demonstrated that greater cognitive
impairment among individuals after stroke onset results in more severe
limitations in their ability to complete both basic and complex activities
of daily living and participate in work, social, and leisure activities [7].
These associations have been observed not only for general cognitive
impairment, but also for various cognitive domains [7].

Cognitive impairment is frequent among stroke survivors and contributes
significantly to their disabilities [1, 2]. Various cognitive impairments —
including in orientation, memory, abstract reasoning, visuospatial ability,
verbal fluency, attention, processing speed, and language [3-5] — have
been reported in both the acute [4] and chronic phase [2] after stroke.
Stroke is also associated with the development of dementia [6]. A recent
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The severity of cognitive impairment and extent of recovery after stroke
depend on each patient’s premorbid capacity, as well as on the
characteristics of the stroke. In addition to common vascular risk factors
[8, 9], a recent study has demonstrated that having obtained higher
education and having an occupation are associated with less cognitive
impairment and a more rapid recovery of cognitive function after stroke
[10]. This is consistent with a meta-analysis that found that having fewer
years of formal education was positively associated with post-stroke
cognitive decline [11]. The effects of education and occupation on post-
stroke cognitive improvements might be explained by the notion of
cognitive reserve [12], the brain’s capacity to minimize the clinical
manifestations of brain pathology [13, 14].

The results of studies on the effect of stroke subtype on post-stroke
cognitive impairment have been inconsistent [15, 16]. A study that
included 2847 patients showed that cognitive impairments are more
common after lacunar infarct [17] and that a similar proportion of patients
with lacunar and non-lacunar stroke have mild cognitive impairment or
dementia up to four years after stroke [18]. Further, a recent Nor-COAST
study demonstrated that cognitive impairments are common in all stroke
subtypes, with impairment of attention being dominant among the
subgroup of individuals with large artery disease and cardioembolic
stroke [15]. Hemorrhagic strokes are less common than ischemic strokes
and are associated with high mortality [19], which may explain the
scarcity of cognitive data from hemorrhagic stroke patients.

We have recently demonstrated significant general cognitive recovery
with delayed improvement of working memory 10 years after stroke in a
unique longitudinal cohort comprising 38 middle-aged individuals (aged
18-65 at stroke onset) [20, 21]. Visuospatial function recovered earlier
than working memory, with evidence of recovery already observed at 7
months, and remained stable at 10-year follow-up. Language disorder, as
assessed with D-KEFS-FAS, showed no significant alteration over the 10-
year follow-up [20]. However, such very long-term follow-up studies are
rare, and alterations in cognitive impairment after stroke remain
overlooked [2]. Our data on improvement in working memory among
persons with stroke is consistent with the recent Nor-COAST study [15],
which demonstrated improvements in working memory among both
middle-aged and elderly stroke patients despite the fact that age-related
decline in working memory has been well demonstrated [22].
Interestingly, a higher level of education and having an occupation were
associated with more cognitive recovery after stroke in a KOSCO study
[10]. Together with other studies, the results of our previous study [20,
21] suggested that full long-term cognitive recovery is possible in
individuals after stroke. To our knowledge, no organized cognitive
rehabilitation was provided after the initial hospitalization in the current
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cohort; thus, participants’ struggle to be active and/or live independently
in their daily lives may be a crucial element in their cognitive
improvements. This is reason why we hypothesize various demographic
and clinical characteristics in this unique cohort may play some roles in
the cognitive improvements.

The current study aimed to investigate which demographic and clinical
characteristics are important for cognitive recoveries in middle-aged first-
ever stroke survivors. Based on the results of previous studies, the null
hypotheses were that length of education, employment status before and
after stroke, stroke subtype, and demographic data would have no
predictive value on cognitive improvements at 10-year follow-up in this
cohort.

Materials and Methods
Study design

This single-center study was a prospective, longitudinal cohort study of
stroke survivors with three consecutive follow-ups over a 10-year period
after a first-ever stroke. The cognitive functions of stroke survivors were
assessed prospectively at 10-year follow-up, then compared
retrospectively with data collected one week and seven months after the
time of stroke.

Ethical approval was obtained from the regional Ethical Review Board in
Ume&, Sweden, D-nr 2015/144-31.

Recruitment and participants

The study was conducted at the Department of Neuro-Rehabilitation,
University Hospital of Umea. All middle-aged patients (18 to 65 years of
age at the time of stroke) who had suffered a first-ever stroke between
January 2004 and December 2007 and undergone neuropsychological
assessments (NPA) at one- and 7-month after stroke. These data were
collected from the medical journal. Only 10-year assessments were
carried out prospectively. The participants were informed about the study
and provided with written consent forms via letter, and research staff
made contact with all eligible patients via telephone to improve the
recruitment rate. Patients with severe dementia, severe aphasia, severe
comorbidity, recurrence of stroke or transient ischemic attack, or other
physical or psychiatric disease after first-ever stroke, along with those
who were not community dwelling adults, were excluded [20]. After a
thorough recruitment process taking place from 2015 to 2016, 49 of the
total 102 middle-aged first-ever stroke patients with acute NPAs declined
to participate and 15 others were excluded for a variety of reasons (Figure
1). Thus, our study included 38 stroke survivors with previous NPAs, all
of whom provided their written, informed consent to participate in the 10-
year follow-up. All were native Swedish citizens.
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Recruitment with letter and telephone calls
n =102

