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We investigated the role of urokinase plasminogen activator (uPA) and its soluble receptors (suPAR) and plasminogen activator
inhibitor-1 (PAI-1) in metabolic syndrome (MetS) components, insulin secretion, and resistance in schoolchildren. We enrolled
387 children, aged 10.3 ± 1.5 years, in Taipei. Anthropometry, fibrinolytic proteins, MetS components, insulin secretion, and
resistance were measured. Subjects were divided into normal, overweight, and obese groups. Finally, the relationship between
fibrinolytic proteins andmetabolic syndrome in boys and girls was analyzed. In boys, PAI-1 was positively associatedwith bodymass
index (BMI) percentile, hypertriglyceride, insulin secretion, and resistance. In girls, PAI-1 was positively associated with obesity,
hypertriglyceridemia, and insulin secretion. In girls, uPA was positively associated with insulin secretion. suPAR was positively
associated with high-sensitivity C-reactive protein in both boys and girls, and with BMI percentile and body fat in girls. The obese
boys had higher suPAR and PAI-1 levels than the normal group.The obese girls had higher uPA, suPAR, and PAI-1 than the normal
group. Boys and girls withMetS had higher PAI-1. Fibrinolytic proteins, especially PAI-1, are associated withMetS components and
insulin secretion in children. Fibrinolytic proteins changes were more likely to occur in girls than in boys.

1. Introduction

Metabolic syndrome (MetS) started as a concept rather than
a diagnosis [1]. Currently, the definition of MetS is a constel-
lation of interconnected risk factors of metabolic origin that
often accompany obesity, the principal symptom, and consist

of dyslipidemia, elevated blood pressure, impaired glucose
tolerance, a hypercoagulable state, and a proinflammatory
state.

Childhood obesity is increasing and has become an
important public health issue in the world. With an increase
in prevalence of obesity in childhood, development of type 2
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diabetes mellitus (DM) and cardiovascular disease is starting
earlier. The prevalence of MetS has increased rapidly in
schoolchildren [2]; therefore, there is a need to study the
pathogenesis and morbidities of MetS earlier in childhood.

Urokinase plasminogen activator (uPA) and its receptors
(uPAR) are well known as fibrinolytic proteins and com-
monly used for thrombolytic therapy in occlusive artery dis-
ease. Besides their functions in the fibrinolytic cascade, uPA
and uPAR are expressed by a variety of hemopoietic cells [3]
and upregulated during endotoxemia [4]. uPA and uPAR also
participate in activation and proliferation of T lymphocytes
[5, 6]. Accordingly, uPA and uPAR contribute to regulation of
immune response and inflammation [7]. Furthermore, uPAR
may be shed from the cell surface by several proteases as
a soluble bioactive peptide in blood and body fluid, called
soluble uPAR (suPAR). Compelling evidence shows that
suPAR not only is correlated to inflammatory diseases and
sepsis but also is a potent predictive biomarker for mortality
in critically ill patients [8]. Moreover, uPAR participates in
mechanism of extracellular matrix degradation and several
cancer cells metastasis [9, 10]. On the other hand, suPAR
could be a useful biomarker for predictive prognosis of some
cancers [11, 12]. In recent studies, suPAR in adults has also
been associated with and predictive of diseases including
cardiovascular diseases, stroke, and DM [13–15]. It is a
reasonable presumption that uPA and suPAR contribute to
development of lifestyle-related insulin resistance and MetS.
However, there is no study that shows that uPA/suPAR is
associated with or contributes to development of insulin
resistance and MetS, especially in children. Furthermore,
plasminogen activator inhibitor-1 (PAI-1) not only is well
recognized for regulating fibrinolysis by inhibiting plasmin
activity but also is associated with atherothrombosis and
MetS [16]. Thus, the role of these fibrinolytic proteins in
insulin resistance is critical.

MetS may be preventable if we clearly understand its
pathophysiology and intervene in lifestyle decisions early
[17]. So far, there is no study surveying changes in uPA,
suPAR, and PAI-1 in MetS, insulin secretion, and resistance,
especially in children. In the present study, we explored the
relationship among uPA, suPAR, PAI-1, and components of
MetS in schoolchildren to determine the relationship among
insulin secretion and resistance and changes of fibrinolytic
proteins.

