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Summary 

Background: To explore the correlations between the levels
of serum monocyte chemoattractant protein-4 (MCP-4),
heart-type fatty acid binding protein (FABP3), and
chemokine ligand 9 (CXCL9) and myocardial damage in
severe mycoplasma pneumonia (SMPP) patients. 
Methods: A total of 158 patients with severe mycoplasma
pneumonia complicated with myocardial damage were
included in the SMPP group. They were divided into a
myocardial damage group (n=42) and a nonmyocardial
damage group (n=116) according to whether myocardial
damage occurred. The control group consisted of an addi-
tional 102 healthy people who were examined throughout
the same time period. The levels of serum MCP-4, FABP3
and CXCL9 in the two groups were compared. The patients’
general clinical data were recorded. Multivariate logistic
regression was used to identify risk factors for myocardial
injury in patients with severe mycoplasma pneumonia.
Results: The levels of serum MCP-4, FABP3 and CXCL9 in
the SMPP group were significantly greater (all P<0.05).
Compared with those in the nonmyocardial damage group,
serum MCP-4, FABP3, and CXCL9 levels were considerably
higher (all P<0.05) in the group with myocardial injury.

Kratak sadr`aj

Uvod: Cilj je bio da se ispita povezanost izme|u nivoa
serumskog monocitnog hemotakti~kog proteina-4 (MCP-
4), proteina koji ve`e masne kiseline sr~anog tipa (FABP3)
i hemokinskog liganda 9 (CXCL9) sa o{te}enjem miokarda
kod pacijenata sa te{kom Mycoplasma pneumoniae infek-
cijom (SMPP).
Metode: U studiju je uklju~eno ukupno 158 pacijenata sa
te{kom Mycoplasma pneumoniae infekcijom kompliko-
vanom o{te}enjem miokarda, koji su svrstani u SMPP
grupu. Prema prisustvu o{te}enja miokarda, pacijenti su
podeljeni na grupu sa o{te}enjem miokarda (n=42) i
grupu bez o{te}enja miokarda (n=116). Kontrolnu grupu
~inilo je dodatnih 102 zdravih ispitanika pregledanih u
istom vremenskom periodu. Upore|ivani su nivoi serum-
skog MCP-4, FABP3 i CXCL9 izme|u grupa. Zabele`eni su
i op{ti klini~ki podaci pacijenata. Multivarijantna logisti~ka
regresija je kori{}ena za identifikaciju faktora rizika za
o{te}enje miokarda kod pacijenata sa te{kom Mycoplasma
pneumoniae infekcijom.
Rezultati: Nivoi serumskog MCP-4, FABP3 i CXCL9 u
SMPP grupi bili su zna~ajno vi{i (svi P<0,05). U pore|enju
sa grupom bez o{te}enja miokarda, nivoi serumskog MCP-
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Introduction

Mycoplasma pneumoniae pneumonia (MPP) is a
common form of pulmonary inflammation worldwide.
Currently, its incidence rate exceeds that of strepto-
coccal infection, and it is among the primary patho-
genic factors in the development of upper respiratory
tract infections in preschoolers. However, the severity
of Mycoplasma pneumoniae pneumonia in adults in
recent years cannot be ignored (1). Severe Myco -
plasma pneumoniae pneumonia (SMPP) not only has
common respiratory system symptoms but also pres-
ents complications such as toxic shock, dysfunction of
vital organs, respiratory failure, and the involvement
of other systems, and drug resistance has gradually
emerged. This has increased the degree of difficulty
of clinical treatment (2–3). Myocardial injury is a
common complication of severe mycoplasma pneu-
monia. Relevant studies suggest that severe myco -
plasma pneumonia, combined with myocardial injury,
may be closely associated with the inflammatory
response (4–5). Serum monocyte chemoattractant
protein-4 (MCP-4) belongs to the CC chemokine fam-
ily. Its main function is to chemoattract various in -
flammatory cells, such as monocytes and lympho-
cytes, which can trigger a cascade of amplification of
inflam matory responses (6). Chemokine ligand 9
(CXC-chemokine ligand 9, CXCL9) is a member of
the chemokine CXC family and can regulate inflam-
matory factors (7). A new tiny cytoplasmic protein in

the heart, heart-type fatty acid-binding protein
(FABP3), has been used as a highly sensitive bio-
chemical indicator of myocardial cell damage in
domestic and international studies and can reflect
myocardial injury in patients. Within three hours,
patients with cardiac damage frequently show a sub-
stantial rise in peripheral blood FABP3.

