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Myeloperoxidase and its derivative il

hypochlorous acid combined clinical indicators
predict new-onset atrial fibrillation in sepsis:
a case-control study
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Abstract

Backgroud New-onset atrial fibrillation (NOAF) is a common complication of sepsis and linked to higher death rates
in affected patients. The lack of effective predictive tools hampers early risk assessment for the development of NOAF.
This study aims to develop practical and effective predictive tools for identifying the risk of NOAF.

Methods This case-control study retrospectively analyzed patients with sepsis admitted to the emergency depart-
ment of Xinhua Hospital, Shanghai Jiao Tong University School of Medicine from September 2017 to January 2023.
Based on electrocardiographic reports and electrocardiogram monitoring records, patients were categorized

into NOAF and non-NOAF groups. Laboratory tests, including myeloperoxidase (MPO) and hypochlorous acid
(HOCI), were collected, along with demographic data and comorbidities. Least absolute shrinkage and selection
operator regression and multivariate logistic regression analyses were employed to identify predictors. The area
under the curve (AUC) was used to evaluate the predictive model’s performance in identifying NOAF.

Results A total of 389 patients with sepsis were included in the study, of which 63 developed NOAF. MPO and HOCI
levels were significantly higher in the NOAF group compared to the non-NOAF group. Multivariate logistic regression
analysis identified MPO, HOCI, tumor necrosis factor-a (TNF-a), white blood cells (WBC), and the Acute Physiology

and Chronic Health Evaluation Il (APACHE Il) score as independent risk factors for NOAF in sepsis. Additionally, a nomo-
gram model developed using these independent risk factors achieved an AUC of 0.897.

Conclusion The combination of MPO and its derivative HOCI with clinical indicators improves the prediction
of NOAF in sepsis. The nomogram model can serve as a practical predictive tool for the early identification of NOAF
in patients with sepsis.
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Background

Sepsis is a life-threatening organ dysfunction caused by a
dysregulated host response to infection [1]. Patients with
sepsis exhibit a higher incidence of atrial fibrillation (AF)

*WCOFT?SFEP”de”CGI compared to those without sepsis. A meta-analysis con-
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(NOAF) in septic patients is estimated to range between
10% and 46% [3]. NOAF in patients with sepsis typi-
cally indicates a poor prognosis, resulting in significantly
longer hospital stays and an increased risk of long-term
stroke and death [4, 5]. Given the risk of acute hemody-
namic compromise and the poor long-term prognosis
associated with NOAF during sepsis, early identification
of modifiable risk factors is crucial for guiding the pre-
vention and treatment of NOAF in sepsis.

Inflammation and immunity are known to play a causal
role in the occurrence and development of AF [6-8]. Sev-
eral inflammatory cytokines and T-cell surface antigens,
including C-reactive protein (CRP), uric acid/albumin
ratio, interleukin (IL)-6, IL-1f3, myeloperoxidase (MPO),
tumor necrosis factor-a (TNF-a), cluster of differentia-
tion (CD)3, CD4, and CDS8, have been identified as bio-
markers for predicting the incidence of AF and/or the
outcome of AF ablation [9-14]. MPO is a heme protease
with a heme cofactor and is a member of the heme per-
oxidase superfamily. Its primary function is to catalyze
the formation of hypochlorous acid (HOCI) from chlo-
ride ions, form free radicals with oxidizing ability, and
kill bacteria and invasive pathogenic microorganisms.
Besides its role in defense, MPO is also implicated in
the pathogenesis of various cardiovascular diseases [15].
Studies show that MPO can be involved in the athero-
genic process through several mechanisms and can also
promote ventricular remodeling due to ischemic arrhyth-
mias [16—18]. Peripheral blood MPO levels are identified
as an independent predictor of prognosis in patients with
acute myocardial infarction [19]. MPO can also catalyze
the conversion of matrix metalloproteinase precursors
to activated matrix metalloproteinases, which regulate
extracellular matrix degradation, cause atrial fibrosis,
and promote the development of AF [20]. However, the
potential of MPO and HOCI as predictors of NOAF in
sepsis remains unclear.

To address this issue, we conducted a retrospective
study to analyze the predictive role of MPO and HOCI
for NOAF in sepsis.

Methods

Study population

The study was a single-center, case-control study that
enrolled patients with sepsis who presented to the
emergency department of Xinhua Hospital, Shang-
hai Jiao Tong University School of Medicine from Sep-
tember 2017 to January 2023. The diagnostic criteria
for sepsis were based on the 2016 joint release of sep-
sis version 3.0 by the American Society of Critical Care
Medicine (SCCM) and the European Society of Inten-
sive Care Medicine (ESICM) [1]. The criteria included:
(i) patients with confirmed or suspected infection, and
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(ii) a Sequential Organ Failure Assessment (SOFA) score
of >2. Patients with sepsis were observed for the occur-
rence of NOAF within 7 days after hospital admission.
The identification of NOAF in sepsis was based on elec-
trocardiographic reports and electrocardiogram (ECQG)
monitoring records. NOAF in sepsis was defined as: (i)
no history of AF, and (ii) absence of P-waves and irregu-
lar ventricular activity lasting more than 30 s. The exclu-
sion criteria were: (i) previous history of AF, (ii) recent
history of cardiac surgery, (iii) pacemaker implantation,
(iv) valvular heart disease, and (v) missing or incomplete
clinical data or electrocardiograms. Figure 1 presents the
recruitment flowchart.

