
Research Article
Plasminogen Activator Inhibitor-1 Level Correlates with
Lipoprotein Subfractions in Obese Nondiabetic Subjects

Sándor Somodi ,1,2 Ildikó Seres,1 Hajnalka Lőrincz,1 Mariann Harangi,1 Péter Fülöp,1

and György Paragh1

1Department of Internal Medicine, Faculty of Medicine, University of Debrecen, Debrecen, Hungary
2Department of Clinical Pharmacology, Faculty of Pharmacy, University of Debrecen, Debrecen, Hungary

Correspondence should be addressed to Sándor Somodi; somodi.s.dr@gmail.com

Received 8 August 2017; Revised 16 March 2018; Accepted 6 May 2018; Published 30 May 2018

Academic Editor: Małgorzata Kotula-Balak

Copyright © 2018 Sándor Somodi et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. The elevated level of plasminogen activator inhibitor-1 (PAI-1) in obese subjects with metabolic syndrome and in
patients with type 2 diabetes is well established. The association of plasma PAI-1 and lipid metabolism is still unclear. The aim
of the present study was to determine the relationship between plasma PAI-1 levels and the distribution of lipoprotein
subfractions in obese and lean nondiabetic individuals. Subjects and Methods. We enrolled fifty nondiabetic obese patients and
thirty-two healthy volunteers. Lipoprotein subfractions were detected with Lipoprint System. Plasma PAI-1, tumor necrosis
factor-α (TNF-α), interleukin-6 (IL-6), and myeloperoxidase (MPO) concentrations were determined with enzyme-linked
immunosorbent assay (ELISA), while serum paraoxonase-1 (PON1) activities were measured by spectrophotometry. Results.
The TNF-α, IL-6, oxidized low-density lipoprotein (oxLDL), and MPO levels were found to be significantly higher, while PON1
paraoxonase and arylesterase activities were nonsignificantly lower in the obese patients. Strong significant negative correlations
were found between plasma PAI-1 concentration and mean LDL size, as well as between PAI-1 concentrations and the levels of
the large and intermediate high-density lipoprotein (HDL) subfractions. In multiple regression analysis, PAI-1 was predicted by
waist circumference and intermediate HDL subfraction. Conclusion. The significant correlations between PAI-1 levels and
lipoprotein subfractions indicate the link between PAI-1 and lipid metabolism in obesity.

1. Introduction

Excess adipose tissue in obesity is directly associated with
increased cardiovascular mortality and, in part, due to
comorbidities including hypertension, diabetes, and dyslip-
idemia [1, 2]. Low-grade inflammation and the procoagulant
milieu of obesity also contribute to increased cardiovascular
risk [3]. Plasminogen activator inhibitor-1 (PAI-1) is the pri-
mary regulator of fibrinolysis breaking down fibrin in the
intravascular compartment as well as breaking down the
extracellular matrix. PAI-1 also controls cell adhesion and
migration in the extravascular space and therefore may influ-
ence the development of atherosclerotic plaque formation
[4–6]. Elevated PAI-1 concentration is an established risk
factor for coronary artery disease [7, 8].

Increased levels of PAI-1 in obese subjects with metabolic
syndrome and in type 2 diabetic patients are well docu-
mented [9–11]. Furthermore, a direct association was
observed between PAI-1 level and waist circumference in
healthy subjects [12]. In another study, values of BMI
and PAI-1 correlated significantly in obese and overweight
subjects [13]. The association between PAI-1 and obesity
is considered to be the result of increased PAI-1 produc-
tion of adipose tissue by various cell types including
preadipocytes, mature adipocytes, macrophages, endothe-
lial and smooth muscle cells [14, 15]. It is generally
accepted that visceral or ectopic adipose tissue produces
more PAI-1 than does subcutaneous adipose tissue [16].
Visceral adipose tissue secretes higher amount of proin-
flammatory cytokines, such as TNF-α, TGF-β1, IL-6, and
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IL-1, and also contains more stromal cells and macrophages,
which are the main cellular components of adipose tissue
that produce PAI-1 [17, 18].

Plasma lipoproteins represent heterogeneous popula-
tions with respect to their size, density, electrophoretic
mobility, and lipid and protein composition [19]. Low-
density lipoprotein (LDL) particles transport lipid molecules
into peripheral tissues, for example, into the arterial wall.
Predominance of the small-dense LDL subspecies results in
increased susceptibility to oxidative modifications and
subsequently enhanced atherosclerosis and increased cardio-
vascular risk [20]. In turn, high-density lipoprotein (HDL)
particles are generally considered to be protective against
atherosclerosis, as the large-sized HDL subfractions are
primarily ascribed to reverse cholesterol transport [21], while
the small-sized HDL subfractions rather exert antioxidant
effects through their associated anti-inflammatory enzyme
termed paraoxonase-1 (PON1). Myeloperoxidase (MPO) is
a leukocyte-derived heme protein bound to HDL and is
linked to enhanced oxidative stress and atherosclerosis.
Recent data indicate that MPO, PON1, and HDL may bind
and inhibit each other, forming a ternary complex [22].

In epidemiological studies, direct associations were
observed between PAI-1 and lipid parameters (e.g., triglycer-
ide and HDL-C levels) in healthy young adults [12]. Also,
recent studies postulated that very low density lipoprotein
(VLDL) was capable of increasing the PAI-1 level through a
VLDL response element localized to the promoter region of
the PAI-1 gene, mediating VLDL-induced PAI-1 transcrip-
tion in endothelial cells [23, 24]. A previous in vitro study
also showed that small-sized HDL, but not large-sized
HDL, stimulated PAI-1 release in the murine 3T3 adipocyte
cell line [25]; however, to date, there are limited data on the
association of PAI-1 with the functional and structural prop-
erties of the different lipoprotein fractions. Therefore, the
aim of the present study was to examine the relationship
between plasma PAI-1 levels and the distributions of HDL
and LDL subfractions as well as to confirm the potential asso-
ciations between the concentrations of PAI-1 and the HDL-
linked enzymes PON1 and MPO, respectively, in obese and
lean nondiabetic patients.

