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Association Between Levels of N-Terminal 
Pro-brain Natriuretic Peptide and Coronary 
Artery Lesion in Patients with Kawasaki 
Disease: A Systematic Review and 
Meta-analysis

ABSTRACT

Background/Aims: Kawasaki disease (KD) is often complicated by coro-
nary artery lesions (CAL). Identifying reliable biomarkers may improve early 
diagnosis and risk stratification for CAL, facilitating timely intervention. 
This study aims to investigate the diagnostic value of N-terminal pro-brain 
natriuretic peptide (NT-proBNP) in KD complicated with CAL.

Materials and Methods: PubMed, Scopus, Web of Science, Embase, 
and the Cochrane Library databases were searched from inception to 
November 30, 2024 for English-language studies comparing NT-proBNP 
levels in KD patients with and without CAL. Diagnostic accuracy metrics 
for NT-proBNP in detecting CAL were also analyzed. The analysis was per-
formed using a random-effects model. I² statistics assessed the hetero-
geneity. NT-proBNP levels reported as medians were converted to means 
using established formulas.

Results: Nineteen studies involving 9017 participants showed significantly 
higher NT-proBNP levels in KD patients with CAL (pooled standardized 
mean differences = 1.889, 95% CI: 1.274 to 2.504, P < .001), with substantial 
heterogeneity (I² = 98.5%). Eighteen studies assessed diagnostic accuracy, 
yielding pooled sensitivity and specificity of 0.78 (95% CI: 0.68-0.85) and 
0.78 (95% CI: 0.70-0.84), respectively. The diagnostic odds ratio was 12 (95% 
CI: 7-21), with an area under the receiver operating characteristic curve 
(AUROC) of 0.85 (95% CI: 0.81-0.88), indicating good diagnostic perfor-
mance. However, heterogeneity remained significant (I² = 99%).

Conclusion: N-terminal pro-brain natriuretic peptide is a promising bio-
marker for detecting CAL in KD, with good diagnostic accuracy. While 
elevated NT-proBNP levels correlate with CAL, its role is best realized as 
part of a multimodal diagnostic approach. Future research should focus 
on standardization and validation across diverse populations.

Keywords: Coronary artery lesions, Kawasaki disease, meta-analysis, 
NT-proBNP

Introduction

Kawasaki disease (KD) is a self-limited vasculitis with unclear etiology that 
predominantly affects children under the age of 51 and is accompanied by 
symptoms such as fever, rash, conjunctivitis, mucosal inflammation, cervical 
lymphadenopathy, etc.2 Despite the generally self-limiting nature of the 
disease, untreated cases can lead to devastating complications, most notably 
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coronary artery lesions (CAL), including aneurysms and 
stenosis.3 While early diagnosis and appropriate 
treatment of KD significantly reduce the risk of coronary 
artery involvement, about 15%-25% of children with KD 
may still develop CAL even after treatment, underscoring 
the need for robust diagnostic and prognostic markers.4

N-terminal pro-brain natriuretic peptide (NT-proBNP), a 
cardiac biomarker widely used to assess cardiac stress 
and dysfunction, has garnered attention in recent years 
for its potential role in the context of KD.5 N-terminal pro-
brain natriuretic peptide is a cleavage product of proBNP, 
secreted predominantly by cardiomyocytes in response to 
stretch.6 Increased levels of NT-proBNP have been consis-
tently observed in children with KD, particularly in those 
with CAL, suggesting that this protein may be a marker 
for both disease severity and the risk of coronary compli-
cations.7 The non-specific nature of clinical manifestations 
in the early stages of KD often results in delayed diag-
nosis, especially in older children.8 N-terminal pro-brain 
natriuretic peptide, therefore, could serve as a critical 
adjunct in distinguishing KD from other febrile illnesses, 
particularly in incomplete or atypical cases.9

