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Abstract

Background: Cognitive impairment is frequent after stroke, and young patients may
live with this consequence for a long time. Predictors of cognitive outcomes after
stroke represent a current gap of knowledge.

Objectives: To investigate levels of three hemostatic biomarkers as predictors of long-
term cognitive function after stroke.

Methods: This longitudinal study included consecutively recruited patients with is-
chemic stroke at 18-69 years (n = 268). Blood was collected 3 months after index
stroke and analyzed for plasma concentrations of fibrinogen, von Willebrand factor
(VWF) and tissue-type plasminogen activator (t-PA) antigen. Cognitive function
7 years after index stroke was assessed by the Barrow Neurological Institute Screen
for Higher Cerebral Functions (BNIS). Participants with stroke <50 years of age were
also examined by the Trail Making Test A and B (n = 41). Associations between bio-
marker concentrations and cognitive scales were assessed in the whole group and in
participants with stroke <50 years of age.

Results: The hemostatic biomarkers fibrinogen, VWF and t-PA, were all correlated to
total BNIS score, but these associations did not withstand adjustment for confounding
factors in the whole group. However, in patients <50 years, we found an independent
association between fibrinogen concentrations and total BNIS score (B, = -.27, 95%
confidence interval [Cl], -0.47 to —0.07) and to performance on the Trail Making Test A
([3Std = .31, 95% Cl, 0.03-0.58). No such association was seen for the Trail Making Test B.
Conclusion: High convalescent fibrinogen concentrations were associated with worse
long-term cognitive outcomes in ischemic stroke <50 years of age. We propose fur-

ther investigations of fibrinogen in relation to cognitive function in stroke in the young.
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Essentials

o Cognitive impairment is frequent after stroke and knowledge on predictors is limited.

o We investigated hemostatic biomarkers as predictors of long-term cognitive function after stroke.

e Fibrinogen, von Willebrand factor and tissue-type plasminogen activator correlated to cognitive outcome.

e In young patients, fibrinogen was independently associated to worse cognitive outcome 7 years post-stroke.

1 | INTRODUCTION

Persisting cognitive impairment is a frequent symptom after stroke,'®
a disability with great impact both on work and social life. Working-
aged patients frequently describe consequences of cognitive dysfunc-
tion despite a low residual neurological deficit. This group of patients
is generally subject to higher demands on cognitive functioning and
may live with the consequences of their stroke for many years. To
date, most studies on post-stroke cognitive outcome are focused on
older stroke sufferers.** To our knowledge, there is only one stroke
study including long-term cognitive assessment of patients of occupa-
tional age. The FUTURE study prospectively followed ischemic stroke
patients, 18-50 years of age, for a mean follow-up time of 11 years.
They showed that long-term cognitive outcome was worse in most
cognitive domains compared to a non-stroke population and a sub-
stantially higher proportion of ischemic stroke patients had cognitive
impairment or a below average performance compared with controls.®
Since stroke incidence is increasing in younger ages,” the long-term
effects of cognitive impairment constitute a growing problem both for
society and affected individuals as well as their families.® Biomarkers
able to predict cognitive outcomes after stroke could contribute to a
better understanding of the mechanisms behind cognitive decline or
lack of recovery and might be of value for healthcare and rehabilitation
planning.

Plasma concentrations of the hemostatic biomarkers fibrinogen,
von Willebrand factor (VWF) and tissue-type plasminogen activator
(t-PA) are associated to stroke risk, risk of recurrent events and func-
tional outcomes.”’ *® Moreover, both prospective and case-control
studies have suggested a relationship between these hemostatic bio-
markers and vascular dementia.'**> Regarding high concentrations
of fibrinogen, associations to incident vascular dementia have been
demonstrated in prospective studies with mean follow-up times of
up to seventeen years.'*® Furthermore, in a population with athero-
sclerosis, but no cardiovascular disease at baseline, an association to
cognitive decline during a five-year follow-up was demonstrated.'”
Altogether, this makes hemostatic proteins, and especially fibrino-
gen, promising as candidate biomarkers of cognitive outcomes after
stroke.

