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Abstract
Background Systemic inflammation markers have recently been identified as being associated with cardiac 
disorders. However, limited research has been conducted to estimate the pre-diagnostic associations between these 
markers and paroxysmal atrial fibrillation (PAF). Our aim is to identify potential biomarkers for early detection of PAF.

Methods 91 participants in the PAF group and 97 participants in the non-PAF group were included in this study. 
We investigated the correlations between three systemic inflammation markers, namely the systemic immune 
inflammation index (SII), system inflammation response index (SIRI), and aggregate index of systemic inflammation 
(AISI), and PAF.

Results The proportion of patients with PAF gradually increased with increasing logSII, logSIRI, and logAISI tertiles. 
Compared to those in the lowest tertiles, the PAF risks in the highest logSII and logSIRI tertiles were 3.2-fold and 2.9-
fold, respectively. Conversely, there was no significant correlation observed between logAISI and PAF risk within the 
highest tertile of logAISI. The restricted cubic splines (RCS) analysis revealed a non-linear relationship between the 
elevation of systemic inflammation markers and PAF risk. Specifically, the incidence of PAF is respectively increased by 
56%, 95%, and 150% for each standard deviation increase in these variables. The ROC curve analysis of logSII, logSIRI 
and logAISI showed that they had AUC of 0.6, 0.7 and 0.6, respectively. It also demonstrated favorable sensitivity and 
specificity of these systemic inflammation markers in detecting the presence of PAF.

Conclusions In conclusion, our study reveals significant positive correlations between SII, SIRI, and AISI with the 
incidence of PAF.
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Introduction
Atrial fibrillation (AF) is the most prevalent cardiac 
arrhythmia, and its association with stroke, myocardial 
infarction, and heart failure leads to increased cardio-
vascular morbidity and mortality [1, 2]. The estimated 
prevalence of atrial fibrillation (AF) among adults ranges 
from 2 to 4%, with projections indicating an anticipated 
increase attributed to the extension of life expectancy 
[3]. However, the reported prevalence of previously undi-
agnosed AF among individuals aged over 60 is 20.1%, 
while a significant proportion (23.5%) of those who have 
received a diagnosis do not receive treatment with oral 
anticoagulants [4]. Paroxysmal atrial fibrillation (PAF) is 
estimated to occur in 25–60% of cases involving AF and 
is believed to precede the development of sustained AF. 
This progression can result in gradual changes to the 
electrical and structural properties of the atria, com-
monly referred to as “AF begets AF“ [5, 6]. Cryptogenic 
strokes account for 15–40% of ischemic strokes, and 
PAF is increasingly recognized as a potential etiology [7]. 
Therefore, the timely identification and diagnosis of PAF 
are imperative for the prevention of stroke.

In recent years, there has been a significant focus on 
the development and investigation of biomarkers with 
the capability to predict PAF. It has been demonstrated 
that there is an association between inflammatory activ-
ity and AF as well as its complications [8, 9]. The associa-
tion between AF burden and inadequate maintenance of 
sinus rhythm has been evidenced through the examina-
tion of specific inflammatory indicators, including CRP 
and IL-6 [10]. The findings of extensive research indicate 
that both human and animal studies offer compelling 
evidence supporting the hypothesis that autoimmunity 
and inflammation may contribute to the pathogenesis of 
AF [8]. The presence of white blood cells, including their 
various subpopulations, along with platelets, is essential 
in the context of systemic inflammation. Recently, there 
have been studies that have brought attention to various 
indicators of inflammation throughout the body’s periph-
eral blood cells. These markers include the systemic 
immune inflammation index (SII), system inflammation 
response index (SIRI), and aggregate index of systemic 
inflammation (AISI). It is worth noting that these mark-
ers are linked to both cardiovascular and non-cardiovas-
cular diseases [11–14].

Despite the existing evidence linking SII and SIRI to AF 
in stroke patients [12], there is a lack of research inves-
tigating the relationship between SII, SIRI, AISI, and 
PAF. Additionally, no studies have concurrently com-
pared these three markers of systemic inflammation. 
Therefore, we conducted a retrospective analysis to gain 
deeper insights into the associations between SII, SIRI 
and AISI with PAF. The primary objective of this study is 

to accumulate evidence for potential biomarkers that can 
aid in the early detection of PAF.

