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Background: The pathophysiological mechanism associated with the higher prothrombotic tendency in atrial fibrillation (AF)
is complex and multifactorial. However, the role of prothrombotic markers in AF remains inconclusive.
Material/Methods: We conducted a meta-analysis of observational studies evaluating the association of coagulation activation,
fibrinolytic, and endothelial function with occurrence of AF and clinical adverse events. A comprehensive sub-
group analysis and meta-regression was performed to explore potential sources of heterogeneity.
Results: A literature search of major databases retrieved 1703 studies. After screening, a total of 71 studies were iden-

tified. Pooled analysis showed the association of coagulation markers (D-dimer (weighted mean difference
(WMD)=197.67 and p<0.001), fibrinogen (WMD=0.43 and p<0.001), prothrombin fragment 1-2 (WMD=0.53
and p<0.001), antithrombin Il (WMD=23.90 and p=0.004), thrombin-antithrombin (WMD=5.47 and p=0.004));
fibrinolytic markers (tissue-type plasminogen activator (t-PA) (WMD=2.13 and p<0.001), plasminogen activator
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inhibitor WMD=11.44 and p<0.001), fibrinopeptide-A (WMD=4.13 and p=0.01)); and endothelial markers (von
Willebrand factor (WMD=27.01 and p<0.001) and soluble thrombomodulin (WMD=3.92 and p<0.001)) with AF.

Conclusions:
AF patients than in SR patients.

MeSH Keywords:

Full-text PDF:
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Background

Atrial fibrillation (AF) is the most prevalent cardiac arrhyth-
mia in the general population and is associated with a high
risk of developing morbidities such as hemodynamic instabil-
ity, thromboembolism, stroke, hospital re-admissions, and in-
creasing health care costs [1]. AF alone is associated with a
1.5% to 1.9% increase in risk of mortality in both sexes across
a wide range of ages [2]. Moreover, the situation is likely to
worsen since the number of people with AF is expected to dou-
ble by 2050 [2], AF is linked to a 5-fold increased risk of cere-
brovascular events, and approximately 20% of strokes are re-
lated to AF [3].

Recently, researchers have suggested several important mech-
anisms for the occurrence of AF, including oxidative stress re-
actions and systemic inflammation [4]. The pathophysiological
mechanism associated with the higher prothrombotic tendency
in AF is highly complex and multifactorial [5]. Virchow’s triad
regarding prothrombotic state, including changed blood flow
(arterial stasis), abnormalities in vessel wall, and coagulant
alternations in the hemostatic balance, may play an impor-
tant role in the occurrence of supraventricular arrhythmia [6].

Various studies have reported the association of hemostatic
markers with the occurrence of AF. However, so far, the data
from these studies are largely inconclusive. The present sys-
tematic review with meta-analysis sought to determine the
strength of evidence for evaluating the role of coagulation
activation, fibrinolytic, and endothelial function in the occur-
rence of AF and related consequent outcomes such as throm-
boembolism and stroke.

Material and Methods

Literature search

A systematic and comprehensive literature search was con-
ducted in electronic databases (Medline/PubMed, Embase,
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Web of Science, and Google Scholar) from their inception
through 5 August 2016 to identify relevant studies on the as-
sociation of coagulation, fibrinolytic, and endothelial function-
al assessment with the occurrence of AF and related conse-
quent clinical adverse events, including thromboembolism and
stroke. Predefined search terms were: coagulation [“fibrino-
gen”, “D-dimer”, “prothrombin fragment 1-2”, “antithrombin
11", “thrombin-antithrombin”], fibrinolytic [“tissue-type plas-
minogen activator”, “plasminogen activator inhibitor”, “alfa-2
antiplasmin”, “fibrinopeptide-A”, “urokinase-type plasminogen
activator”, “plasmin-antiplasmin”], endothelial function [“von
Willebrand factor”, “soluble thrombomodulin”], and “atrial fi-
brillation”. No limitations were imposed on language, time of
publication, or sample size of studies. All retrieved referenc-
es of the included studies and recent published review arti-
cles and meta-analyses were also reviewed to determine ad-

ditional studies not indexed in major databases.
Study selection

Studies were included in the analysis when they met the follow-
ing criteria: 1) human subjects; 2) case-control or cohort stud-
ies; 3) the study investigated the comparison between AF-cases
and non-AF-population regarding biomarkers of endothelial, co-
agulation, and fibrinolytic function; 4) the study compared co-
horts of patients with and without stroke, as well as with and
without thromboembolic events in patients with AF in terms
of biomarkers. Abstracts without peer-review, abstracts from
congress presentations, and gray literature were not included.

Data extraction and outcome measures

Three investigators (S.A.-H-S, AW., and A.S.) extracted the data
independently, and discrepancies were resolved via a consen-
sus standardized abstraction checklist used for recording data
in each enrolled study. Disagreements were resolved through
discussion with senior authors (A.F.-P, G.B.Z, and H.C)). Author’s
name, year of publication, country, design of study, procedure,
sample size, mean age, sex, coexistent cardiovascular dis-
ease and risk factors, anticoagulants, type of AF, and details of
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hemostatic markers were extracted. For exploration of hetero-
geneity among trials, subgroup analyses of disparities in the
patients’ characteristics were performed for (1) year of publi-
cation (before 2000 vs. after 2000); (2) geographic area (Asia,
Europe, Africa, North-America, South-America, and Oceania); (3)
design of the study (case-control vs. cohort); (4) number of pa-
tients (€300 vs. »300); (5) mean age (<60 years vs. >60 years);
(6) percentage of males (<70% vs. >70%); (7) diabetes (<30%
vs. >30%); (8) hypertension (<70% vs. >70%); (9) myocardial in-
farction (€20% vs. >20%); (10) AF-classification (acute and sub-
acute vs. chronic); (11) type of AF (paroxysmal, persistent, per-
manent); and (12) anticoagulation (code-1: no patient received
anticoagulants in both groups, code-2: all participants were an-
ticoagulated in both groups, code-3: range of percentages be-
tween both groups more than 50%, code-4: range of percentag-
es between both groups less than 50%, code-5: anticoagulation
information was not available in both groups, and code-6: an-
ticoagulation information was not available in 1 group only).

Homogenization of extracted data

The suitable form of data for analyzing was mean + standard
deviation (SD). For studies that reported interquartile rang-
es instead of the range, we estimated means according to
[minimum+maximum+2(median)]/4 and SD according to (maxi-
mum-minimum)/4 for groups with sample sizes up to about 70
and (maximum-minimum)/6 for sample sizes more than 70 [7].

Quality assessment and statistical analysis

Two investigators (LM. and M.G.) independently assessed the
quality of studies by using the Newcastle-Ottawa scale [8]. The
total scores ranged from 0 (worst quality) to 9 (best quality) for
case-control or cohort studies. Data were analyzed by STATA
software version 11.0 utilizing METAN and METABIAS modules.
The pooled effect size measured was weighted mean difference
(WMD) with 95% CI for non-categorical data. Heterogeneity p val-
ue <0.1 for Q test or I> >50% indicated significant heterogeneity
among the studies. Heterogeneity among trials was accounted
for by applying a random effect model when indicated. Sample
weighting assigned studies with larger sample sizes and more
weight, and reduced the effect of sampling error because sam-
pling error generally decreases as the sample size increases. The
presence of publication bias was evaluated using the Begg tests.
Results were considered statistically significant at a P value <0.05.

Results

Literature search strategy and included studies

The literature search retrieved 1703 studies from screened da-
tabases, of which 1527 (89.6%) were excluded after detailed
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evaluation in the initial review due to either redundant infor-
mation (n=1095), insufficient reporting of endpoints of inter-
est (n=398), or reporting of non-matched data according to
mean + SD or median [minimum-maximum] (n=34); 176 po-
tentially relevant full-text articles were reviewed, and a to-
tal of 71 studies were finally included in the meta-analysis
(Supplementary Table 1).

Association of coagulation markers with AF
D-dimer

A total of 7954 cases were included from 41 studies. Patient
populations in the included studies ranged from 22 to 3120
patients. Of 7954 cases, 2269 were allocated to AF group
and 5685 to the SR group. Mean D-dimer levels were 520.05
pg/mL in AF group and 249.28 pg/mL in SR group (details in
Tables 1 and 2). Pooled assessment effect analysis revealed
that the mean D-dimer level was significantly higher in pa-
tients with AF than in patients with SR with WMD of 197.67
(95% Cl: 172.96-222.38; p<0.001, Figure 1) using a random
effect model. Significant heterogeneity was observed among
the studies (12=99.8%; heterogeneity p<0.001).

Fibrinogen

A total of 43174 cases were included from 58 studies. Patient
populations of the included studies ranged from 22 to 11 107
patients. Of 43 174 cases, 5583 were allocated to AF group and
37 591 to the SR group. Mean level of fibrinogen was 3.24 g/L
in the AF group and 2.78 g/L in the SR group (details in Tables
1 and 2). Pooled analysis showed that fibrinogen level was sig-
nificantly higher in patients with AF compared to those with
SR with WMD of 0.43 (95% Cl: 0.36-0.51; p<0.001, Figure 2)
using a random effect model. There was significant heteroge-
neity among the studies (12=98.4%; heterogeneity p<0.001).

Prothrombin fragment 1-2 (PF 1-2)

A total of 1047 cases were included from 9 studies, of which
694 cases were allocated to the AF group and 353 to the SR
group. The mean level of PF 1-2 was 1.88 nmol/mL in the AF
group and 1.35 nmol/mL in the SR group (details in Tables 1
and 2). Pooled analysis revealed that PF 1-2 was significant-
ly higher in the AF group than SR with WMD of 0.53 nmol/mL
(95% Cl: 0.33-0.73; p<0.001, Figure 3) using a random effect
model. There was significant heterogeneity among the stud-
ies (12=99.5%; heterogeneity p<0.001)

Antithrombin Ill (AT-3)

A total of 300 patients were included from 6 studies. Of them,
153 cases were allocated to the AF group and 147 cases to the
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Table 1. Characteristics of included studies for meta-analysis of association of biomarkers and AF.

First Author Year Country Design N-AF N-SR Age-AF Age-SR Male-AF Male-SR AC-AF AC-SR Type of AF

Negreva [9] 2016 Bulgaria Cohort 51 52 59.84  59.5 50.9 50 0 0 Paroxysmal 6
Amdur[10] 2016 USA  Cohort 642 3120 6038 57 53.8 553  48.6 42 ND 9
Yusuf (di 5
usuf (disease . o g, CASE gy 30  31.86 3114 457 40 0 0 ND 8
_contro [11] T Control =" T
Yusuf (healthy )\ 0 gy C35E 5 30 2897 3114  37.1 40 0 o ND 8
contro [11] T T control T
Drabik Case
(persistent) 2015 Poland 47 50 60.8 59.4 65.9 64 38.3 26 Persistent 8

Oneal (wit

comorbidities) 2015 USA Cohort 79 568 71 68 44 64 47 42 ND 9

AL

Oneal (with

comorbidities) 2015 USA Cohort 63 820 65 64 22 43 58 38 ND 9

L
Case-

Erdogan [15] 2014  Turkey control 34 33 70.5 68.6 47.05 51.5 66.6 0 Permanent 9

Chen (without
comorbidities) 2014  China  Cohort 62 100 55.1 52.29 58.06 64 19 12 Combined 8

6l
Chen (with
comorbidities) 2014  China  Cohort 107 100 59.4  52.29 64.4 64 26 12 Combined 8
6]
Schnabel [17] 2014 Germany Cohort 161 4837 64.9 55.2 59 50 ND ND ND 9
n’g']'HongMa 2014 China Cohort 55 50 59 57 74.5 70 100 100 ND 8
Xu (without
comorbidities) 2014 China  Cohort 57 58 65.9 67.8 50.9 50 50.9 15.5 ND 7
S
Xu (with
comorbidities) 2014  China  Cohort 57 58 68.95 67 52.6 50 49.1 15.5 ND 7
B
Distelmaier Case-

2014 USA 66 132 73.5 73.5 61 61 ND ND ND 7
200 T control
TS oo e S 5 17 56 55 81 76 100 0  Paroxysmal 7
T control
Scridon Case-
(persistent) 2013  France 36 17 55 65 81 76 100 0 Persistent 7

control

B2
Berge [22] 2013 Norway Cohort 63 126 75 75 71.4 70.6 8 33 Combined 9
Acevedo[23] 2012 Chile % 130 20 67 ND ND ND O O  Combined 8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ontrol
Zorlu [24] 2012 Turkey Cohort 31 119 72 67 64 60 0 0 ND 8
Alonso

2012 A h 10131 4.1 4 46.1 N
(whitg s 2012 USA Comort 576 HOL 873 sAd 384 4l 00 N 7
Alonso
(African- 2012 USA  Cohort 233 3518 562 534 446 378 0 0 ND 9
American)
[25]
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Table 1 continued. Characteristics of included studies for meta-analysis of association of biomarkers and AF.

First Author Year Country Design N-AF N-SR Age-AF Age-SR Male-AF Male-SR AC-AF AC-SR Type of AF

Adamsson

2011 Sweden Cohort 667 5364 47.8 46.7 100 100 ND ND ND 9

Enyd 26]
Case- .

