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Abstract 
Background 

Early diagnosis of Kawasaki disease (KD) remains challenging because its initial 
manifestations are often nonspecific, particularly in children with incomplete KD. 
Although fever duration and C-reactive protein (CRP) are established inflammatory 
markers, the potential interaction between them has not been adequately investigated. 
This study evaluated the interaction between fever duration and CRP and its value in 
the early prediction of KD. 
 

Methods 

This retrospective study included 430 febrile children admitted between January 
2020 and December 2025, including 193 patients with KD and 237 febrile controls. 
Candidate variables were selected using least absolute shrinkage and selection 
operator (LASSO) regression and entered into multivariable logistic regression to 
identify independent predictors of KD. A base prediction model and an interaction 
model incorporating the fever duration × CRP interaction term were established. 
Model performance was assessed using receiver operating characteristic (ROC) 
curves, calibration curves, and decision curve analysis (DCA). 
 

Results 

Multivariable analysis identified fever duration, CRP, alanine aminotransferase, 
and systemic inflammatory response index (SIRI) as independent risk factors for KD, 
whereas age, albumin, and alkaline phosphatase were independently associated with a 
lower risk of KD. A significant interaction between fever duration and CRP was 
observed (adjusted OR = 0.551, 95% CI: 0.370–0.849, P = 0.005). Simple slope 



analysis demonstrated that the predictive effect of fever duration was strongest at 
moderate CRP levels, weaker at low CRP levels, and no longer significant at high 
CRP levels. Compared with the base model, the interaction model showed a slightly 
higher discriminative ability (AUC: 0.894 vs. 0.885) and demonstrated better 
calibration and greater clinical net benefit。 

 

Conclusions  

Fever duration and CRP were independently associated with KD, and their 
interaction provided additional predictive information. Incorporating this interaction 
improved model performance and may facilitate earlier identification and risk 
stratification of KD in febrile children. 

Keywords: Kawasaki disease; fever duration; C-reactive protein; interaction effect; 

prediction model; systemic inflammatory response index 

1 Introduction 

Kawasaki disease (KD) is an acute, self-limited systemic vasculitis primarily 
involving medium-sized arteries and predominantly affecting children younger than 5 
years of age. It is one of the leading causes of acquired heart disease in children[1, 
2].Although the etiology of KD has not been fully elucidated, current evidence 
suggests that genetic susceptibility, infectious triggers, and dysregulated 
immune-inflammatory responses collectively contribute to its pathogenesis[2]. In 
recent decades, with increasing awareness of the disease and continuous 
improvements in surveillance systems, the incidence of KD has shown a sustained 
upward trend, particularly in East Asian countries and regions such as Japan, China, 
and South Korea[3, 4]. Coronary artery lesions (CALs) are the most serious 
complication of KD. Without treatment, approximately 15%–25% of affected children 
develop coronary artery dilatation or coronary artery aneurysms, whereas timely 
administration of intravenous immunoglobulin (IVIG) reduces this proportion to 
below 5%[5]. Therefore, early recognition and timely intervention are essential for 
reducing coronary artery complications and improving the long-term prognosis of 
children with KD. 

The diagnosis of KD still relies primarily on persistent fever and characteristic 
clinical manifestations[1]. However, during the early stage of the disease, particularly 
in children with incomplete KD, clinical manifestations are often nonspecific and may 
be limited to persistent fever accompanied by elevated inflammatory markers, making 
KD difficult to distinguish from common febrile infectious diseases and consequently 
delaying diagnosis and treatment[6]. With the development of precision medicine, 
identifying objective laboratory biomarkers for the early diagnosis of KD and 
establishing robust and reliable prediction models have become major focuses of 
recent clinical research[7, 8]. 