Materials and methods
Study population
In this study, we consecutively enrolled patients with 
PAF, who were seen in the Department of Cardiology at 
our hospital between January 2020 and December 2022. 
The diagnosis of arrhythmia necessitated the inclusion 
of official medical records, a 12-lead ECG, or a 24-hour 
Holter recording, with its classification being based on 
internationally recognized consensus statements [15]. 
Simultaneously, we recruited hospitalized individuals 
with sinus rhythm (SR) as a control group. The eligible 
subjects for our study were provided with detailed infor-
mation during outpatient follow-up and telephone con-
tact to ensure their informed consent, and the study was 
conducted only after obtaining consent from the enrolled 
subjects. All participants provided informed consent by 
signing both paper forms (for outpatient follow-up) and 
electronic forms (for telephone follow-up).The study 
enrolled individuals aged over 18 years who were clini-
cally diagnosed with PAF and provided informed con-
sent to participate in the study by submitting a signed 
informed consent form. Exclusion criteria included a his-
tory of congenital heart disease, valvular heart disease, 
left ventricular systolic dysfunction, cardiomyopathy, 
previous cardiac surgery, thyroid disease, recent infec-
tion, autoimmune or inflammatory diseases, and malig-
nant tumors with a life expectancy shorter than 1 year or 
those suffering from other end-stage diseases.

Data Collection
The study collected comprehensive patient data, encom-
passing age, gender, hypertension, atherosclerotic car-
diovascular disease, diabetes, BMI, and other relevant 
indicators. Simultaneously, the patients’ clinical exami-
nation and laboratory findings were gathered, encom-
passing lymphocyte count, monocyte count, neutrophil 
count, platelet levels, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), total cholesterol (TC), 
triglycerides (TG), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-
C), glucose levels (GLU), glycated hemoglobin levels 
(HbA1c), serum uric acid concentration, and serum cre-
atinine level. Based on the peripheral blood cell counts, 
we calculated three systemic inflammation markers: SII, 
SIRI, and AISI. The calculation of SII was performed by 
multiplying the platelet count with the neutrophil count 
and dividing it by the lymphocyte count. Similarly, SIRI 
was determined by multiplying the neutrophil count 
with the monocyte count and dividing it by the lympho-
cyte count. Lastly, AISI was computed as a product of 
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neutrophil count, platelet count, monocyte count divided 
by lymphocyte count.

Statistical analysis
All the analyses were performed with R and SPSS soft-
ware. Continuous variables were summarized using 
the median and interquartile range, while categorical 
variables were presented as frequencies and percent-
ages. Statistical comparisons between the two groups 
were performed using χ2 tests for categorical variables, 
one-way ANOVA tests for normally distributed data, or 
Kruskal-Wallis tests for non-normally distributed data. 
The three systemic inflammation markers were ana-
lyzed as continuous independent variables, with each 
variable scaled per 1-unit increment in log-transformed 
form or divided into tertiles, to explore their associa-
tions with the prevalence of PAF. The odds ratios (ORs) 
and their corresponding 95% confidence intervals (CIs) 
were estimated using multivariate logistic regression 
models, incorporating various adjustments. To explore 

the potential non-linear association between the three 
systemic inflammation markers and PAF, restricted cubic 
splines (RCS) analysis was employed. In cases where the 
RCS analysis revealed a U-shaped, Inverted U-shaped, or 
L-shaped curve with an identifiable inflection point, we 
partitioned the data into two distinct segments based on 
this inflection point and conducted segmented regres-
sion analysis separately for each group. Furthermore, the 
receiver operating characteristic (ROC) curve analysis 
was employed to determine the optimal cut-off levels of 
the three systemic inflammation markers for predicting 
the occurrence of PAF. A value of p < 0.05 (two-sided) 
was considered statistically significant.

Results
The demographic characteristics of the study cohort are 
presented in Table 1, comprising a total of 188 individu-
als included in the analysis. It is worth noting that the 
PAF group consisted of 91 participants, while the non-
PAF group encompassed 97 participants. In general, the 

Table 1 Baseline characteristics of participants included in this study
Total
(N = 188)

Non-AF
(N = 97)

AF
(N = 91)

