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ABSTRACT

Soluble suppression of tumorigenicity-2 (sST-2), a marker of myocardial fibrosis and
remodeling, has been related to the development of atrial fibrillation (AF). The aim of this
meta-analysis was to evaluate the relationship between baseline serum sST-2 levels and the
risk of AF recurrence after ablation. Relevant observational studies were retrieved from
PubMed, Web of Science, Embase, Wanfang and China National Knowledge Infrastructure
(CNKI). A random-effects model was used to combine the data, accounting for between-
study heterogeneity. Fourteen prospective cohorts were included. Pooled results showed
higher sST-2 levels before ablation in patients with AF recurrence compared to those without
AF recurrence (standardized mean difference = 1.15, 95% confidence interval [CI] = 0.67 to
1.63, P < 0.001; 1> = 92%). Meta-regression analysis suggested that the proportion of patients
with paroxysmal AF (PaAF) was positively related to the difference in serum sST-2 levels
between patients with and without AF recurrence (coefficient = 0.033, P < 0.001). Subgroup
analysis showed a more remarkable difference in serum sST-2 levels between patients with
and without AF recurrence in studies where PaAF was > 60% compared to those where it was
< 60% (P = 0.007). Further analyses showed that high sST-2 levels before ablation were
associated with an increased risk of AF recurrence (odds ratio [OR] per 1 ng/mL increment of
sST-2 =1.05, OR for high versus low sST-2 = 1.73, both P values < 0.05). In conclusion, high
sST-2 baseline levels may be associated with an increased risk of AF recurrence after catheter

ablation.
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INTRODUCTION

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia, affecting
millions of individuals worldwide and posing a significant health and economic burden (1, 2).
Catheter ablation has become an established treatment option for symptomatic AF patients,
aiming to restore sinus rhythm and improve quality of life (3, 4). However, AF recurrence
after catheter ablation remains a challenge, with reported rates ranging from 20% to 60% (5).
Known risk factors for AF recurrence after catheter ablation include advanced age, male sex,
left atrial enlargement, hypertension, diabetes mellitus, obesity, and the presence of structural
heart disease etc. (6, 7). In addition, multiple mechanisms have been involved in the
pathogenesis and recurrence of AF, such as over-inflammation (8), altered myocardial
calcium handling (9), changes in epigenetic modifications via microRNAs (10), autonomic
dysfunction (11), and atrial trigger factors such as chronic lung disease (12). Despite
advancements in ablation techniques and technologies, identifying patients at higher risk of

AF recurrence remains crucial for optimizing treatment outcomes.

The identification of biomarkers associated with AF recurrence could improve risk
stratification and guide patient management strategies (13). Soluble suppression of
tumorigenicity-2 (sST-2), a member of the interleukin-1 receptor family, has emerged as a
potential biomarker of myocardial fibrosis and remodeling (14, 15). Previous study suggested
the role of sST-2 as an index of cardiac overstretch and inflammation, which may be used as
a valid monitoring biomarker and as a predictive biomarker for the efficacy of implantable
cardioverter defibrillator therapy in patients with heart failure (16). In addition, other
previous studies have suggested an association between elevated sST-2 levels and the
development of AF (17, 18). Increased sST-2 levels have been linked to myocardial fibrosis,

which contributes to atrial structural remodeling, electrical instability, and AF maintenance



(19). Additionally, sST-2 may reflect an underlying inflammatory state, which plays a key
role in the initiation and perpetuation of AF (20). To date, several observational studies have
investigated the relationship between serum sST-2 levels at baseline and the risk of AF
recurrence after catheter ablation, but the results have been inconsistent (21-34). Therefore,
we conducted a meta-analysis to systematically evaluate this relationship and provide a

comprehensive summary of the available evidence.

MATERIALS AND METHODS

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (2020) (35, 36) was followed in this study. The Cochrane Handbook (37) for

systematic review and meta-analysis was referenced throughout the study.
Literature analysis

Five electronic databases including PubMed, Web of Science, Embase, Wanfang, and
China National Knowledge Infrastructure (CNKI) were used for the literature search with a
predefined combined search term: ("suppression of tumorigenecity-2" OR "suppression of
tumorigenicity-2" OR ST2 OR sST2) AND (“atrial fibrillation" OR "AF") AND ("ablation"
OR "catheter” OR "radiofrequency” OR "RFCA" OR "cryoballoon™ OR "pulmonary vein
isolation” OR "PVI" OR "recurrence"). Only studies with human subjects and published in
English or Chinese peer-reviewed journals were included. A second-round literature
screening for the references of the relevant articles was also conducted. The final database

search was completed on February 20, 2024.
Inclusion and exclusion criteria

Inclusion criteria were as follows:



(1) Observational studies with longitudinal follow-up published as full-length articles,

including cohort studies, nested case-control studies, and post-hoc analyses of clinical trials;

(2) Studies including adult patients with a confirmed diagnosis of AF who received catheter
ablation, with no limitations on the type of AF (paroxysmal or permanent) or the ablation
procedure (radiofrequency catheter ablation [RFCA] or cryoballoon catheter ablation

[CBCA]);

(3) Studies where serum sST-2 was measured before the ablation procedure, and analyzed as

an exposure factor;

(4) Studies with patients followed for at least three months after catheter ablation, with the
incidence of AF recurrence reported. By definition, AF recurrence was generally diagnosed
via the detection of an atrial tachycardia event on al2-lead electrocardiograph (ECG) or at

least 30 seconds duration when detected with Holter ECG.