The link between NT-proBNP and CAL in KD is biologi-
cally plausible, given the systemic inflammatory milieu 

and potential myocardial involvement seen in the dis-
ease.10 Kawasaki disease is marked by an intense cytokine 
storm, endothelial dysfunction, and immune-mediated 
injury, which can impose significant stress on the car-
diovascular system.11 Indeed, myocardial dysfunction, 
albeit often subclinical, is a recognized feature of acute 
KD and may contribute to the elevated NT-proBNP levels 
observed in affected children.12 Furthermore, NT-proBNP 
levels have been shown to correlate with inflammatory 
markers, further supporting its role as an integrative 
marker of inflammation and cardiac stress in KD.13

Despite the growing body of literature, the association 
between NT-proBNP levels and CAL in KD is still unclear 
due to the differences in patient populations, diagnos-
tic criteria for KD, methodologies for NT-proBNP mea-
surement, and definitions of CAL among studies. While 
some studies suggest that NT-proBNP levels are signifi-
cantly higher in children who develop CAL, others have 
reported no such differences.14,15 Similarly, cutoff values 
for NT-proBNP that predict CAL vary widely across stud-
ies, limiting its clinical applicability as a reliable prognos-
tic tool.16,17

Early identification of children at high risk for CAL is cru-
cial for tailored anti-inflammatory therapies, closer moni-
toring, and long-term risk stratification, as children with 
CAL are at risk for ischemic heart disease later in life.18 
Studying NT-proBNP in KD may also offer insights into 
the pathophysiological mechanisms underlying coro-
nary involvement, paving the way for novel therapeutic 
targets.

Despite these promising data, existing syntheses have 
been limited by small sample sizes, variable assay meth-
ods, and inconsistent CAL definitions. Moreover, no prior 
analysis has simultaneously quantified the magnitude of 
NT-proBNP elevation in CAL, assessed its pooled diagnos-
tic accuracy (sensitivity, specificity, area under the receiver 
operating characteristic curve [AUROC]), and systemati-
cally explored sources of between-study heterogeneity. 
Hence, this review was done to determine the diagnostic 
value of NT-proBNP in KD complicated with CAL.

Materials and Methods

Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020 guidelines were 
followed. The protocol was prospectively registered 
in the PROSPERO database (Registration Number: 
CRD42024620332). As this is a systematic review, ethic 
committee approval and informed consent was not 
needed.

Eligibility Criteria

Study Design
Studies (observational cohort, case-control, and cross-
sectional) that evaluated NT-proBNP in KD patients were 
included. Case series, reports, review articles, editorials, 
and studies on non-humans were excluded.

MAIN POINTS
• Kawasaki disease patients who develop coronary 

artery lesions (CAL) exhibit significantly higher 
NT-proBNP levels compared to those without CAL 
(pooled standardized mean difference = 1.889; 95% 
CI: 1.274–2.504; P < .001).

• The pooled diagnostic performance of NT-proBNP 
for detecting CAL shows good accuracy, with sen-
sitivity = 0.78 (95% CI: 0.68–0.85), specificity = 0.78 
(95% CI: 0.70–0.84), diagnostic odds ratio = 12 (95% 
CI: 7–21), and area under the ROC curve = 0.85 (95% 
CI: 0.81–0.88).There is substantial between-study 
heterogeneity in both NT-proBNP level compari-
sons (I² = 98.5%) and diagnostic accuracy metrics 
(I² = 99%), indicating variability in patient popula-
tions, assay methods, and CAL definitions that limits 
generalizability.

• Although NT-proBNP is a promising biomarker for 
identifying KD patients at risk of CAL, its standalone 
use is not advisable; it should be integrated into a 
multimodal diagnostic framework alongside clini-
cal assessment and imaging, and standardized cut-
off values need prospective validation.

• Evidence of publication bias (asymmetrical funnel 
plots and significant Egger’s/Deek’s tests) and reli-
ance on observational studies underscore the need 
for large, prospective multicenter research to con-
firm these findings and refine NT-proBNP’s role in 
KD management.
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Participants
Studies enrolling children <18 years diagnosed with KD 
based on the American Heart Association or Japanese 
Circulation Society criteria were eligible. Studies focusing 
on KD patients with confirmed CAL or no coronary artery 
involvement were included.

