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BACKGROUND: Some patients with stroke have prestroke cognitive impairment (pre-SCI), but its etiology is not clear. The aim
of this cross-sectional study was to assess the frequency of pre-SCl and its association with premorbid neuropsychiatric,
functional, and neuroimaging features.

METHODS: Patients hospitalized in stroke unit with an informant who could complete IQCODE (Informant Questionnaire for
Cognitive Decline in the Elderly) were included. Pre-SCl was diagnosed if the IQCODE score was >3.3. Prestroke assessment
also included NPI-Q (Neuropsychiatric Inventory Questionnaire), the basic Activities of Daily Living and Instrumental Activities
of Daily Living scales, and the Clinical Dementia Rating scale. A multivariate logistic regriséijéﬁ:model was used to evaluate
the association of pre-SCI with age, sex, education, arterial hypertension, atrial fibrillation;, white matter lesions, cerebral
microbleeds, and pathological medial temporal lobe atrophy.

RESULTS: IQCODE was available in 474 of 520 patients (91.2%; 456% women; mean age 75.5+13.3 years). Pre-SCl had a
prevalence of 32.6% and was associated with prestroke NPI-Q (pre-SCl absent versus present, 1.7+£2.3 versus 5.5£4.9;
P<0.001), Activities of Daily Living scale (0.3+£0.8 versus 1.84£1.9; R<0.001), Instrumental Activities of Daily Living scale
(0.6%1.3 versus 3.8+£4.0; <0.001), and Clinical Dementia Rating scale score (0.7£1.7 versus 7.2+£6.2; ”<0.001). In the
271 patients with a magnetic resonance imaging available, the multivariate logistic regression showed that age (odds ratio
[OR], 1.05 [95% Cl, 1.62-9.73]), white matter lesions (OR, 1.26 [95% Cl, 1.003-1.58]), and a pathological medial temporal
lobe atrophy score (OR, 3.97 [95% Cl, 1.62-9.73]) were independently associated with pre-SCl. In the 218 patients with
ischemic stroke, white matter lesions (OR, 1.34 [95% Cl, 1.04-1.72]) and medial temporal lobe atrophy (OR, 3.66 [95% C],
1.38-9.19)), but not age, were associated with pre-SClI.

CONCLUSIONS: One-third of patients admitted to a stroke unit have pre-SCl that is associated with preexisting neuropsychiatric
symptoms and functional performance. White matter lesions and medial temporal lobe atrophy are associated with pre-SCl,
suggesting that both small vessel disease and neurodegeneration might be involved in its etiology.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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After a stroke, many patients develop cognitive deficits ~ depend not only on the characteristics of the acute lesion,
and the severity of poststroke cognitive impairment  prestroke cognitive status. The cognitive impairment that
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Nonstandard Abbreviations and Acronyms

CDR Clinical Dementia Rating
CT computed tomography

IQCODE Informant Questionnaire on Cognitive
Decline in the Elderly

MRI magnetic resonance imaging

MTLA medial temporal lobe atrophy

NPI-Q Neuropsychiatric Inventory Questionnaire

OR odds ratio
pre-SCl  prestroke cognitive impairment
WML white matter lesion

precedes a stroke is referred to as prestroke cognitive
impairment (pre-SCI). In a meta-analysis that included
8 hospital-based and 3 population-based studies, the
pooled prevalence of prestroke dementia was 14.4%
in hospital-based studies and 9.1% in population-based
cohorts, with significant interstudy variability.! When
including the milder forms of cognitive impairment,
prevalence estimates are higher, reaching 24% in some
studies.?® Part of the variability in the epidemiology of
pre-SCl depends on the lack of a standardized diagnosis.
Some studies have relied on the medical history or clini-
cal interview for the definition of pre-SCI,*® while oth-
ers have used informant-based questionnaires,?® which
allow a more reproducible assessment. Among them,
the most commonly used tool is the IQCODE (Informant
Questionnaire on Cognitive.Decline in.the Elderly).5

