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Objective: To evaluate the diagnostic performance of combined N-terminal pro-brain natriuretic peptide (NT-proBNP) and cardiac
troponin I (cTnl) testing for myocardial injury in children with Mycoplasma pneumoniae pneumonia (MPP).

Methods: This retrospective study included 103 pediatric patients with MPP complicated by myocardial injury admitted between
December 2021 and December 2023. Patients were stratified by New York Heart Association (NYHA) functional class (I-IV).
Demographic and clinical characteristics, biomarker levels, and diagnostic accuracy were analyzed. ROC curves were used to assess
diagnostic performance of single and combined biomarkers.

Results: No significant differences were observed in age or gender across NYHA classes. However, BMI Z-scores declined
significantly with worsening class (P = 0.013), while heart rate, systolic blood pressure, fever duration, respiratory rate, and hospital
stay increased progressively (all P < 0.01), indicating disease severity. Serum NT-proBNP and cTnl levels rose in parallel with
advancing NYHA class (P < 0.001 between all adjacent groups). A strong positive correlation was found between NT-proBNP and
cTnl (r = 0.617, P < 0.001). Combined biomarker testing demonstrated superior diagnostic accuracy (AUC = 0.914), outperforming
NT-proBNP (AUC = 0.877) and cTnl alone (AUC = 0.739). The combination improved sensitivity (94.15%) and specificity (95.19%),
reducing false negatives and enhancing risk stratification. Notably, 80% of NYHA class III-IV cases were correctly reclassified into
the high-risk group, with a net reclassification improvement (NRI) of +34.2% (P = 0.002).

Conclusion: Combined NT-proBNP and cTnl testing provides robust diagnostic efficacy for myocardial injury in pediatric MPP. This
dual-biomarker strategy enables earlier identification of high-risk patients and supports more precise clinical management.
Keywords: NT-proBNP, cTnl, combined testing, children, mycoplasma pneumoniae pneumonia, myocardial injury, diagnostic
efficacy, ROC

Introduction

Mycoplasma pneumoniae pneumonia is a respiratory tract infection caused by Mycoplasma, which primarily affects
respiratory epithelial cells and lung tissue, being one of the common respiratory tract infections in children.' Despite
Mycoplasma infection being typically considered a mild respiratory disease, recent studies” have indicated that it may
lead to serious complications including myocardial injury. Myocardial injury refers to structural or functional abnorm-
alities in myocardial cells, which not only increase the complexity of the patient’s condition but may also result in long-
term cardiac dysfunction, even life-threatening situations.® Therefore, timely and accurate assessment and diagnosis of

myocardial injury in children with Mycoplasma pneumoniae pneumonia are particularly important.
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NT-proBNP and cTnl are two clinically established biomarkers reflecting distinct pathophysiological processes: ¢Tnl is
a gold-standard marker for acute myocardial cell necrosis, while NT-proBNP predominantly indicates chronic ventricular
wall stress and hemodynamic overload.* However, emerging evidence suggests that Mycoplasma pneumoniae pneumonia
may induce both acute inflammatory myocardial injury (detectable by cTnl elevation) and subclinical ventricular dysfunction
(reflected by NT-proBNP rise) through systemic cytokine storms and hypoxia-mediated stress.” This dual mechanism
underscores the rationale for combined biomarker assessment to capture the spectrum of myocardial involvement.

Although prior studies in adults with Mycoplasma pneumoniae pneumonia have demonstrated independent associa-
tions of elevated ¢Tnl and NT-proBNP with cardiac complications,’ pediatric data remain scarce. Importantly, biomarker
interpretation in children requires age-specific reference values due to developmental variations: NT-proBNP levels
physiologically decline with age from infancy to adolescence, and cTnl cutoff values for myocardial injury in children
are 50~70% lower than adult thresholds.” Furthermore, existing adult diagnostic criteria may not extrapolate to pediatric
populations, as children exhibit distinct immune responses and myocardial vulnerability patterns.

