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Association of circulating resistin and adiponectin
levels with Kawasaki disease: A meta-analysis
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Abstract. The present meta-analysis was performed to
examine the association between circulating blood adipokine
levels and Kawasaki disease (KD). Studies were identified
by searching various databases, including Web of Science,
EMBASE, PubMed, Wanfang and China National Knowledge
Infrastructure. After the studies were pooled, the mean
difference (MD) and corresponding 95% CI were calculated.
Subgroup analyses and publication bias detection were
also performed. The Cochrane Q test and I? statistics were
performed using Review Manager software (version 5.3) to
test for heterogeneity. A Begg's test was used to assess publi-
cation bias and STATA software (version 12.0) was used for
statistical analysis. The results revealed that the KD group
exhibited higher levels of resistin compared with those in the
healthy controls or disease controls (non-KD; MD=20.76,
95% Cl=16.16-25.36,P<0.001; MD=21.27,95% CI=14.24-28.29,
P<0.001, respectively). In addition, when compared with those
in patients exhibiting non-coronary artery lesions (NCAL),
those with coronary artery lesions (CAL) had higher levels
of adiponectin and resistin (MD=1.00, 95% CI=0.06-1.96,
P=0.04; MD=2.77, 95% CI=1.32-4.22, P<0.001). Furthermore,
compared with those in the inactive-phase group, patients
in the active-phase group exhibited higher levels of resistin
(MD=17.73, 95% CI=12.82-22.65, P<0.001). In conclusion, the
present meta-analysis indicated that resistin levels were elevated
in patients with KD. It was also revealed that circulating
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resistin and adiponectin levels in the CAL group were signifi-
cantly increased compared with those in patients with NCAL.
Furthermore, the active group had higher levels of resistin than
the inactive group. The results of these meta-analyses indicated
that resistin may serve an important role in the pathogenesis of
KD and may therefore be used as biomarkers for the diagnosis
of KD, whereas adiponectin may only serve an important role
in the pathogenesis of CAL and may therefore be used as a
biomarker to distinguish CAL from NCAL.

Introduction

Kawasaki disease (KD) is a potentially fatal type of acute
childhood vasculitis that primarily affects children under the
age of 5 (1). KD frequently damages coronary arteries, resulting
in a spectrum of injuries, including coronary artery aneurysms
in severe cases (2). Although the pathogenesis of KD remains
to be fully elucidated, the neutrophilic infiltration of arteries,
acute/chronic vasculitis, as well as autoimmune and luminal
myofibroblastic proliferation, are the major pathological features
of KD (3).

Adipose tissue stores energy, regulates the endocrine system
and is an important regulator of numerous important processes,
including inflammation (4). Adipokines, derived from adipose
tissues, are a class of soluble mediators that exert specific effects
on immune responses. Certain adipokines, including resistin
and adiponectin, serve as anti- and pro-inflammatory regula-
tors. However, these adipokines represent only a small fraction
of those identified and have recently been associated with
inflammatory autoimmune diseases (5).

Human resistin is a 12.5-kDa polypeptide that is produced
primarily by bone marrow-derived monocytes with a degree of
contribution from adipocytes (6,7). It is widely accepted that
resistin is involved in the inflammatory response (8). Resistin
binds to human leukocyte Toll-like receptor 4 (TLR4), which
regulates the production of various pro-inflammatory cytokines
and interleukin (IL)-1p, including IL-12 and IL-6, which in turn
regulate the expression of resistin (6,9).

The expression of adiponectin, a plasma protein of 30 kDa,
decreases with obesity (10). Adiponectin has long been revealed
as an anti-inflammatory adipokine, serving to protect blood
vessel walls (11). It is used by endothelial cells to inhibit the
expression of certain tumor necrosis factor (TNF)-a-induced
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adhesion molecules, including vascular cell adhesion molecule-1,
endothelial cell-leukocyte adhesion molecule-1 and intracellular
adhesion molecule-1 (12). It may also lead to a reduction in the
adhesion of monocytes to endothelial cells (13). Recent studies
have indicated that adiponectin serves pro-inflammatory effects
and that the serum concentrations of adiponectin are signifi-
cantly elevated in patients with autoimmune diseases (13,14).
Adiponectin may therefore have a dual inflammatory function
in autoimmune diseases, from inhibiting the expression of
inflammatory cytokines and adhesion molecules to inducing the
production of anti-inflammatory factors (13,15).

