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C-Reactive Protein to Albumin Ratio for Predicting Coronary Artery Lesions and Intravenous Immunoglobulin Resistance in Kawasaki Disease












	
	ORIGINAL RESEARCH
published: 25 November 2020
doi: 10.3389/fped.2020.607631






[image: image2]

C-Reactive Protein to Albumin Ratio for Predicting Coronary Artery Lesions and Intravenous Immunoglobulin Resistance in Kawasaki Disease

Chih-Min Tsai1, Hong-Ren Yu1,2*, Kuo-Shu Tang1, Ying-Hsien Huang1,2,3*† and Ho-Chang Kuo1,2,3,4,5*†


1Department of Pediatrics, Kaohsiung Change Gung Memorial Hospital, Kaohsiung, Taiwan

2College of Medicine, Chang Gung University, Taoyuan, Taiwan

3Kawasaki Disease Center, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung, Taiwan

4Department of Respiratory Therapy, Kaohsiung Chang Gung Memorial Hospital and Chang Gung University College of Medicine, Kaohsiung, Taiwan

5Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Kaohsiung Chang Gung Memorial Hospital and Chang Gung University College of Medicine, Kaohsiung, Taiwan

Edited by:
Teresa Giani, University of Florence, Italy

Reviewed by:
Surjit Singh, Academia Sinica, Taiwan
 Caroline Galeotti, Bicêtre Hospital, France

*Correspondence: Ying-Hsien Huang, yhhuang123@yahoo.com.tw
 Ho-Chang Kuo, erickuo48@yahoo.com.tw
 Hong-Ren Yu, yuu2004taiwan@yahoo.com.tw

†These authors have contributed equally to this work

Specialty section: This article was submitted to Pediatric Rheumatology, a section of the journal Frontiers in Pediatrics

Received: 17 September 2020
 Accepted: 04 November 2020
 Published: 25 November 2020

Citation: Tsai C-M, Yu H-R, Tang K-S, Huang Y-H and Kuo H-C (2020) C-Reactive Protein to Albumin Ratio for Predicting Coronary Artery Lesions and Intravenous Immunoglobulin Resistance in Kawasaki Disease. Front. Pediatr. 8:607631. doi: 10.3389/fped.2020.607631



Background: C-reactive protein (CRP) to albumin ratio (CRP/Alb) has emerged as a novel marker of inflammation, but few studies have evaluated the role of CRP/Alb ratio in Kawasaki disease (KD). Coronary artery lesions (CAL) in children with KD is a major acquired heart disease. We aimed to assess the association between CRP/Alb ratio and CAL formation in children with KD.

Methods: This retrospective study enrolled children diagnosed with KD and divided them into two groups, KD with CAL and KD without CAL. We compared the difference in gender, age, laboratory data, intravenous immunoglobulin (IVIG) resistance rate, and incidence of CAL between the two groups. Multivariable logistic regression analysis was used to assess the independent risk factors of CAL. We adopted receiver operating characteristic (ROC) curve analysis to determine the predictive ability of CRP/Alb ratio in predicting CAL.

Results: In total, 410 KD patients were reviewed, with 143 in the KD with CAL group and 267 in the KD without CAL group. KD children with CAL had a higher CRP/Alb ratio than those without CAL (3.14 ± 3.17 vs. 2.12 ± 2.04, p < 0.001). Multivariable logistic regression analysis demonstrated that male gender (OR = 3.222, p < 0.001), incomplete KD (OR = 1.968, p = 0.031), greater platelet count (OR = 1.004, p < 0.001), higher CRP (OR = 0.982, p = 0.048), and higher CRP/Alb ratio (OR = 1.994, P = 0.016) were all independent risk factors for predicting CAL. KD children with a high CRP/Alb ratio (≥2.94) had a higher incidence rate of CAL and IVIG resistance than those with a low CRP/Alb ratio (<2.94) (49.6 vs. 28.7%, p < 0.001 and 11.6 vs. 3.5%, p = 0.001, respectively).