While cost-effectiveness considerations are valid (combined testing adds ~$30-50 per patient in developing
countries), early detection of myocardial injury could reduce long-term cardiac sequelae and hospitalization costs.
Current research predominantly focuses on single-marker approaches, leaving a critical knowledge gap regarding
the synergistic diagnostic value of these biomarkers in pediatric Mycoplasma-associated myocardial injury.®
Therefore, this study aims to explore the diagnostic efficacy of NT-proBNP and c¢Tnl combined detection in
myocardial injury in children with Mycoplasma pneumoniae pneumonia through retrospective analysis of clinical

data, and to evaluate its feasibility and accuracy in clinical application.

Materials and Methods
Study Design, Setting, and Period

This retrospective cohort study analyzed pediatric patients diagnosed with Mycoplasma pneumoniae pneumonia com-
plicated by myocardial injury at the First Affiliated Hospital of Bengbu Medical University (Anhui Province, China)
between December 2021 and December 2023. The study protocol adhered to STROBE guidelines for observational
research and was approved by the Institutional Review Board of the same institution (Approval No.: IRB-2023-045).
Written informed consent was waived due to the retrospective nature of the analysis, with all patient data anonymized
prior to inclusion in the study.

Inclusion and Exclusion Criteria
Inclusion criteria: (D) Children aged 1-14 years meeting diagnostic criteria for Mycoplasma pneumoniae pneumonia;’
(@ Confirmed myocardial injury defined by any two of the following: Electrocardiographic abnormalities (QRS
depression, ST-T changes, prolonged Q-T interval, or conduction block); Echocardiographic evidence of ventricular
dysfunction (ejection fraction <55% or fractional shortening <28%); Elevated serum ¢Tnl (>0.04 ng/mL) and NT-
proBNP (>300 pg/mL for age <2 years, >125 pg/mL for age >2 years);'’@ Complete clinical records including
biomarker measurements, imaging, and treatment outcomes.
Exclusion criteria: () Severe organ dysfunction (eg, renal failure, hepatic insufficiency); (2) Immunocompromised
status, hematologic disorders, or malignancy; (3) Coinfection with other pathogens (bacterial/viral/fungal); () Pre-

existing congenital heart disease or cardiomyopathy; (5) Incomplete laboratory or imaging data.

Sampling Strategy and Sample Size

A convenience sampling method was employed, including all eligible cases during the study period. Sample size
calculation used PASS 2021 software with the following parameters: expected AUC difference of 0.15 between single
and combined biomarkers (0=0.05, p=0.20), yielding a minimum requirement of 98 patients.
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Data Collection and Laboratory Methods

Fasting venous blood samples of 5 mL were collected from all patients in the morning. After standing at room
temperature for 20 minutes, the samples were centrifuged at 3,500 rpm for 15 minutes. The supernatant was collected
after centrifugation, and the levels of NT-proBNP and cTnl in the serum were detected using the enzyme-linked
immunosorbent assay (ELISA) method. The NT-proBNP assay kit was provided by Shanghai Enzyme-linked
Biotechnology Co., Ltd., and the cTnl assay kit was provided by InnoBio Science Co., Ltd. All procedures were
performed according to the instructions of the assay kits under standard laboratory conditions.

Statistical Analysis

Statistical analyses were performed in three phases. First, descriptive analysis compared continuous variables (mean +
SD) using ANOVA or the Kruskal-Wallis test, and categorical variables (n, %) using the y>-test or Fisher’s exact test.
Second, Pearson’s correlation coefficient (r) was used to evaluate collinearity between NT-proBNP and cTnl. Third,
diagnostic performance was assessed with the primary outcome defined as binary classification of myocardial injury
based on NYHA class > II. Logistic regression models including both biomarkers were used to generate predicted
probabilities for ROC curve construction, and optimal cutoffs were determined by maximizing Youden’s index.
Differences between single and combined biomarkers” AUCs were compared using DeLong’s test. All analyses were
conducted using SPSS 22.0 and MedCalc 20.1, with statistical significance set at P < 0.05.