(5) Studies reporting at least one of the outcomes: the primary outcome of the difference in
serum sST-2 levels before ablation in patients with and without subsequent AF recurrence,
and the secondary outcome of the odds ratio (OR) for the association between sST-2 levels
and the incidence of AF recurrence, with sST-2 analyzed as continuous or categorized

variables.

Excluded were reviews, meta-analyses, preclinical studies, studies including patients
with other arrhythmia rather than AF, studies including AF patients not treated with catheter
ablation, or studies without the outcome of AF recurrence. For studies with potentially
overlapping patient populations, the one with the largest sample size was included in the

meta-analysis.

Data collection and quality assessment



Two independent authors conducted the literature search and analysis, data collection,
and study quality assessment separately. If discrepancies were encountered, the
corresponding author joined the discussion for final judgement. Data on study information,
study design, sample size, demographic factors of the studied population, proportion of
patients with paroxysmal AF (PaAF), mean left atrial volume index at baseline, timing and
methods for measuring sST-2 levels, type of ablation, follow-up duration, methods for
validating AF recurrence, number of patients with AF recurrence, and variables adjusted
when the association between sST-2 and AF recurrence were analyzed. Study quality
assessment was conducted using the Newcastle—Ottawa Scale (NOS) (38) with scoring
regarding the criteria for participant selection, comparability of the groups, and the validity of
the outcomes. The scale ranged between 1-9 stars, with a higher number of stars indicating

higher study quality.

Ethical statement

Ethical approval was not required for this study in accordance with local/national
guidelines. Written informed consent to participate in the study was not required in

accordance with local/national guidelines.

Statistical analysis

For the primary outcome, the difference in preprocedural sST-2 levels between patients
with and without AF recurrence was summarized as the standardized mean difference (SMD)
and corresponding 95% confidence interval (Cl) because different methods were used for
measuring sST-2 among the included studies (37). For the secondary outcomes, OR and 95%
Cl for the association between sST-2 and AF recurrence were calculated as per 1 ng/mL
increment of sST-2 if sST-2 was analyzed as a continuous variables; for studies with sST-2

analyzed as categorized variables, the OR and corresponding 95% CI of AF recurrence for
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the comparison between the highest versus the lowest category of sST-2 at baseline were
summarized. Data for ORs and standard errors were calculated based on the 95% Cls or P
values, followed by a logarithmical transformation to ensure stabilized variance and
normalized distribution (37). Between-study heterogeneity was estimated using the Cochrane
Q test and the 12 statistic (39, 40), with 12 > 50% reflecting significant statistical
heterogeneity. A random-effect model was applied to combine the results by incorporating
the influence of statistical heterogeneity (37). For meta-analyses with at least ten datasets, the
univariate meta-regression and subgroup analyses were performed to evaluate the potential
impact of study characteristics on the outcomes, including sample size, mean age, proportion
of men, proportion of patients with PaAF, methods for measuring sST-2 levels, and follow-up
durations. The medians of the continuous variables were selected as the cutoffs for defining
the subgroups. By constructign the funnel plots, publication bias was estimated based on the
visual judgment of the symmetry of the plots, supplemented with the Egger’s regression
asymmetry test (41). A P < 0.05 indicated statistical significance. The RevMan (version 5.1;
Cochrane Collaboration, Oxford, UK) and Stata (version 17.0; Stata Corporation, College

Station, TX) software packages were applied for these analyses.

RESULTS
Study inclusion

The process for identifying relevant studies for inclusion in the meta-analysis is
presented in Figure 1. In brief, 124 potentially relevant records were obtained after
comprehensive searches of the five databases, and 19 of them were excluded due to
duplication. Subsequently, screening the titles and abstracts of the remaining recordsled to the
exclusion of 85 more studies, mostly because they were not related to the aim of the meta-

analysis. Accordingly, the full texts of the 20 remaining records were read by two



independent authors, and six of them were further removed for various reasons, as listed in
Figure 1. Finally, 14 observational studies remained and were consideredsuitable for the