Fu [27] 2011  China 90 79 54.1 54.8 70 57 22 0 Combined 8

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control T

Hou (disease . Case-
2010 China 26 26 65.2 64.5 57.6 57.6 7.6 115 ND 8
contro) (28] T T control
H h h -
ouhealthy ), (i, C3€ o0 6 652 654 576 576 76 0 ND 8
controh [28] T T control
Schnabel [29] 2010 USA Cohort 209 2911 66.3 57.8 60 45 ND ND ND 9
Letsas (PAP) - 010 Greece S 45 48 675 613 62 56 ND ND Paroxysmal 9
Bor control T
Letsas Case
(permanent) 2010 Greece 41 48 71.9 61.3 63 56 ND ND Permanent 9
control

BO]

. Case-

Gartner [31] 2008 Austria 222 28 64.5 54.4 63 68 55 40 ND 6

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control T T

Targonski (PAF Case- Combined

and pean) [32] 0% PO conyot 26 30 703 867 634 70 846 B3 pppandpean) ©

Targonski Case-

(Permanent) 2008 Poland 43 30 69.9 68.7 62.8 70 48.8 83.3 Permanent 8
control

L
Case-

Marcus [33] 2008 USA 46 925 74 66 94 81 ND ND ND 9

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control " T
Case-

Blann [34] 2007 UK 54 28 65 64 64.8 60.7 60 0 ND 6

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control

Topaloglu Case-

(disease 2007  Turkey 18 28 37 32 ND ND ND ND ND 6
control

control) [35]

Topaloglu Case

(healthy 2007  Turkey 18 20 37 35 ND ND ND ND ND 6
control

control) (35]

Cecchi (with Case-

cerebral 2006 Italy 62 130 75 72 61.2 59.2 100 0 ND 6

. . control

dschemic) [36]

Cecchi

S o 2006 Italy % 94 130 74 72 505 592 100 0 ND 6

cerebral control

dschemic) [36]

Turgut Case-

(disease 2006  Turkey 26 29 67.42 64.8 30.8 58.6 38.5 20.7 ND 8
control

control) (37

Turgut Case-

(healthy 2006 Turkey 26 20 6742 657 308 571 385 0 ND 8
control

control) [37]

Heeringa [38] 2006 UK Cohort 162 324 78 77 51 51 ND ND ND 8

Roldan[39] 2005 Spain "% 101 74 72 ND 513 ND 100 622 ND 7

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control - T

Marin (acute . Case-

Apfao] 200 SR onop 24 24 o4 e 80 50 dee 0 W

Marin (chronic . Case-

2004 24 24 4 45, 41. N
Apto] 0% PN ong 2 o B e Me 0 8 0
Inoue (with Case
comorbidities) 2004  Japan 159 92 ND ND ND ND ND  ND ND 7
[41] control
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Table 1 continued. Characteristics of included studies for meta-analysis of association of biomarkers and AF.

First Author Country Design N-AF N-SR Age-AF Age-SR Male-AF Male-SR AC-AF AC-SR Type of AF NOS
Inoue (Lone Case-
Aply 0t A o 7 PP WP MR MR W M ™o w7
Conway[42] 2004 UK % 106 a1 69 67 63 61 8 0O  Permanent 6
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, OOl
Hatzinikolaou- Case-
Kotsakou 2004 Greece control 18 17 59 59 72.2 82.3 ND ND  Paroxysmal 8
AR A3
Hatzinikolaou-
Kotsakou Case- .

R 2004 Greece 17 17 61 59 64.7 82.3 ND ND Persistent 8
(persistent) control
L
Hatzinikolaou-
Kotsakou Case-

004 Greece 20 17 64 59 70 82.3 ND ND Permanent 8
(permanent) control
=

Case- .
Conway [44] 2004 UK control 37 37 67 68 72.9 67.5 ND ND Persistent 6
Kamath (PAF  __ case- .. .. .. . Combined _
andpeanlas] 2 U oot 1 31 S o MY 0 O earandeenn ©
Kamath Case
(permanent 2003 UK 93 31 66 66 63.4 41.9 0 0 Permanent 6
control
AR LA
- Case-
Marin [46] 2003 Spain 48 32 71 70 63 47 38 9 ND 7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control " T T
Conway [47] 2003 UK Cohort 162 324 78 77 51.2 50.9 0 0 ND 8
Kamath (PAF) 500, uk €& 59 59 61 65 5517 413 379 0  Paroxysmal 7
a8l control T
Kamath Case
(permanent 2002 UK 87 29 65 65 63.2 413 379 0 Permanent 7
control
AR La8]
Case-
Kamath [49] 2002 UK 93 50 70 70 62.4 64 0 0 ND 6
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control "7 T
Wang [50] 2002 Taiwan Cohort 53 3159 661 539 566 467 ND ND ND 9
Li-saw-Hee Case-
eapisy P ot P 0 O @ 696 8096 0 Parogsmal S
Li-saw-Hee Case- .
Ceanlsy 0 M comol P %0 0 e &R0 0 Pessemt f
Li-saw-Hee Case-
(permanent) 2001 UK 23 20 67 63 69.5 85 100 0 Permanent 8
control
S
Case-
Feng [52] 2001 USA 47 167 62 62.3 74.5 72.5 76.6 ND ND 8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, OOl
Topcuoglu 5000 Turkey 2% 15 21 619 628 666 5714 0 0 ND 6
s T MOl
. Case-
Mondillo [54] 2000 Italy control 45 35 67.6 66.3 80 85.7 55 0 Permanent 7
o Case- ..
Giansante [55] 2000 Italy control 35 70 64 63 54.2 57.14 0 0 Paroxysmal 7
Li-saw-Hee —_ Case- . oo

2000 UK 52 60 68 66 80 75 0 0 ND 6
sel oMol
Marin (disease . Case-

1 1 24 1 22.2 12. ND
contoh[s7] %% P ool 18 2 °ooor S °
Marin (healthy ;05 ¢ooin €35 g 20 56  ND 222 ND 0 O ND 6
control) [57] control
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Table 1 continued. Characteristics of included studies for meta-analysis of association of biomarkers and AF.

First Author Year Country
Li-saw-Hee

Design N-AF N-SR Age-AF Age-SR Male-AF Male-SR AC-AF AC-SR Type of AF NOS

Case-

1999 UK 25 25 60 58 20 20 ND ND ND 6
S8 T control
Case-
Roldan [59] 1998 Spain 36 20 62 62 62 ND 0 0 ND 7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control
. Case-
Tsai [50] 1998 Taiwan 73 38 65 63 75.3 73.6 11 0 ND 6
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control " T
. . Case-
Minamino [61] 1997  Japan 45 45 63 63 73.3 73.3 ND ND ND 6
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control T T T
Case-
Kahn [62] 1997 Canada 50 31 ND 65 ND 38.7 0 0 ND 7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control " T
Case-
Sohara [63] 1997 Japan 21 9 59.1 59.1 714 ND 0 0 Paroxysmal 6
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control
. Case-

Lip (PAF) [64] 1996 UK control 30 158 60.8 58.9 60 55.6 0 0 Paroxysmal 8
Lip (chronic) 1506 uk  ©3® 56 155 647 589 5714 556 0 0 ND 8
lea T control  ©

. Case-
Lip [65] 1996 UK 51 26 70.4 ND ND ND 0 0 ND 6
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control
. Case-
Mitusch [66] 1996 Germany 69 28 72 70 42 60.7 0 0 ND 7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control T
Case-
Nagao [67] 1995  Japan 17 19 81.5 78.4 47.05 42.1 0 0 ND 8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control T T
Case-
Lip [68] 1995 UK 87 158 63 59.3 50.6 56 ND ND ND 7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control
Case-
Sohara [69] 1994 Japan 13 9 60 ND 76.9 ND 0 0 Paroxysmal 6
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control " T
. Case-
Kumagai [70] 1990 Japan 73 21 64 61 53.4 42.9 0 0 ND 7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, control " T
Gustafsson case-
(with stroke) 1990 Sweden 20 40 77 77 ND ND 0 0 ND 8
control
T
Gustafsson case
(without 1990 Sweden 0 40 77 77 ND ND 0 0 ND 8
control
stroke) [71]
Table 2. Information about markers and these levels in each study.
First author Markers Levels

Occurrence of AF

TAT: AF: 22.65+2.35 vs. SR: 9.07+1.22
PAI: AF: 47.942.5 vs. SR: 13.52+3.57

TAT: AF: 15.37+£1.87 vs. SR: 9.07+£1.22
PAl: AF: 26.72+3.37 vs. SR: 13.5243.57

Fibrinogen: AF: 3.32+0.27 vs. SR: 3.12+0.32
tPA: AF: 12.8+1.8 vs. SR: 9.4+2.1

PAI: AF: 28.1+1.35 vs. SR: 24.07+3.12

VWEF: AF: 17148 vs. SR: 121.75+5.25
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Table 2 continued. Information about markers and these levels in each study.

First author Markers Levels

Drabik (PAF) [12] Fibrinogen, tPA, PAI, and vVWF Fibrinogen: AF: 3.25+0.25 vs. SR: 3.12+0.32
tPA: AF: 11.942.5 vs. SR: 9.4+2.1
PAI: AF: 27.95+1.65 vs. SR: 24.07+3.12
VWEF: AF: 172.75+10.75 vs. SR: 121.75+5.25

Borgi [13] D-dimer D-dimer: AF: 5904506 vs. SR: 225.26+112.95
* Oneal (with comorbidities) [14] ~ Fibrinogen Fibrinogen: AF: 0.42+0.10 vs. SR: 0.41¢0.11
* Oneal (with comorbidities) [14] ~ Fibrinogen Fibrinogen: AF: 0.41+0.07 vs. SR: 0.38¢0.10
Erdogan[15]  D-dimerand Fibrinogen D-dimer: AF: 204.74159.2 vs. SR: 186.2¢105.6
Fibrinogen: AF: 2.74+0.63 vs. SR: 2.27+0.51
© Chen (without comorbidities) ~ D-dimer and Fibrinogen D-dimer: AF: 660+60 vs. SR: 270£20
[16] Fibrinogen: AF: 2.63+0.07 vs. SR: 2.57+0.12

Xu (without comorbidities) [19]  D-dimer and Fibrinogen D-dimer: AF: 379.5+48 vs. SR: 98.5+5
Fibrinogen: AF: 3.64+0.89 vs. SR: 2.62+0.5
Xu (with comorbidities) [19] D-dimer and Fibrinogen D-dimer: AF: 398.25+54.75 vs. SR: 98.5+5

Fibrinogen: AF: 3.68+0.62 vs. SR: 2.62+0.5

Acevedo [23] TAT and sTM TAT: AF: 0.054+0.23 vs. SR: 0.002+0.003
STM: AF: 52.2+111 vs. 44+13

Zorlu [24]
Alonso (White) [25] Fibrinogen and vVWF Fibrinogen: AF: 3.19+0.64 vs. SR: 2.95+0.61
VWEF: AF: 124.5+46.4 vs. SR: 111.3+42.6
© Alonso (African-American) [25]  Fibrinogen and VWF Fibrinogen: AF: 3.32+0.76 vs. SR: 3.18¢0.71
VWEF: AF: 148.9+67.5 vs. SR: 132.4+55.6
~ Adamsson Eryd[26]  Fibrinogen Fibrinogen: AF: 3.60.8 vs. SR: 3.5:08
CFul27] Fibrinogenand vWWF Fibrinogen: AF: 3.3+0.9 vs. SR: 3+0.6
VWEF: AF: 116.5+37.4 vs. SR: 105.6+29.8
" Hou (disease control) [28] ~ D-dimerand vWF D-dimer: AF: 327496 vs. SR: 231¢83
VWEF: AF: 132438 vs. SR: 126+36
" Hou (healthy control) [28] ~ D-dimerand VWF D-dimer: AF: 327+96 vs. SR: 208+80
VWEF: AF: 132438 vs. SR: 113+37
~Schnabel[29] ~ D-dimerand Fibrinogen D-dimer: AF: 451.5£56 vs. SR: 321¢43.6

Fibrinogen: AF: 3.52+0.15 vs. SR: 3.31+0.15
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Table 2 continued. Information about markers and these levels in each study.

First author Markers Levels
Topaloglu (disease control) [35]  D-dimer, Fibrinogen, AT-Ill, tPA,  D-dimer: AF: 3844130 vs. SR: 372+160
PAIl and vVWF Fibrinogen: AF: 2.89+0.71 vs. SR: 2.82+0.37

AT-1ll: AF: 98.6£11.1 vs. SR: 97.9+21.2
tPA: AF: 8.8943.5 vs. SR: 5.82+1.79
PAI: AF: 1.05+0.97 vs. SR: 1.16+0.7
VWEF: AF: 134.9468 vs. SR: 115.7+53.4

Topaloglu (healthy control) [35]  D-dimer, Fibrinogen, AT-Ill, tPA,  D-dimer: AF: 384+130 vs. SR: 19+8.3
PAI and VWF Fibrinogen: AF: 2.89+0.71 vs. SR: 2.3+0.47
AT-l1l: AF: 98.6+11.1 vs. SR: 82.8+8.6
tPA: AF: 8.89+3.5 vs. SR: 7.3+3.7
PAI: AF: 1.05+0.97 vs. SR: 1.24+0.65
VWEF: AF: 134.9+68 vs. SR: 75.1+17

Cecchi (with cerebral ischemic)  Fibrinogen Fibrinogen: AF: 3.68+1.04 vs. SR: 3.07+0.3
[36]
© Cecchi (without cerebral ~ Fibrinogen Fibrinogen: AF: 4.36+1.22 vs. SR: 3.07¢0.3
Cmdbenid e
Turgut (disease control) [37] Fibrinogen and PF1-2 Fibrinogen: AF: 3.64+0.86 vs. SR: 3.47+1.1
PF1-2: AF: 2.83+0.89 vs. SR: 2.33+0.8
* Turgut (healthy control) [37]  Fibrinogen and PF1-2 Fibrinogen: AF: 3.64+0.86 vs. SR: 2.51¢0.61
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, FRLS AR ARl v die L omemeny
Heeringa [38] Fibrinogen and vVWF Fibrinogen: AF: 2.32+0.7 vs. SR: 2.32+0.9
VWEF: AF: 144432 vs. SR: 138+40.2
Roldan[3] PFL2 PF1-2: AF: 1.4120.15 vs. SR: 1.05¢0.09
© Marin (acute AF) [40]  D-dimer, WFandsTM D-dimer: AF: 2350£2680 vs. SR: 390¢280

VWEF: AF: 1374£36.9 vs. SR: 86.7+33.2
STM: AF: 12.1+4.1 vs. 5.9+2.7

Marin (chronic AF) [40] D-dimer, vWF and sTM D-dimer: AF: 1120+650 vs. SR: 390+280
VWEF: AF: 133.1+25 vs. SR: 86.7+33.2
STM: AF: 11.844.6 vs. 5.9+2.7