C-reactive protein (CRP) is the most widely used acute-phase reactant in clinical 
practice. Its level reflects the intensity of systemic inflammation and is closely 
associated with disease activity, intravenous immunoglobulin resistance, and the risk 
of coronary artery lesions in patients with KD[9, 10]. Persistent fever is the hallmark 



clinical manifestation of KD and one of its earliest presenting symptoms. Previous 
studies have demonstrated that fever duration is closely associated with disease 
severity and prognosis and may provide early warning information for KD[11, 12]. 
However, previous studies investigating fever duration and CRP in KD risk prediction 
have mainly focused on their independent effects, whereas whether an interaction 
exists between these two variables and how such an interaction influences KD risk 
prediction remain largely unexplored[13, 14]. 

Therefore, in this retrospective case-control study, we included clinical data from 
430 febrile children. Candidate variables were identified using least absolute 
shrinkage and selection operator (LASSO) regression, followed by multivariable 
logistic regression analysis to construct a prediction model. Furthermore, an 
interaction term between fever duration and CRP was incorporated into the model to 
investigate its association with the risk of KD and to evaluate its clinical value for the 
early identification of KD, with the aim of providing new evidence for KD risk 
stratification and early diagnosis. 
2 Materials and Methods 

2.1 Study design and participants 

his was a single-center retrospective case-control study. Clinical data were 
retrospectively collected from consecutive febrile children admitted to Fuqing 
Hospital Affiliated to Fujian Medical University between January 2020 and December 
2025. The KD group consisted of 193 children diagnosed with KD according to the 
2017 American Heart Association (AHA) diagnostic criteria[1]. During the same 
period, 237 febrile children who were ultimately diagnosed with diseases other than 
KD were enrolled as the control group. All study participants were identified through 
the hospital electronic medical record system. 

Inclusion criteria：(1) age ≤18 years; (2) documented fever during hospitalization; 
(3) fulfillment of the AHA diagnostic criteria for KD in the KD group; (4) complete 
clinical data available.。 

Exclusion criteria：(1) receipt of intravenous immunoglobulin (IVIG) before the 
initial laboratory examination; (2) congenital heart disease, immunodeficiency, 
autoimmune disease, or hematologic disorders; (3) severe hepatic or renal dysfunction, 
or malignant tumors; (4) missing essential clinical data. 

This study was approved by the Medical Ethics Committee of Fuqing Hospital 
Affiliated to Fujian Medical University (Approval No. K (2026) 40). As this was a 
retrospective study using anonymized data, the requirement for informed consent was 
waived by the Ethics Committee. 

2.2 Data collection 

General demographic characteristics and the results of the initial laboratory 
examination were collected. Laboratory parameters included C-reactive protein (CRP), 
procalcitonin (PCT), white blood cell count (WBC), neutrophil count, lymphocyte 
count, monocyte count, hemoglobin, platelet count, total bilirubin (TBil), direct 
bilirubin (DBil), albumin, globulin, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), and γ-glutamyl transferase 
(GGT). 



Inflammatory indices were calculated from peripheral blood cell counts, 
including the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 
(PLR), systemic inflammatory response index (SIRI), and systemic 
immune-inflammation index (SII). 

 

The corresponding formulas were as follows: 
 

NLR = Neutrophil count / Lymphocyte count 
 

PLR = Platelet count / Lymphocyte count 
 

SIRI = Neutrophil count × Monocyte count / Lymphocyte count 
 

SII = Platelet count × Neutrophil count / Lymphocyte count 
 

2.3 Variable selection and model construction 

Univariable logistic regression analysis was first performed to evaluate the 
association between each variable and the risk of KD. Variables with statistical 
significance were subsequently entered into the least absolute shrinkage and selection 
operator (LASSO) regression analysis. Ten-fold cross-validation was performed to 
determine the optimal penalty parameter (λ ), and candidate variables for 
multivariable analysis were selected to reduce multicollinearity and prevent model 
overfitting. All continuous variables were standardized using Z-score transformation 
before model construction to ensure comparability across variables with different 
measurement scales. 

A multivariable logistic regression model (Base model) was constructed using 
the variables selected by LASSO regression. Based on the Base model, an interaction 
term between fever duration and CRP (fever duration ×  CRP) was further 
incorporated to establish the Interaction model. Based on the variables selected by 
LASSO regression, a multivariable logistic regression model was established and 
referred to as the Base model. Subsequently, an interaction term between fever 
duration and CRP (fever duration ×  CRP) was incorporated to construct the 
Interaction model. 