subsequent quantitative analyses (21-34).
Overview of the study characteristics

Table 1 presents the summarized characteristics of the included studies based on the
publication year. Since one of the included studies reported the outcome in men and women
separately, these datasets were independently included in the meta-analysis (26).
Accordingly, 15 datasets from 14 prospective cohort studies involving 1779 patients with AF
undergoing catheter ablation were included in the meta-analysis (21-34). These studies were
published between 2018 and 2023, and were conducted n Turkey, China, France, Poland, and
Spain. The mean ages of the patients were 55.1 to 64.2 years, and the proportions of patients
with PaAF were 35.5% to 100%. Serum sST-2 levels were all measured before ablation,
using enzyme-linked immunosorbent assay (ELISA) in 11 studies (22-24, 27-34), a rapid test
in 2 studies (21, 25), and the DuoSet Immunoassay inone study (26). Ablation for AF was
achieved with RFCA in ten studies (22-24, 27-30, 32-34), with RFCA or CBCA in three
studies (25, 26, 31), and with CBCA in one study (21). The follow-up durations varied from 3
to 27 months. During a mean follow-up of 15.5 months, 404 (22.7%) patients developed AF
recurrence. Univariate analysis was used in two studies when evaluating the association
between serum sST-2 levels and AF recurrence (23, 26), while the multivariate analysis was
used in the other 12 studies (21, 22, 24, 25, 27-34), with adjustments orf age, sex,
comorbidities etc. The NOS of the included studies ranged from six to nine stars, suggesting

overall moderate to good study quality (Table 2).



Primary outcome

Thirteen datasets from 12 prospective studies (21, 22, 24-28, 30-34) reported the
difference in serum sST-2 levels before ablation between patients with and without AF
recurrence. The pooled results showed higher sST-2 levels before ablation in patients with
AF recurrence compared to those without AF recurrence (SMD = 1.15, 95% CI = 0.67 to

1.63, p < 0.001; I = 92%; Figure 2A).

Meta-regression analysis suggested that the proportion of patients with PaAF was
positively related to the difference in serum sST-2 levels between patients with and without
AF recurrence (coefficient = 0.033, p < 0.001; Figure 2B and Table 3), while other factors
such as sample size, mean age, percentage of men, or follow-up duration did not significantly

affect the results (all p > 0.05, Table 3).

Subgroup analysis according to mean age and percentage of men did not significantly
affect the results (p for subgroup difference = 0.87 and 0.31, respectively; Figure 3A and
3B). Interestingly, a more remarkable difference in serum sST-2 levels before ablation was
observed between patients with and without AF recurrence in studies with patients having
PaAF > 60% compared to those with < 60% (SMD =1.69 versus 0.54, p for subgroup
difference = 0.007; Figure 4A). The subgroup analysis according to the methods of
measuring sST-2 levels did not significantly affect the results (p for subgroup difference =
0.23; Figure 4B), showing similar results for studies with sST-2 measured by ELISA and

other methods.
Secondary outcomes

The pooled results of six studies (21, 22, 25, 27, 28, 31) with sST-2 analyzed as
continuous variables showed that high sST-2 levels before ablation were associated with an

increased risk of AF recurrence (OR per 1 ng/mL increment of sST-2 = 1.05, 95% CI = 1.01
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to 1.09, p = 0.03; 12 = 73%; Figure 5A). Further meta-analysis of seven studies (23, 24, 29,
30, 32-34) with sST-2 analyzed as categorized variables also showed similar results (OR for

high versus low sST-2 = 1.73, 95% CI = 1.44 to 2.07, p < 0.001; I> = 61%; Figure 5B).
Publication bias

The funnel plots underlying the meta-analysis for the difference in serum sST-2 levels
between patients with and without AF recurrence are shown in Figure 6. The symmetrical
nature of the funnel plots suggested a low likelihood of publication biases. Results of the
Egger's regression test also showed a low risk of publication bias underlying the meta-
analysis (p = 0.22). For the secondary outcomes, the potential risk of publication bias is

unable to be estimated because only six or seven datasets were included.

DISCUSSION

The present meta-analysis provides evidence of an association between elevated serum
sST-2 levels at baseline and an increased risk of AF recurrence after catheter ablation. Our
findings suggest that patients with higher sST-2 levels before ablation are at greater risk of

AF recurrence compared to those with lower sST-2 levels.

The observed association between elevated sST-2 levels and AF recurrence after
catheter ablation may be explained by several potential pathological mechanisms. First, sST-
2 is a marker of myocardial fibrosis and remodeling, both of which play crucial roles in the
pathogenesis of AF (42). Myocardial fibrosis promotes structural remodeling of the atria,
leading to electrical conduction abnormalities and the generation of reentrant circuits, which
predispose individuals to AF initiation and maintenance (43). Elevated sST-2 levels may
therefore reflect a pro-fibrotic state that promotes atrial remodeling and increases the
likelihood of AF recurrence after ablation (42). In brief, sST-2 acts as a decoy receptor by