Results
Baseline Characteristics of Patients Stratified by NYHA Functional Class

Table 1 summarizes the baseline demographic and clinical characteristics of the patients classified according to the
New York Heart Association (NYHA) functional classes I to IV. No significant differences were observed in gender
distribution (P = 0.991) or age (P = 0.874) across the groups. However, BMI Z-scores differed significantly among
groups (P = 0.013). Heart rate, systolic blood pressure, fever duration, respiratory rate, and hospital stay all showed
a progressive increase with advancing NYHA class (all P < 0.01).

Biomarker Stratification by NYHA Class

Serum NT-proBNP and cTnl levels progressively increased with worsening NYHA class (Table 2). NT-proBNP levels
rose from 238.47 + 65.82 ng/L in Class I to 551.91 + 110.49 ng/L in Class IV, with statistically significant differences
between all adjacent classes (P < 0.001). Similarly, ¢Tnl levels increased from 0.38 = 0.11 ng/mL in Class I to 0.89 +
0.26 ng/mL in Class IV (P < 0.001).

Biomarker Correlation and Diagnostic Performance
A strong positive correlation was observed between NT-proBNP and cTnl (r = 0.617, P < 0.001; Figure 1). ROC analysis

revealed that combined detection of these biomarkers provided superior diagnostic accuracy with an AUC of 0.914,

Table | Baseline Characteristics of Patients Stratified by NYHA Functional Class

Characteristic NYHA | NYHA 11 NYHA 11l NYHA IV P
(n=27) (n=25) (n=26) (n=26)

Male, n (%) 15 (55.6) 14 (56.0) 15 (57.7) 13 (52.0) 0.991
Age (years) 7.26£1.43 7.63£1.52 7.55£1.56 7.72£1.61 0.874
BMI Z-score 0.324£0.89 0.41£0.92 —0.15+1.02 —0.28+1.11 0.013
Heart rate (bpm) 112 (104-121) 128 (118-135) 136 (127-145) 148 (139-156) <0.001
Systolic BP (mmHg) 98.47 + 8.32 102.16 + 9.74 105.59 + 10.23 108.11 + 11.67 0.007
Fever duration (days) 529 = I.11 6.87 £ 1.53 753 = 1.79 8.30 + 2.02 <0.001
Respiratory rate (/min) 2822 £ 4.18 3244 £5.12 35.67 £ 6.45 38.56 + 7.34 <0.001
Hospital stay (days) 7 (6-8) 9 (8-11) 12 (10-14) 15 (13-17) <0.001
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Table 2 Biomarker Levels Stratified by NYHA Class

Group | n | NT-proBNP (pg/mL) | cTnl (ng/imL)

I 27 238.47+65.82 0.38+0.11

Il 25 323.19+86.65° 0.52+0.14°
] 26 41523+98.34%° 0.73£0.23%
v 25 551.91£110.49% 0.89+0.26*>°

Note: Compared with grade |, *P<0.05; compared with grade
bP<0.05; compared with grade llI, “P<0.05.

compared to individual markers (Table 3 and Figure 2). Importantly, combined testing reduced false negatives by
correctly identifying 12 cases missed by cTnl alone and improved risk stratification, upgrading 28 out of 35 (80%)
NYHA class III-IV cases to a high-risk category using dual thresholds. The net reclassification improvement (NRI) was
+34.2% (P = 0.002), indicating significant enhancement in patient classification.

Discussion

Mycoplasma pneumoniae (MP) is a prokaryotic microorganism that lies between bacteria and viruses and can spread
through various routes such as oral and nasal secretions and airborne transmission, causing infections.'' When the human
body is infected with MP pneumonia, it can adhere to the respiratory epithelial cells through specific cell membrane
receptors, not just existing on the surface of the respiratory tract. This adhesion not only inhibits the normal movement of
respiratory cilia but also damages the epithelial cells, leading to the production of harmful substances and causing
damage to local tissues.'? Studies'® have shown that if MP pneumonia does not receive timely and effective intervention,
it may lead to damage to other organ functions, such as the liver, kidneys, and myocardium, thereby threatening the
health and life of patients. Additionally, research'® indicates that myocardial damage is the most common complication
of MP pneumonia. Studies by Ludwikowska'? et al found that children aged 13 to 36 months and 6 to 14 years with MP
pneumonia are more prone to myocardial damage, which may be related to the immune systems of children at different
ages. Studies by Mei'® et al found that factors such as the degree and duration of fever, C-reactive protein (CRP), among
others, may independently become risk factors for concomitant myocardial damage in pneumonia patients. Therefore,
early screening and diagnosis of myocardial damage in MP pneumonia children are crucial for detecting and adopting
appropriate treatment measures promptly, which is essential for improving the condition of the children and enhancing
clinical treatment outcomes.