2. Patients and Methods

2.1. Study Population. We enrolled fifty nondiabetic obese
patients that were referred to our obesity outpatient clinic
at the Division of Metabolic Diseases, Department of
Medicine, University of Debrecen, Hungary, and thirty-two
sex- and age-matched healthy volunteers. All participants
provided written informed consent. The study protocol was
approved by the Local Ethical Committee of University of
Debrecen, and the study was carried out in accordance
with the Declaration of Helsinki. Obesity was defined as B
MI ≥ 30 kg/m2, while the BMI of the control subjects was
normal (between 18.5 and 29.9 kg/m2). Participants with
active liver, endocrine (including any types of diabetes
mellitus), cardiovascular, pulmonary, neurological, gastroin-
testinal, psychiatric, acute infective, or autoimmune disease;
renal impairment; or malignancy were excluded. Further

exclusion criteria were pregnancy, lactation, current
smoking, and alcoholism or drug dependence. Neither obese
subjects nor nonobese healthy controls were taking lipid-
lowering, hyperglycemic, anti-inflammatory, and antithrom-
botic medications or dietary supplements and any drug,
which may interfere with the measurements. None of the
participants were on antihypertensive treatment with the
exception of ten obese patients, who were on diuretics
(indapamide) because of mild hypertension.

2.2. Sample Collection and Laboratory Measurements. All
venous blood samples were collected after a 12-hour fasting.
The routine laboratory parameters were measured by the
Central Laboratory of the University of Debrecen. The
measured parameters were the following: fasting glucose,
fructosamine, high-sensitivity C-reactive protein (hsCRP),
total cholesterol, triglyceride, HDL cholesterol (HDL-C),
LDL cholesterol (LDL-C), apolipoprotein AI (apoAI), apoli-
poprotein B (apoB), and lipoprotein(a). To check the carbo-
hydrate metabolism of the study participants, we applied a
routine 75 g oral glucose tolerance test (OGTT) after an
overnight fast. At the same time, hemoglobin A1c (HbA1c)
and fasting insulin were also measured. Homeostasis model
assessment-insulin resistance (HOMA-IR) was calculated
with the formula of Matthews et al. [25]. Serum and EDTA
plasma samples were kept frozen at −70°C for enzyme-
linked immunosorbent assay (ELISA) measurements and
for subsequent lipoprotein subfraction analysis. In our work,
we followed the methods of Szentpéteri et al. [26].

2.3. Lipoprotein Subfraction Analyses. HDL subfractions
were analyzed by a polyacrylamide gel-electrophoresis with
the Lipoprint System (Quantimetrix Corp., CA, USA)
according to the manufacturer’s instructions as previously
published [27].

Briefly, 25μl serum of samples was added to the poly-
acrylamide gel tubes along with 300μl lipophilic Sudan
Black containing a loading gel solution and was photopo-
lymerized at room temperature (20–22°C) for 30min.
Tubes were performed by electrophoresis at a constant of
3mA/tube for 50min. Each electrophoresis chamber
involved a standard-quality control provided by the manu-
facturer (Liposure Serum Lipoprotein Control, Quantimetrix
Corp., CA, USA). After electrophoresis, stained subfractions
were scanned with an ArtixScan M1 digital scanner
(Microtek International Inc., CA, USA) and were identi-
fied by their mobility (Rf) using VLDL+LDL as the
starting (Rf 0.0) reference point and albumin as the ending
(Rf 1.0) reference point.

Between the starting and ending reference points, 10
HDL subfraction bands were determined and were collected
into three major classes: large (HDL1–HDL3), intermediate
(HDL4–HDL7), and small (HDL8–HDL10) HDL subfrac-
tions. Cholesterol concentrations of the HDL particles were
calculated with Lipoware software (Quantimetrix Corp.,
CA, USA) by multiplying the total HDL-C concentration of
the samples by the relative area under the curve (AUC%) of
the subfraction bands.
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LDL subfractions were also detected using Lipoprint Sys-
tem (Quantimetrix Corp., CA, USA) [26] according to the
instructions of the manufacturer. 25μl sera were added to
polyacrylamide gel tubes along with 200μl Sudan Black con-
taining a loading gel solution. The sample loading gel mix-
ture was photopolymerized for 30minutes at 20–22°C prior
to electrophoresis at a constant of 3mA/tube for 60min.

LDL subfractions were identified after electrophoresis by
their mobility (Rf) using VLDL as the reference point (Rf 0.0)
and HDL as the ending reference point (Rf 1.0). AUC% for
the VLDL, midbands A, B, and C (comprising primarily
IDL), up to seven LDL subfractions and HDL peaks were
calculated by Lipoware computer software (Quantimetrix
Corp., CA, USA). Percentage of large LDL (large LDL%)
was defined as the sum of the percentage of LDL1 and
LDL2, whereas percentage of small LDL (small-dense
LDL%) was defined as the sum of LDL3–LDL7. Cholesterol
concentrations of LDL subfractions were determined by
multiplying the relative AUC of subfractions by the total cho-
lesterol concentration of the sample. Calculated total LDL-C
is comprised of the sum of the cholesterol in midbands (A, B,
and C) and LDL subfractions (LDL1–LDL7) and strongly
correlates with the directly measured LDL-C [28, 29]. Mean
LDL size was calculated by Lipoware software.