binding to interleukin 33 (IL-33), preventing it from interacting with its transmembrane form,
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ST-2. Elevated levels of sST-2 are associated with worse outcomes in cardiac diseases
because sST-2 can block the protective effects of IL-33, leading to increased inflammation
and fibrosis (42). Second, sST-2 is also involved in inflammatory processes, and
inflammation has been implicated in the pathogenesis of AF (44). Increased sST-2 levels may
reflect underlying inflammation within the atria, which promotes electrical and structural
remodeling and increases susceptibility to AF recurrence (45). These findings support the
concept of inflammatory distress as a diagnostic, prognostic, and therapeutic target in
cardiovascular diseases (46). Although the key signaling pathways underlying the association
between sST-2 and AF recurrence remain to be determined, the identification of sST-2 as a
potential biomarker for AF recurrence after catheter ablation has important clinical
implications. Measurement of sST-2 levels before ablation may help to identify patients at
higher risk of AF recurrence, enabling more personalized risk stratification and treatment
selection. Furthermore, targeting pathways involved in myocardial fibrosis and inflammation

may represent novel therapeutic strategies for preventing AF recurrence after ablation.

The meta-regression analysis revealed that the proportion of patients with paroxysmal
AF (PaAF) was positively related to the difference in serum sST-2 levels between patients
with and without AF recurrence. Furthermore, the subgroup analysis stratified by the
proportion of patients with PaAF demonstrated a more remarkable difference in serum sST-2
levels between patients with and without AF recurrence in studies where PaAF accounted for
60% or more of the study population compared to studies with a lower proportion of PaAF.
These findings suggest that the association between elevated sST-2 levels and AF recurrence
may be more pronounced in patients with PaAF compared to those with non-paroxysmal AF.
A potential explanation could be that an elevated sST-2 level may serve as an indication of a
greater burden of arrhythmia in patients with PaAF, possibly resulting from frequent

paroxysms (47). This increased frequency may raise the chances of a patient being in AF
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during testing, thus leading to higher levels of sST-2. However, it is important to
acknowledge the limitations of our meta-regression and subgroup analyses. The observed
associations may be influenced by confounding factors that were not accounted for in the
included studies. Additionally, the subgroup analyses were based on a relatively small

number of studies, which may limit the generalizability of our findings.

Strengths of our meta-analysis include the comprehensive literature search, rigorous
selection criteria, and the use of a random-effects model to account for between-study
heterogeneity. However, several limitations should be acknowledged. First, the included
studies were observational in nature, and therefore, causality cannot be inferred. Second,
there was substantial heterogeneity among the included studies, which may have influenced
the pooled estimates. For the primary outcome, meta-regression and subgroup analysis
suggest that the proportion of patients with PaAF may significantly affect the results and lead
to heterogeneity. For the secondary outcomes, the limited datasets excluded the further
investigation of the source of the heterogeneity via meta-regression or subgroup analyses. It
could be hypothesized that differences in patient characteristics, measuring methods, cutoffs
of sST-2 levels, and diagnosis of AF recurrence may affect the results. Third, continuous
monitoring devices could be used to monitor AF recurrence and ameliorate clinical outcomes
in high-risk patients (48). However, none of the included studies reported the use of such
devices. In addition, the possibility of publication bias cannot be excluded, as studies with
null findings may be less likely to be published. Finally, the generalizability of our findings
may be limited by differences in patient populations, ablation techniques, and follow-up

durations across the included studies.
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CONCLUSION

In conclusion, our meta-analysis suggests that elevated sST-2 levels at baseline may be
associated with an increased risk of AF recurrence after catheter ablation. Further research is
needed to validate these findings and elucidate the underlying mechanisms linking sST-2 to
AF recurrence. Nevertheless, the measurement of sST-2 levels before ablation may have
potential utility as a biomarker for risk stratification and treatment selection in AF patients

undergoing catheter ablation.
REFERENCES

1. Bizhanov KA, capital A CKB, Baimbetov AK, Sarsenbayeva AB, Lyan E. Atrial
fibrillation: Epidemiology, pathophysiology, and clinical complications (literature review). J
Cardiovasc Electrophysiol. 2023;34(1):153-65.

2. Linz D, Gawalko M, Betz K, Hendriks JM, Lip GYH, Vinter N, et al. Atrial
fibrillation: epidemiology, screening and digital health. Lancet Reg Health Eur.
2024,37:100786.

3. Parameswaran R, Al-Kaisey AM, Kalman JM. Catheter ablation for atrial fibrillation:
current indications and evolving technologies. Nat Rev Cardiol. 2021;18(3):210-25.

4. Kisling AJ, Symons JG, Daubert JP. Catheter ablation of atrial fibrillation:
anticipating and avoiding complications. Expert Rev Med Devices. 2023;20(11):929-41.

5. Vizzardi E, Curnis A, Latini MG, Salghetti F, Rocco E, Lupi L, et al. Risk factors for
atrial fibrillation recurrence: a literature review. J Cardiovasc Med (Hagerstown).
2014;15(3):235-53.

