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Introduction

Aims In this systematic review, we assessed the literature on the association between
fibrinogen levels and stroke in patients with type 2 diabetes (T2D).

Methods MEDLINE and Ovid searches of English reports were performed on the
relation between fibrinogen, stroke, and T2D in humans. The search was completed on
May 4, 2023. Studies were eligible when T2D patients >18 years had stroke confirmed
by computed tomography or magnetic resonance imaging, plasma fibrinogen was
measured, and a relation between fibrinogen and stroke in T2D patients was reported.
Screening of reports and extraction of data were done independently by two authors,
and study quality was assessed by predefined issues.

Results Five studies of different designs were included. Three studies reported on
significantly increased fibrinogen levels in T2D patients with stroke compared with T2D
patients without stroke. Two studies did not observe a significant association between
fibrinogen levels and stroke risk.

Conclusion No consistent association was observed between fibrinogen levels and
risk of stroke in T2D patients. Due to differences in study design, low sample size, and
poorly defined study participants, larger and better-defined studies are needed to
elucidate the role of fibrinogen as a stroke risk marker in T2D patients.

through the bloodstream to the narrow brain arteries
(embolic stroke). The majority of strokes (87%) are due

Ischemic stroke (IS) is caused by a thrombus in a cerebral  to thrombosis, where the thrombus can be either perma-
artery leading to reduced blood supply to the brain nent or transient (transient ischemic stroke [TIA]). The
tissue. In IS, the clot can be formed in the brain itself other 13% are hemorrhagic strokes (HSs), caused by bleed-
(thrombotic stroke) or away from the brain and carried ing in the brain.! Globally, stroke is the second leading
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cause of death and the third leading cause of death and
disability combined.?

An important risk factor for stroke is diabetes, and
patients with diabetes are at more than twice the risk of
getting an IS than nondiabetic people.® In fact, diabetes
increases the risk of a first stroke as well as stroke recur-
rence.* Diabetes affects 10.5% of adults (20-79 years) world-
wide and the majority are diagnosed with type 2 diabetes
(T2D).> The increased risk of stroke and cardiovascular dis-
eases in general among T2D patients is not fully explained by
the major risk factors (hypertension, smoking, and hyper-
cholesterolemia).® It may also be due to the procoagulant
state seen in diabetes patients or dysfunction of the vascular
homeostasis.” The prevalence of T2D is increasing worldwide
and is expected to rise even more in the future.’ This might
be due to increasing body mass index (BMI), physical inac-
tivity, and unhealthy diet.®~'° Understanding the underlying
mechanisms may help in predicting, preventing, and treating
stroke in this growing group of patients.

A possible mechanism via which diabetes can be associ-
ated with risk of stroke may involve fibrinogen, a central
protein in the coagulation system, and an independent risk
factor for stroke and recurrent stroke in the general popula-
tion.""1? Studies have demonstrated that levels of fibrinogen
are increased in T2D.%'3'4 Understanding the relationship
between stroke, diabetes, and fibrinogen is valuable in the
prediction and treatment of stroke. Fibrinogen is a 340-kDa
glycoprotein and is present in the circulation in a concentra-
tion of 2 to 5g/L, but it can exceed 7g/L during acute
inflammation."” When fibrinopeptides are cleaved off by
thrombin, fibrin monomers are generated that polymerize
into long fibers and ultimately into a fibrin clot.'® It is already
known that T2D affects clot characteristics, that is, increases
fiber density and decreases clot permeability and lysis,
indicating a more prothrombotic clot when compared with
healthy individuals.'’~"°

Although several studies showed a relationship between
increased concentrations of fibrinogen and stroke in the
general population,’’"'? only a limited number of studies
have focused on the association between fibrinogen and
stroke in the growing population of patients with T2D.
This systematic review summarizes the results of studies
analyzing the association between fibrinogen levels and the
risk of stroke (IS, HS, and TIA) in patients with T2D.

Methods

This systematic review was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines.20 It was registered on PROSPERO
(registration number: CRD42021286074), and no review
protocol was conducted.