P

Ages(years) 66(59,72) 63(56,70) 70(64,72) <0.001
Gender 0.110
Male(%) 92(48.94) 42 (43.30) 50 (54.94)
Female(%) 96(51.06) 55 (56.70) 41 (45.06)
Hypertension 125(66.49) 62 (63.91) 63(69.23) 0.441
Diabetes 44(23.40) 25(25.77) 19(20.88) 0.428
Atherosclerotic cardiovascular disease 52(27.66) 24(24.74) 28(30.77) 0.356
BMI(kg/m2 ) 23.88(21.22,26.57) 23.94(21.24,26.75) 23.65(21.17,26.47) 0.916
Lymphocyte number 1.54(1.23,1.98) 1.74(1.33,2.05) 1.42(1.14,1.83) 0.04
Monocyte number 0.43(0.33,0.53) 0.39(0.32,0.50) 0.47(0.36,0.57) 0.016
Neutrophils number 3.56(2.80,4.43) 3.42(2.74,3.98) 3.88(2.89,4.78) 0.009
Platelet count 208.00(170.25,245.00) 219.00(180.00,251.50) 195.00(162.00,238.00) 0.038
ALT 22.00(17.00,32.43) 21.50(16.45,32.10) 24.00(17.00,32.70) 0.323
AST 28.00(22.00,34.00) 28.00(21.00,32.93) 29.00(22.00,36.00) 0.248
TC(mmol/L) 4.17(3.53,4.72) 4.28(3.64,4.97) 4.09(3.46,4.63) 0.135
TG (mmol/L) 1.22(0.90,1.75) 1.30 (0.93, 1.76) 1.12 (0.89, 1.66) 0.307
LDLC (mmol/L) 2.22(171,2.67) 2.26 (1.79, 2.83) 2.16 (1.62, 2.51) 0.112
HDLC (mmol/L) 1.21(1.02,1.50) 1.26 (1.11, 1.55) 1.15 (0.96, 1.45) 0.016
GLU 5.34(4.69,6.22) 5.21(4.51,6.19) 5.49(4.89,6.24) 0.069
HbA1c 5.90(5.40,6.40) 5.90 (5.70, 6.40) 5.80 (5.30, 6.40) 0.091
Serum uric acid (mmol/L) 329.00(275.25,392.00) 326.00(257.00,382.00) 337.00(283.00,407.00) 0.158
Serum creatinine (mmol/L) 71.39(63.06,84.65) 71.12(64.10,86.00) 72.00(62.72,83.00) 0.780
SII 439.02(339.26,681.84) 398.00 (319.00, 574.00) 518.00 (359.00, 753.00) 0.010
SIRI 0.92(0.64,1.48) 0.78 (0.59, 1.15) 1.13 (0.74, 1.82) <0.001
AISI 181.10(130.23,319.30) 171.00 (116.00, 254.00) 200.00 (139.00, 400.00) 0.008
LogSII 2.64(2.53,2.83) 2.60 (2.50, 2.76) 2.71 (2.55, 2.88) 0.010
LogSIRI −0.04(−0.19,0.17) -0.11 (-0.23, 0.06) 0.05 (-0.13, 0.26) <0.001
LogAISI 2.26(2.11,2.50) 2.23 (2.06, 2.40) 2.30 (2.14, 2.60) 0.008
ALT alanine transaminase, AST aspartate transaminase, TC total cholesterol, TG triglyceride, LDL-C low density lipoprotein cholesterol, HDL-C high density lipoprotein 
cholesterol, GLU glucose, HbA1c glycated hemoglobin, SII systemic immune inflammation index, SIRI system inflammation response index, AISI aggregate index of 
systemic inflammation
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baseline characteristics between the non-PAF and PAF 
groups exhibited significant differences, with the excep-
tion of age and HDL-C levels. The levels of SII, SIRI, and 
AISI exhibited significant elevation in patients with PAF 
compared to those without PAF. The non-normally dis-
tributed continuous variables were subjected to loga-
rithmic transformations for the purpose of analysis. The 
findings revealed that the significant differences in log-
transformed SII, SIRI, and AISI persisted.

Systemic inflammation markers and PAF proportion
To investigate the association between systemic inflam-
mation markers and the proportion of PAF, we con-
ducted further analyses by dividing subjects into three 
tertiles based on their log-transformed levels (Refer to 
Supplementary Table 1 for a detailed breakdown of the 
grouping). Our study investigated the proportion of PAF 
across tertiles of logSII, logSIRI and logAISI. For logSII, 
the number of patients with PAF in tertiles 1–3 was 24, 
27 and 40, respectively. Proportion increased from tertile 

1 to tertile 3 (38.1%, 42.9% and 64.5%, respectively). In 
logSIRI, the number of patients with PAF in tertiles 
1–3 were 20, 31 and 40, respectively, with proportion of 
31.7%, 49.2% and 64.5%. Similarly, in logAISI, the number 
of patients with PAF in tertiles 1–3 were 26, 24, and 41, 
respectively, with proportion of 41.9%, 38.1% and 65.1%. 
Overall, these results demonstrate a gradual escalation in 
the proportion of PAF as logSII, logSIRI, and logAISI ter-
tiles increase (Fig. 1).

Systemic inflammation markers and PAF risk
The results of the multivariate logistic regression analysis 
demonstrate a significant association between elevated 
tertiles of three systemic inflammation markers and an 
increased risk of PAF (Table  2). These associations of 
logSII and logSIRI are significant in both the unadjusted 
model and the partially adjusted model. From the fully 
adjusted model, compared to those in the lowest ter-
tile, individuals in the highest logSII, and logSIRI tertiles 
exhibited a 3.196-fold and 2.884-fold increased risks of 

Fig. 1 Distribution of PAF proportions among different tertiles of the three systemic inflammation markers
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PAF, respectively. Conversely, we observed no significant 
correlation between logAISI and PAF risk among sub-
jects in the highest tertile of logAISI (Fig. 2).

