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Abstract. The aim of this study was to investigate the asso-
ciation between metabolic syndrome (MS) and vascular
endothelial cell dysfunction (ECD) in adolescents. Sixty obese
pediatric inpatients at the General Hospital of Tianjin Medical
University from February 2011 to February 2012 were included.
Among these, 30 patients were obese and 30 patients were
diagnosed with MS. Thirty healthy subjects were randomly
selected as the control group. A series of indices, including
height, body weight, waist circumference, hip circumference,
waist/hip circumference and body mass index (BMI), as well
as total cholesterol (TC), triglyceride (TG), low-density lipo-
protein (LDL) and high-density lipoprotein (HDL) levels were
evaluated. von Willebrand factor (vWF) and plasminogen
activator inhibitor-1 (PAI-1) levels were determined using an
enzyme linked immunosorbent assay (ELISA). Correlation
analysis between height, body weight, waist circumference, hip
circumference, waist/hip circumference, BMI, TC, TG, LDL,
HDL and PAI-1, as well as vVWF was performed. Significant
increases of vVWF and PAI-1 levels were observed in the MS
group compared with the control group (P<0.05). For the
adolescents in the obese group, a significant increase of PAI-1
level was observed compared with the control group (P<0.05).
No significant difference was observed between the VWF
levels in the obese and control groups. PAI-1 was positively
associated with BMI, waist circumference, waist/hip circum-
ference, TC, TG, LDL, fasting plasma glucose (FPG), fasting
insulin (FINS), systolic blood pressure (SBP) and diastolic
blood pressure (DBP), respectively (P<0.05). In addition,
PAI-1 was negatively associated with HDL levels (P<0.05).
PAI-1 and vVWF may be used as biomarkers for the diagnosis
of ECD. ECD in individuals with MS may be associated with
obesity, blood fat, blood sugar and blood pressure. FPG, TC
and TG may be risk factors for ECD.
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Introduction

Metabolic syndrome (MS), also known as syndrome X, refers
to an insulin resistance syndrome characterized by glucose
intolerance, insulin resistance, central obesity, dyslipidemia
and hypertension, which are all documented risk factors for
cardiovascular disease (CVD) (1). There has been a significant
increase in the number of patients with MS worldwide, which
is associated with the global epidemic of obesity and diabetes.
Therefore, there is an urgent need for strategies to prevent the
emerging global epidemic.

Vascular endothelial function is considered to be associ-
ated with MS in children (2). However, the mechanism of the
association remains unclear. von Willebrand factor (vWF)
and plasminogen activator inhibitor-1 (PAI-1) are consid-
ered two of the major biomarkers for vascular endothelium
function. Previous studies have indicated that vWF levels
increase in patients with hypertension (3) and that plasma
vWf is correlated with coronary risk (4) and an adverse
prognosis (5). In addition, vWF levels have been reported to
increase with increasing insulin levels (6), which suggests a
correlation between insulin resistance and MS. Nevertheless,
few data on vWf in relation to the cumulative number of
components of MS are available. The links between PAI-1,
MS and obesity were established a number of years ago (7).
However, few studies have been performed to investigate the
potential role of PAI-1 in adolescents with MS. The aim of
the current study was to investigate the levels of vVWF and
PAI-1 in children with MS.

Patients and methods

Patients. Sixty obese pediatric inpatients at the General
Hospital of Tianjin Medical University from February 2011
to February 2012 were included in this study. Of these, there
were 30 patients with obesity (15 females and 15 males)
with an average age of 11.40+1.43 years and 30 patients with
diagnosed MS (13 females and 17 males) with an average age
of 11.62+1.32 years. Thirty healthy subjects were randomly
selected as the control group (15 females and 15 males) with
an average age of 11.23+1.04 years.

The diagnostic criteria for obesity were set according to
those previously described (8). The diagnosis of MS in children
was performed according to the criteria set by International
Diabetes Federation (IDF) (9).
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For the physical examination, body weight and height were
determined in the morning in a fasting state. Waist circumfer-
ence, hip circumference and abdominal circumference were
determined according to the previous descriptions.

