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ABSTRACT 
Objectives: One of the most important and common consequences of ischemic stroke is the cognitive impair-
ment observed after stroke. This study aimed to investigate the role of strategic stroke among post-stroke cog-
nitive impairment using the Montreal Cognitive Assessment Scale (MOCA).  
Methods: This study was planned as a prospective cross-sectional study. Patients admitted between 3 and 12 
months after stroke were included in the study. Patients who had a stroke at least 3 months ago, who had not 
been admitted for a year after the stroke, and who gave consent to participate in the study were considered as 
inclusion criteria.  
Results: This study included 45 (44.1%) females and 57 (55.9%) males. When evaluated in terms of comor-
bidity, the frequency of hyperlipidemia was found to be significantly higher in the cognitively impaired group 
(46.5% vs. 25.4%, P=0.027). Thyroid stimulating hormone (TSH) levels were found to be lower in the Cog-
nitive Impairment Group (0.93 μIU/mL vs. 1.03 μIU/mL, P=0.021). Considering the finding rates and signif-
icance level of lesion sites between the groups, the strategic infarction rate was found to be significantly higher 
in the cognitively impaired group (62.8% vs. 33.9%, P=0.004). In cognitive tests, the cognitive impairment 
group showed significantly lower performance in all areas (P<0.05).  
Conclusions: It should be kept in mind that the MOCA scale can be a good evaluation scale in detecting 
patients with cognitive impairment after ischemic stroke. 
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 One of the most important and common conse-

quences of ischemic stroke is the cognitive im-
pairment observed after stroke. This is one of 

the reasons for decreased quality of life and long-term 
disability [1]. Post-stroke cognitive impairment can be 
observed in almost half of stroke patients within the 
first year [2, 3]. Demographic and vascular risk fac-
tors, as well as the burden of the lesion detected on 
imaging, can predict this disorder [4]. However, the 
role and relationship of strategic stroke in terms of the 
presence of post-stroke cognitive impairment has not 

yet been clearly established with strong evidence, and 
it is important to conduct research on this subject.  
      Cognitive impairment seen after stroke occurs 3 
to 6 months after the stroke and affects the patient's 
cognitive functions. Cognitive dysfunction does not 
only include neurological deficits, but also includes 
conditions such as aphasia and memory loss [5]. De-
pending on the affected regions, visual-spatial, atten-
tion and executive dysfunctions are among the other 
results that cognitive impairment can be seen in pa-
tients. These findings can be seen after vascular cog-
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nitive impairment and can sometimes be confused 
with cognitive impairment after stroke. Strategic 
stroke is mentioned when cognitive functions originate 
from regions such as the hippocampus, thalamus and 
key thalamic [6].  
      The relationship between the location of stroke 
and the level of cognition began to be examined with 
case reports starting from the 19th century [7]. Studies 
conducted over the last 25 years have been investigat-
ing the relationship between some cognitive abilities 
and neuroanatomy. In most of these studies, analyzes 
were obtained using modern symptom and lesion map-
ping techniques [8]. However, very few of these stud-
ies state that stroke localization can be predictive in 
detecting post-stroke cognitive disorders [9]. In par-
ticular, predictive modeling created by voxel-based le-
sion symptom mapping reveals in detail the 
relationship between ischemic stroke localizations in 
the left frontotemporal, hippocampus and thalamus 
and post-stroke cognitive impairment [10]. In recent 
years, meta-analyses revealing the relationship be-
tween strategic infarct location and the risk of cogni-
tive impairment after stroke reveal a very important 
connection [11].  
      There is still a need to examine the relationship 
between stroke localization and post-stroke cognitive 
impairment. In this study, we aimed to investigate the 
relationship between post-stroke cognitive impairment 
and strategic stroke using the Montreal Cognitive As-
sessment Scale (MOCA). 
 
