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ABSTRACT

Aims: Despite several clinical risk factors for atrial fibril-
lation (AF), some newly identified biomarkers may also 
potentially serve as risk factors for AF. However, none of 
these factors so far have been adopted in clinical practice. 
Recently, a number of studies with an attempt to identify the 
role of growth differentiation factor 15 (GDF-15) in AF have 
obtained ambiguous results. We try to identify the predict-
ing role of GDF-15 in AF and AF-related complications with 
meta-analysis or systematic analysis.

Methods and results: We enrolled 10 studies, looking 
at the predicting role of GDF-15 in non-valvular AF using 
meta-analysis, summarized its role in AF-related major 
complications, and discussed whether it was dependable 
to forecast postoperative AF. It turned out that GDF-15 is 
an independent factor to predict occurrence of AF, while it 
remains obscure to directly demonstrate its relationship with 
postoperative AF. For AF patients on anti-platelet treatment, 
GDF-15 plays a critical role in predicting major bleeding, car-
diovascular death and overall death, and improves the current 
predicting model.

Conclusions: Circulating GDF-15 greatly associates with 
AF and AF-related complications. It should be applied clinically.

INTRODUCTION

Atrial fibrillation (AF) is the most common arrhyth-
mia worldwide, and the population affected is projected to 
double over the next two decades [Vergara 2014]. It arises 
from different etiologies: many cardiovascular diseases, such 
as coronary heart disease, rheumatic heart disease, cardio-
myopathy, hypertension, pericardial disease, congenital 
heart disease and other cardiovascular diseases may result in 
this same clinical manifestation and seriously affect human 
health [Shiran 2009; Hirsh 2015; Andrade 2014]. AF is 
directly associated with numerous cerebrovascular and car-
diovascular events, which causes a high morbidity of com-
plications and mortality. However, prediction of AF has 

long been a bottleneck for scientific researchers, due to its 
complex etiology and extensive interdependence with other 
cardiovascular diseases, albeit with atrial fibrosis and electri-
cal remodeling being accepted as the basic manifestations of 
patients with AF [Adam 2015; Zhang 2015]. These patho-
logical identifications may specify causes or results of AF, but 
hardly can be used as clinical predictors.

So far, several models (e.g. CSADS2 and CSA2DS2VASC 
for stroke; HAS-BLED, ORBIT and ABC-bleeding score for 
bleeding; ABC-death risk score for death) have been estab-
lished to predict occurrence of AF-related adverse events 
when patients receive anticoagulation therapy, whereas none 
has been applied to predicting occurrence of AF. Better pre-
dictive efficiency is strongly expected.

Growth differentiation factor-15 (GDF-15) is a distant member 
of transforming growth factor-beta super family (TGF-β). It is 
expressed in response to inflammation and stress (e.g. mechani-
cal, ischemic, and oxidative stress, etc.) in a number of cells, such 
as myocytes and adipocytes [Kempf 2011; Schlittenhardt 2004]. 
Recent studies found surged expressions of GDF-15 in periph-
eral blood and myocardial tissue in various cardiovascular diseases 
including coronary heart disease, ischemia reperfusion injury, 
and heart failure, etc., some even suggested that GDF-15 may 
provide prognostic values [Kahli 2014; Fan 2014; Fuernau 2014].  
Moreover, several studies attempted to identify whether GDF-15 
was associated with AF or AF-related adverse events. Despite 
consistent results of the relationship between GDF-15 and AF-
related adverse events summarized from two large-scale multi-
center retrospective trials, equivocal conclusions for the associa-
tion of GDF-15 and AF still exist. Therefore, we aimed to decide 
whether GDF-15 really assisted to improve current predicting 
models for AF and AF-related diseases and summarize current 
understandings about the relationship between GDF-15 and AF.
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In this study, we aimed to clarify whether GDF-15 serves 
as an independent factor predicting AF, and its role in improv-
ing the risk stratification concerning complications in patients 
with AF receiving anticoagulants.