2.4. Determination of Human Paraoxonase-1 Enzyme
Activities. Serum PON1 arylesterase activity was measured
with phenylacetate substrate (Sigma Aldrich, Hungary), and
the hydrolysis of phenylacetate was monitored at 270nm at
room temperature as previously described [30, 31]. Serum
PON1 paraoxonase activity was assayed on a microtiter plate
by a kinetic, semiautomated method using paraoxon (O,O-
diethyl-O-p-nitrophenyl phosphate, Sigma-Aldrich, Hun-
gary) as a substrate. Hydrolysis of paraoxon was followed at
405nm at room temperature.

2.5. ELISA Measurements. Human plasma serpin E1/PAI-1,
TNF-α, IL-6, and MPO concentrations were measured by a
commercially available ELISA kit (R&D Systems, Minneapo-
lis, MN, USA) according to the manufacturer’s instructions.
The intra- and interassay coefficients of variations were
3.1–8.7% and 7.2–10.4% (TNF-α), 6.9–7.8% and 6.5–9.6%
(IL-6), and 6.6–7.7% and 6.5–9.4% (MPO), respectively.
Oxidized LDL levels were detected by ELISA (Mercodia AB,
Sweden) with 5.5–7.3 CV% intra-assay precision and 4–6.2
CV% inter-assay precision, respectively, according to the
recommendations of the manufacturers.

2.6. Statistical Methods. Statistical analysis was performed by
STATISTICA software, version 8.0 (StatSoft Inc., Tulsa, OK,
USA). Data were presented by descriptive analysis (means
± SD in the case of normal distribution, or medians [lower
quartile–upper quartile] in the case of nonnormal distribu-
tion). The Kolmogorov-Smirnov test was used for testing
the normality of data distribution. Comparisons between
groups were performed by Student’s unpaired t-test in the
case of normally distributed variables and by the Mann–
Whitney U test in the case of variables with nonnormal dis-
tribution. Correlations between continuous variables were

assessed by linear regression analysis using Pearson’s test.
Since the distribution of some variables of interest became
normal upon base-10 logarithm transformation, we used
in the case of these variables the log values for correlation
analyses. Multiple regression analysis was performed to
determine the variables’ best-predicted PAI-1 concentra-
tions. Results were considered to be significant at the level
of p < 0 05.

3. Results

Anthropometric and laboratory characteristics of study par-
ticipants are summarized in Table 1. Obese patients had
extremely high BMI (p < 0 001) and slightly elevated hsCRP
level (p < 0 001), compared to lean individuals. Although
there were several other differences in the laboratory
parameters in nondiabetic obese patients compared to lean
controls, these data were found to be in the physiological
range. Plasma triglyceride and lipoprotein(a) concentra-
tions were measured to be significantly higher, while the
levels of HDL-C and apoAI were significantly lower in the
obese group, compared to normal-weight controls. Regard-
ing the carbohydrate parameters, the HbA1c level was sig-
nificantly higher, but within the normal range in the
obese individuals. Fasting glucose was in the normal range
in both groups, and blood glucose level at 120min of
OGTT was not elevated in the obese group. The obese
patients involved into this study had neither diabetes nor
abnormal glucose tolerance on the basis of glucose concen-
trations during OGTT.

Levels of the inflammatory markers TNF-α and IL-6 were
significantly higher (p < 0 01 and p < 0 001, resp.) in nondia-
betic obese patients compared to lean individuals (Table 1).
Additionally, the levels of oxidized LDL and MPO were
found to be significantly higher (p < 0 01 and p < 0 05, resp.),
while PON1 paraoxonase and arylesterase activities were
nonsignificantly lower in the obese patients.

Absolute amounts of lipoprotein subfractions are shown
in Table 2. The concentration of the VLDL subfraction was
measured to be higher (p < 0 001), while IDL levels were
lower in the obese patients compared to controls (p < 0 001).
Levels of large and small-dense LDL subfractions were
increased in the patient group, but not in the lean participants
(p < 0 01 and p < 0 001, resp.). Mean LDL size was signifi-
cantly lower in the obese subjects (p < 0 001). Although
HDL-C levels fell into the normal range in both studied
groups, there was a shift towards the small-sized HDL parti-
cles in nondiabetic obese individuals. The concentrations of
the large and intermediate HDL subfractions were found to
be significantly decreased (p < 0 001 and p < 0 05, resp.),
while small HDL subfraction levels were significantly
increased in the obese patients compared to the normal-
weight individuals (p < 0 01) (Table 2).

The median level of PAI-1 was also significantly higher in
obese patients compared to lean participants (obese: 6.58 [5–
8.58] versus control: 2.93 [1.8–5.23] ng/ml; p < 0 001)
(Figure 1). We were unable to detect gender differences
between females and males neither in the obese (p = 0 458)
nor in the control group (p = 0 314), respectively. Pearson
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Table 1: Anthropometric and routine laboratory parameters of the study participants.