Glycolipid metabolism index. Venous blood was collected
from the patients in a state of fasting for 8 h. The blood glucose
levels were determined using the glucose oxidase method with
kits purchased from Biosino Bio-Technology & Science Inc.
(Beijing, China). The level of insulin was evaluated using a kit
purchased from the China Institute of Atomic Energy (Beijing,
China). Glycolipid analysis was performed using a Hitachi
7170 automatic biochemistry analyzer (Tokyo, Japan).

Determination of vWF and PAI-1. The levels of vVWF and
PAI-1 were analyzed using the standard kits purchased from
Beijing Gersion Bio-Technology Co., Ltd. (Beijing, China). All
procedures were performed strictly according to the manufac-
turer's instructions.

Statistical analysis. All data are presented as mean + standard
deviation. One-factor analysis of variance was conducted for
intergroup comparisons. Correlation analysis was performed
using Pearson correlation analysis. Multiple step-wise regres-
sion analysis was performed for the evaluation of PAI-1 as a
risk factor. P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of PAI-1 and vWF. The level of PAI-1 in the MS
group demonstrated a marked increase compared with that
of the control group (P<0.01). In addition, the level of PAI-1
in the subjects in the obese group demonstrated a significant
increase compared with that of the control group (P<0.01). No
statistical difference was noted in the level of PAI-1 between
the obese and MS groups (P>0.05; Table I). The level of vVWF
in the MS group was observed to be markedly higher than
that of the control group (P<0.01). Additionally, no significant
difference was noted in the level of vWF in the obese group
compared with the control group (P>0.05). A significant
difference was noted in the level of vVWF between the MS and
obese groups (P<0.05).

Correlation analysis of PAI-1 with various parameters. In
this study, the correlations between PAI-1 and body weight,
body mass index (BMI), waist circumference, waist/hip
circumference and hip circumference, as well as total choles-
terol (TC), triglycerides (TG), low-density lipoprotein (LDL),
fasting plasma glucose (FPG), fasting insulin (FINS), systolic
blood pressure (SBP), diastolic blood pressue (DBP) and high-
density lipoprotein (HDL) levels were analyzed respectively.
The results indicated that PAI-1 was positively associated
with BMI, waist circumference, waist/hip circumference, TC,
TG, LDL, FPG, FINS, SBP and DBP, respectively (P<0.05).
In addition, PAI-1 was identified to be negatively associated
with HDL (P<0.05, Table IT).

Multiple step-wise regression analysis. Table III shows the
step-wise regression analysis of PAI-1 with various param-
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Table I. Levels of PAI-1 and vWF in serum.

Group N PAI-1 (ng/ml) vWF (U/l)
MS group 30 106.05+5.11 106.82+21.67
Obese group 30 105.53+2.02 94.37+20.79
Control group 30 102.35+4 .43 91.32+17.40
F-value 7.246 5.044
P-value (1:2) 0.623 0018
P-value (1:3) 0.001 0.004
P-value (2:3) 0.003 0.556

Data are presented as mean =+ standard deviation. PAI-1, plasminogen
activator inhibitor 1; VWEF, von Willebrand factor; MS, metabolic
syndrome. 1, MS group; 2, obese group; 3, control group.

Table II. Correlation analysis between PAI-1 and various
parameters.

Item RS P-value
Body weight 0.489 0.006
BMI 0.534 0.002
Waist circumference 0.423 0.02
Hip circumference 0.216 0.251
Waist/hip circumference 0.586 0.001
TC 0.663 <0.01
TG 0.645 <0.01
HDL -0.533 0.002
LDL 0419 0.021
FPG 0419 0.021
FINS 0.405 0.026
SBP 0.492 0.006
DBP 0.409 0.025

PAI-1, plasminogen activator inhibitor 1; BMI, body mass index;
TC, total cholesterol; TG, triglycerides; HDL, high-density lipopro-
tein; LDL, low-density lipoprotein; FPG, fasting plasma glucose;
FINS, fasting insulin; SBP, systolic blood pressure; DBP, diastolic
blood pressure.