METHODS

Study inclusion criteria: Three retrospective studies 
investigating the predicting value of GDF-15 on AF as well 
as two multiple-center subcohorts, regarding the relation-
ship between GDF-15 and AF-related adverse outcomes, 
were included in this meta-analysis. These analyses were 
performed in accordance with the guidelines for Quality of 
Reporting of Meta-analysis (QUORUM, MOOSE) [Moher 
1999]. The remaining one study focused on the relationship 
of GDF-15 and postoperative AF (POAF), and four studies 
explored the role of GDF-15 in heart failure-related AF. We 
included studies that met the following specified criteria: (a) 
exploration of the predicting value of GDF-15 for AF; (b) 
the usefulness of GDF-15 in risk stratification concerning 
complications in patients with AF receiving anticoagulants; 
(c) relationship of GDF-15 and other cardiovascular diseases 
that may cause AF.

Search strategy: We searched PubMed, EMBASE, 
and the Cochrane Database for all published studies that 
detected GDF-15 and explored any possible relationship 
with AF up to December 2018, using a predefined keyword 
list (Supplementary Data S1: search strategy). There were 
no language restrictions. A reference management soft-
ware Endnote X7 database was used to organize all titles 
and abstracts. Potentially relevant abstracts were reviewed 
after initial abstract identification with subsequent full-text 
evaluation. References of relevant reports and reviews were 
screened to identify other eligible studies. When more than 
one publication from the same patient cohort existed, the 
study with the most complete dataset was included in the 
systematic review.

Data extraction and quality assessment: We extracted 
all relevant data, including demographic data, hazard ratio 
(HR), concentrations of GDF-15 at different points in 
time, c-statistics with or without GDF-15 for prediction, 
and information about end-points of interest. Consensus 
was reached by discussion and recognition of errors in case  
of disagreements.

Statistical analysis: The main results consisted of pooled 
risk ratio (HR) with 95% confidence interval (CI) showing 
the role of GDF-15 in predicting AF. Statistical analyses 
were performed by Stata (Version 14.0). Estimated effects 
were expressed as the relative risk (HR), and the 95% con-
fidence interval (95% CI) were used and summarized by 
Forest plots. Q-statistics (P < 0.01) or I2-statistics (I2 > 50%) 
were performed to test for heterogeneity between included 
studies [Cleophas 2007]. In the absence of heterogeneity, a 
standard fixed-effects model (Mantel–Haenszel model) was 
used; otherwise, the DerSimonian and Laird random-effects 
model was implemented [DerSimonian 1986]. Publication 
bias was assessed by visual assessment of funnel plots. Publi-
cation bias additionally was examined by Harbord weighted 
regression statistic with a P-value <0.05 indicating signifi-
cant publication bias among included studies. In this case, 
the Trim-and-Fill method by Duval and Tweedie was used 
for correction of publication bias [Duval 2000]. Since the 
studies investigating the relationship between GDF-15 and 
AF are limited, no significant heterogeneity or publication 
bias has been found. The main results of c-statistics for 
assessment of GDF-15 were summarized in tables and fig-
ures. The authors had full access to the data and take respon-
sibility for its integrity. All authors have read and agreed to 
the manuscript as written.

Table 1. Flow diagram showing the selection of included studies Table 2. Baseline characteristics in the PIVUS (978), USLAM 
(725) and CBFOC (3217) cohorts

PIVUS ULSAM CBFOC

Country Sweden Sweden U.S.

Population 978 725 3217

Follow-up (year) 10.0 7.9 10.0

Age 70.1 (0.1) 77.5 (0.7) 59 (10)

Sex (% females) 51 0 54

Systolic blood pressure (mm Hg) 149 (22) 151 (20) 128(19)

Current smoking (%) 11 8.3 16

Diabetes mellitus (%) 12 15 11

Prevalent myocardial infarction (%) 7 13 4

Prevalent heart failure (%) 4 6 1

Antihypertensive treatment (%) 32 41 27

Data are means (± standard deviation) or proportions (%). PIVUS,  
Prospective Investigation of the Vasculature in Uppsala Seniors; ULSAM, 
Uppsala Longitudinal Study of Adult Men; CBFOC, Framingham Heart 
Study Offspring Cohort
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RESULTS

References screening: In our database screen, 109 studies 
were retrieved. These include nine references from Cochrane 
Library references, 82 references from Embase, and 28 from 
Pubmed (Medline). Twenty-six references were excluded, due 
to duplication detected by EndNote software filtration, and 
the same for another 29 references after reading the title and 
abstract because they were irrelevant to the current study. 
Therefore, 54 references were considered for further review. 
After reading the full texts of the articles, 23 references were 
excluded, as they did not report outcomes about atrial fibrilla-
tion. Another 21 references were excluded because the relation-
ship between GDF-15 and AF was not specified. Consequently, 
10 studies were included in the final analysis (Table 1).