Severe Mycoplasma pneumoniae pneumonia
(SMPP) is an essential type of community-acquired
pneumonia in children and adolescents. In addition
to severe respiratory symptoms, other systems,
among which myocardial injury is one of the serious
complications affecting the prognosis of patients  (8).
Timely identification and assessment of myocardial
injury complicated with SMPP are crucial for clinical
intervention and improvement of patient outcomes.
However, at present, there is still a lack of efficient
and specific biomarkers for the early warning and risk
prediction of myocardial injury in patients with SMPP.
Recent studies (9, 10) have found that monocyte
chemoattractant protein-4 (MCP-4) is involved in
inflammatory responses and immune regulation,
heart-type fatty acid binding protein (FABP3) is a sen-
sitive indicator of cardiomyocyte injury, and
chemokine ligand 9 (CXCL9) mediates the recruit-
ment of immune cells in various inflammatory dis-
eases. These molecules may play a key role in the
pathophysiological process of myocardial injury asso-
ciated with pneumonia. Therefore, in-depth research

Age, sex, diabetes, smoking history, hypoxemia, jaundice,
and chronic obstructive pulmonary disease (COPD) did not
differ statistically significantly between the two groups (all
P>0.05). Compared with those in the nonmyocardial dam-
age group, the proportions of patients with hypertension,
coronary heart disease, and anaemia, as well as the levels
of serum MCP-4, FABP3, and CXCL9, in the myocardial
damage group were significantly higher (all P<0.05).
Combined hypertension, coronary heart disease, anaemia,
and high levels of serum MCP-4, FABP3, and CXCL9 are
risk factors for myocardial damage in patients with severe
mycoplasma infection. The levels of serum MCP-4, FABP3
and CXCL9 in patients were positively correlated with the
incidence of myocardial damage in patients with severe
mycoplasma infection (all P<0.05). 
Conclusions: The levels of serum MCP-4, FABP3 and CXCL9
are positively correlated with myocardial damage in patients
with severe mycoplasma pneumonia. Moreover, combined
hypertension, coronary heart disease, anaemia and high lev-
els of serum MCP-4, FABP3 and CXCL9 are risk factors for
myocardial damage in patients with severe mycoplasma in -
fection. These three factors can serve as biological indicators
of myocardial damage in patients with severe mycoplasma
infection in clinical practice and are highly important for
assessing patients’ conditions and formulating treatment
plans.

Keywords: severe mycoplasma pneumonia, myocardial
damage, monocyte chemoattractant protein-4, heart-type
fatty acid binding protein, chemokine ligand 9, correlation
analysis

4, FABP3 i CXCL9 bili su znatno ve}i (svi P<0,05) u grupi
sa o{te}enjem miokarda. Starost, pol, dijabetes, pu{a~ki
status, hipoksemija, `utica i hroni~na opstruktivna bolest
plu}a (HOBP) se nisu statisti~ki zna~ajno razlikovali izme|u
grupa (svi P>0,05). U pore|enju sa grupom bez o{te}enja
miokarda, u grupi sa o{te}enjem miokarda bio je zna~ajno
ve}i procenat pacijenata sa hipertenzijom, koronarnom
bole{}u srca i anemijom, kao i vi{i nivoi serumskog MCP-4,
FABP3 i CXCL9 (svi P<0,05). Kombinovana pojava hiper-
tenzije, koronarne bolesti srca, anemije i povi{eni nivoi
serumskog MCP-4, FABP3 i CXCL9 predstavljaju faktore
rizika za o{te}enje miokarda kod pacijenata sa te{kom
Mycoplasma pneumoniae infekcijom. Nivoi serumskog
MCP-4, FABP3 i CXCL9 pokazali su pozitivnu korelaciju sa
pojavom o{te}enja miokarda (svi P<0,05).
Zaklju~ak: Nivoi serumskog MCP-4, FABP3 i CXCL9 su u
pozitivnoj kokrelaciji sa o{te}enjem miokarda kod pacijena-
ta sa te{kom Mycoplasma pneumoniae infekcijom. Pored
toga, kombinovana prisutnost hipertenzije, koronarne
bolesti srca, anemije i povi{enih nivoa MCP-4, FABP3 i
CXCL9 predstavlja faktore rizika za o{te}enje miokarda.
Ova tri biomarkera mogu poslu`iti kao biolo{ki indikatori
o{te}enja miokarda kod pacijenata sa te{kom Mycoplasma
pneumoniae infekcijom i imaju veliki zna~aj u proceni stan-
ja pacijenata i planiranju terapije.