Article Search

We constructed a search strategy in collaboration with a
librarian and used it for the systematic literature search in
PubMed (MEDLINE) and Embase (Ovid). The following search
string was used: (“Diabetes Mellitus” OR “Diabetes” OR
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“Diabetes Mellitus”[MESH]) AND (“Fibrinogen”’[MESH| OR
“Fibrinogen™”) AND (“Cerebrovascular disease*” OR “Cerebro-
vascular Disorder*” OR “Cerebrovascular Disorders”[ MESH] OR
“hemorrhagic stroke*” OR “brain hemorrhage*” OR “Intracere-
bral hemorrhage™ OR “Intracranial hemorrhage*” OR “Sub-
arachnoid hemorrhage™ OR “ischemic stroke” OR “stroke*” OR
“Transient cerebral ischemia*” OR “transient brain ischemia
OR “Transient Ischemic Attack™).

We excluded MEDLINE journals in the Ovid search, and
there was no restriction on year of publication. The last
search was completed on May 4, 2023.

*1

Study Selection
Two researchers (E-M.B. and N.D.) independently screened
records in two steps using Covidence systematic review
software, Veritas Health Innovation, Melbourne, Australia
(available at www.covidence.org). First, we identified
records based on their title and abstract. Next, we assessed
the selected reports through full-text screening. Reports
were considered eligible when they met the following crite-
ria: involving patients >18 years of age with T2D and IS, HS,
or TIA. The diagnosis of stroke should be confirmed by
computed tomography (CT) or magnetic resonance imaging
(MRI), fibrinogen levels should be measured in plasma at any
time, and the fibrinogen method must be reported. Finally,
the study should report on the relationship between fibrin-
ogen level and stroke in T2D patients. We excluded studies
not conducted in humans, studies including only type 1
diabetes patients, reports published in languages other
than English, reports with no full texts available, abstracts
from congresses, letters, editorials, and study protocols.
The reference lists of included reports were assessed for
relevant papers through PubMed on January 13, 2022. If
fulfilling the inclusion criteria, the studies were included in
the systematic review. Disagreements between the two
researchers were solved by consensus or by the referee A-
M.B.M. Remaining duplicates in the Ovid search were re-
moved manually or removed by Covidence.

Data Extraction

Two researchers (E-M.B. and N.D.) collected data, indepen-
dently of each other, to reduce the risk of bias. The following
data were collected: first author, year of publication, country
of study, type of study, sample size, type of imaging for stroke
diagnosis, type of stroke, method used for fibrinogen mea-
surement, and fibrinogen levels in T2D patients with stroke
compared with T2D patients without stroke.

Quality Assessment

The scientific quality of studies included in a systematic
review is of utmost importance for the overall conclusion.
Since there are no standardized quality criteria, our expert
author team decided upon seven issues of importance that
should be evaluated for each of the studies, to clarify areas
that might affect the results or the transparency of the
studies. The issues were sample size considerations (to
exclude type 2 errors), fibrinogen measured by a standard
method (to compare fibrinogen concentrations between

TH Open  Vol. 8 No. 1/2024 © 2024. The Author(s).

e73


http://www.covidence.org

e74

Fibrinogen and Stroke Risk in Type 2 Diabetes

studies), and reporting of the following: duration of diabetes
(affects the risk of stroke), characteristics of diabetes
patients, medication, comorbidity (possible confounders),
and statistical analysis (to judge the validity of study results).
Based on these items, the studies were scored from 0 to 7,
and all included studies were analyzed in the systematic
review, irrespective of the quality score.

Results

Study Selection

A total of 730 records were identified through the search.
After the selection process, five studies were considered
eligible for inclusion (~Fig. 1).

Fibrinogen and Stroke Risk in Type 2 Diabetes Patients
A prospective study21 measured fibrinogen at study enrol-
ment and followed the patients for the occurrence of stroke
for a median of 5 years. They demonstrated a significant
increase in fibrinogen levels in T2D patients with stroke
compared with T2D patients without stroke and found that
fibrinogen levels were positively associated with an in-
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a significant increase in fibrinogen levels in T2D patients in
the nonacute phase at an undefined time point after stroke
compared with T2D patients without stroke. Two studies did
not observe any significant differences in fibrinogen between
T2D patients with or without stroke in either a nested case-
control design with >2 years follow—up24 or a case-control
design in which concentrations of fibrinogen were measured
in the acute phase (within 24h) after the stroke.?”> The
outcome stroke included TIA or HS in three of the studies,
but substudies on stroke type in relation to fibrinogen were
not performed. The results are summarized in =Table 1.