Obese (n = 50) Control (n = 32) p

Gender (F/M) 43/7 27/5 ns

Age (yr) 44.20± 13.50 41.78± 5.97 ns

Body mass index (kg/m2) 41.96± 8.63 24.47± 2.51 <0.001
Waist circumference (cm) 119.76± 16.87 83.62± 9.25 <0.001
hsCRP (mg/l) 8.24 (3.2–13.09) 1.57 (0.6–2.94) <0.001
Fructosamine (μmol/l) 225.32± 27.95 229.0± 11.65 ns

Thyroid stimulating hormone (mU/l) 1.98± 0.98 1.93± 1.15 ns

Lipid parameters

Triglyceride (mmol/l) 1.4 (1.1–2.0) 1.0 (0.75–1.39) <0.01
Total cholesterol (mmol/l) 5.04± 0.83 5.07± 0.78 ns

HDL cholesterol (mmol/l) 1.36± 0.33 1.56± 0.46 <0.05
LDL cholesterol (mmol/l) 3.17± 0.74 2.93± 0.52 ns

Apolipoprotein A–I (g/l) 1.48± 0.24 1.68± 0.31 <0.01
Apolipoprotein B (g/l) 0.86± 0.20 0.94± 0.18 ns

Lipoprotein(a) (mg/l) 248 (120–586) 70 (30–214) <0.001
Carbohydrate parameters

Hemoglobin A1C (%) 5.76± 0.54 5.07± 0.33 <0.001
Fasting glucose (mmol/l) 4.90± 0.75 4.82± 0.48 ns

OGTT 120min 7.00± 2.01
Fasting insulin (mU/l) 21.01± 15.91
HOMA-IR 3.75 (2.4–6.52)

Inflammatory and oxidative markers

Tumor necrosis factor-α (pg/ml) 1.783 (1.41–2.254) 1.39 (1.20–1.67) <0.01
Interleukin-6 (pg/ml) 3.439 (1.817–4.89) 0.97 (0.63–1.28) <0.001
Oxidized LDL (U/l) 46.8± 9.95 41.1± 9.57 <0.01
Paraoxonase activity (U/l) 64.72 (43.79–149.52) 83.03 (47.9–167.4) ns

Arylesterase activity (U/l) 121.61± 23.65 131.1± 28.75 ns

Myeloperoxidase (ng/ml) 280 (148.3–386.3) 207.9 (125.8–265.2) <0.05
Values are presented as mean ± standard deviation or median (lower quartile–upper quartile). HDL: high-density lipoprotein; hsCRP: high-sensitivity
C-reactive protein; LDL: low-density-lipoprotein; OGTT: oral glucose tolerance test; HOMA-IR: homeostasis model assessment-insulin resistance;
ns: nonsignificant.

Table 2: Concentrations of lipoprotein subfractions in nondiabetic obese and lean participants.

Obese (n = 50) Control (n = 32) p

VLDL subfraction (mmol/l) 1.165± 0.17 0.868± 0.17 <0.001
Midband (IDL) (mmol/l) 1.207± 0.31 1.505± 0.38 <0.001
LDL subfractions

Large LDL (mmol/l) 1.267 (1.06–1.603) 1.047 (0.827–1.344) <0.01
Small-dense LDL (mmol/l) 0.091 (0.026–0.155) 0.026 (0–0.052) <0.001
Mean LDL size (nm) 26.98± 0.31 27.26± 0.37 <0.001

HDL subfractions

Large HDL (mmol/l) 0.284 (0.207–0.388) 0.453 (0.31–0.608) <0.001
Intermediate HDL (mmol/l) 0.6594 (0.595–0.828) 0.749 (0.659–0.853) <0.05
Small HDL (mmol/l) 0.336 (0.284–0.388) 0.284 (0.246–0.336) <0.01

Values are presented as mean ± standard deviation or median (lower quartile–upper quartile).
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correlations of PAI-1 concentrations with the lipid parame-
ters of the study participants are summarized in Table 3.
BMI, waist circumference, triglyceride, VLDL subfraction,
large LDL subfraction, and small-dense LDL subfraction
showed positive associations with PAI-1 levels, while there

was an inverse correlation between the concentrations of
the IDL subfraction and PAI-1, as well as between mean
LDL size and PAI-1 level. Plasma PAI-1 concentrations cor-
related negatively with total HDL-C and apoA1 levels,
respectively, in the whole study population (Table 3;
Figures 2(a) and 2(b)). We also found a strong inverse corre-
lation between plasma PAI-1 levels and the concentrations of
large and intermediate HDL subfractions, respectively
(Table 3; Figures 2(c) and 2(d)).

Furthermore, plasma PAI-1 levels showed positive corre-
lations with hsCRP, IL-6, and TNF-α levels in the study par-
ticipants, whereas oxidized LDL and MPO concentrations, as
well as PON1 paraoxonase and arylesterase activities, did not
show associations with plasma PAI-1 levels (Table 3).

To test whether the associations detected in univariate
analyses were independent of lipid parameters, we carried
out a multiple regression analysis with PAI-1 level as the
dependent variable. Besides age, gender, BMI, and waist cir-
cumference, the model included large HDL, intermediate
HDL, small HDL, large LDL, and small-dense LDL subfrac-
tion concentrations and mean LDL size. Based on the back-
ward stepwise analysis, the PAI-1 level turned out to be
best predicted by waist circumference and intermediate
HDL subfraction concentration (Table 4).

4. Discussion

To the best of our knowledge, this is the first report about the
correlations between plasma PAI-1 levels and lipoprotein
subfractions in vivo, indicating the potential role of disturbed
lipid metabolism in PAI-1 overproduction in obesity. Levels
of other inflammatory markers (CRP, IL-6, TNF-α, oxLDL,
and MPO) were increased in the obese nondiabetic group
as well, while HDL-bound antioxidant enzyme activities
(PON1 paraoxonase and arylesterase) were nonsignificantly
lower, compared to the lean controls.

