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INVERSE RELATIONSHIP BETWEEN ADIPONECTIN AND
PLASMINOGEN ACTIVATOR INHIBITOR-1 IN METABOLIC

SYNDROME PATIENTS
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Objectivs. To determine the serum levels of adiponectin and plasminogen activator inhibitor-1
in metabolic syndrome versus healthy controls and to see the relation of them with each other and
with the metabolic syndrome components.

Methods. Adiponectin and plasminogen activator inhibitor-1 levels were measured in 53 sub-
jects with metabolic syndrome and 30 healthy controls by ELISA. All subjects of metabolic syn-
drome had the criterias of metabolic syndrome (obesity, insulin resistance, hypertension, dyslipi-
demia, glucose metabolism disorders). Adiponectin and plasminogen activator inhibitor-1 levels in
serum were compared between the groups and relations of them with each other, with metabolic
syndrome components, also HbA1c and C peptide were examined. For statistical analysis student-
t test and pearson’s correlations were used.

Results. Metabolic syndrome group had significantly lower adiponectin and higher plasmino-
gen activator inhibitor-1 levels than healthy controls (p<0.001). There was no difference between
the average age of both groups. There was an inverse relationship between plasma adiponectin and
plasminogen activator inhibitor-1 ( r = -0.653, p<0.001). Also adiponectin levels were inversely
correlated with body mass index (BMI), waist and hip circumferences, systolic and diastolic pres-
sures, fasting plasma glucose, 2 hour postprandial serum glucose, HbA1c, C peptide, triglycerides,
total cholesterol, insulin and insulin resistance (HOMA). Plasminogen activator inhibitor-1 levels
were correlated positively with these parameters.

Conclusion. Hypoadiponectinemia and elevated plasminogen activator inhibitor-1 levels were
closely associated with the metabolic syndrome and its components, inverse relationship was present
between adiponectin and plasminogen activator inhibitor-1 levels in metabolic syndrome patients.
It is suggested that measuring and regulating the plasma concentration of adiponectin and plasmi-
nogen activator inhibitor-1 may be useful for management of the metabolic syndrome so this may
prevent the development of obesity, cardiovascular diseases and diabetes.
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Visceral fat accumulation has been shown to play
crucial roles in the development of cardiovascular dis-
ease as well as the development of obesity-related dis-
orders such as diabetes mellitus, hyperlipidemia, hy-
pertension and the so-called metabolic syndrome (MS)
(MATSUZAWA 2006).

MS occurs in about 25% of the adult population in
industrialised countries. The pathogenesis of this syn-
drome is associated with insulin resistance. Insulin re-
sistance has negative effects on arterial and arteriolar
function throughout the body (MICZKE et al.2005). MS
is associated with an increased risk for cardiovascular



64 METABOLIC SYNDROME – ADIPONECTIM AND PLASMINOGEN ACTIVATOR INHIBITOR-1

diseases and diabetes mellitus type 2 (WILSON et al.
2005). There are growing evidence that proteins pro-
duced in adipose tissue can play a role in development
of insulin resistance. One of them is adiponectin, that
circulates in human plasma at high level (5-30 µg/ml)
(MICZKE et al. 2005). Adiponectin is a newly found
adipose tissue-specific collagen-like protein, that is
down-regulated in obese individuals. Hypoadi-
ponectinemia has been identified as an independent risk
factor for type 2 diabetes, coronary artery disease and
hypertension. Experimental studies show that adiponec-
tin plays a protective role in the development of insulin
resistance, atherosclerosis, and inflammation (OUCHI

et al. 2006). Most importantly, the role of adiponectin
in the body and the results of experimental evidences
suggest the possible future use of adiponectin in the
treatment of diabetes, atherosclerosis and obesity. Im-
pairment of the fibrinolytic system participates into the
cardiovascular complications of obesity. This defect has
been linked to high concentrations of plasminogen ac-
tivator inhibitor-1 (PAI-1), a factor which is the prima-
ry physiological inhibitor of fibrinolysis (GUERRE-MILLA

2004). Also PAI-1 overexpression may participate in
this process. Interestingly, recent in vitro and in vivo
studies showed that besides its role in atherothrombo-
sis, PAI-1 is also implicated in adipose tissue develop-
ment and in the control of insulin signaling in adipo-
cytes. These findings suggest PAI-1 inhibitors serve in
the control of atherothrombosis and insulin resistance
(ALESSI-JUHAN 2006 ). Adiponectin has antiatherogen-
ic properties while PAI-1 is closely involved in the de-
velopment of atherosclerosis (MARUYOSHI et al. 2004).
The aim of this study was to search the relationship
between adiponectin and PAI-1 in patients with MS
and with it’s components.