Previous studies have investigated and compared the levels
of circulating resistin and adiponectin in patients with KD and
control subjects, with inconsistent results. These inconsistencies
may be due to insufficient sample size leading to low statistical
power and/or clinical heterogeneity (16-25). To overcome the
limitations of previous research and address these inconsisten-
cies, the present study performed a meta-analysis to provide a
comprehensive overview. The levels of resistin and adiponectin
in the serum of patients with KD were determined and compared
with those of control subjects.

Materials and methods

Search strategy. To retrieve studies that met the inclusion
criteria for the present meta-analysis, all reports assessing
the association between serum resistin and adiponectin levels
in patients with KD and controls [healthy control (HC) and
disease control (DC, which was defined as those with clinical
symptoms similar to KD but ultimately diagnosed as non-KD)],
were reviewed. Literature searches were performed using Web
of Science, EMBASE, PubMed, Wanfang and China National
Knowledge Infrastructure databases (up to December 31, 2018).
The following key words and subject terms were used in the
search: ‘Resistin’, ‘adiponectin’, ‘Kawasaki disease’, ‘mucocuta-
neous lymph node syndrome’ and ‘KD’. The search terms used
were ‘resistin’ or ‘adiponectin’ crossed with ‘Kawasaki disease’
or ‘mucocutaneous lymph node syndrome’ or ‘KD’.

The range of search strategies is broad and the desired
information was potentially contained in any study evalu-
ating serum adipokine levels in patients with KD, which was
considered when selecting the key words for the search. The
language was limited to English and Chinese. The bibliography
of original research and review studies was also manually
screened. If required, the authors of studies with insufficient
data were contacted to request any missing data. The initial
selection of studies was performed independently by XC and
QZ. Disagreements between the reviewers were resolved by a
third-party reviewer (NL) at a consensus meeting.

Inclusion criteria. The following inclusion criteria were
utilized in the present study: i) Studies must be case-controlled,
cross-sectional or cohort-based; ii) KD must have been diag-
nosed according to Japanese diagnostic criteria (26) or the
2017 American Heart Association common standard (27);
iii) studies must report the mean + standard deviation (SD)
of serum adipokine levels in patients with KD and control
subjects; and iv) studies must describe the statistical methods
and have performed the correct statistical analysis (28). When
two or more studies reported the same data, the most recently
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updated study was considered. The two reviewers (XC and QZ)
screened the titles and abstracts of the records retrieved from
the literature. The full text of the potentially relevant studies was
independently retrieved and evaluated by two reviewers (XC and
QZ) and any discrepancies were resolved by third parties (NL).

Exclusion criteria. Studies were excluded from the present study
if any of the following applied: i) Original studies containing
no precise levels of serum resistin or adiponectin in patients
with KD and control subjects; ii) no direct or indirect data for
the mean = SD for continuous variables; iii) reviews or animal
studies, reports with duplicate data or unpublished reports; and
iv) a study design that was defective or of poor quality (29).

Data extraction. Two investigators anonymously separated
information from all eligible studies selected according to the
pre-defined criteria. The following data were extracted: Country
or region of origin of the subjects, sex, mean age, body mass
index (BMI), serum resistin (mean + SD), serum adiponectin
levels (mean + SD), name of the first author, year of publica-
tion, country, ethnicity, grouping and sample size. Researchers
used spreadsheets to separate information independently from
eligible studies. BMI, ethnicity and geographical location were
considered during the data extraction process. If the standard
error of the mean was reported, a statistical formula was used to
calculate the SD. When the median, interquartile range or range
was provided, the mean + SD was also calculated using the
aforementioned formula (30,31). The Newcastle-Ottawa Quality
Assessment Scale was used to assess the methodological quality
of the studies selected (32).