Inoue (with comorbidities) [41]  D-dimer and PF1-2 D-dimer: AF: 158.6+9.2 vs. SR: 79.1+10.3
PF1-2: AF: 0.98+0.05 vs. SR: 1.04+0.04
Inoue (Lone AF)[41]  D-dimerand PF1-2 D-dimer: AF: 92.16.7 vs. SR: 31¢7.4
PF1-2: AF: 0.79+0.06 vs. SR: 0.82+0.05
Conway[42]  Fibrinogenand WWF Fibrinogen: AF: 2.65+0.17 vs. SR: 2.7240.28
VWEF: AF: 132426 vs. SR: 125421
 Hatzinikolaou-Kotsakou (PAF)  Fibrinogen and VWF Fibrinogen: AF: 3.3+0.9 vs. SR: 2408
[43] VWEF: AF: 11940.9 vs. SR: 104422
 Hatzinikolaou-Kotsakou ~ Fibrinogen and VWF Fibrinogen: AF: 3.840.4 vs. SR: 2.4:08
(persistent) [43] VWEF: AF: 129419 vs. SR: 104+22
 Hatzinikolaou-Kotsakou ~ Fibrinogen and VWF Fibrinogen: AF: 4.5+0.6 vs. SR: 2.4¢08
(permanent) [43] VWEF: AF: 158415 vs. SR: 104422
Conway[44]  Fibrinogenand VWWF Fibrinogen: AF: 2.83+0.25 vs. SR: 2.67¢0.27
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, U AR NSO S SR VB
Kamath (PAF and PeAF) [45] D-dimer and Fibrinogen D-dimer: AF: 7604195 vs. SR: 637.5+202.5
Fibrinogen: AF: 2.9+0.7 vs. SR: 2.6+0.4
© Kamath (permanent AF) [45]  D-dimer and Fibrinogen D-dimer: AF: 1497.54368.3 vs. SR: 637542025
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, FOVUoEes Bl 2o v S s
JMarn (48] PR PRIz AR elanstl vs dhis Memetis
Conway [47] Fibrinogen and vWF Fibrinogen: AF: 0.8+0.29 vs. SR: 0.79+0.3
VWEF: AF: 144432 vs. SR: 138+32
~ Kamath (PAF)[48] ~ D-dimerand Fibrinogen D-dimer: AF: 675.75151.75 vs. SR: 659.5+1855

Fibrinogen: AF: 2.9+0.7 vs. SR: 2.6+0.5
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Table 2 continued. Information about markers and these levels in each study.

First author Markers Levels
Kamath (permanent AF) [48] D-dimer and Fibrinogen D-dimer: AF: 1552.5+398.3 vs. SR: 659.5+185.5
Fibrinogen: AF: 2.7+0.6 vs. SR: 2.6+0.5
Kamath[49] ~ D-dimerand Fibrinogen D-dimer: AF: 1085£176.6 vs. SR: 724.25¢240.75
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Fibrinogen: AF: 2.840.7 vs. SR: 26104
Wang [50] Fibrinogen, tPA and PAI Fibrinogen: AF: 3.15+0.76 vs. SR: 3.03+0.63

tPA: AF: 12.05+1.85 vs. SR: 8.25+0.96
PAl: AF: 23.9548.1 vs. SR: 19.05+4.1

Li-saw-Hee (PAF) [51] Fibrinogen and vVWF Fibrinogen: AF: 3.3+0.7 vs. SR: 2.5+0.6
VWEF: AF: 130+34 vs. SR: 101£30
 Lisaw-Hee (PeAF) [51] ~ Fibrinogen and vWF Fibrinogen: AF: 2.740.8 vs. SR: 2.5¢0.6
VWEF: AF: 106+26 vs. SR: 101+30
 Li-saw-Hee (permanent) [51]  Fibrinogen and VWF Fibrinogen: AF: 3.1£0.9 vs. SR: 2.5¢06
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, R
Feng [52] Fibrinogen, tPA, PAl and vVWF Fibrinogen: AF: 3.33+0.53 vs. SR: 3.28+0.65

tPA: AF: 11.8+4 vs. SR: 10.5+3.9
PAl: AF: 24.2+10.7 vs. SR: 25.7+17.3
VWEF: AF: 142+46.2 vs. SR: 137+43.4

Topcuoglu [53] PF1-2, TAT, tPA and PAI PF1-2: AF: 2.29+1.25 vs. SR: 1.37+0.87
TAT: AF: 10.07+6.04 vs. SR: 6.59+5.12
tPA: AF: 23.93+10.17 vs. SR: 21.16+12.72
PAl: AF: 37.05422.32 vs. SR: 31.36+21.5

Mondillo [54] D-dimer, Fibrinogen, AT-IlI, tPA, D-dimer: AF: 458.5+175 vs. SR: 170.25+23.75
PAI, vWF and sTM Fibrinogen: AF: 3.81+1.09 vs. SR: 2.68+0.8
AT-Ill: AF: 99.9+15.8 vs. SR: 103.7+7.1
tPA: AF: 20.37+7.8 vs. SR: 9.8+3.21
PAI: AF: 15.2+6.2 vs. SR: 9.3+4.8
VWEF: AF: 164.04+43.8 vs. SR: 93.44+33.04
STM: AF: 39.14+13.2 vs. SR: 26.86+14.6

Giansante [55] D-dimer and Fibrinopeptide-A D-dimer: AF: 347454 vs. SR: 323.75+46.75
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Mefefepifdens s IoRAve Sis aibetsy
Li-saw-Hee [56] Fibrinogen, vVWF and sTM Fibrinogen: AF: 2.9+0.9 vs. SR: 2.6+0.8

VWEF: AF: 137427 vs. SR: 103+33
STM: AF: 52+17 vs. SR: 44+13

Marin (disease control) [57] D-dimer, AT-lI, tPA and PAI D-dimer: AF: 533+111.25 vs. SR: 542.02+147.4
AT-11l: AF: 58.4+32.75 vs. SR: 14.85+4.8
tPA: AF: 1.94+0.34 vs. SR: 2.34+0.14
PAI: AF: 43.77+8.62 vs. SR: 31.37+9.3

Marin (healthy control) [57] D-dimer, AT-lI, tPA and PAI D-dimer: AF: 533+111.25 vs. SR: 15.92+6.07
AT-11l: AF: 58.4+32.75 vs. SR: 10.25+1.1
tPA: AF: 1.94+0.34 vs. SR: 3.01+0.8
PAI: AF: 43.77+8.62 vs. SR: 7.35+0.9

Li-saw-Hee [58] D-dimer, Fibrinogen, vWF and D-dimer: AF: 54426 vs. SR: 32+20
sTM Fibrinogen: AF: 4.2+0.6 vs. SR: 3.1+0.6
VWEF: AF: 149424 vs. SR: 103+30
STM: AF: 27410 vs. SR: 40+12

Roldan [59] D-dimer, Fibrinogen, AT-lll, tPA,  D-dimer: AF: 549.38+311.16 vs. SR: 12.3+3.7
PAI and Plasmin-antiplasmin Fibrinogen: AF: 3.69+0.81 vs. SR: 3.11+0.6
AT-1ll: AF: 62.47+79.46 vs. SR: 10.35+2.9
tPA: AF: 2.3140.9 vs. SR: 2.88+1.58
PAI: AF: 42.78+22.85 vs. SR: 8.8+5.04
in-antiplasmi 275.31£151.69 vs. SR: 232.5+65.7

PF1-2: AF: 4.74+0.49 vs. SR: 2.99+0.24
Fibrinopeptide-A: AF: 6+1.3 vs. SR: 1.4+0.3

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]




Weymann A. et al.:

Predictive role of coagulation, fibrinolytic, and endothelial markers in patients... M ETA-A N A LYS I S

© Med Sci Monit Basic Res, 2017; 23: 97-140

Table 2 continued. Information about markers and these levels in each study.

First author Markers Levels
Minamino [61] D-dimer, Fibrinogen, tPA and D-dimer: AF: 160455 vs. SR: 90+21
PAI Fibrinogen: AF: 2.55+0.9 vs. SR: 1.93+0.71

tPA: AF: 12.05+5.4 vs. SR: 8.4+1.85
PAl: AF: 62.12433.07 vs. SR: 52+17.4

Sohara [63] D-dimer, Fibrinogen and TAT D-dimer: AF: 141.74208.6 vs. SR: 67.2+31.6
Fibrinogen: AF: 2.62+0.65 vs. SR: 2.25+0.37
TAT: AF: 6.68+5.11 vs. SR: 3.11+1.86

Lip (PAF) [64] D-dimer and Fibrinogen D-dimer: AF: 96.75+21.75 vs. SR: 77.5+8.33
Fibrinogen: AF: 3.15+0.24 vs. SR: 2.6+0.19
Lip (chronic) [64] D-dimer and Fibrinogen D-dimer: AF: 149.5+37.5 vs. SR: 77.5+8.33

Fibrinogen: AF: 3.82+0.28 vs. SR: 2.6+0.19

Mitusch [66] D-dimer, Fibrinogen, PF1-2, TAT,  D-dimer: AF: 788+76 vs. SR: 405+46
tPA and PAI Fibrinogen: AF: 4.5+0.2 vs. SR: 3.1+0.3
PF1-2: AF: 1.240.1 vs. SR: 1+0.1
TAT: AF: 8.5+1.6 vs. SR: 2.5+0.3
tPA: AF: 9.6+0.5 vs. SR: 7.2+0.5
PAIl: 57.9+4.3 vs. SR: 47.7+4.9

Nagao [67] D-dimer and TAT D-dimer: AF: 366.3+211.3 vs. SR: 147.2+60.9
TAT: AF: 13.81+14.51 vs. SR: 3.47+2.52
Lip [68] D-dimer, Fibrinogen and vVWF D-dimer: AF: 105.25+23.8 vs. SR: 77+8.3

Fibrinogen: AF: 3.71+0.28 vs. SR: 2.6+0.12
VWEF: AF: 157.5+£14.3 vs. SR: 109.25+11.16

Sohara [69] D-dimer, Fibrinogen and TAT D-dimer: AF: 78.6+48.2 vs. SR: 67.2+31.7
Fibrinogen: AF: 2.4+0.31 vs. SR: 2.25+0.3
TAT: AF: 4.7+3.2 vs. SR: 3.1+1.9

Kumagai [70] D-dimer D-dimer: AF: 150+19 vs. SR: 6143
Gustafsson (with stroke) [71] D-dimer, Fibrinogen, D-dimer: AF: 279.4+78.12 vs. SR: 169.12+34.3
Fibrinopeptide-A and vWF Fibrinogen: AF: 4.4+0.2 vs. SR: 3.82+0.22

Fibrinopeptide-A: AF: 5.75+1.25 vs. SR: 4.25+0.7
VWEF: AF: 17.75+2.25 vs. SR: 14.75+1.27

Gustafsson (without stroke) D-dimer, Fibrinogen, D-dimer: AF: 258.25+67 vs. SR: 169.12+34.3

[71] Fibrinopeptide-A and vWF Fibrinogen: AF: 4.5+0.35 vs. SR: 3.82+0.22
Fibrinopeptide-A: AF: 4.67+0.5 vs. SR: 4.25+0.7
VWEF: AF: 17.87+2.62 vs. SR: 14.75+1.27

Skov [72] D-dimer and Fibrinogen D-dimer: Stroke: 240+135 vs. without stroke: 250+63
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e
Zabczyk [73] D-dimer, Fibrinogen, PAI and D-dimer: Stroke: 306+164.4 vs. without stroke: 234+106.5
STM Fibrinogen: Stroke: 3.24+0.27 vs. without stroke: 3.32+0.22

PAI: Stroke: 28.35+7.33 vs. without stroke: 20.3+6.1
sTM: Stroke: 7.37+0.87 vs. without stroke: 3.27+0.32

Topcuoglu [53] PF1-2, TAT, tPA and PAI PF1-2: Stroke: 2.68+2.84 vs. without stroke: 2.29+1.25
TAT: Stroke: 43.88+44.45 vs. without stroke: 10.07+6.04
tPA: Stroke: 25.42+27.23 vs. without stroke: 23.93+10.17
PAI: Stroke: 53.39+32.91 vs. without stroke: 37.05+22.32

Soncini [75] PF1-2 and TAT PF1-2: Stroke: 2.65+0.53 vs. without stroke: 1.41+0.17
TAT: Stroke: 26.05+9.22 vs. without stroke: 11.18+4.5
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Table 2 continued. Information about markers and these levels in each study.

First author Markers

Kahn [62] Fibrinogen and AT-III

Gustafsson [71] D-dimer, Fibrinogen, AT-IlI,

Fibrinopeptide-A and vWF

Zabczyk [73] D-dimer, Fibrinogen and sTM
_Roldanfze) P2
Feinberg [77] PF1-2

Kumagi [70]

Levels

Fibrinogen: Stroke: 3.8+0.9 vs. without stroke: 3.7+0.8
AT-lIl: Stroke: 1+0.14 vs. without stroke: 1+0.13

D-dimer: Stroke: 291.5+156.3 vs. without stroke: 275.5+134
Fibrinogen: Stroke: 4.4+0.2 vs. without stroke: 4.5+0.35
AT-II: Stroke: 0.92+0.04 vs. without stroke: 0.91+0.01
Fibrinopeptide-A: Stroke: 5.75+1.25 vs. without stroke:
4.67+0.57

VWEF: Stroke: 17.1+2.2 vs. without stroke: 15.6+2.6

D-dimer: TE: 311+134 vs. without TE: 234+105.5
Fibrinogen: TE: 3.44+0.15 vs. without TE: 3.35+0.25
STM: TE: 6.05+1.25 vs. without TE: 3.20+0.35

Fibrinogen: TE: 4.1+1.3 vs. without TE: 3.7£1.5
AT-IIl: TE: 99413 vs. without TE: 105422

D-dimer: TE: 196+73 vs. without TE: 140+19

SR group. The mean level of AT-Ill was 79.39 in AF and 53.30
in SR (details in Tables 1 and 2). Pooled analysis revealed that
the mean level of AT-IIl was significantly higher in the AF group
compared to the SR group with WMD of 23.90 (95% Cl: 7.51-
40.29; p=0.004, Supplementary Figure 1) with significant het-
erogeneity (1=94.2%; heterogeneity p<0.001).