In line with a previous study [32], higher levels of VLDL
subfractions were found in the obese patients while the LDL-
C levels did not differ significantly between the obese and
control groups. Lipoprotein subfraction analysis showed a
decreased mean LDL size and higher amounts of large and
small-dense LDL subfractions contributing to the predomi-
nance of the atherogenic lipid profile in obesity [20]. While
epidemiological studies reported decreased HDL-C concen-
trations in obese patients, the atherogenic properties of the
various HDL subfractions are contradictory because of their
functional and structural heterogeneity [33]. Previous studies
also indicated that decreased amount of large HDL particles
and increased amount of small HDL particles were closely
and significantly associated with increased cardiovascular
risk [21]. However, a prospective study performed on type
2 diabetes patients reported that the level of large-sized, but
not the small-sized HDL subfraction predicted a lower risk
of cardiovascular disease [34]. In our obese nondiabetic
group, the HDL-C concentration was in normal range but
it was significantly lower compared to the lean controls.
Additionally, HDL subfraction analysis showed higher con-
centrations of small HDL and lower levels of intermediate-
and large-HDL subfractions in the obese nondiabetic group
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Figure 1: Plasma concentrations of plasminogen activator
inhibitor-1 (PAI-1) in nondiabetic obese and lean participants
(obese: 6.58 [5–8.58] and control: 2.93 [1.8–5.23] ng/ml; p < 0 001).

Table 3: Linear regression analyses of log10 PAI-1 in all study
participants.

Variable r p

Age 0.098 0.38

Body mass index 0.578 <0.001
Waist circumference 0.579 <0.001
Lipid parameters

Log10 triglyceride 0.421 <0.001
Total cholesterol −0.167 0.14

VLDL subfraction 0.284 0.01

Midband (IDL) subfraction −0.482 <0.001
LDL-C 0.074 0.51

Apolipoprotein B −0.078 0.51

Log10 large LDL subfraction 0.382 <0.001
Log10 small-dense LDL subfraction 0.315 0.01

Mean LDL size −0.447 <0.001
HDL-C −0.5 <0.001
Apolipoprotein AI −0.426 <0.001
Log10 large HDL subfraction −0.569 <0.001
Log10 intermediate HDL subfraction −0.523 <0.001
Log10 small HDL subfraction 0.177 0.11

Inflammatory markers

Log10 hsCRP 0.444 <0.001
Log10 interleukin-6 0.485 <0.001
Log10 tumor necrosis factor-α 0.223 <0.05

Oxidative stress markers

Oxidized LDL 0.171 0.13

Log10 PON1 paraoxonase activity −0.157 0.16

PON1 arylesterase activity −0.194 0.09

Log10 myeloperoxidase 0.129 0.26

HDL: high-density lipoprotein; hsCRP: high-sensitivity C-reactive protein;
LDL: low-density lipoprotein; PON1: paraoxonase-1.
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compared to the lean controls. The observed differences in
the distribution of the lipoprotein subfractions may
highlight the importance of the early screening of obese
individuals to predict the development of subsequent
cardiovascular complications.

The link between increased circulating PAI-1 level and
metabolic syndrome is not completely clarified. PAI-1

concentration was found to be strongly associated with the
components of metabolic syndrome (degree of obesity,
elevated triglyceride level, decreased HDL level, and insulin
resistance) [35]; however, other studies did not find an
association between plasma PAI-1 level and dyslipidemia
[36, 37]. These findings suggest that plasma PAI-1 concen-
tration is rather determined by the phenotypic distribution
of the adipocytes, but it is not closely dependent on total fat
mass. Indeed, plasma PAI-1 is mostly considered as a marker
of ectopic fat deposition [16] and although both BMI and
waist circumference showed significant pairwise correlations
with PAI-1 level in our study, only the waist circumference
remained the predictor of PAI-1 level among anthropometric
parameters during the multivariate analysis.

There are many mediators that may play a significant role
in the interaction between PAI-1 and the traits of metabolic
syndrome. Correlations between TNF-α and TGF-β
pathways and PAI-1 in adipose tissue are well documented
[38, 39]. Dexamethasone and cortisol are potent inducers of
PAI-1 synthesis in cultured adipocytes; therefore, cortisol
may also be an inducer of PAI-1 in visceral obesity [40].
Hypertriglyceridemia and VLDL also induce PAI-1 synthesis
through a VLDL response element localized in the promoter
region of the PAI-1 gene [23]. Since we did not investigate
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Figure 2: Correlations between plasminogen activator inhibitor-1 (PAI-1) and (a) high-density lipoprotein cholesterol (HDL-C), (b)
apolipoprotein AI (apoAI), (c) large HDL subfraction, and (d) intermediate HDL subfraction in nondiabetic obese (●) and normal-weight
controls (Δ).

Table 4: Multivariate analysis in all study participants for PAI-1 as a
dependent variable.

Variable Beta p value

Age 0.025 ns

Gender 0.254 ns

BMI −0.26 ns

Waist circumference 0.342 <0.001
Log10 large HDL −0.02 ns

Log10 intermediate HDL −0.52 <0.001
Log10 small HDL 0.093 ns

Log10 large LDL −0.03 ns

Log10 small-dense LDL −0.09 ns

Mean LDL size −0.15 ns
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these associations, we cannot state whether such mechanisms
exist in nondiabetic obese individuals in vivo.

We could find gender differences in PAI-1 level neither of
obese nor of lean subjects. The gender difference of plasma
PAI-1 level is controversial. Margaglione and coworkers
found elevated PAI-1 level in males in a general population.
The male sex was an independent variable determining
PAI-1 level in multiple stepwise regression analysis [41].
van Harmelen et al. have found two times higher plasma
PAI-1 activity in males, which was mainly due to gender dif-
ferences in the waist-hip ratio. [42]. Mantovani et al. reported
gender differences in PAI-1 levels of adolescents. In normal-
weight males, PAI-1 levels were significantly lower than those
of the females [43]. Based on our backward stepwise analysis,
the PAI-1 level was not predicted by gender (Table 4).