 

2.4 Interaction analysis 

The interaction between fever duration and CRP was evaluated by incorporating 
a multiplicative interaction term into the multivariable logistic regression model. To 
further characterize the interaction, simple slope analysis was performed after 
stratifying participants into low-, moderate-, and high-CRP groups according to the 
tertiles of CRP distribution (cutoff values: the 33.3rd and 66.7th percentiles). The 
association between fever duration and the risk of KD was estimated within each 
subgroup, and corresponding simple slope plots were generated to illustrate the 
interaction effect. 

 



2.5 Model evaluation 

Model discrimination was assessed using the area under the receiver operating 
characteristic (ROC) curve (AUC). The AUCs of the Base model and the Interaction 
model were compared using the DeLong test. Model calibration was evaluated using 
the Hosmer–Lemeshow goodness-of-fit test and calibration curves. The clinical 
utility of the models was evaluated using decision curve analysis (DCA). 

 

2.6 Statistical analysis 

All statistical analyses were performed using R software (version 4.3.0; R 
Foundation for Statistical Computing, Vienna, Austria). Normally distributed 
continuous variables were expressed as the mean ± standard deviation (SD) and 
compared using the independent-samples t test; Non-normally distributed continuous 
variables were presented as the median (interquartile range, IQR) and compared using 
the Mann–Whitney U test; Categorical variables were expressed as frequencies 
(percentages) and compared using the X²test or Fisher's exact test, as appropriate. The 
results of logistic regression analyses were reported as odds ratios (ORs) with 95% 
confidence intervals (CIs). All statistical tests were two-sided, and a P value <0.05 
was considered statistically significant. 

 

3 Results 

3.1 Baseline characteristics 

A total of 430 febrile children were included in this study, comprising 193 children 
with KD and 237 controls. Compared with the control group, children with KD were 
younger and had a longer fever duration. They also exhibited significantly higher 
levels of C-reactive protein (CRP), procalcitonin (PCT), white blood cell count 
(WBC), neutrophil count, lymphocyte count, monocyte count, platelet count, total 
bilirubin (TBil), direct bilirin (DBil), γ-glutamyl transferase (GGT), globulin, 
alanine aminotransferase (ALT), systemic inflammatory response index (SIRI), and 
systemic immune-inflammation index (SII), whereas hemoglobin, alkaline 
phosphatase (ALP), albumin, and platelet-to-lymphocyte ratio (PLR) were 
significantly lower (all P < 0.05). No significant differences were observed between 
the two groups with respect to sex, aspartate aminotransferase (AST), or the 
neutrophil-to-lymphocyte ratio (NLR) (all P > 0.05). Detailed baseline 
characteristics are presented in Table 1. 
 

Table 1. Baseline characteristics of the study participants. 

Variable Overall Control KD P value 

Participants, n 430 237 193  

Male sex, n (%) 234 (54.4) 122 (51.5) 112 (58.0) 0.208 

Age (months) 31.00 [15.00, 36.00 [15.00, 29.00 [16.00, 0.018 



Variable Overall Control KD P value 

59.75] 74.00] 49.00] 

Fever duration (h) 48.00 [24.00, 
96.00] 

24.00 [16.00, 
48.00] 

72.00 [48.00, 
120.00] <0.001 

C-reactive protein (mg/L) 37.53 [8.03, 
86.37] 

11.11 [3.93, 
43.34] 

74.60 [38.21, 
113.68] <0.001 

Procalcitonin (ng/mL) 0.29 [0.13, 
0.80] 

0.25 [0.10, 
0.59] 

0.42 [0.18, 
1.33] <0.001 

White blood cell count 
(×10⁹/L) 

12.62 [7.24, 
16.94] 

9.08 [6.00, 
15.01] 

14.75 [11.07, 
18.95] <0.001 

Neutrophil count (×10⁹/L) 8.44 [5.13, 
12.17] 

6.36 [3.85, 
10.23] 