Thrombin-antithrombin (TAT)

A total of 501 cases were included from 8 studies, of which 335
cases were allocated to the AF group and 166 to the SR group.
The mean level of TAT was 10.22 ng/mL in the AF group and
4.61 ng/mL in the SR group (details in Tables 1 and 2). Pooled
analysis revealed that level of TAT was significantly higher in
the AF group compared to the SR group with WMD of 5.47
ng/mL (95% Cl: 1.77-9.18; p=0.004, Supplementary Figure 2)
using a random effect model. There was significant heteroge-
neity among the studies (12=99.7%; heterogeneity p<0.001).

Association of fibrinolytic markers with AF
Tissue-type plasminogen activator (t-PA)

A total of 4326 cases were included from 14 studies. Patient
populations of the included studies ranged from 36 to 3212
patients. From 4326 cases, 533 were allocated to the AF group
and 3793 to the SR group. Mean level of t-PA was 10.97 ng/
mL in the AF group and 8.61 ng/mL in the SR group (details
in Tables 1 and 2). Pooled assessment analysis indicated that
t-PA in patients with AF was significantly higher compared to
those with SR with WMD of 2.13 (95% Cl: 1.04-3.21; p<0.001,

This work is licensed under Creative Common Attribution-
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Figure 4) using a random effect model. Significant heteroge-
neity was observed among the studies (1>=98.3%; heteroge-
neity p<0.001).

Plasminogen activator inhibitor (PAI)

A total of 4267 cases were included from 15 studies, of which
540 cases were in the AF group and 3727 in the SR group. The
mean level of PAI was 30.59 ng/mL in AF and 19.58 ng/mL in
SR group (details in Tables 1 and 2). Pooled analysis revealed
that the level of PAI was significantly higher in the AF group
compared to the SR group with WMD of 11.44 ng/mL (95%
Cl: 6.83-16.05; p<0.001, Figure 5) with significant heteroge-
neity (12=99.4%; heterogeneity p<0.001).

Fibrinopeptide-A

A total of 336 cases were included from 6 studies, whereas
148 cases were allocated to the AF group and 188 to the SR
group. The mean level of fibrinopeptide-A was 7.33 ng/mlin AF
and 3.18 ng/mlin SR (details in Tables 1 and 2). Pooled analy-
sis showed that the level of fibrinopeptide-A was statistically
higher in the AF group compared to SR with WMD of 4.13 ng/
mL (95% Cl: 0.67-7.60; p=0.01, Supplementary Figure 3) with
significant heterogeneity (12=99.6%; heterogeneity p<0.001).
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META-ANALYSIS

First author Year of pub WMD (95% Cl) % weight
Borgi 2015 - 364.74(215.57,513.91) 1.42
Erdogan 2014 18.50 (—46.01, 83.01) 245
Chen (without comorbidities) 2014 L) 390.00 (374.56, 405.44) 2.90
Chen (with comorbidities) 2014 * 80.00 (74.55, 85.45) 2.93
Xu (without comorbidities) 2014 * 281.00 (268.47,293.53) 291
Xu (with comorbidities) 2014 L 299.75 (285.48,314.02) 291
Zorlu 2012 - 707.50(531.09, 883.91) 1.18
Hou (disease control) 2010 * 96.00 (47.22,144.78) 2.64
Hou (healty control) 2010 L J 119.00(70.97, 167.03) 2.64
Schnabel 2010 * 130.50 (122.74, 138.26) 293
Gartner 2008 * 472.00 (429.40, 514.60) 2.70
Markus 2008 L —0.16 (—0.43,0.11) 2.94
Topaloglu (disease control) 2007 L 12.00 (-72.37,425.17) 2.19
Topaloglu (healty control) 2007 * 365.00 (304.83, 425.17) 2.50
Marin (acute AF) 2004 < 1960.00 (881.96, 3038.04) 0.05
Marin (chronic AF) 2004 —— 730.00 (446.85,1013.15) 0.60
Inoue (with comorbidities) 2004 . 79.50 (76.96, 82.04) 2.94
Inoue (Lone AF) 2004 L) 61.10 (57.49, 64.71) 293
Kamath (PAF and PeAF) 2003 - 122.50 (23.54, 221.46) 2.00
Kamath (permanent AF) 2003 - 860.00 (756.63, 963.37) 1.94
Kamath (PAF) 2002 L J 16.25 (—70.98, 103.48) 2.15
Kamath (permanent AF) 2002 - 893.00 (785.47,1000.53) 1.89
Kamath 2002 *> 360.75 (284.98, 436.52) 230
Mondillo 2000 @ 288.25(236.52,339.98) 2.60
Giansante 2000 * 23.25(2.27,44.23) 2.88
Marin (disease control) 1999 > -9.02 (-87.24, 69.20) 2.27
Marin (healty control) 1999 ) 517.08 (465.62, 568.54) 2.60
Li-saw-Hee 1999 * 22.00(9.14,34.86) 291
Roldan 1998 - 537.08 (435.42, 638.47) 1.96
Minamino 1997 L) 70.00 (52.80, 87.20) 2.90
Sohara 1997 - 74.50 (-17.08, 166.08) 2.09
Lip (PAF) 1996 * 19.25(11.36, 27.14) 293
Lip (chronic) 1996 * 72.00 (62.09, 81.91) 292
Lip 1996 * 138.25(120.53, 155.97) 2.89
Mitusch 1996 ) 383.00(358.26, 407.74) 2.85
Nagao 1995 - 219.10(114.99,323.21) 1.93
Lip 1995 * 28.25(23.08,33.42) 293
Sohara 1994 * 11.40 (-22.00, 44.80) 2.79
Kumagai 1990 L) 89.00 (84.46, 93.54) 293
Gustafsson (with stroke) 1990 * 110.28 (74.43, 146.13) 2.77
Gustafsson (without stroke) 1990 . 89.13(57.90, 120.36) 2.81
Overall (I-squared=99.8%, p=0.000) () 197.67 (172.96, 222.38) 100.00
NOTE: Weights are from random effects a{lalysis l : I
-3038 0 3038

Figure 1. Forest plot of weighted mean difference (WMD) for association between level of D-dimer and occurrence of AF.

Association of endothelial markers with AF
von Willebrand factor (vWF)

A total of 18 057 cases were enrolled to the analysis from 32
studies, of which 2607 cases were allocated to the AF group
and 15450 to the SR group. The mean level of vVWF was 132.38
IU/dL in the AF group and 104.27 IU/dL in the SR group (de-
tails in Tables 1 and 2). Pooled analysis revealed a higher level
of VWF in patients with AF than in patients with SR with WMD
of 27.01 (95% Cl: 19.79-34.23; p<0.001, Figure 6) using a ran-
dom effect model. There was significant heterogeneity among
the studies (12=98.7%; heterogeneity p<0.001).
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Soluble thrombomodulin (sTM)

A total of 591 cases were included from 7 studies. From all cas-
es, 351 were allocated to the AF group and 240 to the SR group.
The mean level of sSTM was 25.96 ng/mL in the AF group and
22.04 ng/mL in the SR group (details in Tables 1 and 2). Pooled
analysis indicated that sTM was significantly higher in the AF
group compared to the SR group with WMD of 3.92 (95% Cl:
0.53-7.32; p<0.001, Supplementary Figure 4) using a random
effect model. There was significant heterogeneity among the
studies (12=91.2%; heterogeneity p<0.001).
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First author Year of pub WMD (95% CI) % weight
Amdur 2016 - ! 0.20(0.11,0.29) 2.07
Drabik (persistent) 2015 - | 0.20(0.08,0.32) 2.03
Drabik (PAF) 2015 ! 0.13(0.01,0.25) 2.03
Oneal (without comorbidities) 2015 ¢ I 0.00 (-0.02,0.03) 2.13
Oneal (with comorbidities) 2015 ¢ | 0.03(0.01,0.04) 2.14
Erdogan 2014 | —— 0.47(0.20,0.74) 1.66
Chen (without comorbidities) 2014 ¢ ! 0.06 (0.03,0.09) 2.13
Chen (with comorbidities) 2014 ¢ | 0.05 (0.04, 0.06) 2.14
Schnabel 2014 I & 0.64(0.59, 0.69) 21
Xu (without comorbidities) 2014 | 1.02(0.76, 1.28) 1.69
Xu (with comorbidities) 2014 | —— 1.06(0.85,1.27) 1.84
Distelmaier 2014 <> | —0.11(-0.19, -0.03) 2.09
Alonso (White) 2012 ¢! 0.23(0.19,0.27) 2.12
Alonso 9African-american) 2012 - | 0.13(0.03,023) 2.06
Adamsson eryd 201 ¢ | 0.10(0.04,0.16) 2.10
Fu 2011 — 0.30(0.19,0.23) 1.78
Schnabel 2010 ¢ | 0.21(0.19,023) 2.13
Letsas (PAF) 2010 ——— 0.14(-0.25,0.53) 134
Letsas (parmanent) 2010 —— 0.52(0.13,0.91) 1.34
Tartgonski (PAF a PeAF) 2008 — | —0.20(-0.58,0.17) 1.39
Tartgonski (permanent) 2008 T— 0.30 (~0.06, 0.66) 1.44
Topaloglu (disease control) 2007 e s 0.07 (-0.29,0.43) 1.44
Topaloglu (healty control) 2007 ——— 0.59(0.20,0.98) 1.36
Cecchi (with cerebral ischemic) 2006 —— 0.61(0.35,0.87) 1.69
Cecchi (without cerebral ischemic) 2006 1 —— 1.29(1.03,1.55) 1.71
Turgut (disease control) 2006 —_— 0.17 (-0.35, 0.69) 1.05
Turgut (healthy control) 2006 | —— 1.12(0.70, 1.55) 1.26
Heeringa 2006 - 0.00(—0.15,0.15) 1.98
Conway 2004 - 1 —0.07 (-0.16,0.02) 2.07
Hatzinikolaou-Kotsakou( PAF) 2004 —_—— 0.90 (0.34, 1.46) 0.96
Hatzinikolaou-Kotsakou( persistent) 2004 | —_—— 1.40(0.97,1.83) 1.26
Hatzinikolaou-Kotsakou( permanent) 2004 | —t—>  2.10(1.64, 2.56) 1.17
Conway 2004 - | 0.16(0.04,0.28) 2.03
Kamath (PAF a PeAF) 2003 —— 0.30(0.02,0.58) 1.63
Kamath (permanet AF) 2003 - 0.10(=0.09, 0.29) 1.89
Conway 2003 * | 0.01(-0.05,0.07) 21
Kamath (PAF) 2002 —— 0.30(-0.01,0.61) 1.55
Kamath (permanent AF) 2002 - 0.10(-0.12,0.32) 1.80
Kamath 2002 —— 0.20(0.02,0.38) 1.90
Wang 2002 b namll 0.12(-0.09,0.33) 1.84
Li-saw-Hee (PAF) 2001 r—— 0.80(0.41,1.19) 1.35
Li-saw-Hee (PeAF) 2001 —— 0.20(-0.22,0.62) 1.28
Li-saw-Hee (permanent) 2001 —_— 0.60(0.15,1.05) 1,20
Feng 2001 - 0.05(<0.13,0.23) 1.90
Moillo 2000 | —— 1.13(0.72,1.54) 129
Li-saw-Hee 2000 e 0.30 (0.0, 0.62) 1.54
Li-saw-Hee 1999 | —— 1.10(0.77,1.43) 150
Roldan 1998 + 0.58(0.21,0.95) 139
Minamino 1997 —_— 0.62(0.29,0.95) 149
Kahn 1997 —_— 0.50(0.05, 0.95) 0
Sohara 1997 _.I_ 0.37(-0.00, 0.73) 1.40
Lip (PAF) 1996 |'.' 0.55(0.46, 0.64) 2.07
Lip (chronic) 1996 | - 1.22(1.14,1.30) 2.09
Mitusch 1996 | - 1.40(1.28,1.52) 2.02
Lip 1995 ! * 1.11(1.05,1.17) 21
Sohara 1994 --._I 0.15(=0.11,0.41) 1.70
Gustafsson (with stroke) 1990 I-.- 0.58 (0.47,0.69) 2.04
Gustafsson (without stroke) 1990 - 0.68 (0.51,0.85) 193
Overall (I-squared=98.4%, p=0.000) ? 0.43(0.36,0.51) 100.00
NOTE: Weights are from random effects analysis |
| |
-2.56 0 2.56

Figure 2. Forest plot of weighted mean difference (WMD) for association between level of fibrinogen and occurrence of AF.

Related clinical adverse events of AF thromboembolic events (Table 3). D-dimer, fibrinogen, and PF

1-2 levels were investigated in at least 2 studies and were in-
Association of coagulation, fibrinolytic, and endothelial cluded in the meta-analysis (Table 2). AT-Ill and sTM levels were
markers with thromboembolic events reported in only 1 study and thus were not included in the anal-

ysis. Pooled analysis revealed that the level of D-dimer (number
Six studies reported the association of markers with of studies=2, WMD of 60.67, 95% Cl: 28.61 to 92.73; p<0.001
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Figure 3. Forest plot of weighted mean

First author Year of pub WMD (95% Cl) % weight difference (WMD) for association
i between level of PF1-2 and occurrence

Turgut (disease control) 2006 —o:— 0.50(0.05,0.95)  8.01 of AF.

