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Risk factors for coronary artery lesions in 
children with Kawasaki disease
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ABSTRACT
Introduction. Kawasaki disease (KD) is a non-
specific systemic vasculitic disease that frequently 
occurs among children, and coronary artery 
lesion (CAL) is the most serious complication.
Objectives. We aimed to study the risk factors 
for CAL in children with KD.
Materials and methods. KD children in 
accordance with diagnostic criteria, who were 
hospitalized from January 2014 to December 
2017, were selected as subjects. Univariate 
and multivariate logistic regression analyses 
were conducted to explore the relationships 
between CAL and gender, age, clinical diagnosis, 
erythrocyte sedimentation rate (ESR), platelet 
count, hemoglobin level, C reactive protein level, 
white blood cell count, initiation time of IVIG 
administration and duration of fever.
Results. The enrolled 982 KD children were 
divided into a CAL group (n = 104) and an 
NCAL group (n = 878) according to cardiac color 
Doppler ultrasonography. The incidence rate of 
CAL was 10.6 % (104/982). Univariate analysis 
showed that the two groups had significantly 
different gender, ESR, platelet count, initiation 
time of IVIG administration and duration of 
fever (P < 0.05). Multivariate logistic regression 
analysis revealed that male gender, elevated ESR 
and delayed use of IVIG were independent risk 
factors for KD complicated with CAL.
Conclusions: Male gender, increased ESR and 
delayed use of IVIG were independent risk 
factors for KD complicated with CAL.
Key words: Kawasaki disease, coronary artery, 
logistic regression, risk factors.
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INTRODUCTION
Kawasaki disease (KD) is a non-

specific systemic vasculitic disease 
that frequently occurs among children, 
and coronary artery lesion (CAL) 
is the most serious complication, 
with an incidence rate of 20 %~35 %.1 
Accumulating evidence has proven 
that KD-induced CAL persists for 
many years, and may cause coronary 
heart disease in adulthood.2-4 CAL 
has replaced rheumatic fever to be 
one of the main causes for acquired 
heart disease among children. In 
recent years, the early diagnosis and 
treatment of KD are still difficult due 
to unknown etiology.5 KD can lead to 
CAL which may induce thrombotic 
infarction and stenosis, myocardial 
infarction and even sudden death. 
Therefore, it is imperative to find 
the risk factors as soon as possible 
and to take reasonable and effective 
measures in t ime to reduce the 
incidence and mortality rates of KD. 
In this study, the objective was to 
explore the risk factors for CAL in 
children with KD.

MATERIALS AND METHODS
A single-center large-sample study 

was performed to analyze the clinical 
data of children with KD.

Baseline clinical data
KD children who were hospitalized 

from January 2014 to December 2017 
were selected. This study has been 
approved by the ethics committee 
of our hospital on January 4th, 2014 
(Approval No. AHXMU 2014-01002), 
and signed informed consent has been 
obtained from the guardians of all 
participants.

Diagnostic criteria
KD was diagnosed according to 
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the guidelines for the diagnosis and treatment 
of KD proposed by the American Academy of 
Pediatrics and the American Heart Association 
in 2004.6 A child who had a fever (39-40° C) 
duration of > 5 d and 4 of the following 5 clinical 
manifestations was diagnosed as KD: 1) changes 
in the four limbs: Palmoplantar erythema in the 
acute phase, hard edema of hands and feet, finger 
(toe) tip membranous peeling during recovery; 
2) pleomorphic rash; 3) bilateral conjunctival 
hyperemia; 4) congestion and cracking of lips, 
diffuse congestion of oral mucosa, and protruding 
papillae (strawberry tongue); 5) enlargement of 
cervical lymph nodes. If a child had a fever (39-
40° C) duration of > 5 d, without meeting 4 of the 
above 5 clinical manifestations, but cardiac color 
Doppler ultrasonography disclosed coronary 
dilatation or febrile diseases such as scarlet fever, 
he/she was diagnosed as incomplete KD after 
drug hypersensitivity syndrome, Stevens-Johnson 
syndrome, toxic shock syndrome, adenovirus 
infection or Epstein-Barr virus infection were 
excluded.