2. Methods

2.1. Subjects. The subjects, elementary Taipei schoolchildren
aged 6 to 12 years, were enrolled in the study following their
routine annual health exam. Subjects with major medical
diseases, including hypertension, diabetes mellitus, heart
disease, liver cirrhosis, renal failure, and other significant
medical or surgical issues, were excluded. Subjects taking
medications affecting insulin resistance or secretionwere also
excluded. In addition, subjects who refused to participate or
hadmissing or incomplete data were excluded.The study was
approved by the Institutional Review Board of our institution
(approval number: TYGGH102021), and the nature, purpose,

and potential risks of the study were explained to the
subjects and their parents before obtaining their consent to
participate.

2.2. Anthropometry and Laboratory Measurements. Partici-
pants completed the questionnaire about dietary patterns,
lifestyle, and pubertal status (the development of penis/testes
and pubic hair for boys and breast growth and pubic hair
for girls) under the help of trained nurses. Anthropometric
measurements, including body mass index (BMI), body fat,
systolic blood pressure (SBP), and diastolic blood pressure
(DBP), were assessed by trained research nurses. After fasting
for 10–12 hours overnight, around 10mL of venous blood
samples was drawn from an antecubital vein by using venous
containers for subsequent biochemical analysis. Body height
was recorded to the nearest 0.1 cm while subjects were
barefoot and wearing light indoor clothing. Body weight
was recorded to the nearest 0.1 kg, and body fat (%) was
measured by bioelectric impedance using a segmental body
composition analyzer (Tanita Corp., Tokyo, Japan). BMI was
calculated as weight in kilograms divided by the square of
height in meters. Blood pressure was measured on the right
arm after patients rested for 10 minutes in a sitting position,
using an appropriately sized cuff of a HEM-740C automatic
digital BP monitor (Omron Corp., Tokyo, Japan).

Plasma and serum were separated from blood within
1 hour and stored at −80∘C until measurement. Serum
concentrations of triglyceride (TG) were measured with
randox reagent on a Hitachi 7150 autoanalyzer (Hitachi,
Tokyo, Japan). High-density lipoprotein-cholesterol (HDL)
and low-density lipoprotein-cholesterol (LDL) were mea-
sured enzymatically with Daiichi reagent on an Olympus
AU600 autoanalyzer (Olympus, Tokyo, Japan). Plasma glu-
cosewasmeasured using theYSI 203 glucose oxidase analyzer
(Yellow Spring Instrument, Yellow Spring, OH). Insulin
was measured using the Coat-A-Count solid-phase radioim-
munoassay kit (Diagnostic Products, Los Angeles, CA).
High-sensitivity C-reactive protein (hsCRP) was measured
using IMMULITE 2000 immunoassay system (Siemens, Los
Angeles, CA). The human uPA, suPAR, and PAI-1 concen-
trations were measured by the Human ELISA kits (DY1310,
DUO00, DSE100, R&D systems, Minneapolis, MN) in dupli-
cate. The intra-assay and interassay coefficients of variation
on uPA were 6.5% and 7.9%, respectively.The intra-assay and
interassay coefficients of variation on suPAR were 4.1% and
5.1%, respectively. The intra-assay and interassay coefficients
of variation on PAI-1 were 6.8% and 7.0%, respectively.
Homeostasis model assessment-insulin resistance (HOMA-
IR) and homeostasis model assessment-𝛽 (HOMA-𝛽) were
measured to assess insulin resistance and insulin secretion,
respectively [18]. The formula of HOMA-IR and HOMA-𝛽 is
shown as follows:

HOMA-IR =
(fasting insulin × fasting glucose)

22.5

,

HOMA-𝛽 =
(20 × fasting insulin)
(fasting glucose − 3.5)

.