Excluded (n=15)
- Severe dementia, n=3
- Severe comorbidity, n=6

- Recurrent TIA/Stroke, n=2

R
- Aphasia /Dysphasia, n =2
- With meningitis, n=1
- With alcoholism, n=1
Declined ( n=49)
) - Feel stressful, n= 10

- Feelgood, n=8

- Moved from study area, n=5
- Noanswer,n=1

- No given reason, n= 25

10 years follow-up, n = 38

Figure 1: Flowchart showing inclusion process

Basic demographic and clinical characteristics

Baseline data were collected from the Riksstroke registry and patients’
medical records. The clinical data, premorbid education level, and
employment, as well as patients’ status of fatigue, depression, and
anxiety, were prospectively collected using various questionnaires one
month prior to the scheduled appointment for NPAs at 10-year follow-up.
Premorbid education level was collected, and higher education was
predefined as more than or equal to 12 years of education and lower
education was defined as less than or between 9 and 12 years of education.
Employment status prior to stroke and at one year and ten years after
stroke was also collected [20] (Figure 2). The questionnaires used in the
study are described in detail below.

The Fatigue Assessment Scale (FAS) is a self-report questionnaire used
to identify symptoms of chronic fatigue [23] affecting a patient’s daily
activity. It consists of 10 questions addressing both physical and mental
problems associated with fatigue and has a maximum score of 50 points,
with higher scores indicating greater degrees of fatigue. The cutoff for
post-stroke fatigue was set at 24 points [24]: scores of 24 and higher
indicated that the patient had fatigue.

Depression was assessed with the Beck Depression Inventory-11 (BDI-I1)
[25], a self-rating scale that measures depression in adults and
adolescents. The test contains 21 questions, each of which is answered
with a single score on a 0-3 scale. Higher total scores indicate more severe
depressive symptoms. The standardized cutoffs of the BDI-II are <13 for
minimal depression, 14-19 for mild depression, 20-28 for moderate
depression, and 29-63 for severe depression.

Anxiety was assessed with the Beck Anxiety Inventory (BAI) [26], a 21-
item multiple-choice self-report assessment. Each answer is given as a
score describing how much the patient has suffered from a particular
symptom, with the scale ranging from 0 (not at all) to 3 (severely). Higher
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total scores indicate more severe anxiety symptoms. The standardized
cutoffs are <7 for minimal anxiety, 8-15 for mild anxiety, 16-25 for
moderate anxiety, and 26-63 for severe anxiety.

The simplified modified Rankin Scale questionnaire (mRS) is
a standardized, practical, and validated questionnaire for the reliable
assessment of a person’s functional and disability status [27, 28]. The
assessed patient answers five questions with either ‘yes’ or ‘no’; by
following their answers on the associated decision tree—like flowchart, a
value on a scale from 0 (no symptoms) to 5 (total physical dependence) is
arrived at. Scores of 2 or less are considered to indicate total independence
[28].

Cognitive function assessments

To assess general cognitive functioning, the Mini-Mental State
Examination (MMSE) was carried out for each patient immediately prior
to administering the NPA. The MMSE was used at the 7-month post-
stroke assessment as a clinical routine more than 10 years prior to the
current study (Figure 2). Although it has limitations [29] and the total
score of the Wechsler Adult Intelligence Scale (WAIS) can be used as a
global cognitive composite score, we chose to use the MMSE because it
is considered the gold standard for assessment of global cognitive
function.

Domain-specific cognition was assessed by NPA thrice, at one week,
seven months, and ten years after stroke (Figure 2). NPA data collected
at one week and seven months after stroke onset were retrospectively
gathered from the medical records. Working memory and visuospatial
function were assessed with the Digit Span and Block Design subtests
from the WAIS, respectively. The reasons for the initial NPA at the earlier
time points were unknown to us. However, the assessments were
performed for clinical reasons and may have been determined by the
patients’ ability to be assessed and access to a psychologist at that time.
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NPAs were often carried out within one week after stroke debut. Some of
the participants were assessed again at approximately 7 months (IQR 2—
10) after stroke. Four assessors who were blinded to the results of the
assessments that had been performed 10 years ago were involved in the
study. The full test battery took approximately 2—-3 hours, with a 30-
minute break and refreshments in the middle of the assessment. To ensure
comparability, the tests administered at the 10-year follow-up were
selected based on the tests that had been used at the initial assessment in
the year of the stroke. It should be noted that the revised WAIS (WAIS-
R) and WAIS-I1I were replaced by the WAIS-IV at the 10-year follow-
up. This is because the previous version of WAIS was no longer available
to us. Previous validation studies have shown that the WAIS-1V follows

Stroke 1 week 7 months

X

MMSE
NPA
Data collected
retrospectively from
the medical journals

NPA

Time post-stroke
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the same structure as both the WAIS-111 and WAIS-R [30], with a very
high correlation between subscales (r = .82-94) [31]. Swedish norms for
the WAIS-IV were used as a control [31].