Data collection

Baseline characteristics, including demographic data,
laboratory parameters, and comorbidities, were col-
lected by reviewing medical records. The following data
were obtained within 24 h of patient admission: age, sex,
comorbidities, site of infection, white blood cells (WBC),
neutrophils, neutrophil percentage, CRP, procalcitonin
(PCT), TNF-a, MPO, HOCI, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), creatinine
(CR), troponin I (TNI), N-terminal pro-brain natriuretic
peptide (NT-proBNP), potassium, triglyceride (TG), total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-c), low-density lipoprotein cholesterol (LDL-c),
CD3, CD4, CD8, CD3%, CD4%, CD8%, and CD4/CD8
ratio. Parameters from transthoracic echocardiography
included: left atrium diameter (LAD), left ventricular
end-diastolic dimension (LVEDD), left ventricular end-
systolic dimension (LVESD), left ventricular ejection
fraction (LVEF), and left ventricular fractional short-
ening (LVES). Scores from severity of illness classifica-
tion systems, including the SOFA score and the Acute
Physiology and Chronic Health Evaluation II (APACHE
II) score, were recorded for each individual at the time
of admission. mRNA sequencing and detection of MPO
and HOCl levels using the patients’ previous blood speci-
mens. The study was approved by the Ethics Commit-
tee of Xinhua Hospital Affiliated to Shanghai Jiao Tong
University School of Medicine (no. XHEC-D-2023-079).
Each patient signed an informed consent form.

mRNA sequencing

Total RNA from patients was extracted according to the
instructions of the PAXgene Blood miRNA Kit (Qiagen,
Germany). This was followed by sequencing, data analy-
sis, quality control, mapping of reads to the reference
genome, prediction of novel transcripts, gene functional
annotation, quantification of gene expression levels, and
differential expression analysis. The relevant data can be
accessed through PRINA953162.
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58 had known AF

35 had a pacemaker

25 had valvular heart disease
16 had a recent cardiac surgery
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clinical data or ECG ]

389 were
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outcome
analysis

326 had no
new-onset AF

63 had new-
onset AF

Fig. 1 The flowchart of patient inclusion. AF: atrial fibrillation; ECG: electrocardiogram

Detection of MPO and HOCI

According to the kit instructions (MPO: WELLBI, China;
HOCI: AAT Bioquest, USA), serum MPO levels were
measured by colorimetry, and serum HOCI levels were
measured by fluorescence colorimetry.

Statistical analysis

Statistical analyses were performed using SPSS version 26
and R version 4.1.3, with differences considered statisti-
cally significant when the P value was <0.05. Continuous
variables were presented as medians and interquartile
ranges, while categorical variables were expressed as fre-
quencies and percentages. The Wilcoxon rank-sum test
was used to compare continuous variables between the
two groups, and the Fisher exact test was used for cat-
egorical variables. Least absolute shrinkage and selection
operator (LASSO) regression was employed to screen
variables and select those with non-zero coefficients.
Multivariate logistic regression analysis was used to
assess the association between risk variables and NOAF.

Results

Study population and incidence of NOAF

A total of 617 patients with sepsis were included in this
study. The incidence of NOAF within 7 days of admission
was evaluated in 389 eligible patients based on the inclu-
sion and exclusion criteria. Of these, 326 patients did
not develop NOAF, while 63 patients did, resulting in an
incidence of 16.2% for NOAF within 7 days of admission
(Fig. 1).

Characteristics of septic patients with and without NOAF

The characteristics of septic patients, grouped by their
AF status, were compared in Table 1. Patients in the
NOAF group were significantly older than those in the
non-NOAF group (median: 76 vs. 71 years, P=0.003).
In terms of comorbidities, patients with NOAF had a
higher incidence of coronary artery disease (CAD) and
heart failure compared to those without NOAF. How-
ever, there were no significant differences between
the two groups in hypertension, diabetes mellitus
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Table 1 Characteristics of septic patients with and without NOAF

Characteristics Overall patients (n=389) Pvalue
non-NOAF (n=326) NOAF (n=63)
Age, years 71 (64-81) 76 (69-83) 0.003
Male, n (%) 206 (63.19) 36 (57.14) 0.365
Comorbidities, n (%)
Hypertension 174 (53.37) 40 (63.49) 0.139
CAD 83 (25.46) 27 (42.86) 0.005
Heart failure 35(10.74) 13(20.63) 0.029
DM 123 (37.73) 25(39.68) 0.770
COPD 22(6.75) 6(9.52) 0.607
Stroke 40(12.27) 11 (17.46) 0.264
Malignancy 6(1.84) 4 (6.35) 0.102
Renal insufficiency 29 (8.90) 7(1.11) 0.579
Infection site, n (%)
Respiratory tract 154 (47.24) 34 (53.97) 0328
Gastrointestinal tract 80 (24.54) 10 (15.87) 0.135
Urinary tract 84(25.77) 17 (26.98) 0.840
Skin and soft tissue 6(1.84) 1(1.59) 1.000
Nervous system 2(0.61) 1(1.59) 0.982
Laboratory
WBC (10°/L) 9.1 (646-13.32) 144 (10.6-19.64) <0.001
Neutrophils (10%/L) 7.5(4.83-11.8) 11.67 (8.85-17.73) <0.001
Neutrophil percentage (%) 83.55 (76-89.6) 88.8(85.2-92.1) <0.001
CRP (mg/L) 122 (52-160) 160 (91-160) 0.005
PCT (ng/mL) 1.28(0.22-11.1) 12.53 (0.75-58.3) <0.001
TNF-a (pg/mL) 18.2 (12.45-29.38) 334 (22.6-55.7) <0.001
CD3% 66 (56.7-72.97) 66.35 (57.26-74.8) 0.655
CD4% 40.17 (32.13-48.47) 384 (30.75-46.32) 0414
CD8% 21.38(15.92-28.86) 25.16 (17.58-31.92) 0.109
CD4/CDS8 ratio 1.84(1.19-2.78) 1.6 (1.11-2.24) 0.115
CD3 (cells/uL) 548.85 (336.44-794.80) 430.19 (332.72-664.85) 0.143
CD4 (cells/uL) 336.65 (207.65-500.04) 255.7 (181.85-429.65) 0.060
CD8 (cells/uL) 178.03 (110.5-288.43) 182.61(102.69-242.57) 0.798
ALT (U/L) 25 (16-46.25) 25 (14-42) 0.569
AST (U/L) 35(23-59) 39 (24-55) 0.382
CR (umol/L) 78 (60-114) 114.7 (76.30-171.60) <0.001
TNI (ng/mL) 0.03 (0.01-0.09) 0.07 (0.03-047) <0.001
NT-proBNP (pg/mL) 740.9 (242.68-2509) 2828 (1231-7270) <0.001
Potassium (mmol/L) 3.66 (3.42-4) 3.83(3.37-4.22) 0.136
TG (mmol/L) 1.3 (0.89-1.75) 1.16 (0.92-1.67) 0.390
TC (mmol/L) 349 (2.78-4.07) 3.27(2.59-4.07) 0.253
HDL-c (mmol/L) 0.86 (0.67-1.09) 0.82 (0.55-1.11) 0474
LDL-c (mmol/L) 1.84 (1.24-243) 1.51(1.05-1.99) 0.005
Echocardiography
LVEF (%) 66.1 (64-68.20) 65 (62-68) 0.028
LVFS (%) 37(35-39) 35.8(32-39) 0.005
LVEDD (mm) 484 (46-51.20) 48 (46.20-51) 0.845
LVESD (mm) 31(29.28-33) 31.3(30-34) 0.101
LAD (mm) 36.65 (33.28-39) 35(32.90-37.80) 0.116
Severity on admission
SOFA score 2(2-4) 4(3-5) <0.001
APACHE Il score 10 (8-13) 14 (10-18) <0.001