 
METHODS 
 
Study Design and Patient Population  
This study was planned as a prospective cross-sectional 
study at Neurology Clinic. This study was approved by 
the Adana City Training and Research Hospital Clini-
cal Research Ethics Committee (Decision date: 
31.08.2023 and no: 2803). This study aimed to include 
patients who applied to the neurology stroke outpatient 
clinic after a stroke. Patients admitted between 3 and 
12 months after stroke were included in the study. Pa-
tients who had a stroke at least 3 months ago, who had 
not been admitted for a year after the stroke, and who 
gave consent to participate in the study were consid-
ered as inclusion criteria. Exclusion criteria from the 
study were determined as those who applied within the 

first 3 months or more than a year after the stroke, those 
who did not consent to participate in the study, those 
with dysarthria, aphasia, or disorders of consciousness 
that may prevent the evaluation of their level of con-
sciousness, those with a history of recurrent stroke, 
those with a history of dementia, patients with neurode-
generative diseases such as Parkinsonism, and patients 
diagnosed with depression. 
      One hundred and two patients who met the inclu-
sion criteria were included in the study between Sep-
tember 1, 2023 and February 28, 2024. The 
demographic data of the patients, the medications they 
used, and the locations of involvement in magnetic 
resonance imaging (MRI) and diffusion cerebral mag-
netic resonance imaging results were recorded. Addi-
tionally, blood biochemistry tests (blood urea nitrogen, 
creatinine, liver function tests, total cholesterol, low-
density lipoprotein, high-density lipoprotein, triglyc-
eride, vitamin B-12, thyroid-stimulating hormone and 
free T4 levels) were recorded.  
 
Magnetic Resonance Imaging (MRI)  
      MRI data were acquired on a Philips 3.0-T scanner 
(Intera; Philips, Best, The Netherlands) using a stan-
dardised protocol. In brief, diffusion MRI data were 
acquired using a single-shot spin echo-planar imaging 
sequence (TR/TE: 6,638/73 ms; 48 contiguous slices; 
reconstructed voxel size: 1.72×1.72×2.50 mm), using 
45 isotropically distributed diffusion-sensitive gradi-
ents with a 90° flip angle, a b-value of 1,200 s/mm2 
and a b = 0 s/mm2. Other sequences included T2-
weighted (TR/TE: 1.653/20 ms; reconstructed voxel 
size: 0.96×0.95×3 mm), FLAIR (TR/TE/TI: 
11,000/125/2,800 ms; reconstructed voxel size: 
0.96×0.95×3 mm) and 3D T1-weighted sequences 
(TR/TE: 7.2/2.9 ms; reconstructed voxel size: 
1.0×1.0×1.0×1.0 mm).  
 
Montreal Cognitive Assessment Scale (MOCA)  
      The MOCA scale was applied to the patients by a 
neurologist at the neurology outpatient clinic. With 
this scale, visual spatial/executive functions (5 points), 
naming (3 points), memory (6 points), attention (no 
points), language (3 points), abstract thinking (2 
points), delayed recall (5 points). and orientation (6 
points) parameters were evaluated. The evaluation was 
made out of a total of 30 points. Patients with a 
MOCA score of 21 and above were determined as the 
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group with normal cognitive function. Patients with a 
MOCA score of 20 and below were grouped as pa-
tients with abnormal cognitive function.  
 
Statistical Analysis  
      The data obtained from the study were recorded 
in SPSS 26.0 (Armonk, NY: IBM Corp.).  Categorical 
measurements were recorded as numbers and percent-
ages; continuous measurements were recorded as 
mean and standard deviation. The suitability of con-
tinuous variables to normal distribution was examined 
with the Shapiro Wilk test. In comparisons of contin-

uous variables between groups, the Student-t test was 
used for normally distributed parameters and the 
Mann-Whitney U test was used for non-normally dis-
tributed parameters. Chi-Square test or Fisher test was 
used to analyze categorical variables. Univariate and 
multivariate regression analysis was used to identify 
variables that predict cognitive impairment and their 
significance levels. The prognostic value of AST level 
on cognitive impairment was evaluated by ROC (Re-
ceiver Operating Characteristic) analysis. Within the 
scope of the analysis, the predictive value for the AST 
level was determined and the sensitivity and speci-
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ficity rates of this value were calculated. P values 
<0.05 were considered statistically significant. 
 