Changes in cognitive functions over the 10 years after a stroke have
previously been presented in detail [20]. The following cognitive domains
that were found to show significant improvement in our previous study
were selected for analysis in the current study: visuospatial function (as
measured by the Block Design subtest of the WAIS), working memory
(measured using the Digit Span subtest of the WAIS), and general
cognitive functioning (measured via the MMSE).

10 years

MMSE
NPA
Demographic data
Clinical data
Questionnaire data
Data collected
prospectively

Figure 2: Study design and process. Data from neuropsychological assessment (NPA) and Mini-Mental State Examination (MMSE) at approximately
1 week and 7 months after stroke onset were retrospectively collected from the patients' medical records. The clinical data, premorbid education level,
and employment, as well as patients’ status of fatigue, depression, and anxiety, were prospectively collected using various questionnaires one month
prior to the scheduled appointment for MMSE and NPA at 10-year follow-up.

Data presentation and statistical analysis

Demographic characteristics and NPA data are presented as mean (SD),
number and percentage of cases (%), range, or median (25%—75%
interquartile ranges [IQR]), as appropriate. No adjustment was made for
missing values. A mixed linear model was used as a hierarchical linear
model in SPSS to analyze the cognitive differences over time. Each p-
value in the post hoc analyses was adjusted to account for multiple
comparisons with Bonferroni correction.

Multivariate linear regression with a stepwise method was used to
investigate whether the length of education, employment status before
and after stroke, stroke subtype, demographic data, and clinical variables
could significantly predict improvement in the three cognitive functions
assessed at 10-year follow-up: general cognitive functioning, visuospatial
function, and working memory. The independent variables included in the
model were age, gender, residential status (i.e., whether an individual
lived alone), premorbid education, employment prior to stroke onset,
employment at one year and ten years after stroke, stroke subtype,
functional status, general cognitive functioning at one-week follow-up,
visuospatial function at one-week follow-up, and working memory at
one-week follow-up. Employment was coded as 1 = full-time job, 2 =
part-time job, 3 = sick leave, and 4 = retired; stroke subtype was coded as
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1 = ischemic stroke and 2 = hemorrhagic stroke; and length of education
was coded as 1 =9 years, 2 = 12 years, and 3 = >12 years.

Values for tolerance and variance inflation factor (VIF) were calculated
to assess the presence of collinearity. Standardized coefficients were used
to determine the strength of each independent variable’s correlation with
improved cognitive function. R2 was examined to determine how much
variation in the cognitive functions could be explained by the modeled
variables. Linearity and homoscedasticity were examined with Fred’s
super scatterplot. Independence of errors was tested with the Durbin-
Watson test. Normal distribution of the data was assessed with a normal
P—P plot.

The software package IBM Statistical Package for the Social Sciences
(SPSS) Statistics version 28.0 (SPSS, Chicago, IL, USA) was used to
perform the multivariate linear regressions. Figure 2 was generated using
GraphPad Prism 9 (San Diego, CA, USA). P-values < 0.05 were
considered to indicate statistical significance.

Results
Basic demographic and clinical characteristics

Table 1 presents the baseline demographic and clinical characteristics of
the 38 participants. The participants’ mean age was 53.9 years (SD 9.1)
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at stroke onset. All participants were living in the community, and nearly
half (n = 18, 47%) had more than 12 years of education. The dominant
stroke subtype was ischemia (79%). At 10-year follow-up, participants’
mean age was 63.8 years (SD 10.6). Participants exhibited good
independence in daily activities at this time, with a median score of 1 on
the mRS.

Employment status was collected at three time points. Thirty-three (87%)
participants had a full-time or part-time job prior to stroke onset. One year
after stroke, 16 (43%) participants had returned to either full-time or part-
time work. Almost one third of the participants were employed full- or

Copy rights @ Xiaolei Hu. et all.

part-time; another two third were either retired or unemployed. Fatigue
was a prevalent problem 10 years after the time of stroke: nearly three-
quarters of the participants suffered from fatigue (FAS > 24), with a
median score of 25 and a 25%-75% IQR of 21-27. Fewer than one-third
of the participants (n = 12) were depressed (BDI-II score > 13), but the
median score was 9, with a 25%-75% IQR of 4-14 for the entire group.
Approximately one-third (n = 13) had anxiety (BAI score > 8); however,
the group’s median score of 6 (25%—75% IQR of 2-11) was relatively
low. Although information on fatigue, depression, and anxiety was
collected at the 10-year follow-up, it provided no predictive value on
cognitive function recovery.