Pre-SCl is hypothesized to be consequent to both
vascular and degenerative processes, but this is not
easy to document premortem. In this regard, cerebro-
spinal fluid or plasma biomarkers could be of great
help, but their use in the acute phase of stroke may be
problematic in clinical practice. Neuroimaging may rep-
resent a valuable aid on the contrary, since it is routinely
performed in this setting and allows the assessment of
different markers of chronic vascular changes (such as
white matter lesions [WMLs], cerebral microbleeds, and
perivascular spaces) and of degenerative processes
(medial temporal lobe atrophy [MTLA]). Aim of this pro-
spective study was to assess the frequency of pre-SClI
and its relation with premorbid behavioral and functional
features and with vascular and degenerative neuroimag-
ing factors.

METHODS

All patients hospitalized for an acute cerebrovascular event in
the stroke unit of the Luigi Sacco Hospital in Milan, Italy, from
April 2019 to December 2022 were prospectively screened
for inclusion in the study, and those who had an informant
available during hospitalization were included. Enrollment
was stopped between March and August 2020 and between
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November 2020 and October 2021 because of the COVID-19
pandemic reorganization of the service. Two trained neuropsy-
chologists administered to informants the 16-item IQCODE’
for the assessment of prestroke cognitive status, NPI-Q
(Neuropsychiatric Inventory Questionnaire)® for the assessment
of prestroke neuropsychiatric symptoms, the basic Activities of
Daily Living® and Instrumental Activities of Daily Living'® scales
for the assessment of prestroke functional abilities, and the
8-item Clinical Dementia Rating (CDR) scale'' for a combined
assessment of prestroke cognitive, behavioral, and functional
status. The IQCODE score” varies from O to 5, and pre-SCl was
defined by a score >3.3, as suggested by a Cochrane review.?
The NPI-Q investigates 12 domains (delusions, hallucinations,
agitation/aggression, dysphoria/depression, anxiety, eupho-
ria/elation, apathy/indifference, disinhibition, irritability/lability,
aberrant motor nighttime behavior, and appetite/eating), and its
severity score varies from O to 36.% For Activities of Daily Living
and Instrumental Activities of Daily Living scales, the number of
items that had been lost by the patient before the index event
was registered. The extended version of the CDR scale inves-
tigates 8 domains that are related to cognitive, functional, and
behavioral features (memory, orientation, judgment and prob-
lem solving, community affairs, home and hobbies, personal
care, language, and behavior). Each domain has its own score
that ranges from O to 3. The sum of the scores obtained in the
8 domains is called sum of boxes and ranges from O to 24."
Demographic and clinicalVariables, including age, sex, educa-
tion, vascular risk factors, and'the type and etiology of the acute
cerebrovascular event, were registered. Patients underwent
brain computed tomography (CT) or magnetic resonance imag-
ing- (MRI)-as needed in clinical practice. CT imaging was avail-
able for all patients, while MRI (1.6T magnet) was available for
271 patients (57%). The evaluation of neuroimaging features
was done by 1 trained certified neurologist who was blind to
the assessment of preevent clinical status. Table 1 details the
scales used for the assessment of the neuroimaging features.
All patients signed an informed consent to undergo any
assessment needed in clinical practice, including neuroimag-
ing. The local institutional review board subsequently granted
approval for the retrospective analysis of the data. All the pro-
cedures were performed in accordance with the Declaration of
Helsinki. The corresponding author had full access to all the
data in the study and took responsibility for its integrity and the
data analysis. The data that support the findings of this study
are available from the corresponding author upon reasonable
request. The article follows the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines.'