Study Characteristics
Characteristics of individual studies are presented
in =Table 2. The five studies were published between 1990
and 2020, and they were performed in Asia, Australia/New
Zealand, and Europe. The included studies were of different
designs: one nested case-control study, one prospective
study, and three case-control studies.

The sample size varied between the studies from 14 to 333
T2D patients with stroke. Three studies used CT as diagnostic
tool and two used either CTor MRI. All studies reported on IS.

creased risk of stroke. Two case—control studies???3 showed  Different methods were used to measure fibrinogen and only
)
=
2 Records identified through —— a q
) uplicate records remove
é databass searahing > before screening (n = 23)
£ (n=730)
7}
2]
—
v
2
s Records screened Records excluded
3 (n=707) » (n = 555)
@
—
A4 Reports excluded with reasons (n = 148):
()
Reports assessed — ¢ Does not study the relation between fibrinogen
for eligibility and stroke (n = 63)
(n=152) e Does not study the relation between fibrinogen
2 and stroke in T2D patients (n = 47)
3 e Does not contain any results
= (reviews, conferences letters, study protocols)
& Reports included in (n=19)
citation searching e  Full text not available (n = 8)
(n=4) e Article not in English (n = 7)
e  Fibrinogen is not measured in plasma or the
method is not explained (n = 2)
e Missing MRl or CT (n = 2)
Reports included based on
< citation searching
T (n = 1)
3 v
E}
2
- Studies included in
systematic review
(n=5)
—

Fig.1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart showing identification of included reports. CT, computed

tomography; MRI, magnetic resonance imaging; T2D, type 2 diabetes.
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Table 1 Fibrinogen and stroke risk in type 2 diabetes patients
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First author

Country of study

Year of publication,

Hankey et al
201321
Australia,
New Zealand,
Finland

Asakawa et al
200072
Japan

Ali et al
202023
India

Bots et al
2002%

Finland,

United Kingdom,
The Netherlands

Mistry et al
1990%°
India

Fibrinogen level

T2D + stroke 3.72(0.81) g/L>< | 355.0 (77.1) mg/dL® | 651.1 (123.9) mg/dL® | - 521.6 (75.2) mg%
T2D — stroke 3.58 (0.74) g/L® | 326.0 (83.4) mg/dL | 484.7 (87.3) mg/dL - 478.9 (74.5) mg%
Risk estimate HR 1.14 - - OR 1.90 -
(1.02-1.27) (0.98-3.67)°
Abbreviations: HR, hazard ratio; OR, odds ratio; T2D, type 2 diabetes.
“~” indicates that the value was not presented in the study.
Note: Data are expressed as mean and (standard deviation) or (95% confidence interval).
?Baseline levels.
®p <0.05.
‘p<0.001.
Table 2 Study characteristics
First author Hanke¥ et al Asakawa et al Ali et al Bots et al Mistrg/ et al
Year of publication | 20132 200022 202023 2002%* 1990°°
Country of study Australia, Japan India Finland, India
New Zealand, United Kingdom,
Finland The Netherlands

Type of study

Prospective
5-year follow-up

Case-control

Case-control

Nested case-control

Case-control

Sample size, N

Total: 9,795
T2D + stroke: 333
T2D — stroke: 9462

Total: 210
T2D + stroke: 48
T2D — stroke: 162

Total: 186

T2D + stroke: 62
T2D — stroke: 70

- T2D + stroke: 54

Total: 707
T2D =+ stroke: 46
- T2D: 661

Total: 96

T2D + stroke: 14
T2D — stroke: 12

- T2D =+ stroke: 70

Type of CT or MRI cT cT Definite stroke: cT
imaging neuroimaging
Probable stroke:
no imaging
Type of stroke IS+ HS IS+TIA IS IS +HS IS
Fibrinogen Undefined Modified Electrochemical Clauss (Finland)*? Tyrosine method**
method standard assays clot-rate assay clot detection Nephelometric method

method (United Kingdom)