GDF-15 serves as an independent factor that predicts AF: 
The meta-analysis combined individual data extracted from 
three different community-based cohorts of elderly subjects 
which included GDF-15 as a potential risk marker for incident 
AF. In PIVUS (Prospective Investigation of the Vasculature 
in Uppsala Seniors), 148 participants developed AF, during a 
median 10-year follow-up in a study sample that consisted of 978 
individuals free of AF at baseline at age 70. In ULSAM (Uppsala 
Longitudinal Study of Adult Men), 123 participants developed 
AF, during a 7.9-year follow-up in a cohort with a population 
of 725 subjects free from known AF at baseline at age 77 [Lind 
2017]. In CBFOC (Framingham Heart Study Offspring Cohort), 
242 incident AF events occurred during 10 years of follow-up 
in 3,217 individuals without AF at baseline at age 59 [Rienstra 
2014]. Baseline characteristics were presented in Table 2.

Each study independently investigated the relationship 
between GDF-15 and AF. Overall, a total of 4,020 patients 
were included, and 513 (12.76%) patients developed AF 
during follow up. Figure 1 shows the combined results of 
ULSAM, PIVUS and CBFOC, regarding the predictive role 
of GDF-15 in AF adjusted for age or multiple factors, respec-
tively. (Figure 1) It turned out that GDF-15 significantly was 

associated with AF (HR:1.29, 95% CI:1.28-1.41, P = .000,  
I2 = 0.0%) when adjusted for age. That association remained 
obvious even adjusted for multiple clinical factors and bio-
markers (HR:1.15, 95% CI:1.02-1.30, P = .022, I2 = 27.5%).

GDF-15 with heart failure- or postoperative-related AF: 
Doulamis et al generally discovered in their proteomic profile 
study that GDF-15 could be helpful in stratifying risk for AF 
in patients with cardiovascular disease [Doulamis 2018]. This 
echoed with previous study that emergence of AF indeed sig-
naled poorer prognosis for patients with heart failure. Four 
studies gained the same results and identified that in patients 
with heart failure, GDF-15 were positively related to AF. 
GDF-15 is similarly elevated in HFpEF (heart failure with 
preserved ejection fraction) and HFrEF (heart failure with 
reduced ejection fraction), while it expands its expression 
when AF occurs [Chan 2016; Izumiya 2014; Montoro-Garcia 
2012; Anand 2010]. Thus, monitoring GDF-15 may actively 
prevent AF in patients with HF.

So far, only one study attempted to investigate the rela-
tionship between GDF-15 and postoperative AF (POAF) 
[Bouchot 2015]. To our surprise, they were negatively related. 
The authors proposed that since GDF-15 was a cardioprotec-
tive cytokine, low circulating levels of GDF-15 may signal 
limited ability of self-protection and significant inclination to 
POAF. However, this result still contradicts current under-
standings about GDF-15 because younger and healthier indi-
viduals generally possess lower circulating levels of GDF-15 
[Wollert 2017]. We hypothesized that there were limitations 
for merely considering concentrations of GDF-15. For many 
patients, since GDF-15 serves as a cardioprotective cytokine 
to combat cardiac lesions, higher levels of GDF-15 may sug-
gest more severe cardiovascular injury. While for some other 
patients, they could possibly suffer from inability to produce 
enough GDF-15, thus lower concentrations of GDF-15 may 
forebode vulnerability in self-protection. Since only one 
study on GDF-15 in the field of POAF was published so far, 
more research is warranted.

