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Background: To explore the application value of the urinary albumin-to-

creatinine ratio (UACR) in the predictive of coronary artery (CA) abnormalities

in Kawasaki disease (KD) during acute phase.

Methods: This retrospective study included 109 KD patients who were stratified

into CA abnormalities and normal CA groups based on echocardiography at one

month after KD onset. Clinical, demographic, and laboratory data were analyzed.

Urinary microalbumin and urinary creatinine values were collected during the

acute phase before high-dose intravenous immunoglobulin (IVIG) therapy, and

UACR was calculated.

Results: The 109 patients consisted of 70 males and 39 females. The orrelation

analysis revealed no significant associations between UMA and serum albumin

(Alb) (r=−0.073, p= 0.449), or between UACR and serum Alb (r=−0.128,

p= 0.186) in KD patients. Among the 109 patients, 23 (21.1%) developed CA

abnormalities. The levels of UACR, CRP, ALT and NT-proBNP were significantly

elevated in the CA abnormalities group compared to the normal CA group,

while serum Alb and prealbumin (PA) were decreased (p < 0.05). Multivariate

binary logistic regression analysis identified elevated UACR and reduced serum

Alb levels as independent predictors of CA abnormalities (p < 0.05). The

optimal cutoff values for UACR and serum Alb were 24.1 mg/g and 37.75 g/L,

respectively. Combined UACR and serum Alb, the predictive performance

improved, with an area under the curve (AUC) of 0.904 (95% CI: 0.848–

0.961), a sensitivity of 91.3%, and a specificity of 81.4%.

Conclusions: UACR and serum Alb, assessed during the acute phase of KD,

could serve as early biomarkers for CA abnormalities, particularly when

analyzed in combination.
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Introduction

Kawasaki disease (KD) is an acute, self-limiting febrile illness of unknown etiology,

predominantly affecting children under the age of five (1). Coronary artery (CA)

abnormalities are the most common complications of KD, including CA dilation and CA

aneurysms (CAAs) (2). Recent years, it has become the leading cause of acquired heart

disease in children of developed countries (3). The peak incidence of CA abnormalities

occurs during the acute phase of the disease (4). Despite the therapy of high-dose

intravenous immunoglobulin (IVIG), approximately 8%–16% patients developed to CA
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abnormalities during the acute phase (5–8). While most CA

abnormalities occurring in the acute phase will disappear over

time, some patients’ CA abnormalities may persist or progress,

leading to stenosis, obstruction, or even acute myocardial

infarction (9). It has been confirmed that the primary pathological

changes during the acute phase of KD are systemic vasculitis and

vascular endothelial injury (10). In addition to causing CA

abnormalities, other vascular-rich organs, such as the liver and

kidneys, are also susceptible to damage (11). The most common

manifestation of urinary system involvement in KD is sterile

pyuria, but proteinuria and mild or subclinical renal injury may

also occur (12, 13).

Microalbuminuria is traditionally regarded as a marker of early

renal injury. But now it is increasingly considered that the

increased kidney endothelial permeability associated with

microalbuminuria may be a sign of diffuse endothelial

dysfunction, which leads to cardiovascular damage (14, 15). It

has been reported that cardiovascular diseases with endothelial

dysfunction, such as acute coronary syndrome, pulmonary

hypertension, and diabetes, are associated with elevated levels of

urinary microalbumin (UMA) (16–18), and UMA can serve as

an independent risk factor for various cardiovascular events (15,

18). The Urinary Albumin-to-Creatinine Ratio (UACR) corrects

for the effects of urine concentration or dilution on random

urine microalbumin measurements and is a reliable method

widely used in clinical practice to monitor urinary albumin

excretion. Numerous studies have shown that the risk of

hypertension, cardiovascular disease, and all-cause mortality

increases with elevated UACR, even within its normal range

(19–21). As a common pediatric vasculitis, there is limited

research on urinary microalbumin in KD. Determination of

UACR is a simple, inexpensive, and noninvasive method that

could be a promising biomarker to identify a high-risk

population of CA abnormalities in KD patients.