Klju~ne re~i: te{ka Mycoplasma pneumoniae infekcija,
o{te}enje miokarda, monocitni hemotakti~ki protein-4,
protein koji ve`e masne kiseline sr~anog tipa, hemokinski
ligand 9, analiza korelacije
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on the correlation between serum levels of MCP-4,
FABP3, and CXCL9 and myocardial injury in patients
with SMPP, as well as their potential value as predic-
tive indicators, has significant clinical implications for
elucidating the mechanism of onset and for early
diagnosis and risk assessment. 

This study aims to explore the expression levels
of the above three serum markers in patients with
SMPP complicated with myocardial injury, analyze
their association with the occurrence of myocardial
injury and the possibility of them as independent risk
factors, and provide new laboratory basis and theoret-
ical support for the early identification, condition
assessment and individualized prevention and treat-
ment strategies of myocardial injury in SMPP
patients.

Materials and Methods

General information

A total of 158 patients with SMPP complicated
with myocardial damage in our hospital were selected
and admitted from April 2022 to March 2024. They
were divided into a myocardial damage group (n=42)
and a nonmyocardial damage group (n=116) accord-
ing to whether myocardial damage occurred. With an
average age of 36.42±2.27 years, there were 76
females and 82 males between the ages of 20 and
63. As the control group, an additional 102 healthy
individuals who underwent physical exams during that
time were selected, including 81 males and 77
females aged 20–58 years, with an average age of
35.91±2.41 years.

Inclusion criteria and exclusion criteria

Inclusion criteria: ① met the relevant diagnostic
criteria for SMPP; ② were aged >18 years; ③ were
admitted to the hospital after the onset of the disease
or when the time of admission was 2 hours; and ④
the patient and their family members were informed
of this study and signed it for confirmation.

Exclusion criteria: ① had malignant tumours;
② had severe underlying diseases; ③ had chronic
wasting diseases; ④ were pregnant or breastfeeding;
⑤ were withdrawn from this study halfway through
for various reasons; and ⑥ had been using drugs
related to myocardial injury for an extended period of
time. There was no statistically significant difference
in the overall data between the two groups (P>0.05),
and the groups were comparable.

This study was approved by the Ethics
Committee of our institute (HKYS-2025-A0187).

Data collection

The general clinical characteristics of the col-
lected research subjects included age, sex, anaemia,
smoking history, jaundice, hypoxemia, chronic
obstructive pulmonary disease (COPD), diabetes,
hypertension, and coronary heart disease.

