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Abstract: Objective To investigate the levels of serum soluble leukocyte differentiation antigen subtype 14 (Presepsin) and
growth differentiation factor 15 (GDF-15) in patients with acute myocarditis and their correlation with inflammation factor level
and cardiac function indexes. Methods Fifty patients with acute myocarditis diagnosed and treated in the Affiliated Hospital of
Inner Mongolia Medical University from October 2020 to October 2021 were selected as the case group, and 80 healthy people
who received physical examination in the same period were selected as the control group. Enzyme linked immunosorbent
assay (ELISA) was used to determine the serum levels of Presepsin, GDF-15, and inflammatory factors [tumor necrosis factor-o
(TNF-a), interleukin-6 (IL-6), hypersensitive C-reactive protein (hs-CRP)].The indexes of cardiac function [left ventricular
ejection fraction (LVEF), left ventricular mass index (LVMI), and left ventricular end diastolic diameter (LVEDD)] were measured
by ultrasonic diagnostic apparatus. Pearson method was used to measure and analyze the correlation between serum
Presepsin and GDF-15 levels in patients with myocarditis, and the correlation of the two indexes levels with the inflammation
and cardiac function. ROC curve was applied to determine the diagnostic value of serum Presepsin and GDF-15 levels for acute
myocarditis. Results Compared with the control group, the proportion of hypercholesterolemia, the serum levels of Presepsin,
GDF-15, IL-6, TNF-a, hs-CRP and the values of LVEDD and LVMI in the case group were significantly higher (£<0.05), but LVEF
was significantly lower (P<0.05). Pearson analysis showed that serum Presepsin was positively correlated with GDF-15 levels in
patients with myocarditis (P<0.05), and they were respectively correlated with IL-6, TNF-a, hs-CRP, LVEDD and LVMI levels,
while negatively correlated with LVEF (P<0.05). ROC curve analysis showed that the area under the curve (AUC) of serum
Presepsin and GDF-15 levels in diagnosis of acute myocarditis was 0.873 and 0.816, respectively. When the optimal cut-off
values was 77.62 pg/mL and 96.80 pg/mL, the sensitivity was 68.00% and 80.00% and the specificity was 95.00% and 70.00%,
respectively. The AUC, sensitivity and specificity of the combined diagnosis for acute myocardit is were 0.908, 86.00% and
81.25%, respectively. Conclusion The levels of serum Presepsin and GDF-15 in patients with acute myocarditis are obviously
increased, which are closely related to the level of inflammation and left ventricular remodeling. The two indexes have specific
diagnostic value for the development of acute myocarditis, and their combined diagnostic value is higher.
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Acute myocarditis is the leading cause of sudden
death in young adults under the age of 40, and it is a
myocardial injury disease with a large number of
patients clinically, which is mainly triggered by physical,
chemical, or myocardial infections. Due to the initial
symptoms not being specific, the patient’s condition is
easily neglected. The rapid development of the condition
of some patients may easily lead to cardiogenic shock,
heart failure, and cardiac arrhythmia, which may threat
patients’ lives[1]. Therefore, it is clinically significant to
find molecular markers with high specificity and
sensitivity for acute myocarditis to prevent the
development of acute myocarditis[2]. Soluble leukocyte
differentiation antigen subtype 14 (Presepsin), with a size
of about 13,000, is a soluble N-terminal fragment of the
cluster of differentiation 14 (CD14). Presepsinis a
Toll-like receptor that recognizes pathogen-associated
molecular patterns and initiates an innate immune

response. It is present in macrophages, monocytes, and
granulocytes, where it is responsible for intracellular
transduction of endotoxin signals and is often used as a
diagnostic and prognostic biomarker of sepsis risk
stratification[3]. Presepsin is an immune biomarker used
to diagnose infections in the past decade, but few studies
have been reported for acute myocarditis[4]. Growth
differentiation factor-15 (GDF-15) is a cytokine
belonging to the transforming growth factor beta (TGF-f)
family. GDF-15 is involved in cell growth,
cell differentiation, and tissue repair, and can be used as
a prognostic marker for acute coronary syndromes,
coronary artery bypass grafting, and heart failure[5]. Thus,
it is hypothesized that Presepsin and GDF-15 may be
involved in developing acute myocarditis. The correlation
of Presepsin and GDF-15 with inflammation level and
cardiac function in the serum of patients with acute
myocarditis is explored in this article, aiming to provide a
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reference for clinical diagnosis and intervention of acute
myocarditis.

