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Predictors of dementia after
first ischemic stroke

Wafik Mahmoud EI-Sheik!, Aktham Ismail EI-Emam?,
Ahmed Abd El-Galil Abd EI-Rahman?, Gelan Mahmoud Salim'

ABSTRACT. Various mechanisms contribute to dementia after first ischemic stroke as lesions on strategic areas of
cognition and stroke premorbidity. Objectives: Assessing clinical and neuroimaging predictors of dementia after first
ischemic stroke and its relation to stroke location, subtypes and severity. Methods: Eighty first ischemic stroke patients
were included. Forty patients with dementia after first stroke and forty patients without dementia according to DSM-IV
diagnostic criteria of vascular dementia. All patients were subjected to general and neurological assessment, National
Institute Health Stroke Scale (NIHSS) for stroke severity, Montreal Cognitive Assessment (MoCA) scale for cognition
assessment, MRI brain and Trial of Org 10172 in acute stroke treatment (TOAST) classification for stroke subtypes.
Results: Left hemispheric ischemic stroke, strategic infarctions, diabetes mellitus and stroke of anterior circulation
were found to be independent risk factors for dementia after first ischemic stroke (OR=3.09, 95%Cl 1.67-10.3,
0OR=2.33,95%Cl 1.87-8.77, 0R=1.88, 95%Cl 1.44-4.55, 0R=1.86, 95%Cl 1.45-6.54, respectively). Hypertension,
dyslipidemia, smoking, ischemic heart disease, high NIHSS score and large vessel infarction were significantly higher
among post stroke dementia patients. However, on binary logistic regression, they did not reach to be independent
risk factors. Gonclusion: Stroke location (left stroke, strategic infarction, anterior circulation stroke) and diabetes
mellitus could be predictors of dementia after first ischemic stroke, but stroke severity, stroke subtypes, hypertension,
dyslipidemia, smoking and ischemic heart could not.
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PREDITORES DE DEMENCIA APGS O PRIMEIRO ACIDENTE VASCULAR ISQUEMICO

RESUMO. Varios mecanismos contribuem para a deméncia apds o primeiro acidente vascular cerebral (AVC) isquémico
como lesbes em dreas estratégicas da cognicdo e morbidades pré-AVC. Objetivos: Avaliar os preditores clinicos e de
neuroimagem de deméncia ap6s o primeiro AVC isquémico e sua relagdo com a localizacdo, subtipos e gravidade do
AVC. Métodos: Qitenta pacientes com primeiro AVC isquémico foram incluidos. Quarenta pacientes com deméncia apés
0 primeiro AVC e quarenta pacientes sem deméncia de acordo com os critérios diagnosticos do DSM-IV para deméncia
vascular. Todos o0s pacientes foram submetidos & avaliagéo geral e neuroldgica, o National Institute Health Stroke Scale
(NIHSS) para gravidade de AVC, a escala de Avaliagdo Cognitiva de Montreal (Montreal Cognitive Assessment — MoCA)
para avaliacdo de cognicdo, ressonancia magnética cerebral e classificacdo pelo Trial of Org 10172 in acute stroke
treatment (TOAST) para subtipos de AVC. Resultados: AVC isquémico do hemisfério esquerdo, infartos estratégicos,
diabetes mellitus e AVC da circulagdo anterior foram considerados fatores de risco independentes para deméncia apds
o0 primeiro AVC isquémico. (OR=3,09, IC95% 1,67-10,3, OR=2,33, 1C95% 1,87-8,77, OR=1,88, 1C95% 1,44-4,55,
0R=1,86,1C95% 1,45—-6,54, respectivamente). Hipertensao, dislipidemia, tabagismo, cardiopatia isquémica, escore NIHSS
alto e infarto de grandes vasos foram significativamente altos entre pacientes com deméncia pds-AVC. No entanto, na
regressdo logistica bindria, ndo chegaram a ser fatores de risco independentes. Goneluséo: A localizagdo do AVC (AVC
esquerdo, infarto estratégico, AVC da circulag@o anterior) e diabetes mellitus podem ser preditores de deméncia apds
0 primeiro AVC isquémico, mas a gravidade do AVC, subtipos de AVC, hipertensdo, dislipidemia, tabagismo e coragdo
isquémico podem ndo ser de risco.