Turgut (healty control) 2006 -;—o— 0.89(0.45,1.33) 8.1

Roldan 2005 D E 0.36(0.33,0.39) 1336
|

Inoue (With comorbidities) 2004 s E —0.06 (-0.07,-0.05)  13.40

Inoue (Lone AF) 2004 i -0.03 (-0.06,-0.00) 13.37

Marin 2003 i-o- 0.67(0.58,0.76)  13.02

Topcuoglu 2000 i—o— 0.92(0.19,1.65) 479

Tai 1998 ~~175(161,189) 1263

Mitusch 1996 - i 0.20(0.16,0.24)  13.32

Overall (I-squared=99.5%, p=0.000) <> 0.53(0.33,0.73) 100.00

NOTE: Weights are from random effects analysis
T T

-1.89 0 1.89
Figure 4. Forest plot of weighted mean
difference (WMD) for association

First author Year of pub . WMD (95% Cl) % weight between level of t-PA and occurrence
Drabnik (persistent) 2015 i-o- 3.40(2.62,4.18)  8.00 of AF.

Drabik (PAF) 2015 -IO— 2.50(1.54,3.46) 7.83

Berge 2013 + 0.00(-0.48,0.48) 8.21

Topaloglu (disease control) 2007 —io— 3.07(1.32,4.82) 6.86

Topaloglu (healthy control) 2007 -—*4:— 1.59(-0.70,3.88)  6.08

Wang 2002 - 380(330,430) 820

Feng 20001 —O-i' 1.30(0.01,2.59) 7.47

Topcuoglu 2000 e 277(-472,1026) 168

Mondillo 2000 | —+—10.57 (8.06,13.08) 5.76

Marin (disease control) 1999 . i -0.40(-0.57,0.23) 833

Marin (healty control) 1999 + E -1.07 (-1.45,-0.69) 8.26

Roldan 1998 g E -0.57(-1.32,0.18)  8.02

Minamino 1997 — 365(1.98,532) 697

Mitusch 1996 ;‘ 240(2.18,2.62) 832

Overall (I-squared=98.3%, p=0.000) <> 2.13(1.04,3.21) 100.00

NOTE: Weights are from random effects analysis

I I
-13.1 0 131

and 12=0%; heterogeneity p=0.59, Supplementary Figure 5) was WMD of 0.61, 95% Cl: -0.30 to 1.53; p=0.19 and 12=92.5%; het-
significantly higher in patients with thromboembolic events erogeneity p<0.001, Supplementary Figure 6), and the level of
than in patients without thromboembolic events. Pooled anal- PF1-2 (number of studies=2, WMD of 0.08, 95% Cl: —0.06 to
ysis showed that the level of fibrinogen (number of studies=3, 0.22; p=0.18 and 12=0%; heterogeneity p=0.83, Supplementary
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Figure 5. Forest plot of weighted mean
First author Year of pub | WMD (95% ClI) % weight gg{\?vr::rﬁe(\)/:lﬁg ?)PfAc:raisdsc:z:thlroance
Yusuf (disease control) 2015 l +  3438(32.86,35.90) 7.16 of AF.
Yusuf (healthy control) 2015 :‘"- 13.20(11.50,14.90)  7.15
Drabnik (persistent) 2015 + i 4.03(3.08,4.98) 7.20
Drabik (PAF) 2015 LI 3.88(2.88,4.88) 7.20
Topaloglu (disease control) 2007 3 -0.11(-0.63,0.41) 7.21
Topaloglu (healthy control) 2007 ‘ ~019(=0.72,034)  7.21
Wang 2002 - 490(2.71,7.09) 7.0
Feng 2001 —+— 3 -1.50(-5.53,2.53) 6.84
Topcuoglu 2000 ——o—%— 5.69(-8.88,20.26) 4.19
Moillo 2000 - 5.90(3.49,8.31) 7.08
Marin (disease control) 1999 —‘4— 12.40(6.95,17.85)  6.56
Marin (healty control) 1999 3 —— 36.42(32.42,40.42) 6.85
Roldan 1998 1 —+—33.98(26.20,41.76)  5.99
Minamino 1997 + 10.12(-0.80,21.04) 5.4
Mitusch 199 + 1020(8.12,12.28)  7.12
Overall (I-squared=99.4%, p=0.000) <> 11.44 (6.83,16.05) 100.00
NOTE: Weights are from random effects analysis i
T ‘ T
-41.8 0 418

Figure 7) were not significantly different whether they suffered
from thromboembolic events or not.

Association of coagulation, fibrinolytic, and endothelial
markers with stroke

Eight studies investigated the association of hemostatic mark-
ers with stroke (Table 3). D-dimer, fibrinogen, PF1-2, TAT, PAI,
and AT-lll were examined in at least 2 studies and were in-
cluded in the meta-analysis (Table 2). Fibrinopeptide-A, tPA,
VWF, and sTM levels were reported in only 1 study and were
not included in the analysis. Pooled assessment analysis indi-
cated that the level of PF 1-2 (number of studies=2, WMD of
1.06, 95% Cl: 0.39 to 1.74; p=0.002 and 1°=36.4%%; hetero-
geneity p=0.21, Supplementary Figure 8), level of TAT (number
of studies=2, WMD of 22.28, 95% Cl: 4.16 to 40.39; p=0.016
and 1°=74.5%; heterogeneity p<0.04, Supplementary Figure
9), and level of PAI (number of studies=2, WMD of 8.60, 95%
Cl: 4.12 to 13.09; p<0.001 and 1>=0%; P-heterogeneity=0.36,
Supplementary Figure 10) were significantly higher in patients
with stoke as compared to patients without stroke. Pooled anal-
ysis showed that the levels of D-dimer (number of studies=3,
WMD of 8.08, 95% Cl: —32.80 to 48.96; p=0.69 and 1°=4.7%%;
heterogeneity p=0.35, Supplementary Figure 11), fibrinogen
(number of studies=6, WMD of 0.02, 95% Cl: —=0.22 to 0.25;
p=0.88 and 1°=79.9%%; heterogeneity p<0.001, Supplementary
Figure 12), and AT-Ill (number of studies=2, WMD of 0.01, 95%
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Cl: -0.01 to 0.03; p=0.51 and 1’=0%%; heterogeneity p=0.39,
Supplementary Figure 13) did not significantly differ between
patients with stroke and patients without stroke.

Publication bias, subgroup analysis, and meta-regression

Begg’s tests suggested that there might be publication bias
for studies examining levels of D-dimer, fibrinogen, AT-lI, and
VWF (Supplementary Figures 14-23). Extra details of each
study, subgroup analysis, and meta-regression are presented
in Supplementary Tables 2 and 3, respectively.

Discussion

For years, finding the pathophysiological mechanisms involved
in AF has been an important research area in cardiology and
cardiac surgery [80-83]. A proposed mechanism leading to
an increased incidence of AF is coagulation and prothrombot-
ic state [80-83]. Investigators believe that procoagulant and
prothrombotic states might be more expressed in patients
with chronic AF as compared to those with SR [80-83]. In the
present study, we investigated a set of coagulation biomark-
ers to closely examine this possible pathophysiology of AF.

D-dimer is a byproduct of the degeneration of fibrin and re-
flects thrombin and fibrin turnover [84]. D-dimer is one of the
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META-ANALYSIS

First author Year of pub WMD (95% Cl) % weight
Drabnik (persistent) 2015 : & 49.25 (46.54,51.96) 3.56
Drabik (PAF) 2015 : L ] 51.00 (47.40, 54.60) 3.54
Wei-Hong Ma 2014 —— 25.00 (1114, 38.86) 3.16
Scridon (PAF) 2013 —.—: 20.70(13.57,27.83) 3.46
Scridon (persistent) 2013 | 38.40 (30.93, 45.87) 3.44
Alonso (White) 2012 * : 13.20(10.17,16.23) 3.55
Alonso (African-American) 2012 —— | 16.50 (7.64, 25.36) 3.39
Fu 201 —— 1090(076,2104 334
Hou (disease control) 2010 = ! 6.00(-14.12,26.12) 2.80
Hou (disease control) 2010 —0:— 19.00 (-1.39,39.39) 278
Blann 2007 | _0—) 71.00 (38.54, 103.46) 2.08
Topaloglu (healthy control) 2007 $ : 19.20(-17.92,56.32) 1.84
Topaloglu (healthy control) 2007 —— 59.80 (27.51,92.09) 2.09
Heeringa 2006 —4— : 6.00(-0.59,12.59) 3.47
Marin (acute AF) 2004 s 50.30(30.44,70.16) 2.81
Marin (chronic AF) 2004 :—.— 46.40 (29.77,63.03) 3.01
Conway 2004 —t— | 7.00(-1.11,15.11) 3.42
Hatzinikolaou-Kotsakou (PAF) 2004 —-0-—: 15.00 (4.53,25.47) 3.33
Hatzinikolaou-Kotsakou (persistent) 2004 —r— 25.00(11.18,38.82) 3.16
Hatzinikolaou-Kotsakou (permanent) 2004 : —— 54.00 (41.65, 66.35) 3.24
Conway 2004 — | 4.00 (-6.52,14.52) 332
Conway 2003 - : 6.00 (—0.04,12.04) 3.49
Li-saw-Hee (PAF) 2001 —— 29.00(9.87,48.13) 2.86
Li-saw-Hee (PeAF) 2001 -— : 5.00(-10.58, 20.58) 3.07
Li-saw-Hee (permanent) 2001 . amm] 42.00(18.72, 65.28) 261
Feng 2001 — : 5.00(-9.76,19.76) 3N
Mondillo 2000 : —_—r— 70.60 (53.76, 87.44) 2.99
Li-saw-Hee 2000 -—t— 3400 (22.88,45.12) 3.30
Li-saw-Hee 1999 : —— 46.00 (30.94, 61.06) 3.09
Lip 1995 | + 48.25(44.78,51.72) 3.55
Gustafsson (with stroke) 1990 ¢ : 3.00(1.94, 4.06) 3.57
Gustafsson (without stroke) 1990 ¢ | 3.12(1.91,4.33) 3.57
Overall (I-squared=98.7%, p=0.000) ¢ 27.01(19.79, 34.23) 100.00
NOTE: Weights are from random effects analysis |
|
—1|03 0

Figure 6. Forest plot of weighted mean difference (WMD) for association between level of vWF and occurrence of AF.
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Table 3. Characteristics of included studies for meta-analysis of association of biomarkers and clinical adverse events related to AF.

AC in patients with

AC in patients Adverse

First Author Country and Stu_dy Number Mean
year design age

Skov [72] Denmark-2014 Case-control 179 71.6
[Z;3b]czyk Poland-2011  Case-control 62 78
Cecchi
[36] Italy-2006 Case-control 156 74.4
Loffredo Italy-2005 Case-control 163 72.3
[74]
[T;)gcuoglu Turkey-2001  Case-control 39 63.6
soncini Italy-1998 Case-control 32 71.5
[75]
Kahn [62] Canada-1997 Case-control 75 72.7
[G7uls]tafsson Sweden-1990 Case-control 40 70
F7o6l§ian Spain-2003  Case-control 191 723
Feinberg
[77] UK-1999 Cohort 726 =
Pongratz
(78] Germany-1997 Case-control 60 65.7
Black [79] Australia-1993 Case-control 135 -
Kumagi
[70] Japan-1990  Case-control 49 =

without adverse NOS
adverse events events
events
100% 100% Stroke 8
Stroke and

81.8% 72.5% thromboembolic 8
event

100% 100% Stroke 7

70% 63.4% Stroke 8

- - Stroke 7

- - Stroke 7

100% 100% Stroke 7

- - Stroke 8

100% 100% Thromboembolic 8
event

_ _ Thromboembolic 8
event

_ _ Thromboembolic 6
event

50% 28% Thromboembolic 8
event

_ _ Thromboembolic 7
event

surrogate markers for a hypercoagulable state which is one
component of Virchow’s triad [84]. The results of the present
study revealed that the level of D-dimer was significantly higher
in AF patients compared to those with SR. Generally, increased
level of D-dimer is directly associated with an increased inci-
dence of AF; however, it should be noted that there is a sig-
nificant heterogeneity in our results. The subgroup analysis
based on the year of publication, geographic area, design of
the studies, age, sex, risk factors of diabetes and hyperten-
sion, number of cases, and chronic or non-chronic AF indicat-
ed that D-dimer was always considerably higher in AF groups
compared with SR groups, despite heterogeneity among stud-
ies. A subgroup analysis reported that both paroxysmal and
permanent AF had higher levels of D-dimer and the type of AF
was not considered a factor of heterogeneity.

Fibrinogen is an acute-phase protein synthesized in the liver,
and higher levels are associated with increased risk of cardio-
vascular diseases [85]. Our results also demonstrate that the
level of fibrinogen was considerably higher in the AF group as
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compared to the SR group. A direct relationship between the
level of fibrinogen and the incidence of AF was confirmed; how-
ever, this relationship was also associated with a justifiable
heterogeneity. The analyses performed on coagulation mark-
ers PF1-2, TAT, and AT-IIl also indicated that the level of these
markers was significantly higher in AF groups as compared to
SR groups. The results of our study also showed that the type
of AF could be a heterogeneity factor in the meta-analysis of
D-dimer level. According to the analysis of the available data
in our study, the level of D-dimer was strongly and directly re-
lated to the occurrence of thromboembolism in AF patients,
while fibrinogen and PF1-2 were not. Other coagulation mark-
ers, in which no association with stroke and thromboembo-
lism was reported, did not have sufficient data and thus no
analysis was carried out.

Another proposed mechanism for the incidence of AF is fi-
brinolytic activity. PAl is a direct inhibitor of the plasminogen
activation system, whereas its interaction with the adhesive
glycoprotein plays a role in tissue remodeling [86]. Increased
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levels of PAI have been associated with an increased risk for
coronary artery stenosis and acute coronary syndrome [86].
Our findings suggest a significant direct association between
increased level of PAl and the incidence of AF, as patients with
AF showed higher levels of PAI compared to those with SR.