(1)
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2.3. Statistical Analysis. SPSS version 13.0 statistical package
for Windows (SPSS, Chicago, IL) was used for data analysis.
Subjects were divided into normal, overweight, and obese
groups by the BMI percentile as defined by the Ministry
of Health and Welfare standard in Taiwan (normal: 0–
90%, overweight: 90.1∼95%, and obese: >95%). Furthermore,
development of MetS in boys and girls was assessed. The
criteria of MetS in children were based on the modified
definition of the International Diabetes Federation [19], with
three or more characteristics of five criteria: BMI > 90th
percentile, TG > 1.7mmol/L, HDL < 1.03mmol/L, blood
pressure > 130mmHg systolic or > 85mmHg diastolic, and
FPG > 5.6mmol/L. The continuous variables were expressed
as mean ± SD. The correlations between the uPA, suPAR,
PAI-1, and components of MetS in different genders were
evaluated with Pearson’s correlation. One-way ANOVA with
Bonferroni post hoc test was applied to compare the difference
among normal, overweight, and obese groups in boys and
girls. Independent student 𝑡-test was applied to difference of
fibrinolytic proteins between children withMetS and without
MetS. All statistical data were expressed as two-sided, and
𝑃 values less than 0.05 were considered to be statistically
significant.

3. Results

3.1. Relationship among uPA, suPAR, PAI-1, and Components
of MetS, Insulin Resistance, and Secretion. A total of 361
schoolchildren (172 boys and 189 girls) participated in the
study. The relationship among fibrinolytic proteins, compo-
nents of MetS, insulin secretion, and resistance is shown
in Table 1. In boys, the levels of uPA were not significantly
related to age, components ofMetS, hsCRP, insulin resistance,
or insulin secretion, but suPAR levels were associated with
hsCRP. Significantly, in boys, PAI-1 was positively related to
BMI percentile, TG, HOMA-𝛽, and HOMA-IR. In girls, uPA
was positively related to HOMA-𝛽. The suPAR levels in girls
were positively related to age, BMI percentile, body fat, and
hsCRP.ThePAI-1 levels in girls were positively related to body
fat, TG, and HOMA-𝛽. Because insulin secretion, resistance,
andMetS components varywith age and puberty, all variables
were individually adjusted by age and pubertal stage. After
adjusting for age, the uPA levels were still related to HOMA-
𝛽 in girls (𝑟 = 0.178, 𝑃 = 0.015). The suPAR levels were still
significantly related to hsCRP in boys (𝑟 = 0.184, 𝑃 = 0.016)
and to BMI percentile (𝑟 = 0.188, 𝑃 = 0.01), body fat
(𝑟 = 0.196, 𝑃 = 0.007), and hsCRP (𝑟 = 0.206, 𝑃 = 0.004)
in girls.The PAI-1 levels were still significantly related to BMI
percentile (𝑟 = 0.185, 𝑃 = 0.016), TG (𝑟 = 0.181, 𝑃 = 0.018),
HOMA-𝛽 (𝑟 = 0.249, 𝑃 = 0.001), and HOMA-IR (𝑟 = 0.153,
𝑃 = 0.045) in boys. However, the PAI-1 levels were significant
to only TG (𝑟 = 0.159, 𝑃 = 0.029) in girls after adjusting for
age.Themajority of children were prepubertal (stage I). Only
a few girls (𝑛 = 7) were at pubertal stage II. After adjustment
for pubertal stage, all results were similar.

3.2. uPA, suPAR, and PAI-1 in Normal, Overweight, and Obese
Children. Thedemographic data among normal, overweight,
and obese groups in different genders is shown in Table 2.

Table 1: Correlation among fibrinolytic proteins, metabolic syn-
drome components, andHOMA-𝛽 andHOMA-IR in boys and girls.

Boys Girls
uPA suPAR PAI-1 uPA suPAR PAI-1

Age 0.091 −0.120 0.092 −0.020 −0.151∗ 0.137
BMI
percentile −0.065 0.072 0.189∗ 0.084 0.174∗ 0.118

Body fat −0.043 0.130 0.029 0.100 0.157∗ 0.146∗

FPG 0.037 −0.025 0.061 −0.014 −0.052 0.035
SBP −0.102 0.104 0.089 0.087 0.056 0.132
DBP 0.038 −0.069 0.110 −0.042 −0.026 0.121
TG −0.027 0.059 0.194∗ −0.010 −0.080 0.164∗