Serum albumin (Alb) is considered an important marker of

inflammation (22, 23), and hypoalbuminemia is common in KD

patients. The purpose of this study was to explore the application

value of UACR in the predictive of CA abnormalities and its

correlation of serum Alb in KD patients, so as to provide a new

biomarker for the predictive of CA abnormalities in KD patients

in clinic.

Materials and methods

Patients

We retrospectively reviewed the medical records of patients

with the main diagnosis of KD who were hospitalized at the

Children’s Hospital of Soochow University from April 2023 to

September 2024. The diagnosis of KD in this study was

performed according to the diagnostic criteria established by the

American Heart Association (AHA) in 2017 (24). This study was

approved by the institutional review board of Children’s Hospital

of Soochow University (No: 2023CS160), and informed consent

forms were obtained from the parents of all patients.

A total of 146 patients were diagnosed with KD in our hospital

and underwent urinary microalbumin and urinary creatinine tests

during this study period. Thirty-seven patients were excluded.

Including 2 patients who received initial IVIG treatment in other

hospitals before admission, 23 patients who received

glucocorticoids treatment prior to admission, 1 patient who

showed a second episode of KD, 9 patients who had initiated or

completed IVIG treatment when their urine samples were

collected during hospitalization, and 2 patients who lacked

echocardiogram reports at the 1-month mark. Finally, 109

patients were enrolled in this study.

All patients routinely received echocardiography at admission

within 48 h before or after IVIG, at the second week, and at one

month (20–40 days) after KD onset. Based on the results of

echocardiography at the 1-month mark, the patients were further

categorized into CA abnormalities group (n = 23) and normal CA

group (n = 86). All patients received high-dose IVIG and aspirin

therapy, as soon as possible after diagnosis.

Laboratory indicators and detection
methods

We collected laboratory indicators of KD patients before IVIG

treatment, included complete blood count, biochemical indices,

N-terminal pro-B-type natriuretic peptide (NT-proBNP),

erythrocyte sedimentation rate (ESR), urinary microalbumin and

urinary creatinine. Complete blood count included white blood

cells (WBC), neutrophil ratio (N%), platelets (PLT), and

hemoglobin (Hb). Biochemical indices included alanine

aminotransferase (ALT), aspartate aminotransferase (AST), serum

Alb, prealbumin (PA), blood urea nitrogen (BUN), serum

creatinine (Cr), serum uric acid (UA) and C-reactive protein (CRP).

Urinary microalbumin was measured by immunoturbidimetric

method [Ningbo Meikang Biotechnology Co., Ltd, China,

Microalbuminuria Kit (Malb)]. Urinary creatinine was detected by

enzymatic method (FUJIFILM Wako Pure Chemical Corporation,

Japan, L-type Creatinine M). Hitachi fully automated biochemical

analyzer 008 was used to measure both urinary microalbumin and

urinary creatinine. UACR was calculated using the formula: UACR

(mg/g) = urinary microalbumin (mg/L)/urinary creatinine (μmol/

L) × 8,840. And the unit “mg/g” represents milligrams of albumin

per gram of creatinine (25).

Diagnostic criteria for CA abnormalities

Pediatric cardiologists in our hospital operated echocardiograms

to obtain measurements of coronary artery dimensions, and used

Z-scores normalized by body surface area to assess the severity of

CA abnormalities. Whether in the right proximal coronary artery,

the left coronary aorta, or the left anterior descending branch, CA

abnormalities were diagnosed with a Z score calculated using the

Dallaire equation (26). One month after the onset of the disease,

patients with a maximum Z score of 2.0–2.5 were considered to

have CA dilation, and patients with a maximum Z score of ≥2.5
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were considered to have CAAs. Patients with CAAs were classified as

small aneurysm (2.5 ≤Z-score <5), medium aneurysm (5 ≤Z-score

<10, and an absolute internal diameter <8 mm), or giant aneurysm

(Z-score ≥10, or an absolute internal diameter ≥8 mm) (2). Two

pediatric cardiologists who were blinded to the study patients

reviewed all the echocardiograms for interobserver reliability.