Conclusions: This report is the first to show the role of CRP/Alb ratio in KD children. CRP/Alb ratio can serve as a novel predicting marker for CAL formation and IVIG resistance in KD.
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INTRODUCTION

Kawasaki disease (KD) is a form of acute febrile illness of unknown etiology that occurs primarily in children younger than 5 years old and is characterized by clinical laboratory and histopathological features of systemic vasculitis. In developed countries, KD is the most common cause of acquired heart disease in pediatric patients (1). The formation of coronary artery lesions (CAL), including coronary artery fistula formation, myocardial infarction, depressed myocardial contractility and heart failure, coronary artery dilatation, and coronary artery aneurysm (CAA) is the most severe complication or sequela in children with KD (2, 3). Although timely initiation of intravenous immunoglobulin (IVIG) treatment can reduce the incidence of CAA, it still occurs in 3–5% of KD patients (4). In our previous serial analysis of coronary artery dilation, about 1/3 of KD patients still developed CAL in the acute stage, and 4% of KD patients still had CAL or CAA formation for at least 1 year (5). Identifying those at risk of developing CAL is vital for preventing severe complication of KD with a more precise treatment protocol and adjunctive anti-inflammatory therapies (6–8). Several studies have attempted to predict risk factors for developing CAL in children with KD (9–15).

C-reactive protein (CRP) and albumin are commonly used parameters for measuring the activity of inflammatory conditions and are known as positive and negative acute phase reactants. The CRP to albumin (CRP/Alb) ratio has recently been considered a more useful indicator of sepsis than CRP or albumin alone (16). Studies have also shown that the CRP/Alb ratio can be used as a biomarker of the degree of activity in patients with autoimmune diseases (17, 18). One recent study has demonstrated that CRP/Alb ratio is a marker of disease activity in Takayasu arteritis (19). KD is also a form of systemic vasculitis that involves small to medium-sized vessels, particularly the coronary arteries. In the algorithm for diagnosis of incomplete KD recommended by American Heart Association (1), higher CRP level (≥30 mg/L) and lower serum albumin level (≤3 g/dL) are suggestive of diagnosis of incomplete KD. Previous studies have also proposed CRP and albumin as predictors of CAL in children with KD (10, 11, 13, 14), but the role of the CRP/Alb ratio in children with KD has not yet been evaluated. If CRP/Alb ratio is strongly associated with CAL, it would be especially useful because both CRP and albumin are not difficult to be determined and are frequently tested while evaluating patients with KD. Therefore, we aimed to assess the association between CRP/Alb ratio and CAL formation in children with KD in this study.



METHODS

The medical records of patients diagnosed with KD at Kaohsiung Chang Gung Memorial Hospital, Taiwan from January 2006 to December 2018 were retrospectively reviewed. This study was approved by the Chang Gung Medical Foundation's Institutional Review Board (IRB number: 201801163B0), which also approved the waiver of the informed consent form.

All KD children were diagnosed according to the American Heart Association guideline (1, 3). Initially, all subjects were treated with a single dose of IVIG (2 g/Kg) over a 12-h period. Aspirin (3–5 mg/kg/day) was given until regression of CAL was observed on two-dimensional (2D) echocardiography or all signs of inflammation had resolved.

The laboratory data used in this study were obtained within 1 day prior to initial IVIG administration and these parameters included complete blood cell count with differential (CBC/DC), CRP, albumin, aspartate aminotransferase (AST), and alanine aminotransferase (ALT). The dimensions of coronary artery of all KD patients were evaluated by 2D echocardiography before initial IVIG treatment. Within 8 weeks form the onset of the illness, at least two times of 2D echocardiography were performed to evaluate the change of coronary arteries. An abnormal coronary artery was defined as previously described in another study (20): if the lumen diameter was at least 3 mm in a child younger than 5 years old or at least 4 mm in a child ≥5 years old; the internal diameter of a segment was at least 1.5 times larger than that of an adjacent segment; or the morphology of the lumen was obviously abnormal. IVIG-resistant KD patients were defined as those who still have fever >48 h after administration of initial IVIG treatment and need to receive a second dose of IVIG or other anti-inflammatory regiments after the initial IVIG treatment had failed. Treatment failure was defined as recurrence of fever and one or more of the initial symptoms that led to the diagnosis of KD within 2–7 days of IVIG treatment (20). We divided all children with KD into two groups based on CAL formation: KD with CAL group and KD without CAL group.