 
RESULTS 
 
The study, which was examined in two groups as cog-
nitively normal group (n=59) and cognitively impaired 
group (n=43), was conducted on a total of 102 cases.  
Of those included in the study, 44.1% (n=45) were 
women and 55.9% (n=57) were men. The average age 
of the participants was 54.9±8.4 years, and the average 
age of the cognitively impaired group was found to be 
significantly higher than the cognitively normal group 
(57.0±8.4 vs. 53.4±8.1, P=0.036). When evaluated in 
terms of comorbidity, the frequency of hyperlipidemia 
was found to be significantly higher in the cognitively 
impaired group (46.5% vs. 25.4%, P=0.027). In labo-

ratory parameters, blood urea nitrogen (BUN) levels 
were found to be significantly higher in the cognitively 
normal group (34.0 mg/dL vs. 28.0 mg/dL, P=0.022), 
while aspartate aminotransferase (AST) levels were 
also found to be higher in this group (26.0 IU/L vs. 
24.0 IU/L, P=0.039). Thyroid stimulating hormone 
(TSH) levels were found to be lower in the Cognitive 
Impairment Group (0.93 μIU/mL vs. 1.03 μIU/mL, 
P=0.021) (Table 1).  
      Considering the finding rates and significance 
level of lesion sites between the groups, the strategic 
infarction rate was found to be significantly higher in 
the cognitively impaired group (62.8% vs. 33.9%, 
P=0.004). In cognitive tests, the cognitive impairment 
group showed significantly lower performance in all 
areas (P<0.05) (Table 2). The results of univariate and 
multivariate logistic regression analysis applied to de-
termine the risk factors of cognitive impairment are 

423      The European Research Journal   Volume 11   Issue 2   March 2025

!"#$%&7(&)186".*01+&12&9:);&0,"$%&6"."8%/%.0&"+4&$%0*1+&$1,"/*1+0&*+&6"/*%+/&<.1360&=*/-&"+4&
=*/-13/&,1<+*/*>%&*86"*.8%+/(&
"#$%#&'(! )*+,%-%.('/!

,*$0#'!+$*12!
3,4567!

)*+,%-%.(!
%02#%$0(,-!+$*12!

3,4897!

:!.#'1(!