r=0.617, P<0.05

°
°
s o
IR L
X .....oo...o
%0 oo e
° °

o %o
LX) ® 9
.

NT-proBNP ( ng/L)
N S (o2] o
o o o o
T < 2 9

o

0.5 1.0 1.5
cTnl( ng/mL)

=
(=)

Figure | Correlation Analysis between Serum NT-proBNP and cTnl.
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Table 3 Diagnostic Performance and Clinical Reclassification

Parameter | AUC | Sensitivity (%) | Specificity (%) | Misdiagnosed} {Cases | NRI (%)

NT-proBNP | 0.877 86.53 89.92 14 (13.6%) -
cTnl 0.739 65.34 74.46 36 (35.0%) -
Combined 0914 94.15 95.19 5 (4.9%) 34.2

Note:  Misdiagnosis defined as false negatives + false positives.

Currently, electrocardiography, echocardiography, and serum biochemical markers are commonly used in clinical
practice to screen for myocardial injury. However, multiple studies'”'® have shown that due to the lack of specific
manifestations of early myocardial injury, electrocardiography, echocardiography, and other methods have not been able
to detect significant changes, posing a challenge to the early diagnosis of myocardial injury. Serum biochemical markers
can timely and accurately reflect physiological changes in the body, playing an important role in clinical diagnosis.
Cardiac enzyme spectrum is a common indicator used in the past clinical diagnosis of diseases such as myocardial
ischemia and myocardial infarction, but recent studies'® have shown issues with its sensitivity and specificity in
diagnosing myocardial injury. Therefore, finding serum biochemical markers more suitable for detecting myocardial
injury in Mycoplasma pneumoniae (MP) pneumonia is particularly important. cTnl is a protein present in myocardial
cells that binds to calcium ions during the process of myocardial contraction and relaxation, playing an important
regulatory role.”” When myocardial cells are damaged or die, cTnl is released into the bloodstream, and its elevated
serum levels can reflect the extent of myocardial injury. This study found that with the increase in the functional
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Figure 2 ROC Curves for NT-proBNP, cTnl, and Combined Detection in Diagnosing Myocardial Injury in MPP.
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classification of patients, the level of cTnl also increased correspondingly, suggesting that patients with MP pneumonia
complicated by myocardial injury exhibit abnormally elevated levels of cTnl. Analysis suggests that in patients with MP
pneumonia, inflammatory and immune responses caused by infection may lead to damage or death of myocardial cells,
resulting in increased release of cTnl and elevated concentrations in the blood.

NT-proBNP is a peptide hormone produced by myocardial cells and is a novel serum marker that has received
considerable attention in recent years. Studies®' have shown that when myocardial cells suffer from ischemia, injury, or
decreased cardiac function, serum NT-proBNP tends to increase abnormally, and is less susceptible to the influence of
drugs. Research by Yuan®® and others has demonstrated that NT-proBNP is superior to traditional methods such as
electrocardiography and echocardiography in early screening for heart failure and myocardial injury. This study analyzed
the clinical application of NT-proBNP in the diagnosis of myocardial injury combined with Mycoplasma pneumoniae
(MP) pneumonia. The results showed that as the functional classification of patients increased, the serum NT-proBNP
levels also increased correspondingly, which is consistent with previous research.? It is believed that when myocardial
cells are damaged, proBNP is produced, which is then broken down by endopeptidases into NT-proBNP and BNP. Due to
the longer half-life and stability of NT-proBNP both in vivo and in vitro, the NT-proBNP level continues to increase
abnormally with the increasing degree of myocardial cell damage. Therefore, measuring serum NT-proBNP levels can
reflect the extent of myocardial injury in patients.