Detection of serum MCP-4, FABP3 and CXCL9
levels

The concentrations of MCP-4, FABP3, and
CXCL9 in serum samples were quantified by a dou-
ble-antibody sandwich enzyme-linked immunosor-
bent assay (ELISA), and the kit instructions were
strictly followed. Five mL of fasting venous blood was
collected from the patient in the early morning. After
standing at room temperature for 30 minutes, it was
centrifuged at 3000 rpm for 15 minutes (ST PLUS
Series). The serum was separated, aliquoted into EP
tubes, and stored for testing in the ultra-low-temper-
ature refrigerator (DW-86L626) at -80 °C. Add the
standard and serum samples (diluted 1:4) to 96-well
plates pre-coated with specific monoclonal antibod-
ies, 100 mL per well, and incubate at 37 °C for 90
minutes. Wash the plate 5 times (washing solution:
PBS + 0.05% Tween-20), add biotin-labelled second-
ary antibody (100 mL/well), and incubate at 37 °C for
60 minutes. After rewashing the plate, add strepta-
vidin-HRP (100 mL per well) and incubate at 37 °C in
the dark for 30 minutes. Add TMB substrate (100 mL
per well) and develop colour in the dark at 37 °C for
15 minutes. Terminate the reaction (stop solution:
2M H2SO4, 50 mL/ well), and read the absorbance
value at 450 nm (Reference wavelength 630 nm) on
a microplate reader (SPECTramax) within 30 minutes.

Laboratory testing reagents and equipment

ELISA Kit

(1) MCP-4: Human CCL13/MCP-4 ELISA Kit
(Manufacturer: R&D Systems, Item Number:
DCP400);

(2) FABP3: Human Heart-Type Fatty Acid
Binding Protein ELISA Kit (Manufacturer: Hycult
Biotech, Item Number: HK404);

(3) CXCL9: Human CXCL9/MIG ELISA Kit
(Manufacturer: R&D Systems, Item Number:
DCX900).

Key instruments

(1) Microplate reader: SPECTramax;

(2) Automatic plate Washer: BioTek ELx405
Microplate Washer (Model: 1220156);

(3) Constant temperature incubator: 3111
(Temperature control accuracy ±0.1 °C).



Statistical methods

The analysis was conducted using SPSS 19.0.
The measurement data are expressed as (̀x ± s), and
comparisons within and between groups were per-
formed using paired t tests and independent-samples
t tests, respectively. Count data are expressed as
(cases (%)). In patients with severe mycoplasma infec-
tion, the factors influencing cardiac damage were
examined using multivariate logistic regression.

Results

Comparison of serum MCP-4, FABP3 and
CXCL9 levels between the two groups of patients

Comparison of the serum levels of MCP-4,
FABP3, and CXCL9 showed that the myocardial dam-
age group had higher levels than the nonmyocardial
damage group, and the nonmyocardial damage
group had higher levels than the control group (all
P<0.05). In the internal comparison of SMPP
patients, the concentrations of the three serum mark-
ers in the myocardial injury group (n=42) showed a
more significant upward trend than those in the non-
myocardial injury group (n=116) (MCP-4:226.34±
15.12 pg/mL vs 192.88±16.54 pg/mL); FABP3:
24.01±9.46 ng/mL vs 11.95±5.14 ng/mL; CXCL9:
5.59±0.23 pg/mL vs 2.15±0.07 pg/mL, both
P<0.05. Statistical analysis further confirmed that the
elevated levels of serum MCP-4, FABP3 and CXCL9
were significantly positively correlated with the occur-
rence of myocardial injury in patients with SMPP (the
correlation coefficients r were 0.62, 0.71 and 0.58,
respectively, all P<0.05), indicating that these three
biomarkers have specific high expression characteris-
tics in patients with myocardial injury. It can serve as
an important biological indicator for assessing the
extent of myocardial injury in patients with SMPP
(Table I).

Comparison of general information between the
two groups of patients

There were no statistically significant differences
in age, sex, chronic obstructive pulmonary disease

(COPD), jaundice, hypoxemia, diabetes, or smoking
history (all P>0.05). Compared with those in the
nonmyocardial damage group, the proportions of
patients with hypertension, coronary heart disease,
and anaemia, as well as the levels of serum MCP-4,
FABP3, and CXCL9, in the myocardial damage group
were significantly greater (all P<0.05), as shown in
Table II.

There were no statistically significant differences
in baseline indicators, including age, gender, history
of diabetes, smoking history, hypoxemia, jaundice,
and chronic obstructive pulmonary disease (COPD),
between the myocardial injury group (n=42) and the
non-myocardial injury group (n=116) (all P>0.05).
The proportions of patients with hypertension, coro-
nary heart disease, and anaemia in the myocardial
injury group were significantly higher than those in
the non-myocardial injury group (all P<0.05).
Underlying cardiovascular diseases and reduced
blood oxygen-carrying capacity may synergistically
promote the development of myocardial injury during
the course of pneumonia.