Figure 1. Pooled results on the predicting role of GDF-15 in AF. A) Assessment of predictive value of GDF-15 after adjustment for age. B) Assessment of 
predictive value of GDF-15 after further adjustment for clinical risk factors and biomarkers.
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GDF-15 and its correlations with risk stratifica-
tion concerning complications in patients with AF receiv-
ing anticoagulants – baseline characteristics of RE-LY and  
ARISTOTLE biomarker subcohorts: The Apixaban for 
Reduction in Stroke and Other Thromboembolic Events 
in Atrial Fibrillation (ARISTOTLE) trial enrolled patients 
with AF who had more than one CHADS2 risk factor for 
stroke. All patients were randomized in a 1:1 fashion to dose-
adjusted warfarin or apixaban 5mg twice daily. We included the  
ARISTOTLE biomarker subcohort, consisting of 14,798 
patients with measurements of GDF-15 and other biomarkers at 

randomization [Wallentin 2014]. The Randomized Evaluation 
of Long-Term Anticoagulation Therapy (RE-LY) trial recruited 
patients from 967 centers between November 2005 and  
December 2007 in 44 countries. All patients with AF who had 
more than one additional risk factor for stroke were randomized 
to adjusted-dose warfarin or fixed doses of dabigatran—110 or 
150 mg twice daily (target international normalized ratio 2.0-
3.0) [Hijazi 2017]. We included the RE-LY biomarker subcohort 
based on 8,474 patients with GDF-15 and other biomarker mea-
surements available at randomization in this analysis. The char-
acteristics of the two subcohorts were summarized in Table 3.

Figure 2. Combined results of the sensitivity analyses of the associations between groups of GDF-15 at baseline and cardiovascular events in multivariable 
analyses. Model A, medications and clinical characteristics. Model B, medications, clinical characteristics and cardiac biomarkers.
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GDF-15 and AF-related stroke: The aim of anticoagula-
tion therapy in atrial fibrillation is to obtain a balance between 
the decrease in ischemic stroke and augment in major bleed-
ing. The RE-LY and ARISTOTLE subcohorts have system-
atically investigated the risks of anticoagulation therapy for 
patients with AF. Both studies have drawn similar conclu-
sions and included GDF-15 as risk prediction of stroke. In 
the RE-LY subcohort, there were 223 events (1.34%/y) of 
systemic embolism or stroke. The baseline GDF-15 concen-
tration strongly was associated with stroke when adjusted for 
multivariable model A (medications and clinical risk factors). 
While in further adjustment for model B (cardiac biomarkers 
troponin and NT-proBNP), GDF-15 became non-associated 
(adjusted HR [the highest group vs the lowest group] 1.31 
[0.86-2.01], P = .16). Similar results also have been gained in 
the ARISTOTLE subcohort in which 396 (1.40%/y) experi-
enced systemic embolism or stroke within the median follow-
up of 1.9 years. The association of GDF-15 and AF was sig-
nificant after adjusted for baseline characteristics (model A). 
After further adjusted for cardiac biomarkers, the association 

was no longer significant. The combined results of these two 
analyses also suggest that GDF-15 may not be an indepen-
dent factor to predict new onset of AF [Hijazi 2017] (Figure 
2). Hu et al drew an interesting conclusion that for patients 
without anticoagulation therapy, elevated GDF-15 indepen-
dently indicates a significantly increased risk for left atrium/
left atrium thrombus in nonvalvular atrial fibrillation (NVAF) 
patients [Hu 2018]. However, whether that directly promotes 
onset of stroke still remains to be seen.

GDF-15 and AF-related bleeding: In the RE-LY subco-
hort, GDF-15 was not only significant after adjustment for 
model A, but also proved a predictive value after adjusted 
for model B for major bleeding. There were 458 (2.76%/y) 
events of major bleeding during the follow up of 1.9 years. 
The annualized rate of major bleeding surged from 1.24% 
in the lowest group (GDF-15 levels <1200 ng/L) to 4.64% 
in the highest group (GDF-15 <1800 ng/L). After adjust-
ment for model B, the HR (the highest group vs. the lowest 
group) was 1.76([95% CI 1.28-2.42], P = .0003). Interestingly 
enough, GDF-15 itself was able to yield a c-index of 0.67 for 

Table 3. Demographics and baseline characteristics of RE-LY (external validation) and ARISTOTLE (internal derivation) subcohorts

ARISTOTLE subcohort (N = 14798) RE-LY subcohort (N = 8474)

Follow-up (years) 1.9 1.9

Age (years, min-max) 70 (19–97) 72 (22–95)

Women 5189 (36%) 3086 (36%)

Alcohol 366 (3%) 1190 (14%)

Antiplatelet or NSAID 5609 (39%) 3693 (44%)

Current smoker 1176 (8%) 652 (8%)