Palavras-chave: deméncia, acidente vascular cerebral, infarto estratégico.
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INTRODUCTION

ost-stroke dementia (PSD) is a common cause of

dementia, with a prevalence ranging from 6 to 32%."
It is a syndrome of multiple cognitive domains deficits
including memory, may occur within three months after
clinical stroke, affects daily functioning, quality of life,
and ability to return to work, and increases the mortality
rate after stroke by three times.? Dementia and stroke
relationship remains complex since several synergistic or
cumulative mechanisms are involved as strategic vascular
brain lesions, metabolic or vascular risk factors, previous
silent infarcts, leukoaraiosis, accelerated pre-existing de-
generative lesions, coincidence of Alzheimer’s pathology,
endothelial dysfunction, blood-brain barrier impair-
ment, and neuroinflammation.? Strategic infarctions are
infarctions at areas related to cognition and behavior as
frontal, temporal lobe, and hippocampus.*Early detection
of cognitive problems following stroke helps cognitive
rehabilitation and decreases mortality.

The primary objectives of this study were assessing
the relation between dementia after first ischemic
stroke and stroke location (strategic infarction, side
of stroke), stroke subtype (anterior or posterior/large
vessel or small vessel or cardioembolic), stroke severity
and stroke risk factors. Secondary objectives involved
evaluating which of the previous factors could be pre-
dictors of dementia after first ischemic stroke.

METHODS

A cross sectional case control study was done in the
period from March 2016 to March 2017. The authors
obtained permission to conduct this study from the
Research Ethics Committee of the Faculty of Medi-
cine, Menoufia University. The study was performed
according to principles of Helsinki Declaration. Eighty
patients with ischemic stroke for the first time were
recruited from Neurology department of Menoufia
University Hospital. In this study, we excluded patients
with evidence of chronic medical disease, other types of
dementias, patients using drugs that can affect cognitive
functions, patients with severe dysphasia, patients with
history of cognitive impairment prior to stroke, and
patients with hearing or visual impairment affecting
ability to complete testing. All subjects underwent neu-
rological history (stressing on risk factors of stroke as
diabetes mellitus (DM), hypertension (HTN), smoking,
dyslipidemia, ischemic heart disease (IHD) and atrial
fibrillation (AF)) and examination expressing the initial
stroke severity by National Institutes of Health Stroke
Scale (NIHSS) which is composed of 11 items, with a
score between 0 and 2 or 0 and 3 or 0 and 4 given to
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each item. Zero score is normal function, higher scores
mean deficit. Minor stroke (1-4), moderate stroke
(5-15), moderate to severe (16-20), and (21-42) severe
stroke.® Montreal Cognitive Assessment (MoCA) scale
was done,” taking 10 minutes to assesses global cogni-
tive function and specific cognitive domains, which are
visuo-spatial abilities, short-term memory, attention,
concentration, working memory, language, abstract rea-
soning, orientation, and multiple aspects of executive
functions. The total score is 30 points; a score of 26 or
above is normal. Magnetic resonance imaging (MRI) of
the brain was done, and we classified patients accord-
ing to Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) classification® for stroke subtypes into large
artery atherosclerosis, cardioembolism, small-artery
occlusion. We also classified ischemic areas into strategic
areas of cognition and non-strategic ones, as well as
affected areas into anterior and posterior circulation.
Other lab tests were done, as kidney and liver function,
lipid profile and thyroid function tests. From clinical
and imaging, we classified patients into two groups ac-
cording to Diagnostic and Statistical Manual of Mental
Disorders - Fourth Edition (DSM-IV), a diagnostic crite-
ria of vascular dementia:® forty patients with PSD (PSD
group) and forty without dementia (the control group).
DSM-IV criteria include multiple cognitive deficits man-
ifested by memory impairment plus one or more of the
following: apraxia, agnosia and disturbance in executive
functioning (i.e. planning, organizing, sequencing,
abstracting). The cognitive deficits cause significant
impairment in social or occupational functioning and
represent a significant decline from a previous level of
functioning. Focal neurological signs and symptoms
(e.g., exaggeration of deep tendon reflexes, extensor
plantar response) or laboratory evidence indicative of
cerebrovascular disease are judged to be etiologically
related to the disturbance. The deficits do not occur
exclusively during the course of a delirium.

Statistical analysis

The data were collected, tabulated, and analyzed by
Statistical Package for the Social Sciences (SPSS) version
17.0 on IBM compatible computer (SPSS Inc., Chicago,
IL, USA). Both descriptive and analytic statistics were
used. Analytic statistics included the following tests:
chi-square test, Fisher’s exact test, Z test, t-test, Mann
Whitney U test, and Binary logistic regression.

RESULTS

PSD group and the control group (the non-demented)
were matched regarding age and sex. The PSD group
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Table 1. Demographic and clinical characteristics of first stoke patients with and without dementia.