Statistical analysis

Data were analyzed using SPSS 26.0 software. The

Kolmogorov–Smirnov test was used to assess the normality of

the data. Continuous variables with a normal distribution were

expressed as mean ± standard deviation (�x+ s), while non-

normally distributed continuous variables were expressed as

median (interquartile range, IQR) [M (P25–P75)]. For intergroup

comparisons, the independent samples t-test was used for

normally distributed data, and the Mann–Whitney U test was

applied for non-normally distributed data. Categorical variables

were presented as frequencies or percentages (%) and analyzed

using the chi-square (χ2) test. Pearson correlation was used in

correlation analysis. Variables identified as statistically significant

in univariate analysis were included in a binary logistic

regression analysis. Receiver operating characteristic (ROC) curve

was constructed and area under the curve (AUC) was calculated.

Statistical significance was set at P < 0.05.

Results

Baseline clinical characteristics

A total of 109 patients (70 males and 39 females) were included

in this analysis. The median age was 33 months (IQR: 19–57.5

months). Echocardiographic examinations performed within 48 h

before or after IVIG treatment revealed CA abnormalities in 32

patients (29.3%). Among these, 9 cases (28.1%) showed

normalization of coronary dimensions at the 1-month follow-up,

while 23 cases (71.9%) continued to exhibit CA abnormalities.

Specifically, these abnormalities included 16 cases (69.6%) of

small coronary artery aneurysms (CAAs), 3 cases (13.0%) of

medium CAAs, and 4 cases (17.4%) of coronary dilation; no

giant CAAs were detected.

The correlation analysis showed that among these 109 patients,

there was no significant associations between UMA and serum

Alb (r =−0.073, P = 0.449), between UACR and serum Alb

(r =−0.128, p = 0.186) (Figure 1).

Univariate analysis of clinical and laboratory
indicators in CA abnormalities and normal
CA groups

Among the 109 patients, 23 (21.1%) and 86 (78.9%) cases were

classified into CA abnormalities and normal CA group,

respectively. No statistical differences were observed between the

two groups about gender distribution, age or weight (P > 0.05).

Compared to normal CA group, the CA abnormalities group

exhibited significantly higher UACR levels (P < 0.05), while UMA

levels have no differences between the two groups (P > 0.05).

Meanwhile, CRP, ALT and NT-proBNP levels were significantly

higher (P < 0.05), while serum Alb and PA levels were lower

(P < 0.05) in the CA abnormalities group. However, there were

no differences in the levels of WBC, PLT, HB, N%, AST, BUN,

serum Cr, or ESR between the groups (P > 0.05) (Table 1).

Predictive values of UACR and serum Alb for
CA abnormalities in KD

The occurrence of CA abnormalities was designated as the

dependent variable, while serum Alb, CRP, ALT, PA, NT-proBNP,

and UACR were included as independent variables in the binary

logistic regression analysis. It showed that elevated UACR was an

independent risk factor for CA abnormalities (P < 0.05,

FIGURE 1

(A) correlation analysis between UMA and serum Alb; (B) correlation analysis between UACR and serum Alb. UMA, urinary microalbumin; UACR, urinary

albumin-to-creatinine ratio; Alb, serum albumin.
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OR= 1.123), while serum Alb was a protective factor against CA

abnormalities in KD patients (P < 0.05, OR = 0.635) (Table 2).

The ROC curves for UACR and serum Alb in the diagnosis of

CA abnormalities among KD patients were constructed. For

predicting CA abnormalities, the optimal cut-off value of UACR

was determined to be 24.1 mg/g, with a sensitivity of 56.5%,

specificity of 90.7%, and an AUC of 0.790 (95% CI: 0.691–0.889,

P < 0.001). The optimal cut-off value of serum Alb was identified

as 37.75 g/L, with a sensitivity of 74.4%, specificity of 69.6%, and

an AUC of 0.770 (95% CI: 0.665–0.876, P < 0.001). When UACR

and serum Alb were combined, the predictive performance

improved, with an AUC of 0.904 (95% CI: 0.848–0.961,

P < 0.001), a sensitivity of 91.3%, and a specificity of

81.4% (Figure 2).