TQE@@B!0(P%#,!3QVW7! (#*%-+#*.% *#*%-+#*.% *#"!*%

HW@B!0(P%#,!3QVW7! *#*%-(#*.% *#*%-(#*.% *#,$,%

I(<%*,!<%P(B!$%+O-B!,!3D7! ""%-!!#/.% ++%-!(#+.% *#,""%

@-$#-(+%X!%,C#$X-%*,B!,!3D7! +*%-""#/.% +)%-,+#'.% =>==8!
FO#'#0%XMB!,!3D7! $%-,#'.% ,%-($#*.% *#"(!%

Q,-($,#'!X#2<1'(B!,!3D7! $%-,#'.% $%-/#".% *#)('%

)#1P#-(MB!,!3D7! ,%-(*#+.% ,%-($#*.% *#!!'%

;,+1'#$+/$1<MB!,!3D7! '%-("#,.% )%-(,#".% *#)*+%

E%22*X#021<MB!,!3D7! $*%-,)#'.% +,%-,*#!.% *#$$$%

;,-($%*$!X%$X1'#-%*,B!,!3D7! (+%-+*#".% '%-('#,.% *#'+'%

:*<-($%*$!X%$X1'#-%*,B!,!3D7! (/%-"+#+.% ()%-"/#+.% *#$$$%

"%<1*<2#-%#'!(A(X1-%.(!C1,X-%*,B!0(P%#,!3QVW7! !#*%-(#*.% "#*%-+#*.% [=>==Y!
T#0%,+B!0(P%#,!3QVW7! "#*%-(#*.% +#*%-+#*.% [=>==Y!
;--(,-%*,B!0(P%#,!3QVW7! $#*%-(#*.% $#*%-+#*.% =>YY6!
I#,+1#+(B!0(P%#,!3QVW7! +#*%-*#*.% (#*%-(#*.% [=>==Y!
Q,-#,+%&'(!-O%,N%,+B!0(P%#,!3QVW7! +#*%-(#*.% (#*%-(#*.% =>==K!
G('#/(P!$(X#''B!0(P%#,!3QVW7! +#*%-+#*.% *#*%-(#*.% [=>==Y!
\$%(,-#-%*,B!0(P%#,!3QVW7! ,#*%-*#*.% ,#*%-(#*.% =>==Y!
!"#"$"%&$'()*&+$"'$,&+0"-$10-#&%23"%#04&$%"-5&6$)%$-$176$*(&%&$"88%)8%0"#&9$$

NA0'(&%O'$&M"P#$#&'#$



Eur Res J. 2025;11(2):420-426 Ozdogru and Erdem

shown in Table 3. Among the age, hyperlipidemia, 
AST, TSH and strategic infarct values found to be sig-
nificant in univariate analysis, only age (OR: 1.071, 
P=0.040), AST (OR: 1.107, P=0.014), TSH (OR: 
0.466, P=0.039) were found to be significant in mul-
tivariate analysis and strategic infarction (OR: 5.092, 
P=0.002) independent risk were determined as factors.  
 
 
DISCUSSION 
 
Our study has some important findings. The first of 
these is that there is a significant relationship between 
strategic stroke and cognitive impairment. We found 
that strategic stroke localization is more common in 
patients with cognitive impairment. Other important 
findings are the presence of hyperlipidemia and low 
TSH levels in patients with cognitive dysfunction.  
      Post-ischemic stroke lesion symptom mapping 
studies have often been used as an outcome measure 
on cognitive function. A recent meta-analysis study 
showing that there is a relationship between strategic 
infarct areas in predicting post-stroke cognitive im-
pairment shows very important results. This meta-
analysis reveals that truly strategic infarct localizations 
are significantly effective in predicting post-stroke 
cognitive impairment [11]. Although the vascular eti-
ology of stroke and the extent and volume of involve-
ment are important, it is emphasized that there is a 
strong connection with the localization of the lesion 
in terms of post-stroke cognitive functions [4]. It is 
known that supratentorial infarctions have a different 
infarct area distribution than cortical and larger sub-