ALT alanine aminotransferase, APACHE Il Acute Physiology and Chronic Health Evaluation I, AST aspartate aminotransferase, CAD coronary artery disease, CD cluster of
differentiation, COPD chronic obstructive pulmonary disease, CR creatinine CRP C-reactive protein, DM diabetes mellitus, HDL-c high-density lipoprotein cholesterol,
LAD left atrium diameter, LDL-c low-density lipoprotein cholesterol, LVEDD left ventricular end-diastolic dimension, LVEF left ventricular ejection fraction LVESD left
ventricular end-systolic dimension, LVFS left ventricular fractional shortening, NOAF new-onset atrial fibrillation, NT-proBNP N-terminal pro-brain natriuretic peptide,
PCT procalcitonin, SOFA Sequential Organ Failure Assessment, TC total cholesterol, TG triglyceride, TNF-a tumor necrosis factor-a, TN/ troponin |, WBC white blood cells
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(DM), chronic obstructive pulmonary disease (COPD),
stroke, malignancy, and renal insufficiency. There was
also no statistically significant difference regarding the
site of infection.

Statistical differences were observed between the
two groups in WBC, neutrophils, neutrophil percent-
age, CRP, PCT, TNF-a, CR, TNI, NT-proBNP, and
LDL-c. However, no statistical differences were noted
in ALT, AST, potassium, TG, TC, HDL-c, CD3, CD4,
CD8, CD3%, CD4%, CD8%, and CD4/CD8 ratio.

On echocardiography, LVEF and LVFS were lower
in the NOAF group than in the non-NOAF group,
whereas LVEDD, LVESD, and LAD were not statisti-
cally different between the two groups. Patients with
NOAF had significantly higher SOFA and APACHE II
scores, which are widely used to evaluate the severity
of septic patients. There were statistically significant
differences in SOFA and APACHE II scores between
the non-NOAF and NOAF groups, with SOFA and
APACHE II scores of 2 vs. 4 and 10 vs. 14, respectively.

Serum sequencing analysis and detection of MPO

and HOCl levels

To further explore the levels of inflammation in the
two groups of patients, deep sequencing analysis was
performed on the serum of NOAF and non-NOAF
patients. As shown in Fig. 2b, a total of 896 upregu-
lated genes and 1,029 downregulated genes were
detected in NOAF patients compared to non-NOAF
patients. Enrichment analysis based on gene ontol-
ogy (GO) revealed differences in biological processes
and cellular components (Fig. 2a). Cluster of ortholo-
gous groups (COQG) analysis also showed several gene
function changes in both groups (Fig. 2¢). Finally, par-
tial differential gene expression in NOAF and non-
NOAF groups was displayed in a heatmap (Fig. 2d).
Interestingly, the expression of MPO was significantly
increased in the NOAF group. MPO and HOCI levels
were further measured by colorimetry and fluores-
cence colorimetry. As shown in Fig. 2e, the concentra-
tion of MPO and HOCI was higher in the NOAF group
compared to the non-NOAF group. These results sug-
gest that MPO and HOCI may be predictors of NOAF
in sepsis.

Selection of risk factors for NOAF in sepsis

and the construction of a predictive model

To better predict the occurrence of NOAF in sepsis,
we constructed a predictive model using LASSO and
multivariate logistic regression analyses. Based on the
data, the important variables associated with the occur-
rence of NOAF were selected: age, CAD, heart failure,
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WBC, neutrophils, neutrophil percentage, CRP, PCT,
TNF-a, MPO, HOCI, CR, TNI, NT-proBNP, LDL-c,
SOFA score, APACHE II score, LVEF, and LVES. These
variables were screened by LASSO regression, and 5
predictors with non-zero coefficients were selected,
including HOC], TNF-a, WBC, APACHE II score, and
PCT (Fig. 3). Based on the results of patient serum
sequencing and testing, MPO was included for multi-
variate logistic regression analysis. Finally, after mul-
tivariate logistic regression analysis, MPO, HOCI,
TNF-a, WBC, and APACHE II score were identified as
independent risk factors for NOAF in sepsis (Table 2).
We weighted the regression coefficients of the risk fac-
tors in multivariate logistic regression and developed
a risk score formula for predicting NOAF in sepsis.
Risk score=—-9.83+0.56 (MPO)+0.04 (HOCI)+0.02
(TNF-a)+0.11 (WBC)+0.10 (APACHE 1II score). Pre-
dicted risk=1 / (14 e "k score) The nomogram model
for predicting the probability of NOAF in sepsis was
developed based on these risk factors (Fig. 4).