Statistical Analysis

The scores obtained on each item of the van Swieten,'
Fazekas,'® and Potter'® scales were used as ordinal variables.
The total scores of the van Swieten, Fazekas, Wahlund,'” and
Pasquier'® scales and the mean score of the Scheltens scale'®
were used as continuous variables. After adjustment for age,
sex, and education (as suggested by Velickaite et al),? the
presence of a pathological MTLA score was used as a cat-
egorical binary variable. The number of cerebral microbleeds
was categorized into 2 groups (<2 versus >2 microbleeds) and
used as a categorical variable. All continuous variables were
tested for normality using the Kolmogorov-Smirnov test.
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Table 1. Neuroimaging Assessment
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Imaging technique Scales Items Scores
White matter lesions CT van Swieten scale Anterior region 0-2
Posterior region 0-2
Total score 0-4
MR Fazekas scale Periventricular white matter 0-3
Deep white matter 0-3
Total score 0-6
CT Wabhlund scale Frontal lobe (left and right) 0-3 (for each side)
Parieto-occipital lobes (left and right) 0-3 (for each side)
Temporal lobe (left and right) 0-3 (for each side)
Basal ganglia (left and right) 0-3 (for each side)
Infratentorial area (left and right) 0-3 (for each side)
Total score 0-30
Perivascular spaces MR Potter scale Basal ganglia 0-4
Centrum semiovale 0-4
Midbrain 0-1
GCA CT Pasquier scale Frontal lobe (left and right) 0-3 (for each side)
Parieto-occipital lobes (left and right) 0-3 (for each side)
Temporal lobe (left and right) 0-3 (for each side)
Third ventricle 0-3
Frontal horn (left and right) ! : 0-3 (for each side)
Occipital horn (left and right) 4 0-3 (for each side)
Temporal horn (left and right) 0-3 (for each side)
Total score 0-39
MTLA MR Scheltens scale Mean score (left score+right score/2) 0-4
Pathological score Absent/present
Cerebral microbleeds MR No. of microbleeds in any lobar or deep region 0-1 microbleed

>2 microbleeds

CT indicates computed tomography; GCA, global cortical atrophy; MR, magnetic resonance; and MTLA, medial temporal lobe atrophy.

In the whole cohort of patients, a comparison of demo-
graphic, clinical, and CT-based neuroimaging (van Swieten,
Wahlund, and Pasquier scales) variables was made between
the group of patients without pre-SCl and the group of patients
with pre-SCl, using ¥? test for categorical variables and Mann-
Whitney Utest for ordinal and non-normally distributed continu-
ous variables.

In the subgroup of patients who had an MRI available, bino-
mial logistic regression models were created for each neuroim-
aging variable, together with age, sex, education, hypertension,
and atrial fibrillation as covariates and pre-SCl as the depen-
dent variable. In these models, ordinal imaging variables were
computed according to the reverse Helmert coding, in which
every level of a variable is compared with the mean of the previ-
ous levels.

In the subgroup of patients with an MRI available, a second
step consisted in the creation of a global logistic regression
model, with age, sex, education, hypertension, atrial fibrilla-
tion, 1 measure of WML (the scale, among the 3 used, that
had shown the strongest association with pre-SCI across the
previous models), cerebral microbleeds, a measure of neuro-
degeneration (the MTLA pathological score), and a measure
of global cortical atrophy (Pasquier scale) as covariates and

Stroke. 2024;55:00-00. DOI: 10.1161/STROKEAHA.123.045344

pre-SCl as the dependent variable. Since global cortical atro-
phy cannot be clearly attributed to either a degenerative or a
vascular mechanism, in a successive binomial logistic regres-
sion model, the Pasquier scale was excluded from the analysis,
while retaining all the other variables. This last logistic regres-
sion model was first applied to the whole cohort of patients with
MRI and then, separately, to the ischemic and the hemorrhagic
stroke subgroups, under the hypothesis that different mecha-
nisms may underlie pre-SCl in these subgroups. All statistical
analyses were performed with the IBM SPSS software (version
28), using a P value threshold of 0.05 to ascertain statistical
significance.