cortical infarcts [12]. While left thalamic strokes may 
predict post-stroke cognitive impairment, the situation 
may be different for subcortical regions including the 
basal ganglia. It is emphasized that these regions 
should have a larger infarct area in order to predict 
cognitive dysfunction after stroke [11].  
      Although these studies reveal that localizations de-
termined by modern mapping methods are effective in 
predicting cognitive impairment, it is important to 
consider some confounding factors. Among these, the 
most important issues are issues such as the patients' 
previous cognitive levels, the presence of previous le-
sions, and the presence of depression [13]. In this 
study, we aimed to eliminate bias in the selection of 
patients, especially on these issues. Patients with a pre-
vious history of depression or previous stroke lesions 
were excluded from the study to eliminate these con-
fusing situations. As far as we have researched, we 
have not found sufficient literature data using the 
MOCA scale to evaluate cognitive functions based on 
lesion localization.  
      In our study, we found that the frequency of strate-
gic stroke was significantly higher in patients with 
cognitive dysfunction as a result of MOCA measure-
ments. In this respect, our study confirms studies 
showing that strategic stroke is effective in predicting 
post-stroke cognitive impairment. In this way, identi-
fying and early evaluation of patients with cognitive 
impairment according to the MOCA scale can guide 
clinicians regarding rehabilitation treatment strategies. 
In addition, it may contribute to the correct use of re-
sources in these patients by determining them.  
      Advanced age is a major risk factor for cognitive 
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dysfunction after stroke. According to the results of 
the REGARDS study, each year of advancing baseline 
age increases the odds of cognitive dysfunction by 
17% per subsequent year [14]. This emphasis suggests 
that advanced age is a strong risk factor for cognitive 
dysfunction after stroke. Although the mean age of our 
patients in our study was less than 65 years, we found 
that the mean age of patients with cognitive impairment 
was higher than that of patients without cognitive im-
pairment. Considering that increasing age increases the 
risk of cognitive dysfunction, cognitive dysfunction 
after stroke cannot be considered independent of age. 
      Hyperlipidemia is one of the risk factors leading 
to adverse outcomes, especially cardiovascular. One 
of these undesirable consequences is ischemic strokes 
[15]. Hyperlipidemia is known to be a risk factor that 
can lead to thrombotic consequences. One of the im-
portant results of our study is that hyperlipidemia is 
significantly present in patients with impaired cogni-
tive functions compared to patients without impair-
ment. Although our study revealed that hyperlipidemia 
may be associated with cognitive dysfunction, it also 
shows that statin treatments alone are not effective in 
improving these cognitive functions. Although studies 
emphasize the preventive effects of statin treatments, 
further research is needed to reveal whether they are 
effective in preventing cognitive dysfunction.  
      Another important finding of our study is that TSH 
values were found to be significantly lower in patients 
with cognitive dysfunction compared to those without. 
The results of two meta-analyses analyzing prospec-
tive cohort studies reveal an association between sub-
clinical hyperthyroidism and coronary artery disease 
[16, 17]. These cardiac effects include atrial fibrilla-
tion. Atrial fibrillation is one of the conditions that in-
creases the risk of ischemic stroke [18, 19]. For this 
reason, it is necessary to emphasize that subclinical 
thyroid disorder is a risk factor for ischemic stroke. 
There is not enough literature data revealing the rela-
tionship between cognitive dysfunction and subclinical 
thyroid disorder and stroke. According to the results 
obtained in our study, it can be said that there may be 
a relationship between post-stroke cognitive impair-
ment and subclinical hyperthyroidism. In light of the 
data we obtained, the need to investigate subclinical 
thyroid disorder in patients with impaired cognitive 
functions after stroke makes it important for clinicians. 
It is clear that further research is needed to clearly. 

Limitations 
      Our study has some limitations. The first of these 
is that the study was conducted in a single center. An-
other limiting step is the small number of patients in-
cluded in the study. In our study, we found that there 
was a statistically significant difference between the 
two groups in the analysis of the total infarcts of the 
strategic infarct area. However, we found that there was 
no statistically significant difference in the analysis of 
the individual infarct areas between the groups. We 
would like to state that this situation is due to the lim-
ited number of patients included in the study. The num-
ber of cases is even more limited in the analysis of 
individual area involvements. This situation is another 
limitation of our study. Multicenter prospective studies 
involving a larger number of patients are needed. 
 
 
CONCLUSION 
 
It is important for clinicians to evaluate patients with 
cognitive impairment after ischemic stroke early, to 
prioritize rehabilitation treatment strategies, and to 
contribute to the correct use of resources by determin-
ing them according to priorities. According to the re-
sults of our study, we would like to emphasize that 
clinicians can use the MOCA scale in the evaluation 
of cognitive functions after ischemic stroke. We be-
lieve that the results we obtained can be supported by 
future multicenter studies in which a larger number of 
patients will be analyzed. 
 
Ethical Statement 
      This study was approved by the Adana City Train-
ing and Research Hospital Clinical Research Ethics 
Committee (Decision date: 31.08.2023 and no: 2803). 
Written informed consent was obtained from the pa-
tient. This manuscript was carried out in accordance 
with the Declaration of Helsinki and Good Clinical 
Practice guidelines. 
 
Authors’ Contribution  
      Study Conception: DO, ME; Study Design: DO, 
ME; Supervision: DO, ME; Funding: None; Materials: 
DO, ME; Data Collection and/or Processing: DO, ME; 
Statistical Analysis and/or Data Interpretation: DO, 
ME; Literature Review: DO, ME; Manuscript Prepa-
ration: DO, ME and Critical Review: DO, ME.  

