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High Sensitivity C Reactive Protein (hs-CRP) in
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Background: For children with a history of Kawasaki disease (KD), low grade inflammation was generally reported
to be associated with persistent coronary artery lesions (CAL). However, this association has not been clearly
demonstrated to hold true in KD adolescents and young adults (10-25 years of age).
Methods: We enrolled 104 subjects into our study, who were separated into the following 3 groups and controls:
1): 22 KD patients with angiography-confirmed CAL which persisted for an average of 12.5 years after onset of KD;
2) 38 KD patients with regressed aneurysms; 3) 44 KD patients without any coronary complications from the
disease onset; and 4) 31 age-matched (18.7 ± 1.88 years old) healthy controls. Plasma levels of high-sensitivity C
reactive protein (hs-CRP) were measured for all participants.
Results: Plasma levels of hs-CRP were significantly higher in KD patients than in the controls, regardless of their
coronary severity. However, there was no significant difference in hs-CRP levels among KD patients with different
severities of CAL. Of the candidate risk factors of elevated hs-CRP such as body mass index, gender, coronary
severity, and levels of high-density lipoprotein-cholesterol, linear regression analysis showed the only independent
predictor of hs-CRP levels was BMI (b = 0.306, p = 0.01), rather than patient grouping (p = 0.091).
Conclusions: Our study found that levels of hs-CRP are significantly higher in adolescent and young adult patients
with a history of KD, compared with age-matched controls. Low grade inflammation may play a minor role when KD
patients enter into adulthood. body mass index (BMI), rather than coronary severity, was independently
associated with the elevation of hs-CRP levels, one of biomarkers for further cardiovascular event. Therefore,
ongoing control and management of BMI may be one of beneficial strategies that can be employed to help avoid
elevation of hs-CRP levels in KD patients.
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INTRODUCTION

of unknown etiology, and is the most prevalent pediatric
acquired cardiac disease in Taiwan. Coronary artery lesions (CALs) develop in 15-25% of untreated KD children, and may lead to myocardial infarction, sudden
death, or ischemic heart disease.1,2 Since the introduction of intravenous immunoglobulin therapy, the incidence of CAL has declined but still occurs in about 5-10
% of KD patients.3,4 Previous studies have generally reported that persistent CALs were associated with lowgrade inflammation in school-age children.5,6 However,
whether the process of inflammation continues into

Kawasaki disease (KD) is an acute systemic vasculitis
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of nonparametric variables, the Mann-Whitney U test
was used. Additionally, differences in proportion were
tested with the c2 analysis. Statistical significance was
set at p < 0.05.

adulthood in KD patients was infrequently investigated.
The present study aimed to evaluate the profiles of inflammation biomarkers (hs-CRP) and elucidate the relationship between the bio-markers and severity of CAL in
adult patients years after their KD onset.

RESULTS
METHODS
Clinical characteristics
A total of 104 KD patients were enrolled in this
study. From that number, 22 patients had angiographyconfirmed CAL (KD-PCAL group), which persisted for an
average of 12.5 years after onset of KD. 38 patients had
regressed aneurysms (KD-RCAL group) and the remaining 44 patients had no coronary lesions from the time of
disease onset (KD-NCAL group). There were also 31
age-matched healthy participants enrolled as the control group. Table 1 summarizes the demographic and
clinical characteristics of KD and the control group. Between the subgroups, there was no significant difference in age at study, gender, body mass index (BMI),
T-CHO, WBCs and percentage of segmented neutrophils
(Seg%). However, compared with the control group, the
TG was higher in the KD group (p = 0.038), and the level
of HDL-c was lower in the KD group (p < 0.001). Table 2
summarizes the demographic and clinical characteristics
of the three subgroups of KD patients. The three KD
subgroups did not differ significantly with regard to age
at study, BMI, TG, T-CHO, HDL-c and WBCs with percent-

Study population
A total of 104 Taiwanese adolescent and young
adult KD patients were enrolled in our study (male = 74,
female = 30), with a mean age of KD onset at 2.9 yearsold, and a mean patient age at the time of study of 18.7
year of age. The diagnosis of KD was according to the
clinical criteria of the American Heart Association, Council on Cardiovascular Disease in the Young, Committee
on Rheumatic Fever, Endocarditis and Kawasaki Disease.7
The CALs were defined as a lumen diameter of at least 3
mm (> 5 y of age, 4 mm) or the internal diameter of a
segment at least 1.5 times as large as that of an adjacent segment. The medical records of all study participants were reviewed. Additionally, there were 31 agematched healthy participants enrolled as the control
group.
Biochemical analysis
Venous blood samples were collected from the
study subjects at the time of the clinical examination
and stored at -80 °C until analysis. Serum total cholesterol (T-CHO), high and low density lipoprotein cholesterol (HDL-c and LDL-c), and triglyceride (TG) were determined using standard laboratory procedures. White
blood cell count (WBC) data with percentage of segmented Neutrophils (Seg%) were also collected. hs-CRP
levels were measured in plasma by use of a commercially available high-sensitivity mechanism (Immuliteâ,
Siemens, USA).