10.22 [7.33, 
13.44] <0.001 

Hemoglobin (g/L) 
122.00 

[114.00, 
129.75] 

127.00 
[120.00, 
133.00] 

116.00 
[109.00, 
123.00] 

<0.001 

Lymphocyte count 
(×10⁹/L) 

1.92 [1.17, 
3.51] 

1.52 [0.90, 
3.18] 

2.44 [1.58, 
3.96] <0.001 

Monocyte count (×10⁹/L) 0.72 [0.52, 
1.11] 

0.65 [0.47, 
0.98] 

0.86 [0.61, 
1.22] <0.001 

Platelet count (×10⁹/L) 
277.50 

[228.25, 
345.75] 

251.00 
[207.00, 
296.00] 

315.00 
[272.00, 
374.00] 

<0.001 

Total bilirubin (μmol/L) 7.80 [5.60, 
11.88] 

7.20 [5.20, 
10.60] 

9.30 [6.50, 
14.70] <0.001 

Direct bilirubin (μmol/L) 2.10 [1.30, 
3.30] 

1.70 [1.20, 
2.70] 

2.70 [1.50, 
5.30] <0.001 

Alkaline phosphatase 
(U/L) 

191.00 
[162.25, 
235.50] 

210.00 
[176.00, 
262.00] 

177.00 
[152.00, 
206.00] 

<0.001 

Gamma-glutamyl 
transferase (U/L) 

11.00 [8.00, 
16.00] 

9.80 [7.10, 
12.00] 

14.00 [9.10, 
35.00] <0.001 

Albumin (g/L) 42.15 [38.90, 
45.48] 

44.40 [42.00, 
46.10] 

39.30 [35.00, 
42.10] <0.001 



Variable Overall Control KD P value 

Globulin (g/L) 26.30 [23.40, 
29.20] 

25.00 [22.90, 
28.00] 

28.00 [25.90, 
30.30] <0.001 

Alanine aminotransferase 
(U/L) 

17.30 [12.83, 
27.40] 

16.00 [12.40, 
22.00] 

20.00 [14.00, 
48.00] <0.001 

Aspartate 
aminotransferase (U/L) 

41.20 [30.00, 
60.00] 

44.60 [30.00, 
59.00] 

39.00 [30.20, 
60.00] 0.702 

Neutrophil-to-lymphocyte 
ratio 

4.34 [2.20, 
6.33] 

4.22 [2.20, 
6.06] 

4.39 [2.23, 
6.51] 0.407 

Platelet-to-lymphocyte 
ratio 

145.70 
[87.01, 
233.97] 

158.52 
[93.85, 
260.87] 

128.57 
[82.09, 
207.75] 

0.031 

Systemic inflammatory 
response index 

3.00 [1.60, 
5.82] 

2.82 [1.48, 
5.39] 

3.53 [1.81, 
6.38] 0.003 

Systemic 
immune-inflammation 
index 

1117.06 
[630.67, 
1996.04] 

952.64 
[572.47, 
1701.43] 

1339.53 
[679.67, 
2126.17] 

0.001 

 Data are presented as median [interquartile range] or n (%). 
 

3.2 Univariable logistic regression analysis 

  Univariable logistic regression analysis identified 21 variables significantly 
associated with KD (all P < 0.05), whereas SII showed borderline significance (P = 
0.052). Sex and NLR were not associated with KD. The detailed results are presented 
in Table 2. 
 

Table 2. Univariable logistic regression analysis for predictors of Kawasaki disease. 
 