425      The European Research Journal   Volume 11   Issue 2   March 2025



Eur Res J. 2025;11(2):420-426 Ozdogru and Erdem

Availability of data and materials 
      Data and materials are reachable from hospital au-
tomation information systems. 
 
Conflict of interest  
      The authors disclosed no conflict of interest during 
the preparation or publication of this manuscript.  
 
Financing  
      The authors disclosed that they did not receive any 
grant during the conduction or writing of this study.  
 
Acknowledgement 
      Artificial intelligence (AI)-assisted technologies 
(such as Large Language Models [LLMs], chatbots, 
or image creators) were not used in the production of 
this article. 
 
Editor's note 
      All statements made in this article are solely those 
of the authors and do not represent the views of their 
affiliates or the publisher, editors, or reviewers. Any 
claims made by any product or manufacturer that may 
be evaluated in this article are not guaranteed or en-
dorsed by the publisher. 
 
 
REFERENCES 
 
1. Pollock A, St George B, Fenton M, Firkins L. Top ten research 
priorities relating to life after stroke. Lancet Neurol. 
2012;11(3):209. doi: 10.1016/S1474-4422(12)70029-7. 
2. Pendlebury ST, Rothwell PM; Oxford Vascular Study. Inci-
dence and prevalence of dementia associated with transient is-
chaemic attack and stroke: analysis of the population-based 
Oxford Vascular Study. Lancet Neurol. 2019;18(3):248-258. doi: 
10.1016/S1474-4422(18)30442-3. 
3. Barbay M, Taillia H, Nédélec-Ciceri C, et al. Prevalence of 
Poststroke Neurocognitive Disorders Using National Institute of 
Neurological Disorders and Stroke-Canadian Stroke Network, 
VASCOG Criteria (Vascular Behavioral and Cognitive Disor-
ders), and Optimized Criteria of Cognitive Deficit. Stroke. 
2018;49(5):1141-1147. doi: 10.1161/STROKEAHA.117.018889. 
4. Pendlebury ST, Rothwell PM. Prevalence, incidence, and fac-
tors associated with pre-stroke and post-stroke dementia: a sys-
tematic review and meta-analysis. Lancet Neurol. 
2009;8(11):1006-1018. doi: 10.1016/S1474-4422(09)70236-4. 
5. Rost NS, Brodtmann A, Pase MP, et al. Post-Stroke Cognitive 
Impairment and Dementia. Circ Res. 2022;130(8):1252-1271. 
doi: 10.1161/CIRCRESAHA.122.319951. 