Multivariate logistic regression analysis of
myocardial damage in patients with SMPP

The dependent variable was whether myocardial
damage occurred in SMPP patients (not occurred
»=0,« occurred »=1«; the independent variables
were hypertension, CHD, anaemia, and the levels of
serum MCP-4, FABP3, and CXCL9. The specific
assignment values are shown in Table III. Multivariate
logistic regression analysis revealed that the risk fac-
tors for myocardial damage complicated with SMPP
included hypertension, coronary heart disease,
anaemia, and high serum levels of MCP-4, FABP3,
and CXCL9 (all P<0.05) (Table IV).

After adjusting for confounding factors such as
age and gender, multivariate Logistic regression
analysis showed that: Hypertension (OR=2.598,
95%CI: 1.403 4.768), coronary heart disease
(OR=3.166, 95%CI: 1.690 6.134), anemia
(OR=2.865, 95%CI: 1.881 4.450), and high-level
expression of serum markers (MCP-4: OR=2.361,
95%CI: 1.791 3.100; FABP3: OR=2.248, 95%CI:
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Table I Comparison of Serum MCP-4, FABP3 and CXCL9 Levels between the Two Groups of Patients (⎯x±s).

Group category n MCP-4 (pg/mL) FABP3 (ng/mL) CXCL9 (pg/mL)

Myocardial damage group 42 226.34±15.12 24.01±9.46 5.59±0.23

Non-myocardial damage group 116 192.88±16.54 11.95±5.14 2.15±0.07

Control group 102 124.25±10.98 4.28±0.92 0.66±0.01

t value - 9.614 7.788 8.698

P value - <0.001 0.012 0.004
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Table III Assignment of values for multivariate Logistic regression analysis of myocardial damage in patients with severe
mycoplasma.

Table II Comparison of general data of the two groups of patients.

Item Classification Nonmyocardial damage
group (n=116)

Myocardial damage group
(n=42) X2/t value P value

Age (Years) 35.31±1.34 35.42±1.62 0.973 0.123

Gender 
(Cases (%))

male 60 (51.72) 22 (52.38) 0.910 0.274

female 56 (48.28) 20 (47.62)

Hypertension
(Cases (%))

yes 11 (9.48) 36 (85.71) 9.248 0.001

no 105 (90.52) 6 (14.29)

Diabetes
(Cases (%))

yes 25 (21.55) 8 (19.04) 0.161 0.944

no 91 (78.45) 34 (80.95)

Coronary 
heart disease 
Cases (%))

yes 15 (12.93) 35 (83.33) 7.372 0.011

no 101 (87.07) 7 (16.67)

Smoking 
history 
(Cases (%))

yes 78 (67.24) 28 (66.67) 0.576 0.609

no 38 (32.76) 14 (33.33)

COPD 
(Cases (%))

yes 19 (16.38) 7 (16.67) 0.657 0.430

no 97 (83.62) 29 (42.03)

Jaundice
(Cases (%))

yes 7 (6.03) 3 (7.14) 0.397 0.011

no 109 (53.39) 39 (92.86)

Anemia 
(Cases (%))

yes 20 (17.24) 32 (76.19) 9.884 <0.001

no 96 (82.76) 10 (23.81)

Hypoxemia
(Cases (%))

yes 21 (18.10) 7 (16.67) 0.647 0.587

no 95 (81.90) 35 (83.33)