Patient Characteristics at stroke onset (n = 38)
Age [mean (SD)] 54.2 (10.1)
Number of patients (age <30) 3
Number of patients (age between 30-60) 11
Number of patients (age >60) 24
Gender (Men/Women) 19/19
Residential status (live alone/live with somebody/unknown) 7/30/1
Stroke subtype (Ischemia/Hemorrhage/Unknown) 30/6/2
Education [number of cases (%)]
Lower education (9-12 years) 19 (50%)
Higher education (> 12 years) 18 (47%)
Unknown 1 (3%)
Employment [number of cases (%)]
Full-time job 29 (76%)
Part-time job 4 (11%)
Retired/Unemployed 5 (13%)
Employment at 1 year after stroke
[number of cases (%6)]
Full-time job 12 (32%)
Part-time job 4 (11%)
Retired/Unemployed 18 (47%)
Unknown 4 (11%)
Characteristics at 10-year follow-up
Age [mean (SD)] 63.8 (10.6)
Years between stroke onset and follow-up [mean (SD)] 10.5 (0.9)
MRS [Median (25%-75% IQR)] 1(0-2)
Fatigue assessment score 25 (21-27)
[Median (25%0-75% IQR)]
BDI-I1 [Median (25%-75% IQR)] 9 (4-14)
BAI [Median (25%-75% IQR)] 6 (2-11)
Employment [number of cases (%6)]
Full-time job 4 (11%)
Part-time job 6 (16%)
Retired/Unemployed 27 (71%)
Unknown 1 (3%)

Abbreviations: standard deviation (SD); modified Rankin Scale (mRS); interquartile range (IQR); Beck Depression Inventory-I1 (BDI-11); Beck

Anxiety Inventory (BAI)

Table 1: Demographic and clinical characteristics of all participants
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Improved cognition

Mean (SD), range, or median (25%-75% IQR) are provided (Table 2) to
present the detailed raw data on the cognitive improvements; notably,
these cognitive improvements were previously reported in a 2019 study
by Elgh and Hu [20]. At 10-year follow-up, the entire group collectively
demonstrated a weak but significant improvement in general cognitive
functioning as assessed by MMSE compared to the results at 7-month
follow-up (from 27 to 29 points, p = 0.02). No significant difference was
observed when comparing the MMSE scores between the subgroup with
a higher independence level (MRS 0-1) and the subgroup with a lower
independence level (MRS 2-3).

Copy rights @ Xiaolei Hu. et all.

Median visuospatial function at both 7 months post-stroke and the 10-year
follow-up (Table 2) was significantly improved compared to the results
at 1 week after stroke (p =0.001 and p = 0.007, respectively). However,
there was no significant difference between visuospatial function at 7
months and at 10 years after stroke. A median total Digit Span raw score
of 17 (25%-75% IQR of 14-19) signaled significant improvements in
working memory at 10-year follow-up in comparison with the results at 1
week and 7 months post-stroke (p < 0.0001). There were no significant
differences in cognitive processing speed or executive function between
the follow-up time points

Domain Assessment | 1 week after stroke Raw score 7 months after stroke Raw score 10 years after stroke Raw score

Mean (SD) Range Median (25%-75% IQR) N Mean (SD) Range Median (25%-75%IQR) N Mean (SD) Range Median (25%-75%IQR) N
General MMSE - 273) 11 27 (25-29) 27 28 (2) 8 29(27-30)1 38
cognitive
functioning
Visuospatial | WAIS-Block | 25 (12) 40 27 (15-35) 27 41(12) 48  39(34-51)* 19 36 (12) 53 36 (29-48)*
function Design
Working WAIS-Digit | 12 (4) 19 12 (11-14) 29 15(5) 18 13(11-18) 26 16 (3) 13 17 (14-19)*t 38
memory Span (F + B)

* Indicates significant difference vs. the data at 1 week after stroke. T Indicates significant difference vs. the data at 7 months after stroke. SD: standard
deviation; IQR: interquartile range; MMSE: Mini-Mental State Examination; WAIS: Wechsler Adult Intelligence Scale; F: Forward; B: Backward.

Table 2: Scores of neuropsychological assessments over 10-year follow-up after stroke onset

Predictors of cognitive functional recovery

Most of the variables, including age, gender, residential status,
employment after stroke, and functional status (mRS score), did not
demonstrate any significant predictive value for cognitive recovery.

However, employment prior to stroke, stroke subtype, and length of
premorbid education were significant predictors of general cognition, as
assessed by MMSE, at 10-year follow-up. A significant regression
equation was found [F(3,15) = 16.95, p <0.001], with an R? of 0.77.
Participants’ predicted general cognition at 10-year follow-up was equal
to 30.15 - 1.09 (employment) -1.77 (stroke subtype) + 0.85 (education).
This indicated that participants’ general cognition was 1.09 raw scores
lower for participants who were unemployed prior to stroke and 1.77 raw
scores lower for participants who suffered a hemorrhagic stroke, but 0.85
raw scores higher for participants with more years of education (Table
3A). Working memory (Digit Span score) at 1 week after stroke was a
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significant predictor of working memory 10 years after stroke. A
significant regression equation was found [F(1,17) = 11.64, p = 0.003],
with an R? of 0.41. Participants’ predicted working memory at 10-year
follow-up was equal to 9.14 + 0.55*x (“x” refer to the score on the Digit
Span test at 1 week after stroke) — that is, participants’ working memory
at 10-year follow-up was 0.55 raw scores higher for each Digit Span score
received at 1 week after stroke (Table 3B).