1 Material and methods
1.1 General information

Fifty patients with acute myocarditis diagnosed and
treated at the Affiliated Hospital of Inner Mongolia
Medical University from October 2020 to October 2021
were selected as the case group, in which the duration of
the disease ranged from 3 to 15 (8.844+2.90) days.

Inclusion criteria: (1) Diagnostic criteria were consistent
with World Health Organization (WHO) criteria, and all
were moderate acute myocarditis; (2) the clinical
manifestations were pallor, dyspnea, anorexia, nausea,
vomiting, fatigue, weakness, fever, etc.; (3) all of them
were myocarditis caused by viral infections, and did not
receive relevant treatment prior to admission; (4) general
information was complete.
Exclusion criteria: (1) combination of liver, kidney and
other serious diseases; (2) the presence of malignant
tumors; (3) congenital atrioventricular block, primary
endocardial elastin fibroplasia, primary cardiomyopathy;
(4) electrocardiographic changes triggered by medications
and abnormalities of cardiac autonomic nerve function; (5)
rheumatic cardiomyopathies, dilated and peripheral
cardiomyopathies, toxic cardiomyopathies, connective
tissue diseases, congenital heart diseases and metabolic
diseases. Myocardial damage caused by heart disease and
metabolic diseases, etc.; (6) Combined autoimmune
diseases, respiratory diseases, and blood diseases.
Another 80 healthy controls (without systemic
immune diseases) who underwent a physical examination
at the same time were selected as the control group.
Informed consent for the study was signed by patients
and their families. Approval was obtained from the Ethics
Committee of the hospital [Approve No: 2020 (27)].

1.2 Major reagents and instruments

Reagent kit of enzyme-linked immunosorbent assay
(ELISA):interleukin-6  (IL-6)  (Shanghai  C-reagent
Biotechnology Co. Ltd,, Lot No.: CS-E12859),
high-sensitivity C-reactive protein (hs-CRP) (Shanghai
C-reagent Biotechnology Co. Ltd., Lot No.: CS-12210E),
tumor necrosis factor (TNF)-a (Shanghai Enzyme-linked
Biotechnology Co., Ltd. , Lot No.: ml077385), Presepsin
(Wuhan Amyjet Scientific Co., Ltd, Lot No.: EKL60088),
GDF-15 (Wuhan Mershak Biotechnology, Lot No.:
kt22190). High-speed centrifuge (Shanghai Jingmi Co.
Ltd., Model: TGL-16G); Color Doppler Ultrasound
Diagnostic Instrument (Philips USA, Model: PHILIPS
IE33); Automatic enzyme-linked immunosorbent assay
systems (Shandong Yunke Intelligent Technology, Model:
YK-SY96S).

1.3 Sample collection

A total of 5 mL of fasting elbow venous blood from
the control group and the case group were collected,
respectively. The control group was collected during the
physical examination, and the case group was collected
within 24 hours of admission to the hospital. The blood
was centrifuged at 3,500 r/min for 10 minutes, with a
centrifugation radius of 10 cm. Then, the upper layer of
the serum was divided into tubes and stored in a
refrigerator at -20 °C, avoiding a repeated freeze-thaw
process.

1.4 ELISA detection of IL-6, TNF-a, hs-CRP,
Presepsin and GDF-15 levels in serum

All reagents were mixed well, while the standards
were diluted according to the ratio, the supernatant was
added to the enzyme wells, and the reaction wells were
sealed with sealing paper and incubated at room
temperature, and three replicate wells were made for each
sample, after which the working solution and
chromogenic substrate were added sequentially. The
absorbance value at 450 nm was detected by the enzyme
counter and the corresponding standard curve was plotted
to calculate the concentrations of IL-6, TNF-a, hs-CRP,
Presepsin and GDF-15 in serum, respectively.

1.5 Detection of cardiac function indexes

Color Doppler ultrasound diagnostic instrument was
used to collect images of the control group and case
group researchers respectively. Statistics of left
ventricular ejection fraction (LVEF), left ventricular
muscle mass index (LVMI) and left ventricular
end-diastolic diameter (LVEDD).