Table 1. Clinical characteristics between KD and control groups
KD (N = 104)
Age at study (year)
Gender, M
BMI (kg/m2)
TG (mmol/l)
HDL (mmol/l)
T-CHO (mmol/l)
WBCs (k/mL)
Seg. (%)

Statistics
Statistical analysis was performed using PASW Statistics 18. Data are presented as the mean or median as
appropriate, whereas frequencies and percentages summarize categorical variables. Comparisons among the
four groups were conducted with non-parametric Kruskal-Wallis test (a = 0.05). In order to compare two groups
Acta Cardiol Sin 2015;31:473-477

Control (N = 31) p value

17.5 ± 4.90
18.7 ± 1.88
0.125
74 (71.1%)
22 (71%)
0.984
21.5 ± 3.70
21.6 ± 2.60
0.825
*85.7 ± 49.9*
62.3 ± 19.6
0.038
*46.2 ± 10.3*
54.8 ± 9.10 < 0.001
165.7 ± 28.40
165.4 ± 31.60
0.873
6826.6 ± 1771.2 6300.6 ± 1380.2 0.527
58.3 ± 11.2
54.7 ± 8.20
0.371

* p value < 0.05 compared with control.
BMI, body mass index; HDL, high-density lipoprotein; hs-CRP,
high-sensitivity C-reactive protein; KD, Kawasaki disease; NCAL,
non-coronary artery lesions; PCAL, persist coronary artery
lesions; RCAL, regression coronary artery lesions; Seg.(%),
segmented neutrophils; T-CHO, total cholesterol; TG,
triglyceride; WBCs, white blood cell count.
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Table 2. Clinical characteristics of the three subgroups in KD group

Age at study (year)
Gender, M
2
BMI (kg/m )
TG (mg/dL)
HDL (mg/dL)
T-CHO (mg/dL)
WBCs (k/mL)
Seg. (%)

NCAL (N = 44)

RCAL (N = 38)

PCAL (N = 22)

p value

18.3 ± 5.34
31 (70.5%)
21.1 ± 3.98
91.4 ± 52.2
46.6 ± 11.3
172.6 ± 27.40
6630.6 ± 1819.4
54.6 ± 13.6

16.3 ± 4.67
27(71.1%)
21.5 ± 2.82
77.0 ± 50.3
46.3 ± 9.30
158.5 ± 3000.
7013.9 ± 1849.2
62.5 ± 10.3

17.8 ± 4.25
16 (72.7%)
22.2 ± 4.30
89.1 ± 44.7
45.1 ± 10.4
164.1 ± 25.50
6951.4 ± 1770.9
56.9 ± 10.1

0.180
0.982
0.674
0.199
0.863
0.108
0.628
0.373

BMI, body mass index; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; KD, Kawasaki disease; NCAL, noncoronary artery lesions; PCAL, persist coronary artery lesions; RCAL, regression coronary artery lesions; Seg. (%), segmented
Neutrophils; T-CHO, total cholesterol; TG, triglyceride; WBCs, white blood cell count.

p = 0.091) in this regression analysis.

age of segmented Neutrophils (Seg.).

Levels of hs-CRP of each study group
Kruskal-Wallis test followed by Mann-Whitney U
test showed that patients in all KD subgroups (KD-NACL,
KD-RCAL and KD-PCAL) had significantly higher hs-CRP
levels than found in the controls. However, there was no
significant difference in levels of hs-CRP among these
three KD subgroups. Figure 1 shows the plasma levels of
hs-CRP in each subgroup.

DISCUSSION
Many earlier reports have recognized a significantly
elevated serum CRP level in the acute phase of Kawasaki
disease.8 It was later demonstrated in school-aged children that KD with persistent coronary artery lesion was
independently associated with levels of high sensitivity
C-reactive protein.6,9-11 However, serum CRP levels in KD
patients without any earlier coronary arterial involvement showed inconsistent results in previous studies.6,9-11
The current study demonstrated, in adolescents and
young adults after KD onset, that levels of hs-CRP were