Statistical Analysis

All statistical analyses were carried out using IBM SPSS statistical software for Windows version 22.0 (Chicago, IL, USA). A p-value < 0.05 was considered statistically significant. Continuous variables were expressed as mean ± standard deviation, and categorical variables were reported as a percentage of patients. Categorical data were analyzed using the Chi-square test, and we utilized the Student's t test to compare the results of continuous variables. Statistical correlations were determined by the Pearson correlation test. To identify independent risk factors of CAL formation, we constructed univariable and multivariable logistic regression models and expressed the results as an odds ratio (OR) with a 95% confidence interval (CI). To assess the discriminatory capacity of the model and CRP/Alb ratio in predicting CAL, we performed the area under the receiver operating characteristic (ROC) curve analysis.




RESULTS


Demographic Characteristics and Laboratory Tests

We reviewed a total of 504 children diagnosed with KD during the study period, of which 85 children had no albumin data, seven children had no CRP data, and two children had no CBC/DC results within 1 day prior to IVIG administration and were thus excluded. Ultimately, 410 children were enrolled in this study, with 60.0% being male (n = 247). Of these 410 cases, 143 children (34.79%) had CAL and 67 children were diagnosed as incomplete KD (16.3%). As shown in Table 1, the children in the KD with CAL group had a higher proportion of male gender and incomplete KD than children without CAL (75.5 vs. 51.7%, p < 0.001 and 22.4 vs. 13.1%, p = 0.016, respectively). The CRP/Alb ratio was significantly higher in KD children with CAL than KD children without CAL (3.10 ± 3.17 vs. 2.13 ± 2.04, p < 0.001). Other characteristics, such as admission days, white blood cell count, red blood cell count, hemoglobin, hematocrit, platelet count, percentage of neutrophil, lymphocyte, and basophil, CRP, and albumin level differed significantly in these two groups. As shown in Table 2, the CRP/Alb ratio is positively correlated with ESR, WBC, and neutrophil percentage, indicating that this ratio is associated with inflammation.


Table 1. Basic characteristics in Kawasaki disease patients with or without coronary artery lesions (CAL).
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Table 2. Pearson's correlation between CRP/Alb ratio and other variables.
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Predictors for CAL Formation

To evaluate the relative risk of each parameter, the parameters that demonstrated statistical differences were selected for univariable and multivariable logistic regression analysis. As shown in Table 3, the multivariable logistic regression analysis indicated that the following were independent risk factors of having CAL: male gender (OR = 3.222, 95% CI = 1.959–5.299, p < 0.001), incomplete KD (OR = 1.968, 1.064–3.639, p = 0.031), high platelet count (OR = 1.004, 95% CI = 1.002–1.006, p = 0.001), and high CRP/Alb ratio (OR = 1.994, 95% CI = 1.071–3.714, p = 0.030). The area under the ROC curve was 0.748 (95% CI = 0.700–0.797, p < 0.001) with sensitivity (84.6%) and specificity (55.4%) for predicting CAL formation of the multivariable logistic regression analysis (Figure 1). Gender had the highest OR in all variables, so we performed further multivariable logistic regression analysis in different genders. As shown in Table 4, the CRP/Alb ratio still had significant OR in both male and female patients in predicting CAL formation (OR = 1.184, 95% CI = 1.044–1.343, p = 0.008 for male and OR = 1.299, 95% CI = 1.069–1.579, p = 0.008 for female).


Table 3. Univariable and multivariable logistic regression analysis for predicting coronary artery lesions in children with Kawasaki disease.
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FIGURE 1. The receiver operating characteristic (ROC) curve analysis for the multivariable logistic regression model for the prediction of coronary artery lesions showed an area under the curve (AUC) = 0.748 with 95% CI = 0.700–0.797 (P < 0.001).