Sorted analyses in terms of the year of publication, study de-
sign, number of cases, age, sex, diabetes, and hypertension
indicated that the level of PAI in the AF group had constant-
ly been higher than in the SR group. None of the above-men-
tioned criteria appeared to be a factor of heterogeneity. The
results of this study predict that with the current heterogene-
ity in analysis on the level of PAI, history of Ml and type of AF
(chronic or non-chronic) could be considered factors of het-
erogeneity. Our results showed that the level of tPA in the AF
group was considerably higher than in the SR group. There was
a direct correlation between the incidence of AF and the level
of tPA from laboratory and clinical studies, although statisti-
cally there was a notable heterogeneity. A subgroup analysis
revealed that history of MI, type of AF, and geographical area
may be considered factors of heterogeneity. Fibrinopeptide-A is
also a marker of fibrinolytic activity, and we found that it was
clearly higher in the AF group as compared to the SR group.
However, we could not find factors of heterogeneity in the
subgroup analysis. Owing to insufficient studies on alfa-2 an-
tiplasmin, plasmin-antiplasmin, and urokinase-type plasmino-
gen activator inhibitor, analyzing these markers was not feasi-
ble. Although based on the results, this fact is understandable
and verifiable from laboratory and clinical studies, not find-
ing a definite factor of heterogeneity of the results might be
explained by the fact that other factors had affected the re-
sults of the published studies in recent years that have not
been taken into account or not been reported on by their au-
thors. Regarding the association of the level of PAI with stroke
in AF patients, our results suggest a significant relationship
between increased level of PAI and increased risk of stroke.
Another mechanism which needs to be examined in AF pa-
tients is endothelial activity.

Increased levels of vVWF have been found in inflammatory and
atherosclerotic vascular diseases that are usually associated
with damaged endothelium [87]. The pooled results of our
study indicate that the level of VWF was significantly high-
er in AF patients as compared with the SR group. The results
of subgroup analysis suggested that in all types of AF, includ-
ing paroxysmal, persistent, and permanent, and also in terms
of chronic or non-chronic AF, the level of vWF was statistical-
ly and clinically higher in the AF group. According to the sub-
group analysis, geographic area, design of the studies, and
number of cases could be defined as factors of heterogene-
ity. The findings of this study affirmed that STM, as another
marker of endothelial activity, had a significant influence on
the incidence of AF, as the level of STM considerably higher in
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AF patients compared with SR patients. Generally, increased
endothelial activity appears to be associated with higher inci-
dence of AF, which is confirmed statistically and through lab-
oratory studies. We conducted a subgroup analysis based on
cardiovascular risk factors, whereas one of the most signifi-
cant cardiac risk factors affecting our results was history of
MI. Also, DM, HTN, and smoking were not considered factors
of heterogeneity.

Lip et al. argued that using anticoagulants could reduce the
levels of D-dimer and PF1-2 in AF patients; therefore, differ-
ences in the use of anticoagulants in various studies might be
considered confounding factors [68]. In this study, we defined
codes for using anticoagulants. Performing a subgroup analy-
sis, we found that on the levels of AT3, tPA, PAl, and STM, the
available data about the status of using anticoagulants were
confounding factors which possibly could play a part in the
incidence of heterogeneity. Heterogeneity is higher in meta-
analyses of non-experimental studies, which can be caused
by several factors, such as: 1) many confounding factors, 2)
less controlled bias, and 3) different definition of outcomes.

Meta-regression was performed on the levels of D-dimer, fi-
brinogen, PAI, and vWF that had greater number of studies
than other markers and could be analyzed based on regres-
sion. According to the results of meta-regression on the lev-
el of D-dimer, difference in the design of studies, type of AF,
and difference in geographical area of the study appeared to
be factors of heterogeneity. For the level of fibrinogen, the
year of publication (before or after 2000) and geographical
area of the study were factors. For the level of vVWF, difference
in the design of studies and geographical area of the study
were factors. For the level of PAI, difference in using antico-
agulants was a factor.

Conclusions

Generally, considering the results of this study, we can strongly
claim that prothrombotic state has a critical role as a precipi-
tating mechanism in the incidence of AF and clinical complica-
tions of thromboembolism and stroke. The levels of coagula-
tion, fibrinolytic, and endothelial markers have been reported
to be significantly higher in AF patients than in SR patients.
We believe that several other interventions may affect the as-
sociation of these biomarkers with the incidence of AF; how-
ever, they have not been taken into account or mentioned in
the series of past and recent studies. High heterogeneity is
not the end of trying to find the relation between effective
markers in predicting AF, but definitely points out that in fu-
ture the authors are required to converge the quality of per-
forming studies by observing the factors of heterogeneity and
other confounding factors as described in the present study.
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Finally, emphasizing the association of coagulation, fibrino-
lytic, and endothelial markers with the incidence of AF and
its clinical outcomes, and defining the factors of heterogene-
ity using subgroup analysis and meta-regression, we believe
that in meta-analysis of the relationship of the levels of bio-
markers with the incidence of AF, there are real-world associ-
ations with heterogeneity. Efforts should be made to find and
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introduce these associations as well as factors of heterogene-
ity that affect the results.
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Supplementary Figure 1. Forest plot of weighted mean difference (WMD) for association between level of AT-Ill and occurrence of AF.
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Acevedo 2012
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Supplementary Figure 2. Forest plot of weighted mean difference (WMD) for association between level of TAT and occurrence of AF.
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First author Year of pub WMD (95% CI) % weight
Giansante 2000 i "> 10.05(9.37,10.73)  24.89
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NOTE: Weights are from random effects analysis
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Supplementary Figure 3. Forest plot of weighted mean difference (WMD) for association between level of fibrinopeptide and
occurrence of AF.
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Supplementary Figure 4. Forest plot of weighted mean difference (WMD) for association between level of sTM and occurrence of AF.
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Supplementary Figure 5. Forest plot of
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Supplementary Figure 6. Forest plot of
weighted mean difference
(WMD) for association
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1
' and occurrence of
i thromboembolism.
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Supplementary Figure 7. Forest plot of
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| (WMD) for association between
level of PF1-2 and occurrence of

Roldan thromboembolism.
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Supplementary Figure 8. Forest plot of

First author WMD (95% Cl) % weight weighted mean difference

i (WMD) for association between
level of PF1-2 and occurrence
of stroke.
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Supplementary Figure 9. Forest plot of
First author WMD (95%Cl) % weight weighted mean difference
i (WMD) for association between

level of TAT and occurrence of

Soncini - 1487(9.84,1990) 6090 stroke.

Topcuoglu ——— 33.81(15.77,51.85)  39.10

Overall (I-squared=74.5%, p=0.048) 22.28(4.16,40.39)  100.00

NOTE: Weights are from random effects analysis
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Supplementary Figure 10. Forest plot of

First author WMD (95%Cl) % weight weighted mean difference
i (WMD) for association between

E level of PAI and occurrence of
Topcuoglu -—:—H 16.34(-1.01,33.69) 6.69 stroke.

Zabczyk — 8.05(3.41,12.69) 9331

Overall (I-squared=0.0%, p=0.366) 8.60(4.12,13.09)  100.00

NOTE: Weights are from random effects analysjs
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b b T Supplementary Figure 11. Forest plot of
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Supplementary Figure 13. Forest plot of
weighted mean difference

! (WMD) for association between

0.01(=001,003) 9296 level of AT-1Il and occurrence of

stroke.
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Supplementary Figure 14. Funnel plot for publication bias of studies investigating D-dimer.
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Supplementary Figure 15. Funnel plot for publication bias of studies investigating fibrinogen.
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- z=0.73 (continuity corrected)
= ° Pr>|z|=0.466 (continuity corrected)
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Supplementary Figure 16. Funnel plot for publication bias of studies investigating PF1-2.
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Supplementary Figure 17. Funnel plot for publication bias of studies investigating of TAT.
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Begg's funnel plot with pseudo 95% confidence limits

o

Begg's Test
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Std. Dev. of Score=5.32

Number of Studies= 6

=244

Pr>[z|=0.015

z=2.25 (continuity corrected)
Pr>z|=0.024 (continuity corrected)
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Supplementary Figure 18. Funnel plot for publication bias of studies investigating AT-III.

Begg's funnel plot with pseudo 95% confidence limits
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Supplementary Figure 19. Funnel plot for publication bias of studies investigating fibrinopeptide-A.
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S.e. of: SMD

Begg's Test
adj. Kendall’s Score (P-Q)=-9

6
Std. Dev. of Score=18.27
° Number of Studies= 14
4 . 2=—049
Pr>|z|=0.622
a 2=0.44 (continuity corrected)
3 27 e Pr>[z]=0.661 (continuity corrected)
o\yuo\ Egger’s Test
01 ° . Sta_Fff | Coef. Std.Em.  t P>|t| [95% Conf. Interval]
. slope | 2.475661 1365655 1.81 0.095 -.4998466 5.451168
-2 ° bias |-5.899424 5.848912 —1.01 0.333 -18.64311 6.844261
0 1 2 3 4

Supplementary Figure 20. Funnel plot for publication bias of studies investigating t-PA.
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Begg's funnel plot with pseudo 95% confidence limits Begg's Test
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Supplementary Figure 21. Funnel plot for publication bias of studies investigating PAI.
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Supplementary Figure 22. Funnel plot for publication bias of studies investigating vVWF.

Begg’s funnel plot with pseudo 95% confidence limits Begq's Test
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Supplementary Figure 23. Funnel plot for publication bias of studies investigating sTM.
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Supplementary Table 1. Included, and excluded studies.

Studies were excluded

Clinical outcomes and Studies were identified according to title, abstract or

and screened [n]

biomarkers

META-ANALYSIS

Studies were included

full text [n]

Fibrinogen 315 275
Codme s o
L
e W
W o o
R ws
W s 0o
ek R R -
Fibrinopeptide-A 21 18
wA 22929
s N - R
VWF 185
I

40 approved articles with totally 58 enrolled data
for meta-analysis

30 approved articles with totally 40 enrolled data
for meta-analysis

7 approved articles with totally 9 enrolled data
for meta-analysis

4 approved articles with totally 6 enrolled data
for meta-analysis

7 approved articles with totally 8 enrolled data
for meta-analysis

11 approved articles with totally 14 enrolled data
for meta-analysis

11 approved articles with totally 15 enrolled data
for meta-analysis

3 approved articles with totally 4 enrolled data
for meta-analysis

21 approved articles with totally 32 enrolled data
for meta-analysis

6 approved articles with totally 7 enrolled data
for meta-analysis

Supplementary Table 2. Extra details of characteristics of each study for exploration of heterogeneity factors.

First Author Geographic Total Total Total Total Total Total Total Total Total. Total AC- Chronic or
area N male DM HTN MI diuretic ACEl statin BB code
Negreva [9] European 103 59.67 50.45 4.8 6896 ND ND  28.165 6.805 3497 1 Acute 14.5
North
Amdur [10] Amc:errtica 3762 589 5455 49.8 86.7 ND 64.65 69.85 ND 56.1 4 No detection ND
Yusuf (disease . .
Asian 65 31.5 4285 ND ND ND ND ND ND ND 1 No detection ND
control) [11]
Yusuf (healthy 0 65 300553855 ND ND ND ND ND ND ND 1 Nodetection ND
control) [11]
Drabik
. European 97 60.1 6495 20 4885 17.35 ND 52.25 53.15 60.6 4 Acute 22.5
(persistent) [12]
Drabik (PAF) [12] European 91 60 55.15 16.4 46.05 26.65 ND 54.05 47.45 57.25 4 Acute 20
Borgi [13] Africa 69 ND ND ND ND ND ND ND ND ND 5 No detection ND
Oneal (with North
comorbidities) . 647 69.5 54 325 70 ND ND ND 295 ND 4 No detection 15
America
[14]
Oneal (with North
comorbidities) . 883 645 325 295 545 ND ND ND 30 ND 4 No detection 14
America
[14]
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Geographic Total Total Total Total Total Total Total Total Total. Total AC- Chronic or
area age male DM HTN MI diuretic ACEl statin BB code

Erdogan [15] European 67 69.55 49.275 10 65 ND 18 535 ND 433 3 Chronic 6

Chen (without

First Author

comorbidities) Asian 162 53.695 61.03 15 31,5 ND ND ND ND ND 4 Acute ND

[16]

Chen (with

comorbidities) Asian 207 55.845 64.2 13,5 355 ND ND ND ND ND 4 Acute ND

[16]

Schnabel [17] European 4998 60.05 54.5 10.15 61.95 8.3 ND ND ND ND 5 No detection 15.3

E’YZ']'HO”gM‘a Asian 105 58 7225 0 100 ND ND ND ND ND 2 Nodetection ND

Xu (without

comorbidities) Asian 115 66.85 5045 374 53.1 ND ND 42.6 29.55 4355 4 Chronic  38.5

[19]

Xu (with

comorbidities) Asian 115 67975 51.3 36.5 57.5 ND ND 40.8 26.05 40.95 4 Chronic 31.2

[19]

. . North

Distelmaier [20] . 98 735 61 24 60.5 25 ND ND ND ND 5 Acute ND
America

idon (PAF

[Szcl”]dm( ) Fuopean 69 555 785 7 395 ND ND 185 135 ND 3 Acute 13

scridon European 53 55 785 7 355 ND ND 24 155 ND 3 Acute 13

(persistent) [21]

Berge [22] European 189 75 71 8 48 ND 19 21 34.5 28 4 No detection ND
South .