Discussion

The pathological characteristic of KD is immune-mediated

vasculitis, which predominantly affects small and medium-sized

blood vessels, leading to vascular endothelial damage and

dysfunction (27). Without treatment, ≈25% of patients develop

coronary artery (CA) dilation or CA aneurysms (CAAs) and in

rare cases, thrombosis, stenosis, or occlusion may occur, all of

which impact the prognosis of KD patients (2, 7, 8, 28). KD can

also lead to injuries in other systems due to systemic vasculitis

and vascular endothelial dysfunction. Liver damage is a relatively

common occurrence, and alterations in markers of hepatic

function such as AST, ALT, serum Alb, and PA have been

frequently reported (11, 22, 23). KD can also cause mild or

subclinical renal damage. In previous studies, routine urine tests

were often used to assess renal damage in KD, but sterile pyuria

can originate from both the kidneys and the urethra, making it

an imprecise indicator of renal damage (12, 29). Common renal

function indicators like BUN and serum Cr are not sensitive to

early renal damage. BUN and serum Cr levels are often normal

in KD, although BUN may increase in some patients due to

dehydration caused by high fever and anorexia (13). Currently, a

small number of studies have begun to focus on the significance

of urinary microprotein in KD (13, 30, 31). One of the studies

TABLE 1 Comparison of clinical and laboratory characteristics between
CA abnormalities group and normal CA group.

Characteristics CA
abnormalities
group (n = 23)

Normal CA
group (n = 86)

P-value

Males, n (%) 18 (78.3) 52 (60.5) 0.114

Age, months 29.00 (20.00–54.00) 33.00 (19.00–58.25) 0.471

Weight, kg 13.00 (11.00–17.00) 14.00 (11.00–18.13) 0.418

UACR, mg/g 25.00 (12.50–32.30) 8.85 (5.58–16.40) <0.001*

UMA, mg/L 5.70 (3.00–9.20) 3.50 (1.98–7.55) 0.053

WBC, ×109/L 16.41 ± 6.42 14.04 ± 4.88 0.056

Neutrophil ratio, % 66.53 ± 15.84 64.21 ± 16.03 0.539

Hb, ×1012/L 110.78 ± 9.31 112.36 ± 8.49 0.440

Platelet, ×109/L 363.39 ± 133.62 342.81 ± 94.43 0.400

Serum Alb, g/L 36.66 ± 2.79 39.71 ± 2.94 <0.001*

AST, U/L 49.60 (30.00–61.60) 33.40 (25.73–50.75) 0.102

ALT, U/L 53.40 (23.90–120.40) 17.50 (11.95–72.55) 0.009*

PA, mg/L 73.00 (65.00–86.00) 84.50 (73.00–98.00) 0.034*

BUN, mmol/L 3.22 ± 1.13 3.32 ± 1.11 0.704

Serum Cr, umol/L 23.40 (20.00–30.20) 29.20 (24.78–32.80) 0.168

UA, umol/L 193.70 ± 54.88 206.37 ± 76.04 0.456

CRP, mg/L 77.82 (49.37–108.63) 54.69 (30.34–80.59) 0.014*

ESR, mm/h 36.83 ± 13.49 42.21 ± 18.52 0.196

NT-proBNP, pg/ml 663.00

(326.40–1,867.00)

268.85

(130.03–677.13)

0.001*

*Indicates a P value less than 0.05.

UACR, urinary albumin-to-creatinine ratio; UMA, urinary microalbumin; WBC, white blood

cells; Hb, hemoglobin; PLT, platelet; Alb, albumin; AST, aspartate aminotransferase; ALT,

alanine aminotransferase; PA, prealbumin; BUN, blood urea nitrogen; Cr, creatinine; UA,

serum uric acid; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; NT-

proBNP, N-terminal pro-B-type natriuretic peptide.

TABLE 2 Multivariate binary logistic regression analysis of the influencing factors for CA abnormalities.

Risk factor Partial regression coefficient Standard error Wald χ
2

P-value OR (95% CI)

Serum Alb −0.455 0.133 11.629 0.001* 0.635 (0.489–0.824)

UACR 0.116 0.033 12.578 <0.001* 1.123 (1.053–1.197)

CRP 0.004 0.009 0.246 0.620 1.004 (0.998–1.021)

ALT −0.002 0.002 0.691 0.406 0.998 (0.994–1.003)

PA 0.001 0.012 0.012 0.915 1.001 (0.977–1.026)

NT-proBNP 0.000 0.000 0.001 0.976 1.000 (1.000–1.000)

Constant 13.814 5.214 7.019 0.008* –

*Indicates a P value less than 0.05.