Exposure and Comparator
The primary exposure was elevated NT-proBNP levels. The 
comparator groups included KD patients without CAL.

Outcomes
The primary outcomes were (1) Mean (SD) NT-proBNP 
levels in KD patients with and without CAL and (2) 
Diagnostic accuracy of NT-proBNP for detecting CAL.

Search Strategy
PubMed, Scopus, Web of Science, Embase, and the 
Cochrane Library databases were screened from the 
inception of each database to November 30, 2024. Search 

terms included combinations of “Kawasaki Disease,” 
“NT-proBNP,” “coronary artery lesion,” and “diagnos-
tic accuracy.” Boolean operators (“AND” and “OR”) were 
used to refine the search (see Supplementary Appendix). 
Additionally, bibliographies of relevant articles were 
manually searched for any missed studies. Only English-
language articles were considered.

Study Selection Process
Titles and abstracts of identified papers were indepen-
dently screened by the 2 reviewers. Full texts of poten-
tially eligible articles were assessed using the predefined 
criteria (Figure 1). Differences were resolved by discussion.

Data Extraction
Data that were independently retrieved by the 2 authors 
using a standardized form contained the following: 
author, year, state, design, cohort size, and diagnostic 
criteria for KD and CAL; participant characteristics such 
as age, sex, and baseline clinical features; and outcome 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart showing the entire 
study selection process.
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measures of NT-proBNP levels in the form of either mean 
± SD or median and range/IQR and diagnostic parame-
ters for CAL detection.

Quality Assessment
Study quality was assessed by Newcastle-Ottawa Scale 
(NOS) for observational studies.19 Newcastle-Ottawa 
Scale assesses each study for selection, comparabil-
ity, and outcome/exposure. Studies scoring ≥6 stars 
are of high quality. Diagnostic studies were assessed 
by the Quality Assessment of Diagnostic Accuracy 
Studies (QUADAS-2) tool.20 Differences were resolved by 
discussion.

Statistical Analysis
Data were pooled using standardized mean differences 
(SMD) with 95% confidence intervals (CIs) using the mean 
and SD of values reported in individual studies. In studies 
where NT-proBNP levels were reported as median (range 
or interquartile range [IQR]), the data were transformed 
into mean and SD values to ensure consistency. Due to 
anticipated heterogeneity, a random-effects model was 
selected. Heterogeneity was quantified using the I² sta-
tistic and the Cochran’s Q test:21 I² > 50% indicates signifi-
cant heterogeneity.

A bivariate random-effects model was used for diagnos-
tic accuracy, pooled sensitivity, specificity, positive likeli-
hood ratio (LR), negative LR, and diagnostic odds ratio 
(DOR). Summary receiver-operating characteristic curves 
were constructed, and the AUROC was reported to evalu-
ate overall diagnostic performance. An LR scattergram 
was plotted to determine the clinical value of NT-proBNP 
for CAL. A bivariate box plot was used to determine the 
heterogeneity.

Publication bias was assessed using a funnel plot and 
Egger’s and Deek’s tests. P < .05 was indicative of pub-
lication bias. STATA version 14.2 (StataCorp.; TX, USA) was 
used for analyses.

Results

Search Results
A total of 1402 records were retrieved, and 423 dupli-
cates were removed. Following the screening, 789 arti-
cles were eliminated, and 190 full texts were reviewed 
for eligibility. Ultimately, 25 articles were included in the 
final analysis (Figure 1).22-46

Characteristics of the Included Studies
As shown in Table 1, the included studies had diverse 
designs, with a mix of retrospective and prospective stud-
ies and cohort sizes from 12 to 5151 participants. Most 
studies were done in China, Korea, and Japan. The sensi-
tivity and specificity for NT-proBNP in diagnosing CAL in 
KD patients were within the 0.412 to 1.0 and 0.378 to 1.0 
range, respectively. The NT-proBNP cutoff levels used also 
varied widely. The risk of bias assessments varied across 
studies, with most (11 studies) having a lower risk of bias.