Table 4. Univariable and multivariable logistic regression analysis for predicting coronary artery lesions in children with Kawasaki disease based on different gender.
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Since CRP/Alb ratio, being an independent risk factor of CAL formation in children with KD, had the highest OR among laboratory variables, we performed ROC curve analysis to evaluate its ability to predict CAL formation. The area under the ROC curve was 0.585 (95% CI = 0.526–0.645, p = 0.004). With a cut-off level of 2.94 determined by Youden's index, the sensitivity and specificity in predicting CAL formation was 41.7 and 77.2%, respectively (Figure 2).


[image: Figure 2]
FIGURE 2. The receiver operating characteristic (ROC) curve analysis for CRP/Alb ratio for the prediction of coronary artery lesions showed an area under the curve (AUC) = 0.585 with 95% CI = 0.526–0.648 (P = 0.004).




Results of High CRP/Alb Ratio

As shown in Figure 3, we use the cut-off value determined by Youden's index to compare the incidence of CAL, CAA, and IVIG resistance in KD children with a high or low CRP/Alb ratio. KD children with a higher CRP/Alb ratio (≥2.94) had a higher incidence of CAL, CAA, and IVIG resistance. In such children, the odds of having CAL, CAA, and IVIG resistance were 1.73 times, 3.37 times, and 3.31 times greater, respectively, than children with a lower CRP/Alb ratio.
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FIGURE 3. The incidence of coronary artery lesions, intravenous immunoglobulin resistance, and coronary artery aneurysms in children with high or low C-reactive protein to albumin (CRP/Alb) ratio (cut-off level of 2.94 determined by Youden index in the receiver operating characteristic (ROC) curve analysis). (A) Incidence of coronary artery lesions in children with high or low CRP/Alb ratio. (B) Incidence of coronary artery aneurysms in children with high or low CRP/Alb ratio. (C) Incidence of IVIG resistance in children with high or low CRP/Alb ratio.


Among the 143 KD patients with CAL, 42 patients still had CAL 2 months after IVIG therapy, and 13 patients developed CAA. The incidence of CAA was about 3.17% (13/410) in our cohort. The mean CRP/Alb ratio of these 13 patients with CAA was 3.64 ± 3.22, which was higher than those without CAA (2.17 ± 2.09, p = 0.006).




DISCUSSION

To the best of our knowledge, this study is the first to investigate the role of CRP/Alb ratio in children with KD. The results of our study have indicated that (a) KD children with CAL had significantly higher CRP/Alb ratio values compared with KD children without CAL; (b) CRP/Alb ratio is an independent risk factor for developing CAL in children with KD; (c) KD children with a high CRP/Alb ratio had a higher incidence of CAL, CAA and IVIG resistance than those with a low ratio; and (d) CRP/Alb ratio helps predict CAL.

The most severe complication of KD is CAL, which has made KD the most common cause of acquired heart disease in children in developed countries (1). Therefore, the early identification of risk factors for CAL in KD children is crucial. In the current study, we found risk factors for CAL in children with KD, including male gender, incomplete KD, high platelet count, and high CRP/Alb ratio. Except for the CRP/Alb ratio, the other parameters have previously been reported to be risk factors for CAL formation in KD children (14, 15). In addition to help diagnose incomplete KD, high CRP level (10, 11, 13) and hypoalbuminemia (13, 14) have also been reported to be risk factors for CAL development in previous studies. Xie et al. reported the odds ratio for CRP > 14 mg/dL and albumin <30 g/L in predicting CAL in KD patients were 1.913 (95% CI = 1.113–3.290, p = 0.019) and 3.003 (95% CI = 1.596–5.651, p = 0.001), respectively (13). Another previous study reported hypoalbuminemia is associated with coronary artery abnormality with odds ratio of 1.07 per 1 g/dl decrease in albumin level (p < 0.001). Although we found KD children with CAL had higher CRP levels and lower albumin levels than children without CAL, our findings did not support these two parameters as being independent risk factors. This difference may be because we added their combination, CRP/Alb ratio, into the multivariable logistic regression model, and the regression coefficient of each parameter was thus adjusted (Table 3).