RESULTS

Demographic and Clinical Features and
Frequency of Pre-SCI

Five hundred twenty consecutive patients were
screened during the study period. For 46 patients

(8.8%), IQCODE could not be administered during the
hospitalization because no informant was available. The
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remaining 474 patients (91.2%) were included in the
study. The reason for hospitalization was an ischemic
stroke for 386 patients (81%), a hemorrhagic stroke
for 52 patients (119%), and a transient ischemic attack
for 36 patients (8%). Ischemic stroke etiologies were
large artery atherosclerosis in 76 patients (20%), smalll
vessel disease in 39 patients (10%), cardioembolism in
112 patients (29%), other definite causes in 15 patients
(4%), cryptogenic in 102 patients (27%), multiple pos-
sible causes in 27 patients (7%), and undetermined due
to insufficient assessment in 15 patients (4%). Of the
474 patients included, 212 (45%) were women. Mean
age was 75.5 years (SD, 13.3), and mean education
was 9.7 years (SD, 4.8). Mean National Institutes of
Health Stroke Scale score on admission was 5.9 (SD,
6.3). Hypertension was present in 345 patients (73%),
atrial fibrillation in 100 patients (21%), diabetes in 128
patients (27%), dyslipidemia in 280 patients (569%), and
a current or previous history of smoking in 223 patients
(49%). Based on IQCODE (cutoff score, 3.3), pre-SClI
was present in 154 patients (32.5%). No statistically
significant difference in the prevalence of pre-SCI
was seen across the 3 cerebrovascular event catego-
ries (33.7% in patients with ischemic stroke, 30.8% in
patients with hemorrhagic stroke, and 22.2% in patients
with transient ischemic attack) or across the 3 main

Neuroimaging of Prestroke Cognitive Impairment

classes of ischemic stroke etiology (38.5% in large
artery atherosclerosis, 30.8% in small vessel disease,
and 36.8% in cardioembolism).

Demographic, Clinical, and CT-Based
Neuroimaging Features Associated With
Pre-SCI

Table 2 shows the demographic, clinical, and neuroim-
aging features in the whole cohort of patients and the
comparison between the group of patients with pre-SClI
and the group of patients without pre-SCl. Patients with
pre-SCI were older and more often women and had
lower education and a higher prevalence of hypertension
and atrial fibrillation, compared with patients without pre-
SCI. All CT-based neuroimaging variables (van Swieten,
Wahlund, and Pasquier scale scores) showed a different
distribution between patients with pre-SCl and patients
without pre-SCl, being more severe in the pre-SCI group.
As shown in the Figure, compared with patients with-
out pre-SCl, patients with pre-SCI had higher scores on
NPI-Q, had lost independence in more Activities of Daily
Living and Instrumental Activities of Daily Living scales,
and had higher scores on Clinical Dementia Rating
scale—sum of boxes. The §tores obtained in each of the
CDR domains were also higher in patients with pre-SCl,

Table 2. Demographic and Clinical Features in the Whole Cohort of Patients and in Patients With or Without Prestroke

Cognitive Impairment

Prestroke cognitive impairment
All patients (n=474) Absent (n=320) Present (n=154) P value

Cerebrovascular event NS*

TIA 36 (8%) 28 (9%) 8 (5%)

Ischemic stroke 386 (81%) 256 (80%) 130 (84%)

Hemorrhagic stroke 52 (11%) 36 (11%) 16 (11%)
Age, y 75.5£13.3 72.0+£13.5 82.9+9.3 <0.001t
Female sex 212 (45%) 125 (39%) 87 (56%) <0.001*
Education, y 9.7+4.8 10.3+£5.0 8.4+4.1 <0.001t
Hypertension 345 (73%) 222 (70%) 123 (80%) 0.015*
Atrial fibrillation 100 (21%) 52 (16%) 48 (31%) <0.001*
Diabetes 128 (27%) 91 (29%) 7 (24%) NS*
Dyslipidemia 280 (59%) 192 (61%) 88 (57%) NS*
Current or previous smoking 223 (49%) 160 (52%) 63 (44%) NS*
NPI-Q score 2.91+3.8 1.7£2.3 5.5+4.9 <0.001t
CDR scale sum of boxes 2.8+4.8 0.7+1.7 7.2%6.2 <0.001t
ADL scale (impaired items) 0.78+1.5 0.3+0.8 1.8%£1.9 <0.001t
IADL scale (impaired items) 1.6£2.5 0.6+1.3 3.8+4.0 <0.001t
van Swieten total score 1.9+1.3 1.7+1.2 2.5%1.2 <0.001t
Wahlund total score 6.5+5.3 5.5+4.9 8.415.6 <0.001t
Pasquier total score 12.0+£8.9 9.2+7.7 17.8£8.6 <0.001t