We hypothesized that hemostatic biomarkers predict long-term
cognitive outcome after ischemic stroke. To investigate this hy-
pothesis the biomarkers fibrinogen, VWF, and t-PA were selected
for the present study. Young patients (<50 years) were investigated

specifically.

2 | MATERIALS AND METHODS

2.1 | Study population

The study sample comprised of participants in the Sahlgrenska
Academy Study on Ischemic Stroke (SAHLSIS), which consecutively
recruits patients with ischemic stroke, aged 18-69 years, at stroke
units, and has been described in detail elsewhere.'® We studied pa-
tients recruited between 1998 and 2003 at the Sahlgrenska University
Hospital who attended a follow-up visit with blood sampling approxi-
mately 3 months after the event. To avoid influence of an acute vas-
cular event on convalescent biomarker measures, patients suffering
from a recurrent vascular event before the three-month follow-up
were excluded from this study. These events were identified by re-
view of the medical records, and this was performed by a stroke neu-
rologist. To obtain data on recurrent strokes after 3 months, we used
the National Hospital Discharge Registry and confirmed events by
reviewing the corresponding medical record, according to criteria as
previously described.?’ Informed consent was obtained from all par-
ticipants prior to enrollment. This study was approved by the Ethics

Committee of the University of Gothenburg.

2.2 | Stroke severity, vascular risk
factors, and education

Maximum stroke severity within the first 7 days after the stroke was
scored using the Scandinavian Stroke Scale (SSS), a scale that de-
scribes clinical deficit with a maximum score of 58 points (no deficit).
Information on vascular risk factors including hypertension, diabe-
tes, and smoking was collected at inclusion and at the three-month
follow-up visit by examinations and structured questionnaires, as
described.*® To define hypertension and diabetes, measurements at
three-month follow-up were used, as described elsewhere.'®%° |n
brief, hypertension was defined as pharmacological treatment for
hypertension, systolic blood pressure 2160 mm Hg, and/or diastolic
blood pressure 290 mm Hg. Diabetes was defined as dietary or phar-
macological treatment, fasting plasma glucose >7.0 mmol/L, and/or
fasting blood glucose 26.1 mmol/L. Smoking was defined as current
or cessation within the last year from inclusion. The educational level
of the patients was categorized as low, medium, or high based on an-
swers obtained through questionnaires. Low education corresponds
to compulsory school (nine years or less), medium corresponds to sec-
ondary school, and high to post-secondary education.
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2.3 | Cognitive outcomes

The surviving patients were invited to participate in a seven-year
follow-up. This consisted of questionnaires and visits to a physician
trained in stroke medicine and a research nurse. Home visits were
offered to patients unable to visit our clinic. Cognitive functions
were tested using the Barrow Neurological Institute Screen for
Higher Cerebral Functions (BNIS), and all patients were tested
by the same research nurse (IE). This nurse had been trained in
administering the BNIS by a neuropsychologist, was supervised by
this neuropsychologist throughout the study, and was blinded to
biomarker results. The total score (maximum 50p) of the BNIS test
reflects the overall cognitive function and consists of a pre-screen
(level of arousal 3p, basic communication 3p, and co-operation 3p) to
evaluate whether the patient is capable to take part in further testing,
and the seven subscales: speech and language 15p, orientation 3p,
attention/concentration 3p, visual and visuospatial problem solving
8p, memory 7p, affect 4p, and awareness 1p.2! When the BNIS is used
as a screening tool for cognitive impairment after stroke, a commonly
used cut-off is a score of 47 or less.?

Patients below 50 years of age at index stroke (n = 67) were also
invited to the outpatient clinic at the hospital for an additional more
comprehensive cognitive testing including the Trail Making Test A
and B.2% All patients were tested by one neuropsychologist (JV) or
by our research nurse (IE) who had been trained in administering the
tests by JV. The Trail Making Test is a timed task divided into parts
A and B. For part A, individuals rapidly connect numbered circles se-
quentially. Part B is a more complex task that requires examinees
to shift between number sequencing and alphabetic sequencing.
Part A requires rapid visual scanning and processing speed, part B
further requires executive functions such as working memory and

attentional shifting.