Table III. Multiple step-wise regression analysis.

Regression of Standard
Variable coefficient deviation P-value
FPG 2.223 0.927 0.029
TC 2.298 0.891 0.020
TG 2.152 0.740 0.010

FPG, fasting plasma glucose; TC, total cholesterol; TG, triglycerides.

eters. The results indicated that FPG, TC and TG affect the
level of PAI-1 independently.
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Discussion

Cases of obesity and overweight have been frequently reported
in children and adolescents in China and the incidence has
increased to a new high. The first diagnostic criteria for MS
in children and adolescents were set in 2007 by the IDF, and
were created based on the diagnostic criteria for adults (9).
A consultation group for the World Health Organization
(WHO) consultation proposed a set of criteria for MS (10).
Then, the National Cholesterol Education Program's Adult
Treatment Plan III and the European Group for the Study of
Insulin Resistance formulated definitions (1). These defini-
tions stated that glucose intolerance, obesity, hypertension and
dyslipidemia should be applied for the diagnosis of MS. These
definitions laid the foundation for the clinical diagnosis of MS
in children and adolescents. Additionally, they are of prime
importance for the prevention and treatment of CVD and type
II diabetes mellitus.

MS, a major cause of multiple cardiovascular risks, has been
reported to be associated with CVD. Previous studies indicated
that the risk factors of atherosclerotic heart disease in adults
may be related to the prevalence of an MS phenotype (11,12).
Vascular endothelial cells, which form the inner lining of major
blood vessels, play an important role in the modulation of vaso-
motion, the integrity of vessel walls, avoiding the aggregation
of platelets and the endocrine function of the organs. Various
factors, including risk factors of CVD, may lead to disorders of
vascular endothelial cells (VECs), which may cause endothelial
cell dysfunction (ECD). A number of studies have demonstrated
that ECD is the initial pathological and physiological change of
CVD (13-15). The emergence of ECD may be considered to
be an indicator of CVD. The identification and treatment of
ECD for MS patients is crucial in the prevention, treatment and
outcomes for CVD. Thus, preventing ECD has been considered
as a method for the treatment of MS. The integrity of the vessel
wall is crucial for the normal circulation of blood. When damage
to the vascular surface occurs, VWF binds rapidly to exposed
subendothelial structures and enables platelet arrest from fast-
flowing blood through the interaction of its A1 domain with the
platelet glycoprotein Iba (16). PAI-1, a serine protease inhibitor,
functions as the principal inhibitor of tissue plasminogen acti-
vator and urokinase (17). PAI-1 inhibits thrombin activity in the
presence of vitronectin. In addition, PAI-1 inhibits factor Xa,
which may reduce thrombin formation. PAI-1 also effectively
inhibits the activity of tissue-type plasminogen activator (tPA).

The association of MS and ECD in adults has been
well-defined. However, few studies have been performed to
investigate their correlation in children and adolescents. At
present, PAI-1 and vWF are considered the major biomarkers
for the function of endothelial cells. In our study, the expres-
sion levels of PAI-1 and VWF in serum were determined to
investigate the occurrence of ECD. The results revealed signif-
icant increases in the levels of PAI-1 and vWF in the MS group
compared with the control group (P<0.01). We considered that
PAI-1 and vWF may be used for the early identification of MS
and ECD. In the obese group, the expression levels of VWF
were not observed to be significantly different from those of
the control group (P>0.05). However, the expression levels
of PAI-1 demonstrated a marked increase in these patients
compared with the control group (P<0.05). Huang et al (18)
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reported that children with obesity presented symptoms of
ECD. Thus, the prevention of ECD should not be limited to
children with MS. Instead, those with obesity should receive
more attention to prevent the occurrence of MS and ECD.