First ischemic stroke patients

Sociodemographic I=dementia ll=non-demented Test p-value
(n=40) (n=40)

Age/year X+SD 60.7+8.73 57.70+5.69 t-test

Range 41-79 50-74 1.62 0.11
No % No % chi-square test

Sex Male 31 775 25 62.5 2.14 0.14

Female 9 22.5 15 375

DM Positive 27 67.5 11 27.5 FE <0.001

Negative 13 325 29 72.5 12.83

HTN Positive 26 65.0 17 42,5 4.07 0.04

Negative 14 35.0 23 57.5

Smoking Smoker 25 62.5 13 325

Non-smoker 15 375 27 67.5 7.22 0.01

IHD Positive 15 375 3 7.5 10.32 0.001

Negative 25 62.5 37 92.5

AF Positive 3 7.5 2 5.0 FE 1.0

Negative 37 92.5 38 95.0 0.21

Lipid profile

Normal 3 7.5 10 25.0 4.50 0.03

Dyslipidemia 37 92,5 30 75.0 S

NIH Stroke Scale

X+SD 6.70+3.55 4.90+3.12 U test 0.02

Range 2-18 0-12 2.42

X: mean; SD: standard deviation; FE: Fisher’s exact test; p-value<0.05=significant; NIH: National Institute Health.

Figure 1. National Institute Health Stroke Scale among patients and controls.

showed higher percentage of cases with DM, HTN,
smoking, dyslipidemia and IHD, but there was no dif-
ference between the two groups regarding AF. NIHSS
was significantly higher among PSD patients than the
non-demented group. (Table 1 and Figure 1)

The PSD group had lower global cognitive function
(lower total MoCA score) and lower scores in the fol-
lowing domains: executive function, naming, memory,
language, and attention, but there are no significant
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differences regarding orientation and abstraction
between the two groups. There was no significant rela-
tionship between TOAST classification and both MOCA
scale and NIHSS (Table 2 and Figure 2).

The PSD group showed more affection in left cere-
bral hemisphere and more strategic areas of infarction.
Basal ganglia and frontal areas were the most common
sites responsible for strategic infarct dementia in our
study. There was significantly higher percentage of
large vessel stroke in PSD group (45.0 versus 17.5%),
while more patients with small vessel stroke were
found in the non-demented group (77.5 versus 45.0%).
The affected circulation was mainly the anterior circu-
lation in PSD group (85 versus 55% in non-demented
group) (Table 3).

On binary logistic regression for independent risk
factors (predictors) of dementia after first ischemic
stroke, left stroke, strategic infarctions, DM and stroke
of anterior circulation were independent risk factors for
dementia with odds ratio of 3.09, 2.33, 1.88 and 1.86
respectively, while stroke severity (NIHSS), large vessel
stroke subtype, HTN, IHD, smoking, and dyslipidemia
were not (Table 4).
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Table 2. Montreal Cognitive Assessment of first stroke patients with post stroke dementia and these without post stroke dementia.

First stroke patients

Statistical analysis

MoCA items Dementia Non-demented
1] p-value
n=40 n=40

Executive functions XtSD 3.65+1.03 4.70+0.72

Range 2-5 3-5 5.15 <0.001
Naming X£SD 1.80+0.76 2.9+0.30

Range 1-3 2-3 6.33 <0.001
Memory X+SD 3.4+1.26 4.6+0.74

Range 1-5 3-5 4.77 <0.001
Language X+SD 2.1£0.30 2.851+0.36

Range 2-3 2-3 6.67 <0.001
Attention X+SD 4.60+0.87 5.55+0.60

Range 3-6 4-6 4.84 <0.001
Abstraction X+SD 1.85+0.36 1.95+0.22

Range 1-2 1-2 1.48 0.14
Orientation X+SD 5.45+1.13 5.75+0.54

Range 2-6 4-6 0.77 0.44
Total MoCA X£SD 22.90+2.54 28.40+1.30

Range 16-25 26-30 7.76 <0.001

MoCA: Montreal Cognitive Assessment; X: mean; SD: standard deviation; U: Mann Whitney U test; p<0.001; HS: highly significant; p>0.05=non-significant.

TOAST: Trial of ORG 10172 in Acute Stroke Treatment; MoCA: Montreal Cognitive
Assessment; LV : large vessel; SV small vessel; CE: cardioembolic.

Figure 2. Relationship between Trial of ORG 10172 in Acute Stroke
Treatment classification (atiology) and both Montreal Cognitive
Assessment scale and National Institute Health Stroke Scale.

DISCUSSION

A lot of studies relate PSD to recurrence of stroke, but
in our study we try to assess contributors to dementia
after first ischemic stroke. Our study showed matching
between PSD group and the control group (ischemic
stroke without dementia) regarding age and sex. This
goes with most of studies, although some ones showed
that PSD group was more frequent in males due to the
decreased adiponectin neuroprotective role with ageing
in males, increasing risk of cardiovascular disease, HTN,
atherosclerosis and DM.*1!