Acevedo [23] . 150 ND ND ND ND ND ND ND ND ND 1 No detection ND
America

Zorlu [24] European 150 69.5 62 16 33 ND ND 75.5 ND 76 1 No detection ND

Alonso (White) — North 1,107 657 5525 1205 3485 66 ND ND ND ND 1 Nodetection 26.7

[25] America

Alonso (African- North
American) [25] America

[26] European 6031 47.25 100 4.8 6 ND ND ND ND 5 No detection 48
Fu [27] Asian 169 54.45 635 ND ND ND ND ND 129 6.1 4 No detection 42.5
IO (ECEE Asian 52 6485 576 0 ND ND ND 4035 ND 1145 4 Acute 269
control) [28]
50 (I Asian 52 653 576 0 ND ND ND 2115 ND 7.5 4 Acute 269
control) [28]
North .
Schnabel [29] " 3120 6205 525 ND 38 ND ND ND ND ND 5 Nodetection ND
America
Letsas (PAF) [30] European 93 644 59 6 60.5 ND ND 43 155 34 5 acute ND
Letsas .
European 89 66.6 59.5 11 63 ND ND 525 135 355 5 chronic ND
(permanent) [30]
Gartner [31] Australia 250 59.45 655 9 485 ND ND ND ND ND 4 Nodetection ND
Targonski (PAF
andpean [32] FUopean 56 635 677 4475 696 ND 677 9665 873 854 4 12.4
Targonski European 73 693 664 333 722 ND 7805 9085 70.6 892 4 113

(Permanent) [32]
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Geographic Total Total Total Total Total Total Total Total Total. Total AC- Chronic or

First Author area N age male DM HTN MI diuretic ACEl statin code not
North .
Marcus [33] . 971 70 87.5 225 65.5 52 ND 57 59.5 ND 5 No detection 15
America
Blann [34] European 82 645 6275 ND 27 ND 16.5 19 ND 185 3 No detection 12.6

Topaloglu
(disease control) European 46  34.5 ND 0 0 ND ND ND ND ND 5 No detection ND

Topaloglu
(healthy control) European 38 36 ND 0 0 ND ND ND ND ND 5 No detection ND

Cecchi (with
cerebral European 192 73,5 60.2 7.25 4595 ND 18.05 27.3 6.85 6.8 3 No detection 30.1
ischemic) [36]

Cecchi (without
cerebral European 224 73 5935 6.4 475 ND 20.5 27.05 7.3 8.05 3 No detection 25.9
ischemic) [36]

Turgut (disease
control) [37]

Turgut (healthy
control) [37]

Roldan [39] European 265 ND ND ND ND ND ND ND ND ND 4 No detection ND
mg;'”(aCUtEAF) European 48 635 50 0 83 83 ND 104 ND 83 4 Acute  ND

Marin (chronic
AF) [40]

Inoue (with
comorbidities) Asian 251 ND ND ND ND ND ND ND ND ND 5 No detection ND

Hatzinikolaou-
Kotsakou (PAF)  European 35 59 77.25 83 13.85 13.85 ND ND ND ND 5 Acute 20.5

Hatzinikolaou-
Kotsakou European 34 60 73,5 5.85 20585 17.6 ND ND ND ND 5 Acute 20.8
(persistent) [43]

Hatzinikolaou-
Kotsakou European 37 61.5 76.15 5 22.5 15 ND ND ND ND 5 Chronic 24.2
(permanent) [43]

Kamath (PAF and
PeAF) [45]

[45]
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Geographic Total Total Total Total Total Total Total Total. Total AC- Chronic or
area N age male DM MI  diuretic ACEl statin BB code not

First Author

Kamath (PAF)

(28] European 58 63 48235 685 241 34 ND ND ND ND 4 Acute 5.1
Kamath

(permanent AF)  European 116 65 52.25 5.15 30.45 6.85 ND ND ND ND 4 Chronic 5.1
[48]

Kamath [49] European 143 70 632 ND ND ND ND ND ND ND 1 Nodetection 5.9
Wang [50] Asian 3212 60 51.65 23.65 40.6 3.65 ND ND ND ND 5 No detection 32.6
[L;'ls]aW'Hee (PAF) eiropean 43 64 773 215 1085 65 ND ND ND ND 3 Acute 134
Li-saw-Hee European 43 64 7725 215 13 43 ND ND ND ND 3 Acute 115

(PeAF) [51]

Li-saw-Hee
(permanent) [51]

Marin (disease
control) [57]

Marin (healthy
control) [57]

Roldan [59] European 56 62 ND 0 ND ND ND ND ND ND 1 Chronic ND
Tsai[s0]  Asian 111 64 7445 ND ND ND ND ND ND ND 4  Chronic ND
" Minamino[61]  Asian 90 63 733 125 235 ND ND ND ND 145 5  Chronic ND
Kahn [62] North o0 Np ND ND ND ND ND ND ND ND 1  Chronic ND
America
Sohara[63]  Asian 30 501 ND ND ND ND ND ND ND ND 1 Acute  ND
Lip (PAF[64]  European 188 5985 57.8 ND ND ND ND ND ND ND 1 Acute 30
' Lip (chronic) [64] European 214 618 5637 ND ND ND ND ND ND ND 1  Chronic 33
lples] | European 77 ND ND ND ND ND ND ND ND ND 1  Chronic ND
* Mitusch [66]  European 97 71 5135 25 67 ND ND ND ND ND 1 Nodetection ND
Nagao[67]  Asian 36 799544575 ND ND ND ND ND ND ND 1 Nodetection ND
Llpe8] | European 245 6115 533 ND ND ND ND ND ND ND 5  Chronic ND
Sohara[69]  Asian 22 ND ND ND ND ND ND ND ND ND 1 Acute  ND
" Kumagai[70]  Asian 94 625 4815 ND ND ND ND ND ND ND 1  Chronic ND

Gustafsson (with
stroke) [71]

Gustafsson
(without stroke) European 60 77 ND ND ND ND ND ND ND ND 1 No detection 25
[71]
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Supplementary Table 3. Subgroup-analysis and meta-regression.

Subgroup

Studies (N)

WMD (95% Cl)

META-ANALYSIS

I-squared and P-value
respectively

P-value
of meta-

D-dimer

regression

Year of publication
>2000

243.7 (209.1 to 278.2)
137.3 (103.6 to 171.1)

99.8% and 0.001
99.1% and 0.001

Geographic area
Asian
European
Africa
North American
South American
Australia

144.4 (108.8 to 180.1)
242.5 (199.4 to 285.7)
0.83 (0.28 to 1.38)
65.11 (-62.93 to 193.1)

472 (429.3 to 514.6)

99.7% and 0.001
99% and 0.001

98.2% and 0.001

0.008

Design of study
Cohort
Case-control

176.1 (153.7 to 198.4)
290.2 (189.5 to 390.8)

99.7% and 0.001
99.8% and 0.001

Number of population
>300

65.1 (-62.9 to 193.1)
204.4 (179.9 to 229)

99.9% and 0.001
99.4% and 0.001

Mean Age
>60 years
<60 years

226.7 (188.6 to 264.8)
160.7 (77 to 244.4)

99.7% and 0.001
99.6% and 0.001

113.7 (22.2 to 205.1)
227.8 (187.8 to 267.8)

98.9% and 0.001
99.6% and 0.001

Diabetes mellitus
>30%

290 (271.6 to 308.4)
264.8 (205.7 to 323.8)

73.3% and 0.001
99.7% and 0.001

Hypertension
>70%

96.1 (47.2 to 144.7)
258.6 (194.7 to 321.9)

History of myocardial
infarction
>20%

-0.16 (~0.42 to 0.107)
761.7 (140.3 to 1383.2)

215.3 (172 to 258.6)

154 (-110.2 t0418.4)

331.3 (225.5 to 437.1)
91.1 (56 to 126.3)

98.9% and 0.001
97.6% and 0.001
99.6% and 0.001
99.9% and 0.001

0.91

Chronic
Non-chronic

261.3 (208.9 to 313.8)
104.7 (29.6 to 179.8)

99.6% and 0.001
99.4% and 0.001

Type of AF
Paroxysmal
Persistent
Permanent

19.6 (12.5 to 26.8)

512.5 (135.3 to 889.8)

0.0% and 0.78

99% and 0.001

Cigarette smoking
>30%

111.1 (106.1 to 116)
-0.136 (-0.403 to 0.131)

99.7% and 0.001
98.3% and 0.001
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META-ANALYSIS

P-value
of meta-
regression

I-squared and P-value
respectively

Subgroup Studies (N)

WMD (95% Cl)

Fibrinogen

Year of publication

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

>2000 46 0.29 (0.24 to 0.35) 96.1% and 0.001 0.02
<2000 12 0.75 (0.54 to 0.96) 96.4% and 0.001

Geographic area
Asian 9 0.35 (0.24 to 0.47) 95% and 0.001
European 40 0.53 (0.38 to 0.68) 97.9% and 0.001
Africa - - - 0.04
North American 9 0.10 (0.02 to 0.19) 97.3% and 0.001
South American - - -
Australia - - -

Design of study
Cohort 15 0.22 (0.15 to 0.29) 98.2% and 0.001 0.44
Case-control 43 0.52 (0.36 to 0.69) 97.4% and 0.001

Number of population
>300 11 0.15 (0.05 to 0.25) 98.4% and 0.001 0.053
<300 47 0.52 (0.39 to 0.64) 98% and 0.001

Mean Age
>60 years 43 0.48 (0.37 to 0.59) 98.7% and 0.001 0.94
<60 years 13 0.26 (0.17 to 0.34) 95% and 0.001

Male
>70% 13 0.56 (0.35 to 0.77) 93.9% and 0.001 0.468
<70% 37 0.40 (0.31 to 0.48) 98.9% and 0.001

Diabetes mellitus
>30% 6 0.40 (0.11 to 0.69) 96.5% and 0.001 0.97
<30% 37 0.35 (0.28 to 0.43) 97.3% and 0.001

Hypertension
>70% 3 0.17 (0.004 to 0.35) 87.1% and 0.001 0.60
<70% 40 0.36 (0.29 to 0.43) 97.5% and 0.001

History of myocardial

'”ffgcot;” 4 0.01 (~0.11 to 0.13) 75.6% and 0.006 0.58
<20°/: 16 0.42 (0.26 to 0.58) 96.5% and 0.001

Anti-coagulant status codes
1 16 0.45 (0.23 to 0.68) 98.5% and 0.001
2 —_ —_ —_
3 8 0.62 (0.19 to 1.05) 95.3% and 0.001 0.26
4 16 0.20 (0.14 to 0.25) 92.7% and 0.001
5 17 0.53 (0.33 to 0.73) 98.6% and 0.001
6
Chronic 18 0.7 (0.42 to 0.97) 97.6% and 0.001 0.23
Non-chronic 16 0.24 (0.16 to 0.33) 92.6% and 0.001

Type of AF
Paroxysmal 8 0.38 (0.18 to 0.58) 83.9% and 0.78 043
Persistent 4 0.42 (0.11 to 0.74) 90.2% and 0.001 :
Permanent 9 0.54 (0.21 to 0.87) 93.6% and 0.001

Cigarette smoking
>30% 11 0.51 (0.47 TO 0.56) 98.3% and 0.001 0.47
<30% 26 0.09 (0.78 to 0.103) 96.5% and 0.001
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META-ANALYSIS

P-value
of meta-
regression

I-squared and P-value

Studies (N) respectively

WMD (95% Cl)

Subgroup

Prothrombotic Factor 1-2

Year of publication

>2000 7 0.79 (-0.39 to 1.98) 98.1% and 0.001 =
<2000 2 0.97 (-0.54 to 2.49) 99.8% and 0.001

Geographic area
Asian 3 0.52 (0.23 to 0.82) 99.7% and 0.001
European 6 0.47 (0.34 to 0.64) 94.8% and 0.001
Africa - - - -
North American - - -
South American - - -
Australia - - -

Design of study
Cohort All of them are case—control
Case-control

Number of population
>300 1 0.36 (0.33 to 0.39) - -
<300 8 0.46 (0.29 to 0.62) 99.2% and 0.001

Mean Age
>60 years 6 0.82 (0.26 to 1.37) 99% and 0.001 -
<60 years = = =

Male
>70% 1 1.75 (1.61 to 1.88) = =
<70% 5 0.58 (0.25 to 0.91) 95.5% and 0.001

Diabetes mellitus
>30% - - - -
<30% 5 0.58 (0.25 to 0.91) 95.5% and 0.001

Hypertension
>70% - - - -
<70% 5 0.38 (0.17 to 0.59) 99.7% and 0.001

History of myocardial

infarction _ _ _ _
>20%
i 1 0.67 (0.57 to 0.76) =

Anti-coagulant status codes
1 2 0.46 (-0.21 to 1.42) 72.9% and 0.05
2 —_ —_ —_
3 = = = =
4 5 0.84 (0.31 to 1.36) 99% and 0.001
5 2 -0.04 (-0.07 to 0.01) 77.1% and 0.03
6 —_ —_ —_

AF
Chronic 2 1.20 (0.15 to 2.26) 99.4% and 0.001 —
Non-chronic = = =

Type of AF
Paroxysmal - - - 5
Persistent = = =
Permanent = = =

Cigarette smoking
>30% No Data
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P-value
of meta-
regression

I-squared and P-value
respectively

Subgroup Studies (N) WMD (95% Cl)

Thrombin anti thrombin

Year of publication

>2000 4 5.80 (-1.006 to 12.78) 99.7% and 0.001 -
<2000 4 4.57 (1.77 to 7.36) 85.4% and 0.001
Geographic area
Asian 5 6.93 (2.18 to 11.68) 98.1% and 0.001
European 2 5.46 (3.43 to 7.48) 41.4% and 0.19
Africa - - - -
North American 1 0.05 (0.01 to 0.093) -
South American - - -
Australia - - -
Design of study
Cohort All of them are case-control
Case-control
Number of population
>300 All of them are less than 300 cases
<300
Mean Age
>60 years 3 5.79 (3.63 to 7.96) 37.5% and 0.202 =
<60 years 3 7.89 (2.09 to 13.68) 98.8% and 0.001
Male
>70% - - - -
<70% 5 7.87 (4.43 to 11.32) 98.3% and 0.001
Diabetes mellitus
>30% - - - -
<30% 2 5.46 (3.43 to 7.48) 41.4% and 0.191
Hypertension
>70% - - - -
<70% 2 5.46 (3.43 to 7.48) 41.4% and 0.191
History of myocardial
infarction
$20% No Data
<20%
Anti-coagulant status codes
1
2
3 All of them are Code-1
4
5
6
AF
Chronic — — — —
Non-chronic 2 2.47 (0.55 to 4.39) 27.4% and 0.24
Type of AF
Paroxysmal 5 2.47 (0.55 to 4.39) 27.4% and 0.24 _
Persistent = = =
Permanent = = =

Cigarette smoking
>30% No sufficient data
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P-value
of meta-
regression