Previous studies have indicated that the incidence of MS in
children is increasing, particularly in those with obesity (19).
The clinical symptoms of MS in children include obesity
(particularly abdominal obesity), dyslipidemia (increases in
TG, TC and LDL levels, and reductions in HDL levels), hyper-
tension, hyperinsulinism and type II diabetes (20). Currently,
obesity and IR are considered the major causes of MS (21).
Additionally, these factors are directly associated with MS
and CVD. MS is associated with multiple cardiovascular risk
factors; however, the precise pathophysiology of this clinical
syndrome is not clear. Previous studies proposed that endothe-
lial damage and/or dysfunction may be a crucial component
of MS (22,23). Another study demonstrated the association
between plasma indices of endothelial damage and/or dysfunc-
tion, including vWF, with features of MS (24). A temporal
correlation (with cause preceding effect) has not been defined.

According to the results of the current study, a positive
correlation was identified between PAI-1, body weight, BMI,
waist circumference, waist/hip ratio, TC, TG, LDL, FPG, FINS,
SBP and DBP, respectively (P<0.05). A negative correlation was
identified between PAI-1 and HDL (P<0.05). Based on this, we
considered that MS plus ECD in children may be associated with
obesity (particularly abdominal obesity), blood fat, blood sugar
and blood pressure. Moreover, multiple step-wise regression
analysis indicated that FPG, TC and TG were the major causes
of MS plus ECD in children. A previous study indicated that
increases in blood sugar levels induce the increase of interleukin
(IL)-6, IL-12, IL-1 and tumor necrosis factor (TNF)-a, which
may induce CVD in an early stage (25). In addition, Myers et al
(26) reported that a high blood sugar-induced vascular endothe-
lial lesion synergizes the activation of lipid, while the increase
of blood fat exacerbates the vascular endothelial cell damage
caused by elevated blood sugar. In conclusion, our results indi-
cated that PAI-1 and vWF may be used as biomarkers for the
diagnosis of ECD. Furthermore, MS patients presented symp-
toms of ECD may be associated with obesity, blood fat, blood
sugar and blood pressure.

References

1. Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults: Executive Summary of The Third
Report of The National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol In Adults (Adult Treatment Panel I11). JAMA
285: 2486-2497,2001.

2. Lim HS, Lip GY and Blann AD: Plasma von Willebrand factor
and the development of the metabolic syndrome in patients with
hypertension. J Clin Endocrinol Metab 89: 5377-5381, 2004.

3. Blann AD, Naqvi T, Waite M and McCollum CN: von Willebrand
factor and endothelial damage in essential hypertension. J] Hum
Hypertens 7: 107-111, 1993.

4. Felmeden DC, Spencer CG, Belgore FM, Blann AD, Beevers DG
and Lip GY: Endothelial damage and angiogenesis in hyper-
tensive patients: relationship to cardiovascular risk factors and
risk factor management. Am J Hypertens 16: 11-20, 2003.

5. Thompson SG, Kienast J, Pyke SD, Haverkate F and
van de Loo JC; European Concerted Action on Thrombosis and
Disabilities Angina Pectoris Study Group: Hemostatic factors
and the risk of myocardial infarction or sudden death in patients
with angina pectoris. N Engl J Med 332: 635-641, 1995



1666

6.

10.

11.

12.

13.

14.

15.

Meigs JB, Mittleman MA, Nathan DM, et al: Hyperinsulinemia,
hyperglycemia, and impaired hemostasis: the Framingham
Offspring Study. JAMA 283: 221-228, 2000.

. Alessi MC and Juhan-Vague I: PAI-1 and the metabolic

syndrome: links, causes, and consequences. Arterioscler Thromb
Vasc Biol 26: 2200-2207, 2006.

. Pi-Sunyer FX: Obesity: criteria and classification. Proc Nutr

Soc 59: 505-509, 2000.