2.4 | Blood sampling and biomarker measurements

Blood sampling was performed at a follow-up visit approxi-
mately three months after the event (median 101 days, range 85-
125 days). Blood was collected between 8.30 and 10.30 a.m. after
an overnight fast. Venous blood was collected in tubes that con-
tained 10% by volume of 0.13 mol L™* sodium citrate. Plasma was
isolated within 2 h by centrifugation 2000 x g at 4°C for 20 min
and stored at -80°C before assay. The plasma concentrations of
VWF and t-PA antigen were analyzed by ELISAs, the plasma con-
centration of fibrinogen was measured with an automated clot
rate assay, and the serum concentration of hsCRP was determined
by a high-sensitivity immunometric assay, all described in detail

previously.”11:24.25

2.5 | Missing data

The success rate for biomarker measurements was: fibrinogen 93%,
VWEF 96%, t-PA 97%, and hsCRP 98%. Missing data were mainly due
to technical reasons.
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2.6 | Statistical analyses

Normality of continuous variables was tested. The total score of the
BNIS and the total time of Trail Making Test A and B were treated as
continuous scales and were normally distributed. For the statistical
analyses all biomarker concentrations were log transformed to reduce
skewness.

Correlations between biomarker concentrations and clinical vari-
ables as well as cognitive scales were assessed by calculating Pearson
correlation coefficients. A multivariable linear regression model was
created to assess the associations between biomarker concentra-
tions and cognitive scales. To be able to compare the relative impor-
tance between the biomarkers, standardized betas () were used.
The standardized betas refer to how many standard deviations the
dependent variable (BNIS) is estimated to change per standard devi-
ation increase in the predictor variable. For the multivariable models,
we selected variables based on their known or plausible confounding
effect, with a priority of variables with the strongest correlations to
total BNIS score. For BNIS, variables included in the final model were
age, SSS, educational level and time from last stroke (ie, a shorter
time than the total follow-up time for those who experienced a re-
current stroke during the follow-up period), diabetes and hyperten-
sion. Additionally, age <65 years at index stroke was included in the
model. This variable was chosen since patients in working-age are
generally offered more intensive rehabilitation compared to patients
in non-working age. For inclusion in the linear regression model, the
missing values of acute SSS (n = 7) and educational level (n = 5) were
replaced by the median value. Since the influence of biomarker con-
centrations as well as consequences of cognitive impairment after
stroke may differ by age, we additionally performed prespecified
analyses in patients <50 years of age at index stroke. For the anal-
yses of Trail Making Test A and B, variables included in this model
were age, SSS, and time from last stroke. The standardized betas for
the seven BNIS subscales were tested for homogeneity by Cochrans
Q test.

Data were analysed using SPSS 20.0, and two-tailed P < .05 was
considered significant.

3 | RESULTS

Of 411 patients recruited at baseline, 395 attended the three-
month follow-up visit and 375 of these had not experienced a
recurrent vascular event. During the period between the three-
month and the seven-year follow-up, 43 individuals died. Thus, 332
individuals were eligible for cognitive testing 7 years after their
index stroke. Of these, 268 were included in the final analyses of
this study. Reasons for not participating are displayed in Figure 1.
Among eligible study participants, the group that underwent cog-
nitive testing by BNIS did not differ significantly with regards to
age, sex, stroke severity, or plasma concentrations of fibrinogen
or t-PA compared to those who did not participate. However,

the investigated group had significantly lower three-month VWF
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Acute ischemic stroke patients
recurited at the stroke unit

n=411

Dead before 3-month follow-up

n=2

\4

Recurrent vascular event before)
3-month follow-up

n=20

| Lost to follow-up3 months

Patients attending 3-month n=14
follow-up, free from
recurrent vascular events
n=375
S Dead
g n=43
Lost to follow-upat 7 year
follow-up
Patients eligable for n=20
cognitive testing at 7-
year follow-up )
n =332 Did not come Fo.7-year
follow-upvisit
n=236
Reasons for not attending:
Severe disease n = 6
Other language n =3
Deafness n =1
Dementian =1
Aphasian=2
Moved from the area n =2
Not interested n = 21
Patients that underwent
Cognitive testing by FIGURE 1 Flow chart of the Study
BNIS 5| Did not pass BNIS pre-screen population. BNIS, Barrow Neurological
n =268 - n==8 Institute Screen for Higher Cerebral
Functions

concentrations compared to the group that did not participate
(P < .01). Median time from index stroke to follow-up was 7.4 years
(IQR 7.3-7.5). Forty-five patients experienced a recurrent stroke
during the follow-up period from the three-month to the seven-
year visit. Median time from this recurrent stroke to cognitive test-
ing was 5.0 years (IQR 3.2-7.2).

