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Atrial fibrillation; Background: Atrial fibrillation (AF) is related to a higher risk of thromboembolic events and
Interleukin-6; mortality. Some studies have demonstrated that the inflammatory biomarker interleukin-6 (IL-
Stroke; 6) is associated with a higher risk of higher thrombosis in AF patients, but the real effect of IL-6
Prognosis remains a controversy.

Methods: We conducted a systematic review and meta-analysis to investigate the association
between IL-6 and thromboembolic events, as well as bleeding events, acute coronary syndrome
(ACS) events and all-cause mortality in AF.

Results: A total of five studies involving 22 928 patients met our inclusion criteria for the
systematic review. The higher level of IL-6 in AF patients is related to long-term thromboembolic
events including stroke (RR 1.44, Cl 95% 1.09-1.90, p=0.01). IL-6 meant a higher risk of long-
term bleeding risk (RR 1.36, Cl 95% 1.06-1.74, p=0.02), ACS risk (RR 1.81, Cl 95% 1.43-2.30,
p<0.001) and all-cause mortality (RR 2.35, Cl 95% 2.09-2.65, p<0.001).

Conclusion: A higher level of IL-6 may predict a greater number of long-term thromboembolic
events and bleeding events, ACS events and mortality in AF patients. Further studies such as
the cut-off point of IL-6 need to be conducted in the future.

© 2020 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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PALAVRAS-CHAVE
Firilhacao auricular;
Interleucina-6;
Acidente vascular
cerebral;
Progndstico

Nivel sérico elevado de Interleucina-6 como biomarcador preditivo de fibrilhacdo
auricular: uma revisao sistematica e meta-analise

Resumo

Introducdo: A fibrilhacdo auricular (AF) esta relacionada com maior risco de eventos trom-
boembodlicos e de mortalidade. Alguns estudos mostraram que o biomarcador inflamatorio
interleucina-6 (IL-6) estava associado a maior risco trombadtico em doentes com AF, mas o efeito
real da IL-6 continua controverso.

Métodos: Realizamos uma revisao sistematica e meta-analise para investigar a associacao de IL-
6 com eventos tromboembodlicos assim como eventos hemorragicos, eventos sindrome coronaria
aguda e mortalidade total na AF.

Resultados: Cinco estudos que envolveram 22 928 doentes preencheram os nossos critérios de
inclusao para revisao sistematica. Maior nivel de IL-6 em doentes com AF relaciona-se com
eventos tromboembdlicos em longo prazo, incluindo acidente vascular cerebral (RR 1,44, 95%
Cl 1,09-1,90, P 0,01), risco de ACS (RR 1,81, 95% Cl 1,43-2,30, P<0,001) e mortalidade total (RR
2,35, 95% Cl 2,09-2,65, P<0,001).

Conclusdo: Um nivel mais elevado de IL-6 pode prever um maior nimero de eventos tromboem-
bélicos assim como de eventos hemorragicos, eventos ACS e mortalidade em doentes com AF.
Mais estudos sobre o ponto de corte de IL-6 necessitam ser realizados.

© 2020 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espafa, S.L.U. Este é um
artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Atrial fibrillation (AF) is the most common sustained
arrhythmia in clinical practice which can cause throm-
boembolic events such as stroke.'~* So far, anticoagulation
therapy is the major strategy for AF treatment.* We applied
CHA;DS,-VASc (Congestive Heart Failure, Hypertension, Age
(>75 years), Diabetes, Stroke/Transient Ischemic Attack,
Vascular Disease, Age (65-74 years), Sex (Female)) score
to assess the risk of stroke in AF patients. The patients
with a high score (male >2, female >3) require anti-
coagulation therapy.” We used HAS-BLED (Hypertension,
Abnormal renal and liver function, Stroke, Bleeding, Labile
INRs, Elderly, Drugs or alcohol) to estimate the bleeding risk
in AF patients. A score >3 means there is a high risk of
bleeding.

However, the area under curve (AUC) for CHA,DS,-
VASc is approximately 0.660.° In our previous investigation,
less than 30% patients received anticoagulation therapy
before stroke. One of the important reasons was that the
score before stroke was <2. There must be other factors
such as biomarkers which lead to stroke and thromboem-
bolism. Similarly, the AUC for HAS-BLED is approximately
0.60.° We also are unable to estimate the risk of other
adverse events, such as cerebral infarction and mortal-
ity in AF patients by using these scores. It is necessary
to discover other methods to assess the prognosis of
AF patients.