6. Erhard N, Metzner A, Fink T. Late arrhythmia recurrence after atrial fibrillation
ablation: incidence, mechanisms and clinical implications. Herzschrittmacherther
Elektrophysiol. 2022;33(1):71-6.

7. Mohanty S, Della Rocca DG, Gianni C, Trivedi C, Mayedo AQ, MacDonald B, et al.

Predictors of recurrent atrial fibrillation following catheter ablation. Expert Rev Cardiovasc
Ther. 2021;19(3):237-46.

8. Sardu C, Santulli G, Santamaria M, Barbieri M, Sacra C, Paolisso P, et al. Effects of
Alpha Lipoic Acid on Multiple Cytokines and Biomarkers and Recurrence of Atrial
Fibrillation Within 1 Year of Catheter Ablation. Am J Cardiol. 2017;119(9):1382-6.

9. Sardu C, Santulli G, Guerra G, Trotta MC, Santamaria M, Sacra C, et al. Modulation
of SERCA in Patients with Persistent Atrial Fibrillation Treated by Epicardial Thoracoscopic
Ablation: The CAMAF Study. J Clin Med. 2020;9(2).

10.  Sardu C, Santamaria M, Paolisso G, Marfella R. microRNA expression changes after
atrial fibrillation catheter ablation. Pharmacogenomics. 2015;16(16):1863-77.

13



11.  Rizzo MR, Sasso FC, Marfella R, Siniscalchi M, Paolisso P, Carbonara O, et al.
Autonomic dysfunction is associated with brief episodes of atrial fibrillation in type 2
diabetes. J Diabetes Complications. 2015;29(1):88-92.

12.  Matarese A, Sardu C, Shu J, Santulli G. Why is chronic obstructive pulmonary
disease linked to atrial fibrillation? A systematic overview of the underlying mechanisms. Int
J Cardiol. 2019;276:149-51.

13.  Tsiachris D, Giannopoulos G, Deftereos S, Kossyvakis C, Tsioufis C, Siasos G, et al.
Biomarkers Determining Prognosis of Atrial Fibrillation Ablation. Curr Med Chem.
2019;26(5):925-37.

14. Pascual-Figal DA, Januzzi JL. The biology of ST2: the International ST2 Consensus
Panel. Am J Cardiol. 2015;115(7 Suppl):3B-7B.

15. Pascual-Figal DA, Lax A, Perez-Martinez MT, del Carmen Asensio-Lopez M,
Sanchez-Mas J. Clinical relevance of sST2 in cardiac diseases. Clin Chem Lab Med.
2016;54(1):29-35.

16.  Sardu C, Marfella R, Santamaria M, Papini S, Parisi Q, Sacra C, et al. Stretch, Injury
and Inflammation Markers Evaluation to Predict Clinical Outcomes After Implantable
Cardioverter Defibrillator Therapy in Heart Failure Patients With Metabolic Syndrome. Front
Physiol. 2018;9:758.

17. Rienstra M, Yin X, Larson MG, Fontes JD, Magnani JW, McManus DD, et al.
Relation between soluble ST2, growth differentiation factor-15, and high-sensitivity troponin
| and incident atrial fibrillation. Am Heart J. 2014;167(1):109-15 e2.

18. Kalstad AA, Myhre PL, Laake K, Opstad TB, Tveit A, Solheim S, et al. Biomarkers
of ageing and cardiac remodeling are associated with atrial fibrillation. Scand Cardiovasc J.
2021;55(4):213-9.

19.  Charafeddine K, Zakka P, Bou Dargham B, Abdulhai F, Zakka K, Zouein FA, et al.
Potential Biomarkers in Atrial Fibrillation: Insight Into Their Clinical Significance. J
Cardiovasc Pharmacol. 2021;78(2):184-91.

20. Merino-Merino A, Gonzalez-Bernal J, Fernandez-Zoppino D, Saez-Maleta R, Perez-
Rivera JA. The Role of Galectin-3 and ST2 in Cardiology: A Short Review. Biomolecules.
2021;11(8).

21.  Okar S, Kaypakli O, Sahin DY, Koc M. Fibrosis Marker Soluble ST2 Predicts Atrial
Fibrillation Recurrence after Cryoballoon Catheter Ablation of Nonvalvular Paroxysmal
Atrial Fibrillation. Korean Circ J. 2018;48(10):920-9.

22. Liu H, Wang K, Lin Y, Liang X, Zhao S, Li M, et al. Role of sST2 in predicting
recurrence of atrial fibrillation after radiofrequency catheter ablation. Pacing Clin
Electrophysiol. 2020;43(11):1235-41.

23. Wang Z, Cheng L, Zhang J, Liang Z, Dong R, Hang F, et al. Serum-Soluble ST2 Is a
Novel Biomarker for Evaluating Left Atrial Low-Voltage Zone in Paroxysmal Atrial
Fibrillation. Med Sci Monit. 2020;26:€926221.