Predictive value of independent risk factors for NOAF

in sepsis

Finally, we analyzed the predictive value of each fac-
tor and their combination for NOAF in sepsis. Among
individual indicators, HOCI had the strongest predic-
tive efficacy with an AUC of 0.789, followed by TNEF-q,
WBC, APACHE II score, and MPO with AUCs of 0.724,
0.724, 0.706, and 0.61, respectively. The AUC increased
to 0.813 when combining TNF-a, WBC, and APACHE
II score (Fig. 5a). The AUC further increased to 0.897
when combining MPO, HOCI, TNF-a, WBC, and
APACHE 1I score (Fig. 5b), which significantly elevated
the AUC (P<0.001) (Fig. 5c). These results suggest that
the combination of MPO and HOCI with TNF-a, WBC,
and APACHE II score could be more effective in pre-
dicting the occurrence of NOAF in sepsis.

Discussion

In our study, a total of 389 patients with sepsis were
included, 63 of whom presented with NOAF, resulting
in an incidence of 16.20%. Septic patients with NOAF
had higher levels of MPO and HOCI compared to those
without NOAEF. Moreover, we found that MPO, HOC],
TNF-a, WBC, and APACHE II score were independ-
ent risk factors for NOAF through multivariate logistic
regression analysis. Based on these predictors, we cre-
ated a nomogram model. Additionally, we analyzed the
predictive efficacy of these predictors and found that
the combination of MPO and HOCI with TNF-a, WBC,
and APACHE II score could better predict the occur-
rence of NOAF in sepsis.
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Table 2 Relationship between risk factors and NOAF in septic

patients

Variables B OR (95% Cl) Pvalue
Intercept -9.83 <0.001
MPO 0.56 1.74 (1.08-2.83) 0.024
HOCI 0.04 1.04 (1.03-1.05) <0.001
TNF-a 0.02 1.02 (1.01-1.03) 0.001
WBC 0.11 1.12(1.06-1.18) <0.001
APACHE Il score 0.10 1.11(1.04-1.18) 0.003

APACHE Il Acute Physiology and Chronic Health Evaluation II, C/ confidence
interval, HOCI hypochlorous acid, MPO myeloperoxidase, OR odds ratio, TNF-a
tumor necrosis factor-a, WBC white blood cells

Risk factors for NOAF in sepsis include advanced age,
male sex, respiratory and cardiovascular diseases, and
heart and respiratory failure. Many epidemiological

studies have shown that advanced age is an independent
risk factor for NOAF in patients with sepsis [21-23]. It
is well known that advanced age is a risk factor for AF
in both in the general population and intensive care unit
patients [24]. Myocardial anatomy and electrophysiology
change with age. The mean age of patients with NOAF
in sepsis in this study was 76 years, but age was not an
independent risk factor. Recently, data from an interna-
tional multicenter (45 countries) CLARIFY registry study
showed that NOAF is common in patients with chronic
coronary syndromes and is strongly associated with
worse outcomes [25]. There may be a bidirectional inter-
action between the pathophysiology of AF and CAD. On
the one hand, AF may be involved in the progression of
CAD by exacerbating endothelial dysfunction and sys-
temic inflammation. On the other hand, the presence of
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Fig.4 Nomogram model for predicting the risk of NOAF in septic patients. APACHE II: Acute Physiology and Chronic Health Evaluation II; HOCI:
hypochlorous acid; MPO: myeloperoxidase; TNF-a: tumor necrosis factor-a; WBC: white blood cells

CAD may lead to atrial ischemia or infarction, which may
contribute to the development of AF through a variety of
mechanisms (re-entry phenomena, focal ectopic activ-
ity, and autonomic imbalance in favor of the sympathetic
system) [26]. Interestingly, the majority of extensively
studied AF risk factors to date (including aging, male sex,
hypertension, valvular heart disease, left-ventricular dys-
function, obesity, alcohol consumption, smoking, DM,
and obstructive sleep apnea) overlap with CAD risk fac-
tors [27]. Moreover, CAD and AF share common patho-
physiological bases, with inflammation playing a central
role in the development and propagation of both AF and
CAD [28]. In our study, patients with NOAF had a higher
incidence of CAD compared to those without NOAF.
However, CAD was not an independent risk factor which
may be related to the weaker effect of CAD on NOAF in
sepsis.

T lymphocytes are closely associated with the onset
and development of various cardiovascular diseases.
Helper T lymphocytes and cytotoxic T lymphocytes pro-
mote the development and progression of atherosclerosis

[29, 30]. The expression of CD3 +lymphocytes in the left
atrial appendage is significantly higher in patients with
paroxysmal AF and persistent AF than in patients with
sinus rhythm [7]. In our study, there was no significant
difference in the proportion of T lymphocytes in the
peripheral blood between septic patients with and with-
out NOAF. This suggests that NOAF in septic patients
may be caused by elevated levels of pro-inflammatory
cytokines during sepsis [31].

Previous studies have found that inflammation plays
a crucial role in the development of AF [32, 33]. In our
study, we observed that inflammatory markers such as
WBC, TNF-a, and CRP were significantly elevated in
septic patients with NOAF. WBC, an indicator of sys-
temic inflammation, is associated with an increased
risk of cardiovascular disease [34, 35]. A higher WBC
is positively correlated with a higher risk of AF [36,
37]. In this study, the WBC was significantly higher in
the NOAF group compared to the non-NOAF group
(median: 14.40 vs. 9.10, P<0.001), and it also served
as an independent risk factor for NOAF [odds ratio
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(OR): 1.12, 95% confidence interval (CI): 1.06—1.18)].
TNF-a is a glycoprotein and a peptide hormone syn-
thesized primarily by monocytes and macrophages. It
has been extensively studied in various cardiovascular
disease settings [38]. TNF-a stimulates acute immune
cell responses and induces inflammation. Serum TNF-a
levels are significantly higher in patients with AF com-
pared to those in sinus rhythm and levels are higher
in those with persistent and permanent AF than in
patients with paroxysmal AF [39]. High serum TNF-a
levels are associated with a higher risk of AF. Serum
levels at hospital admission in patients with chronic AF
also predict the risk of future stroke [40]. In this study,
TNF-a was identified as a significant risk factor for
NOAF with an OR value of 1.02 (95% CI: 1.01-1.03).
Elevated CRP level may be an independent predictor of
all-cause mortality, stroke, and major adverse cardio-
vascular events in patients with AF, and baseline CRP
levels can provide important prognostic information
for risk classification of patients in AF [41]. A meta-
analysis from 2022 including 21 studies concluded
that high-sensitivity CRP (hsCRP) is a predictor for AF
recurrence after AF-Ablation [42]. In this study, hsCRP
data were not available, and CRP levels were higher in
the NOAF group than in the non-NOAF group, but
CRP was not an independent risk factor.