Diabetes 3602 (25%) 1880 (22%)

Hypertension 12717 (87%) 6685 (79%)

Congestive heart failure 4514 (31%) 2442 (29%) [1]

Permanent or persistent atrial fibrillation 12323 (85%) 5714 (67%) [4]

Previous clinically relevant bleeding 2373 (16%) 1113 (13%)

Previous stroke or TIA 2743 (19%) 1631 (19%)

Previous myocardial infarction 1868 (13%) 1429 (17%)

Previous peripheral arterial disease 712 (5%) 305 (4%) [1]

Vascular disease 3617 (25%) 1630 (19%)

Renal function, CKD-EPI (mL/min) 74.1 (56.7–95.1) 68.2 (53.7–86.2) [66]

Cystatin C (mg/L) 1.0 (0.8–1.2) 1.0 (0.8–1.2) [3024]

GDF-15 (ng/L) 1381 (975–2049) 1513 (1110–2194)

Troponin T (ng/L) 10.9 (7.5–16.6) 12.2 (7.7–19.5)

Troponin I (ng/L) 5.4 (3.3–10.1) 6.7 (4.2–13.0) [296]

Haemoglobin (g/dL) 14.2 (13.2–15.3) 14.3 (13.2–15.3)

Haematocrit (%) 43% (40–46) 43% (40–46) [384]

NT-proBNP (ng/L) 711 (362–1248) 817 (388–1447) [65]

Data are n (%) or median (IQR). Numbers within square brackets indicate number of missing values. TIA=transient ischaemic attack. CKD-EPI=Chronic Kidney 
Disease Epidemiology Collaboration equation. GDF-15=growth differentiation factor 15. NT-proBNP=N-terminal pro B type natriuretic peptide
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major bleeding, which already outperformed the HAS-BLED 
score (with a c index of 0.62) and emulated the ORBIT (with 
a c index of 0.68). The HAS-BLED and ORBIT scores were 
improved for predicting major bleeding when GDF-15 was 
added to both models. GDF-15 improved the c index of 
HAS-BLED to 0.69 (P < .0001) and that of ORBIT to 0.71 
(P < .0001). In the ARISTOTLE subcohort, 669 (2.61%/y) 
experienced major bleeding during the median follow-up 
period. The annualized rate of major bleeding increased from 
the lowest group to a 3.5-times-higher level in the highest 
group. After adjustment for model B, the adjusted HR (the 
highest group vs. the lowest group) was 1.98 ([95% CI 1.46-
2.67], P = .0001). Addition of GDF-15 improved the c index 
of HAS-BLED from 0.633 to 0.677 (P < .0001). The analysis 
of continuous GDF-15 showed an improved c index of 0.682 
from 0.664 (P < .0001) when GDF-15 was added [Hijazi 2017; 
Hijazi 2016] (Figure 2) (Table 4).

Hijazi et al even developed a brand new score which outper-
formed HAS-BLED and ORBIT, based on these two subco-
horts. They defined the remaining 14,537 patients in ARISTO-
TLE as the derivation cohort and the 8,468 in RE-LY as the 
validation cohort (several patients with missing data had been 
ruled out from the original subcohorts). Both clinical variables 
and biomarkers (GDF-15, haemoglobin, cTnT-hs, cystatin C, 
eGFR, NT-proBNP, and haematocrit) were included in the 
new biomarker-based bleeding score. The strongest predic-
tors were GDF-15, haemoglobin, cTnT-hs, age, and previous 
bleeding. That was where the acronym ABC-bleeding (age, 
biomarkers [GDF-15, cTnT-hs, and haemoglobin], clini-
cal history [previous bleeding]) came from. In the derivation 

cohort, the ABC-bleeding risk score achieved a c-index of 0.68 
(95% CI 0.66-0.70) compared with 0.61 (95% CI 0.59–0.63) 
for HAS-BLED and 0.65 (95% CI 0.62–0.67) for ORBIT  
(P < .0001 and P = .0008, respectively). The external validation 
cohort also obtained similar results. The ABC-bleeding score 
(with a c-index of 0.71 [95% CI 0.68–0.73]) significantly over-
matched the HAS-BLED (0.62 [95% CI 0.59–0.64], P < .0001) 
and ORBIT (0.68 [95% CI 0.65–0.70], P = .0016) These data 
were presented in Table 5 [Hijazi 2016] (Table 5).