24.  Yang H, Meng LM, Xin SL, Chang C, Lie JX, Zhao XF, et al. Predictive chemerin
and soluble ST2 for atrial fibrillation recurrence after radiofrequency catheter ablation of
nonvalvular paroxysmal atrial rbribahon. Chin J Cardiovasc Med. 2020;25(6):564-7.

14



25. Badoz M, Serzian G, Favoulet B, Sellal JM, De Chillou C, Hammache N, et al.
Impact of Midregional N-Terminal Pro-Atrial Natriuretic Peptide and Soluble Suppression of
Tumorigenicity 2 Levels on Heart Rhythm in Patients Treated With Catheter Ablation for
Atrial Fibrillation: The Biorhythm Study. J Am Heart Assoc. 2021;10(13):e020917.

26. Budzianowski J, Hiczkiewicz J, Lojewska K, Kawka E, Rutkowski R, Korybalska K.
Predictors of Early-Recurrence Atrial Fibrillation after Catheter Ablation in Women and Men
with Abnormal Body Weight. J Clin Med. 2021;10(12).

27.  Chen BX, Xie B, Zhou Y, Shi L, Wang Y, Zeng L, et al. Association of Serum
Biomarkers and Cardiac Inflammation in Patients With Atrial Fibrillation: Identification by
Positron Emission Tomography. Front Cardiovasc Med. 2021;8:735082.

28. TanR, YuH, Han X, LiuY, Yang X, Xia YL, et al. Circulating Soluble Suppression
of Tumorigenicity 2 Predicts Recurrence After Radiofrequency Ablation of Persistent Atrial
Fibrillation. Front Cardiovasc Med. 2021;8:653312.

29. FanJ, Li Y, Yan Q, Wu W, Xu P, Liu L, et al. Higher serum sST2 is associated with
increased left atrial low-voltage areas and atrial fibrillation recurrence in patients undergoing
radiofrequency ablation. J Interv Card Electrophysiol. 2022;64(3):733-42.

30.  Wen XT, Yang XL, Shu JK, Xu ZY, Li WJ. Value of Preoperative Serum Soluble
ST2 Level in Predicting Recurrence of Atrial Fibrillation after Radiofrequency Ablation. J
Mod Lab Med. 2022;37(3):191-7.

31.  Garcia-Seara J, Gonzalez Melchor L, Rodriguez Garcia J, Gude F, Martinez Sande
JL, Rodriguez Manero M, et al. Role of Soluble ST2 Biomarker in Predicting Recurrence of
Atrial Fibrillation after Electrical Cardioversion or Pulmonary Vein Isolation. Int J Mol Sci.
2023;24(18).

32. Liu MY, Fang Y, Lu W, Wang CC. Predictive value of serum sST2 and galectin-3 on
recurrence of atrial fibrillation after radiofrequency ablation. J Clin Pathol Res.
2023;43(1):85-91.

33. Lv HY, Lin HJ, Li TX, Xue FX, Chen YY. Predictive Value of Serum Brain
Natriuretic Peptide, High-Sensitivity C-Reactive Protein and Soluble ST2 on Recurrence
after Radiofrequency Ablation in Patients with Paroxysmal Atrial Fibrillation. Progress
Moder Biomed. 2023;23(3):524-8.

34.  Zhao WW, Ge JM, Wang WS, Li W, Chu J. Prognostic value of serum brain
natriuretic peptide, hypersensitive C-reactive protein, and soluble ST2 in patients with
paroxysmal atrial fibrillation after radiofrequency ablation. Chin J Diffic Compl Case.
2023;22(9):924-8.

35. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.

The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ.
2021;372:n71.

36. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting
systematic reviews. BMJ. 2021;372:n160.

37. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane
Handbook for Systematic Reviews of Interventions version 6.2. The Cochrane Collaboration.
2021;www.training.cochrane.org/handbook.

15


http://www.training.cochrane.org/handbook

38.  Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-
analyses. 2010;http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

39. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med.
2002;21(11):1539-58.

40. Patsopoulos NA, Evangelou E, loannidis JP. Sensitivity of between-study
heterogeneity in meta-analysis: proposed metrics and empirical evaluation. Int J Epidemiol.
2008;37(5):1148-57.

41.  Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by
a simple, graphical test. BMJ. 1997;315(7109):629-34.

42.  Cheng TY, Chen YC, Li SJ, Lin FJ, Lu YY, Lee TI, et al. Interleukin-33/ST2 axis
involvement in atrial remodeling and arrhythmogenesis. Transl Res. 2024;268:1-12.

43.  Begg GA, Swoboda PP, Karim R, Oesterlein T, Rhode K, Holden AV, et al. Imaging,
biomarker and invasive assessment of diffuse left ventricular myocardial fibrosis in atrial
fibrillation. J Cardiovasc Magn Reson. 2020;22(1):13.