Values are expressed as mean£SD for continuous variables and absolute (relative) frequency for categorical variables. ADL indicates Activities of Daily Living; CDR,

Clinical Dementia Rating; IADL, Instrumental Activities of Daily Living; NPI-Q, Neuropsychiatric Inventory Questionnaire; and TIA, transient ischemic attack.
*y? test for categorical variables.

tMann-Whitney U test for non-normally distributed continuous variables and ordinal variables.

4 July 2024

Stroke. 2024;55:00-00. DOI: 10.1161/STROKEAHA.123.045344




202 ‘TE Ae |\ uo Aq Bio'seulnofeye;/:dny wouy papeojumoq

Mele et al Neuroimaging of Prestroke Cognitive Impairment
30 25
p<0.001 p<0.001
25 2
o w
v
Zw . X
§ e § 15
8 s °
o £
é @ 10 H
2 W0 o E
o (W] ;
5 s 8

Absent

Prestroke cognitive impairment

Present

Absent Present

Prestroke cognitive impairment

Figure. Neuropsychiatric symptoms and cognitive and functional impairment in daily living in patients with and without

prestroke cognitive impairment.

CDR indicates Clinical Dementia Rating; and NPI-Q, Neuropsychiatric Inventory Questionnaire.

compared with patients without pre-SCl, as shown in
Table S1.

Neuroimaging Features Associated With
Pre-SCI in Patients With an MRI Available

As shown in Table 3, patients who underwent an MRI
(n=271) were more often men, were younger, had a
higher education, and were less likely to be affected by
atrial fibrillation, compared with patients who did not have
an MRI study (n=203). Among the 271 patients who had
an MR, 71 patients had a pre-SCI (26.2%).

Table 4 shows the distributions of imaging scores in
patients with and without pre-SCl, in the group of patients
who had an MRI available. On regression analyses, pre-
SCI was significantly associated with the anterior (odds
ratio [OR], 2.36 for score 2 [95% ClI, 1.11-5.02]) van
Swieten score; with the periventricular (OR, 2.21 for score
2 [95% CI, 1.01-4.83]; 3.14 for score 3 [95% Cl, 1.33—
7.42]), deep (OR, 3.09 for score 3 [95% ClI, 1.14-8.42]),
and total (OR, 1.35 for each 1-point increase [95% ClI,
1.11-1.64]) Fazekas scores; with the total Wahlund score
(OR, 1.08 for each 1-point increase [95% ClI, 1.02-1.14]);
with the total Pasquier score (OR, 1.09 for each 1-point
increase [95% ClI, 1.05—-1.14]); with the mean Schel-
tens score (OR, 1.89 for each 1-point increase [95% Cl,
1.38-2.59)); with a pathological MTLA (OR, 5.25 [95%
Cl, 2.25-12.25]); and with the presence of at least 2
cerebral microbleeds (OR, 2.42 [95% CI, 1.14-5.15)).