Prothrombin time assay

(The Netherlands)*}

Abbreviations: CT, computed tomography; HS, hemorrhagic stroke; IS, ischemic stroke; MRI, magnetic resonance imaging; TIA, transient ischemic

attack; T2D, type 2 diabetes.

two studies?’-?* used a standard method.?® The time point of

fibrinogen measurement in relation to stroke onset differed
between the studies. Blood samples were taken within
24 hours after development of stroke symptoms in one study,25
in the nonacute phase after stroke in two studies,??> and at
the baseline examination in two prospective studies.?’?*

Patient Characteristics

The studies included more men than women, and the age
range was comparable between studies. Detailed character-
istics of patients with T2D and stroke/no stroke were de-
scribed in two out of five studies (~Table 3). Laboratory data
were comparable in these two studies, except for hemoglo-

bin Alc (HbA1c) which was presented in two different units
(mmol/mol and percent). In the study of Asakawa et al,?

patients had T2D for a longer period, a larger percentage of

patients were smokers, they had a lower BMI, less patients
had hypertension, and more patients had nephropathy or
neuropathy compared with the study of Hankey et al.?' The
use of medication in the two studies was not comparable,
and within the same study the intake of medication was
different between the stroke and nonstroke groups.?'

Inclusion and Exclusion Criteria
Inclusion criteria in the studies were patients with T2D
admitted to the hospital during 1 year?? or within 24 hours
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Table 4 Exclusion criteria

Daugaard et al.

Hankey et Gkl

Asakawa et al?2 Ali et al?

Bots et al4 Mistry et alee

Hemorrhagic stroke I

’/

Stroke caused by trauma to the
brain, tumor, or infection

Ischemic cerebral infarction

\

Transient ischemic attack

\

Subarachnoid or intracerebral
hemorrhage

\

Liver diseases

\

YA

Renal impairment

\
YA

\

Symptomatic gallbladder disease

\

Infections

\

\

Inflammatory disease

\

History of myocardial infarction

Cardiovascular event 3 months [
before recruitment

Autoimmune disease [

Nonalcoholic fatty liver disease

Kidney disease

Ischemic cardiomyopathy

Disorders of vessels and blood cells

Cancer

Bezafibrate

B-blockers

Pentoxifylline

Ticlopidine

Surgery within preceding 3 months

A YAYAYAYAYAYAYAYAYAY

\

Severe dehydration

\

after development of stroke symptoms.25 Age was also an
inclusion criteria with T2D patients aged 50 to 75 years,’'
whereas the study of Bots et al?* included men aged 42, 48, 54,
or 60 years (Finland), men aged 45 to 59 years (United
Kingdom), and men and women >55 years (The Netherlands).
Ali et al?® included patients based on purposive sampling
technique from inpatient and outpatient departments.

The studies had different exclusion criteria, which are
summarized in =Table 4. Liver disease(s) was an exclusion
criteria in four studies, and renal impairment was an exclu-

Table 5 Quality assessment

sion criteria in three studies. Infections, HS, inflammatory
diseases, history of myocardial infarction, and surgery within
preceding 3 months were reasons for exclusion in two
studies. Most of the exclusion criteria (14/24) came from
the study of Al et al.>

Quality Assessment

Seven issues of importance in the quality assessment of the
five studies are reported in =Table 5 as covered (+) or not
covered (—) in the studies. Based on the quality issues

Hankey et al’’

Asakawa et al®? | Ali et al> | Bots et al** Mistry et al?®

Sample size considerations

Duration of diabetes reported

+ — — —

Fibrinogen measured by standard method

— — + —

Statistical analysis reported

Medication reported

Characteristics of diabetes patients reported

Comorbidity reported

N N o o o o

Quality score

al+ [+ |+ [+
|
|
|
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defined by us, the overall quality of the included studies was
low (three studies scored 0-1 out of 7).