Regarding the relation between stroke risk factors
and dementia after first ischemic stroke, there was posi-
tive association between dementia after first stroke and
each of DM, HTN, dyslipidemia, IHD and smoking, but
not with AF. Only from these association, DM reaches
to be an independent risk factor for dementia on binary
logistic regression, increasing the risk by 1.88 (OR=1.88,
95%Cl 1.44-4.55). Concerning DM, our result goes with
other studies who found association between DM and
PSD.*>3However, an earlier systematic review found no
effect of DM treatment on cognitive decline.'* The role
of DM in dementia after stroke could be explained by
related glucose and insulin dysregulation, as insulin con-
trols synaptic function and neurotransmitter receptors
affecting on memory, increases axonal regeneration and
neurite out growth in the brain,'>**and by increased in-
tracranial large or small vessel artery disease with DM,
which increases blood viscosity and decreases cerebral
autoregulation and blood flow.?In respect of HTN,
our result coincides with the results of Yamada et al.,”
but not with Tamam et al.’® study. A review showed
that treatment of HTN especially by renin-angiotensin
system (RAS) modulators helps in reduction of vascular
dementia by 19-55% as they act on cognitive related
brain regions.' This is supported by episodic memory
decline and hippocampal volume loss with RAS gene
polymorphism.?’ With regard to dyslipidemia, our result
goes with Appleton et al.,”* and with Solomon et al.
The present study found no difference between patients
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Table 3. Site and cause of stroke (magnetic resonance imaging brain and TOAST classification).

The studied groups
Dementia Non-demented Test
MRI report p-value
n=40 n=40
No % No % chi-square

Side of the lesion

Right 14 35.0 23 57.5 4.07 0.04

Left 26 65.0 17 42.5
Location of infarction Z test
Strategic areas 30 75 1 27.5 4.03 <0.001

-Thalamic 10 25.0 4 10.0 1.47 0.07

-Basal ganglia 8 20.0 2 5.0 1.69 0.04

-Angular gyrus 3 75 1 2.5 0.51 0.30

-Hippocampus 9 22.5 4 10.0 1.21 0.11
Non-strategic areas 10 25.0 29 725 4.03 <0.001
Affected circulation

Anterior 34 85.0 22 55.0 8.57 0.003

Posterior 6 15.0 18 45.0
TOAST classification

Lv 18 45.0 7 17.5 8.96 0.01

SV 18 45.0 31 77.5

CE 4 10.0 2 5.0

TOAST: Trial of ORG 10172 in Acute Stroke Treatment; LV : large vessel; SV: small vessel; CE: cardioembolic.
Table 4. Binary logistic regression analysis for independent risk factors of dementia among stroke patients.
Wald chi- 95%Cl
Risk factors SE p-value 0dds Ratio s
square test (lower-upper)

DM 0.02 2.54 0.02 1.88 1.44-4.55
HTN 0.67 0.67 0.89 0.87 0.23-2.06
Smoking 1.02 1.43 0.13 1.12 0.65-3.44
IHD 0.33 0.97 0.34 0.95 0.12-2.33
Lipid profile 0.56 0.56 0.65 1.01 0.76-5.66
NIH Stroke Scale 2.30 1.26 0.17 1.21 0.99-3.45
TOAST classification 1.87 0.89 0.33 0.96 0.76-5.01
Left side of lesion 0.22 2.54 0.01 3.09 1.67-10.3
Strategic area affection 2.22 2.44 0.02 2.33 1.87-8.77
Anterior circulation affection 1.98 2.65 0.01 1.86 1.45-6.54

SE: standard error; 95%Cl: 95% confidence interval; DM: diabetes mellitus; HTN: hypertension; IHD: ischemic heart

disease; NIH: National Institute Health; TOAST: Trial of ORG 10172 in Acute Stroke Treatment.

with PSD and patients without regarding AF, however
other studies showed that AF was related to stroke, atro-
phy of hippocampus and impaired cognition.?®?* In our
study, the demented group showed higher percentage
of smokers, following the results of Kalaria et al.,” who
showed that cigarette smoking may contribute to cog-
nitive impairment by increasing stroke risk, oxidative
stress, and inflammation; but other studies, like Kao
et al,, are against this.!
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With reference to the relation between stroke
severity and dementia after first stroke, NIHSS score
was higher in the PSD group, but on binary logistic
regression stroke severity did not be a predictor for
dementia. Surawan et al.? found that stroke severity
was associated with increased PSD risk. In this study,
according to MoCA score, PSD patients showed lower
following cognitive domains scores: executive function,
naming, memory, language, attention. PSD occurrence