Univariate Logistic 

Variable OR (95% CI) P value Variable OR (95% CI) P value 

Albumin (g/L) 0.212 (0.150-0.292) <0.001 
Neutrophil count 

(×10⁹/L) 
1.810 

(1.473-2.247) <0.001 

C-reactive 
protein (mg/L) 3.205 (2.453-4.287) <0.001 Male sex 

1.303 
(0.889-1.914) 0.175 

Fever duration 
(h) 2.725 (2.131-3.544) <0.001 Gamma-glutamy

l transferase 
4.190 

(2.400-8.281) <0.001 



Univariate Logistic 

Variable OR (95% CI) P value Variable OR (95% CI) P value 

(U/L) 

Hemoglobin 
(g/L) 0.360 (0.275-0.464) <0.001 

Neutrophil-to-ly
mphocyte ratio 

1.074 
(0.886-1.312) 0.467 

Platelet count 
(×10⁹/L) 2.304 (1.828-2.954) <0.001 

Direct bilirubin 
(μmol/L) 

3.154 
(1.970-5.612) <0.001 

White blood 
cell count 
(×10⁹/L) 

1.963 (1.593-2.444) <0.001 
Total bilirubin 

(μmol/L) 
1.608 

(1.242-2.182) <0.001 

Globulin (g/L) 1.922 (1.540-2.428) <0.001 
Lymphocyte 

count (×10⁹/L) 
1.398 

(1.150-1.712) <0.001 

Alkaline 
phosphatase 

(U/L) 
0.576 (0.449-0.725) <0.001 

Aspartate 
aminotransferase 

(U/L) 

1.631 
(1.203-2.528) 0.009 

Alanine 
aminotransfera

se (U/L) 

6.248 
(3.063-15.908) <0.001 

Procalcitonin 
(ng/mL) 

1.407 
(1.108-1.888) 0.012 

Age (months) 0.653 (0.524-0.804) <0.001 
Monocyte count 

(×10⁹/L) 
1.277 

(1.048-1.587) 0.019 

Systemic 
inflammatory 

response index 

1.330 (1.083-1.663) 0.009 
Platelet-to-lymp

hocyte ratio 

0.802 
(0.637-0.985) 0.046 

Systemic 
immune-inflam
mation index 

1.239 (1.012-1.564) 0.052    

Abbreviations: OR, odds ratio; CI, confidence interval. 
 

3.3 LASSO regression variable selection 

Variables that were significantly associated with KD in the univariable logistic 
regression analysis were subsequently entered into the least absolute shrinkage and 
selection operator (LASSO) regression analysis. The optimal penalty parameter (λ) 
was determined using 10-fold cross-validation. At the optimal λ value, 11 variables 
with non-zero coefficients were retained, including age, fever duration, C-reactive 
protein (CRP), hemoglobin, albumin, platelet count, white blood cell count (WBC), 
globulin, alkaline phosphatase (ALP), alanine aminotransferase (ALT), and the 



systemic inflammatory response index (SIRI). The LASSO coefficient profiles and 
cross-validation results are presented in Figure 1A,B. 

 
Figure 1. Feature selection using LASSO regression. 

(A) LASSO coefficient profiles of the candidate variables. 
(B) Ten-fold cross-validation for selection of the optimal penalty parameter (λ). The 

optimal λ was determined according to the minimum cross-validation error. 
 

3.4 Multivariable logistic regression analysis 

The 11 variables selected by LASSO regression were entered into a multivariable 
logistic regression model to construct the Base model. The results showed that age 
(OR = 0.587, 95% CI: 0.393–0.847, P = 0.006), albumin (OR = 0.403, 95% CI: 
0.254–0.620, P < 0.001), and alkaline phosphatase (ALP) (OR = 0.380, 95% CI: 
0.238–0.601, P < 0.001) were independently associated with a lower risk of KD, 
whereas C-reactive protein (CRP) (OR = 1.692, 95% CI: 1.174–2.482, P = 0.006), 
fever duration (OR = 1.617, 95% CI: 1.161–2.236, P = 0.004), alanine 
aminotransferase (ALT) (OR = 6.663, 95% CI: 2.357–27.344, P = 0.002), and the 
systemic inflammatory response index (SIRI) (OR = 1.825, 95% CI: 1.256–2.717, P = 
0.002) were independently associated with an increased risk of KD (Table 3). 