Inflammatory cell infiltration in the myocardium is
associated with an increased risk of AF [43]. Inflamma-
tory indicators can reduce myocardial contractility by
upregulating myocardial nitric oxide synthase and down-
regulating sarcoplasmic reticulum Ca**-ATPase (SERCA)
[44]. This infiltration leads to myocardial micro-abscesses
and promotes myocardial fibrosis [45]. Our unpublished

studies have shown that during sepsis, neutrophils infil-
trate the atrium and secrete more MPO. Its derivative
HOCI leads to cellular calcium overload by downregu-
lating SERCA expression and activity in atrial myocytes,
ultimately contributing to the occurrence of AF. Through
deep sequencing analysis of peripheral blood from NOAF
and non-NOAF patients, we found that the expression of
the MPO gene was significantly increased in the NOAF
group. We also measured the levels of MPO and HOCl in
the serum by colorimetry and fluorescence colorimetry,
finding that their levels were higher in the NOAF group.
Further analysis identified both as independent risk fac-
tors for NOAF in sepsis (MPO: OR: 1.74, 95% CI: 1.08—
2.83; HOCI: OR: 1.04, 95% CI: 1.03—1.05).

The APACHE 11 score is currently the most widely used
clinical score to evaluate the physiological and patho-
logical status and severity of a patient’s condition [46].
Within the first 24 h of a patient’s admission, the worst
value of each physiological variable is calculated as an
integer score from 0 to 71. Higher scores indicate more
severe disease and a higher risk of death in the hospi-
tal. Our study suggested that the APACHE II score is an
independent risk factor for NOAF in sepsis (OR: 1.11,
95% CI: 1.04-1.18).

Previous studies have also attempted to predict the
occurrence of NOAF in sepsis. Wetterslev M systemati-
cally analyzed and discussed the risk factors for NOAF
in critically ill adult patients but did not develop a sim-
ple and practical predictive model [31]. Furthermore, one
study developed a risk factor scoring system for NOAF in
sepsis, but it was more complex to use and had a C-sta-
tistic of 0.81 [21]. A recent study that included 2,492
patients with sepsis showed that age, fibrinogen, CRP,
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SOFA score, congestive heart failure, and dobutamine
use were used as risk variables to create a nomogram
model, achieving an AUC of 0.861 [47]. In this study,
we constructed a predictive model for NOAF in sepsis
using MPO and HOCI combined with TNF-a, WBC, and
APACHE 1I score, which demonstrated a better predic-
tive value with an AUC of 0.897.

This study has some limitations. First, the sample size
was small, which may introduce potential comparison
bias. Second, morphology-voltage-P-wave duration ECG
score and P-wave peak time are important predictors of
the risk of developing atrial arrhythmia in a variety of
diseases [48—50], but it was not included in our study.
In future studies, we aim to expand the sample size and
include more indicators to achieve better predictive
power for NOAF in sepsis.

Conclusion

In this study, we found that septic patients with NOAF
had higher levels of MPO and HOCI compared to those
without NOAF. We developed a nomogram model to
predict the incidence of NOAF during sepsis, incorporat-
ing MPO, HOC], TNF-a, WBC, and APACHE 1II score.
This model enables individualized prediction of NOAF
in patients with sepsis and offers the possibility of early
intervention and prevalence reduction.

Abbreviations

AF Atrial fibrillation

ALT Alanine aminotransferase

APACHE Il Acute Physiology and Chronic Health Evaluation Il
AST Aspartate aminotransferase

AUC Area under the curve

CAD Coronary artery disease

cD Cluster of differentiation

cl Confidence interval

COG Cluster of orthologous groups

COPD Chronic obstructive pulmonary disease
CR Creatinine

CRP C-reactive protein

DM Diabetes mellitus

ECG Electrocardiogram

ESICM European Society of Intensive Care Medicine
GO Gene ontology

HDL-c High-density lipoprotein cholesterol
HOCI Hypochlorous acid

hsCRP high-sensitivity CRP

IL Interleukin

LAD Left atrium diameter

LASSO Least absolute shrinkage and selection operator
LDL-c Low-density lipoprotein cholesterol
LVEDD Left ventricular end-diastolic dimension
LVEF Left ventricular ejection fraction

LVESD Left ventricular end-systolic dimension
LVFS Left ventricular fractional shortening
MPO Myeloperoxidase

NOAF New-onset atrial fibrillation

NT-proBNP  N-terminal pro-brain natriuretic peptide
OR Odds ratio

PCT Procalcitonin

SCCM Society of Critical Care Medicine

SERCA Sarcoplasmic reticulum Ca**-ATPase

Page 10 of 12

SOFA Sequential Organ Failure Assessment
TC Total cholesterol

TG Triglyceride

TNF-a Tumor necrosis factor-a

NI Troponin |

WBC White blood cells

Acknowledgements
Not applicable.

Authors’ contributions

HD, WJL: conceived, designed and drafted the work. JWY, SYW, XYL: collected,
analyzed, and interpreted the data. All authors read and approved the final
manuscript.

Funding

This work was supported by the Shanghai Committee of Science and Technol-
ogy (No. 23YF1425200). Wenjie Li, the sponsor of the study, was involved in
concepting and drafting the work.

Availability of data and materials

The mRNA sequence data generated and/or analysed during the current
study are available in the NCBI under SRA repository, https://www.ncbi.nlm.
nih.gov/sra/PRINA953162. The other data used to support the findings of this
study are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All protocols of this study were approved by the Ethics Committee of Xinhua
Hospital Affiliated to Shanghai Jiao Tong University School of Medicine (no.
XHEC-D-2023-079). The study was performed according to the Declaration of
Helsinki. Each patient signed an informed consent form.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 April 2024 Accepted: 8 July 2024
Published online: 19 July 2024

References

1. Singer M, Deutschman CS, Seymour CW, et al. The Third International
Consensus definitions for Sepsis and septic shock (Sepsis-3). JAMA.
2016;315:801-10. https://doi.org/10.1001/jama.2016.0287.