The RCS analysis found a U-shaped relationship 
between logSII, logSIRI, and logAISI and PAF after 
adjusting for various factors. The inflection point 
was identified at logSII = 2.57, logSIRI=-0.11, and 
logAISI = 2.39, respectively (Fig.  3). By utilizing the 
inflection point, the data was stratified into two distinct 

groups. Subsequently, segmented regression analysis 
was conducted on each group separately. The associa-
tion between logSII, logSIRI, and logAISI with the risk 
of PAF is statistically significant when logSII ≥ 2.57, log-
SIRI ≥ -0.11, and logAISI ≥ 2.39 (per standard deviation 
increase). Specifically, a one standard deviation increase 
in logSII is associated with a 56% higher risk of PAF 
(OR = 1.56;95%CI,1.07–2.34), a one standard deviation 
increase in logSIRI is associated with a 95% higher risk 

Table 2 Logistic regression analysis on predictors of paroxysmal atrial fibrillation
Model 1 Model 2 Model 3
OR(95%CI) P OR(95%CI) P OR(95%CI) P

LogSII categories
Tertile 1 Reference Reference Reference
Tertile 2 1.219(0.598,2.485) 0.586 0.963(0.451,2.055) 0.922 1.166(0.468,2.904) 0.742
Tertile 3 2.955(1.427,6.115) 0.004 2.470(1.137,5.363) 0.022 3.196(1.287,7.937) 0.012
P for trend 0.004 0.023 0.011
LogSIRI categories
Tertile 1 Reference Reference Reference
Tertile 2 2.083(1.009,4.300) 0.047 1.620(0.750,3.497) 0.219 1.687(0.669,4.255) 0.268
Tertile 3 3.909(1.859,8.218) < 0.001 2.818(1.254,6.332) 0.012 2.884(1.099,7.568) 0.031
P for trend < 0.001 0.012 0.031
LogAISI categories
Tertile 1 Reference Reference Reference
Tertile 2 0.852(0.416,1.744) 0.661 0.721(0.338,1.537) 0.397 0.660(0.260,1.674) 0.382
Tertile 3 2.580(1.252,5.317) 0.010 1.994(0.916,4.342) 0.082 1.750(0.703,4.360) 0.229
P for trend 0.01 0.078 0.202
OR Odds Ratio, CI Confidence Interval

Model 1 was not adjusted for any confounders

Model 2 was adjusted for gender, age, diabetes, hypertension and atherosclerotic cardiovascular disease

Model 3 was adjusted for gender, age, diabetes, hypertension, atherosclerotic cardiovascular disease, body mass index, alanine transaminase, aspartate 
transaminase, total cholesterol, triglyceride, low density lipoprotein cholesterol, high density lipoprotein cholesterol, glucose, glycated hemoglobin, serum uric 
acid, serum creatinine

Fig. 2 Multivariate-adjusted OR (95% CI) of the relationships between the three systemic inflammation markers and PAF. Adjusted for gender, age, dia-
betes, hypertension, atherosclerotic cardiovascular disease, body mass index, alanine transaminase, aspartate transaminase, total cholesterol, triglyceride, 
low density lipoprotein cholesterol, high density lipoprotein cholesterol, glucose, glycated hemoglobin, serum uric acid, serum creatinine
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of PAF (OR = 1.95;95%CI,1.24–3.15), and a one standard 
deviation increase in logAISI is associated with a 150% 
higher risk of PAF (OR = 2.50;95%CI,1.35–5.25). The 
results of two piecewise linear regression models are 
demonstrated in Table 3.

Value of logSII, logSIRI and logAISI in predicting PAF by 
ROC
We calculated ROC curves to illustrate the performance 
of logSII, logSIRI, and logAISI to discriminate PAF from 
non-PAF in all participants. ROC curve analysis of logSII, 
logSIRI and logAISI showed that they had AUC of 0.609, 
0.672 and 0.613.The ability of logSII, logSIRI, and logAISI 
to predict PAF as shown in Fig. 4. We calculated the cut-
off point as 2.710 for logSII, 0.049 for logSIRI and 2.300 
for logAISI to estimate the presence of PAF with a sensi-
tivity of 51.6%, 52.7% and 50.5% as well as a specificity of 
64.9%, 72.2% and 61.9%, respectively.