Corroborating previous findings, a significant positive
correlation was detected between PAI-1 and triglyceride
levels, while PAI-1 and HDL-C showed a negative correlation
in nondiabetic obese patients and lean controls. Additionally,
we demonstrated a strong, significant negative correlation
between mean LDL size and plasma PAI-1 concentration.
Furthermore, we detected a significant positive correlation
between the most atherogenic, small-dense LDL subfraction
concentration and plasma PAI-1 level. The negative correla-
tion between plasma PAI-1 level and LDL size was described
by Festa et al. in a nondiabetic population, while this associ-
ation was weaker both in patients with impaired glucose
tolerance and in diabetic ones [44]. Additionally, a positive
association was found between the levels of plasma PAI-1
and small-dense LDL in healthy middle-aged men [45]. This
is the first work, however, to evaluate the correlations
between LDL size/small-dense LDL levels and plasma PAI-
1 concentrations in obese nondiabetic patients. These data
support the suggested link between LDL and PAI-1 in
accelerated atherogenesis and increased cardiovascular risk
of obese patients; however, our hypothesis needs to be veri-
fied in further investigations.

The levels of large- and intermediate-HDL subfraction
showed negative associations with the circulating PAI-1
levels, but no correlation was found between the PAI-1 level
and the concentration of small HDL subfraction in the whole
cohort. Based on the multivariate analysis, waist circumfer-
ence and intermediate HDL subfraction are the independent
predictors of plasma PAI-1 level; however, the link between
HDL subfractions and plasma PAI-1 level is not well under-
stood. Using sequential ultracentrifugation, Lee et al. showed
that HDL3-, but not HDL2-bound sphingosine-1-phosphate,
stimulates PAI-1 secretion in a concentration-dependent
manner in 3T3 adipocytes. In our study, we could not find
a significant correlation between PAI-1 and small-HDL sub-
fraction concentration (which mostly corresponds to HDL3)
using nongradient gel electrophoresis for lipoprotein sub-
fraction analysis. Still, based on the in vitro results,
sphingosine-1-phosphate may have a potential role in ele-
vated plasma PAI-1 level in obese nondiabetic patients [46].
Further studies need to clarify the link between PAI-1 pro-
duction and sphingosine-1-phosphate in obese patients.

We are aware of some limitations of this study. The rela-
tively small size of the study population and the small

number of the enrolled males may reduce the power of our
study; however, the significant correlations between PAI-1
levels and lipoprotein subfractions underline the association
between PAI-1 and lipid metabolism. Beside quantitative
measurement of lipoprotein subfractions using Lipoprint,
determination of qualitative properties of lipoproteins, that
is, cholesterol efflux capacity, may provide more detailed data
about impaired lipoprotein function in obesity. Moreover, a
more precise assessment of visceral and ectopic fat mass
(MRI or PET scan) should be also helpful for the evaluation
of the association between PAI-1 level and the amount of
fat storage.

5. Conclusion

In conclusion, we found a strong significant negative correla-
tion in obese and lean subjects between plasma PAI-1
concentration and the levels of large- and intermediate-
HDL subfractions. Mean LDL size showed a negative correla-
tion with plasma PAI-1 concentration. On the basis of
multiple regression analysis, waist circumference and
intermediate-HDL subfraction were predictors of plasma
PAI-1 concentration. In contrast with earlier reports, the
above correlations underline the relationship between PAI-
1 and lipoprotein metabolism in obesity. Further studies on
obese patients with diabetes or coronary heart disease might
also add valuable information about the relationship of
PAI-1 and obesity-related lipid abnormalities.

Conflicts of Interest

The authors declare that they have no competing interests.

Acknowledgments

The work is supported by a grant from the National
Research, Development and Innovation (K115723) and the
National Research, Development and Innovation PD124126
and GINOP-2.3.2-15-2016-00005 projects. The GINOP
project is cofinanced by the European Union under the
European Regional Development Fund.

References

[1] E. E. Calle, M. J. Thun, J. M. Petrelli, C. Rodriguez, and C. W.
Heath Jr., “Body-mass index and mortality in a prospective
cohort of U.S. adults,” The New England Journal of Medicine,
vol. 341, no. 15, pp. 1097–1105, 1999.

[2] L. F. Van Gaal, I. L. Mertens, and C. E. De Block, “Mechanisms
linking obesity with cardiovascular disease,” Nature, vol. 444,
no. 7121, pp. 875–880, 2006.

[3] N. Ouchi, J. L. Parker, J. J. Lugus, and K. Walsh, “Adipokines
in inflammation and metabolic disease,” Nature Reviews
Immunology, vol. 11, no. 2, pp. 85–97, 2011.

[4] H. R. Lijnen, “Pleiotropic functions of plasminogen activator
inhibitor-1,” Journal of Thrombosis and Haemostasis, vol. 3,
no. 1, pp. 35–45, 2005.

[5] H. R. Lijnen and D. Collen, “1 Mechanisms of physiological
fibrinolysis,” Baillière's Clinical Haematology, vol. 8, no. 2,
pp. 277–290, 1995.

7International Journal of Endocrinology



[6] C. Dellas and D. J. Loskutoff, “Historical analysis of PAI-1
from its discovery to its potential role in cell motility and
disease,” Thrombosis and Haemostasis, vol. 93, no. 4,
pp. 631–640, 2005.

[7] F. Paganelli, M. Christine Alessi, P. Morange, J. Michel
Maixent, S. Lévy, and I. Juhan Vague, “Relationship of plas-
minogen activator inhibitor-1 levels following thrombolytic
therapy with rt-PA as compared to streptokinase and patency
of infarct related coronary artery,” Thrombosis and Haemosta-
sis, vol. 82, no. 1, pp. 104–108, 1999.