1.6 General data collection

General information was collected from all patients:
age, gender, diabetes mellitus, hypertension, history of
smoking, history of alcohol consumption, history of high
cholesterol.

1.7 Statistical analysis

SPSS 24.0 software was used to process the data.
The normal distribution of measurement data was
described by X +s and independent samples ¢ test was
used; the count data was described by case (%), and the
chi-square test was performed. Correlation analysis was
carried out by Pearson analysis and ROC curve was used
to analyse the diagnostic value of serum Prespsin,
GDF-15 levels in acute myocarditis. P << 0.05 was
considered as the statistical significance of the difference.

2 Results

2.1 Comparison of general information between the
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two groups

The proportion of high cholesterol in the case group
was higher than that in the control group, and the
difference was statistically significant (P<0.05).There
was no statistically significant difference in other general
information between the two groups [Table 1]

2.2 Comparison of serum inflammatory factors and

cardiac function indexes between the two groups

Compared with the control group, the serum levels
of IL-6, TNF-a, hs-CRP, LVEDD, and LVMI in the case
group were significantly higher, and LVEF was
significantly lower, and the difference was statistically
significant (P < 0.05). [Table 2]

Tab.1 Comparison of general information between two groups

Groups Case Agg (years, Gender High cholesterol  Hypertension Diabetes Smoking (case) Alcohol
P xXxts ) (male/female, case) (case) (case) (case) g consumption (case)
Control group 80 52.50+9.36 40/40 39 32 34 50 44
Case group 50 53.40+8.22 28/22 38 22 25 26 24
t/x? value 0.558 0.444 9.462 0.203 0.698 1.397 0.604
P value 0.578 0.505 0.002 0.653 0.403 0.237 0.437

Tab.2 Comparison of serum inflammatory factors and cardiac function indicators between two groups (XEs)

Group Case IL-6 (ng/mL) TNF-a (ng/mL) hs-CRP (mg/L) LVEF (%) LVEDD (mm) LVMI (g/m?)
Control group 80 15.63£1.57 92.21+£9.23 1.2940.38 60.64+6.07 43.154+4.32 78.61+£7.87
Case group 50 27.8242.79 152.42+15.25 5.66+1.47 42.37+4.24 54.82+5.49 122.82+12.29
t value 31.871 28.066 25323 18.620 13.481 25.023

P value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

2.3 Comparison of serum Presepsin and GDF-15
levels between the two groups

Compared with the control group, the serum levels
of Presepsin and GDF-15 in the case group were
significantly higher, and the difference was statistically
significant (P < 0.05). [Table 3]

Tab.3 Comparison of serum presepsin and GDF-15 levels
between two groups (X £5)

Groups Case  Presepsin (pg/mL) GDF-15 (pg/mL)
Control group 80 70.38+7.04 91.24+9.13
Case group 50 80.01+8.01 105.55+10.56

t value 7.193 8.181

P value <0.01 <0.01

2.4 Correlation of Presepsin and GDF-15 levels in
serum of patients with acute myocarditis

Pearson's analysis showed a positive correlation
between Presepsin and GDF-15 levels in serum of
patients with acute myocarditis (r=0.445, P<0.01).
[Figure 1]

2.5 Correlation of serum Presepsin and GDF-15
levels with inflammatory factors and cardiac
function indexes in patients with acute myocarditis

Results of Pearson's analysis showed the serum
levels of Presepsin and GDF-15 in patients with acute
myocarditis were positively correlated with the levels of

IL-6, TNF-a, hs-CRP, LVEDD, and LVMI (P<0.05), but
both were negatively correlated with LVEF (P<0.05).
[Table 4]

2.6 Diagnostic value of serum Presepsin and
GDF-15 levels in patients with acute myocarditis

The AUC of serum Presepsin and GDF-15 levels
for diagnosis of acute myocarditis were 0.873 and
0.816, respectively, with sensitivities of 68.00% and
80.00%, and specificities of 95.00% and 70.00%. The
optimal cut-off values were 77.62 pg/mL and 96.80
pg/mL, respectively. The AUC, sensitivity, and
specificity of the two combined for the diagnosis of
acute myocarditis were 0.908, 86.00%, and 81.25%,
respectively. [Figure 2]

13000 [~
12000 [~ .