Visuospatial function (WAIS-Block Design) at 1 week after stroke was a
significant predictor of visuospatial function 10 years after stroke. A
significant regression equation was found [F(1,15) = 19.12, p < 0.001],
with an R?0f 0.56. Participants’ predicted visuospatial function at 10-year
follow-up was equal to 19.12 + 0.66 *y (“y” refer to the score on WAIS-
Block Design test at 1 week after stroke) — that is, participants’
visuospatial function at 10-year follow-up was 0.66 raw scores higher for
each Block Design score received at 1 week after stroke (Table 3C).
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A. Dependent Variable: MMSE score at 10-year follow-up (General cognition)

Variable Coefficient Standard Error t-Statistic p-value
Employment prior stroke -1.09 0.22 -0.89 =0.001
Stroke subtype -1.77 0.60 -0.30 0.009
Length of education 0.85 0.40 2.16 0.048
Constant: 30.13

E-squared: 0.77 Adjusted R-squared: 0.73

Standard Error of the Estimation: 1.25 Durbin—Watson: 1.71

B. Dependent Variable: Total Digital Span score at 10-year follow-up (Working memory)

Variable Coefficient Standard Error t-Statistic p-value
Total Digital Span score at 1 week 0.35 0.16 341 0.003
after stroke

Constant: 9.14

F-squared: 0.41 Adjusted R-squared: 0.37

Standard Error of the Estimation: 2_20) Durbin—Watson: 2.87
C. Dependent Variable: Total Block Design score at 10-year follow-up (Visunospatial function)

Variable Coefficient Standard Error t-Statistic p-value
Total Block Design score 0.66 0.15 4.537
=0.001

at 1 week after stroke

Constant: 19.12

F-squared: (.36 Adjusted R-squared: 0.53

Standard Error of the Estimation: 665 Durbin—Watson: 2.60

Table 3: Results of multiple linear regression

Discussion

In the current study, we evaluated whether years of education,
employment status before and after stroke, stroke subtype, and various
demographic characteristics had any correlation with cognitive recoveries
among 38 middle-aged stroke survivors whose cognitive functions had
improved 10 years after stroke onset. The primary finding in the current
study was that having a full-time job prior to stroke, having an ischemic
(as opposed to hemorrhagic) stroke, and having > 12 years of education
predicted significantly superior general cognitive function 10 years after
a stroke. In addition, working memory and visuospatial function at 1 week
after stroke were significantly correlated with their respective functions
at 10 years after stroke.

Premorbid employment status was found to be the strongest predictor for
better general cognitive recovery, with an MMSE score 1.09 higher for
participants with a job before stroke onset in the current study. This is
consistent with a recent finding in the KOSCO study, in which occupation
was demonstrated to be one of the important buffers against cognitive
impairment and found to promote rapid cognitive recovery after stroke
[10]. Meanwhile, the participants had good independence in their daily
lives based on the lower mRS score demonstrated at 10-year follow-up in
the study. However, this late higher independence in daily life was not
statistically significantly correlated with the improvement in general

cognition in this cohort. These current data suggest that having a job prior
to stroke may provide a more advanced challenge in daily life that
enhances neuroplasticity and cognitive reserve, which has been
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demonstrated in individuals with Alzheimer’s disease [32, 33]. However,
employment status 1 and 10 years after stroke onset did not show any
predictive value on the improvement in general cognition in this cohort.
This may partly be explained by the fact that we collected only
employment status (full-time/part-time/no job) without collecting details
on the level/complexity of the job, as well as the small sample size in the
current study [10]. Nonetheless, our data suggest that having a job prior
to stroke is beneficial for general cognitive recovery after stroke.

Having received more than 12 years of education prior to stroke was
another significant predictor of general cognitive improvement, which is
consistent with our finding that the mean MMSE score among the
participants who received exactly 9 years of education was significantly
lower than the score for participants with university education. This
outcome is in line with recent findings that high levels of education, as a
protective factor against cognitive decline, also promote rapid cognitive
recovery after stroke [10, 34]. The effects of education on cognitive
improvements after stroke might be explained by the concept of cognitive
reserve [12-14], which is defined as the cumulative brain capacity to
mitigate cognitive decline due to various brain pathologies, such as
stroke, aging, or age-related disease [14, 35]. It is believed that superior
cognitive capacity among more highly educated individuals may confer
more complex architecture of neuronal networks and an enhanced ability
to effectively recruit these networks [14]. This, in turn, may produce
better preconditions for activity-derived neuroplasticity after the brain has
been damaged, such as in the case of a stroke. Meanwhile, higher
education is also associated with better lifestyle choices, better
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socioeconomic status, less stress, etc., which may influence cognitive
function [36]. Consistent with our finding is the association between low
education and higher prevalence of cognitive impairment and the
development of dementia after a stroke [1, 37]. Thus, together with
premorbid employment, premorbid education appears to be one of the
best preventive measures for preserving cognitive function in persons
with stroke [9, 11, 38]. Moreover, the results of the present study suggest
that higher levels of education might be important for cognitive recovery
after stroke.