and the cognitive domains affected may vary according
to type, size, site and severity of stroke. For example,
executive dysfunction is more with dominant prefrontal
subcortical circuits’ lesions.?” Regarding the relation
between stroke site and dementia, high frequency of left
cerebral ischemia (65%) was a predictor for dementia
after first ischemic stroke as it increased by 3.09 folds
with left sided ischemia (OR=3.09, 95%CI 1.67-10.3).
This is in accordance with the results of Arauz et al., %%
and Renjen et al.,* who found that vascular dementia
risk increases with left-sided ischemic lesions by 5 folds
(OR=5.0, 95%CI 1.92-14.1). Also Munsch et al.,? has
assessed cognitive outcome 3 months after stroke and
reported that among independent predictors was left
hemispheric stroke explaining the intimate relation
between complex cognitive function and language,
which is supported by a recent study.? Also, strategic
infarcts were predictors for dementia after first isch-
emic stroke as it increased by 2.3 folds with strategic
infarction (OR=2.33, 95%CI 1.87-8.77). Basal ganglia
and frontal areas were the most common sites respon-
sible for strategic infarct dementia in our study. These
results may be explained by disruption of frontal-basal
ganglia-thalamus-cortical net as mentioned in Lanna
et al. study® and they are supported by Zhao et al.?®
study that confirms the relation between stroke loca-
tion and post stroke cognitive impairment, providing
a map of strategic brain lesions involved in post stroke
cognitive impairment specifying left angular gyrus,
left caudate and palladium, left hemispheric tracts and
the corpus callosum. Despite various studies confirm
our result,?»?*313* Renjen et al. did not find a statically
significant difference between strategic and non-stra-
tegic infarction as risk factor of post stroke cognitive
impairment (8 versus 73%).%’

About the relation between stroke subtypes and
dementia, in this study, there was significantly higher
percentage of large vessel ischemic stroke patients in
PSD group in comparison to the non-demented group
(45.0 versus 17.5%), while more patients with small
vessel stroke were found in the non-demented group
(77.5 versus 45.0%). However, large vessel stroke did not
reach to be a predictor for dementia in our sample and
we could not say that stroke subtype is an independent
predictor for dementia after fist stroke. Our result is
in harmony with Selnes and Vinters® who stated that
cognitive impairment is more in large infarctions than
in small ones, unless the small infarction is in strategic
area, as well with other studies which showed that
large-vessel stroke with secondary PSD may result from
relatively unusual (strategic) strokes involving branches
of the main cerebral arteries.?>* Our result does not go
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with Blanco-Rojas et al.*” nor with Grau-Olivares and
Arboix®® who stated that more than half of cases of first
lacunar stroke present with cognitive impairment and
small vessel cerebral ischemia should be considered a
prodrome of vascular subcortical dementia.

In our study, the affected circulation was mainly the
anterior circulation in PSD group (85%) in comparison to
only 55% in non-demented group. This difference reach to
be predictor of dementia after first stroke increasing the
risk by 1.86 fold (OR=1.86, 95%CI 1.45-6.54). Our result
agrees with Chen et al.** who stated that patients with
anterior circulation infarction have more severe cognitive
impairment and partially with Tu et al.** who studied
various types of cerebral infarction and prevalence of
cognitive impairment and found lower Mini Mental Scale
scores with partial anterior cerebral infarction (PACI), but
the difference did not reach statistical significant level
among the 3 types of cerebral infarction. Mellon et al.,
however, found that MoCA scale was more impaired in
posterior circulation (OR=1.86, 95%CI 1.84-1.89) after
adjusting for age and stroke severity.

Our study has some limitations as the relatively
small number of cases especially those with strategic
areas affection which interfered with the assessment
of how each of these areas affects global and specific
cognitive domains. Patients were not assessed for de-
pressive or psychotic symptoms. Cognitive state was
assessed prior to stroke only by history. Finally, anti-
hypertensive drugs were not adjusted among patients
and controls. Future research is needed on a large group
of patients for long period of follow-up, comparing de-
mentia predictors of ischemic with hemorrhagic strokes,
comparing first stroke with recurrent one, comparing
cortical with subcortical lesions, using more advanced
neuroimaging in precise localizing of strategic networks
in the brain and for better understanding cognitive
disorders in stroke.

Stroke location (left stroke, strategic infarction, and
anterior circulation stroke) and DM could be predictors
of dementia after first ischemic stroke. In spite of asso-
ciation between dementia after first stroke and stroke
severity, large vessel stroke, hypertension, dyslipidemia,
smoking, ischemic heart, they did not reach to be in-
dependent risk factors of dementia after first stroke.

Authors’ contributions. All authors participated in the
concept and design of the study. AAA: coordination and
recruitment of participants, and clinical examination.
GMS: concept and design of the study and analysis
of data, inclusion and exclusion criteria, drafting the
manuscript, and statistical analysis. All authors read
and approved the final manuscript.