Statistical analysis. All statistical analyses were performed
using Review Manager software v.5.3 (Cochrane) and STATA
v.12.0 software (Stata Corp. LP). A meta-analysis was
performed to determine the possible association of resistin
or adiponectin levels with KD. Results were expressed as
the mean difference (MD) and 95% CI. The Cochran Q and
I2 statistics were used to assess the variation and heterogeneity
within and between studies (33). The heterogeneity test was
used to evaluate the null hypothesis, according to which all
studies evaluated the same effect. When the Q-test result was
P<0.05 or I2>50%, it was indicated that heterogeneity existed.
I2 values ranged from 0 to 100%. In the present study, when
12 values were 25, 50 and 75%, the heterogeneity was referred
to as low, medium and high estimates, respectively (34). In
instances of heterogeneity between studies, a meta-analysis
with a random-effects model was utilized to combine effectors.
When no heterogeneity was identified, a fixed-effects model
was used. Sensitivity analysis was performed to explore sources
of heterogeneity. To assess publication bias, visual observations
using the Egger's test and a funnel plot were used (35). P<0.05
was considered to indicate a statistically significant difference.

Results

Studies included in the meta-analysis. A total of 86 studies were
identified using electronic and manual retrieval methods, 22 of
which were excluded as they reported the same data as other
studies. Of the remaining 64 studies, 15 were excluded after
reviewing the title and abstract and 39 were excluded due to
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Potential relevant articles identified from

(n=86)

database search [Web of science, n=24; Embase,
n=20; Pubmed, n=23: Wanfang, n=8: CNKI, n=11]

Duplicate records in other
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meta-analysis (n=10)

Reviews (n=7), Not
relevant (n=8)

Figure 1. Flow chart of the study selection process. CNKI, Chinese National Knowledge Infrastructure.

repeated or irrelevant information, including animal or experi-
mental studies, or were removed due to not being associated
with resistin, adiponectin or KD. Finally, a total of 10 studiess
met the inclusion criteria of the present meta-analysis (Table I).
A flowchart diagram of the search process is presented in Fig. 1.
Table I summarizes the basic features of the experimental and
disease groups in the selected studies, as well as the specific
types of adipokines assessed.

The levels of resistin (7 studies) (18-21,23-25) and
adiponectin (6 studies) (16-18,20-22) were compared between
KD groups and control groups. The quality evaluation scores of
each study ranged from 6 to 9 and the methodological quality
was high (Table I).

Meta-analysis of circulating adiponectin and resistin levels in
KD vs. HC groups. The meta-analysis revealed that the levels
of resistin were significantly higher in the KD group compared
with those in the HC group (MD=20.76, 95% CI=16.16-25.36,
P<0.001; Table II; Fig. 2A) (18-21,23-25). However, no statis-
tically significant differences in adiponectin levels were
identified between the KD group and the HC group (MD=-3.03,
95% Cl=-6.46-0.40, P=0.08; Table II) (16-18,20-22).

Meta-analysis of circulating adiponectin and resistin levels in
KD group vs. DC group. The present meta-analysis revealed
that the levels of resistin were significantly higher in the
KD group compared with those in the DC group (MD=21.27,
95% Cl=14.24-28.29, P<0.001; Table II; Fig. 2B) (18,19,21).
However, no statistically significant differences in adiponectin
levels were identified between the KD group and the DC group
(MD=-5.49, 95% CI=-11.28-0.31, P=0.06; Table II) (16-18,21).

Meta-analysis of circulating adiponectin and resistin levels
in CAL group vs. NCAL group. The present meta-analysis
revealed that the levels of adiponectin and resistin were signifi-
cantly associated with CAL in patients with KD (MD=1.00,
95% CI=0.06-1.94, P=0.04; MD=2.77, 95% CI=1.32-4.22,
P<0.001; Table II; Fig. 2C and D) (17,20-22,24,25).

Meta-analysis of circulating adiponectin and resistin levels in
the active group vs. inactive group. The results of the meta-anal-
ysis revealed that the levels of resistin were significantly higher
in the active group (within 11 days of onset) when compared with
those in the inactive group (after 12 days of onset; MD=17.73,
95% CI=12.82-22.65, P<0.001; Table II; Fig. 2E) (18,19,23,24).
However, adiponectin levels were not significantly different
between patients with active or inactive KD (MD=-1.54,
95% Cl1=-3.08-0.00, P=0.05; Table II) (16,18,23).