Alb, albumin; UACR, urinary albumin-to-creatinine ratio; CRP, C-reactive protein; ALT, alanine aminotransferase; PA, prealbumin; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

FIGURE 2

ROC curve of UACR, Serum Alb, and combine diagnosis in CA

abnormalities among KD patients. ROC, receiver operating

characteristic; Combine, combination of UACR and serum Alb; Alb,

serum albumin; UACR, urinary albumin-to-creatinine ratio; CA,

coronary artery.
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found that u-β2MG value were positively associated with CA

abnormalities formation, and maximum u-β2MG and maximum

coronary diameter before treatment were positively and

significantly associated factors (30). UMA is the most common

type of urinary microprotein and is not only an important

indicator of early renal damage but also a marker of vascular

endothelial injury (14, 15). However, there is little reports about

UMA in KD, especially its relationship with CA abnormalities.

UMA falls within the category of Alb, which is produced by the

liver. Under normal circumstances, it is not easily filtered through

the glomerular filtration membrane. However, when the filtration

membrane is damaged, and the permeability of the vascular

endothelium changes, the charge barrier on its surface is also

disrupted. This allows albumin to pass through the glomerular

filtration membrane. When the filtration volume exceeds the

reabsorption capacity of the proximal tubules, the level of

microalbumin in the urine increases, leading to

microalbuminuria. The normal range of UMA is 0–20 mg/L, and

20–200 mg/L is defined as microalbuminuria. The 24 h urinary

albumin test is the gold standard for evaluating UMA, but

collecting 24 h urine is relatively cumbersome and time-

consuming, which limits its clinical use. Urinary creatinine can

correct for the effects of urine concentration or dilution on UMA

levels, making UACR more suitable for reflecting UMA excretion

and assessing renal damage in children. Currently, it is

recommended to collect a random urine sample, preferably the

first morning urine, to detect UACR for diagnosing

microalbuminuria, and the UACR of 30 mg/g or higher is

defined as renal damage (32). Studies have shown that the risk of

cardiovascular diseases increase with an elevated UACR, even

within the normal range of less than 30 mg/g, and for every

0.4 mg/mmol increase in URCA, the risk of cardiovascular events

increases by 5.9% (19, 33). Urinary albumin excretion is a risk

marker for cardiovascular morbidity and mortality, and UACR

has been viewed as a marker for vascular endothelial dysfunction

in both the kidneys and systemic vasculature (14, 19, 21). UACR

is also an inflammatory marker, with its levels correlating with

the degree of systemic inflammation (34). Numbers of researches

have shown that high-normal UACR can result in the deleterious

outcomes. It was reported that by contrast with other biomarkers

of endothelial dysfunction and inflammation, only natriuretic

peptides and UACR were associated with heart failure patients

with preserved ejection fraction (35). The UACR was also higher

in dyslipidemia children who has endothelial dysfunction (36).

Other researchers have found that worse coronary flow reserve

was associated with higher UACR (37), and higher urinary

albumin excretion, even within the normal range, is associated

with early atherosclerosis in type 1 diabetes during mid-

adolescence (38). So UACR can be served as an evaluation

indicator in the early stages of many cardiovascular diseases.

Serum Alb is not only a marker reflecting the nutritional status

of the body but also a negative acute phase response protein, with

its levels inversely correlated with inflammatory responses (2). It is

an important inflammatory indicator. KD patients often exhibit

varying degrees of hypoalbuminemia, which may be related to

various inflammatory cytokines present, such as vascular

endothelial growth factor, tumor necrosis factor-α, interleukin-1,

and interleukin-6. These cytokines inhibit protein synthesis in

the liver and increase vascular permeability, leading to serum Alb

leakage and consequently reduced serum Alb levels in the blood

(39–41). KD patients with low serum Alb levels tend to

experience more severe inflammation, a higher incidence of IVIG

resistance, and a higher likelihood of CA abnormalities

progression (42–44). Studies have shown that reduced serum Alb

levels are an independent risk factor for CA abnormalities in KD

(45), and low serum Alb levels have also been proven to be a

significant risk factor for CA abnormalities progression (23).