44, Hu YF, Chen YJ, Lin YJ, Chen SA. Inflammation and the pathogenesis of atrial
fibrillation. Nat Rev Cardiol. 2015;12(4):230-43.

45.  Nortamo S, Ukkola O, Lepojarvi S, Kentta T, Kiviniemi A, Junttila J, et al.
Association of sST2 and hs-CRP levels with new-onset atrial fibrillation in coronary artery
disease. Int J Cardiol. 2017;248:173-8.

46.  Sardu C, Paolisso G, Marfella R. Inflammatory Related Cardiovascular Diseases:
From Molecular Mechanisms to Therapeutic Targets. Curr Pharm Des. 2020;26(22):2565-73.

47.  AlTurki A. Soluble ST2 in Paroxysmal Atrial Fibrillation: a New Biomarker that
Predicts Recurrence? Korean Circ J. 2018;48(10):930-2.

48.  Sardu C, Santamaria M, Rizzo MR, Barbieri M, di Marino M, Paolisso G, et al.
Telemonitoring in heart failure patients treated by cardiac resynchronisation therapy with
defibrillator (CRT-D): the TELECART Study. Int J Clin Pract. 2016;70(7):569-76.

16


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

TABLES AND FIGURES WITH LEGENDS

Table 1. Study characteristics

Numbe
Follow
Validati | r of
Patie | Mea Mean | sST-2 |sST-2 Ablati | -up
Mal | PaA on for patient | Methods
Coun | Desi | nt n age LAVI | measu | measurin | on durati Variables
Study e F AF swith | for
try gn num | (year (ml/m | ring g metho | on adjusted
(%) | (%) recurre | AF analysis
ber |5s) 2) timing | methods | d (month
nce recurr
s)
ence
Age,
Differenc
Before smoking’
Okar, Turke ECG/Ho e, OR
PC 100 55.1 |47 | 100 |27.7 |ablatio | Rapidtest | CBCA |12 22 HTN, DM,
2018 y Iter (continuo
n LAD,
us)

CHA2DS2-

17




VASc and

HAS-BLED
scores
OR
(categori
Before zed,
Wang, ECG/Ho
China | PC 177 58.2 [69.5 100 |NR ablatio | ELISA RFCA | 12 32 ROC None
2020 Iter
n analysis
derived
cutoff)
Differenc Age’ SexX,
Before
ECG/Ho e, OR HTN, CAD,
Liu, 2020 | China | PC 258 61 56.6 | 62.4 | NR ablatio | ELISA RFCA | 135 52
Iter (continuo | pm, NT-
n
us) proBNP,

18




LAD,

CHA2DS2-
VASc score
Age, BMI,
Before Differenc
Yang, ECG/Ho smoking,
China | PC 100 56.1 |49 100 | 27.6 ablatio | ELISA RFCA | 12 27 e, OR
2020 Iter HTN, DM,
n (median)
and LAD
Age, sex,
Differenc
Before BMI, HTN,
Chen, ECG/Ho e, OR
China | PC 70 67 61 48.2 | 27.8 ablatio | ELISA RFCA | 27 14 DM, CAD,
2021 Iter (continuo
n LAVI, type
us)

of AF

19




Differenc | Age, sex,
Before
ECG/Ho e, OR HTN, DM,
Tan, 2021 | China | PC 210 58.2 | 77.8 |44.3 | 28 ablatio | ELISA RFCA | 15 43
Iter (continuo | UA, TC, and
n
us) LAVI
Age, sex,
HTN, CAD,
Differenc | DM, LA
Before CBCA
Badoz, Franc ECG/Ho e, OR area, LVEF,
PC 105 63 72.4 | 58.1 | NR ablatio | Rapid test | or 12 34
2021 e Iter (continuo | type of AF,
n RFCA
us) and
CHA2DS2-

VASc Score

20




Budziano

Before | DuoSet CBCA
wski, Polan ECG/Ho Differenc
PC 60 60.7 | 100 |55 44.1 ablatio | Immunoa | or 3 13 None
2021 d Iter e
n ssay RFCA
(men)
Budziano
Before | DuoSet CBCA
wski, Polan ECG/Ho Differenc
PC 54 63.8 |0 72 47.8 ablatio | Immunoa | or 3 10 None
2021 d Iter e
n ssay RFCA
(women)
Age,
NYHA,
Before
ECG/Ho OR HTN, AF
Fan, 2022 | China | PC 84 64.2 |57.1 |64.3 |NR ablatio | ELISA RFCA | 12 11
Iter (Q4:Q1) | duration, AF
n
type, BNP,