Discussion
In this study, we performed a comprehensive evaluation 
of different systemic inflammation markers in association 
with the risk of PAF. The main discoveries of our investi-
gation were as follows: (1) The levels of SII, SIRI and AISI 
were significantly elevated in PAF patients compared to 
those without PAF. Furthermore, the proportion of PAF 
gradually increased with increasing logSII, logSIRI, and 
logAISI tertiles. (2) Logistic regression analysis indicated 

that elevated levels of three systemic inflammation mark-
ers are associated with an increased risk of PAF. (3) The 
RCS analysis revealed that when logSII is ≥ 2.57, logSIRI 
is ≥-0.11, and logAISI is ≥ 2.39, PAF risk increases with 
the elevation of these systemic inflammation markers in a 
non-linear relationship. (4) The ROC curve analysis dem-
onstrated favorable sensitivity and specificity of these 
systemic inflammation markers in detecting the presence 
of PAF.

This study represents the first attempt to assess the 
correlation between SII, SIRI, and AISI with PAF. One of 
the key findings of our study is consistent with previous 
research conducted by Lin et al., indicating that both SII 
and SIRI play a significant role in predicting AF [12]. In 
contrast to these studies, the objective of our study was 
to investigate the correlation between PAF, a subtype of 
AF, and systemic inflammatory markers. This suggests 
that elevated levels of these markers are strongly associ-
ated with an increased likelihood of PAF development. 
In addition, we have additionally employed RCS analy-
sis to explore the non-linear correlation between three 
systemic inflammation markers and PAF. It is notewor-
thy that Lin et al. did not perform ROC curve analysis to 
determine the optimal cut-off levels of systemic inflam-
mation markers for predicting AF occurrence. Another 
significant finding from our study was that logSIRI may 
be the optimal systemic inflammation marker for esti-
mating the risk of PAF, as it yields the most significant 

Table 3 Effect of standardized systemic inflammation markers on atrial fibrillation: adjusted odds ratios from segmented logistic 
regression analysis

OR per SD 95% CI P-value
LogSII (< 2.57) 1.09 0.67, 1.81 0.74
LogSII (≥ 2.57) 1.56 1.07, 2.34 0.026
LogSIRI (< -0.11) 1.31 0.80, 2.26 0.30
LogSIRI (≥ -0.11) 1.95 1.27, 3.15 0.004
LogAISI (< 2.39) 0.98 0.68, 1.43 0.92
LogAISI (≥ 2.39) 2.50 1.35, 5.25 0.008
OR Odds Ratio, CI Confidence Interval

ORs were adjusted for gender, age, diabetes, hypertension, atherosclerotic cardiovascular disease, body mass index, alanine transaminase, aspartate transaminase, 
total cholesterol, triglyceride, low density lipoprotein cholesterol, high density lipoprotein cholesterol, glucose, glycated hemoglobin, serum uric acid, serum 
creatinine

Fig. 3 Association between systemic inflammation markers and PAF with the RCS function. The Y-axis shows the odds ratio of having PAF for any value 
of logSII, logSIRI and logAISI compared to individuals with 2.57 of logSII, -0.11 of logSIRI and 2.39 of logAISI, respectively
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ORs (95% CIs) and performs well in segmented regres-
sion analysis and ROC analyses. Our study demonstrates 
that the assessment of SII, SIRI, and AISI levels can serve 
as valuable tools in identifying high-risk patients for 
PAF, facilitating targeted monitoring and early interven-
tion strategies. Regular surveillance of these biomarkers 
in individuals at risk can significantly contribute to the 
detection and management of PAF, potentially imped-
ing its progression. Considering the well-established 
association between inflammation and PAF, exploring 
anti-inflammatory therapies may prove advantageous for 
patients exhibiting elevated SII and SIRI levels.

The exceptional performance of SII, SIRI, and AISI as 
emerging biomarkers has been demonstrated across a 
diverse spectrum of diseases, including cancers and car-
diovascular diseases [13, 16–18]. In comparison to con-
ventional markers of inflammation, the three systemic 
inflammation markers exhibit more favorable character-
istics as indicators of inflammatory status and have con-
sistently demonstrated superior predictive power and 
prognostic value across multiple studies [19–22]. Accord-
ing to Yang’s research, the predictive capacity of SII 
surpasses that of traditional risk factors for major cardio-
vascular events in patients with coronary artery disease 
(CAD) who have undergone coronary intervention [17]. 
Consistently, another study has reported a robust asso-
ciation between SII and SIRI with both cardiovascular 

and all-cause mortality, underscoring the imperative of 
addressing systemic inflammation for enhanced preven-
tive strategies [23]. Also, the risk of major adverse cardio-
vascular events (MACE) in patients with acute coronary 
syndrome undergoing percutaneous coronary interven-
tion was significantly elevated with increasing tertiles of 
AISI and SIRI [13].