N-Terminal Pro-Brain Natriuretic Peptide Levels in 
Patients with and Without Coronary Artery Lesion
Nineteen studies involving 9017 participants compared 
the mean and SD of NT-proBNP levels in KD patients with/
without CAL. The pooled SMD was 1.889 (95% CI: 1.274 to 
2.504, P < .001), indicating considerably higher NT-proBNP 
levels in patients with CAL (Figure 2). Substantial het-
erogeneity was observed (I² = 98.5%, P < .001), with a 
tau² value of 1.7860. The funnel plot was asymmetrical 
(Supplementary Figure 1) and significant Egger’s test 
(P = .002) indicated the possibility of publication bias.

Diagnostic Accuracy of N-Terminal Pro-Brain 
Natriuretic Peptide for Coronary Artery Lesion in 
Kawasaki Disease Patients
Eighteen studies have reported on the diagnostic accu-
racy of NT-proBNP for CAL, with 1212 reference-positive 
and 7668 reference-negative units, with pooled sensitiv-
ity and specificity of 0.78 (95% CI: 0.68-0.85) and 0.78 
(95% CI: 0.70-0.84), respectively (Figure 3). The diagnostic 
odds ratio (DOR) was 12 (95% CI: 7-21), with a positive LR 
of 3.5 (95% CI: 2.6-4.8) and a negative LR of 0.28 (95% CI: 
0.20-0.41). The AUROC was 0.85 (95% CI: 0.81-0.88), indi-
cating good diagnostic accuracy (Figure 4).

An LR scattergram (Figure 5) demonstrated that the 
estimates were in the right lower quadrant, indicating 
that it cannot be used for either confirmation or exclu-
sion. Substantial heterogeneity was observed (I² = 99%, 
P < .001), with a minor contribution from the threshold 
effect (proportion of heterogeneity due to threshold 
effect = 0.13) (Figure 6). The funnel plot (Supplementary 
Figure 2) was asymmetrical, and Deek’s test was signifi-
cant (P = .01).

Discussion

This review highlights significant findings regarding the 
association between NT-proBNP levels and CAL in KD 
among 25 studies. The pooled analysis of 19 studies 
demonstrated that KD complicated with CAL was asso-
ciated with significantly higher NT-proBNP levels than 
KD without CAL, with a pooled SMD of 1.889. This find-
ing suggests that NT-proBNP, a widely recognized bio-
marker for cardiac dysfunction, may be a valuable marker 
of coronary complications in KD patients. Additionally, 
the pooled diagnostic accuracy metrics from 18 stud-
ies revealed that NT-proBNP has moderate sensitivity 
and specificity (78% both) for identifying CAL, with an 
AUROC of 0.85, indicating good diagnostic performance. 
These results underscore the potential of NT-proBNP as 
a diagnostic marker for CAL in KD, though substantial 
heterogeneity and evidence of publication bias warrant 
cautious interpretation.

The elevated NT-proBNP levels observed in KD patients 
with CAL align with the underlying pathophysiology 
of KD, where systemic inflammation and endothelial 
dysfunction contribute to myocardial strain and coro-
nary involvement.47,48 While similar findings have been 
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reported in earlier studies, individual results varied widely. 
The previous meta-analysis by Zheng et  al. focused on 
NT-proBNP in KD and reported significant associations 
but was limited by a smaller sample size (only 8 studies) 
and less rigorous methodological frameworks.49 The cur-
rent study, with a broader scope and larger pooled sam-
ple, strengthens the evidence for this association while 
providing a more precise estimate of NT-proBNP’s diag-
nostic utility.

In terms of diagnostic accuracy, the observed AUROC 
of 0.85 corroborates earlier findings that NT-proBNP 
performs well as a diagnostic marker, though not suffi-
ciently robust for standalone clinical use. A meta-analysis 
by Zheng et  al. has reported sensitivities ranging from 
65% to 85% and specificities from 60% to 90%, consis-
tent with the pooled estimates of this study.49 However, 
as indicated by the LR scattergram, NT-proBNP cannot 
be solely relied upon for confirmation or exclusion, high-
lighting a limitation that previous studies often over-
looked. This insight emphasizes the need for NT-proBNP 
to be integrated into broader diagnostic frameworks 
alongside other clinical and laboratory findings.