Table 5 shows the results of the final regression
models. When all neuroimaging variables were included
(model 1), the Pasquier total score was the only fac-
tor associated with pre-SCI (OR, 1.07 for each 1-point
increase [95% Cl, 1.001-1.14]). When Pasquier total
score was excluded from the model (model 2), WML (OR,
1.26 for each 1-point increase in the Fazekas total score
[95% ClI, 1.003-1.58]), MTLA (OR, 3.97 for a pathologi-
cal score [95% CI, 1.62-9.73]), and age (OR, 1.05 for

Stroke. 2024;55:00-00. DOI: 10.1161/STROKEAHA.123.045344

each 1-year increase [96% Cl, 1.01-1.09]) were associ-
ated with pre-SCI. In the subgroup of 218 patients with
ischemic stroke, the Fazekas total score (OR, 1.34 for
each 1-point increase [95% ClI, 1.04-1.72]) and MTLA
(OR, 3.56 for a pathological Scheltens score [95% ClI,
1.38-9.19]), but not age (OR, 1.037 [95% ClI, 0.996-
1.079]), were associated With pre-SCl, whereas in the
hemorrhagic stroke and transient ischemic attack sub-
groups, no statistically significant associations were
found, as shown in Table S2.

DISCUSSION

Our study shows that one-third of patients admitted to a
stroke unit are affected by pre-SCI. Previous studies have
indicated lower prevalence estimates of pre-SCl, but some

Table 3. Comparison of Demographic and Clinical Features
Between Patients With an MRI and Patients Without an MRI
Available

MRI
Yes (n=271) No (n=203) P value
Cerebrovascular event 0.005*
TIA 29 (11%) 7 (3%)
Ischemic stroke 218 (80%) 168 (83%)
Hemorrhagic stroke 24 (9%) 28 (14%)
Age, y 72.5+13.5 79.56+12.0 <0.001t
Female sex 102 (38%) 110 (54%) <0.001*
Education, y 10.1+4.7 9.1£5.0 0.011t
Hypertension 188 (70%) 157 (78%) NS*
Atrial fibrillation 28 (10%) 72 (16%) <0.001*
Diabetes 65 (24%) 63 (31%) NS*
Dyslipidemia 165 (62%) 115 (58%) NS*

Values are expressed as mean+SD for continuous variables and absolute
(relative) frequency for categorical variables. MRI indicates magnetic resonance
imaging; and TIA, transient ischemic attack.

*x? test for categorica

| variables.

tMann-Whitney U test for non-normally distributed continuous variables.
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Table 4. Imaging Parameters in the Group of Patients With MRI (n=271), Categorized According to the Presence or Absence

of Prestroke Cognitive Impairment

Scales (available in the

Prestroke cognitive impairment

Imaging markers number of patients) Scores Absent (n=200) | Present (h=71) | Pvalue OR (95% CI)
White matter lesions Van Swieten (271) Anterior score <0.001*
0 65/200 (33%) 11/71 (16%)
1 108/200 (54%) 35/71 (49%) NS
2 27/200 (149%) 25/71 (35%) 2.36 (1.11-5.02)
Posterior score <0.001*

0 86/200 (43%) 19/71 (27%)

1 85/200 (43%) 27/71 (38%) NS

2 29/200 (15%) 25/71 (35%) NS

Total score 1.5%1.2 2.3+1.4 <0.001* 1.30 (1.00-1.69)

Fazekas (271) Periventricular score <0.001*

0 72/200 (36%) 8/71 (11%)

1 79/200 (40%) 24/71 (34%) NS

2 36/200 (18%) 23/71 (32%) 2.21 (1.01-4.83)

3 13/200 (7%) 16/71 (23%) 3.14 (1.33-7.42)

Deep score <0.001*

0 53/200 (27%) 12/71 (17%)

1 106/200 (53%) 25/71 (35%) NS

2 33/200 (17%) | 22/71 (31%) | | NS

3 8/200 (4%) 12/71 (170 e 3.09 (1.14-8.42)

Total score 1.9%1.5 3.1+£1.8 <0.001* 1.35 (1.11-1.64)

Wahlund (271) Total score 5.61£5.0 9.6%7.0 <0.001* 1.08 (1.02-1.14)

Perivascular spaces Potter (262) Basal ganglia 0.001*

0 11/195 (6%) 2/67 (3%)

