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Background: Atrial fibrillation (AF) is associated with inflammation. Increased serum C-reactive protein (CRP)
levels are important representatives of an inflammatory state of AF. A variety of studies have evaluated
whether increased CRP levels have an association with AF recurrence after catheter ablation. However, the
results remain inconsistent, therefore, this meta-analysis was conducted to offer suggestions.
Hypothesis: Increased baseline CRP have an association with AF recurrence after catheter ablation.
Methods: Electronic databases including PubMed, Embase, Medline, ISI Web of Knowledge, and ScienceDirect
were searched until December 31, 2012 for any CRP-associated studies. Overall and subgroup analyses were
performed. Standardized mean difference (SMD) and 95% confidence interval (CI) were used to evaluate the
associations between CRP levels and postablation AF recurrence. Statistical analysis was performed with
Review Manager 5.2 and Stata 11.0.
Results: Seven available studies were identified, which included 526 patients (179 recurrence vs 347 no
recurrence). Overall, increased baseline CRP levels had significant positive association with postablation AF
recurrence. The SMD in the CRP levels was 0.65 units (95% CI: 0.30-0.99), and the z-score for overall effect was
3.70 (P = 0.0002). The heterogeneity test showed that there were moderate differences between individual
studies (P = 0.006, I2 = 67%). Metaregression revealed that different sample sizes of studies possibly
accounted for the heterogeneity. Positive associations were also found in subgroup analyses based on sample
size. When stratifying for ethnicity, similarly significant associations were found in both European (Caucasian)
and Asian populations.
Conclusions: Investigations demonstrate that baseline CRP levels are greater in patients with postablation AF
recurrence. Further studies with larger sample size and delicate design for CRP should be conducted.

Introduction
Atrial fibrillation (AF) is the most common arrhythmia
encountered in clinical practice, and approximately one-
third of all cardiac arrhythmia-related hospitalizations are
due to AF. The prevalence of AF is approximately 1% in
the general population, and as high as 9% in individuals
by the age of 80 years.1 In light of the ageing population,
the prevalence of AF is expected to double within the next
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50 years.2 Importantly, AF could lead to increased rates
of death, stroke, and other thromboembolic events; heart
failure and hospitalizations; degraded quality of life; reduced
exercise capacity; and left ventricular dysfunction.3

Current treatments of AF patients mainly include
pharmacotherapy, catheter ablation and surgical ablation.
Owing to increased adverse drug reactions and high
AF recurrence rate, as well as surgical ablation being
complex, and with the risk of mortality and significant
complications, Pharmacotherapy and surgical ablation
consequently have been sparsely adopted.3 Catheter
ablation has been shown to be more efficacious in
restoring sinus rhythm in patients with AF4,5 and has
been recommended as a class I recommendation supported
with level A evidence in American College of Cardiology
Foundation/American Heart Association/Heart Rhythm
Society practice guidelines in 2011.6 Although catheter
ablation has emerged as a curative therapy for patients with
paroxysmal or persistent AF after failure (or intolerance)
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of one antiarrhythmic drug, it is still associated with
a substantial AF recurrence rate.7 Rates of success for
maintaining sinus rhythm varied widely, ranging from l<30%
to 85%.8,9 Determinants of catheter ablation success or
freedom from arrhythmia depend on diverse clinical factors
such as enlarged left atrial diameter (LAD), AF history, age,
and cardiac function.5,10 In addition, increasing evidence
has demonstrated that inflammation plays an important
role in the genesis and perpetuation of AF.11–14 Serum
C-reactive protein (CRP), as an important representative
of inflammatory state, is related to left atrial size and
dysfunction.15 Thus, we can assume that increased CRP
levels may also increase the risk of AF recurrence after
catheter ablation.

To date, a variety of observational studies have focused
on the associations between baseline CRP and postablation
AF recurrence. However, the results of different studies
were inconsistent. To better clarify the associations of
CRP with postablation AF recurrence, we conducted a
comprehensive meta-analysis by collecting and analyzing
previously published studies.