Discussion

We identified five relevant articles by screening the litera-
ture. These articles fulfilled our inclusion criteria as studies
that analyzed the association between fibrinogen and the
risk of stroke in patients with T2D. One study observed
higher baseline concentrations of fibrinogen in T2D patients
who later developed stroke than in T2D patients who did not
develop stroke. Two studies reported significantly increased
fibrinogen levels in T2D patients in the nonacute phase after
stroke compared with T2D patients without stroke.?’ =23 Two
studies did not observe any significant differences in fibrin-
ogen between T2D patients with or without stroke, either
prospectively or in the acute phase after stroke.?*2° To our
knowledge, this is the first systematic review investigating
the association between fibrinogen and risk of stroke in
patients with T2D. This was confirmed by screening the
literature and by reviewing the registry for systematic
review protocols, PROSPERO.

The largest of the five studies and the one with the highest
quality is the study by Hankey et al.2! To recruit a study
population representing the general T2D population, the
study had wide inclusion criteria, and T2D patients aged
50 to 75 years were included. Fibrinogen levels were mea-
sured in 9,795 T2D patients at enrolment in the study, and
the patients were followed for the occurrence of stroke for a
median of 5 years. They found that fibrinogen levels were
associated with an increased risk of stroke (hazard ratio
=1.14). This risk estimate is lower than the nonsignificant
odds ratio of 1.9 in the nested case-control study by Bots
et al.>* This odds ratio was calculated from only 46 T2D
patients including an unknown number of stroke cases in a
study population characterized by only age and sex. In both
prospective studies, fibrinogen levels were measured using a
standard method.

Among the case-control studies, the study by Asakawa
et al??is of highest quality, fulfilling all our criteria. They found
significantly increased fibrinogen levels in T2D patients with
stroke compared with T2D patients without stroke, results that
were confirmed in the case—control study by Ali et al.> In both
studies, blood samples were obtained in the nonacute phase at
undefined time points after stroke. The case-control study by
Mistry et al®® reported on fibrinogen levels in the acute phase
after stroke. Measurements of an acute phase reactant in the
acute phase of stroke are not comparable with data from
studies with measurement in the nonacute phase after
stroke.?” None of the case-control studies used a standard
method for fibrinogen measurements,?® further complicating
comparisons between the studies.

A general study limitation is the sample size. Four of the
studies included less than 63 patients with stroke and
T2D,??~%> and sample size might explain the nonsignificant
findings of fibrinogen in relation to stroke in the two studies
with the fewest T2D patients.*?> Only one study considered
the size of the study population,®’ even though an appropri-

TH Open  Vol. 8 No. 1/2024 © 2024. The Author(s).
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ate sample size is needed to avoid a statistical risk of type 2
errors, also in subgroups of diabetes patients. Only three of
the studies®’~23 reported on the statistical analysis, making
it difficult to judge the validity of the results for fibrinogen as
a risk factor for stroke in T2D patients.

Detailed information about the diabetes patients’ charac-
teristics was only given in two studies in which the duration
time of T2D was very different.?’?> The remaining three
studies?>~2> did not report on duration of diabetes even
though increased risk of diabetes-related complications
such as atherosclerosis, neuropathy, and nephropathy are
well-known, long-term effects of T2D.%® The long-term dis-
ease risk associated with diabetes can be reduced by inten-
sive diabetes control, but HbA1c was only reported in two
studies.?’-?2

According to the literature, hypertension, and waist-hip
ratio are risk factors for stroke,?? and sex, smoking, age, and
ethnicity are risk factors for stroke and affect fibrinogen
levels.>?°=3! The sex distribution within the group of
stroke/no stroke was only given in two of the studies.?’>?
This may affect the results since fibrinogen levels are higher
in women, and the risk of stroke is more frequent in women
with T2D than men with T2D.332 There were more smokers
among T2D patients with and without stroke in the study of
Asakawa et al?? compared with the study by Hankey et al,?!
and three studies did not report on the distribution of
smokers. The ethnicity of the study participants was not
presented, however, it is noteworthy that two of the studies
reporting a significant increase in fibrinogen levels in stroke
patients with T2D were performed in Asia.??%3 Waist-hip
ratio was only reported by Hankey et al,2' even though the
waist-hip ratio is suggested to be a better estimate of visceral
fat than BML>? The abovementioned patient characteristics
will most likely affect the association between fibrinogen
and stroke in T2D patients. This important missing informa-
tion in three studies?>~2°> makes it difficult to compare the
patient groups and the results from the five included studies.