Sensitivity analyses and publication bias. To evaluate the
stability of the results of the meta-analysis, sensitivity analyses
were performed on resistin and adiponectin data. The results
revealed that the overall statistical significance did not change
when any single study was omitted (Fig. 3A and B). Therefore,
the results of the present meta-analysis were deemed to be rela-
tively reliable and credible. To assess publication bias, a Begg's
test was performed, which included at least three studies. It was
determined that the distribution of the funnel plot was slightly
asymmetrical (Figs. S1-S6). Therefore, in the following subgroup
analyses, a Begg's test was used to evaluate the asymmetry of
the funnel plot. The results of the Begg's test for publication bias
revealed that there was almost no publication bias in the present
analysis (Table II).
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Table II. Subgroup analysis of serum adipokine levels in patients with KD and control subjects.
A, Adipokines in KD vs. controls
Test of association Test of heterogeneity
Studies  Patients Begg's test
Comparison (n) (n) MD (95% CI) P-value Model T*(%) P-value P-value
Resistin
KD vs. HC 7 408/255 20.76 (16.16,25.36) <0.001 Random 94 <0.001 0.133
KD vs. DC 3 146/93  21.27(14.24,28.29) <0.001 Random 59 0.09 0.296
Adiponectin
KD vs. HC 6 321/185 -3.03 (-6.46,0.40) 0.08 Random 95 <0.001
KD vs. DC 4 196/98  -5.49 (-11.28,0.31) 0.06 Random 92 <0.001
B, Subgroup comparisons
Test of association Test of heterogeneity
Studies  Patients Begg's test
Comparison (n) (n) MD (95% CI) P-value Model 1>(%) P-value P-value®
CAL vs. NACL
Adiponectin 4 109/136 1.00 (0.06, 1.94) 0.04 Fixed 13 0.33 0.308
Resistin 4 117/141 2.77(1.32,4.22) <0.001  Fixed 8 0.35 0.734
Active vs. inactive group
Adiponectin 3 121/121  -1.54 (-3.08,0.00) 0.05 Random 73 0.03 0.602
Resistin 4 186/186 17.73(12.82,22.65) <0.001 Random 83 <0.001 0.308

“P-value for publication bias. KD, Kawasaki disease; DC, disease control; HC, healthy control; CAL, coronary artery lesions; NACL, non-coro-
nary artery lesions; MD, mean difference; Fixed, fixed-effects model; Random, random-effects model.

Discussion

For numerous years, adipose tissue has been considered to
be a bodily energy store, also providing mechanical defense
against damage and serving as a temperature regulator (36).
With the discovery of adipokines, an increasing number of
studies have revealed that white adipose tissue is an active
endocrine organ (37). It secretes a variety of adipokines,
including ubiquitous molecules, e.g. TNF-a and IL-6, as well as
specific molecules, e.g. adiponectin (38). Based on their effects
on inflammation, these adipokines may be divided into two
types: One that exerts pro-inflammatory effects only (including
resistin) and another that exerts anti-inflammatory and
pro-inflammatory effects (including adiponectin) (12,37,39).
The expression and pathogenic effects of adipokines, including
resistin and adiponectin, have been evaluated in a variety of
autoimmune rheumatic diseases, particularly in KD (40).
Recent studies have demonstrated that resistin binds to TLR4,
which leads to the production of pro-inflammatory cytokines by
various types of human leukocyte, including IL-12, IL-6 and
IL-1P (5,14,41). These cytokines, in turn, further potentiate the
expression of resistin. Adipocytes treated with resistin produce
pro-inflammatory responses (release of TNF-a and IL-6),
peripheral blood mononuclear cells (TNF-a, IL-6 and IL-1f)
and hepatic stellate cells (IL-8 and monocyte chemoattractant
protein 1) in vitro (42,43). These effects on cytokine secretion