HDL 0.109 −0.116 −0.148 0.089 −0.068 −0.099
LDL 0.049 −0.075 0.128 0.031 −0.034 0.020
hsCRP −0.040 0.180∗ −0.008 −0.018 0.225∗ −0.011
HOMA-𝛽 0.124 0.127 0.254∗∗ 0.167∗ 0.021 0.159∗

HOMA-IR 0.096 0.074 0.164∗ 0.081 −0.023 0.125
uPA: urokinase plasminogen activator, suPAR: soluble urokinase plasmino-
gen activator receptor, PAI-1: plasminogen activator inhibitor-1, BMI: body
mass index, FPG: fasting plasma glucose, SBP: systolic blood pressure, DBP:
diastolic blood pressure, TG: triglyceride, HDL: high-density lipoprotein-
cholesterol, LDL: low-density lipoprotein-cholesterol, HOMA-𝛽 (insulin
secretion): homeostatic model assessment-𝛽, and HOMA-IR (insulin resis-
tance): homeostatic model assessment-insulin resistance.
∗

<0.05; ∗∗<0.01.

Both obese boys and girls had more body fat, higher TG,
hsCRP, and HOMA-𝛽, and lower HDL than normal boys and
girls. FPG, DBP, and LDL among normal, overweight, and
obese groups showed no significant difference in either boys
or girls. The difference between the two genders, however,
is that obese boys had higher SBP and obese girls had more
HOMA-IR.

Comparisons of uPA, suPAR, and PAI-1 levels in normal,
overweight, and obese children in different genders are
shown in Table 2 and Figure 1. In general, obese boys had
significantly higher suPAR (6546.0 ± 1679.5 pg/mL versus
5509.2 ± 1652.7 pg/mL; 𝑃 = 0.003) and PAI-1 (19.43 ±
14.35 ng/mL versus 13.59±8.62 ng/mL;𝑃 = 0.016) levels than
normal boys.However, the uPA levels among the three groups
of boys were similar (normal: 608.6 ± 516.5 pg/mL, over-
weight: 597.9±468.5 pg/mL, and obese: 614.9±502.8 pg/mL;
𝑃 = 0.987). Clearly, suPAR and PAI-1 levels in girls increased
with BMI percentage.The obese girls had significantly higher
suPAR (6606.6±2286.0 pg/mL versus 5558.0±1604.9 pg/mL;
𝑃 = 0.015) and PAI-1 (21.01 ± 9.83 ng/mL versus 16.22 ±
8.73 ng/mL; 𝑃 = 0.038) than normal girls. It is noteworthy
that uPA levels between normal and overweight girls were
similar, but uPA levels abruptly and significantly increased in
obese girls (888.2 ± 899.9 pg/mL versus 573.8 ± 343.9 pg/mL,
511.9 ± 324.5 pg/mL; 𝑃 = 0.003).

3.3. uPA, suPAR, and PAI-1 in Children with and without
MetS. There were 13 boys (7.55%) and 8 girls (4.23%) who fit
the definition of MetS. The change of uPA, suPAR, and PAI-1
in boys and girls with or without MetS is shown in Figure 2.
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Table 2: General characteristics of components of metabolic syndrome, insulin secretion, and resistance in boys and girls.

Boys Girls
Normal Overweight Obese Normal Overweight Obese

𝑛 88 44 40 128 34 27
Age (year) 10.3 ± 1.6† 11.1 ± 1.3∗,§ 9.7 ± 1.4† 10.1 ± 1.5 10.5 ± 1.4 10.3 ± 1.8
BMI percentile (%) 53.5 ± 23.8†,§ 92.3 ± 2.6∗ 97.6 ± 1.1∗ 48.3 ± 24.1†,§ 90.1 ± 2.7∗ 97.3 ± 1.2∗

Body fat (%) 22.2 ± 6.4§ 23.9 ± 3.3§ 27.3 ± 2.8∗,† 19.7 ± 2.8†,§ 25.0 ± 2.7∗,§ 28.2 ± 1.9∗,†