and LAD

21




Differenc | Age, AF
g, OR duration, AF
(categori | type, LAD,
Before
Wen, ECG/Ho zed, LVEF, UA,
China | PC 120 58.1 |59.2 |65 NR ablatio | ELISA RFCA | 3 41
2022 Iter ROC NT-proBNP,
n
analysis | and
derived CHA2DS2-
cutoff) VASc Score
Differenc
e, OR Age, sex,
Before
ZhaO, ECG/Ho (Categori BMI, DM,
China | PC 96 56 56.3 | 100 | NR ablatio | ELISA RFCA | 12 24
2023 Iter zed, CAD, BNP,
n
ROC and hs-CRP

analysis

22




derived

cutoff)
Differenc | Age, sex,
Garcia- Before CBCA
ECG/Ho e, OR BMI, AF
Seara, Spain | PC 156 56.9 |70.5 |43.6 |47.9 ablatio | ELISA or 6 23
Iter (continuo | type, and
2023 n RFCA
us) LAVI
Differenc
e, OR
Age, sex,
(categori
Before LAD, TC,
ECG/Ho zed,
Liu, 2023 | China | PC 107 63.2 | 495 | 355 |NR ablatio | ELISA RFCA | 12 33 LDL-C,
Iter ROC
n FPG, and hs-
analysis
CRP
derived

cutoff)

23




Differenc
e, OR

(categori
Before
ECG/Ho zed,
Lv, 2023 | China | PC 82 60.2 |65.9 | 100 | NR ablatio | ELISA RFCA | 12 25
Iter ROC
n
analysis

derived

cutoff)

Age, sex, AF
duration,
LAD, BNP,

and hs-CRP

PaAF, paroxysmal AF; LAVI, left atrial volume index; sST-2, soluble suppression of tumorigenicity-2; AF, atrial fibrillation; PC, prospective
cohort; NR, not reported; ELISA, enzyme-linked immunosorbent assay; CBCA, cryoballoon ablation catheter ablation; RFCA, radiofrequency
catheter ablation; ECG, electrocardiograph; OR, odds ratio; ROC, receiver operating characteristic; HTN, hypertension; DM, diabetes mellitus;
LAD, left atrium diameter; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; BNP, B natriuretic peptide; BMI, body mass index;
CAD, coronary artery disease; UA, uric acids; TC, total cholesterol; FPG, fasting plasma glucose; LDL-C, low-density lipoprotein cholesterol;

hs-CRP, high-sensitivity C-reactive protein;

24




Table 2. Study quality assessment via the Newcastle-Ottawa Scale
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Table 3. Univariate meta-regression analysis for the SMD of serum sST-2 levels between patients with and without AF recurrence after ablation

Variables SMD of serum sST-2 levels

Coefficient 95% CI P values
Sample size -0.0025 -0.0133 to 0.0083 0.65
Mean age (years) -0.11 -0.28 t0 0.06 0.22
Men (%) -0.0014 -0.0303 to 0.0276 0.93
PaAF (%) 0.033 0.014 to 0.051 < 0.001
Follow-up duration 0.013 -0.088 t0 0.014 0.80
(months)

SMD, standardized mean difference; CI, confidence interval; ST2, soluble suppression of tumorigenicity-2; AF, atrial fibrillation; PaAF,

paroxysmal AF;
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Figure 1 Process of database search and study identification;

Identification of studies via databases and registers }
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Databases (n = 124)

l

Records removed before screening:

Duplicate records removed
(n=19)

Screening

Records screened

(n = 105)

Records excluded (n = 85)

Reviews
Editorials
Irrelevant studies

Reports sought for retrieval

(n=20)
'

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=20)

Studies included in review
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® Serum sST-2 not evaluated
(n=1)

® Outcome of AF recurrence not
reported (n = 1)
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Figure 2 Forest plots for the meta-analysis comparing the serum sST-2 levels before ablation
between patients with and without AF recurrence; A, forest plots for the overall meta-
analysis; and B, plots for the univariate meta-regression analysis investing the influence of

the proportions of patients with PaAF;
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Figure 3 Forest plots for the subgroup analyses comparing the serum sST-2 levels before

ablation between patients with and without AF recurrence; A, forest plots for the subgroup

analyses according to mean age of the patients; and B, forest plots for the subgroup analyses

according to the proportion of men;
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Figure 4 Forest plots for the subgroup analyses comparing the serum sST-2 levels before

ablation between patients with and without AF recurrence; A, forest plots for the subgroup

analyses according to the proportion of patients with PaAF; and B, forest plots for the

subgroup analyses according to the methods for measuring serum sST-2 levels;
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Figure 5 Forest plots for the meta-analysis of the association between serum sST-2 levels
before ablation and the risk of AF recurrence; A, forest plots for the meta-analysis with serum
sST-2 analyzed as the continuous variables; and B, forest plots for the meta-analysis with

serum sST-2 analyzed as the categorized variables;
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Figure 6 Funnel plots for the publication basis underlying the meta-analysis comparing the

serum sST-2 levels before ablation between patients with and without AF recurrence;
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