occur via traditional NF-kB-mediated signaling (43). In addi-
tion, increased levels of circulating resistin are associated with
markers of inflammation and joint destruction in rheumatoid
arthritis (RA). Furthermore, intra-articular injections of
resistin have been demonstrated to induce arthritis. By contrast,
anti-TNF-a treatment significantly reduced the expression of
resistin in RA (38,44 ,45). Although reports of resistin expres-
sion in systemic lupus erythematosus (SLE) are not consistent, it
has been suggested that the purpose of increased resistin levels
may go beyond those of a biomarker to include a functional
role in the progression of SLE (40,46). Patients with ankylosing
spondylitis and psoriasis also exhibit higher levels of resistin and
serum resistin levels are also closely associated with Sjogren's
syndrome and inflammatory bowel disease (47-51). These data
provide strong evidence that resistin may be a useful marker
for the general inflammatory state in autoimmunity and that its
expression may be decreased after treatment or remission. This
is in agreement with the conclusions of the present meta-anal-
ysis. Resistin may not only identify patients with KD, those with
common fever and healthy controls, but may also differentiate
between active and inactive KD, and determine coronary artery
involvement in patients with KD. Furthermore, resistin may
serve an important role in the autoimmune inflammation that
mediates KD.

Previous studies have revealed that adiponectin produces
an anti-inflammatory effect (52-54). Adiponectin is also an
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C CAL group NCAL group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fi % Cl
Huang 2015 6.2 2.6 18 4.5 18 27 46.6% 1.70[0.32, 3.08] 1=
Kim 2014 62.52 140.61 28 29.24 70.18 12 0.0% 33.28[-32.21,98.77] * >
Liu 2012 462 337 39 433 251 41 51.9% 0.29 [-1.02, 1.60]
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Total (95% CI) 109 136 100.0% 1.00 [0.06, 1.94] @
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Heterogeneity: Chi? = 3.46, df =3 (P = 0.33); I?= 13% 10 5 0 5 10

Test for overall effect: Z = 2.08 (P = 0.04)

CAL group NCAL group

D CAL group NCAL group Mean Difference Mean Difference
_Study or Subgroup  Mean  SD Total Mean  SD Total Weight 1V, Fixed. 95% CI 1V, Fixed, 95% CI
Kim 2014 254.06 192.54 28 176.99 196.63 12 0.0% 77.07 [-55.08,209.22] * ‘
Liu 2012 2569 17.58 39 2084 1374 41 44% 4.85[-2.09, 11.79] ]
Wang 2011 3065 2.62 32 28.16 4.67 58 92.8% 2.49[0.98, 4.00] '.'
Zhang 2015 30.895 14.861 18 22.661 14.379 30 29% 8.23 [-0.35, 16.81] 1
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Kemmotsu 2012 287 184 56 9.2 8.3 56 23.0% 19.50[14.21,24.79] .
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Total (95% Cl) 186 186 100.0% 17.73 [12.82, 22.65] >
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Figure 2. Subgroup analyses for the association of serum adiponectin or resistin levels in patients with KD. Meta-analysis of (A) circulating resistin levels
in KD group vs. HC group; (B) circulating resistin levels in KD group vs. DC group; (C) circulating adiponectin levels in CAL group vs. NCAL group;
(D) circulating resistin levels in CAL group vs. NCAL group; and (E) circulating resistin levels in active vs. inactive disease group. Fixed, fixed-effects model;
Random, random-effects model; KD, Kawasaki disease; NCAL, non-coronary artery lesions; HC, healthy control; DC, disease control; IV, inverse variance;

SD, standard deviation; DF, degrees of freedom; CAL, coronary artery lesions.

insulin-sensitized adipokine (53). Higher adiponectin levels
enhance insulin sensitivity, while lower adiponectin plasma
levels are associated with type 2 diabetes, dyslipidemia, hyper-
tension and coronary artery disease (55). In addition, studies
have indicated that adiponectin inhibits the expression of
TNF-a and regulates the conversion of macrophages to foam
cells, thereby protecting the blood vessel wall (53-55). It has also
been determined that adiponectin exerts an anti-inflammatory
effect on the immune system, inhibiting the differentiation
and activation of M1 macrophages by lowering inflammatory
cytokine levels in macrophages, including TNF-a and IL-6,
while promoting the proliferation of M2 macrophages and
the secretion of certain anti-inflammatory markers, including
IL-10 (55). TNF-a and IL-6 also inhibit the production of
adiponectin, indicating that negative feedback regulation
exists between adiponectin and inflammatory cytokines (56).