CRP is an acute-phase reactant protein that exhibits elevated expression in response to injury, infection, and inflammation (21). CRP levels also correlate with the degree of inflammation during the early course of illness in children (22). KD is characterized by systemic inflammation in all the medium-sized arteries, especially the coronary arteries and in multiple tissues and organs (23). Therefore, elevated CRP levels are commonly observed in children with KD. On the contrary, serum albumin is a negative acute-phase protein, and the intensity of inflammation response correlates with the degree of hypoalbuminemia (24). In KD vasculitis, increased microvascular permeability is an important event. Terai et al. reported that hypoalbuminemia in KD patients may be due to vascular leakage caused by the elevation of vascular endothelial growth factor (25). CRP and albumin levels diverge during the inflammation process in children with KD. Therefore, CRP/Alb ratio usage would offer a variable capable of combining the information of inflammation provided by CRP and albumin, i.e., a higher ratio indicates a higher inflammation status (26).

The CRP/Alb ratio has been used to assess residual inflammation at ICU discharge in septic patients (16) and mortality in critically ill patients (27). Recent studies have also demonstrated that CRP/Alb ratio correlated with the degree of activity in patients with inflammatory diseases. Yang et al. demonstrated a positive correlation between disease activity score and CRP/Alb ratio (r = 0.645, P < 0.001) in patients with rheumatoid arthritis (17). Qin et al. showed that CRP/Alb ratio had good discriminatory power for Crohn's disease activity [AUC = 0.747, 95% CI (0.649–0.845)] by ROC curve analysis (18). In one recent report, patients with Takayasu arteritis had a much higher CRP/Alb ratio than healthy controls (13.20 vs. 0.73, p < 0.001). The CRP/Alb ratio also was higher in patients with active Takayasu arteritis than patients in remission (11.26 vs. 1.34, p < 0.001) (19). In our study, we also found this ratio to be associated with CAL formation, which was related to the inflammation process in KD children. These findings all support the usefulness of CRP/Alb ratio in evaluating inflammatory disease.

In addition to patients' characteristics, such as gender and laboratory tests, different manufacturing processes of IVIG may also affect the treatment efficacy in children with KD (28–30). Tsai et al. has showed that patients receiving IVIG prepared with beta-propiolactone was associated with higher rates of IVIG-resistance (13%, p = 0.001), coronary artery abnormality (10%, p = 0.01) at convalescence, and giant aneurysm (3%, p = 0.008) (28). A nationwide cohort study including 3830 KD children also demonstrated beta-propiolactonation of IVIG had a relative risk of 1.45 (95% CI = 1.08–1.94) of IVIG-resistance and acidification of IVIG was associated with a higher acute coronary aneurysm with a relative risk of 1.49 (95% CI = 1.17–1.90) (29). Another previous study also found that IVIG preparations with lower IgA content is associated with improved coronary artery outcomes (30). Although we found CRP/Alb ratio was associated with CAL formation, our data lacked the manufacturing processes of IVIG we used. Further studies are needed to evaluate the association among patients' characteristics, manufacturing process of IVIG, IVIG resistance and CAL formation in children with KD.

Several risk scores (11, 12, 31), which were based on Asian population, have been established to predict IVIG resistance and CAL in children with KD. However, some previous studies failed to demonstrate a good discrimination of IVIG resistance and CAL in non-Japanese children while applying these risk scores (32, 33). One recent study also demonstrated that these scores have poor predictive ability in a Caucasian cohort (34). Our current study showed CRP/Alb ratio is a novel independent risk factor for CAL in Chinese. Would this finding also being found in other races and help improve the predictive ability of previous risk scores? Further studies involving completely new data from other races and institutions are warranted to assess the consistence of association between CRP/Alb ratio and children with KD. Additional studies are also needed to investigate the superiority of a high CRP/Alb ratio to the other reported risk factors capable of predicting CAL in KD children.



CONCLUSION

A high CRP/Alb ratio is a risk factor for CAL and can thus serve as a novel marker for predicting CAL and IVIG resistance in children with KD.
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