2. Xie J,Wang H, Kang Y, et al. The epidemiology of sepsis in Chinese ICUs: a
national cross-sectional survey. Crit Care Med. 2020;48:€209-18. https://
doi.org/10.1097/CCM.0000000000004155.

3. Kuipers S, Klein Klouwenberg PMC, Cremer OL. Incidence, risk factors
and outcomes of new-onset atrial fibrillation in patients with sepsis:

a systematic review. Crit Care. 2014;18:688. https://doi.org/10.1186/
$13054-014-0688-5.

4. Gandhi S, Litt D, Narula N. New-onset atrial fibrillation in sepsis is associ-
ated with increased morbidity and mortality. Neth Heart J. 2015;23:82-8.
https://doi.org/10.1007/512471-014-0641-x.

5. Walkey AJ, Hammill BG, Curtis LH, et al. Long-term outcomes follow-
ing development of new-onset atrial fibrillation during sepsis. Chest.
2014;146:1187-95. https://doi.org/10.1378/chest.14-0003.

6. Yamashita T, Sekiguchi A, Iwasaki Y-k, et al. Recruitment of immune cells
across atrial endocardium in human atrial fibrillation. Circ J. 2010;74:262-
70. https://doi.org/10.1253/circj.cj-09-0644.

7. Hohmann C, Pfister R, Mollenhauer M, et al. Inflammatory cell infiltra-
tion in left atrial appendageal tissues of patients with atrial fibrillation
and sinus rhythm. Sci Rep. 2020;10:1685. https://doi.org/10.1038/
$41598-020-58797-8.


https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1097/CCM.0000000000004155
https://doi.org/10.1097/CCM.0000000000004155
https://doi.org/10.1186/s13054-014-0688-5
https://doi.org/10.1186/s13054-014-0688-5
https://doi.org/10.1007/s12471-014-0641-x
https://doi.org/10.1378/chest.14-0003
https://doi.org/10.1253/circj.cj-09-0644
https://doi.org/10.1038/s41598-020-58797-8
https://doi.org/10.1038/s41598-020-58797-8

Dai et al. BMC Cardiovascular Disorders

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2024) 24:377

Aviles RJ, Martin DO, Apperson-Hansen C, et al. Inflammation as a risk
factor for atrial fibrillation. Circulation. 2003;108:3006-10. https://doi.org/
10.1161/01.CIR.0000103131.70301 4F.

Kazem N, Sulzgruber P, Thaler B, et al. CD8 +CD28null T lymphocytes are
associated with the development of atrial fibrillation after elective cardiac
surgery. Thromb Haemost. 2020;120:1182-7. https://doi.org/10.1055/s-
0040-1713096.

LiL, Lee J, Fu G, et al. Activation of peripheral blood CD3(+) T-lympho-
cytes in patients with atrial fibrillation. Int Heart J. 2012,53:221-4. https://
doi.org/10.1536/ih}.53.221.

. Engelmann MDM, Svendsen JH. Inflammation in the genesis and per-

petuation of atrial fibrillation. Eur Heart J. 2005,26:2083-92. https://doi.
0rg/10.1093/eurheartj/ehi350.

Pauklin P. Zilmer M, Eha J, et al. Markers of inflammation, oxidative stress,
and fibrosis in patients with Atrial Fibrillation. Oxid Med Cell Longev.
2022;2022:4556671. https://doi.org/10.1155/2022/4556671.

Selcuk M, Cinar T, Saylik F, et al. Predictive value of uric acid/albumin
ratio for the prediction of new-onset atrial fibrillation in patients with ST-
Elevation myocardial infarction. Rev Invest Clin. 2022;74:156-64. https://
doi.org/10.24875/RIC.22000072.

Karatag MB, GUnduz D, Zengin A, et al. Association of uric acid albumin
ratio with recurrence of atrial fibrillation after cryoballoon catheter abla-
tion. Med (Kaunas). 2022;58:1872. https://doi.org/10.3390/medicina58
121872.

Koeth RA, Haselden V, Tang WHW. Myeloperoxidase in cardiovascular
disease. Adv Clin Chem. 2013,;62:1-32. https://doi.org/10.1016/b978-0-
12-800096-0.00001-9.

Shao B, Tang C, Sinha A, et al. Humans with atherosclerosis have impaired
ABCA1 cholesterol efflux and enhanced high-density lipoprotein oxida-
tion by myeloperoxidase. Circ Res. 2014;114:1733-42. https://doi.org/10.
1161/CIRCRESAHA.114.303454.

Wang W, Ren D, Wang C, et al. Inhibition of myeloperoxidase might be a
novel therapeutic target in the treatment of atherosclerosis. Int J Cardiol.
2018;256:33. https://doi.org/10.1016/j.ijcard.2018.01.023.

Mollenhauer M, Friedrichs K, Lange M, et al. Myeloperoxidase medi-

ates postischemic arrhythmogenic ventricular remodeling. Circ Res.
2017;121:56-70. https://doi.org/10.1161/CIRCRESAHA.117.310870.
O'Malley RG, Bonaca MP, Scirica BM, et al. Prognostic performance of
multiple biomarkers in patients with non-ST-segment elevation acute
coronary syndrome: analysis from the MERLIN-TIMI 36 trial (metabolic
efficiency with Ranolazine for Less Ischemia in Non-ST-Elevation Acute
Coronary syndromes-thrombolysis in myocardial infarction 36). J Am Coll
Cardiol. 2014;63:1644-53. https://doi.org/10.1016/jjacc.2013.12.034.
RudolphV, Andrié RP, Rudolph TK, et al. Myeloperoxidase acts as a profi-
brotic mediator of atrial fibrillation. Nat Med. 2010;16:470-4. https://doi.
0rg/10.1038/nm.2124.