[8] E. K. Kruithof, A. Gudinchet, and F. Bachmann, “Plasminogen
activator inhibitor 1 and plasminogen activator inhibitor 2 in
various disease states,” Thrombosis and Haemostasis, vol. 59,
no. 1, pp. 7–12, 1988.

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

[10] I. Juhan-Vague, M. C. Alessi, A. Mavri, and P. E. Morange,
“Plasminogen activator inhibitor-1, inflammation, obesity,
insulin resistance and vascular risk,” Journal of Thrombosis
and Haemostasis, vol. 1, no. 7, pp. 1575–1579, 2003.

[11] S. Bilgili, A. C. Celebiler, A. Dogan, and B. Karaca, “Inverse
relationship between adiponectin and plasminogen activator
inhibitor-1 in metabolic syndrome patients,” Endocrine Regu-
lations, vol. 42, no. 2-3, pp. 63–68, 2008.

[12] J. R. H. Raiko, M. Oikonen, M. Wendelin-Saarenhovi et al.,
“Plasminogen activator inhitor-1 associates with cardiovascu-
lar risk factors in healthy young adults in the Cardiovascular
Risk in Young Finns Study,” Atherosclerosis, vol. 224, no. 1,
pp. 208–212, 2012.

[13] A. K. Ahirwar, A. Jain, B. Goswami, M. K. Bhatnagar, and
J. Bhatacharjee, “Imbalance between protective (adiponectin)
and prothrombotic (plasminogen activator inhibitor-1) adipo-
kines in metabolic syndrome,” Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, vol. 8, no. 3,
pp. 152–155, 2014.

[14] D. Bastelica, P. Morange, B. Berthet et al., “Stromal cells are the
main plasminogen activator inhibitor-1-producing cells in
human fat: evidence of differences between visceral and subcu-
taneous deposits,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 22, no. 1, pp. 173–178, 2002.

[15] B. Wang, J. R. Jenkins, and P. Trayhurn, “Expression and
secretion of inflammation-related adipokines by human adi-
pocytes differentiated in culture: integrated response to TNF-
α,” American Journal of Physiology Endocrinology and Metab-
olism, vol. 288, no. 4, pp. E731–E740, 2005.

[16] S. A. Barnard, M. Pieters, and Z. De Lange, “The contribution
of different adipose tissue depots to plasma plasminogen acti-
vator inhibitor-1 (PAI-1) levels,” Blood Reviews, vol. 30, no. 6,
pp. 421–429, 2016.

[17] J. M. Bruun, A. S. Lihn, S. B. Pedersen, and B. Richelsen,
“Monocyte chemoattractant protein-1 release is higher in
visceral than subcutaneous human adipose tissue (AT): impli-
cation of macrophages resident in the AT,” The Journal of
Clinical Endocrinology and Metabolism, vol. 90, no. 4,
pp. 2282–2289, 2005.

[18] C. A. Curat, V. Wegner, C. Sengenès et al., “Macrophages in
human visceral adipose tissue: increased accumulation in
obesity and a source of resistin and visfatin,” Diabetologia,
vol. 49, no. 4, pp. 744–747, 2006.

[19] R. M. Krauss, “Lipoprotein subfractions and cardiovascular
disease risk,” Current Opinion in Lipidology, vol. 21, no. 4,
pp. 305–311, 2010.

[20] A. Mertens and P. Holvoet, “Oxidized LDL and HDL: antago-
nists in atherothrombosis,” The FASEB Journal, vol. 15, no. 12,
pp. 2073–2084, 2001.

[21] A. Kontush andM. J. Chapman, “Antiatherogenic small, dense
HDL–guardian angel of the arterial wall?,” Nature Clinical
Practice Cardiovascular Medicine, vol. 3, no. 3, pp. 144–153,
2006.

[22] Y. Huang, Z. Wu, M. Riwanto et al., “Myeloperoxidase, para-
oxonase-1, and HDL form a functional ternary complex,”
The Journal of Clinical Investigation, vol. 123, no. 9,
pp. 3815–3828, 2013.

[23] L. Nilsson, C. Banfi, U. Diczfalusy, E. Tremoli, A. Hamsten,
and P. Eriksson, “Unsaturated fatty acids increase plasmino-
gen activator inhibitor-1 expression in endothelial cells,” Arte-
riosclerosis, Thrombosis, and Vascular Biology, vol. 18, no. 11,
pp. 1679–1685, 1998.

[24] R. Olufadi and C. D. Byrne, “Effects of VLDL and remnant
particles on platelets,” Pathophysiology of Haemostasis and
Thrombosis, vol. 35, no. 3-4, pp. 281–291, 2006.

[25] D. R. Matthews, J. P. Hosker, A. S. Rudenski, B. A. Naylor,
D. F. Treacher, and R. C. Turner, “Homeostasis model assess-
ment: insulin resistance and β-cell function from fasting
plasma glucose and insulin concentrations in man,”Diabetolo-
gia, vol. 28, no. 7, pp. 412–419, 1985.

[26] A. Szentpéteri, H. Lőrincz, S. Somodi et al., “Serum obestatin
level strongly correlates with lipoprotein subfractions in non-
diabetic obese patients,” Lipids in Health and Disease, vol. 17,
no. 1, p. 39, 2018.

[27] H. Lőrincz, M. Katkó, M. Harangi et al., “Strong correlations
between circulating chemerin levels and lipoprotein subfrac-
tions in nondiabetic obese and nonobese subjects,” Clinical
Endocrinology, vol. 81, no. 3, pp. 370–377, 2014.