Inflammation can cause AF and thrombosis. Several
biomarkers have been studied in AF patients such as C-
reactive protein (CRP)”8 and interleukin (IL),° while the role
of IL-6 in AF and adverse events, especially thrombotic risk,
remains controversial.'®"" We therefore conducted a sys-
tematic review and meta-analysis to provide an overview
of the association between IL-6 with thromboembolic and
other adverse events in AF.

Methods

Search strategy

We used electronic databases to identify relevant stud-
ies. The PubMed, EMBASE, Web of Science, and Cochrane
databases were systematically searched for studies pub-
lished up to January 2020. We used mesh terms
including ‘‘atrial fibrillation’’ and ‘‘interleukin 6’’ and
“inflammation’’.

Study selection

We enrolled the studies according to the the following crite-
ria: (1) cohort studies (both retrospective and prospective)
about stroke or thromboembolic risk in AF patients and (2)
studies which focused on IL-6. In case of multiple pub-
lications, the most recent studies or studies of a larger
population were used. Citations were selected by initially
screening the title and abstract of the studies. We assessed
the study quality using the Newcastle-Ottawa scale. The
total scores ranged from 0 (worst) to 9 (best) for case-
control or cohort studies.

Data extraction

Using standard data extraction forms, two reviewers (Zhou
and Zhao) extracted data from the relevant studies. The fol-
lowing data were independently extracted: author’s name,
year of publication, type of study design, study population,
sample size, mean duration of follow-up, study end points,
risk ratio (RR) with 95% confidence interval (Cl), cut-off
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1471 of records identified through the initial searching ‘

69 potentially relevant full-text
articles were reviewed

402 of records were excluded
because of irrelevance or
duplication after title and abstract
screening

64 of full-text articles were
excluded, with reasons

52 were irrelevant

5 of full-text articles assessed for eligibility, including

3 prospective cohort studies

2 retrospective cohort studies

8 were review or letter

—

4 were duplicate or using
the same cohort

Figure 1

value and reported adjustment for potential confounders.
If the study provided the IL-6 level, we extracted the means
and standard deviations in each group. If the study provided
the medians and ranges instead of the means and standard
deviations, we imputed the means and standard deviations
using the method developed by Hozo et al. "

Data analysis

For cohort studies, we used pooled hazard ratio (HR) as a
summary statistic to estimate the prognostic effect of IL-
6 level on thromboembolic events in AF patients. An HR>1
indicated the correlation between elevated IL-6 and stroke
and thromboembolic events.

Statistical heterogeneity across studies was assessed
using the I statistic. An I>>50% suggests that there is sig-
nificant heterogeneity between studies. The HR was pooled
using a fixed-effects model to manage heterogeneity if it was
insignificant (12<50%); otherwise, a random-effects model
was applied. A p value <0.05 was considered to be statis-
tically significant. Statistical analyses were performed using
the RevMan 5.3 software.

Results
Study characteristics

In total, 471 records were retrieved in our primary liter-
ature search by using the mesh term atrial fibrillation and
interleukin-6. 402 records were excluded after screening the
titles and abstracts. 69 potentially relevant full-text articles
were reviewed, and five studies with a total of 22 928 partici-
pants were included in the final analysis (Figure 1), including
two retrospective cohort studies and three prospective
cohort studies (Table 1). Quality assessment is reported in
Table 2.

Flow diagram of the study selection.

Association between IL-6, stroke and
thromboembolic events in AF

Where IL-6 was affected by other factors, such as antithrom-
botic therapy or comorbidity, the researchers adjusted the
outcomes to determine whether IL-6 was an independent
risk factor for stroke and thromboembolic events. We used
the data after adjustment. Meta-analysis showed that ele-
vated IL-6 meant a higher risk of long-term stroke and
thromboembolic risk in AF patients with a pooled RR 1.44
(C1 95% 1.09-1.90, p=0.01) (Figure 2).

Association between IL-6 and other adverse events
in AF

We conducted the analysis of major bleeding events
(Figure 3A), acute coronary syndrome (ACS) (Figure 3B), all-
cause mortality (Figure 3C) in AF and the level of IL-6. Three
studies were eligible for the analysis. Meta-analysis showed
that elevated IL-6 meant a higher risk of long-term bleeding
risk (RR 1.36, Cl 95% 1.06-1.74, p=0.02), ACS risk (RR 1.81,
Cl 95% 1.43-2.30, P<0.001) and all-cause death (RR 2.35, CI
95% 2.09-2.65, p<0.001).