This study analyzed the correlation between NT-proBNP and cTnl, and the results showed a significant positive
correlation between serum NT-proBNP and cTnl levels (r=0.617, P<0.05). Furthermore, the diagnostic efficacy of NT-
proBNP and cTnl for children with Mycoplasma pneumoniae (MP) pneumonia combined with myocardial injury was
analyzed using ROC curve analysis. It was found that the AUC for NT-proBNP and c¢Tnl in diagnosing myocardial injury
associated with Mycoplasma pneumoniae pneumonia was 0.877 and 0.739, respectively, indicating a certain diagnostic
value. However, the AUC for NT-proBNP+cTnl combined detection was 0.914, with a sensitivity of 94.15% and
a specificity of 95.19%, which was significantly higher than that of single NT-proBNP and cTnl detection (P<0.05).
Therefore, the combined detection of NT-proBNP and cTnl has a more ideal diagnostic value in diagnosing children with
Mycoplasma pneumoniae pneumonia combined with myocardial injury.

Despite these promising results, it is important to clarify the justification and clinical relevance of this study in the
context of existing literature. Previous research has established the utility of NT-proBNP and c¢Tnl as biomarkers of
myocardial injury in adults and in other cardiac conditions, but studies focusing specifically on pediatric patients with
Mycoplasma pneumoniae pneumonia remain scarce and fragmented.>* This study fills this gap by providing focused data
on the pediatric population, highlighting how combining these biomarkers can improve diagnostic accuracy compared to
single-marker or ECG-based approaches.

Electrocardiography (ECG) and echocardiography are commonly used in clinical practice to detect myocardial injury;
however, their sensitivity in early or mild cases—especially in children—is limited due to nonspecific or delayed
changes. Biochemical markers like NT-proBNP and cTnl offer a more sensitive and timely indication of myocardial
injury, which is critical for early diagnosis and intervention.’ This clinical implication underscores the value of
biochemical testing as a complementary tool to traditional cardiac assessments, particularly when ECG findings are
inconclusive or when access to echocardiography is limited.

Regarding the diagnostic metrics, while area under the curve (AUC) values provide a statistical measure of test
accuracy, they may not fully convey clinical utility. To address this, our study further analyzed net reclassification
improvement (NRI), demonstrating a 34.2% enhancement in patient risk stratification when combining NT-proBNP and
cTnl. This improvement translated into identifying 12 previously missed cases and upgrading 80% of patients with
severe functional impairment (NYHA class III-IV) to a high-risk category. These findings highlight the tangible patient-
level benefits of combined biomarker testing beyond statistical indices.’

Nevertheless, several limitations should be acknowledged: the single-center, retrospective design may introduce
selection bias despite consecutive enrollment; age-related differences in myocardial vulnerability require further explora-
tion; and long-term outcomes of biomarker-guided therapy remain to be prospectively validated. Future multicenter
studies incorporating serial biomarker measurements alongside cardiac MRI are warranted to elucidate the causal
relationship between Mycoplasma-induced inflammation and myocardial injury. Despite these limitations, our findings
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offer actionable evidence supporting the integration of dual-biomarker screening into pediatric pneumonia guidelines,
particularly in cases with inconclusive ECG findings.

Conclusion

This study systematically validates the synergistic diagnostic value of NT-proBNP and cTnl in detecting myocardial
injury among 103 pediatric patients with Mycoplasma pneumoniae pneumonia (MPP), addressing a critical gap in
existing literature that has largely focused on adult populations or single-biomarker approaches. Key findings demon-
strate that serum NT-proBNP and cTnl levels increased progressively with worsening NYHA functional class. A strong
positive correlation between the two markers highlights their complementary role in disease severity assessment.
Combined biomarker detection significantly improved diagnostic performance (AUC = 0.914), reduced false negatives,
and upgraded 80% of NYHA class III-IV cases to a high-risk tier. The observed net reclassification improvement of
34.2% further reinforces the clinical utility of dual-marker screening in enhancing diagnostic accuracy and risk
stratification.
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