FPG (mmol/L) 5.07 ± 0.42 5.12 ± 0.40 5.11 ± 0.43 4.93 ± 0.39 5.02 ± 0.31 4.96 ± 0.36
SBP (mmHg) 113.0 ± 9.0†,§ 120.9 ± 9.7∗ 122.2 ± 11.3∗ 115.8 ± 10.2† 121.2 ± 9.1∗ 120.9 ± 9.5
DBP (mmHg) 71.2 ± 7.8 73.2 ± 8.3 72.5 ± 9.4 73.8 ± 9.9 71.8 ± 6.2 75.2 ± 11.2
TG (mg/dL) 0.62 ± 0.27†,§ 0.90 ± 0.49∗ 0.96 ± 0.57∗ 0.73 ± 0.30§ 0.96 ± 0.38 1.31 ± 1.59∗

HDL (mg/dL) 1.47 ± 0.33†,§ 1.29 ± 0.29∗ 1.18 ± 0.27∗ 1.42 ± 0.29§ 1.30 ± 0.27 1.16 ± 0.33∗

LDL (mg/dL) 2.54 ± 0.68 2.43 ± 0.57 2.64 ± 0.59 2.40 ± 0.68 2.47 ± 0.50 2.64 ± 0.55
hsCRP 0.68 ± 1.07§ 0.72 ± 0.84§ 1.58 ± 1.45∗,† 0.43 ± 0.82†,§ 1.03 ± 1.35∗ 1.17 ± 1.13∗

HOMA-𝛽 164.4 ± 164.3§ 233.1 ± 178.8 253.2 ± 118.2∗ 209.9 ± 218.4§ 245.8 ± 214.6 362.0 ± 336.5∗

HOMA-IR 3.09 ± 3.95 4.40 ± 5.90 4.10 ± 2.35 3.34 ± 4.10§ 4.24 ± 3.45 6.05 ± 5.37∗

uPA (pg/mL) 608.6 ± 516.5 597.9 ± 468.5 614.9 ± 502.8 573.8 ± 343.9§ 511.9 ± 324.5§ 888.2 ± 899.9∗,†

suPAR (pg/mL) 5509.3 ± 1652.7§ 5737.3 ± 1449.1 6546.0 ± 1679.5∗ 5558.0 ± 1604.9§ 6021.7 ± 1758.6 6606.6 ± 2286.0∗

PAI-1 (ng/mL) 13.59 ± 8.62§ 17.88 ± 11.12 19.43 ± 14.35∗ 16.22 ± 8.73§ 17.10 ± 9.21 21.01 ± 9.83∗

Data shown: mean ± SD, uPA: urokinase plasminogen activator, suPAR: soluble urokinase plasminogen activator receptor, PAI-1: plasminogen activator
inhibitor-1, BMI: body mass index, FPG: fasting plasma glucose, SBP: systolic blood pressure, DBP: diastolic blood pressure, TG: triglyceride, HDL: high-
density lipoprotein-cholesterol, LDL: low-density lipoprotein-cholesterol, HOMA-𝛽 (insulin secretion): homeostatic model assessment-𝛽, and HOMA-IR
(insulin resistance): homeostatic model assessment-insulin resistance; ∗𝑃 < 0.05 against normal, †𝑃 < 0.05 against overweight, and §

𝑃 < 0.05 against obese.

Generally, boys and girls withMetS had higher levels of PAI-1
(boys: 23.09 ± 19.86 ng/mL versus 15.50 ± 9.91 ng/mL; girls:
25.42 ± 12.65 ng/mL versus 16.70 ± 8.75 ng/mL). However,
there was no significant difference in uPA (boys: 780.5 ±
683.8 pg/mL versus 593.1 ± 480.5 pg/mL; girls: 430.0 ±
254.0 pg/mL versus 615.4 ± 479.7 pg/mL) and suPAR (boys:
5734.8 ± 1553.4 pg/mL versus 5814.7 ± 1666.4 pg/mL; girls:
5915.2 ± 1895.2 pg/mL versus 5785.7 ± 1774.0 pg/mL) levels
in children with and without MetS in both genders.

4. Discussion

The present study is the first paper exploring the relationship
among fibrinolytic proteins, components of MetS, insulin
secretion, and resistance in schoolchildren. In boys, PAI-
1 was associated with obesity, hypertriglyceridemia, insulin
secretion, and resistance. In girls, PAI-1 was associated with
obesity, hypertriglyceridemia, and insulin secretion. In girls,
uPA was associated with insulin secretion. Furthermore,
suPAR was associated with inflammation in both boys and
girls. In addition, suPAR was associated with obesity in girls.
The obese boys had significantly higher suPAR and PAI-1
levels than normal boys. The obese girls had significantly
higher uPA, suPAR, and PAI-1 than normal girls. Boys and
girls with MetS had higher PAI-1.