Methods
Because of inherent biases and differences in observational
study designs, our meta-analysis presents particular
challenges. Consequently, the study strictly complies with
the guidelines of the Meta-analysis of Observational Studies
in Epidemiology Group (MOOSE).16

Search Strategy
We carefully searched PubMed, Embase, Medline, ISI Web
of Knowledge, and ScienceDirect databases for original
articles published before December 31, 2012 to evaluate
the associations between CRP and AF recurrence after
catheter ablation. The medical subject headings and key
words used for search were ‘‘C-reactive protein’’ and ’’atrial
fibrillation.’’ The references of all identified publications
were hand searched for additional studies. Abstracts,
unpublished reports, and non-English language articles
were not included.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) the study was
a prospective observational study design, (2) the study
evaluated the potential association between CRP levels
before catheter ablation and postablation AF recurrence,
3) the study used AF recurrence rates as an outcome, and
(4) the period of follow-up was ≥3 months. The exclusion
criteria were: (1) patients undergoing electrical shock or
cardioversion, surgical operation or without any treatment
(including catheter ablation); and (2) baseline CRP is not
available in the sufficient follow-up time period.

To minimize the bias and improve the reliability,
two researchers (Z.J. and L.D.) extracted data with the
inclusion and exclusion criteria independently and reached
a consensus.

Quality Assessment and Data Extraction
Quality scoring is usually controversial, therefore we
assessed it earnestly. Two reviewers (Z.J. and L.D.) inde-

pendently evaluated each article included in our analysis
according to a critical review checklist of the Dutch
Cochrane Centre which was proposed by MOOSE16 (the key
points of quality assessment are listed online in Supporting
Table 1). If a study could not manage any of that, we
regarded it as not having been performed, and consequently,
there was a possibility for underestimation of the reported
characteristics.

Data were extracted independently from each study
based on the inclusion criteria. Agreements were reached
after discussion for conflicting data. The following data were
extracted from each eligible study: (1) publication details:
first author’s last name, publication year, and origin of the
studied population; (2) characteristics of the studied popu-
lation: sample size, age, gender, diagnoses, and methods of
CRP measurement; (3) ablation method; (4) the rate of AF
recurrence, methods of AF detection, and mean follow-up
time; and (5) mean and standard deviatioin (SD) of CRP in
each group. If one study involved both early recurrence and
late recurrence, data of the late recurrence were adopted.

In studies reporting the median and quartiles, the median
was assumed to most accurately represent the central
tendency and was treated as the mean. The distribution was
assumed to be normal, with a z-value of ±0.68 corresponding
to the reported 25th and 75th percentiles. In this manner,
the standard deviation was calculated.17

Statistical Analysis

Meta-analyses: To accommodate differences in the way
in which CRP is measured and reported across various
laboratories, the association strength between CRP and
postablation AF recurrence was measured by standardized
mean difference [SMD] and 95% confidence interval [CI].
The significance of pooled SMD was tested by z-test
(P < 0.05 was considered significant). In addition to overall
comparison, we performed subgroups analyses based on
sample size and ethnicity of study population. To further
appraise the impact of potential baseline confounders on the
reported relative risk estimates within the included studies,
we performed a metaregression analysis using inverse
variance weighting and tested the following variables:
ethnicity, measurement of CRP, the ablation method,
publication year, study population, mean age, gender, and
arrhythmia duration.

Exploring Heterogeneity: For each meta-analysis, the
Cochrane Q statistic and the I2 value were used to
check the statistical heterogeneity between studies, and the
heterogeneity was considered significant when P < 0.05.
The fixed-effects model and random-effects model (based
on the Inverse Variance method) were used to pool the
data from different studies. The random-effects model was
used when there was significant heterogeneity, which
was used to take into account within-study and between-
study variance; otherwise, the fixed-effects model was
used.18 I2 was a value that could describe the percentage
of variation across studies, where 0% to 25% indicated
no observed heterogeneity, and larger values showed
increasing heterogeneity, with 25% to 50% regarded as low,
50% to 75% as moderate, and 75% to 100% as high. To explore
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sources of heterogeneity, we performed metaregression and
subgroup analyses.
Publication Bias: Any potential publication bias was
evaluated by inspecting funnel plots and the Egger’s test,19

and all statistical analyses were conducted using Review
Manager 5.2 (The Cochrane Collaboration, Copenhagen,
Denmark) and Stata 11.0 software (StataCorp, College
Station, TX).

To ensure the credibility and accuracy of the results, 2
researchers (Z.J. and L.D.) entered the data into the software
program independently and reached a consensus.