According to the formula of the normal 
value of the coronary artery corrected by body 
surface area developed by de Zorzi et al.,7 Z was 
calculated by: Z = (Observation value - mean 
normal value)/standard deviation. CAL was 
defined when the inner diameter Z value of 
the left anterior descending coronary artery, or 
left main or right coronary artery exceeded 2.5. 
Coronary artery dilation was defined when Z 

was > 2.5 and the inner diameter of the coronary 
artery was ≥ 4 mm. Coronary aneurysm: Small 
coronary aneurysm (inner diameter of coronary 
artery: > 4 mm and < 5 mm), middle coronary 
aneurysm (inner diameter: 5-8 mm) and giant 
coronary aneurysm (inner diameter: > 8 mm).8 
Body surface area was calculated as follows.9 
When body weight was < 30 kg, body surface area 
(m2) = body mass (kg) × 0.035 (m2/kg) + 0.1 (m2); 
when body weight was 30-50 kg, the body surface 
area was elevated by 0.1 m2 for every 5 kg weight 
increase.

Statistical analysis
All data were statistically analyzed by 

SPSS 17.0 software. Intergroup comparisons for 
numerical data were performed by the χ2 test, 
and the quantitative data conforming to normal 
distribution were expressed as mean ± standard 
deviation (x ± SD). Univariate and multivariate 
logistic regression analyses were carried out to 
clarify the relationships of gender, age, clinical 
diagnosis, erythrocyte sedimentation rate (ESR), 
platelet count, hemoglobin level, C reactive 
protein (CRP) level, white blood cell count, 
initiation time of IVIG administration and 
duration of fever with CAL. Univariate analysis 
was conducted with the independent sample t 
test, and the variables with statistical significance 
were subjected to multivariate logistic regression 
analysis. P < 0.05 was considered statistically 
significant.

Table 1. Univariate analysis of risk factors for CAL in children with KD

	 CAL	group	(n	=	104)	 NCAL	group	(n	=	878)	 t/χ2 p

Gender
Male 80 518 12.547 0.000
Female 24 360  

Age (month) 30.47 ±  5.48 31.38 ±  5.78 1.526 0.127
Clinical diagnosis    

Typical KD 60 576 2.550 0.110
Incomplete KD 44 302  

ESR (mm/h) 69.62 ±  9.18 82.71 ±  8.94 14.079 0.000
Platelet count (×109/L) 352.68 ±  23.48 432.58 ±  24.17 31.972 0.000
Hemoglobin level (g/L) 9.36 ±  1.95 9.67 ±  1.54 1.882 0.060
CRP (mg/L) 69.23 ±  6.15 68.89 ±  6.35 0.518 0.605
White blood cell count (×109/L) 15.46 ±  2.11 15.24 ±  2.32 0.923 0.356
Initiation time of IVIG use (d) 6.7 ±  1.5 9.5 ±  1.6 16.984 0.000
Duration of fever (d) 8.3 ±  1.2 9.7 ±  1.3 10.466 0.000

CAL: Coronary artery lesion; KD: Kawasaki disease; ESR: erythrocyte sedimentation rate; CRP: C reactive protein.
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RESULTS
Baseline clinical data

The 982 KD cases consisted of 598 boys and 
384 girls. The onset ages of 64 (6.5 %), 814 (82.9 %) 
and 104  (10 .6  %)  cases  were  ≤6  months , 
6 months~5 years and > 5 years, respectively. 
A total of 634 cases (64.6 %) had typical KD, 
and the other 348 (35.4 %) had incomplete KD. 
The enrolled KD children were divided into 
a CAL group (n = 104) and an NCAL group 
(n = 878) according to cardiac color Doppler 
ultrasonography, who were all diagnosed for the 
first time. The incidence rate of CAL was 10.6 % 
(104/982).

Univariate analysis of risk factors for CAL in 
children with KD

Univariate analysis showed that the two 
groups had significantly different gender, 
ESR, platelet count, initiation time of IVIG 
administration and duration of fever (P < 0.05) 
(Table 1).

Multivariate logistic analysis of risk factors for 
CAL in children with KD

Multivariate logistic regression analysis 
revealed that male gender, elevated ESR and 
delayed use of IVIG were independent risk factors 
for KD complicated with CAL (Table 2).

DISCUSSION
As an immune self- l imiting vasculit is 

involving small and medium blood vessels,10 
KD often leads to coronary artery dilatation 
or giant aneurysm formation, and potential 
risks of myocardial infarction and even sudden 
cardiac death.11 Therefore, the early diagnosis 
and timely treatment of KD have attracted 
widespread attention, and the risk factors for 
KD complicated with CAL have also become the 
focus of pediatricians.