AF is a prevalent cardiac arrhythmia that significantly 
increases the risk of stroke and mortality. Inflamma-
tion, which plays a crucial role in both the initiation 
and maintenance of AF, represents an important thera-
peutic target for intervention. Despite numerous stud-
ies demonstrating the involvement of inflammatory 
factors and their resultant products, such as IL-1β, IL-6, 
IL-8,IFN-γ, TNF-α and CRP in the pathogenesis of AF 
[8, 24–27], there remains a lack of research investigating 
the association between these novel systemic inflamma-
tory markers and AF or PAF. The association between a 
higher neutrophil-to-lymphocyte ratio (NLR) and the 
onset of AF, as well as its recurrence following AF abla-
tion, is significantly strengthened [28].The pre-ablation 
NLR emerged as a robust and independent predictor of 
AF recurrence following cryoablation [29, 30].Moreover, 
based on Kaplan’s research findings, an elevated SII level 
functions as an independent prognostic indicator for the 
recurrence of AF [30]. Additionally, a study has demon-
strated that SII can serve as an independent predictor for 

Fig. 4 Receiver operating characteristic curves for systemic inflammation markers as a predictor of PAF
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the development of new-onset atrial fibrillation (NOAF) 
following STEMI [31]. Although the lymphocyte, neu-
trophil, and platelet counts were significantly lower in 
patients with PAF compared to those without PAF in 
our study, it is noteworthy that PAF patients exhibited 
elevated levels of systemic immune-inflammation indices 
(SII, SIRI, and SIAI), indicating the presence of a systemic 
inflammatory process associated with PAF. Leukocyte 
activation and inflammation play a crucial role in the 
development of atrial fibrillation, leading to electrical and 
structural remodeling [26, 32]. Inflammatory markers 
can be used to assess the risk of atrial fibrillation in indi-
viduals with varying levels of inflammation. Therefore, 
these novel systemic inflammatory markers, in conjunc-
tion with conventional inflammation factors, may offer 
a straightforward and dependable approach to evaluate 
the risk of PAF among individuals with varying levels of 
inflammatory status.

Several limitations associated with the present study 
warrant mention. First, this study was a retrospective 
analysis based on prospectively collected data, and all 
enrolled patients were from a single centre. The pres-
ence of imbalances in baseline characteristics is likely to 
occur in small single-center studies like this, which may 
contribute to the associations being influenced by signifi-
cant differences in baseline characteristics. Second, the 
inclusion of specific inflammatory biomarkers was not 
considered in this study, and the evaluation was limited 
to only three closely related cell-based parameters, which 
represents a constraint in terms of assessing inflamma-
tory indicators. Third, the sample size in this study was 
relatively small, and data splitting and cross-validation 
were not be applied, which may lead to overfitting. What 
is more, the observational design of the study identifies 
only an association and not causality. Thus, further stud-
ies with larger patient populations will be needed to vali-
date our findings.

Conclusion
In conclusion, the proportion of PAF gradually increased 
with increasing logSII, logSIRI, and logAISI tertiles. 
Compared to those in the lowest tertiles, the PAF risks 
in the highest logSII and logSIRI tertiles were 3.2-fold 
and 2.9-fold, respectively. The RCS analysis revealed a 
non-linear relationship between the elevation of systemic 
inflammation markers and PAF risk. The ROC curve 
analysis of logSII, logSIRI, and logAISI yielded AUC 
values of 0.6, 0.7, and 0.6, respectively. Moreover, these 
systemic inflammation markers exhibited favorable sen-
sitivity and specificity in detecting the presence of PAF.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12872-024-04004-9.

Supplementary Material 1

Acknowledgements
We would like to acknowledge the hard and dedicated work of all the staff of 
the study.

Author contributions
XCZ and LH designed the research study. NKJ and JNH performed the 
research. JH and XDC completed data collation and validation. XCZ wrote the 
main manuscript text. LH revised the final draft and supervised it. All authors 
reviewed the manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by the Zhejiang Medical Association Clinical 
Research Fund Project (Project No. 2021ZYC-A130); Ningbo Hangzhou Bay 
Hospital Set Sail Talent Program (Project No. WY-KJ-QH-202105);Ningbo Public 
Welfare Science and Technology Project(2021S126).

Data availability
Data is provided within the manuscript or supplementary information files. 
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
We confirm that all methods were carried out by relevant guidelines 
and regulations. The experimental protocols employed in this study 
were approved by the ethics committee of our hospital, and the study 
itself was approved by the Ethics Committee of Ningbo Hangzhou Bay 
Hospital(LY202303). The eligible subjects for our study were provided with 
detailed information during outpatient follow-up and telephone contact 
to ensure their informed consent, and the study was conducted only after 
obtaining consent from the enrolled subjects.All participants provided 
informed consent by signing both paper forms (for outpatient follow-up) and 
electronic forms (for telephone follow-up).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 January 2024 / Accepted: 23 June 2024

References
1. Andrade J, Khairy P, Dobrev D, Nattel S. The clinical profile and pathophysiol-

ogy of atrial fibrillation: relationships among clinical features, epidemiology, 
and mechanisms. Circ Res. 2014;114(9):1453–68.