Among the comorbidities, atrial fibrillation (AF) is impor-
tant to consider, because AF is the underlying cause in 20 to
39% of stroke cases.>*~3® However, AF was only reported by
Hankey et al.”! Medication such as platelet inhibitors and
lipid-lowering drugs are known to decrease fibrinogen lev-
els! and antithrombotic medication affects the risk of
stroke.” Medication is, therefore, a possible confounder in
studies where the intake of medication was not evenly
distributed between patients with or without stroke, as
was the case in Hankey et al,2' or where the distribution
was not reported as in the four remaining studies.?>~2°

Inclusion criteria differed in all studies and included
different age groups, men only or both women and men,
and time of stroke symptoms. Exclusion criteria also varied,
making it difficult to compare the outcome. In some of the
studies, exclusion criteria were infections, cancer, or previ-
ous cardiovascular events, all known to increase fibrinogen
levels'®383% and the risk of stroke3%4%4! and intake of
antithrombotic medication, which decreases the risk of
stroke.>” These criteria should preferably have been exclu-
sion criteria in all the studies.'®
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A limitation in this review is that we might have missed
studies in the literature search. However, by carefully select-
ing the search criteria, searching two databases, and search-
ing the reference lists of included papers, we believe that we
have covered a major part of available publications.

In conclusion, we identified five relevant studies of which
three observed a significant positive association between
fibrinogen levels and risk of stroke in patients with T2D. Due
to differences in study design, low sample size, and missing
information related to patient characteristics we were not
able to clearly identify or reject fibrinogen as a predictor of
stroke in T2D patients. Our results demonstrate that there is
a clear need for more, larger, and better-defined studies to
elucidate the role of fibrinogen as a marker of stroke risk in
patients with T2D. If studies of high scientific quality can
identify fibrinogen as an independent stroke risk factor in
patients with T2D, future studies must address causality and
underlying mechanisms, including effects of variants of the
fibrinogen molecule. This new knowledge may be a valuable
help in predicting, preventing, and treating stroke in the
large population of T2D patients.

Funding
The work was supported by a grant from Steno Diabetes
Center Odense, funded by the Novo Nordisk Foundation.

Conflict of Interest
N.D. received financial support from Steno Diabetes Cen-
ter Odense.

Acknowledgments

We thank Professor C. Leboeuf-Yde, for very helpful
guidance and librarian, P. Everfelt, for his help with the
literature search. The funding source was not involved in
any parts of the study.

References

1 Tsao CW, Aday AW, Almarzooq ZI, et al. Heart disease and stroke
statistics—2022 update: a report from the American Heart Asso-
ciation. Circulation 2022;145(08):e153-e639
Feigin VL, Stark BA, Johnson CO, et al; GBD 2019 Stroke Collab-
orators. Global, regional, and national burden of stroke and its risk
factors, 1990-2019: a systematic analysis for the Global Burden of
Disease Study 2019. Lancet Neurol 2021;20(10):795-820
Sarwar N, Gao P, Seshasai SRK, et al; Emerging Risk Factors
Collaboration. Diabetes mellitus, fasting blood glucose concen-
tration, and risk of vascular disease: a collaborative meta-analysis
of 102 prospective studies. Lancet 2010;375(9733):2215-2222
Shou J, Zhou L, Zhu S, Zhang X. Diabetes is an independent risk
factor for stroke recurrence in stroke patients: a meta-analysis. ]
Stroke Cerebrovasc Dis 2015;24(09):1961-1968
Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: global,
regional and country-level diabetes prevalence estimates for
2021 and projections for 2045. Diabetes Res Clin Pract 2022;
183:109119
Bembde AS. A study of plasma fibrinogen level in type-2 diabetes
mellitus and its relation to glycemic control. Indian ] Hematol
Blood Transfus 2012;28(02):105-108
La Sala L, Prattichizzo F, Ceriello A. The link between diabetes and
atherosclerosis. Eur ] Prev Cardiol 2019;26(Suppl 2):15-24

N

w

IN

v

(o))

~

Daugaard et al.