Results
Study Characteristics

The search strategy yielded 401 publications, of which 340
were not eligible for inclusion based on title and abstract
review because they were either laboratory studies, review
articles, or irrelevant to the current analysis. The remaining
61 studies were further evaluated. After carefully evaluating
the quality of the 61 remaining articles, we excluded 50
studies, of which 39 included electrical cardioversion (21
studies excluded), surgical operation (14 studies removed),
or nothing (4 studies excluded). Of the 11 remaining
studies that evaluated drug therapy. After detailed review,
4 studies without grouping according to clinical outcome
(AF recurrence and no AF recurrence) or data of baseline
CRP available with enough follow-up time were excluded.
Finally, 7 relevant studies20–26 addressed the association
between CRP and postablation AF recurrence (Figure 1).
Eventually, there were 526 patients selected for the meta-
analysis: 179 in the AF-recurrence group, and 347 in the no
AF-recurrence group. The follow-up period varied between
3 months and 14 months. The quality assessment of the
7 studies is presented online in Supporting Table 1, whereas

Figure 1. Flow diagram of study identification.

the characteristics of each study are depicted online in
Supporting Table 2.

Quantitative Data Synthesis

Four studies 21–23,25 showed that greater baseline CRP
was related to AF recurrence than those without, whereas
CRP levels did not show a significant difference between
the 2 groups in 3 other studies.20,24,26 Overall, there was
significant positive association between CRP concentration
and AF recurrence. The SMD in the CRP levels between
the patients with and those without AF recurrence was 0.65
units (95% CI: 0.30-0.99), and the z-score for overall effect
was 3.70 (P = 0.0002). Forest plots on the basis of the
meta-analysis are shown in Figure 2.

Heterogeneity Analysis

The heterogeneity test showed that there were moderate
differences between individual studies (P = 0.006; I2 =
67%). We subsequently performed sensitivity analyses and
metaregression to find the origin of this heterogeneity.
However, the change of heterogeneity did not make sense
after excluding any article. Interestingly, after divided the
sample size into 2 groups (n < 100 vs n > 100). The outcome
of the metaregression indicated that sample size contributed
to the heterogeneity (P = 0.025). Then, we underwent
subgroup analyses according to sample size, which indicated
that CRP concentration was greater in patients with AF
recurrence in both groups and no heterogeneity existed.
We could see in the first group (n < 100) that the SMD was
0.40 units (95% CI: 0.14-0.66), whereas in the second group
(n > 100) it was 1.08 units (95% CI: 0.80-1.36). Therefore,
the larger sample size showed the more obvious trend
(Figure 3). Moreover, the ethnicity of the study population
(P = 0.212), the measurement of CRP (high-sensitive vs
standard) (P = 0.256), the ablation method (P = 0.160),
publication year (P = 0.827), study population (P = 0.546),
mean age (P = 0.076), gender (P = 0.309), and arrhythmia
duration (P = 0.993) were not statistically associated with
heterogeneity and had almost no effect on our results.

On the subgroup analyses by ethnicity of population,
greater CRP concentration also had association with postab-
lation AF recurrence in Europeans (Caucasians),20,21,26

which covered 185 patients, and Asians,22–25 which covered
341 patients (Figure 4). Consequently, this conclusion can
be applied to Europeans (Caucasians) and Asians. Further
studies of Blacks should be conducted.

Publication Bias Analysis

Publication bias was assessed by Begg’s funnel plot and
Egger’s test. The shape of the funnel plot appeared to be
approximately symmetrical (recurrence vs no recurrence),
and Egger’s test did not show any evidence of publication
bias (t = −1.43, P = 0.212 for recurrence vs no recurrence).
Begg’s funnel plot and Egger’s test confirmed the absence
of publication bias (Figure 5).

Discussion
The pathogenesis of AF is not exactly clear but is
believed to be multifactorial. It involves triggers that initiate
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Figure 2. Forest plot of atrial fibrillation recurrence risk associated with increased baseline C-reactive protein levels. A random-effects model and Inverse
Variance(IV) method were used. The squares and horizontal line represent the study-specific standardized mean difference (SMD) and 95% confidence
interval (CI). The diamond represents the pooled results of SMD and 95% CI. Abbreviations: SD, standard deviation.

(A)

(B)

Figure 3. Forest plot of atrial fibrillation recurrence risk associated with increased baseline C-reactive protein levels under the sample size (n < 100 vs n >

100). Fixed-effects model and IV method were used. (A) The results by sample size n < 100. (B) The results by sample size n > 100. The squares and
horizontal line represent the study-specific standardized mean difference (SMD) and 95% confidence interval (CI). The diamond represents the pooled
results of SMD and 95% CI.