Among fibrinolytic proteins, PAI-1 is one component
associated with atherosclerosis. As early as 30 years ago,
Vague and his colleague found that PAI-1 was linked
to insulin resistance, insulin, and weight in obesity [20].
Moreover, PAI-1 levels significantly declined in patients
after administration of Metformin for improving insulin
resistance [21]. In recent years, more and more evidence has

shown that PAI-1, an adipocytokine secreted by adipose tissue
[22], is associated with MetS [16]. Not surprisingly, in our
study, we found that circulating PAI-1 levels were associated
with obesity, dyslipidemia, and insulin secretion in both
genders. It is interesting that PAI-1 is positively related to
blood pressure and insulin resistance in girls, but not in
boys. InWesternNewYork Study, Donahue et al. investigated
1,455 participants without DM or cardiovascular disease and
found higher circulating PAI-1 levels only among prediabetic
women [23]. Their results were similar to our findings that
greater endothelial dysfunction and change of fibrinolytic
proteins are more likely in females. But our findings showed
that the association becomes apparent as early as childhood.
However, more study is needed to determine causation.

Although uPA’s thrombolytic function, converting plas-
minogen to plasmin, is well known, new evidence shows
that uPA and its receptor contribute to the formation of
atheroma by migration of and chemotaxis of macrophage
[24]. However, few studies have explored the role of uPA
in MetS. We found that uPA is not associated with any
components of MetS in both genders. However, uPA is
associated with insulin secretion in girls. In boys, the relation
coefficient between uPA and HOMA-𝛽 increased but was
not significant. However, it is noteworthy that the uPA levels
in normal and overweight girls were similar, but uPA levels
abruptly increased in obese girls. Whether obese girls with
increasing uPA also have increased insulin secretion needs
further study.

In recent years, suPAR is regarded as a candidate non-
traditional biomarker for inflammation or infection and
predicting prognosis of sepsis. Our results showed that
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Figure 1: (a) Urokinase plasminogen activator (uPA), (b) soluble urokinase plasminogen activator receptor (suPAR), and (c) plasminogen
activator inhibitor-1 (PAI-1) in normal, overweight, and obese children.The uPA levels in obese girls are higher than in overweight and normal
girls. In addition, suPAR and PAI-1 levels in the obese children are higher than in the normal group in both genders. Mean ± SE; ∗𝑃 < 0.05.

suPAR is associated with hsCRP in both boys and girls.
The relation between suPAR and inflammation found in our
study is similar to that in previous studies. However, we
found that suPAR is also associated with obesity in girls,
not in boys. Some evidence shows that obesity is associated
with subclinical inflammation [25]. According to our results,
increasing suPAR is more likely to occur in obese girls.
Similarly, Lyngbæk et al. found that suPAR is associated with
BMI and waist circumference in nonsmoking women, not
men [26]. The role of suPAR in different genders is still
unclear. In addition, we also found that the suPAR is weakly
negatively related to age in girls, not in boys. The result
is contradictory to other studies in the adult population.
The causation of relationship between suPAR and age in

prepubertal girls is still unknown and needs a large-scale
investigation and further study in the future.

Generally, the changes of fibrinolytic proteins in our
findings were more prominent in obese girls than in obese
boys, which seem to contradict previous clinical observation
that young men had a higher rate of atherosclerosis and
coronary artery disease than young women. Our explanation
may be that girls are not prone to endothelial dysfunction in
general. However, if they become obese, fibrinolytic proteins
change is more likely than in their male counterparts.

There were some limitations in our study. First, the
number of subjects was relatively small. Consequently, some
variables showed tendencies but did not reach significant
difference. Second, these children come from a small area of
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Figure 2: (a) Urokinase plasminogen activator (uPA), (b) soluble urokinase plasminogen activator receptor (suPAR), and (c) plasminogen
activator inhibitor-1 (PAI-1) in childrenwith andwithoutmetabolic syndrome (MetS).The uPA and suPAR levels are not significantly different
between children with and without MetS. However, children with MetS have higher PAI-1 levels. Mean ± SE; ∗𝑃 < 0.05.