Klein Klouwenberg PMC, Frencken JF, Kuipers S, et al. Incidence, predic-
tors, and outcomes of New-Onset Atrial Fibrillation in critically ill patients
with Sepsis. A cohort study. Am J Respir Crit Care Med. 2017;195:205-11.
https://doi.org/10.1164/rccm.201603-06180C.

Liu WG, Lin WY, Lin CS, et al. Prognostic impact of restored sinus rhythm
in patients with sepsis and new-onset atrial fibrillation. Crit Care.
2016;20:373. https;//doi.org/10.1186/513054-016-1548-2.

Christian S-A, Schorr C, Ferchau L, et al. Clinical characteristics and
outcomes of septic patients with new-onset atrial fibrillation. J Crit Care.
2008;23:532-6. https://doi.org/10.1016/j,jcrc.2007.09.005.
Korantzopoulos P, Kolettis T, Siogas K, et al. Atrial fibrillation and electrical
remodeling: the potential role of inflammation and oxidative stress. Med
Sci Monit. 2003;9:RA225-9.

Gautier A, Picard F, Ducrocq G, et al. New-onset atrial fibrillation

and chronic coronary syndrome in the CLARIFY registry. Eur Heart J.
2024,45:366-75. https://doi.org/10.1093/eurheartj/ehad556.

Greco A, Capodanno D. Therapeutic uncertainties: first finding of atrial
fibrillation in acute coronary syndrome. Eur Heart J Suppl. 2022;24:143-6.
https://doi.org/10.1093/eurheartjsupp/suac072.

Corban MT, Toya T, Ahmad A, et al. Atrial Fibrillation and Endothelial
Dysfunction: A Potential Link? Mayo Clin Proc. 2021,96:1609-21. https://
doi.org/10.1016/j.mayocp.2020.11.005.

Mekhael M, Marrouche N, Hajjar AHE, et al. The relationship between
atrial fibrillation and coronary artery disease: understanding common

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 11 of 12

denominators. Trends Cardiovasc Med. 2024;34:91-8. https://doi.org/10.
1016/j.tcm.2022.09.006.

Buono C, Binder CJ, Stavrakis G, et al. T-bet deficiency reduces athero-
sclerosis and alters plaque antigen-specific immune responses. Proc Natl
Acad Sci U S A. 2005;102:1596-601. https://doi.org/10.1073/pnas.04090
15102.

Kyaw T, Winship A, Tay C, et al. Cytotoxic and proinflammatory CD8+T
lymphocytes promote development of vulnerable atherosclerotic
plaques in apoe-deficient mice. Circulation. 2013;127:1028-39. https.//
doi.org/10.1161/CIRCULATIONAHA.112.001347.

Wetterslev M, Haase N, Hassager C, et al. New-onset atrial fibrillation

in adult critically ill patients: a scoping review. Intensive Care Med.
2019;45:928-38. https://doi.org/10.1007/500134-019-05633-x.

Hu Y-F, Chen Y-J, Lin Y-J, et al. Inflammation and the pathogenesis of atrial
fibrillation. Nat Rev Cardiol. 2015;12:230-43. https://doi.org/10.1038/nrcar
dio.2015.2.

Harada M, Van Wagoner DR, Nattel S. Role of inflammation in atrial fibrilla-
tion pathophysiology and management. Circ J. 2015;79:495-502. https://
doi.org/10.1253/circj.CJ-15-0138.

Aizenshtein A, Kachel E, Liza GR, et al. Effects of Preoperative WBC count
on Post-CABG surgery clinical outcome. South Med J. 2020;113:305-10.
https://doi.org/10.14423/SMJ.0000000000001100.

Li J, Imano H, Yamagishi K, et al. Leukocyte count and risks of stroke and
coronary heart disease: the circulatory risk in communities study (CIRCS).
J Atheroscler Thromb. 2022;29:527-35. https://doi.org/10.5551/jat.60889.
Misialek JR, Bekwelem W, Chen LY, et al. Association of white blood cell
count and differential with the incidence of atrial fibrillation: the athero-
sclerosis risk in communities (ARIC) Study. PLoS ONE. 2015;10:e0136219.
https://doi.org/10.1371/journal.pone.0136219.

Arafa A, Kokubo 'Y, Kashima R, et al. Association between white blood cell
count and atrial fibrillation risk - a population-based prospective cohort
study. Circ J. 2022;87:41-9. https://doi.org/10.1253/circj.CJ-22-0378.
Warner SJ, Libby P. Human vascular smooth muscle cells. Target for and
source of tumor necrosis factor. J Immunol. 1989;142:100-9.

Cheng T, Wang X-F, Hou Y-T, et al. Correlation between atrial fibrillation,
serum amyloid protein A and other inflammatory cytokines. Mol Med
Rep. 2012;6:581-4. https://doi.org/10.3892/mmr.2012.934.

Pinto A, Tuttolomondo A, Casuccio A, et al. Immuno-inflammatory
predictors of stroke at follow-up in patients with chronic non-valvular
atrial fibrillation (NVAF). Clin Sci (Lond). 2009;116:781-9. https://doi.org/
10.1042/CS20080372.

Zhang S, Xu W, Xu J, et al. Association of C-reactive protein level with
adverse outcomes in patients with atrial fibrillation: a meta-analysis. Am J
Med Sci. 2024,367:41-8. https://doi.org/10.1016/j.amjms.2023.11.009.
BoyallaV, Harling L, Snell A, et al. Biomarkers as predictors of recurrence
of atrial fibrillation post ablation: an updated and expanded systematic
review and meta-analysis. Clin Res Cardiol. 2022;111:680-91. https://doi.
0rg/10.1007/500392-021-01978-w.

Scott L, Li N, Dobrev D. Role of inflammatory signaling in atrial fibrillation.
Int J Cardiol. 2019;287:195-200. https://doi.org/10.1016/}.ijcard.2018.10.
020.

Finkel MS, Oddis CV, Jacob TD, et al. Negative inotropic effects of
cytokines on the heart mediated by nitric oxide. Science. 1992;257:387-9.
https://doi.org/10.1126/science.1631560.