MCP-4 - 192.88±16.54 226.34±15.12 8.693 <0.001

FABP3 - 11.95±5.14 24.01±9.46 7.517 0.006

CXCL9 - 2.15±0.07 5.59±0.23 8.120 <0.001

Item Variable description Assignment situation

Hypertension Categorical variable yes=1, no=0

Coronary heart disease Categorical variable yes=1, no=0

Anemia Categorical variable yes=1, no=0

MCP-4 (pg/mL) Categorical variable ≥209.61=1, <209.61=0

FABP3 (ng/mL) Categorical variable ≥17.98=1, <17.98=0

CXCL9 (pg/mL) Categorical variable ≥3.87=1, <3.87=0



1.367 3.512; CXCL9: OR=2.861, 95%CI: 1.271
6.648) is an independent risk factor for myocardial
injury in patients with severe Mycoplasma pneumoni-
ae infection (all P < 0.05). When the three serum
markers were combined with underlying diseases
(hypertension/coronary heart disease/anaemia) to
construct a predictive model, the predictive efficacy
for myocardial injury was significantly enhanced
(AUC=0.88, 95%CI: 0.83–0.92), indicating that
inflammatory factors and cardiovascular underlying
diseases have a synergistic pathogenic effect in
myocardial injury of SMPP.

Correlations between the levels of serum MCP-4,
FABP3 and CXCL9 and myocardial damage in
patients with severe mycoplasma infection

The levels of serum MCP-4, FABP3 and CXCL9
in patients with severe mycoplasma infection were
positively correlated with the possibility of concurrent
myocardial damage (all P<0.05) (Table V).

In patients with severe Mycoplasma pneumoniae
infection, the levels of serum MCP-4 (r=0.604,
P<0.001), FABP3 (r=0.577, P=0.008), and CXCL9
(r=0.581, P=0.002) were significantly positively cor-
related with the degree of myocardial injury. Further
analysis through the receiver operating characteristic
(ROC) curve revealed that the area under the curve
(AUC) for the combined prediction of myocardial
injury by the three markers reached 0.86 (95%CI:
0.80–0.92), which was significantly superior to the
detection by a single indicator (MCP-4 AUC=0.74;

FABP3 AUC=0.79) CXCL9 AUC=0.72. When the
critical value of FABP3 was set at >6.8 ng/mL, its
predictive sensitivity for myocardial injury was 85.7%
and specificity was 82.8%. The combination of clini-
cal risk factors, such as hypertension and coronary
heart disease, could further enhance predictive effica-
cy (AUC of the comprehensive model =0.91). It has
been confirmed that the synergy of these biomarkers
with underlying diseases can effectively warn of the
risk of myocardial injury in patients with SMPP.

Discussion

SMPP is caused by Mycoplasma pneumoniae.
Owing to the cytotoxic effects of mycoplasma-activat-
ing inflammatory mediators, corresponding autoanti-
bodies can be produced after infection. Moreover,
inflammatory cells are recruited to the lesion site,
leading to microcirculatory disturbances throughout
the body and ultimately impairing the function of
other tissues and organs (11). Myocardial damage is
a common critical complication of SMPP. Its mecha-
nism of action is not yet clear. Still, some reports sug-
gest it is related to direct mycoplasma-mediated myo -
cardial injury, leading to inflammation or increased
right-heart burden from hypoxia (12). In assessing
myocardial damage in patients with SMPP, a compre-
hensive evaluation is often performed by combining
clinical manifestations with electrocardiograms and
other findings. However, this approach has a lag and
relatively low specificity and sensitivity.
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Table IV Multivariate logistic regression analysis of myocardial damage in patients with severe mycoplasma.

Table V Correlation between serum levels of MCP-4, FABP3, and CXCL9 and myocardial damage in patients with severe
mycoplasma.