(A)

(B)

Figure 4. Forest plot of atrial fibrillation recurrence risk associated with increased baseline C-reactive protein levels by ethnicity (European vs Asian). (A)
Fixed-effects model and IV method used. The result by European ethnicity. (B) Random-effects model and IV method were used. The result by Asian
ethnicity. The squares and horizontal line represent the study-specific standardized mean difference (SMD) and 95% confidence interval (CI). The diamond
represents the pooled results of SMD and 95% CI.
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Figure 5. Funnel plot for elevated C-reactive protein levels and risk of
postablation atrial fibrillation recurrence. Funnel plot of all 7 eligible
studies and Egger’s test (P = 0.212). Abbreviations: s.e., standard error;
SMD, standardized mean difference.

the arrhythmia, as well as the susceptible tissue and
electrophysiological substrate that perpetuates it. The
maintenance of AF is facilitated by the presence or
development of abnormal tissue substrate that permits
multiple re-entrant wavelets of excitation to propagate
within the atrial myocardium. AF tends to become more
permanent with time, and it becomes more difficult to
restore sinus rhythm when AF is present for a long
time. Electrical remodeling, which develops within hours
of the onset of AF, entails electrophysiological alterations
including shortening of the atrial effective refractory period
and action potential duration. Structural remodeling is a
slower process involving myocyte degeneration, myocardial
fibrosis, left atrial enlargement, and results in heterogeneity
of conduction. These changes create a susceptible substrate
that has been implicated in the perpetuation of AF.27

Inflammation of AF is involved in electrophysiological and
structural atrial remodeling and facilitates the disease devel-
opment and perpetuation.27 Atrial specimens obtained by
endomyocardial biopsy showed clusters of lymphomononu-
clear cells compatible with a diagnosis of myocarditis in
66% of patients with lone AF.28 Activated T lymphocytes
were found in left atrial endocardium, supporting the role
of local inflammation as a potential trigger of AF.29 CRP, an
acute-phase protein produced in the liver,27 is a sensitive
biomarker of systemic inflammation in several cardiovas-
cular diseases.30 Elevated CRP levels are associated with
increased risk of cardiovascular events.31,32 In the study
from Narducci et al,33 atrial tissue CRP was significantly
more frequent in patients with paroxysmal AF than persis-
tent AF, and there was a trend for the association between
atrial tissue CRP and late recurrence of AF. The higher
proportion of atrial CRP-positive specimens in the parox-
ysmal AF group than in the persistent AF group may be
an initial feature of myocardial damage via activation of
the complement system, opsonization, chemotaxis, and acti-
vation of inflammatory cells by this acute phase protein.
Furthermore, that a rise in CRP was related to left atrial
size and dysfunction offered support of association between
inflammation and structural remodeling.15

Many studies also focused the association between CRP
and postablation AF recurrence based on the issue that the
inflammatory state may influence the prognosis of catheter
ablation.

In one study, for every 1 mg/dL higher, CRP level was
associated with a 7-fold increased risk of recurrent AF and
a 12-fold of permanent AF compared with controls.34 There
were 4 studies included in our meta-analysis emphasizing
that increased baseline CRP had an association with AF
recurrence. In the study from Lin et al,23 the cutoff of CRP
value for total patients as an independent predictor was
2.92 mg/L, and another study from Liu et al22 stressed
the best cutoff value was 1.41 mg/L for total patients, 1.08
mg/L for paroxysmal AF, and 1.89 mg/L for persistent AF.
Available cutoff values were not obtained in the remaining
2 articles. The CRP value, as an independent predictor for
AF recurrence, was higher in persistent AF. However, the
exact cutoff value of CRP was inconsistent. Further analysis
should be conducted.

There were some differences in the mechanism of early
AF recurrence (ERAF) and late AF recurrence (LRAF).
ERAF following ablation has been reported to be related to
an acute inflammatory process. A longer procedural time of
aggressive radiofrequency ablation could lead to massive
tissue damage and profound inflammatory processes.30

Lellouche et al reported that a majority of patients (91%)
with ERAF following AF ablation will suffer LRAF,35 and
the reason may be that ERAF affects the remodeling of
atrial anatomy after catheter ablation. In some studies,30,36

patients with LRAF who previously suffered ERAF had
an increased LAD at the time of their repeat ablation
procedure. It can be presumed that ERAF may interrupt the
process of postablation remodeling and result in incomplete
remodeling of the atrial anatomy, which can increase the
risk of LRAF.36

Catheter ablation has evolved into an effective and
safe therapeutic method. A wide range of approaches
has been published targeting varied putative arrhythmia
mechanisms. Pulmonary vein isolation is the cornerstone
of catheter ablation for patients with paroxysmal atrial
fibrillation.37 The most widely used and assessed technique
is that of point-by-point irrigated radiofrequency ablation.
Three-dimensional mapping is routinely used to accurately
delineate anatomy with or without the use of an imported
computed tomography scan. More recently, in an attempt
to simplify the procedure, various 1-shot technologies for
circumferential isolation of the pulmonary veins have been
developed.38,39 Irrespective of technology used, the end
point for antral pulmonary vein ablation is demonstration of
complete conduction block into and out of the pulmonary
vein.40 Because of this, we classify the ablation methods
into 3 groups: pulmonary vein isolation, circumferential
pulmonary vein isolation (CPVI), and CPVI plus other
(Supporting Table 2). In addition, as already mentioned,
metaregression according to ablation method indicated
there was no statistical heterogeneity.