GDF-15 and AF-related all-cause/cardiovascular death: 
In the RE-LY subcohort, a total of 586 (3.53%/y) all-
cause deaths and 381 (2.30%/y) cardiovascular deaths were 
observed during the follow up of 1.9 years. The adjusted 
(after adjusted for model B) HR (the highest group vs. the 
lowest group) was 1.72 (1.30-2.29, P = .0004) for all-cause 
mortality and 1.83 (1.26-2.66, P = .0019) for cardiovascu-
lar death, respectively [Hijazi 2017]. In the ARISTOTLE 
subcohort, 1,061 (3.69%/y) died, 537 (1.88%/y) died of 
cardiac diseases. After adjusted for model B, GDF-15 still 
provided significant independent prognostic information on 
total mortality. Cardiac mortality also was associated with 
higher GDF-15 (four to five times higher rates in the high-
est group than in the lowest group). The adjusted HR (the 
highest group vs. the lowest group) was 2.10 (95% CI 1.62-
2.73) for total mortality and 3.55 (95% CI 2.80-4.49) for 
cardiovascular mortality. Our pooled results also identified 
GDF-15 as an independent risk predicting factor (Figure 
2). The CHA2DS2VASc score provided a c-index of 0.637 
alone and surged to 0.707 in addition of GDF-15 (P < .0001) 
[Hijazi 2017] (Table 4).

Table 4. Addition of GDF-15 significantly improves the predictive precision of different models for major 
bleeding and all-cause mortality.

c- Index (95% CI)

Outcomes Model Without GDF-15 With GDF-15 P

GDF-15

All-cause mortality Only GDF-15 NA 0.68 (0.65-0.70) NA

Major bleeding Only GDF-15 NA 0.67 (0.65-0.69) NA

Established risk factors includ-
ing other biomarkers

All-cause mortality Model B 0.74 (0.72-0.77) 0.75 (0.73-0.77) < 0001

Major bleeding Model B 0.71 (0.69-0.74) 0.72 (0.70-0.75) < 0001

Clinical scores

All-cause mortality CHA2DS2VASc 0.59 (0.56-0.61) 0.68 (0.66-0.70) < 0001

Major bleeding HAS-BLED 0.62 (0.59-0.64) 0.69 (0.67-0.72) < 0001

Major bleeding ORBIT 0.68 (0.65-0.70) 0.71 (0.68-0.73) < 0001

Data are c-indexes (95% CI) for each score. Descriptions of the scores: CHA2DS2VASc score—assigns one point each for congestive heart failure, hyperten-
sion, diabetes mellitus, vascular disease, age 65–74 years, and gender category (female gender), and two points for age≥75 years and, prior stroke/transient 
ischaemic attack; ORBIT score is older age (≥75 years), reduced haemoglobin/haematocrit/history of anaemia, bleeding history, insufficient kidney function, 
and treatment with antiplatelet; and HAS–BLED is hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile INR, elderly 
(>65), Drugs/alcohol concomitantly).
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Hijazi et al also developed an ABC (age, biomark-
ers, clinical history) death risk score based on these two 
subcohorts, with GDF-15 being one of the most impor-
tant predictors. Again, the new score dramatically out-
performed the current models for death prediction 
(the model consisting only of clinical variables and the 
CHA2DS2-VASc score). In the derivation subcohort 
(ARISTOTLE), the new score yielded a c-index of 0.74 
(95% CI 0.73–0.76) for all-cause mortality and 0.76 
(95% CI 0.74–0.78) for cardiovascular mortality, respec-
tively. In comparison, the prediction model, including 
only clinical variables, yielded a c-index of 0.68 (95% CI 
0.66–0.70) for total death and 0.70 (95% CI 0.68–0.73) 
for cardiovascular death. The CHA2DS2-VASc score, 
commonly used for stroke prediction, yielded a c-index of 
0.59 (95% CI 0.57–0.61) for all-cause mortality and 0.58 
(95% CI 0.56–0.61) for cardiovascular mortality. The 
validation subcohort also coincided with the results in 
the derivation cohorts. These statistics were presented in  
Table 6 [Hijazi 2018].