11000 [~ .

GDF-15
.

100.00 [— . % .
.
9000 [— . *

8000 [— e

Presepsin
Fig.1 Correlation analysis of serum levels of Presepsin and
GDF-15 in patients with acute myocarditis
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Tab.4 Correlation between serum levels of Presepsin and
GDF-15, inflammatory factors, and cardiac function indicators
in patients with acute myocarditis

Presepsin GDF-15
Indicator
r P value r P value

IL-6 0.446 <0.01 0.393 <0.01
TNF-a 0.526 <0.01 0.410 <0.01
hs-CRP 0.482 <0.01 0.465 <0.01
LVEF -0.400 <0.01 -0.533 <0.01
LVEDD 0.560 <0.01 0.480 <0.01
LVMI 0.579 <0.01 0.457 <0.01
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Fig.2 ROC curve of serum Presepsin and GDF-15 levels in the
diagnosis of acute myocarditis

3 Discussion

Myocarditis may present in acute, fulminant,
subacute, or chronic forms. Acute myocarditis, which can
be defined as a period of less than one month between the
onset of symptoms and diagnosis, is a severe,
under-diagnosed inflammatory disease of the heart with a
wide variety of clinical manifestations, ranging from mild
symptoms to high-risk cardiac disease with refractory
arrhythmias, severe heart failure, and cardiogenic
shock[6]. The etiology of myocarditis is wide-ranging,
including infections, inflammatory conditions, and
exposure to toxic substances, and effective diagnosis
remains a challenge[7].

Acute myocarditis can be considered an
inflammatory condition. Presepsin, a circulating soluble
isoform of a plasma protease-activated glycoprotein of
CD such as monocytes, macrophages and neutrophils,
was first identified in 2004 and is capable of regulating
cellular and humoral immune responses through direct
interaction with T and B cells and is a novel biomarker
for the diagnosis of inflammatory diseases[8]. Previous
studies have shown that Presepsin has high sensitivity and
specificity for the diagnosis of diseases associated with
systemic inflammation, such as sepsis[9]. In acute

myocardial infarction (AMI) studies, serum Presepsin
levels were significantly elevated in patients, which is
expected to be a new marker for acute myocardial
infarction detection[10]. Serum Presepsin levels peaked
12 hours after hospitalization in patients with cardiogenic
shock, suggesting that cardiogenic shock due to acute
myocardial infarction is accompanied by an inflammatory
response[11]. Based on the above research, it is
hypothesized that Presepsin may be closely related to the
development of acute myocarditis. The results of this
study showed a significant increase in serum Presepsin
levels in patients in the case group, suggesting that
Presepsin levels are abnormally expressed in patients with
acute myocarditis, and that a decrease in Presepsin levels
may signal clinical improvement, reflecting therapeutic
efficacy[12].

GDF-15 is a cytokine of the TGF-p family and is
found at low levels in tissues and plasma, except in the
placenta and prostate[13]. GDF-15 has been used as a
biomarker of cardiovascular events in most studies[14].
Wang et al.[15] found that plasma levels of GDF-15 were
significantly higher in children with heart disease and
growth defects than in healthy controls and children with
normal growth heart disease. Andersson ef al.[16] showed
that elevated levels of GDF-15 were associated with an
increased risk of sudden cardiac death within 24 hour of
myocardial infarction, which could be a primary
intervention to guide this disease. Based on the above
research, it is hypothesized that GDF-15 may be involved
in the development of acute myocarditis. The results of
the present study showed a significant increase in serum
levels of GDF-15 in the case group of patients, suggesting
that GDF-15 may be involved in the pathogenesis of
acute myocarditis for the following reasons: the onset and
progression of acute myocarditis may lead to a
compensatory upregulation of GDF-15, which may
reduce the apoptosis of cardiomyocytes, thus exerting a
myocardial protective effect. In addition, Pearson’s
analysis showed a positive correlation between serum
Presepsin and GDF-15 levels in patients with acute
myocarditis, suggesting that both may be involved in the
development of acute myocarditis.