Although albuminuria is considered a major contributor to

hypoalbuminemia in many renal diseases, our study found no

statistically significant correlation between serum albumin levels

and UMA (r =−0.073, p = 0.449) or UACR (r =−0.128,

p = 0.186) during acute phase of KD. These results suggest that

increased urinary microalbumin excretion does not contribute to

the pathogenesis of hypoalbuminemia in KD patients. Notably,

patients with CA abnormalities exhibited significantly higher

UACR levels and lower serum Alb levels compared to those with

normal CA. Furthermore, significant differences of CRP, ALT,

PA, and NT-proBNP were observed between the two groups,

while WBC, PLT, HB, N%, AST, BUN, serum Cr, and ESR were

no differences. Multivariable binary logistic regression analysis

identified elevated urinary UACR and reduced serum Alb as

independent risk factors for CA abnormalities in KD. The

optimal cutoff value for UACR was 24.1 mg/g, with a sensitivity

of 56.5%, specificity of 90.7%. The optimal cutoff value for serum

Alb was 37.75 g/L, with a sensitivity of 74.4%, specificity of

69.6%. When UACR and serum Alb were combined, the

diagnostic performance improved, achieving a sensitivity of

91.3%, specificity of 81.4%, and an AUC of 0.904. These findings

indicate that the combined use of UACR and serum Alb

provides superior predictive accuracy for identifying CA

abnormalities in patients with KD.

Our study revealed significantly elevated levels of CRP, ALT,

and NT-proBNP, coupled with reduced PA levels, in patients

with CA abnormalities compared to those with normal CA.

These findings align with previously reported observations (11,

46, 47). However, multivariable logistic regression analysis failed

to identify these biomarkers as independent risk factors for CA

abnormalities. Our analysis of baseline characteristics—including

age, gender, weight, complete blood counts (WBC, PLT, HB, N

%)—revealed no statistically significant differences between the

two groups. These findings suggested that these variables exert

limited influence on the outcomes evaluated in our study.

Limitations of this study include its retrospective design and

relatively small sample size. First, as a single-center retrospective

study, there may be inherent biases and limitations in data

collection and analysis. The relatively modest sample size, though

sufficient for initial exploration, may limit the generalizability of

our results to broader populations of KD patients. Larger

prospective studies are warranted to validate the findings and

further elucidate the predictive utility of UACR and its

correlation with CA abnormalities in KD. Second, the diversity

and variability of treatment status present challenges in
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controlling for this variable in the current analysi. In future

research, we plan to design prospective studies to gather more

comprehensive data, including the severity of CA abnormalities,

treatment response, and analysis the association between UACR

and these clinical parameters. Finally, our study employed the

2017 AHA diagnostic criteria for KD, which had already

deemphasized the requirement of “≥5 days of fever” (24). This

criterion has also been removed in both the updated 2024 AHA

Scientific Statement (2) and the 6th edition of the Japanese

Kawasaki Disease Guidelines (48). Notably, while these updated

guidelines maintain consistency in diagnostic, they introduce

subtle yet clinically significant distinctions in defining coronary

artery dilation vs. aneurysms. This evolving diagnostic landscape

may affect the comparability of our findings with both previous

and future studies.

In summary, we aim to evaluate the clinical utility of UACR as

an early biomarker for identifying patients at high risk of

developing CA abnormalities. If validated, these findings could

enable the early identification of KD patients at heightened risk

for CAA during the acute phase, facilitating timely intensification

of primary anti-inflammatory therapy. Such an approach may

ultimately improve long-term CA outcomes and inform

personalized treatment strategies.

Conclusion

Elevated UACR and hypoalbuminemia independently CA

abnormalities in KD patients. The combined use of UACR and

serum Alb significantly enhances predictive accuracy for CA

abnormalities. Determination of UACR is a simple, inexpensive,

and noninvasive method that could be a promising biomarker to

identify a high-risk population of CA abnormalities in KD

patients. Future studies should expand the sample size to validate

the predictive value of these indicators.

These results suggest that urinary microalbumin excretion is

unlikely to be the primary mechanism underlying

hypoalbuminemia in KD patients.
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