The higher NT-proBNP levels in KD patients with CAL 
can be attributed to the physiological response of myo-
cardial strain and stress on the cardiovascular system 
caused by inflammatory processes in KD.9 N-terminal 
pro-brain natriuretic peptide, a peptide released from 
ventricular myocytes in response to increased wall stress, 

reflects cardiac dysfunction and is particularly elevated 
during episodes of systemic inflammation and vascular 
damage.50 In KD, the acute inflammatory phase results 
in endothelial dysfunction, coronary artery dilation, and 
myocardial involvement, all contributing to the increased 
release of NT-proBNP. Furthermore, the chronic sequelae 
of KD, including scarring and impaired coronary perfu-
sion, may exacerbate these elevations in patients who 
develop CAL.51

The diagnostic utility of NT-proBNP is supported by its 
role as a biomarker for cardiac dysfunction, which is 
intricately linked to coronary artery abnormalities in KD.6 
However, this study detected variability in diagnostic per-
formance metrics across studies, which may stem from 
differences in NT-proBNP assay methods, thresholds, and 
patient populations, as well as the timing of biomarker 
measurement relative to the disease phase.52 These fac-
tors likely contribute to the substantial heterogeneity 
observed in the meta-analysis. Moreover, NT-proBNP lev-
els may be potentially influenced by factors such as age, 
hydration status, and concurrent infections, which must 
also be considered when interpreting its diagnostic value.

The findings of this meta-analysis provide critical insights 
into the clinical utility of NT-proBNP in KD but also under-
score the complexities of its application in diverse set-
tings. While NT-proBNP levels are undeniably linked to 
CAL, their role in risk stratification and management 

Figure 2. Forest plot showing the association between N-terminal pro-brain natriuretic peptide and coronary artery 
lesion in Kawasaki disease patients.
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must be interpreted within the context of individual 
patient characteristics and additional diagnostic tools.

This review has several notable strengths. First, it includes 
a comprehensive and rigorous analysis of 25 studies with 
a large pooled sample of nearly 10 000 participants. It 
provides, therefore, robust estimates of the relationship 
between NT-proBNP levels and CAL in KD. Second, the 
study employed standardized methodologies, including 
converting non-normally distributed data to mean (SD) 
by validated tools, ensuring consistency in data analysis. 
Third, the dual focus on both NT-proBNP levels and its 
diagnostic accuracy enhances the clinical applicability of 
the findings, offering valuable insights into the utility of 
this biomarker in diverse clinical scenarios.

The findings of this study have significant clinical value 
for managing KD patients. Elevated NT-proBNP levels in 
patients with CAL suggest that this biomarker may serve 
as an adjunctive tool for identifying children at higher risk 
of coronary complications. The good diagnostic accuracy 
(AUROC = 0.85) supports its use in early screening and 
risk stratification, particularly in settings with limited 
echocardiographic resources. However, the inability of 

NT-proBNP to independently confirm or exclude CAL, as 
indicated by the LR scattergram, highlights the need for 
its integration into a multimodal diagnostic approach. 
Combining NT-proBNP measurements with clinical 
assessments, imaging modalities, and other biomark-
ers may optimize identifying and managing high-risk 
patients. The study also reinforces the importance of 
timely biomarker assessment in KD. Elevated NT-proBNP 
levels during the acute phase of illness could help guide 
early interventions to mitigate long-term coronary dam-
age. Additionally, NT-proBNP testing could facilitate the 
monitoring of therapeutic responses and the effective-
ness of interventions to reduce coronary involvement 
in KD.