2. Nattel S, Dobrev D. Electrophysiological and molecular mechanisms of parox-
ysmal atrial fibrillation. Nat Rev Cardiol. 2016;13(10):575–90.

3. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-Lundqvist C, 
Boriani G, Castella M, Dan GA, Dilaveris PE, et al. Corrigendum to: 2020 ESC 
guidelines for the diagnosis and management of atrial fibrillation developed 
in collaboration with the European Association for Cardio-Thoracic Surgery 
(EACTS): the Task Force for the diagnosis and management of atrial fibrillation 
of the European Society of Cardiology (ESC) developed with the special 
contribution of the European Heart Rhythm Association (EHRA) of the ESC. 
Eur Heart J. 2021;42(40):4194.

4. Clua-Espuny JL, Lechuga-Duran I, Bosch-Princep R, Roso-Llorach A, Panisello-
Tafalla A, Lucas-Noll J, Lopez-Pablo C, Queralt-Tomas L, Gimenez-Garcia E, 
Gonzalez-Rojas N, et al. Prevalence of undiagnosed atrial fibrillation and of 
that not being treated with anticoagulant drugs: the AFABE study. Rev Esp 
Cardiol (Engl Ed). 2013;66(7):545–52.

https://doi.org/10.1186/s12872-024-04004-9
https://doi.org/10.1186/s12872-024-04004-9


Page 9 of 9Zhao et al. BMC Cardiovascular Disorders          (2024) 24:334 

5. Seet RC, Friedman PA, Rabinstein AA. Prolonged rhythm monitoring for 
the detection of occult paroxysmal atrial fibrillation in ischemic stroke of 
unknown cause. Circulation. 2011;124(4):477–86.

6. Howlett PJ, Hatch FS, Alexeenko V, Jabr RI, Leatham EW, Fry CH. Diagnosing 
Paroxysmal Atrial Fibrillation: Are Biomarkers the Solution to This Elusive 
Arrhythmia? Biomed Res Int. 2015;2015:910267.

7. Zhang C, Kasner SE. Paroxysmal Atrial Fibrillation in Cryptogenic Stroke: an 
overlooked explanation? Curr Atheroscler Rep. 2015;17(12):66.

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

9. Conen D, Ridker PM, Everett BM, Tedrow UB, Rose L, Cook NR, Buring JE, 
Albert CM. A multimarker approach to assess the influence of inflam-
mation on the incidence of atrial fibrillation in women. Eur Heart J. 
2010;31(14):1730–6.

10. Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL, Rautaharju P, 
Kronmal RA, Tracy RP, Van Wagoner DR, Psaty BM, Lauer MS, et al. Inflamma-
tion as a risk factor for atrial fibrillation. Circulation. 2003;108(24):3006–10.

11. Ye Z, Hu T, Wang J, Xiao R, Liao X, Liu M, Sun Z. Systemic immune-inflamma-
tion index as a potential biomarker of cardiovascular diseases: a systematic 
review and meta-analysis. Front Cardiovasc Med. 2022;9:933913.

12. Lin KB, Fan FH, Cai MQ, Yu Y, Fu CL, Ding LY, Sun YD, Sun JW, Shi YW, Dong 
ZF, et al. Systemic immune inflammation index and system inflammation 
response index are potential biomarkers of atrial fibrillation among the 
patients presenting with ischemic stroke. Eur J Med Res. 2022;27(1):106.

13. Fan W, Wei C, Liu Y, Sun Q, Tian Y, Wang X, Liu J, Zhang Y, Sun L. The prognostic 
value of hematologic inflammatory markers in patients with Acute Coronary 
Syndrome undergoing percutaneous coronary intervention. Clin Appl 
Thromb Hemost. 2022;28:10760296221146183.

14. Tian BW, Yang YF, Yang CC, Yan LJ, Ding ZN, Liu H, Xue JS, Dong ZR, Chen ZQ, 
Hong JG, et al. Systemic immune-inflammation index predicts prognosis of 
cancer immunotherapy: systemic review and meta-analysis. Immunotherapy. 
2022;14(18):1481–96.

15. Levy S, Camm AJ, Saksena S, Aliot E, Breithardt G, Crijns H, Davies W, Kay N, 
Prystowsky E, Sutton R, et al. International consensus on nomenclature and 
classification of atrial fibrillation; a collaborative project of the Working Group 
on Arrhythmias and the Working Group on Cardiac Pacing of the European 
Society of Cardiology and the North American Society of Pacing and Electro-
physiology. Europace. 2003;5(2):119–22.

16. Dziedzic EA, Gasior JS, Tuzimek A, Dabrowski M, Jankowski P. The Association 
between Serum Vitamin D Concentration and New Inflammatory Biomark-
ers-Systemic Inflammatory Index (SII) and Systemic Inflammatory Response 
(SIRI)-In Patients with Ischemic Heart Disease. Nutrients 2022;14(19).