1 98/195 (48%) 20/67 (30%) NS

9 59/195 (30%) 24/67 (36%) NS

3 22/195 (11%) 14/67 (21%) NS

4 10/195 (5%) 7/67 (10%) NS

Centrum semiovale NS*

0 95/195 (49%) 27/67 (40%)

1 85/195 (44%) 32/67 (48%)

2 12/195 (6%) 6/67 (9%)

3 3/195 (2%) 2/67 (3%)

Midbrain NS*

0 144/195 (74%) 42/67 (63%)

1 51/195 (26%) 25/67 (37%)
Global cortical atrophy | Pasquier (271) Total score 8.9179 17.9+9.5 <0.001* 1.09 (1.05-1.14)
MTLA Scheltens (253) Mean score 0.5+0.8 1.4+1.4 <0.001* 1.89 (1.38-2.59)

Pathological score 11/188 (6%) 24/65 (34%) <0.001t 5.25 (2.25-12.25)
Cerebral microbleeds (258) Number >2 26/192 (14%) 20/66 (30%) 0.002t 2.42 (1.14-5.15)

Values are expressed as mean+SD for continuous variables and absolute (relative) frequency for categorical variables. A logistic regression model was built for each
imaging variable, adjusted for age, sex, education, arterial hypertension, and atrial fibrillation. MTLA indicates medial temporal lobe atrophy; and OR, odds ratio.

“Mann-Whitney U test for non-normally distributed continuous and ordinal variables.

ty? test for categorical variables.

of these have used 4.0 as the IQCODE cutoff for the defi-
nition of pre-SCI,2'"?® thus restricting the investigation to
the most severe forms of pre-SCI. When comparing our
study with others that used the same IQCODE cutoff,2® our

6 July 2024

study still has a higher prevalence of pre-SCI, which could
be explained by the higher age of our cohort, but also by
some differences in the inclusion criteria. Mok et al? have
studied a small number of patients with an ischemic stroke
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Table 5. Logistic Regression Models of Demographic,
Clinical, and Neuroimaging Variables Associated With
Prestroke Cognitive Impairment

Model 1 Model 2

OR (95% CI) OR (95% CI)
Age (for each 1-y increase) 1.01 (0.99-1.09) 1.05 (1.01-1.09)*
Male sex 0.49 (0.22-1.11) | 0.66 (0.31-1.39)
Education (for each 1-y 1.01 (0.93-1.09) 1.01 (0.93-1.09)
increase)
Hypertension 0.83 (0.34-2.01) | 0.86 (0.36-2.06)

Atrial fibrillation 0.900 (0.32-2.52) | 0.85 (0.31-2.36)

Fazekas total score (for each 1.14 (0.89-1.47) 1.26 (1.003-1.58)*
1-point increase)

Cerebral microbleeds (>2) 1.38 (0.56-3.38) 1.72 (0.73-4.04)
Pathological MTLA 2.01 (0.67-6.02) 3.97 (1.62-9.73)*

Pasquier total score (for each 1.07 (1.001-1.14)* | Not included in the
1-point increase) model

Model 1 included age, sex, education, arterial hypertension, atrial fibrillation,
Fazekas total score, cerebral microbleeds, pathological MTLA, and Pasquier total
score. Model 2 included all the previous variables except for the Pasquier scale
total score. MTLA indicates medial temporal lobe atrophy; and OR, odds ratio.

“Statistically significant values.

associated with small vessel disease, excluding patients
with other stroke etiologies. Caratozzolo et al have stud-
ied a cohort of patients that shares many similarities with
our cohort, being based in the same geographic area.
However, they have excluded all patients with a previous
diagnosis of dementia (based on the Diagnostic and Sta-
tistical Manual of Mental Disorders, Third Edition).32* This
approach, focusing on the milder or undiagnosed forms of
pre-SCl, lowers the prevalence estimates of pre-SCI. Our
study also found an association of pre-SCI with measures
of prestroke neuropsychiatric symptoms and functional
impairment. These data strengthen the role of IQCODE in
correctly identifying patients with pre-SCI. Previous stud-
ies had already shown the association of an IQCODE-
based definition of pre-SCI with NPI-Q measures, loss
of function on Activities of Daily Living and Instrumen-
tal Activities of Daily Living scales, and modified Rankin
Scale,3?'?® but the association with the CDR domains and
total score had never been studied before and underlines
how pre-SCI involves different cognitive, behavioral, and
functional aspects of prestroke life.