An Interaction model was subsequently established by incorporating the 
interaction term between fever duration and CRP into the Base model. In the 
Interaction model, the association between fever duration and KD was markedly 
attenuated (OR = 1.206, 95% CI: 0.833–1.765, P = 0.326), whereas CRP remained an 
independent predictor (OR = 1.712, 95% CI: 1.173–2.556, P = 0.007). In addition, the 
interaction term between fever duration and CRP was statistically significant (OR = 
0.551, 95% CI: 0.370–0.849, P = 0.005), indicating that the predictive effect of fever 
duration on KD varied according to CRP levels (Table 3). 

 

Table 3. Multivariable logistic regression analyses of the base model and interaction 
model for predicting Kawasaki disease. 

Base model Interaction model 



Variable OR (95% CI) P-value OR (95% CI) P value 

Albumin (g/L) 0.403 
(0.254-0.620) <0.001 0.367 (0.227-0.571) <0.001 

C-reactive 
protein (mg/L) 

1.692 
(1.174-2.482) 0.006 1.712 (1.173-2.556) 0.007 

Fever duration 
(h) 

1.617 
(1.161-2.236) 0.004 1.206 (0.833-1.765) 0.326 

Hemoglobin 
(g/L) 

0.675 
(0.449-1.005) 0.055 0.653 (0.431-0.982) 0.042 

Platelet count 
(×10⁹/L) 

1.380 
(0.983-1.936) 0.061 1.413 (1.008-1.985) 0.045 

White blood cell 
count (×10⁹/L) 

0.986 
(0.923-1.050) 0.657 0.964 (0.899-1.030) 0.288 

Globulin (g/L) 1.169 
(0.789-1.736) 0.435 1.219 (0.828-1.809) 0.318 

Alkaline 
phosphatase 

(U/L) 

0.380 
(0.238-0.601) <0.001 0.358 (0.219-0.584) <0.001 

Alanine 
aminotransferase 

(U/L) 

6.663 
(2.357-27.344) 0.002 7.273 (2.515-30.501) 0.002 

Age(months） 
0.587 

(0.393-0.847) 0.006 0.533 (0.352-0.779) 0.002 

Systemic 
inflammatory 

response index 

1.825 
(1.256-2.717) 0.002 1.908 (1.297-2.881) 0.001 

Fever duration × 
C-reactive 
protein 

– – 0.551 (0.370-0.849) 0.005 

AUC (95% CI) 0.885 (0.852–0.918) 0.894 (0.864–0.925)  

P for DeLong 
test 

 0.114 

Abbreviations: OR, odds ratio; CI, confidence interval; AUC, area under the receiver 
operating characteristic curve. 



 

 

3.5 Simple slope analysis 

To further characterize the interaction effect, simple slope analysis was performed 
to evaluate the association between fever duration and the risk of KD across the low-, 
moderate-, and high-CRP tertiles. The association between fever duration and KD was 
strongest in the moderate-CRP tertile, followed by the low-CRP tertile, whereas no 
statistically significant association was observed in the high-CRP tertile. The results 
are presented in Figure 2. 

 

 

Figure 2. Simple slope analysis illustrating the association between fever duration and 
the predicted probability of Kawasaki disease across low-, moderate-, and high-CRP 
tertiles. 

 

3.6  Model performance 

Receiver operating characteristic (ROC) curve analysis demonstrated that the 
Base model achieved an area under the curve (AUC) of 0.885 (95% CI: 0.852–0.918), 
whereas the Interaction model achieved an AUC of 0.894 (95% CI: 0.864–0.925). 
DeLong's test showed no statistically significant difference between the two models 
(P = 0.1138). The ROC curves of the two models are presented in Figure 3. 

According to the Youden index, the optimal cutoff values for predicting KD were 
36 h for fever duration and 28.6 mg/L for C-reactive protein (CRP). The 
corresponding ROC curves are shown in Figure 4. 
 



 

Figure 3. Receiver operating characteristic (ROC) curves of the Base model and 
Interaction model for predicting Kawasaki disease.  

 

 

Figure 4. Receiver operating characteristic (ROC) curves of fever duration and 
C-reactive protein (CRP) for predicting Kawasaki disease. The optimal cutoff values 



were determined using the Youden index. 
 