17. Yang YL, Wu CH, Hsu PF, Chen SC, Huang SS, Chan WL, Lin SJ, Chou CY, 
Chen JW, Pan JP, et al. Systemic immune-inflammation index (SII) predicted 
clinical outcome in patients with coronary artery disease. Eur J Clin Invest. 
2020;50(5):e13230.

18. Bailey-Whyte M, Minas TZ, Dorsey TH, Smith CJ, Loffredo CA, Ambs S. Sys-
temic Inflammation Indices and Association with prostate Cancer survival in 
a diverse patient cohort. Cancers (Basel). 2023;15(6).

19. Li J, Cao D, Huang Y, Xiong Q, Tan D, Liu L, Lin T, Wei Q. The prognostic and 
clinicopathological significance of systemic Immune-inflammation index in 
bladder Cancer. Front Immunol. 2022;13:865643.

20. Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, Zhang X, Wang WM, Qiu SJ, Zhou 
J, et al. Systemic immune-inflammation index predicts prognosis of patients 
after curative resection for hepatocellular carcinoma. Clin Cancer Res. 
2014;20(23):6212–22.

21. Chao B, Ju X, Zhang L, Xu X, Zhao Y. A novel prognostic marker systemic 
inflammation response index (SIRI) for operable cervical Cancer patients. 
Front Oncol. 2020;10:766.

22. Wang HK, Wei Q, Yang YL, Lu TY, Yan Y, Wang F. Clinical usefulness of the 
lymphocyte-to-monocyte ratio and aggregate index of systemic inflamma-
tion in patients with esophageal cancer: a retrospective cohort study. Cancer 
Cell Int. 2023;23(1):13.

23. Xia Y, Xia C, Wu L, Li Z, Li H, Zhang J. Systemic Immune inflammation index 
(SII), system inflammation response index (SIRI) and risk of all-cause Mortality 
and Cardiovascular Mortality: a 20-Year Follow-Up Cohort Study of 42,875 US 
adults. J Clin Med. 2023;12(3).

24. Cabaro S, Conte M, Moschetta D, Petraglia L, Valerio V, Romano S, Di Tolla 
MF, Campana P, Comentale G, Pilato E, et al. Epicardial adipose tissue-
derived IL-1beta triggers postoperative Atrial Fibrillation. Front Cell Dev Biol. 
2022;10:893729.

25. Lim GB. Arrhythmias: IL-6 and risk of atrial fibrillation in chronic kidney 
disease. Nat Rev Cardiol. 2016;13(4):183.

26. Friedrichs K, Klinke A, Baldus S. Inflammatory pathways underlying atrial fibril-
lation. Trends Mol Med. 2011;17(10):556–63.

27. Huang J, Xiang Y, Zhang H, Wu N, Chen X, Wu L, Xu B, Li C, Zhang Z, Tong S, et 
al. Plasma level of Interferon-gamma predicts the prognosis in patients with 
New-Onset Atrial Fibrillation. Heart Lung Circ. 2020;29(7):e168–76.

28. Li Z, Cui L, Ma J, Ma X, Li G. Association between neutrophil to lymphocyte 
ratio and atrial fibrillation. Int J Cardiol. 2015;187:361–2.

29. Canpolat U, Aytemir K, Yorgun H, Sahiner L, Kaya EB, Kabakci G, Tokgozoglu 
L, Oto A. Role of preablation neutrophil/lymphocyte ratio on outcomes of 
cryoballoon-based atrial fibrillation ablation. Am J Cardiol. 2013;112(4):513–9.

30. Kaplan E, Ekizler FA, Saribas H, Tak BT, Cay S, Korkmaz A, Ozeke O, Ozcan F, 
Topaloglu S, Aras D. Effectiveness of the systemic immune inflammation 
index to predict atrial fibrillation recurrence after cryoablation. Biomark Med. 
2023;17(2):101–9.

31. Bagci A, Aksoy F. Systemic immune-inflammation index predicts new-onset 
atrial fibrillation after ST elevation myocardial infarction. Biomark Med. 
2021;15(10):731–9.

32. Lessomo FYN, Fan Q, Wang ZQ, Mukuka C. The relationship between leuko-
cyte to albumin ratio and atrial fibrillation severity. BMC Cardiovasc Disord. 
2023;23(1):67.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	The association between systemic inflammation markers and paroxysmal atrial fibrillation
	Abstract
	Introduction
	Materials and methods
	Study population
	Data Collection
	Statistical analysis

	Results
	Systemic inflammation markers and PAF proportion
	Systemic inflammation markers and PAF risk
	Value of logSII, logSIRI and logAISI in predicting PAF by ROC

	Discussion
	Conclusion
	References