TNF-a and IL-6 are involved in the immune process
of myocardial inflammatory injury, which is clinically
instructive  for  determining the presence of
myocarditis[17]. hs-CRP can be one of the indicators for
the diagnosis and assessment of viral myocarditis[18].
Left ventricular dysfunction is a common cause of heart
failure. Echocardiographic measurements of left
ventricular function and structure are highly accurate and
have the advantage of being non-invasive and safe, but
there are also measurement biases. LVEF, LVEDD, and
LVMI are important indicators for predicting left
ventricular remodeling[19]. In this study, serum levels of
IL-6, TNF-a, hs-CRP and LVEDD, LVMI were
significantly higher but LVEF was significantly lower in
the case group, indicating the presence of inflammatory
response and ventricular remodeling in patients with
acute myocarditis. Pearson's analysis showed that serum
levels of Presepsin, GDF-15 in patients with acute
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myocarditis were significantly higher than those of IL-6,
TNF-a, respectively, hs-CRP, LVEDD, LVMI Ilevels
showed a positive correlation, and all of them showed a
negative correlation with LVEF, suggesting that serum
Presepsin and GDF-15 levels have a reference value in
reflecting inflammatory response and left ventricular
remodeling. Both of them may be involved in the
development of acute myocarditis by influencing the
inflammatory factors and cardiac function indexes. In
addition, ROC curve analysis showed that serum
Presepsin and GDF-15 levels have a diagnostic value for
acute myocarditis, and the combined diagnosis of the two
can improve the AUC and the sensitivity, and the
diagnostic efficacy is even higher, and the combined
detection of serum Presepsin and GDF-15 levels can be
considered for the early evaluation and treatment of acute
myocarditis in the clinical application.

In conclusion, serum Presepsin and GDF-15 levels
were significantly elevated in patients with acute
myocarditis, which were closely related to the level of
inflammation and left ventricular reconstruction, and had
a specific diagnostic value for the development of acute
myocarditis, and the combination of the two had a higher
diagnostic value. However, due to the limited number of
sample size, the results still need to be further verified.
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Serum Presepsin and GDF-15 levels in patients with acute myocarditis and their

correlation with inflammatory level and cardiac function
Hasigaowa, Wujisiguleng, ZHANG Yong
Geriatric Medicial Center, The Affiliated Hospital of Inner Mongolia Medical University, Hohhot, Inner Mongolia 010059, China
Abstract: Objective To investigate the levels of serum soluble CD14 subtype (Presepsin) and growth differentiation
factor 15 ( GDF-15) in patients with acute myocarditis and their correlation with inflammation factor levels and cardiac
function indexes. Methods Fifty patients with acute myocarditis diagnosed and treated in the Affiliated Hospital of
Inner Mongolia Medical University from October 2020 to October 2021 were selected as the case group, and 80 healthy
people who received physical examination in the same period were selected as the control group. Enzyme linked
immunosorbent assay ( ELISA) was used to determine the serum levels of Presepsin, GDF-15, and inflammatory factors
[ tumor necrosis factor-a. (TNF-) , interleukin-6 (1L-6), hypersensitive C-reactive protein (hs-CRP) ]. The indexes
of cardiac function [ left ventricular ejection fraction (LVEF) , left ventricular mass index (LVMI) , and left ventricular
end diastolic diameter ( LVEDD) ] were measured by echocardiography. Pearson method was used to measure and

analyze the correlation between serum Presepsin and GDF-15 levels in patients with myocarditis, and the correlation of
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the two indexes levels with the inflammation and cardiac function. ROC curve was applied to determine the diagnostic
value of serum Presepsin and GDF-15 levels for acute myocarditis. Results Compared with the control group, the
proportion of hypercholesterolemia, the serum levels of Presepsin, GDF-15, IL-6, TNF-a, hs-CRP and the values of
LVEDD and LVMI in the case group were significantly higher ( P<0.05) , but LVEF was significantly lower ( P<0.05).
Pearson analysis showed that serum Presepsin was positively correlated with GDF-15 levels in patients with acute
myocarditis ( P<0.05), and they were respectively correlated with IL-6, TNF- «, hs-CRP, LVEDD and LVMI levels,
while negatively correlated with LVEF ( P<0.05). ROC curve analysis showed that the area under the curve of serum
Presepsin and GDF-15 levels in diagnosis of acute myocarditis was 0.873 and 0.816, respectively. When the optimal cut-
off values was 77.62 pg/mL and 96.80 pg/mL, the sensitivity was 68.00% and 80.00% and the specificity was 95.00%
and 70.00% , respectively. The area under the curve, sensitivity and specificity of the combined diagnosis for acute
myocarditis were 0.908, 86.00% and 81.25%, respectively. Conclusion The levels of serum Presepsin and GDF-15 in
patients with acute myocarditis are obviously increased, which are closely related to the level of inflammation and left
ventricular remodeling. The two indexes have certain diagnostic value for the occurrence of acute myocarditis, and their
combined diagnostic value is higher.