 

 

3.7 Calibration and decision curve analysis 

The calibration curve demonstrated good agreement between the predicted and 
observed probabilities of KD in the Interaction model. Decision curve analysis (DCA) 
showed that the Interaction model provided a greater net clinical benefit than the Base 
model across most threshold probabilities. The calibration and decision curves are 
shown in Figure 5A,B. 
 

 
 

Figure 5. Calibration and decision curve analysis of the Base model and Interaction 
model. 
(A) Calibration curves comparing the predicted and observed probabilities of 
Kawasaki disease for the Base model and Interaction model. 
(B) Decision curve analysis (DCA) comparing the net clinical benefit of the Base 
model and Interaction model across different threshold probabilities. 
 

4 Discussion 

Kawasaki disease (KD) is a systemic vasculitis characterized by dysregulated 
immune and inflammatory responses. Because its early clinical manifestations are 
often nonspecific and can be easily confused with other febrile infectious diseases, 
identifying reliable early predictive markers remains a major focus of KD research[15, 
16]. Based on a cohort of 430 febrile children, we developed a risk prediction model 
for KD. Fever duration, C-reactive protein (CRP), alanine aminotransferase (ALT), 
and the systemic inflammatory response index (SIRI) were independently associated 
with an increased risk of KD, whereas age, albumin, and alkaline phosphatase (ALP) 
were independently associated with a lower risk of KD. In addition, a significant 
interaction between fever duration and CRP was identified. Incorporating this 
interaction term provided additional predictive information for early KD risk 
assessment, suggesting that the combined evaluation of these two variables may 



facilitate the early identification of KD. These findings suggest that KD risk 
assessment should consider not only individual predictors but also the interactions 
among relevant clinical variables[17].  

 

In the present study, children with KD had significantly longer fever duration 
and higher levels of inflammatory markers, blood cell parameters, bilirubin indices, 
liver function biomarkers, and composite inflammatory indices than children with 
non-KD febrile illnesses, whereas age, hemoglobin, albumin, alkaline phosphatase 
(ALP), and the platelet-to-lymphocyte ratio (PLR) were significantly lower. These 
findings are consistent with previous reports[18-20]. Acute KD is characterized by 
dysregulated immune activation and systemic inflammation. Sustained release of 
pro-inflammatory cytokines, including interleukin-1β, interleukin-6, and tumor 
necrosis factor-α, contributes to vascular endothelial injury and inflammatory cell 
infiltration while stimulating hepatic synthesis of acute-phase proteins. Consequently, 
elevated inflammatory markers, leukocytosis, reactive thrombocytosis, and 
abnormalities in liver function-related biomarkers are frequently observed during the 
acute phase of KD[21-23]. Collectively, these laboratory abnormalities further support 
the presence of persistent systemic inflammation in acute KD and provide objective 
evidence for its early identification. 

 

Recently, several novel inflammation-based indices derived from peripheral 
blood cell counts have been increasingly investigated in patients with KD[18]. The 
systemic inflammatory response index (SIRI), which integrates neutrophil, monocyte, 
and lymphocyte counts, reflects both inflammatory activation and immune 
regulation.[24]. In the present study, SIRI remained an independent predictor of KD 
after multivariable adjustment, suggesting that it may more comprehensively reflect 
the systemic inflammatory response during the acute phase of KD than individual 
inflammatory markers. Notably, the lymphocyte count was higher in children with 
KD than in those with non-KD febrile illnesses, which is inconsistent with some 
previous studies[25]. This discrepancy may be attributable to differences in the 
spectrum of control diseases, timing of clinical presentation, or blood sampling. 
Nevertheless, the more pronounced increases in neutrophil and monocyte counts 
contributed to the overall elevation of SIRI, which may explain its superior predictive 
performance. Although the systemic immune-inflammation index (SII) has also been 
proposed as a potential biomarker for KD, it was not retained in the final prediction 
model in our study, suggesting that its predictive information may partially overlap 
with that provided by CRP or SIRI. Similar findings have been reported 
previously[26]. 