8 Aung K, Lorenzo C, Hinojosa MA, Haffner SM. Risk of developing

diabetes and cardiovascular disease in metabolically unhealthy

normal-weight and metabolically healthy obese individuals. ] Clin

Endocrinol Metab 2014;99(02):462-468

Patterson R, McNamara E, Tainio M, et al. Sedentary behaviour

and risk of all-cause, cardiovascular and cancer mortality, and

incident type 2 diabetes: a systematic review and dose response

meta-analysis. Eur ] Epidemiol 2018;33(09):811-829

10 Li M, Xu Y, Wan Q, et al. Individual and combined associations of

modifiable lifestyle and metabolic health status with new-onset

diabetes and major cardiovascular events: The China Cardiome-

tabolic Disease and Cancer Cohort (4C) Study. Diabetes Care 2020;

43(08):1929-1936

Beamer N, Coull BM, Sexton G, de Garmo P, Knox R, Seaman G.

Fibrinogen and the albumin-globulin ratio in recurrent stroke.

Stroke 1993;24(08):1133-1139

12 Wilhelmsen L, Svdrdsudd K, Korsan-Bengtsen K, Larsson B, Welin
L, Tibblin G. Fibrinogen as a risk factor for stroke and myocardial
infarction. N Engl ] Med 1984;311(08):501-505

13 Jain A, Gupta HL, Narayan S. Hyperfibrinogenemia in patients of
diabetes mellitus in relation to glycemic control and urinary
albumin excretion rate. ] Assoc Physicians India 2001;49:227-230

14 FullerJH, Keen H, Jarrett R], et al. Haemostatic variables associated
with diabetes and its complications. BM] 1979;2(6196):964-966

15 Kattula S, Byrnes JR, Wolberg AS. Fibrinogen and fibrin in hemo-
stasis and thrombosis. Arterioscler Thromb Vasc Biol 2017;37
(03):e13-e21

16 Davalos D, Akassoglou K. Fibrinogen as a key regulator of inflam-
mation in disease. Semin Immunopathol 2012;34(01):43-62

17 Dunn EJ, Ariéns RA, Grant PJ. The influence of type 2 diabetes
on fibrin structure and function. Diabetologia 2005;48(06):
1198-1206

18 Kearney K, Tomlinson D, Smith K, Ajjan R. Hypofibrinolysis in
diabetes: a therapeutic target for the reduction of cardiovascular
risk. Cardiovasc Diabetol 2017;16(01):34

19 Pieters M, Covic N, van der Westhuizen FH, et al. Glycaemic
control improves fibrin network characteristics in type 2 diabetes
- a purified fibrinogen model. Thromb Haemost 2008;99(04):
691-700

20 Page M], Moher D, Bossuyt PM, et al. PRISMA 2020 explanation
and elaboration: updated guidance and exemplars for reporting
systematic reviews. BMJ 2021;372:n160

21 Hankey GJ, Anderson NE, Ting RD, et al. Rates and predictors of risk
of stroke and its subtypes in diabetes: a prospective observational
study. ] Neurol Neurosurg Psychiatry 2013;84(03):281-287

22 Asakawa H, Tokunaga K, Kawakami F. Comparison of risk factors
of macrovascular complications. Peripheral vascular disease,
cerebral vascular disease, and coronary heart disease in Japanese
type 2 diabetes mellitus patients. ] Diabetes Complications 2000;
14(06):307-313

23 Ali MH, Sen K, Ghosh K, et al. High fibrinogen level in patients with
type 2 DM and ischemic cerebrovascular accident - an experience
from a tertiary care hospital of Eastern India. ] Indian Med Assoc
2020;118:25-27

24 Bots ML, Elwood PC, Salonen JT, et al. Level of fibrinogen and risk
of fatal and non-fatal stroke. EUROSTROKE: a collaborative study
among research centres in Europe. | Epidemiol Community
Health 2002;56(Suppl 1):i114-i18

25 Mistry P, Chawla KP, Rai HP, Jaiswal P. Plasma fibrinogen levels in
stroke. ] Postgrad Med 1990;36(01):1-4

26 de Maat MPM, Bertina RM, Haverkate F. Laboratory Techniques in
Thrombosis: A Manual. Kluwer Academic Publishers Dordrecht,
The Netherlands 1999:79-81