El-Sheik etal.  Dementia after first ischemic stroke 221



Dement Neuropsychol 2021 June;15(2):216-222

RE
1.

2.

222

FERENCES

Hénon H, Pasquier F, Leys D. Poststroke dementia. Cerebrovasc Dis.
2006;22(1):61-70. https://doi.org/10.1159/000092923

Mellon L, Brewer L, Hall P, Horgan F, Williams D, Hickey A, et al. Cog-
nitive impairment six months after ischaemic stroke: a profile from the
ASPIRE-S study. BMC Neurol. 2015;15:31. https://doi.org/10.1186/
512883-015-0288-2

Brosseron F, Krauthausen M, Kummer M, Heneka MT. Body fluid cytokine
levels in mild cognitive impairment and Alzheimer’s disease: a comparative
overview. Mol Neurobiol. 2014;50(2):534-44. https://doi.org/10.1007/
512035-014-8657-1

Grysiewicz R, Gorelick PB. Key neuroanatomical structures for post-stro-
ke cognitive impairment. Curr Neurol Neurosci Rep. 2012; 12(6):703-8.
https://doi.org/10.1007/s11910-012-0315-2

Bordet R, Ihl R, Korczyn AD, Lanza G, Jansa J, Hoerr R, et al. Towards
the concept of disease-modifier in post-stroke or vascular cognitive
impairment: a consensus report. BMC Med. 2017;15(1):107. https://doi.
org/10.1186/s12916-017-0869-6

Hage V. The NIH stroke scale: a window into neurological status. Nurs
Spectr. 2011;24(15):44-9.

Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V,
Collin I, et al. The Montreal Cognitive Assessment, MoCA: a brief screening
tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695-9.
https://doi.org/10.1111/j.15632-5415.2005.53221.x

Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL,
et al. Classification of subtype of acute ischemic stroke. Definitions for use
in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treat-
ment. Stroke. 1993;24(1):35-41. https://doi.org/10.1161/01.str.24.1.35
Engelhardt E, Tocquer C, André C, Moreira DM, Okamoto IH, Cavalcanti
JLS; Working Group on Alzheimer’s Disease and Vascular Dementia
of the Brazilian Academy of Neurology. Vascular dementia: Diagnostic
criteria and supplementary exams. Recommendations of the Scientific
Department of Cognitive Neurology and Aging of the Brazilian Academy
of Neurology. Part I. Dement Neuropsychol. 2011 Oct-Dec;5(4):251-63.
https://doi.org/10.1590/51980-57642011dn05040003

Song J, Lee WT, Park KA, Lee JE. Association between risk factors for
vascular dementia and adiponectin. Biomed Res Int. 2014;2014:261672.
https://doi.org/10.1155/2014/261672

Kim JA, Wei Y, Sowers JR. Role of mitochondrial dysfunction in insulin
resistance. Circ Res. 2008;102(4):401-14. https://doi.org/10.1161/CIR-
CRESAHA.107.165472

Surawan J, Areemit S, Tiamkao S, Sirithanawuthichai T, Saensak S.
Risk factors associated with post-stroke dementia: a systematic review
and meta-analysis. Neurol Int. 2017;9(3):7216. https://doi.org/10.4081/
ni.2017.7216

Yang J, Wong A, Wang Z, Liu W, Au L, Xiong Y, et al. Risk factors for
incident dementia after stroke and transient ischemic attack. Alzheimers
Dement. 2015;11(1):16-23. https://doi.org/10.1016/j.jalz.2014.01.003
Erkinjuntti T, Gauthier S. Diagnosing vascular cognitive impairment and de-
mentia: concepts and controversies. In: Wahlund L, Erkinjuntti T, Gauthier
S, editors. Vascular cognitive impairment in clinical practice. Cambridge:
Cambridge University Press; 2009. p. 3-10. https://doi.org/10.1017/
cbo9780511575976.002

McNay EC, Recknagel AK. Reprint of: ‘Brain insulin signaling: A key
component of cognitive processes and a potential basis for cognitive
impairment in type 2 diabetes’. Neurobiol Learn Mem. 2011;96(4):517-28.
https://doi.org/10.1016/j.nim.2011.11.001

Correia SC, Santos RX, Perry G, Zhu X, Moreira PI, Smith MA. Insulin-re-
sistant brain state: the culprit in sporadic Alzheimer’s disease?. Ageing
Res Rev. 2011;10(2):264-73. https://doi.org/10.1016/j.arr.2011.01.001
Yamada M, Mimori Y, Kasagi F, Miyachi T, Ohshita T, Sasaki H. Incidence
and risks of dementia in Japanese women: Radiation Effects Research
Foundation Adult Health Study. J Neurol Sci. 2009;283(1-2):57-61. https://
doi.org/10.1016/}.jns.2009.02.338