The median total BNIS score was 40 (interquartile range 35-43)
for the whole sample, and 43 (interquartile range 39-47) for the
group of participants with stroke <50 years of age. Clinical data, bio-
marker concentrations and correlations to total BNIS scores for both
groups, are shown in Table 1. In the whole sample age, diabetes,
educational level, SSS at baseline, and time since last stroke were
significantly correlated to the total BNIS score at the seven-year
follow-up. High three-month concentrations of fibrinogen, VWF,
and t-PA were significantly correlated to a low BNIS score. In par-
ticipants <50 years of age at index stroke, diabetes, low educational
level, low SSS at baseline (ie, severe stroke), and high fibrinogen con-
centrations were significantly correlated to a low BNIS score. Plasma
concentrations of fibrinogen in relation to the total BNIS score are

shown in Figure 2.

The results from the multivariable linear regression models are
shown in Table 2. Age, educational level, SSS at baseline, time since
last stroke, and diabetes were all independent predictors of the total
BNIS score at follow-up in the whole group, whereas the associations
for the biomarker concentrations were not retained.

In the subgroup of participants who were <50 years of age at
index stroke, a similar pattern of correlations between biomarker
concentrations and the total BNIS score were observed as in the
whole group (Table 1), and here the association for fibrinogen was
independent of the clinical variables (B, = -.27, Table 2) and sig-
nificantly stronger than in the participants with stroke 250 years of
age. With regards to the different BNIS subscales, high plasma con-
centrations of fibrinogen were associated to a low score for all sub-
scales, and this association was not significantly different between
subscales.

Forty-four participants completed the Trail Making Test A, and
41 completed Trail Making Test B. The main reason for not partici-
pating was the unwillingness to undergo further cognitive testing.
There was no significant difference in total BNIS score, fibrinogen

levels or main vascular risk factors between the group who did and
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TABLE 1 Baseline clinical data and biomarker concentrations in ischemic stroke patients and their correlations to total BNIS score at 7-year

follow-up
Whole sample, n = 268 Stroke <50 years, n = 67
Correlation Correlation
coefficient () 95% Cl forr coefficient (r) 95% Cl forr
Age at index stroke, years, 55(11) -.28 -0.39,-0.17 40 (8) .04 -0.20,0.28
mean (SD)
Age <65 years at index 223 (83%) -.30 -041,-0.19  NA NA
stroke, n (%)
Male sex, n (%) 169 (63%) -.05 -0.17,0.07 32 (48%) -.10 -0.33,0.14
Education
1 Low level, n (%) 83 (31%) .38 0.27,0.48 13 (20%) .37 0.14,0.56
2 Medium level, n (%) 103 (38%) 28 (42%)
3 High level, n (%) 77 (29%) 25 (37%)
Hypertension, n (%) 142 (53%) -.14 -0.26, -0.02 17 (25%) -.04 -0.28,0.20
Smoking, n (%) 95 (35%) -.07 -0.19, 0.05 25 (37%) -.17 -0.39,0.07
Diabetes mellitus, n (%) 45 (17%) -.20 -0.31, -0.08 11 (16%) -.40 -0.58,-0.18
Hyperlipedemia, n (%) 190 (71%) -.09 -0.21,0.03 34 (51%) -.07 -0.31,0.18
SSS score, median (IQR) 54 (47-57) .36 0.25,0.46 54 (47-58) 67 0.51,0.78
Years from last stroke, 7.3(7.2-7.5) .25 0.14,0.36 7.3(7.2-7.5) 13 -0.11,0.36
median (IQR)
Fibrinogen, g/L, median 3.2(2.8-3.7) -.22 -0.33,-0.10 2.9 (2.5-3.4) =35 -0.55,-0.11
(IQR)
VWEF antigen, IU/dL, median  208.6 (164.6-274.3) -.18 -0.30, -0.06 185.3 (150.5-226.3) -.17 -0.40, 0.08
(IQR)
t-PA antigen, pg/L, median 11.2 (8.6-14.4) -.18 -0.29,-0.06 9.6 (6.8-11.9) =28 -0.45, 0.02
(IQR)