In this cohort, having an ischemic (as opposed to a hemorrhagic) stroke
predicted better improvements in general cognition. This is substantiated
by findings that hemorrhagic stroke is more strongly associated with
cognitive impairment and the development of dementia [16, 39, 40];
however, this was not observed in all studies [15]. However, it remains
largely unknown why ischemic and not hemorrhagic stroke is associated
with superior general cognitive function. One possible explanation is that
hemorrhage may lead to more diffused damage due to widespread
intracranial pressure effects and underlying cerebral amyloid angiopathy
[16, 39]. It has also been suggested that the difference is attributable to
persistent (continuous) underlying cognitive impairment that is induced
by the hemorrhagic stroke itself [16].

However, these significant predictors for general cognitive recovery did
not predict the improvements in working memory and visuospatial
function at 10-year follow-up. Instead, working memory and visuospatial
function at 1 week after stroke significantly predicted their respective
functions at 10 years after stroke. The reason for these discrepancies in
the predictors for general cognitive function and domain-specific
functions remains largely unknown. However, it is not difficult to
understand why domain-specific functions at the acute stage after stroke
may be associated with their respective functions at the chronic stage [41].

This study has several unique strengths. Cognition was assessed at the
acute, sub-acute, and chronic phases over a 10-year period after stroke
onset, which allowed us to investigate the long-term trajectory of
cognitive alterations over the decade after stroke. Moreover, both general
and domain-specific outcomes were assessed in this cohort. Although
most of the sociodemographic variables, including age, gender, and
residential status, did not show any predictive effect on cognitive
improvement in the study, our data provide a distinct opportunity to
enhance our understanding of the mechanisms of cognitive recovery after
stroke.

Our study has some methodological biases, the first of which is that stroke
location and stroke severity at onset — factors that can affect the degree of
cognitive impairment [42] — were not collected in the study. Another
challenge is that different versions of the WAIS cognitive battery were
used: at the time of first assessment, participants were tested with the
WAIS-III, whereas WAIS-1V was used at the 10-year mark due to the loss
of access to WAIS-111. Though studies have shown that the two versions
are closely correlated and measure the same constructs, the possibility that
the difference in tests could have affected the results should not be
discounted. An additional limitation concerns the length and nature of the
study, which was longitudinal and took place over a full decade. One of
the major methodological problems affecting longitudinal studies is
attrition, which can deteriorate the generalizability of findings if
participants who stay in a study differ meaningfully from those who drop

Auctores Publishing LLC — Volume 13(1)-260 www.auctoresonline.org
ISSN: 2578-8868

Copy rights @ Xiaolei Hu. et all.

out. Of the 102 middle-aged first-ever stroke patients with acute NPAs
who were recruited for the study, only 38 were both qualified and willing
to participate in the 10-year follow-up. We recognize that these 38
participants are not fully representative of patients in the literature on
long-term cognitive recovery post-stroke [1-4]. The results are therefore
not generalizable to the entire population of middle-aged stroke survivors;
moreover, the small sample size confers limited statistical power.
Nonetheless, our results demonstrated that premorbid employment and
higher education may have played important roles in the patients who
were able to ameliorate their post-stroke cognitive dysfunctions, although
the mechanisms governing these recoveries are not yet fully understood.

Conclusions

We found that having a job prior to stroke, suffering from an ischemic
rather than a hemorrhagic stroke, and having obtained higher levels of
education were strong predictors of high levels of general cognitive
functioning 10 vyears after stroke onset among 38 middle-aged
individuals. Our data provided some hypotheses; namely, that premorbid
employment and higher education as well as having an ischemic stroke
might be crucial for post-stroke cognitive recovery. A large-scale study is
necessary to confirm the veracity and generalizability of these findings.

Acknowledgments

The authors would like to thank each participant and assessor for their
patience and time. We also wish to acknowledge rehabilitation
coordinator Catharina Elback for her excellent recruitment work.

Funding statement

This study was supported by the Vasterbotten County Council and Umea
University (ALF Foundation), the Swedish Stroke Foundation (Stroke a
forbundet), and the Northern Swedish Stroke Fund (Strokeforskning i
Norrland Insamlingsstiftelse).

Declaration of interest statement
The authors report there are no competing interests to declare.
References

1. Douiri A, Rudd AG, Wolfe CD. Prevalence of poststroke
cognitive impairment: South London Stroke Register
1995-2010. Stroke 2013; 44: 138-145.

2. Tang EY, Amiesimaka O, Harrison SL, Green E, Price C,
Robinson L, et al. Longitudinal Effect of Stroke on
Cognition: A Systematic Review. J Am Heart Assoc
2018; 7.

3. Jokinen H, Melkas S, Ylikoski R, Pohjasvaara T, Kaste
M, Erkinjuntti T, et al. Post-stroke cognitive impairment
is common even after successful clinical recovery. Eur J
Neurol 2015; 22: 1288-1294.