Discussion

IL-6 is one of the inflammatory cytokines with a pleiotropic
effect on immune response and inflammation. It is synthe-
sized in immune cells such as macrophages and monocytes.'®
When pattern recognition receptors of immune cells are
activated, a range of signaling pathways including factor
kappa B are initiated to enhance the transcription of the
message RNA of inflammatory cytokines such as IL-6, tumor
necrosis factor (TNF), and IL-1B."7 IL-6 can also be produced
in endothelial cells as a result of the stimulation of IL-1, TNF
and interferon-vy.'®
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Table 1  Studies on association between IL-6 and thromboembolic events in AF.
Study, year Type of study  Average No. of Cut-off End points Variables adjusted for
follow-up patients, n  point of IL-6
(months) (ng/L)
Aulin, 20153 Retrospective 24 6187 2.5 Stroke/systemic Other inflammation
cohort study embolism, major marker level,
bleeding, ACS treatment,
CHA2DS2-VASc score
Conway, 2004 Prospective 76.8 77 20 Stroke, all-cause Age, antithrombotic
cohort study mortality therapy
Hijazi, 2016 Retrospective  22.8 14954 2.3 Stroke/systemic Other inflammation
cohort study embolism, major marker level, study
bleeding, ACS, treatment,
all-cause mortality CHA2DS2-VASc score
Rivera, 2019° Prospective 78 940 3.7 Stroke, major Other inflammation
cohort study bleeding marker level,
CHA2DS2-VASc and
HAS-BLED score
Roldan, 2012 Prospective 31.9 770 3.35 Stroke/TIA, ACS, CHA2DS2-VASc score

cohort study

all-cause mortality

AF: atrial fibrillation; TIA: transient ischemia attack; ACS: acute coronary syndrome; CHA;DS;-VASc: Congestive Heart Failure, Hyper-
tension, Age (>75 years), Diabetes, Stroke/Transient Ischemic Attack, Vascular Disease, Age (65-74 years), Sex (Female).

Table 2 Newcastle scale for scoring studies.

Study, year Newcastle-Ottawa Scale
Selection Comparability Outcome/Exposure Total
Aulin, 2015 E > E 7
Conway, 2004 * * i 6
Hijazi, 2016 e * b 5
Rivera, 2019 e * e 7
Roldan, 2012 e * * 5
High IL-6 Low IL-6 Risk Ratio Risk Ratlo
M-H, Random. 85% CI

Autin, Julia 2015 114 3032 69 3155 28.3% 1.72(1.28.2.31) -

Conway, Dwayne $ G 2004 7 38 1 39 18% 7.18(0.93, 55.65] —

Hijazi, Ziad 2016 220 7365 173 7469 34.3% 1.29[1.06. 1.57) -

vacm»_Cmnvncn. José Miguol 2019 49 470 49 470 23.7% 1.00 [0.69. 1.45] . i

ROLDAN, V 2012 25 464 12 466 12.0% 2.09[1.06.4.11)

Total (95% Cl) 11369 11599 100.0% 1.44[1.09, 1.90) >

Total ovents 415 R

Hi : Tau = 0.05; Chi = 9.40, df = 4 (P = 0.05), ' = 57%

':;ﬁ:?e;zg" ;':c“ E=23 (e, D"; ° O‘Favors lot;:pcrln\omal] ! Favors [cor:!oroll 100

Figure 2  Forest plots of risk ratio (RR) and Cl 95% for the association between IL-6 and stroke and thromboembolic events in AF.

IL-6 synthesized in the inflammatory lesion is released
to the blood and moves to the liver, which means IL-6
is the major regulator of acute phase response in human
hepatocytes.'® A series of acute phase proteins were then
induced such as CRP, fibrinogen and plasminogen activa-
tor inhibitor-1." IL-6 promotes megakaryocyte maturation
after reaching the bone marrow, thus leading to the release
of platelets and thrombocytosis.?’ IL-6 may induce the
expression of tissue factor,2"?2 factor VIII?> and von Wille-
brand factor.?* In addition, an increased interleukin-6 level
decreases the natural inhibitors of hemostasis such as
antithrombin, protein S and thrombomodulin.?® Elevated
IL-6 is related to enhanced coagulation function and weak-
ened anticoagulation function to establish a prothrombotic

state, which in turn is linked to thrombotic risk and ACS.
IL-6 also induces excess production of vascular endothe-
lial growth factor, leading to enhanced angiogenesis and
increased risk of bleeding.'®