[28] T. Nakano, I. Inoue, M. Seo et al., “Rapid and simple profiling
of lipoproteins by polyacrylamide-gel disc electrophoresis to
determine the heterogeneity of low-density lipoproteins
(LDLs) including small, dense LDL,” Recent Patents on
Cardiovascular Drug Discovery, vol. 4, no. 1, pp. 31–36, 2009.

[29] D. M. Hoefner, S. D. Hodel, J. F. O'Brien et al., “Development
of a rapid, quantitative method for LDL subfractionation with
use of the Quantimetrix Lipoprint LDL System,” Clinical
Chemistry, vol. 47, no. 2, pp. 266–274, 2001.

[30] P. Fülöp, I. Seres, H. Lőrincz, M. Harangi, S. Somodi, and
G. Paragh, “Association of chemerin with oxidative stress,
inflammation and classical adipokines in non-diabetic obese
patients,” Journal of Cellular and Molecular Medicine,
vol. 18, no. 7, pp. 1313–1320, 2014.

[31] K. Gaál, T. Tarr, H. Lőrincz et al., “High-density lipopopro-
tein antioxidant capacity, subpopulation distribution and
paraoxonase-1 activity in patients with systemic lupus ery-
thematosus,” Lipids in Health and Disease, vol. 15, no. 1,
p. 60, 2016.

[32] A. Tchernof and J. P. Després, “Pathophysiology of human vis-
ceral obesity: an update,” Physiological Reviews, vol. 93, no. 1,
pp. 359–404, 2013.

[33] H. R. Superko, L. Pendyala, P. T. Williams, K. M. Momary,
S. B. King III, and B. C. Garrett, “High-density lipoprotein
subclasses and their relationship to cardiovascular disease,”
Journal of Clinical Lipidology, vol. 6, no. 6, pp. 496–523, 2012.

8 International Journal of Endocrinology



[34] M. Laakso, S. Lehto, I. Penttila, and K. Pyorala, “Lipids and
lipoproteins predicting coronary heart disease mortality and
morbidity in patients with non-insulin-dependent diabetes,”
Circulation, vol. 88, no. 4, pp. 1421–1430, 1993.

[35] A. T. Kraja, M. A. Province, D. Arnett et al., “Do inflammation
and procoagulation biomarkers contribute to the metabolic
syndrome cluster?,” Nutrition & Metabolism, vol. 4, no. 1,
p. 28, 2007.

[36] P. A. Sakkinen, P. Wahl, M. Cushman, M. R. Lewis, and R. P.
Tracy, “Clustering of procoagulation, inflammation, and fibri-
nolysis variables with metabolic factors in insulin resistance
syndrome,” American Journal of Epidemiology, vol. 152,
no. 10, pp. 897–907, 2000.

[37] 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.

[38] D. Bastelica, A. Mavri, M. Verdier, B. Berthet, I. Juhan-Vague,
and M. C. Alessi, “Relationships between fibrinolytic and
inflammatory parameters in human adipose tissue: strong
contribution of TNFα receptors to PAI-1 levels,” Thrombosis
and Haemostasis, vol. 88, no. 3, pp. 481–487, 2002.

[39] M. C. Alessi, D. Bastelica, P. Morange et al., “Plasminogen
activator inhibitor 1, transforming growth factor-beta1, and
BMI are closely associated in human adipose tissue during
morbid obesity,” Diabetes, vol. 49, no. 8, pp. 1374–1380, 2000.

[40] C. M. Halleux, P. J. Declerck, S. L. Tran, R. Detry, and S. M.
Brichard, “Hormonal control of plasminogen activator
inhibitor-1 gene expression and production in human adipose
tissue: stimulation by glucocorticoids and inhibition by
catecholamines,” The Journal of Clinical Endocrinology &
Metabolism, vol. 84, no. 11, pp. 4097–4105, 1999.

[41] M. Margaglione, G. Cappucci, M. d'Addedda et al., “PAI-1
plasma levels in a general population without clinical evidence
of atherosclerosis: relation to environmental and genetic deter-
minants,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 18, no. 4, pp. 562–567, 1998.

[42] V. van Harmelen, H. Wahrenberg, P. Eriksson, and P. Arner,
“Role of gender and genetic variance in plasminogen activator
inhibitor-1 secretion from human adipose tissue,” Thrombosis
and Haemostasis, vol. 83, no. 2, pp. 304–308, 2000.

[43] R. M. Mantovani, D. R. Rios, L. C. Moura et al., “Childhood
obesity: evidence of an association between plasminogen
activator inhibitor-1 levels and visceral adiposity,” Journal of
Pediatric Endocrinology & Metabolism, vol. 24, no. 5-6,
pp. 361–367, 2011.

[44] A. Festa, R. D'Agostino, L. Mykkanen, R. Tracy, B. V. Howard,
and S. M. Haffner, “Low-density lipoprotein particle size is
inversely related to plasminogen activator inhibitor-1 levels.
The Insulin Resistance Atherosclerosis Study,” Arteriosclerosis,
Thrombosis, and Vascular Biology, vol. 19, no. 3, pp. 605–610,
1999.

[45] V. S, M. W. Baumstark, I. Penttilä et al., “Small, dense LDL
particle concentration correlates with plasminogen activator
inhibitor type-1 (PAI-1) activity,” Thrombosis and Haemosta-
sis, vol. 78, no. 6, pp. 1495–1499, 1997.

[46] M. H. Lee, S. M. Hammad, A. J. Semler, L. M. Luttrell, M. F.
Lopes-Virella, and R. L. Klein, “HDL3, but not HDL2, stimu-
lates plasminogen activator inhibitor-1 release from adipo-
cytes: the role of sphingosine-1-phosphate,” The Journal of
Lipid Research, vol. 51, no. 9, pp. 2619–2628, 2010.

9International Journal of Endocrinology



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