BNIS, Barrow Neurological Institute Screen for Higher Cerebral Functions; SSS, Scandinavian Stroke Scale; VWF, von Willebrand factor; t-PA, tissue-type
plasminogen activator; Cl, confidence interval. Pearson correlation was used to calculate correlation to total BNIS score. Data are shown as median and
interquartile range (IQR), mean and standard deviation (SD), or number (n) and percentage.

Total BNIS score at 7-y follow-up

—+— 250y at index stroke
—+— <50y at index stroke

10

2 3 4 5 6 7 8
Fibrinogen concentrations at 3-month follow-up

FIGURE 2 Scatterplot with regression lines for plasma
concentrations of fibrinogen at baseline in relation to total BNIS
score at 7-year follow-up. BNIS, Barrow Neurological Institute Screen
for Higher Cerebral Functions

did not perform the Trail Making Test A. However, the group who did
not perform the test was younger (P < .01) and had a lower SSS score
(P =.05). The mean total time for Trail Making Test A was 34 (SD 12)
seconds, and for Trail Making Test B 75 (SD 30) seconds. High fibrin-
ogen concentrations were significantly correlated to worse perfor-
mance (measured as total time) on Trail Making Test A, r = .37 (95%
Cl, 0.07-0.61). In the linear regression model this association was
retained, B, = .31 (95% Cl, 0.03-0.58). No significant as association
was detected for fibrinogen and Trail Making Test B, p, = .09 (95%
Cl, -0.17 to 0.35).

Considering the significant results for fibrinogen, but not for the
other investigated biomarkers, the question arose that, in contrast to
our hypothesis, it might be inflammation rather than prothrombotic
factors that influence cognitive function. Therefore, in the subgroup
with stroke <50 years of age, we additionally investigated hsCRP in
relation to total BNIS score. Replacing fibrinogen with hsCRP in the
multivariable linear regression model yielded a non-significant result
for hsCRP f,, = -.13 (95% Cl, -.32 to 0.07). Including both fibrino-
gen and hsCRP in the same model resulted in a significant association
for fibrinogen B, = -.27 (95% Cl, -0.50 to -0.05), but not for hsCRP
Byq = -003 (95% Cl,-0.23 to 0.23).

85LB01 7 SUOLULLOD @A1IE1D) 3{cedl|dde aupy Aq peusenob a1e Sajofe YO 9sN JO SaInJ 10} Aiq1 8Ul|UO AB[IM UO (SUONIPUOD-PUB-SWLB)LIO™AB | 1M Afe.q)1|BulUO//STIY) SUORIPUOD pue SIS 1 8Ly 88S *[2202/0T/Tz] Uo A%iqiauliuo Ae|im ‘ABojouyoe 1 JO AiseAlun sieweyd Ag 82021 24H/200T OT/I0p/W0d A8 | AReiq juljuo//sdny woiy pepeojumod ‘g '8TOZ ‘6805272



PEDERSEN ET AL.

I ;esean:h & practice X
in thrombosis & haemostasis

Whole sample, n = 268 Stroke <50 years, n = 67

Baseline
characteristics Bra 95% Cl for B, Bta 95% Cl for B,
Age -0.12 -0.24,0.00 0.04 -0.15,0.23
<65 years -0.16 -0.28, -0.05 NA NA
SSS 0.35 0.25,0.44 0.58 0.39,0.76
Education 0.31 0.21, 0.40 0.26 0.09, 0.44
Years from last stroke 0.17 0.07,0.27 0.08 -0.10, 0.25
Diabetes -0.10 -0.20, 0.00 -0.16 -0.35, 0.03
Hypertension -0.02 -0.12,0.08 0.01 -0.18,0.19
Biomarkers
Fibrinogen -0.09 -0.20,0.01 -0.27 -0.47,-0.07
VWEF antigen -0.07 -0.17,0.04 -0.03 -0.23,0.18
t-PA antigen -0.03 -0.14,0.07 -0.05 -0.26,0.17