Taiwan. We did not use time- and cost-consuming stratified
sampling to test children in the whole country.

In conclusion, PAI-1 is associated with obesity, hyper-
triglyceridemia, insulin secretion, and MetS and suPAR
is associated with inflammation in children. Furthermore,
fibrinolytic proteins, especially PAI-1, are associated with
MetS components and insulin secretion varies with gender
in children. This biochemical mechanism needs further
exploration in future study.

Conflict of Interests

All authors declared no potential conflicting interests about
this paper and approved the final version.

Acknowledgments

The authors acknowledge ProfessorMary Goodwin’s, English
Department, National Taiwan Normal University, help in

the paper’s English editing. This study is supported by the
Tri-Service General Hospital, Taipei, Taiwan, under Grants
TSGH-C103-007-S02, TSGH-C104-007-007-S02, andMOST-
103-2314-B-016-040.

References

[1] J. Kaur, “A comprehensive review on metabolic syndrome,”
Cardiology Research and Practice, vol. 2014, Article ID 943162,
21 pages, 2014.

[2] G. S. Berenson, M. Agirbasli, Q. M. Nguyen, W. Chen, and S. R.
Srinivasan, “Glycemic status, metabolic syndrome, and cardio-
vascular risk in children,”Medical Clinics of North America, vol.
95, no. 2, pp. 409–417, 2011.

[3] T. Plesner, N. Behrendt, andM. Ploug, “Structure, function and
expression on blood and bone marrow cells of the urokinase-
type plasminogen activator receptor, uPAR,” Stem Cells, vol. 15,
no. 6, pp. 398–408, 1997.



International Journal of Endocrinology 7

[4] P. E. P. Dekkers, T. tenHove, A. A. te Velde, S. J. H. vanDeventer,
and T. van der Poll, “Upregulation of monocyte urokinase
plasminogen activator receptor during human endotoxemia,”
Infection and Immunity, vol. 68, no. 4, pp. 2156–2160, 2000.

[5] M. R. Gyetko, E. A. Libre, J. A. Fuller, G.-H. Chen, and G. B.
Toews, “Urokinase is required for T lymphocyte proliferation
and activation in vitro,” Journal of Laboratory and Clinical
Medicine, vol. 133, no. 3, pp. 274–288, 1999.

[6] A. Nykjær, B. Møller, R. F. Todd III et al., “Urokinase receptor.
An activation antigen in human T lymphocytes,”The Journal of
Immunology, vol. 152, no. 2, pp. 505–516, 1994.

[7] A. Mondino and F. Blasi, “uPA and uPAR in fibrinolysis,
immunity and pathology,” Trends in Immunology, vol. 25, no.
8, pp. 450–455, 2004.

[8] Y. Backes, K. F. van der Sluijs, D. P. Mackie et al., “Usefulness
of suPAR as a biological marker in patients with systemic
inflammation or infection: a systematic review,” Intensive Care
Medicine, vol. 38, no. 9, pp. 1418–1428, 2012.

[9] B. McMahon and H. C. Kwaan, “The plasminogen activator
system and cancer,” Pathophysiology of Haemostasis andThrom-
bosis, vol. 36, no. 3-4, pp. 184–194, 2008.

[10] C. E. de Bock and Y. Wang, “Clinical significance of urokinase-
type plasminogen activator receptor (uPAR) expression in
cancer,” Medicinal Research Reviews, vol. 24, no. 1, pp. 13–39,
2004.

[11] M. R. Nijziel, R. Van Oerle, D. Hellenbrand, E. C. M. Van
Pampus, H. F. P. Hillen, and K. Hamulyák, “The prognostic
value of the soluble urokinase-type plasminogen activator
receptor (s-uPAR) in plasma of breast cancer patients with
and without metastatic disease,” Journal of Thrombosis and
Haemostasis, vol. 1, no. 5, pp. 982–986, 2003.