Tamam B, Tagdemir N, Tamam Y. The prevalence of dementia three months
after stroke and its risk factors. Turk Psikiyatri Derg. 2008;19(1):46-56.
Onyike CU. Cerebrovascular disease and dementia. Int Rev Psychiatry.
2006;18(5):423-31. https://doi.org/10.1080/09540260600935421
Melkas S, Jokinen H, Hietanen M, Erkinjuntti T. Poststroke cognitive impair-
ment and dementia: prevalence, diagnosis, and treatment. Degener Neurol
Neuromuscul Dis. 2014;4:21-27. https://doi.org/10.2147/dnnd.s37353

Dementia after first ischemic stroke  E/-Sheik et al.

21.

22.

283.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Appleton J, Scutt P, Sprigg N, Bath PM. Hypercholesterolaemia and
vascular dementia. Clin Sci (Lond). 2017;131(14):1561-78. https://doi.
org/10.1042/cs20160382

Solomon A, Kareholt I, Ngandu T, Wolozin B, Macdonald SW S, Winblad
B, et al. Serum total cholesterol, statins and cognition in non-demented
elderly. Neurobiol Aging. 2009;30(6):1006-9. https://doi.org/10.1016/j.
neurobiolaging.2007.09.012

Alosco ML, Spitznagel MB, Sweet LH, Josephson R, Hughes J, Gunstad J.
Atrial fibrillation exacerbates cognitive dysfunction and cerebral perfusion
in heart failure. Pacing Clin Electrophysiol. 2015;38(2):178-86. https://doi.
org/10.1111/pace.12543

Yaffe K, Vittinghoff E, Pletcher MJ, Hoang TD, Launer LJ, Whitmer R, et al.
Early adult to midlife cardiovascular risk factors and cognitive function.
Circulation.2014;129(15):1560-7. https://doi.org/10.1161/circulatio-
naha.113.004798

Kalaria RN, Akinyemi R, Ihara M. Stroke injury, cognitive impairment and
vascular dementia. Biochim Biophys Acta. 2016;1862(5):915-25. https://
doi.org/10.1016/j.bbadis.2016.01.015

Arauz A, Rodriguez-Agudelo Y, Sosa AL, Chavez M, Paz F, Gonzalez M,
et al. Vascular cognitive disorders and depression after first-ever stroke:
the Fogarty-Mexico Stroke Cohort. Cerebrovasc Dis. 2014;38(4):284-9.
https://doi.org/10.1159/00036647 1

Renjen PN, Gauba C, Chaudhari D. Cognitive Impairment After Stroke.
Cureus. 2015;7(9):e335. https://doi.org/10.7759/cureus.335

Munsch F, Sagnier S, Asselineau J, Bigourdan A, Guttmann CR,
Debruxelles S, et al. Stroke Location Is an Independent Predictor of
Cognitive Outcome. Stroke.2016;47(1):66-73. https://doi.org/10.1161/
strokeaha.115.011242

Zhao L, Biesbroek JM, Shi L, Liu W, Kuijf H J, Chu W W, et al. Strategic
infarct location for post-stroke cognitive impairment: A multivariate lesion-
-symptom mapping study. J Cereb Blood Flow Metab. 2018;38(8):1299-
311. https://doi.org/10.1177/0271678x17728162

Lanna ME, Alves CE, Sudo FK, Alves G, Valente L, Moreira D M, et al.
Cognitive disconnective syndrome by single strategic strokes in vascular
dementia. J Neurol Sci. 2012;322(1-2):176-83. https://doi.org/10.1016/j.
jns.2012.08.004

Mijajlovi¢ MD, Pavlovi¢ A, Brainin M, Heiss WD, Quinn TJ, Ihle-Hansen
HB, et al. Post-stroke dementia - a comprehensive review. BMC Med.
2017;15(1):11. https://doi.org/10.1186/s12916-017-0779-7

Mok VC, Liu WY, Wong A. Detection of amyloid plaques in patients with
post-stroke dementia. Hong Kong Med J. 2016;22 Suppl 2:540-2.
Rodriguez Garcia PL, Rodriguez Garcia D. Diagnosis of vascular cognitive
impairment and its main categories. Neurologia. 2015;30(4):223-39.
https://doi.org/10.1016/j.nr.2011.12.014

Thal DR, Grinberg LT, Attems J. Vascular dementia: different forms of
vessel disorders contribute to the development of dementia in the elderly
brain. Exp Gerontol. 2012;47(11):816-24. https://doi.org/10.1016/j.
exger.2012.05.023

Selnes OA, Vinters HV. Vascular cognitive impairment. Nat Clin Pract
Neurol. 2006;2(10):538-47. https://doi.org/10.1038/ncpneuro0294
Roman G C. Clinical Forms of Vascular Dementia. From current clinical
neurology. Vascular Dementia: Cerebrovascular Mechanisms and Clinical
Management. Edited by R.H.Paul, R.Cohen, B.ROtt and S.Salloway.
Totowa (NJ): Humana Press Inc; 2005. p 11. https://link.springer.com/
book/10.1385%2F1592598242.