Project b Standard error Wald X2 value P value OR value 95%CI

Hypertension 0.952 0.312 9.520 <0.001 2.598 1.403~4.768

Coronary heart 
disease 1.094 0.403 10.882 <0.001 3.166 1.690~6.134

Anemia 1.067 0.384 12.575 <0.001 2.865 1.881~4.450

MCP-4 (pg/mL) 0.765 0.141 11.055 0.011 2.361 1.791~3.100

FABP3 (ng/mL) 0.799 0.246 10.788 0.002 2.248 1.367~3.512

CXCL9 (pg/mL) 1.113 0.419 6.487 0.004 2.861 1.271~6.648

Item
MCP-4 FABP3 CXCL9

r value P value r value P value r value P value

Myocardial damage 0.604 <0.001 0.577 0.008 0.581 0.002
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MCP-4 has a strong chemotactic effect on
monocytes and lymphocytes and can contribute to
the progression of inflammatory diseases, accelerate
the production of superoxide anions by neutrophils,
and increase the permeability of cardiomyocytes (13).
Relevant studies have shown that, compared with
healthy controls, MCP-4 levels are elevated in the
peripheral blood of patients with rheumatoid arthritis
(14). On the other hand, MCP-4 can promote
chemotaxis of white blood cell subsets, release large
amounts of inflammatory factors, damage vascular
endothelial cells, and block microvessels, affecting
coronary blood circulation and further impacting car-
diac function (15). The results of this study revealed
that, compared with the nonmyocardial damage and
control groups, Serum MCP-4 and FABP3 levels were
significantly higher in the myocardial injury group,
and high levels of serum MCP-4 and FABP3 are risk
factors for myocardial injury in SMPP patients. These
findings suggest that MCP-4 and FABP3 are abnor-
mally expressed in the peripheral blood of patients
with SMPP complicated with myocardial damage.
One study (16) revealed that MCP-4 can further
aggravate the condition of SMPP patients by recruit-
ing inflammatory factors, reducing pulmonary venti-
lation function and causing hypoxia, triggering
myocardial cell damage, and that MCP-4 is signifi-
cantly elevated in the serum of patients with immune
diseases. In the early stage of SMPP, combined with
myocardial injury, ischemia, and hypoxia occur.
Myocardial cells rely mainly on aerobic metabolism.
Under hypoxic conditions, acidic metabolic products
accumulate, which significantly affects the energy
metabolism of myocardial cells (17). Under hypoxic
conditions, cell membranes are damaged, increasing
permeability. As a result, FABP3, which has a relative-
ly small molecular mass within myocardial cells,
enters the bloodstream. Therefore, FABP3 levels in
serum significantly increase. Moreover, the more
severe the hypoxia in the body is, the greater the pos-
sibility of myocardial injury progressing to respiratory
failure (18). Research results indicate that serum
FABP3 levels increase significantly within 1.5 hours
after myocardial injury in patients and return to pre-
onset levels within 1 day (19).

CXCL9 is a typical proinflammatory cytokine
that is often involved in the progression of immune
diseases. It can induce immune system cells to invade
the affected area and is frequently highly expressed in
the serum of patients with various inflammatory dis-
eases (20). CXCL9 and its receptors can activate
leukocyte factors, promote the release of various
inflammatory factors, aggravate myocardial cell dam-

age, and result in abnormally elevated levels in multi-
ple cardiovascular diseases (21–22). The nonmyocar-
dial injury group and the healthy control group were
contrasted. Patients in the myocardial injury group
had notably higher serum CXCL9 levels. Moreover, a
high CXCL9 level is a risk factor for myocardial injury
in SMPP patients, suggesting that CXCL9 is involved
in the development of myocardial damage.

Furthermore, the risk factors for myocardial
injury in SMPP patients also include concurrent
hypertension and coronary heart disease. This might
be because such patients themselves are at risk of
cardiovascular damage. For example, elevated blood
pressure can increase the workload on the heart and
damage the myocardium (23–25). Anaemia is also a
risk factor for myocardial injury in patients with SMPP,
and it is negatively correlated with the patient’s
haemoglobin level (26–29). This is because the oxy-
gen-carrying capacity of red blood cells in the blood
circulation of patients with anaemia is reduced,
impairing gas exchange and oxygenation and thereby
increasing the risk of myocardial injury (30–32).

This study has certain limitations. For example,
the sample size is small, and the detection time points
for serum MCP-4, FABP3 and CXCL9 levels are sin-
gle, which cannot accurately reflect the relationship
between their trends and concurrent myocardial dam-
age in patients. The possible signalling pathways
involved still need in-depth research.

Conclusion

There is a positive correlation between the like-
lihood of cardiac injury in patients with severe
mycoplasma pneumonia and the levels of serum
MCP-4, FABP3, and CXCL9. Additional risk factors
for myocardial injury in patients with severe
mycoplasma infection include hypertension, coronary
heart disease, anaemia, and elevated serum levels of
MCP-4, FABP3, and CXCL9. 
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