Emerging studies have proved that AF is a kind of inflam-
mation, containing inflammatory cells and inflammatory
cytokines. Thrombogenesis of AF is also associated with
inflammation. CRP level is significantly associated with
stroke risk in AF patients.” In AF patients, platelet P-
selectin levels and adenosine diphosphate -induced platelet
aggregation are significantly higher in the left atrium
compared to the right atrium,?”” which may be related
to the different inflammation level. IL-6 level is posi-
tively related to the CHA;DS, score, while anticoagulation
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A High IL-6 LowIL-6 Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 85% C|
Aulin 2015 208 3032 126 3155 331% 1.72[1.38,2.13] i
Hijazi 2016 383 7365 284 7469 37.9% 1.37[1.18,1.59] -

Rivera 2019 87 470 85 470 29.0% 1.02(0.78, 1.34]

Total (95% Cl) 10867 11094 100.0% 1.36 [1.06, 1.74]

Tofal events 678 495

Helerogeneity: Tau® = 0.04; Chi"= 8.70, df = 2 (P = 0.01), F = 77%
Test for overall effect Z= 2.38 (P = 0.02)

High IL-6 LowlIL-6

0.1 1 10 100

001 :
Favors [expenmental] Favors [control]

Risk Ratio
M_.H, Fixed. 85% CI

Risk Ratio
M.H. Fixed. 95% C!

Aulin 2015 66 3032 37 3155 349%  1.86{1.24,2.77] —
Hijazi 2‘01 6 91 7365 56 7469 535% 1.65{1.18,2.30] &
ROLDAN 2012 29 464 12 466 11.5% 2.43[1.25,4.70] e
Total (95% CI) 10861 11090 100.0%  1.81[1.43,2.30) *
Total events 186 105
Heterogeneity: Chi*=1.08,df= 2 (P =0.58), F= 0% t + T + +
o 0.02 01 1 10 50
Tesl for overall effect: Z= 4.90 (P < 0.00001) Favors [expenmental] Favors [control]
C High IL-6 Low IL-6 Risk Ratio Risk Ratio
_Study or Subaroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Conway 2004 15 38 7 3% 20% 220[1.01,4.79 [
Hijazi 2016 738 7365 326 7469 916%  2.30(2.02, 260 .
ROLDAN 2012 73 464 23 466 65% 3.19[2.03,5.00] -
Total (95% CI) 7867 7974 100.0% 2.35 [2.09, 2.65] *
Total events 826 356
Heterogeneity. Chi*= 1.92, df= 2 (P=0.38); #= 0% 041 042 0*5 : é ; 1’0

Test for overall effect Z=13.95 (P < 0.00001)

Figure 3  Association of IL-6 and other adverse events in atri

Favors [experimental] Favors [control]

al fibrillation (AF). (A) Forest plots of risk ratio (RR) and CI 95% for

the association between IL-6 and major bleeding events in AF. (B) Forest plots of RR and Cl 95% for the association between IL-6 and
acute coronary syndrome events in AF. (C) Forest plots of RR and Cl 95% for the association between IL-6 and all-cause mortality in

AF.

therapy can decrease the IL-6 level.?®?° Inflammation can
cause endothelial dysfunction, platelet and endothelial cell
activation, and coagulation cascade activation.’

In our meta-analysis, a higher IL-6 level may predict a
higher thrombotic risk as well as a higher bleeding risk,
ACS risk and mortality risk in AF patients. It is possible to
assess the thromboembolic risk and bleeding risk by adding
IL-6 into theCHA;DS,-VASc score and HAS-BLED score. Anti-
inflammation or anti-IL-6 therapy may be administered in
AF patients. Further research needs to be conducted such
as the cut-off point of IL-6.

There areeveral limitations in our study. The par-
ticipants’ baseline characteristics, such as age and
complications were various and the mean follow-up time and
cut-off point were all different among the studies. Publica-
tion bias was not detected because of the limited number
of studies. Publication bias might exist in this study.

Conclusion

Our meta-analysis showed that higher level of IL-6 may pre-
dict a greater number of long-term thromboembolic events,
as well as bleeding events, ACS events and mortality in AF
patients. Further studies such as the cut-off point of IL-6
need to be conducted in the future.
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