Brown AO, Mann B, Gao G, et al. Streptococcus pneumoniae translocates
into the myocardium and forms unique microlesions that disrupt cardiac
function. PLoS Pathog. 2014;10:¢1004383. https://doi.org/10.1371/journ
al.ppat.1004383.

Huang J, Xuan D, Li X, et al. The value of APACHE Il in predicting mortality
after paraquat poisoning in Chinese and Korean population: a systematic
review and meta-analysis. Med (Baltim). 2017;96:e6838. https://doi.org/
10.1097/MD.0000000000006838.

Li Z,Pang M, LiY, et al. Development and validation of a predictive model
for new-onset atrial fibrillation in sepsis based on clinical risk factors.
Front Cardiovasc Med. 2022;9:968615. https://doi.org/10.3389/fcvm.2022.
968615.

Hayiroglu Mi, Cinar T, Selcuk M, et al. The significance of the morphology-
voltage-P-wave duration (MVP) ECG score for prediction of in-hospital
and long-term atrial fibrillation in ischemic stroke. J Electrocardiol.
2021;69:44-50. https://doi.org/10.1016/jjelectrocard.2021.09.006.


https://doi.org/10.1161/01.CIR.0000103131.70301.4F
https://doi.org/10.1161/01.CIR.0000103131.70301.4F
https://doi.org/10.1055/s-0040-1713096
https://doi.org/10.1055/s-0040-1713096
https://doi.org/10.1536/ihj.53.221
https://doi.org/10.1536/ihj.53.221
https://doi.org/10.1093/eurheartj/ehi350
https://doi.org/10.1093/eurheartj/ehi350
https://doi.org/10.1155/2022/4556671
https://doi.org/10.24875/RIC.22000072
https://doi.org/10.24875/RIC.22000072
https://doi.org/10.3390/medicina58121872
https://doi.org/10.3390/medicina58121872
https://doi.org/10.1016/b978-0-12-800096-0.00001-9
https://doi.org/10.1016/b978-0-12-800096-0.00001-9
https://doi.org/10.1161/CIRCRESAHA.114.303454
https://doi.org/10.1161/CIRCRESAHA.114.303454
https://doi.org/10.1016/j.ijcard.2018.01.023
https://doi.org/10.1161/CIRCRESAHA.117.310870
https://doi.org/10.1016/j.jacc.2013.12.034
https://doi.org/10.1038/nm.2124
https://doi.org/10.1038/nm.2124
https://doi.org/10.1164/rccm.201603-0618OC
https://doi.org/10.1186/s13054-016-1548-2
https://doi.org/10.1016/j.jcrc.2007.09.005
https://doi.org/10.1093/eurheartj/ehad556
https://doi.org/10.1093/eurheartjsupp/suac072
https://doi.org/10.1016/j.mayocp.2020.11.005
https://doi.org/10.1016/j.mayocp.2020.11.005
https://doi.org/10.1016/j.tcm.2022.09.006
https://doi.org/10.1016/j.tcm.2022.09.006
https://doi.org/10.1073/pnas.0409015102
https://doi.org/10.1073/pnas.0409015102
https://doi.org/10.1161/CIRCULATIONAHA.112.001347
https://doi.org/10.1161/CIRCULATIONAHA.112.001347
https://doi.org/10.1007/s00134-019-05633-x
https://doi.org/10.1038/nrcardio.2015.2
https://doi.org/10.1038/nrcardio.2015.2
https://doi.org/10.1253/circj.CJ-15-0138
https://doi.org/10.1253/circj.CJ-15-0138
https://doi.org/10.14423/SMJ.0000000000001100
https://doi.org/10.5551/jat.60889
https://doi.org/10.1371/journal.pone.0136219
https://doi.org/10.1253/circj.CJ-22-0378
https://doi.org/10.3892/mmr.2012.934
https://doi.org/10.1042/CS20080372
https://doi.org/10.1042/CS20080372
https://doi.org/10.1016/j.amjms.2023.11.009
https://doi.org/10.1007/s00392-021-01978-w
https://doi.org/10.1007/s00392-021-01978-w
https://doi.org/10.1016/j.ijcard.2018.10.020
https://doi.org/10.1016/j.ijcard.2018.10.020
https://doi.org/10.1126/science.1631560
https://doi.org/10.1371/journal.ppat.1004383
https://doi.org/10.1371/journal.ppat.1004383
https://doi.org/10.1097/MD.0000000000006838
https://doi.org/10.1097/MD.0000000000006838
https://doi.org/10.3389/fcvm.2022.968615
https://doi.org/10.3389/fcvm.2022.968615
https://doi.org/10.1016/j.jelectrocard.2021.09.006

Dai et al. BMC Cardiovascular Disorders (2024) 24:377 Page 12 of 12

49. Pay L, Yumurtas AC, Tezen O, et al. Efficiency of MVP ECG risk score for pre-
diction of long-term atrial fibrillation in patients with ICD for heart failure
with reduced ejection fraction. Korean Circ J. 2023;53:621-31. https://doi.
0rg/10.4070/kcj.2022.0353.

50. Karakayali M, Artac I, Omar T, et al. Assessment of the efficacy of the elec-
trocardiographic P-wave peak time in predicting atrial high rate episode
in patients with cardiac implantable electronic devices. J Electrocardiol.
2023;80:40-4. https://doi.org/10.1016/jjelectrocard.2023.05.001.

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


https://doi.org/10.4070/kcj.2022.0353
https://doi.org/10.4070/kcj.2022.0353
https://doi.org/10.1016/j.jelectrocard.2023.05.001

	Myeloperoxidase and its derivative hypochlorous acid combined clinical indicators predict new-onset atrial fibrillation in sepsis: a case-control study
	Abstract 
	Backgroud 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study population
	Data collection
	mRNA sequencing
	Detection of MPO and HOCl
	Statistical analysis

	Results
	Study population and incidence of NOAF
	Characteristics of septic patients with and without NOAF
	Serum sequencing analysis and detection of MPO and HOCl levels
	Selection of risk factors for NOAF in sepsis and the construction of a predictive model
	Predictive value of independent risk factors for NOAF in sepsis

	Discussion
	Conclusion
	Acknowledgements
	References