Catheter ablation is compelling. However, the success
of ablation is often offset by the recurrence of AF.41

No meta-analysis explored the association between the
baseline CRP concentration and postablation AF recurrence,
therefore, this meta-analysis was conducted rigorously.
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In our meta-analysis of 7 prospective observational studies,
there was significant positive association between baseline
CRP concentration and AF recurrence, and the result can
be generalized to Europeans (Caucasians) and Asians.

In our analysis, the minimum duration follow-up time is
just 3 months.25 This time interval is sufficient and critical,
because ERAF was defined as an AF episode during the
first week after the ablation,42 and LRAF was defined as
any AF episode between 3 and 6 months after the ablation
(thus including a 3-month ‘‘blanking period’’).26 The follow-
up time from Fan et al was 3 months, and removal of this
study25 from the meta-analysis did not have a significant
impact on the results (SMD: 0.61 units, 95% CI: 0.23-1.00).

Heterogeneity is an important problem when interpreting
the results of a meta-analysis, and moderate heterogeneity
was found in the present study. We subsequently performed
sensitivity analyses. The change of heterogeneity did not
make sense after excluding any article. Metaregression
was then conducted, and the results indicated that the
sample size was the major source of the heterogeneity. The
subgroup analyses (n < 100 vs n > 100) also suggested
the increased CRP levels had a significant association with
postablation AF recurrence. Keeping in mind the clinical
importance of sinus rhythm maintenance after catheter
ablation, as well as the inconsistent published results
regarding the effect of inflammation in this setting, in our
meta-analysis is of special importance.

Limitations of the Study

Although we have demonstrated that significant positive
association existed between CRP concentration and AF
recurrence, a few limitations and potential biases should
be acknowledged. First, the cutoff value of CRP should
be further conducted, which may help improve patient
selection for this procedure to reduce healthcare costs
and avoid exposing patients to unnecessary procedures
and related complications. Additionally, there are various
other inflammatory biomarkers such as interleukin (IL)-6
and IL-8. Examination of CRP alone is not sufficient for
predicting postablation AF recurrence and direct patient
selection. Various studies involving more inflammatory
biomarkers should be conducted. A comprehensive scale
including inflammatory biomarkers, AF history, enlarged
LAD, age, and cardiac function among other characteristics
can be established, which could be tested before catheter
ablation can comprehensively evaluate the risk of AF
recurrence. Whether undergoing catheter ablation or not,
patient selection should be carefully assessed. Second,
although we collected all the eligible studies, the sample
size of the included studies was not large enough, which
could increase the likelihood of type I and type II errors.
Therefore, there was a lack of statistical power to better
evaluate the association between CRP and postablation AF
recurrence, especially in the subgroup analyses. However,
we can see the more significant trend when studying more
patients. (Figure 3). The conclusion we had come to is
believed to be credible. Third, our analysis is based on
observational studies and may be subject to the potential
biases of such studies. Therefore, our results should be
interpreted cautiously. Fourth, converting non-normally

distributed statistics (median and range) to normally
distributed statistics (mean and SD) may be a cause of bias
in our analysis. Fifth, although the funnel plot and Egger’s
test did not show any publication bias, the influence of bias
in the present analysis could not be completely excluded.
For example, studies with positive results are more easily
published than those with negative results, and only studies
published in English are included. Finally, methods of AF
detection were different among the trials, and therefore
some asymptomatic episodes of AF may be overlooked.

Conclusion
Our meta-analysis provides evidence that greater baseline
CRP has an association with postablation AF recurrence,
which adds to the current understanding of the association
between inflammation and AF recurrence. Further studies
of larger, well-designed, randomized studies with longer
follow-up periods and a variety of ethnicities should be
conducted to confirm our findings. In addition, the role
of other inflammatory markers such as IL-6, IL-8, and
white blood cell count also should be examined to offer
the suggestions to the theory of an association between
inflammation and AF recurrence.
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