4. Pinter D, Enzinger C, Gattringer T, Eppinger S,
Niederkorn K, Horner S, et al. Prevalence and short-term
changes of cognitive dysfunction in young ischaemic
stroke patients. Eur J Neurol 2019; 26: 727-732.

5. Rodrigues JC, Machado WL, da Fontoura DR, Almeida
AG, Brondani R, Martins SO, et al. What
neuropsychological ~ functions  best  discriminate

Page 8 of 10



J. Neuroscience and Neurological Surgery

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

performance in adults post-stroke? Appl Neuropsychol
Adult 2019; 26: 452-464.

Lo Coco D, Lopez G, Corrao S. Cognitive impairment
and stroke in elderly patients. Vasc Health Risk Manag
2016; 12: 105-116.

Stolwyk RJ, Mihaljcic T, Wong DK, Chapman JE,
Rogers JM. Poststroke Cognitive Impairment Negatively
Impacts Activity and Participation OQutcomes: A
Systematic Review and Meta-Analysis. Stroke 2021; 52:
748-760.

Mijajlovic MD, Pavlovic A, Brainin M, Heiss WD, Quinn
TJ, Ihle-Hansen HB, et al. Post-stroke dementia - a
comprehensive review. BMC Med 2017; 15: 11.

Sun JH, Tan L, Yu JT. Post-stroke cognitive impairment:
epidemiology, mechanisms and management. Ann Trans|
Med 2014; 2: 80.

Shin M, Sohn MK, Lee J, Kim DY, Lee SG, Shin YI, et
al. Effect of Cognitive Reserve on Risk of Cognitive
Impairment and Recovery After Stroke: The KOSCO
Study. Stroke 2020; 51: 99-107.

Kessels RP, Eikelboom WS, Schaapsmeerders P,
Maaijwee NA, Arntz RM, van Dijk EJ, et al. Effect of
Formal Education on Vascular Cognitive Impairment
after Stroke: A Meta-analysis and Study in Young Stroke
Patients. J Int Neuropsychol Soc 2017; 23: 223-238.
Cabeza R, Albert M, Belleville S, Craik FIM, Duarte A,
Grady CL, et al. Maintenance, reserve and compensation:
the cognitive neuroscience of healthy ageing. Nat Rev
Neurosci 2018; 19: 701-710.

Stern Y. What is cognitive reserve? Theory and research
application of the reserve concept. J Int Neuropsychol Soc
2002; 8: 448-460.

Rosenich E, Hordacre B, Paquet C, Koblar SA, Hillier
SL. Cognitive Reserve as an Emerging Concept in Stroke
Recovery. Neurorehabil Neural Repair 2020; 34: 187-
199.

Aam S, Einstad MS, Munthe-Kaas R, Lydersen S, lhle-
Hansen H, Knapskog AB, et al. Post-stroke Cognitive
Impairment-Impact of Follow-Up Time and Stroke
Subtype on Severity and Cognitive Profile: The Nor-
COAST Study. Front Neurol 2020; 11: 699.

Moulin S, Labreuche J, Bombois S, Rossi C, Boulouis G,
Henon H, et al. Dementia risk after spontaneous
intracerebral haemorrhage: a prospective cohort study.
Lancet Neurol 2016; 15: 820-829.

Bejot Y, Aboa-Eboule C, Durier J, Rouaud O, Jacquin A,
Ponavoy E, et al. Prevalence of early dementia after first-
ever stroke: a 24-year population-based study. Stroke
2011; 42: 607-612.

Makin SD, Turpin S, Dennis MS, Wardlaw JM. Cognitive
impairment after lacunar stroke: systematic review and
meta-analysis of incidence, prevalence and comparison
with other stroke subtypes. J Neurol Neurosurg
Psychiatry 2013; 84: 893-900.

Andersen KK, Olsen TS, Dehlendorff C, Kammersgaard
LP. Hemorrhagic and ischemic strokes compared: stroke

Auctores Publishing LLC — Volume 13(1)-260 www.auctoresonline.org

ISSN: 2578-8868

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Copy rights @ Xiaolei Hu. et all.

severity, mortality, and risk factors. Stroke 2009; 40:
2068-2072.

Elgh E, Hu X. Dynamic Trajectory of Long-Term
Cognitive Improvement Up to 10 Years in Young
Community-Dwelling Stroke Survivors: A Cohort Study.
Front Neurol 2019; 10: 97.

Elgh E, Hu X. Visuospatial Function at Sub-Acute Phase
Predicts Fatigue 10 Years After Stroke. Front Neurol
2020; 11: 562706.

Cansino S, Hernandez-Ramos E, Estrada-Manilla C,
Torres-Trejo F, Martinez-Galindo JG, Ayala-Hernandez
M, et al. The decline of verbal and visuospatial working
memory across the adult life span. Age (Dordr) 2013; 35:
2283-2302.