DISCUSSION

Atrial fibrillation (AF) is the most common arrhythmia 
and the major cause of embolic stroke worldwide [McManus 
2012]. The overall morbidity of AF is 0.9%, and it greatly 
increases risk of stroke and even death [Hijazi 2017].

GDF-15 is a member of the transforming growth factor beta 
(TGF-β) superfamily, and its overexpression could be detected 
in vascular and myocardial cells upon inflammation and oxida-
tive stress. GDF-15 has been shown to reduce inflammatory 
responses, which inhibit activation of macrophages, cell apop-
tosis, cardiac remodeling, and cardiac hypertrophy [Rienstra 
2014]. Quite a few studies propose GDF-15 as an independent 
predictor for adverse complications in patients with acute pul-
monary embolism, acute coronary syndrome, and heart failure 
[Wallentin 2014]. Although Zhou et al confirmed that expres-
sion of GDF-15 surged in patients with AF, whether it could be 
used to predict AF has not extensively been studied [Zhou 2015].  
Several studies have agreed that the association between inci-
dent AF and GDF-15 was statistically significant in age-adjusted 
and sex-adjusted models. But ambiguous and even contradictory 
results were obtained after further adjustment for CV risk factors 
[Lind 2017; Rienstra 2014]. In our pooled results, we confirmed 
that GDF-15 was an independent risk prediction factor for inci-
dent AF, which may provide novel insights for prevention of AF.

Table 5. C-indexes for the ABC-bleeding score compared 
with the HAS-BLED and ORBIT scores in the full cohorts and 
the subcohort without previous bleeding. Data are c-indexes 
(95% CI) for each score.

Full cohort No previous bleeding

Derivation cohort  
(events/n in group)

662/14537 515/12164

ABC – bleeding 0.68 (0.66–0.70) 0.68 (0.65–0.70)

ABC-bleeding (cTnI–hs) 0.67 (0.65–0.69) 0.67 (0.64–0.69)

ABC-bleeding (cystatin C) 0.67 (0.65–0.69) 0.68 (0.65–0.70)

ABC-bleeding (CKD–EPI) 0.67 (0.65–0.69) 0.68 (0.65–0.70)

ORBIT 0.65 (0.62–0.67) 0.65 (0.62–0.67)

HAS-BLED 0.61 (0.59–0.63) 0.60 (0.58–0.63)

Validation cohort  
(events/n in group)

463/8468 331/7355

ABC-bleeding 0.71 (0.68–0.73) 0.68 (0.66–0.71)

ABC-bleeding (cTnI–hs) 0.71 (0.68–0.73) 0.68 (0.66–0.71)

ABC-bleeding (cystatin C) 0.68 (0.64–0.71) 0.65 (0.62–0.69)

ABC-bleeding (CKD–EPI) 0.69 (0.66–0.71) 0.66 (0.63–0.69)

ORBIT 0.68 (0.65–0.70) 0.64 (0.61–0.67)

HAS-BLED 0.62 (0.59–0.64) 0.57 (0.55–0.60)

Descriptions of the scores: ABC-bleeding score is age, biomarkers 
(troponin-hs, haemoglobin, and GDF-15 or renal function), clinical history 
(previous bleeding); ORBIT score is older age (≥75 years), reduced haemo-
globin/haematocrit/history of anaemia, bleeding history, insufficient kidney 
function, and treatment with antiplatelet; and HAS–BLED is hypertension, 
abnormal renal/liver function, stroke, bleeding history or predisposition, 
labile INR, elderly (>65), drugs/alcohol concomitantly). CKD-EPI=chronic 
kidney disease epidemiology collaboration equation

Table 6. C-indexes for cardiovascular and all-cause mortality 
according to the ABC-death score (including alternative 
biomarkers) compared with the CHA2DS2VASc in the full 
cohorts

All-cause mortality
Cardiovascular 

mortality

Derivation cohort, Events/N 1047/14611 532/14611

ABC-death (cTnT) 0.74 (0.73–0.76) 0.76 (0.74–0.78)

ABC-death (cTnI) 0.75 (0.73–0.76) 0.74 (0.73–0.76)

All clinical information 0.68 (0.66–0.70) 0.70 (0.68–0.73)

CHA
2
DS

2
VASc 0.59 (0.57–0.61) 0.58 (0.56–0.61)

Validation cohort, Events/N 594/8548 385/8548

ABC-death (cTnT) 0.74 (0.72–0.76) 0.77 (0.74–0.79)