BNIS, Barrow Neurological Institute Screen for Higher Cerebral Functions; SSS, Scandinavian Stroke
Scale; VWF, von Willebrand factor; t-PA, tissue-type plasminogen activator; Betar standardized beta; Cl,
confidence interval. Multivariable linear regression models were used for calculation of p, for total
BNIS score. The betas represent an estimate of how many standard deviations the BNIS score will
change per standard deviation increase in the predictor variable. Variables included were baseline
characteristics and, for the biomarkers, each biomarker at a time. Units for the predictor variables are
given in Table 1. The analyses were based on log transformed biomarker concentrations. For fibrinogen
one standard deviation increase represents a biomarker concentration increase of approximately 30%
and for t-PA and VWF the corresponding figure is approximately 50%. Please note that a high SSS

TABLE 2 Multivariable linear regression
analyses showing the associations for
baseline characteristics and biomarkers to
cognitive function (ie, total BNIS score)

7 years after index ischemic stroke

score represents a low stroke severity.

4 | DISCUSSION

In this study of young and middle-aged ischemic stroke patients we
found that in participants <50 years of age at index stroke, fibrinogen
concentrations measured 3 months post-stroke were independently
associated to total BNIS score 7 years later. No significant difference
regarding the association to fibrinogen concentrations was observed
between the BNIS subscales. The results indicate an association to
overall rather than domain-specific cognitive function. In line with
this, in the same subgroup of patients, fibrinogen concentrations
were also independently associated to processing speed, measured
as performance on the Trail Making Test A. However, no association
was seen for Trail Making Test B, which is a more complex test, also
requiring working memory and attentional shifting. The same pattern,
with processing speed being affected, has been previously observed
in patients with vascular disease and cognitive impairment.2*~2% Our
results indicate that fibrinogen concentrations predict long-term
cognitive function in the young, but not all, ischemic stroke patients.
Older individuals may have multiple contributing factors that lead to
reduced cognitive performance, hence the relative importance of fi-
brinogen would be less.

To the best of our knowledge this is the first study to show an as-
sociation between fibrinogen concentrations and long-term cognitive
outcomes in a population of young ischemic stroke patients. Several
previous studies support a role for fibrinogen in cognitive function-
ing. In a population-based prospective study on older subjects (mean

age 73 years at first cognitive assessment and randomly selected from

general practitioners), Rafnsson et al. found an association between
five-year cognitive decline and fibrinogen levels measured eleven

years prior to the first cognitive assessment.?’

Another study found
an association between vascular dementia and fibrinogen levels mea-
sured seventeen years earlier in a cohort of men aged 65-84 years
who were free of vascular disease at baseline.'* In line with this, fibrin-
ogen levels were associated to both vascular dementia and Alzheimer
disease in a prospective study following a cohort of men and women,
>55 years and free of dementia at baseline, for a mean follow-up time
of 5.7 years.*® The number of studies on biomarkers and long-term
cognitive outcomes after stroke is very limited. Interestingly though, a
study using a proteomic discovery approach to analyze microvesicle-
enriched fractions of plasma pools from patients with lacunar infarc-
tions, found that fibrinogen alpha-, beta-, and gamma chains as well as
VWEF were among the proteins that were upregulated in patients with
cognitive decline at five-year follow-up, and fibrinogen alpha was the
protein that was most upregulated in this group.°

Several mechanisms could explain the role of hemostatic proteins
in cognitive impairment. Generally the correlation between hemo-
static biomarkers and vascular dementia is stronger compared to all
dementia supporting the explanation of a prothrombotic state and
progressive cerebral micro-infraction.*>¢ In line with this reasoning,
a study on young hypertensive patients with subcortical ischemic
changes, but no manifest cerebrovascular disease, found that these
patients had a reduced performance in cognitive testing as well as
higher plasma concentrations of VWF compared to healthy controls.3!
In the case of fibrinogen, another possible mechanism is through