Michielsen HJ, De Vries J, Van Heck GL. Psychometric
qualities of a brief self-rated fatigue measure: The Fatigue
Assessment Scale. J Psychosom Res 2003; 54: 345-352.
Cumming TB, Mead G. Classifying post-stroke fatigue:
Optimal cut-off on the Fatigue Assessment Scale. J
Psychosom Res 2017; 103: 147-149.

Kapci EG, Uslu R, Turkcapar H, Karaoglan A. Beck
Depression Inventory II: evaluation of the psychometric
properties and cut-off points in a Turkish adult
population. Depress Anxiety 2008; 25: E104-110.
Carney CE, Moss TG, Harris AL, Edinger JD, Krystal
AD. Should we be anxious when assessing anxiety using
the Beck Anxiety Inventory in clinical insomnia patients?
J Psychiatr Res 2011; 45: 1243-1249.

Banks JL, Marotta CA. Outcomes validity and reliability
of the modified Rankin scale: implications for stroke
clinical trials: a literature review and synthesis. Stroke
2007; 38: 1091-1096.

Bruno A, Shah N, Lin C, Close B, Hess DC, Davis K, et
al. Improving modified Rankin Scale assessment with a
simplified questionnaire. Stroke 2010; 41: 1048-1050.
Arevalo-Rodriguez I, Smailagic N, Roque IFM, Ciapponi
A, Sanchez-Perez E, Giannakou A, et al. Mini-Mental
State Examination (MMSE) for the detection of
Alzheimer's disease and other dementias in people with
mild cognitive impairment (MCI). Cochrane Database
Syst Rev 2015: CD010783.

Tulsky D, Zhu J, Ledbetter MF. WAIS-1II/WMS-III
Technical Manual. San Antonio, TX: Psychological
Corporation, 1997.

Weschler D. WAIS-1V: Weschler Adult Intelligence
Scale - fourth edition. Manual del 1, Swedish version.
Stockholm: NCS Pearson, Inc. , 2010.

Stern Y, Gurland B, Tatemichi TK, Tang MX, Wilder D,
Mayeux R. Influence of education and occupation on the
incidence of Alzheimer's disease. JAMA 1994; 271:
1004-1010.

Alvarado BE, Zunzunegui MV, Del Ser T, Beland F.
Cognitive decline is related to education and occupation
in a Spanish elderly cohort. Aging Clin Exp Res 2002; 14:
132-142.

Page 9 of 10



J. Neuroscience and Neurological Surgery

34.

35.

36.

37.

38.

This work is licensed under Creative
BY Commons Attribution 4.0 License

To Submit Your Article Click Here:

DOI: 10.31579/2578-8868/260

Sachdev PS, Brodaty H, Valenzuela MJ, Lorentz LM,
Koschera A. Progression of cognitive impairment in
stroke patients. Neurology 2004; 63: 1618-1623.

Nyberg L, Pudas S. Successful Memory Aging. Annu Rev
Psychol 2019; 70: 219-243.

Ngandu T, Lehtisalo J, Solomon A, Levalahti E,
Ahtiluoto S, Antikainen R, et al. A 2 year multidomain
intervention of diet, exercise, cognitive training, and
vascular risk monitoring versus control to prevent
cognitive decline in at-risk elderly people (FINGER): a
randomised controlled trial. Lancet 2015; 385: 2255-
2263.

Ngandu T, von Strauss E, Helkala EL, Winblad B,
Nissinen A, Tuomilehto J, et al. Education and dementia:
what lies behind the association? Neurology 2007; 69:
1442-1450.

Lovden M, Fratiglioni L, Glymour MM, Lindenberger U,
Tucker-Drob EM. Education and Cognitive Functioning

Submit Manuscript

Y VYV VVYY

39.

40.

41.

42.

Copy rights @ Xiaolei Hu. et all.

Across the Life Span. Psychol Sci Public Interest 2020;
21: 6-41.

Nys GM, van Zandvoort MJ, de Kort PL, Jansen BP, de
Haan EH, Kappelle LJ. Cognitive disorders in acute
stroke: prevalence and clinical determinants. Cerebrovasc
Dis 2007; 23: 408-416.

Gottesman RF, Hillis AE. Predictors and assessment of
cognitive dysfunction resulting from ischaemic stroke.
Lancet Neurol 2010; 9: 895-905.

Lugtmeijer S, Lammers NA, de Haan EHF, de Leeuw FE,
Kessels RPC. Post-Stroke  Working  Memory
Dysfunction: A Meta-Analysis and Systematic Review.
Neuropsychol Rev 2021; 31: 202-219.

Hofgren C, Bjorkdahl A, Esbjornsson E, Sunnerhagen
KS. Recovery after stroke: cognition, ADL function and
return to work. Acta Neurol Scand 2007; 115: 73-80.

Ready to submit your research? Choose Auctores and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://auctoresonline.org/journals/neuroscience-and-neurological-

surgery

Auctores Publishing LLC — Volume 13(1)-260 www.auctoresonline.org

ISSN: 2578-8868

Page 10 of 10


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=22
https://auctoresonline.org/journals/neuroscience-and-neurological-surgery
https://auctoresonline.org/journals/neuroscience-and-neurological-surgery