Risk factors of elevated hs-CRP levels
Univariate analysis showed, among the candidate
risk factors of elevated hs-CRP (including gender, patient
grouping, BMI, TG, HDL and T-CHO), BMI (b = 0.33, p =
0.004), levels of TG (b = 0.340, p = 0.001) and HDL (b =
-0.278, p = 0.007), rather than patient coronary grouping, were the only three factors associated with the elevation of hs-CRP levels.
Multiple linear regression analysis
To avoid confounding of risk factors and properly
evaluate their independent effects on the levels of hsCRP, we conducted multiple linear regression analysis.
Because there was a significant correlation between
levels of HDL and TG (r = -0.388, p < 0.001), we only
used three risk factors in our analysis: BMI, levels of HDL
and patient grouping based on coronary severity into
the next-step multiple linear regression. We found BMI
was the only independent risk factor for elevated hsCRP (b = 0.31, p = 0.01). We found no significant association between hs-CRP and coronary severity (b = -0.191,

Figure 1. High sensitivity C-reactive protein (hs-CRP) in each KD subgroup and control. NCAL, non-coronary artery lesions; PCAL, persist
coronary artery lesions; RCAL, regression coronary artery lesions.
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significantly higher than those of the control group; the
presence of CAL did not affect these results.
Echocardiography and coronary angiography are
recommended examinations to evaluate the long-term
changes of coronary lesions in KD patients. However,
intravascular ultrasound studies on the coronary arteries of KD patients with persistent or regressed coronary
aneurysms showed marked thickening of the intima-media complex even in angiographically normal coronary
segments. 12,13 Furthermore, endothelial dysfunction
may also persist for an extended period of time even after aneurysms regression.14,15 Previous studies have also
demonstrated that CRP levels are inversely associated
with endothelial synthesis of nitric oxide.16 Together, the
thickening intima and the endothelial dysfunction might
contribute to the persistent elevation of CRP levels in KD
children when they grow into young adulthood.
Another interesting finding of our study is there was
no significant difference of hs-CRP levels among KD patients with different coronary severities at very late disease stages. This result was different from those in two
earlier studies,6,9 both of which showed increased concentrations of hs-CRP were associated with persistent
CALs in KD patients. The mean intervals from diagnosis
to time of study in these two studies were 7.8 and 10.8
years, respectively. In the current study, the enrolled KD
patient ages were somewhat older (mean 17.5 years),
and the intervals between the disease onset and date of
study were relatively longer (mean 14.4 years). Other
pathological studies of KD patients had also suggested
that, in the late stage of KD, changes in the coronary aneurysm wall consisted of thickened intima and abundant
smooth muscle cells, but only limited macrophages or
fatty streaks.17,18 Therefore, we may infer that the role
of inflammation in Kawasaki disease may decrease with
age, especially when KD patients enter adulthood.
In this study, we observed that body mass index
(BMI), rather than coronary severity, was an independent
risk factor of elevated hs-CRP levels in KD patients. Several studies have demonstrated an association between
BMI and CRP levels in apparently healthy populations.19,20
Furthermore, level of CRP was one of biomarkers for preclinical cardiovascular disease.21,22 Additionally, in patients with acute coronary syndrome, increased CRP levels were strongly associated with future poor outcomes.
Furthermore, approximately 5% of young adults (< 40
Acta Cardiol Sin 2015;31:473-477

years of age) who underwent coronary angiography to
evaluate symptoms for myocardial ischemia may have a
history of childhood KD. 23 Therefore, in KD patients,
BMI-related elevation of CRP levels may potentiate the
risk of premature atherosclerosis when they grow up and
reach adulthood. Appropriate intervention such as diet
control and exercise to modify BMI may help to minimize
the cardiovascular risk of KD patients.

LIMITATIONS
There were limitations in the current study. First,
data upon which this study was based was derived from
experiences at a single institution, which further involved a small study group sample size. Second, we didn’t
explore the profiles of other potential inflammation
biomarkers such as cytokines cellular adhesion molecules and myeloperoxidase. Therefore, it is difficult effectively recognize the interplay among hs-CRP and
other inflammation biomarkers in the KD patients when
they reach adulthood. Third, our study was limited by its
cross-sectional rather than a longitudinal design. However, after multivariate analysis that considered possible
factors, BMI was still significantly associated with elevated hs-CRP levels. However, further large scale studies
involving more participants are needed.

CONCLUSIONS
Levels of hs-CRP are significantly higher in adolescent
and young adult patients with a history of KD, compared
to their age-matched controls. However, BMI, rather than
coronary severity, was independently associated with the
elevation of hs-CRP levels, and one of the biomarkers for
further cardiovascular event. The results of our study indicate that low grade inflammation may play a minor role
when KD patients enter into adulthood, and that BMI
control maybe efficacious in any ongoing effort to avoid
elevation of hs-CRP levels in KD patients.
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