6. Aam S, Einstad MS, Munthe-Kaas R, et al. Post-stroke Cog-
nitive Impairment-Impact of Follow-Up Time and Stroke Sub-
type on Severity and Cognitive Profile: The Nor-COAST Study. 
Front Neurol. 2020;11:699. doi: 10.3389/fneur.2020.00699. 
7. Biesbroek JM, Weaver NA, Biessels GJ. Lesion location and 
cognitive impact of cerebral small vessel disease. Clin Sci 
(Lond). 2017;131(8):715-728. doi: 10.1042/CS20160452. 
8. Karnath HO, Rennig J. Investigating structure and function in 
the healthy human brain: validity of acute versus chronic lesion-
symptom mapping. Brain Struct Funct. 2017;222(5):2059-2070. 
doi: 10.1007/s00429-016-1325-7. 
9. Barbay M, Taillia H, Nédélec-Ciceri C, et al. Prevalence of 
Poststroke Neurocognitive Disorders Using National Institute of 
Neurological Disorders and Stroke-Canadian Stroke Network, 
VASCOG Criteria (Vascular Behavioral and Cognitive Disor-
ders), and Optimized Criteria of Cognitive Deficit. Stroke. 
2018;49(5):1141-1147. doi: 10.1161/STROKEAHA.117.018889. 
10. Munsch F, Sagnier S, Asselineau J, et al. Stroke Location Is 
an Independent Predictor of Cognitive Outcome. Stroke. 
2016;47(1):66-73. doi: 10.1161/STROKEAHA.115.011242. 
11. Weaver NA, Kuijf HJ, Aben HP, et al. Strategic infarct loca-
tions for post-stroke cognitive impairment: a pooled analysis of 
individual patient data from 12 acute ischaemic stroke cohorts. 
Lancet Neurol. 2021;20(6):448-459. doi: 10.1016/S1474-
4422(21)00060-0. 
12. Weaver NA, Zhao L, Biesbroek JM, et al. The Meta VCI Map 
consortium for meta-analyses on strategic lesion locations for 
vascular cognitive impairment using lesion-symptom mapping: 
Design and multicenter pilot study. Alzheimers Dement (Amst). 
2019;11:310-326. doi: 10.1016/j.dadm.2019.02.007. 
13. Karnath HO, Sperber C, Rorden C. Mapping human brain le-
sions and their functional consequences. Neuroimage. 
2018;165:180-189. doi: 10.1016/j.neuroimage.2017.10.028. 
14. Howard VJ, Cushman M, Pulley L, et al. The reasons for ge-
ographic and racial differences in stroke study: objectives and 
design. Neuroepidemiology. 2005;25(3):135-143. doi: 
10.1159/000086678. 
15. Jayaraj RL, Azimullah S, Beiram R, Jalal FY, Rosenberg GA. 
Neuroinflammation: friend and foe for ischemic stroke. J Neuroin-
flammation. 2019;16(1):142. doi: 10.1186/s12974-019-1516-2. 
16. Rodondi N, den Elzen WP, Bauer DC, et al. Subclinical hy-
pothyroidism and the risk of coronary heart disease and mortality. 
JAMA. 2010;304(12):1365-1374. doi: 10.1001/jama.2010.1361. 
17. Collet TH, Gussekloo J, Bauer DC, et al. Subclinical hyper-
thyroidism and the risk of coronary heart disease and mortality. 
Arch Intern Med. 2012;172(10):799-809. doi: 10.1001/archin-
ternmed.2012.402. 
18. Feigin VL, Forouzanfar MH, Krishnamurthi R, et al. Global 
and regional burden of stroke during 1990-2010: findings from 
the Global Burden of Disease Study 2010. Lancet. 
2014;383(9913):245-254. doi: 10.1016/s0140-6736(13)61953-4. 
19. Selmer C, Olesen JB, Hansen ML, et al. The spectrum of thy-
roid disease and risk of new onset atrial fibrillation: a large pop-
ulation cohort study. BMJ. 2012;345:e7895. doi: 
10.1136/bmj.e7895.

The European Research Journal   Volume 11   Issue 2   March 2025               426

https://doi.org/10.1016/s1474-4422(12)70029-7
https://doi.org/10.1016/s1474-4422(18)30442-3
https://doi.org/10.1161/strokeaha.117.018889
https://doi.org/10.1016/s1474-4422(09)70236-4
https://doi.org/10.1161/circresaha.122.319951
https://doi.org/10.3389/fneur.2020.00699
https://doi.org/10.1042/cs20160452
https://doi.org/10.1007/s00429-016-1325-7
https://doi.org/10.1161/strokeaha.117.018889
https://doi.org/10.1161/strokeaha.115.011242
https://doi.org/10.1016/s1474-4422(21)00060-0
https://doi.org/10.1016/s1474-4422(21)00060-0
https://doi.org/10.1016/j.dadm.2019.02.007
https://doi.org/10.1016/j.neuroimage.2017.10.028
https://doi.org/10.1159/000086678
https://doi.org/10.1186/s12974-019-1516-2
https://doi.org/10.1001/jama.2010.1361
https://doi.org/10.1001/archinternmed.2012.402
https://doi.org/10.1001/archinternmed.2012.402
https://doi.org/10.1016/s0140-6736(13)61953-4
https://doi.org/10.1136/bmj.e7895