 

Fever is the cardinal clinical manifestation of KD and remains an essential 
component of the current diagnostic criteria[1]. In the present study, fever duration 
was identified as an independent predictor of KD, with an optimal cutoff value of 36 h. 
Importantly, fever duration referred to the interval from fever onset to the initial 
laboratory evaluation rather than the total duration of fever before diagnosis, making 



this indicator more applicable to early clinical decision-making. Previous studies have 
primarily emphasized the diagnostic value of persistent fever lasting ≥5 days. More 
recent evidence, however, suggests that children with a shorter duration of fever but 
marked inflammatory responses should be evaluated comprehensively rather than 
waiting for the conventional diagnostic threshold to be reached[13]. Our findings 
further support this concept and indicate that fever duration may serve as an early 
warning indicator for KD risk stratification. 

 

C-reactive protein (CRP) is the most widely used acute-phase reactant in clinical 
practice and an important laboratory marker for the diagnosis of KD[27]. Previous 
studies have demonstrated that CRP is closely associated with disease activity, 
intravenous immunoglobulin (IVIG) resistance, and the development of coronary 
artery lesions, and it has been incorporated into several risk scoring systems for 
predicting IVIG resistance[28]. Consistent with these findings, CRP remained an 
independent predictor of KD in the present study, with an optimal cutoff value of 28.6 
mg/L. Moreover, our results suggest that CRP retains good discriminatory ability for 
identifying KD among children presenting with febrile illnesses. 

 

The most notable finding of this study was the significant interaction between 
fever duration and CRP. After adjustment for age, albumin, alkaline phosphatase 
(ALP), alanine aminotransferase (ALT), and the systemic inflammatory response 
index (SIRI), the interaction term remained statistically significant, indicating that 
CRP modified the association between fever duration and the risk of KD. Most 
existing prediction models treat fever duration and CRP as independent predictors 
while rarely considering their potential effect modification[29]. Simple slope analysis 
further demonstrated that the predictive value of fever duration varied across different 
CRP levels. Specifically, fever duration showed the strongest association with KD in 
the moderate-CRP tertile, whereas its predictive value became nonsignificant in the 
high-CRP tertile. One possible explanation is that once CRP reaches a markedly 
elevated level, it already reflects the intensity of systemic inflammation, thereby 
limiting the additional predictive information provided by fever duration. These 
findings suggest that the inflammatory response in KD is dynamic and that complex 
interactions may exist among different inflammatory indicators. Although the 
underlying biological mechanisms remain to be elucidated, incorporating interaction 
effects into prediction models may provide a novel strategy for improving risk 
assessment in children with suspected KD. 

 

The model evaluation results further support the potential clinical value of 
incorporating the interaction term. Although the Base model already demonstrated 
good discriminative performance, the Interaction model achieved a slightly higher 
AUC. While this improvement did not reach statistical significance according to 
DeLong's test, calibration and decision curve analyses indicated better agreement 
between predicted and observed outcomes and greater net clinical benefit after 
inclusion of the interaction term. In recent years, evaluation of clinical prediction 



models has increasingly emphasized calibration and clinical utility in addition to 
discrimination[30]. Therefore, the interaction term may provide incremental value for 
clinical risk assessment despite its limited impact on AUC. 

 

Several limitations of this study should be acknowledged. First, this was a 
single-center retrospective study and was therefore subject to potential selection bias. 
Second, no independent external validation cohort was available, and the 
generalizability of the proposed model requires further validation. Third, this study 
focused on predicting the occurrence of KD and did not investigate whether the 
interaction between fever duration and CRP was associated with important clinical 
outcomes, such as coronary artery lesions or IVIG resistance. Future multicenter 
prospective studies incorporating echocardiographic findings and additional 
inflammatory biomarkers are warranted to further optimize and validate the proposed 
prediction model. 
 

Conclusion 

 

In conclusion, fever duration and C-reactive protein (CRP) are important 
predictors of Kawasaki disease, and a significant interaction exists between these two 
variables. Incorporating their interaction into the prediction model may provide 
additional information for clinical risk assessment and facilitate the early 
identification and risk stratification of children with suspected KD. 
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