I-squared and P-value
respectively

Subgroup Studies (N) WMD (95% Cl)

Anti-thrombin 111

Year of publication

52000 3 4.26 (-8.76 to 17.28) 91% and 0.001 =
<2000 3 46.78 (36.8 to 56.70) 0% and 0.833
Geographic area
Asian
European
Africa All of them are European

North American
South American
Australia

Design of study
Cohort All of them are case-control
Case-control

Number of population

>300 All of studies have less than 300 cases
<300

Mean Age
>60 years 2 22.65 (-32.07 to 77.37) 94.2% and 0.001 -
<60 years 3 18.96 (0.16 to 37.65) 91.1% and 0.001

Male
>70% 1 —3.80 (-8.98 to 1.38) - -
<70% 1 43.55 (28.29 to 58.80) -

Diabetes mellitus
>30% - - - -
<30% 5 30.21 (11.99 to 48.42) 91.3% and 0.001

Hypertension
>70% - - - -
<70% 2 8.65 (—6.11 to 23.43) 85.3% and 0.009

History of myocardial

infarction
$20% No data
<20%

Anti-coagulant status codes
1 3 46.78 (36.85 to 56.70) 0.0% and 0.833
3 —-3.80 (-8.98 to 1.38) - -
4 - — _
5 2 8.65 (—6.11 to 23.43) 85.3% and 0.009
6 —_ —_ —_

AF
Chronic 2 22.65 (-32.07 to 77.37) 94.2% and 0.001 -
Non-chronic - - -

Type of AF
Paroxysmal - 19.6 (12.5 to 26.8) - _
Persistent — — —
Permanent 1 —3.80 (-8.98 to 1.38) -

Cigarette smoking
>30% No sufficient data
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I-squared and P-value P-value
Subgroup Studies (N) WMD (95% Cl) q 3 of meta-
respectively q
regression
Fibrinopeptide-A
Year of publication
52000 1 10.05 (9.37 to 10.72) = =
<2000 3 2.17 (-0.72 to 5.07) 99.4% and 0.001
Geographic area
Asian 1 4.60 (4.28 0 4.91) =
European 3 3.98 (-1.33 to 9.30) 99.7% and 0.001
Africa - - - -
North American - - -
South American - - -
Australia - - -
Design of study
Cohort All of studies are case—control
Case-control
Number of population
>300 All of studies have less than 300 cases
<300
Mean Age
>60 years All of studies have total age higher than 60 years
<60 years
Male
>70% 1 4.60 (4.28 0 4.91) - -
<70% 1 10.05 (9.37 to 10.72) -
Diabetes mellitus
>30% - - - -
<30% 1 10.05 (9.37 to 10.72) -
Hypertension
>70% - - - -
<70% 1 10.05 (9.37 to 10.72) -
History of myocardial
infarction
$20% No data
<20%
Anti-coagulant status codes
1 3 3.98 (-1.33 to 9.30) 99.7% and 0.001
3 = = = =
4 1 4.60 (4.28 to 4.97) —
5 = = =
6 = = =
AF
Chronic 1 4.60 (4.28 to 4.97) — —
Non-chronic 1 10.05 (9.37 to 10.72) -
Type of AF
Paroxysmal 1 10.05 (9.37 to 10.72)- - _
Persistent = = =
Permanent = = =
Cigarette smoking
>30% 2 5.19 (4.78 to 5.63) 99.7% and 0.001 -
<30% 1 0.42 (0.11 to 0.72) —
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META-ANALYSIS

Subgroup

Studies (N)

WMD (95% Cl)

I-squared and P-value
respectively

P-value
of meta-
regression

Tissue plasminogen activator

Year of publication

52000 9 3.095 (1.52 to 4.66) 95.5% and 0.001 =
<2000 5 0.709 (-0.908 to 2.32) 99.2% and 0.001

Geographic area
Asian 2 3.78 (3.30 to 4.26) 0.0% and 0.86
European 11 1.86 (0.69 to 3.03) 98.4% and 0.001
Africa - - - -
North American 1.30 (0.013 to 2.58) -
South American - - -
Australia - - -

Design of study
Cohort 2 1.89 (-1.82 to 5.62) 98.2% and 0.001 =
Case-control 12 2.16 (0.98 to 3.34) 98.2% and 0.001

Number of population
>300 1 3.80 (3.30 to 4.29) - -
<300 13 1.95 (0.88 to 3.02) 98.1% and 0.001

Mean Age
>60 years 10 2.69 (1.56 to 3.83) 96.1% and 0.001 =
<60 years 3 1.29 (-1.14 to 3.74) 88.8% and 0.001

Male
>70% 4 3.67 (0.40 to 6.94) 96.3% and 0.001 =
<70% 6 2.34 (0.56 to 4.13) 99.2% and 0.001

Diabetes mellitus
>30% - - - =
<30% 13 1.60 (0.52 to 2.68) 98.3% and 0.001

Hypertension
>70% - - - -
<70% 10 2.41 (1.47 to 3.51) 93.5% and 0.001

History of myocardial

'”ffgcot;" 2 1.98 (0.81 to 3.14) 53.3% and 0.143 -

® 0,

<20% 2 3.68 (3.26 to 4.10) 0.0% and 0.396

Anti-coagulant status codes
1 5 0.21 (-1.50 to 1.93) 99.1% and 0.001
2 —_ —_ —_
3 1 10.57 (8.055 to 13.085) - -
4 3 1.94 (-0.36 to 4.26) 96.8% and 0.001
5 4 3.48 (2.76 to 4.19) 22.6% and 0.275
6 1 1.30 (0.013 to 2.58) =

AF
Chronic 3 443 (-1.25 to 10.12) 97.6% and 0.001 =
Non-chronic 2 2.99 (2.11 to 3.87) 51% and 0.154

Type of AF
Paroxysmal 1 2.50 (1.53 to 3.46) - _
Persistent 1 3.40 (2.62 to 4.17) -
Permanent 1 10.57 (8.055 to 13.085) -

Cigarette smoking
>30% 2 4.05 (3.56 to 4.56) 96.3% and 0.001 -
<30% 4 2.73 (2.18 to 3.27) 61.6% and 0.051
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P-value
of meta-
regression

I-squared and P-value
respectively

Subgroup Studies (N) WMD (95% Cl)

Plasminogen activator inhibitor

Year of publication

>2000 10 6.69 (1.79 to 11.59) 99.5% and 0.001 0.28
<2000 5 20.72 (7.68 to 33.75) 97.4% and 0.001
Geographic area

Asian 4 15.82 (0.49 to 31.14) 99.5% and 0.001

European 10 10.07 (6.93 to 13.21) 98.4% and 0.001

Africa - - - 0.30
North American 1 1.009 (-3.05 to 5.07) -

South American - - -

Australia - - -

Design of study

Cohort 1 4.490 (2.71 to 7.08) - 0.97
Case-control 14 11.28 (6.70 to 15.86) 99.4% and 0.001

Number of population
>300 1 4.490 (2.71 to 7.08) - 0.98
<300 14 11.28 (6.70 to 15.86) 99.4% and 0.001

Mean Age
>60 years 9 6.99 (4.31 t0 9.67) 91.7% and 0.001 0.96
<60 years 5 10.36 (2.19 to 18.52) 99.8% and 0.001

Male
>70% 1 36.42 (32.41 to 40.42) = 0.18
<70% 8 11.28 (3.14 to 19.42) 99.5% and 0.001

Diabetes mellitus
>30% - - - =
<30% 12 8.93 (6.03 to 11.88) 98.1% and 0.001

Hypertension
>70% - - - -
<70% 9 3.34 (1.30 to 5.39) 96% and 0.001

History of myocardial

'”ffgcot;’ " 2 1.55 (-3.66 to 6.78) 84.5% and 0.011 0.97

® 0,

<20% 2 4.16 (3.29 to 5.03) 0.0% and 0.474

Anti-coagulant status codes
1 7 21.28 (11.09 to 31.47) 98.9% and 0.001
3 1 4.20 (1.09 to 7.31) - 0.014
4 2 3.95 (3.27 to 4.64) 0.0% and 0.831
5 4 1.08 (-0.357 to 2.534) 87.1% and 0.001
6 1 -1.50 (-5.53 t0 2.53) =

AF
Chronic 3 16.58 (-1.97 to 35.14) 95.6% and 0.001 0.97
Non-chronic 2 3.80 (3.16 to 4.44) 0.0% and 0.448

Type of AF
Paroxysmal 1 3.88 (2.87 to 4.88) - 0.26
Persistent 1 4.03 (3.08 to 4.97) - :
Permanent 1 5.90 (3.49 to 8.31) -

Cigarette smoking
>30% 2 5.35 (3.73 t0 6.97) 0.0% and 0.568 0.95
<30% 4 3.80 (3.13 to 4.48) 56.9% and 0.07
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META-ANALYSIS

Subgroup

Studies (N)

WMD (95% Cl)

I-squared and P-value
respectively

P-value
of meta-
regression

Year of publication

von Willebrand Factor

>2000 28 27.50 (19.43 to 35.56) 96.3% and 0.001 0.98
<2000 4 23.67 (9.80 to 37.53) 99.5% and 0.001

Geographic area
Asian 4 15.19 (7.19 to 23.19) 15.4% and 0.315
European 25 30.91 (22.26 to 39.56) 99% and 0.001
Africa - - - 0.01
North American 3 13.23 (10.42 to 16.04) 0.0% and 0.423
South American - - -
Australia - - -

Design of study
Cohort 5 11.70 (6.62 to 16.78) 66.4% and 0.018 0.05
Case-control 27 29.97 (21.49 to 38.44) 98.9% and 0.001

Number of population
>300 4 10.32 (5.54 to 15.09) 63.8% and 0.041 0.10
<300 28 29.78 (21.48 to 38.08) 98.8% and 0.001

Mean Age
>60 years 22 27.88 (18.70 to 37.07) 99.1% and 0.001 0.703
<60 years 10 23.95 (16.11 to 31.79) 85.4% and 0.001

Male
>70% 13 27.82 (18.23 to 37.41) 87.9% and 0.001 0.44
<70% 15 28.74 (17.73 to 39.74) 98% and 0.001

Diabetes mellitus
>30% - - - =
<30% 25 25.34 (16.93 to 33.76) 95.6% and 0.001

Hypertension
>70% 2 16.95 (-1.44 to 35.35) 57% and 0.127 0.48
<70% 24 27.42 (18.17 to 36.13) 96.7% and 0.001

History of myocardial

'”ffgcot;’ n 3 20.98 (~14.49 to 0.56.4) 98.7% and 0.001 0.97

® 0,

<20% 14 26.61 (14.62 to 38.60) 97.2% and 0.001

Anti-coagulant status codes
1 6 9.66 (5.59 to 13.74) 93.5% and 0.001
2 1 25 (11.14 to 38.85) =
3 8 33.09 (18.72 to 47.47) 90.9% and 0.001 0.81
4 7 34.96 (24.55 to 45.38) 92.4% and 0.001
5 9 30.16 (13.83 to 46.49) 95.9% and 0.001
6 1 5.0 (9.75 to 19.75) =

AF
Chronic 8 43 (29.03 to 56.97) 93% and 0.001 0.65
Non-chronic 12 26.73 (16.88 to 36.58) 94.7% and 0.001

Type of AF
Paroxysmal 4 29.17 (7.99 to 50.34) 96.5% and 0.001 0.75
Persistent 5 25.02 (6.51 to 43.52) 96.1% and 0.001 ’
Permanent 4 43.01 (10.43 to 75.59) 95.6% and 0.001

Cigarette smoking
>30% 4 3.53 (2.48 to 4.58) 95.8% and 0.001 0.98
<30% 21 14.60 (13.67 to 15.53) 98.7% and 0.001
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P-value
of meta-
regression

I-squared and P-value
respectively

Subgroup Studies (N) WMD (95% Cl)

Soluble thrombomodulin

Year of Publication

>2000 6 4.36 (2.79 to 5.93) 86.8% and 0.001 =
<2000 1 -13.0 (-19.12 to -6.87) -
Geographic area

Asian = = =

European 6 3.81 (0.35 to 7.27) 92.6% and 0.001

Africa - - - -
North American - - -

South American 1 1.81 (1.03 to 2.58) -

Australia - - -

Design of study

Cohort 1 2.02 (1.88 to 2.15) - =
Case-control 6 3.87 (0.31 to 7.43) 90.6% and 0.001

Number of population
>300 All of studies have less than 300 cases
<300

Mean Age
>60 years 4 6.04 (2.88 to 9.21) 89.5% and 0.001 -
<60 years 2 —5.16 (-19.87 to 9.54) 95.7% and 0.001

Male
>70% 2 6.84 (0.02 to 13.65) 86.8% and 0.001 =
<70% 4 1.68 (-2.13 to 5.50) 94.3% and 0.001

Diabetes mellitus
>30% - - - =
<30% 4 5.10 (2.03 to 8.17) 91.2% and 0.001

Hypertension
>70% - - - -
<70% 4 5.10 (2.03 to 8.17) 91.2% and 0.001

History of myocardial

infarction _ _ _
>20% .,
<20% 6.18 (4.78 to 7.58) 0.0% and 0.794

Anti-coagulant status codes
1 3 4.36 (-0.52 to 9.25) 56.9% and 0.09
3 1 12.28 (6.09 to 18.46) - -
4 2 6.02 (4.61 to 7.50) 0.0% and 0.839
5 1 —-5.27 (-19.76 to0 9.21) -
6 —_ —_ —_

AF
Chronic 4 3.38 (-5.27 to 12.04) 92.6% and 0.001 =
Non-chronic 2 2.85 (1.52 to 4.17) 88.7% and 0.001

Type of AF
Paroxysmal 1 2.02 (1.88 to 2.15) - _
Persistent = = =
Permanent 1 12.28 (6.09 to 18.46) -

Cigarette smoking
>30% 1 12.28 (6.09 to 18.46) - -
<30% 3 2.01 (1.88 to 2.14) 56.3% and 0.101
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