85LB01 7 SUOLULLOD @A1IE1D) 3{cedl|dde aupy Aq peusenob a1e Sajofe YO 9sN JO SaInJ 10} Aiq1 8Ul|UO AB[IM UO (SUONIPUOD-PUB-SWLB)LIO™AB | 1M Afe.q)1|BulUO//STIY) SUORIPUOD pue SIS 1 8Ly 88S *[2202/0T/Tz] Uo A%iqiauliuo Ae|im ‘ABojouyoe 1 JO AiseAlun sieweyd Ag 82021 24H/200T OT/I0p/W0d A8 | AReiq juljuo//sdny woiy pepeojumod ‘g '8TOZ ‘6805272



PEDERSEN ET AL.

inflammation. Markers of inflammation have recently been demon-
strated to be associated to cognitive function after ischemic stroke®?
and infectious burden has also been shown to associate with cognitive
decline.®® However, in our study, hsCRP was not significantly associ-
ated to cognitive function. Interestingly at last, although we do not
know if peripheral fibrinogen concentrations correlate to those in the
central nervous system, a previous in vitro study demonstrated that an
interaction between amyloid beta and fibrinogen modifies fibrinogen’s
structure which may lead to abnormal fibrin clot formation and vascu-
lar abnormalities in Alzheimer’s disease.>*

In our cohort, the correlations between BNIS and VWF as well
as t-PA did not withstand adjustment for confounding factors in the
linear regression model. As far as we know, no previous study investi-
gated those biomarkers in a long-term follow-up of cognitive function
after ischemic stroke.

Our study has the advantage of a longitudinal design with long
follow-up-time of a study sample including consecutive and well-
characterized ischemic stroke patients. The thorough nature of the
available data enabled correction for several possible confounders.
Blood sampling was strictly standardized and performed during the
chronic, rather than acute, phase, avoiding influence from the acute
event itself. Cognitive testing was performed in a standardized way,
and the BNIS test was administered by the same study nurse to all
participants. There are several limitations that should be mentioned.
First, we did not have knowledge on cognitive function before or in
the subacute phase of the index stroke and could therefore not inves-
tigate changes in relation to biomarker levels. However, most patients
were in work at the time of index stroke, making cognitive impair-
ment before the index stroke unlikely in a substantial proportion of
patients. Moreover, the effects we observed were most pronounced
in younger ages, making the likelihood that pre-stroke cognitive de-
cline influenced the results even less plausible. Second, although el-
igible participants who underwent cognitive testing by BNIS did not
differ significantly with regards to age, sex, stroke severity, or plasma
concentrations of fibrinogen or t-PA compared to those who did not
participate, selection bias could influence our results. Third, the inde-
pendent associations that we found between fibrinogen concentra-
tions and cognitive function were in a subgroup analysis. Although
the analysis was prespecified, the findings need to be replicated.
Moreover, the number of patients available for subgroup analyses was
limited leading to low power. Fourth, we cannot exclude our results
being explained by uncontrolled confounding. Finally, our study design
does not allow any conclusion on causation. The authors of a previous
study have suggested a reverse causation such that cognitive ability
in early life may predict later change in hemostasis, possibly mediated
through lifestyle.®

In this study on young and middle-aged ischemic stroke pa-
tients we found that convalescent concentrations of the hemo-
static biomarkers fibrinogen, VWF, and t-PA were correlated to
cognitive function 7 years post-stroke, but these associations were
not independent of confounding factors. However, in participants
younger than 50 years at index stroke, fibrinogen concentrations
were independently associated to cognitive outcomes as assessed
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by BNIS and Trail Making Test A. Although highly speculative, our
results raise the idea that fibrinogen’s association to cognitive out-
come might not solely go through hemostasis or inflammation, but
through a mechanism more specific for fibrinogen. Further, our
findings indicate that future studies on hemostatic biomarkers and
long-term cognitive outcomes after stroke should focus on stroke in
the young. In the future it would be advantageous to complement
these data with vascular imaging studies, to elucidate the underly-

ing mechanisms.
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