27 Sahan M, Sebe A, Acikalin A, et al. Acute-phase reactants and
cytokines in ischemic stroke: do they have any relationship with
short-term mortality? Eur Rev Med Pharmacol Sci 2013;17(20):
2773-2777

o

N
-

TH Open  Vol. 8 No. 1/2024 © 2024. The Author(s).

e79



e80

Fibrinogen and Stroke Risk in Type 2 Diabetes

28

29

30

31

32

33

34

35

36

TH Open

Lloyd A, Sawyer W, Hopkinson P. Impact of long-term complica-
tions on quality of life in patients with type 2 diabetes not using
insulin. Value Health 2001;4(05):392-400

O’Donnell MJ, Xavier D, Liu L, et al; INTERSTROKE investigators.
Risk factors for ischaemic and intracerebral haemorrhagic stroke
in 22 countries (the INTERSTROKE study): a case-control study.
Lancet 2010;376(9735):112-123

Boehme AK, Esenwa C, Elkind MSV. Stroke risk factors, genetics,
and prevention. Circ Res 2017;120(03):472-495

de Maat MPM. Effects of diet, drugs, and genes on plasma
fibrinogen levels. Ann N Y Acad Sci 2001;936:509-521

Madsen TE, Khoury ], Alwell K, et al. Sex-specific stroke incidence
over time in the Greater Cincinnati/Northern Kentucky Stroke
Study. Neurology 2017;89(10):990-996

Horn JW, Feng T, Merkedal B, et al. Obesity and risk for first
ischemic stroke depends on metabolic syndrome: the HUNT
study. Stroke 2021;52(11):3555-3561

Friberg L, Rosenqvist M, Lindgren A, Terént A, Norrving B, Asplund
K. High prevalence of atrial fibrillation among patients with
ischemic stroke. Stroke 2014;45(09):2599-2605

Tsang TSM, Petty GW, Barnes ME, et al. The prevalence of atrial
fibrillation in incident stroke cases and matched population
controls in Rochester, Minnesota: changes over three decades. ]
Am Coll Cardiol 2003;42(01):93-100

Sposato LA, Cipriano LE, Saposnik G, Ruiz Vargas E, Riccio PM,
Hachinski V. Diagnosis of atrial fibrillation after stroke and

Vol. 8 No. 1/2024 © 2024. The Author(s).

37

38

39

40

41

42

43

44

Daugaard et al.

transient ischaemic attack: a systematic review and meta-analy-
sis. Lancet Neurol 2015;14(04):377-387

Del Brutto V], Chaturvedi S, Diener HC, Romano ]G, Sacco RL.
Antithrombotic therapy to prevent recurrent strokes in ischemic
cerebrovascular disease: JACC Scientific Expert Panel. ] Am Coll
Cardiol 2019;74(06):786-803

Resch KL, Ernst E, Matrai A, Paulsen HE. Fibrinogen and viscosity
as risk factors for subsequent cardiovascular events in stroke
survivors. Ann Intern Med 1992;117(05):371-375

Nenclares P, Gunn L, Soliman H, et al. On-treatment immune
prognostic score for patients with relapsed and/or metastatic
head and neck squamous cell carcinoma treated with immuno-
therapy. ] Immunother Cancer 2021;9(06):1-8

Sanossian N, Djabiras C, Mack W], Ovbiagele B. Trends in cancer
diagnoses among inpatients hospitalized with stroke. ] Stroke
Cerebrovasc Dis 2013;22(07):1146-1150

Pennlert J, Eriksson M, Carlberg B, Wiklund PG. Long-term risk
and predictors of recurrent stroke beyond the acute phase. Stroke
2014;45(06):1839-1841

Clauss A. Gerinnungsphysiologische schnellmethode zur bestim-
mung des fibrinogens. Acta Haematol 1957;17(04):237-246
van der Bom ]G, de Maat MPM, Bots ML, Hofman A, Kluft C,
Grobbee DE. Seasonal variation in fibrinogen in the Rotterdam
Study. Thromb Haemost 1997;78(03):1059-1062

Varley H, Gowenlock A, Bell M. Practical Clinical Biochemistry.
5 ed. William Heinemann Medical Books Ltd. London, United
Kingdom 1984:557