. Zimmet P, Alberti G, Kaufman F, e al: The metabolic syndrome

in children and adolescents. Lancet 369: 2059-2061, 2007.
Alberti KG and Zimmet PZ: Definition, diagnosis and clas-
sification of diabetes mellitus and its complications. Part 1:
diagnosis and classification of diabetes mellitus provisional
report of a WHO consultation. Diabet Med 15: 539-553, 1998.
Cook S, Weitzman M, Auinger P, Nguyen M and Dietz WH:
Prevalence of a metabolic syndrome phenotype in adolescents:
findings from the third National Health and Nutrition
Examination Survey, 1988-1994. Arch Pediatr Adolesc Med 157:
821-827,2003.

Steinberger J and Daniels SR: Obesity, insulin resistance,
diabetes, and cardiovascular risk in children: an American
Heart Association scientific statement from the Atherosclerosis,
Hypertension, and Obesity in the Young Committee (Council
on Cardiovascular Disease in the Young) and the Diabetes
Committee (Council on Nutrition, Physical Activity, and
Metabolism). Circulation 107: 1448-1453, 2003.

Hanson M and Gluckman P: Endothelial dysfunction and cardio-
vascular disease: the role of predictive adaptive responses. Heart
91: 864-866, 2005.

Versari D, Daghini E, Virdis A, Ghiadoni L and Taddei S:
Endothelial dysfunction as a target for prevention of cardio-
vascular disease. Diabetes Care 32 (Suppl 2): S314-S321, 20009.
Bell DM, Johns TE and Lopez LM: Endothelial dysfunction:
implications for therapy of cardiovascular diseases. Ann
Pharmacother 32: 459-470, 1998.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

WEI et al: METABOLIC SYNDROME AND VASCULAR ENDOTHELIAL DYSFUNCTION

Dusheiko GM: Review article: the management of hepatitis A,
B, D and non-A non-B. Aliment Pharmacol Ther 3: 1-20, 1989.
Binder BR, Christ G, Gruber F, ef al: Plasminogen activator
inhibitor 1: physiological and pathophysiological roles. News
Physiol Sci 17: 56-61, 2002.

Huang K, Zou CC, Yang XZ, et al: Carotid intima-media
thickness and serum endothelial marker levels in obese children
with metabolic syndrome. Arch Pediatr Adolesc Med 164:
846-851, 2010.

Carr DB, Utzschneider KM, Hull RL, et al: Intra-abdominal fat
is a major determinant of the National Cholesterol Education
Program Adult Treatment Panel III criteria for the metabolic
syndrome. Diabetes 53: 2087-2094, 2004.

Aggoun Y: Obesity, metabolic syndrome, and cardiovascular
disease. Pediatr Res 61: 653-659, 2007.

Nesto RW: The relation of insulin resistance syndromes to risk
of cardiovascular disease. Rev Cardiovasc Med 4 (Suppl 6):
S11-S18,2003.

Chong AY, Blann AD and Lip GY: Assessment of endothelial
damage and dysfunction: observations in relation to heart failure.
QIM 96: 253-267, 2003.

Pinkney JH, Stehouwer CD, Coppack SW and Yudkin JS:
Endothelial dysfunction: cause of the insulin resistance
syndrome. Diabetes 46 (Suppl 2): S9-S13, 1997.

Conlan MG, Folsom AR, Finch A, et al: Associations of factor
VIII and von Willebrand factor with age, race, sex, and risk factors
for atherosclerosis. The Atherosclerosis Risk in Communities
(ARIC) Study. Thromb Haemost 70: 380-385, 1993.

Wen Y, Gu J, Li SL, ef al: Elevated glucose and diabetes promote
interleukin-12 cytokine gene expression in mouse macrophages.
Endocrinology 147: 2518-2525, 2006.

Myers JE and Baker PN: Hypertensive diseases and eclampsia.
Curr Opin Obstet Gynecol 14: 119-125, 2002.