The main focus of our work was the relationship of pre-
SCI with neuroimaging markers of vascular disease and
neurodegeneration. WMLs are a marker of small vessel
disease and have been assessed by means of different
visual rating scales over the years. Our results showed that
WMLs are associated with pre-SClI independently of age,
sex, education, hypertension, and atrial fibrillation and that
each of the scales we assessed (van Swieten, Fazekas,
and Wahlund scales) may be used in this regard, in line
with the already shown good correlation among them.?

Two other markers of small vessel disease were
included in our assessment, that is, perivascular spaces
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and microbleeds. Both have been previously investigated,
only in patients with atrial fibrillation—related strokes, by
Banerjee et al?” who did not find any significant asso-
ciation with pre-SCl. Our data confirm that perivascular
spaces are not independently associated with pre-SCl.
In our cohort (which included not only cardioembolic
strokes but also other etiologies), the presence of at
least 2 microbleeds was associated with pre-SCI. This
association, however, lost its significance when WMLs
were added to the model, suggesting that the latter is
a stronger small vessel disease—related predictor of
pre-SCI.

Also measures of cerebral atrophy have been previ-
ously investigated in relation to pre-SCI,**?" and our data
confirm the association of both GCA and MTLA with
pre-SCl. However, GCA cannot be ascribed uniquely to
a vascular or degenerative process as it is a feature of
both.22% In this regard, it is interesting to note that, when
we kept GCA in the statistical model, the weight of the
other variables disappeared, while it emerged when we
excluded GCA. Our interpretation is that GCA is a potent
determinant of pre-SCl and of any dementia-related
process. However, in the attempt to disentangle the
respective role of vascular and degenerative changes in
pre-SClI (and in strokefelated cognitive decline in gen-
eral), GCA should not be taken into account. Noteworthy,
when including in the same model measures of WML
and MTLA, the association with pre-SCl was significant
for both. To our knowledge, this is the first work showing
that both WML and MTLA, independently of one another,
are associated with pre-SCI and further supports the
hypothesis that both small vessel disease and neurode-
generation are involved in its etiology.

Our study has limitations. First, this was a single-
center study that needs to be reproduced in multicentric
cohorts. Indeed, despite including a relatively large num-
ber of patients, hemorrhagic strokes and transient isch-
emic attack were underrepresented, as expected. The
absence of any significant association of pre-SCI with
demographic, clinical, and neuroimaging variables in these
patients’ groups may, therefore, be due to the low numbers.
Similarly, when ischemic strokes were categorized accord-
ing to the different etiologies, the numbers were too low
to show any differences. Second, the use of data derived
from routine clinical practice did not allow the use of com-
puterized assessment methods. Another limitation is that
not all patients underwent an MR, introducing a possible
selection bias and limiting the assessment of some lesion
types and the power and generalizability of the study. Lastly
and most relevant, we could not include in our assessment
other biomarkers of small vessel disease or neurodegen-
eration (such as those derived from the blood and cerebro-
spinal fluid) that, combined with neuroimaging measures,
may allow a more precise profiling of pre-SCI.

In conclusion, our study showed that one-third of
patients admitted to a stroke unit had pre-SCI, when
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assessed with a standardized tool, and that pre-SCI
is associated with preexisting neuropsychiatric symp-
toms and functional performance in daily living. We also
showed that pre-SCl is associated with neuroimaging
biomarkers of both small vessel disease and neurode-
generation, suggesting that both processes are involved
in its etiology.
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