However, the study also has limitations. The substan-
tial heterogeneity observed in the pooled analyses may 
limit the generalizability of the findings. This heteroge-
neity likely arises from differences in study populations, 
measurement methods, timing of NT-proBNP assess-
ment, and thresholds for defining CAL. Additionally, the 
evidence of publication bias suggests a potential over-
estimation of the pooled effect sizes. Another limitation 
is the lack of subgroup analyses to account for factors 

Figure 3. Forest plot showing the diagnostic accuracy of N-terminal pro-brain natriuretic peptide in detecting coronary 
artery lesion in Kawasaki disease patients.
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such as age, severity of KD, and phase of illness, which 
may influence NT-proBNP levels. Finally, the reliance on 
observational studies, which are inherently prone to con-
founding, underscores the need for caution in interpret-
ing causality.

Translating these findings into practice will require 
prospective validation of NT-proBNP cutoffs in well-
defined pediatric cohorts and integration into exist-
ing diagnostic algorithms. In resource-limited settings 

where echocardiography is not readily available, an 
NT-proBNP–based triage step could prioritize high-risk 
children for urgent imaging. Cost-effectiveness studies 
should evaluate the economic and logistical feasibility 
of routine NT-proBNP screening in febrile children sus-
pected of KD. Ultimately, guideline committees may 
consider incorporating NT-proBNP thresholds—strati-
fied by age and assay platform—into KD management 
protocols to optimize early identification of CAL and 
improve long-term cardiovascular outcomes. Moreover, 
recent pharmacoeconomic work from the Kawarabi ini-
tiative demonstrates that region-specific cost-effective-
ness analyses are essential for tailoring KD management 
to local resource constraints and healthcare structures. 
Finally, lessons drawn from the broader field of pediatric 
vasculitis—such as standardized outcome measures and 
long-term surveillance frameworks—offer valuable guid-
ance for refining KD treatment protocols and ensuring 
comprehensive follow-up care.53,54

Future research should address the limitations identi-
fied in this meta-analysis to provide more conclusive 
evidence on the utility of NT-proBNP in KD. Large, mul-
ticenter prospective studies are needed to validate the 
findings and account for potential confounding factors 
such as age, phase of illness, and treatment regimens. 
Standardization of NT-proBNP measurement methods, 
including uniform thresholds and timing of assessment, 
will be critical to reducing inter-study variability and 
enhancing comparability across studies.

Further exploration of NT-proBNP’s role in combination 
with other biomarkers or diagnostic tools is warranted 
to develop a comprehensive risk stratification model for 
CAL in KD. Additionally, research into the pathophysi-
ological mechanisms linking NT-proBNP and CAL may 
uncover new therapeutic targets and improve the under-
standing of KD-related coronary damage. Studies inves-
tigating the cost-effectiveness and feasibility of routine 

Figure  4. Summary Receiver Operator Characteristic 
curve for showing the accuracy of N-terminal pro-brain 
natriuretic peptide in detecting coronary artery lesion in 
Kawasaki disease patients.

Figure  6. Bivariate boxplot for N-terminal pro-brain 
natriuretic peptide in detecting coronary artery lesion in 
Kawasaki disease patients.

Figure  5. Likelihood ratio scattergram for N-terminal 
pro-brain natriuretic peptide in detecting coronary 
artery lesion in Kawasaki disease patients.
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NT-proBNP testing in different healthcare settings would 
also help inform clinical guidelines.
This review provides compelling evidence that NT-proBNP 
levels are significantly elevated in KD patients with CAL 
compared to those without, highlighting its potential 
as a biomarker for coronary complications in KD. The 
diagnostic accuracy analysis demonstrates good perfor-
mance, though NT-proBNP assessment should be part of 
a multimodal diagnostic framework rather than a stand-
alone tool. Despite limitations such as heterogeneity and 
publication bias, the study underscores the relevance 
of NT-proBNP in KD management and calls for further 
research to refine its clinical application.
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Supplementary Figure 1. Funnel plot for association between NT-proBNP and CAL in Kawasaki disease patients.

Supplementary Figure  2. Funnel plot for diagnostic accuracy of NT-proBNP in detecting CAL in Kawasaki disease 
patients.