[12] S. F. Shariat, C. G. Roehrborn, J. D. McConnell et al., “Asso-
ciation of the circulating levels of the urokinase system of
plasminogen activation with the presence of prostate cancer
and invasion, progression, and metastasis,” Journal of Clinical
Oncology, vol. 25, no. 4, pp. 349–355, 2007.

[13] M. Persson, G. Östling, G. Smith et al., “Soluble urokinase
plasminogen activator receptor: a risk factor for carotid plaque,
stroke, and coronary artery disease,” Stroke, vol. 45, no. 1, pp.
18–23, 2014.

[14] T. Sehestedt, S. Lyngbæk, J. Eugen-Olsen et al., “Soluble uroki-
nase plasminogen activator receptor is associated with subclin-
ical organ damage and cardiovascular events,” Atherosclerosis,
vol. 216, no. 1, pp. 237–243, 2011.

[15] J. Eugen-Olsen, O. Andersen, A. Linneberg et al., “Circulating
soluble urokinase plasminogen activator receptor predicts can-
cer, cardiovascular disease, diabetes andmortality in the general
population,” Journal of Internal Medicine, vol. 268, no. 3, pp.
296–308, 2010.

[16] M.-C. Alessi and I. Juhan-Vague, “PAI-1 and the metabolic
syndrome: links, causes, and consequences,” Arteriosclerosis,
Thrombosis, and Vascular Biology, vol. 26, no. 10, pp. 2200–2207,
2006.

[17] L. Elizondo-Montemayor, N. G. Gutierrez, D. M. Moreno,
U. Mart́ınez, D. Tamargo, and M. Treviño, “School-based
individualised lifestyle intervention decreases obesity and the
metabolic syndrome in Mexican children,” Journal of Human
Nutrition and Dietetics, vol. 26, supplement 1, pp. 82–89, 2013.

[18] D. R. Matthews, J. P. Hosker, A. S. Rudenski, B. A. Naylor, D.
F. Treacher, and R. C. Turner, “Homeostasis model assessment:
insulin resistance and beta-cell function from fasting plasma

glucose and insulin concentrations in man,” Diabetologia, vol.
28, no. 7, pp. 412–419, 1985.

[19] P. Zimmet, K. G. M. M. Alberti, F. Kaufman et al., “The
metabolic syndrome in children and adolescents—an IDF
consensus report,” Pediatric Diabetes, vol. 8, no. 5, pp. 299–306,
2007.

[20] P. Vague, I. Juhan-Vague, M. F. Aillaud et al., “Correla-
tion between blood fibrinolytic activity, plasminogen activator
inhibitor level, plasma insulin level, and relative body weight in
normal and obese subjects,”Metabolism, vol. 35, no. 3, pp. 250–
253, 1986.

[21] P. Vague, I. Juhan-Vague, M. C. Alessi, C. Badier, and J.
Valadier, “Metformin decreases the high plasminogen activator
inhibition capacity, plasma insulin and triglyceride levels in
non-diabetic obese subjects,”Thrombosis and Haemostasis, vol.
57, no. 3, pp. 326–328, 1987.

[22] B. Antuna-Puente, B. Feve, S. Fellahi, and J.-P. Bastard,
“Adipokines: the missing link between insulin resistance and
obesity,” Diabetes and Metabolism, vol. 34, no. 1, pp. 2–11, 2008.

[23] R. P. Donahue, K. Rejman, L. B. Rafalson, J. Dmochowski,
S. Stranges, and M. Trevisan, “Sex differences in endothelial
function markers before conversion to pre-diabetes: does the
clock start ticking earlier among women? The Western New
York Study,” Diabetes Care, vol. 30, no. 2, pp. 354–359, 2007.

[24] B. Fuhrman, “The urokinase system in the pathogenesis of
atherosclerosis,” Atherosclerosis, vol. 222, no. 1, pp. 8–14, 2012.

[25] V. Z. Rocha and P. Libby, “Obesity, inflammation, and
atherosclerosis,” Nature Reviews Cardiology, vol. 6, no. 6, pp.
399–409, 2009.

[26] S. Lyngbæk, T. Sehestedt, J. L. Marott et al., “CRP and suPAR
are differently related to anthropometry and subclinical organ
damage,” International Journal of Cardiology, vol. 167, no. 3, pp.
781–785, 2013.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