Blanco-Rojas L, Arboix A, Canovas D, Grau-Olivares M, Oliva Morera
JC, Parra O. Cognitive profile in patients with a first-ever lacunar infarct
with and without silent lacunes: a comparative study. BMC Neurol.
2013;13:208. https://doi.org/10.1186/1471-2377-13-203

Grau-Olivares M, Arboix A. Mild cognitive impairment in stroke patients with
ischemic cerebral small-vessel disease: a forerunner of vascular demen-
tia? Expert Rev Neurother. 2009;9(8):1201-17. https://doi.org/10.1586/
ern.09.73

Chen PH, Gao S, Wang YJ, Xu AD, Li YS, Wang D. Classifying Ischemic
Stroke, from TOAST to CISS. CNS Neurosci Ther. 2012;18(6):452-6.
https://doi.org/10.1111/j.1755-5949.2011.00292.x

Tu J, Wang LX, Wen HF, Xu YC, Wang PF. The association of different
types of cerebral infarction with post-stroke depression and cognitive
impairment. Medicine (Baltimore). 2018;97(23):e10919. https://doi.
org/10.1097/md.0000000000010919


https://doi.org/10.1159/000092923
https://doi.org/10.1186/s12883-015-0288-2
https://doi.org/10.1186/s12883-015-0288-2
https://doi.org/10.1007/s12035-014-8657-1
https://doi.org/10.1007/s12035-014-8657-1
https://doi.org/10.1007/s11910-012-0315-2
https://doi.org/10.1186/s12916-017-0869-6
https://doi.org/10.1186/s12916-017-0869-6
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.1590/s1980-57642011dn05040003
https://doi.org/10.1155/2014/261672
https://doi.org/10.1161/CIRCRESAHA.107.165472
https://doi.org/10.1161/CIRCRESAHA.107.165472
https://doi.org/10.4081/ni.2017.7216
https://doi.org/10.4081/ni.2017.7216
https://doi.org/10.1016/j.jalz.2014.01.003
https://doi.org/10.1017/cbo9780511575976.002
https://doi.org/10.1017/cbo9780511575976.002
https://doi.org/10.1016/j.nlm.2011.11.001
https://doi.org/10.1016/j.arr.2011.01.001
https://doi.org/10.1016/j.jns.2009.02.338
https://doi.org/10.1016/j.jns.2009.02.338
https://doi.org/10.1080/09540260600935421
https://doi.org/10.2147/dnnd.s37353
https://doi.org/10.1042/cs20160382
https://doi.org/10.1042/cs20160382
https://doi.org/10.1016/j.neurobiolaging.2007.09.012
https://doi.org/10.1016/j.neurobiolaging.2007.09.012
https://doi.org/10.1111/pace.12543
https://doi.org/10.1111/pace.12543
https://doi.org/10.1161/circulationaha.113.004798
https://doi.org/10.1161/circulationaha.113.004798
https://doi.org/10.1016/j.bbadis.2016.01.015
https://doi.org/10.1016/j.bbadis.2016.01.015
https://doi.org/10.1159/000366471
https://doi.org/10.7759/cureus.335
https://doi.org/10.1161/strokeaha.115.011242
https://doi.org/10.1161/strokeaha.115.011242
https://doi.org/10.1177/0271678x17728162
https://doi.org/10.1016/j.jns.2012.08.004
https://doi.org/10.1016/j.jns.2012.08.004
https://doi.org/10.1186/s12916-017-0779-7
https://doi.org/10.1016/j.nrl.2011.12.014
https://doi.org/10.1016/j.exger.2012.05.023
https://doi.org/10.1016/j.exger.2012.05.023
https://doi.org/10.1038/ncpneuro0294
https://link.springer.com/book/10.1385%2F1592598242
https://link.springer.com/book/10.1385%2F1592598242
https://doi.org/10.1186/1471-2377-13-203
https://doi.org/10.1586/ern.09.73
https://doi.org/10.1586/ern.09.73
https://doi.org/10.1111/j.1755-5949.2011.00292.x
https://doi.org/10.1097/md.0000000000010919
https://doi.org/10.1097/md.0000000000010919