ABC-death (cTnI) 0.73 (0.71–0.75) 0.75 (0.73–0.78)

All clinical information 0.67 (0.65–0.69) 0.68 (0.66–0.71)

CHA
2
DS

2
VASc 0.58 (0.56–0.61) 0.59(0.56–0.62)

All clinical information—a model solely consisting of clinical variables (age, 
gender, smoking, alcohol, prior stroke/TIA, diabetes, hypertension, heart 
failure, prior myocardial infarction, peripheral arterial disease, vascular 
disease, AF-type, and prior bleeding). CHA2DS2-VASc—assigns one point 
each for congestive heart failure, hypertension, diabetes mellitus, vascular 
disease, age 65–74 years, and gender category (female gender), and two 
points for age >_75 years and, prior stroke/transient ischaemic attack). 
ABC-death, age, biomarkers (cardiac troponin, NT-proBNP, and GDF-15), 
clinical history of heart failure).
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GDF-15 is elevated in both HFrEF and HFrEF at a 
similar level. Elevated GDF-15 and further elevations in the  
follow-up period identify patients at incremental risks of AF, 
HF rehospitalization in both HFrEF and HFpEF or even 
death, which provides increased prognostic information 
beyond that offered by biomarkers and standard clinical risk 
factors [Chan 2016; Izumiya 2014; Montoro-Garcia 2012; 
Anand 2010]. Therefore, monitoring GDF-15 in patients 
with HF may effectively delay the disease progression.

The result regarding the relationship between GDF-15 
and POAF needs contemplating. So far, circulating levels of 
GDF-15 have been suggested to reflect conditions of chronic 
and acute cellular stress associated with aging and cardiac dis-
eases [Kahli 2014; Wollert 2017]. But the current knowledge 
about the GDF-15 receptor and the potentially involved sig-
naling pathway have not been fully understood. The authors 
proposed that the negative association between GDF-15 and 
POAF was because GDF-15 was a cardioprotective cytokine, 
low circulating levels of GDF-15 may signal limited ability 
of self-protection and significant inclination to POAF. We 
hypothesized that there were limitations for merely consider-
ing concentrations of GDF-15. How GDF-15 is produced, 
and how it targets on GDF-15 receptors as well as the down-
stream signaling needs elucidating. More studies on POAF 
are warranted.

We also combined the results from the RE-LY and  
ARISTOTLE subcohorts with biomarkers detected in anti-
coagulated patients with AF and showed that GDF-15 was 
consistently and independently associated with risk of major 
bleeding, cardiovascular mortality and all-cause mortality, but 
not with stroke or systemic embolic events. Hijazi et al also 
demonstrated that GDF-15 was the strongest factor associ-
ated with major bleeding and death (all-cause and cardiovas-
cular) out of the individual variables, including comorbidities, 
demographic characteristics, and other biomarkers. If added 
to HAS-BLED, ORBIT and multiple clinical factors and 
biomarkers, GDF-15 also could improve the discrimination 
of major bleeding and death. Thus, GDF-15 seems useful to 
improve the risk stratification for major bleeding and death. 
Based on all these new findings, the ABC-bleeding/death risk 
score (age, biomarkers, and clinical history of bleeding), a 
novel biomarker-based risk score for major bleeding or death, 
was developed recently and validated externally in patients 
with AF under oral anticoagulation therapy. It consists of the 
age, biomarkers (cardiac troponin, hemoglobin, and GDF-
15) as well as clinical history. ABC-bleeding/death score has 
been shown to significantly outperform the currently used 
models (HAS-BLED, ORBIT, CSADS2, CSA2DS2VASC, 
etc.) [Hijazi 2016; Hijazi 2018].

CONCLUSION

GDF-15 emerges as a new biomarker for risk stratifica-
tion for cardiac diseases. However, whether it could be used 
to predict new onset of AF draws ambiguous conclusions. 
Our analysis first confirmed the possible positive relation-
ship between GDF-15 and AF. We then summarized all 

current findings of GDF-15 and AF, and further combined 
results about association between GDF-15 and AF-related 
complications. Although nearly all current research about 
GDF-15 on AF have been included in our study, whether 
it is associated with POAF is still under debate. Further 
research is warranted.
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