Age of < 1 or > 8 years old, male gender, ESR, 
CRP level, white blood cell count, platelet count, 
albumin level, delayed use of low-dose IVIG 
and recurrence of KD have been reported to be 
the risk factors for CAL.12 In this study, gender 
(male) was an independent risk factor for CAL. 
Also, boys with KD may have a specific genetic 
predisposition to CAL. Therefore, KD can be 
defined as an autoimmune response that has a 
genetic susceptibility background and is induced 
by external stimuli. In addition, the high risk of 
CAL in specific populations also suggests that 
genetic susceptibility plays an important role in 
the pathogenesis of KD.13

Herein, age, fever duration, CRP level or 
white blood cell count of KD children was not 
significantly correlated with the occurrence 
of CAL. Probably, 80 % of children with KD 
have the onset from 6 months to 4 years old.14 
If children are aged < 1 year or > 5 years, the 
clinical manifestations of KD are often atypical, 
which cannot be diagnosed by clinicians in the 
early stage, so the children fail to receive IVIG 
treatment in time, resulting in a significantly 
increased incidence rate of CAL.15 KD induces 
vascular endothelial injury by activating immune 
cells and enhancing immune response due to 
unknown reasons.16 IVIG can significantly relieve 
inflammation and immune response, block 
Fc receptors on the platelet surface, and exert 
non-specific anti-inflammatory effects, thereby 
mitigating CAL.17,18 Moreover, early use (< 10 d) 
of IVIG can significantly reduce the risk of CAL 
in KD, which is consistent with the results of this 
study.19

CRP and ESR are well-recognized laboratory 
markers for inflammatory response, both of 
which are elevated in the early stage of KD, 
with high diagnostic values. Kawasaki first 
reported in 1967 that about 36 % of children 
with KD had desynchronized ESR and CRP 

Table 2. Multivariate logistic analysis of risk factors for CAL in children with KD

Factor	 β	 Wald	value	 OR	value	 95	%	CI	 p value

Gender -1.009 7.267 0.364 0.175-0.756 0.006
ESR 0.019 11.243 1.019 1.004-1.345 0.001
Initiation time of IVIG use 0.257 28.895 1.287 1.145-1.458 0.001
Platelet count 0.001 2.798 1.004 0.982-1.155 0.879
Duration of fever 0.004 0.743 1.043 0.942-1.156 0.458

CAL: Coronary artery lesion; KD: Kawasaki disease; ESR: erythrocyte sedimentation rate.
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changes.20 Bray et al.,21 also found that about 44 % 
of children with KD had similar manifestations. 
CRP is an acute phase reactive protein which 
increases 4-6 h after inflammatory stimulation, 
peaks 36-50 h after stimulation and decreases 
3-7 d after termination of stimulation, while 
ESR is determined by the rate of erythrocyte 
decline in plasma, which is affected by the size, 
shape and quantity of erythrocytes and the 
level of immunoglobulin. ESR rises slowly and 
returns to the baseline slower after inflammatory 
factors are absent. The peak of ESR lags that 
of CRP. Therefore, the increase of CRP and 
ESR in children with KD is desynchronized. 
Additionally, elevated ESR suggests that KD is 
in the advanced stage, the inflammatory response 
lasts for a long time, and the coronary artery has 
a long-term exposure to inflammatory factors, 
which may give aggregated vascular lesions. 
Thus, the increase in ESR can reflect the damage 
of inflammatory response to the coronary artery 
to some extent.22 Notably, ESR is susceptible 
to plasma globulin. Accordingly, ESR before 
IVIG use should be used as the basis to assess 
the severity of KD. In 2005, Gómez de Diego 
et al. used multislice CT coronary angiography 
to evaluate the coronary anatomy.23 Recently, 
Goh et al. reported that coronary CT angiography 
was an attractive alternative to invasive coronary 
angiography for KD children.24 Besides, Jrad et 
al. found that CT coronary angiography was 
superior in detecting fusiform coronary lesions 
as well as distal and posterior networks in KD. 
Nevertheless, transthoracic echocardiography 
was still the fist-line examination owing to 
radiating characteristics and availability.25

Herein, male gender, elevated ESR and 
delayed IVIG administration were independent 
r i s k  f a c t o r s  f o r  K D  c o m p l i c a t e d  w i t h 
CAL. Furthermore, the number of included 
observational  indices  remained l imited. 
Therefore, further in-depth studies are in need to 
find more specific predictive indices, aiming to 
provide a theoretical basis for the early diagnosis 
and treatment of KD.

CONCLUSIONS
In summary, male gender, increased ESR and 

delayed use of IVIG were independent risk factors 
for KD children complicated with CAL. n
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