Keywords: Acute myocarditis; Soluble leukocyte differentiation antigen 14 subtype; Growth differentiation factor 15;
Tumor necrosis factor-a; Interleukin-6; Hypersensitive C-reactive protein; Left ventricular ejection fraction; Left
ventricular mass index; Left ventricular end diastolic diameter
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P<0.01), WK1,
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2.6 fniF Presepsin GDF-15 /K F 5 2k L % %
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DR B LT A 514 0.873.0.816, fi AL AT {E
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Tab. 1 Comparison of general information between two groups

1 58 A P e L] e I S BRI S 8 AR 5 PRI S
(%, xts) (B2 ) (H/7E,61) (H/7, 6 (A/7, ) (H/7, ) (H/7E,61)
X IR 2 80 52.50+9.36 40/40 39/41 32/48 34/46 50/30 44/36
N 50 53.40+8.22 28/22 38/12 22/28 25/25 26/24 24/26
VXA 0.558 0.444 9.462 0.203 0.698 1.397 0.604
P 0.578 0.505 0.002 0.653 0.403 0.237 0.437

F2 WALMAERIEN T DO IRETEAR LA (xs)

Tab. 2 Comparison of serum inflammatory factors and cardiac function indicators between two groups  (x#s)

4151 1% IL-6( ng/mL) TNF-a(ng/mL)  hs-CRP(mg/L) LVEF(%) LVEDD( mm) LVMI(g/m?)
X A 2H 80 15.63£1.57 92.21+9.23 1.29+0.38 60.64+6.07 43.15+4.32 78.61+7.87
Ji Bil2e 50 27.82+2.79 152.42+15.25 5.66+1.47 42.37+4.24 54.82+5.49 122.82+12.29
Al 31.871 28.066 25.323 18.620 13.481 25.023
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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£ 3 HAIMT Presepsin  GDF-15 JKEHA  (F+s)

Tab. 3 Comparison of serum Presepsin and GDF-15 levels

between two groups  (x+s)
2 51 15 %% Presepsin( pg/mL) GDF-15( pg/mL)
popiskicl 80 70.38+7.04 91.24+9.13
il 50 80.01+8.01 105.55+10.56
118 7.193 8.181
Py <0.001 <0.001
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12000 :
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O 1 1 1 1 1
60.00 70.00 80.00 90.00 100.00
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B 1 2O REF NS Presepsin 5
GDF-15 7R A A
Fig. 1 Correlation between serum levels of Presepsin and

GDF-15 in patients with acute myocarditis

F4 2MEONREBH MG Presepsin GDF-15
K53 59045 50 R T O B RESE B U AH S 1
Tab. 4 Correlation of serum levels of Presepsin and GDF-15 with
inflammatory factors, and cardiac function

indicators in acute myocarditis patients

i Presepsin GDF-15
EEtan
r i P i P
1L-6 0.446 <0.01 0.393 <0.01
TNF-a 0.526 <0.01 0.410 <0.01
hs-CRP 0.482 <0.01 0.465 <0.01
LVEF -0.400 <0.01 -0.533 <0.01
LVEDD 0.560 <0.01 0.480 <0.01
LVMI 0.579 <0.01 0.457 <0.01
S
‘
# o0 .
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E — GDF-15
A
20
O L PSS T ST S [N S T S ST S S SN SO SRS |
20 40 60 80 100
1-Fi5 (%)

B2 i Presepsin GDF-15 K2l tE oML #Y ROC ik
Fig. 2 ROC curve of serum Presepsin and GDF-15 levels

in the diagnosis of acute myocarditis
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