Recently, adiponectin has been demonstrated to activate the
major signaling pathways that inhibit the proliferation of cancer
cells and induce apoptosis of inflammatory cells (57). In addi-
tion, other studies have confirmed the pro-inflammatory effect
of adiponectin (58,59). Although adiponectin serves a protec-
tive role in certain metabolic disorders, including obesity and
insulin resistance, a growing number of studies have indicated
that serum or local tissue adiponectin levels in patients with
autoimmune or chronic inflammatory diseases are significantly
elevated (52,60,61). Examples are RA, SLE and inflammatory
bowel disease, all of which do not appear to be significantly
correlated with obesity. The debate over whether adiponectin
levels are elevated or decreased in autoimmune diseases
continues in patients with KD (52,60,61). Huang et al (22) and
Kemmotsu et al (18) suggested that the levels of adiponectin in
the circulating blood of patients with KD were higher compared
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Figure 3. Sensitivity analyses were performed with one study excluded at a time.
vs. control group); and (B) sensitivity analyses for circulating adiponectin levels

with those in the control group. However, Takeshita et al (16)
demonstrated that circulating levels of adiponectin in patients
with KD were lower compared with those in the control group.
The results of the present meta-analysis did not indicate that
adiponectin levels were elevated or decreased in patients with
KD, which is a subject that requires exploration in future
studies. However, the present meta-analysis of patients with KD
and CAL revealed that patients with CAL frequently exhibited
a significant increase in adiponectin levels, suggesting that

(A) Sensitivity analyses for circulating resistin levels (mean difference for KD
(mean difference for KD vs. control group). KD, Kawasaki disease.

adiponectin levels may be used to predict the presence of CAL
in patients with KD. The differences between the adiponectin
levels in the acute and inactive group were bordering on being
significant, this may have been due to the small sample size and
different detection methods; thus, this should be investigated
further in the future.

However, the present meta-analysis has certain limitations.
Heterogeneity of data/between studies may exist, which may
affect the conclusions of the meta-analysis performed. However,
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random-effects models were utilized to address this limitation.
In addition, any literature-based review and meta-analysis may
have reporter bias (occurring due to only including studies
published in English and Chinese). Furthermore, in most of
the studies included in the present meta-analysis, there was no
mention of gender differences between resistin and adiponectin
levels detected. Finally, the sample size of certain selected
studies was relatively small. These limitations may affect the
final conclusions of the present study. However, the present
meta-analysis also has advantages. To the best of our knowl-
edge, the present meta-analysis was the first to comprehensively
compile evidence on the adipokine status of patients with KD.
Similarly, compared with individual studies, the results of
multiple independent analyses improved the statistical power
and resolution of data, resulting in higher accuracy. However, due
to the aforementioned limitations, further research is required to
address any discrepancies and opportunities bias. In addition,
research on the underlying mechanisms of the effects of multiple
adipokines in patients with KD is also required (62-65).

In conclusion, the present meta-analysis revealed an associa-
tion of serum resistin and adiponectin levels with KD. The results
also demonstrated that serum resistin levels in patients with KD
were significantly higher compared with those in HCs and DCs.
However, no significant differences in adiponectin levels were
identified in patients with KD vs. controls. Furthermore, in
patients with KD, the resistin levels in the CAL group and active
disease group were higher compared with those in the NCAL
group and inactive stage group, respectively. Adiponectin levels
were also higher in the CAL group compared with those in the
NCAL group. The results of the present meta-analysis indicated
that resistin may have an immunological effect in the pathogen-
esis of KD, which in turn suggests that serum resistin may be a
potential marker for KD and serve as an effective therapeutic
target. Adiponectin may be closely associated with the involve-
ment of CAL in patients with KD. However, further studies are
required to determine whether resistin or adiponectin directly
contributes to the pathogenesis of KD.
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