Materials and Methods

This study was planned as a prospective, case control
study in the Ministry of Health Izmir Education and Re-
search Hospital Clinic Biochemistry Department in 2006.

The local ethics committee approved the study. In-
formed consent was taken from all the subjects. 53 pa-
tients with MS ( 35 women, 18 men) (group 1), 30
healthy subjects without any known disease (17 wom-
en, 13 men) (group 2) were included in this study. All
subjects were found positive for at least 3 criteria for
MS according to NCEP-ATP III (2001).

Non of the patients were treated with drugs for hy-
pertension, dyslipidemia and diabetes. Blood for lipid

analysis was collected after a 12-hour overnight fast.
75 g oral glucose tolerance test (OGTT) was applied
to all subjects. Glucose tolerance status was determined
according to the WHO criteria (WHO/NCD/NCS
1999.2.). Glycemia, total cholesterol, triglyceride and
HDL-c were measured by routine biochemical meth-
ods. The value of LDL-c was calculated using Fried-
wald’s formula (FRIEDWALD et al. 1972). HbA1c was
measured by using HPLC in the hospital clinical labo-
ratory. Serum insulin and C peptide assays were per-
formed by chemiluminassay, and the insulin resistance
of the subjects is calculated with the homeostasis mod-
el using the formula HOMA: insulin (µIU/ml) x fasting
glucose (mmol/L) / 22.5 (MATTHEWS et al. 1985)

The body mass index (BMI), waist circumference,
hip circumference, systolic and diastolic blood pres-
sures were measured.

For the estimation of plasma adiponectin concen-
tration, enzyme immunoassay was done using
a commercial kit (B-Bridge International,Inc. human
Adiponectin ELISA Kit) and for plasma PAI-1 con-
centration, enzyme immunoassay was done using
a commercial kit (Imubind Plasma PAI-1 Elisa Kit,
Germany). Venous samples taken for plasma adiponec-
tin and PAI-1 concentration measurements were im-
mediately stored at –70 °C.

All obtained variables BMI, waist and hip circum-
ferences, systolic and diastolic blood pressures, serum
lipids (cholesterol, triglyceride, HDL and LDL), gly-
cemia and serum insulin, insulin resistance indexes,
HbA1c, C peptide, adiponectin also PAI-1 were com-
pared between the groups; MS versus control. The in-
terrelations between serum adiponectin and PAI-1 also
other variables were assessed.

For statistical analysis; comparisons between groups
were performed by student-t test and for correlation
analysis pearson’s correlations were used. Data were
analyzed using SPSS 13 software for Windows. All
group data were reported as mean ± SD. Significant
differences were assumed when p< 0.05.

Results

Subjects with MS (n:53; 18 males and 35 females,
average age 51.1 +/-11.8 ) and healthy controls (n:30;
13 males and 17 females, average age 46.2 +/- 12.4 )
were about the same age. All subjects of MS group
had BMI >25 and also other criteria of MS (e.g. obesi-
ty, insulin resistance, possible disorders of glucose
metabolism, dyslipidemia and hypertension) were man-



65METABOLIC SYNDROME – ADIPONECTIM AND PLASMINOGEN ACTIVATOR INHIBITOR-1

Table 1 
Clinical and biochemical characteristics of the study groups

Measures MS group Control group
N = 53 N = 30 p

Age (years) 51.1 ± 11.8 46.20 ± 12.4 NS
Systolic blood pressure (mmHg) 132 ± 23 112 ± 11 <0.001
Diastolic blood pressure (mmHg) 86 ± 15 72 ± 6 <0.001
BMI (kg/m2) 30.5 ± 4.5 19.1 ± 3.0 <0.001
Waist circumference (cm) 102.5 ± 9.0 90.1 ± 9.4 < 0.001
Hip circumference (cm) 114.3 ± 8.7 104.8 ± 9.7 < 0.001
Fasting serum glucose (mg/dL) 108 ± 11 94 ± 9 <0.001
2 h Postprandial glucose (mg/dl) 127 ± 41 100 ± 21 0.002
Insulin (µIU/ml) 13.4 ± 5.8 8.4 ± 4.4 <0.001
Insulin resistance(homa) 3.5 ± 1.6 2.0 ± 1.09 <0.001
C peptide ( ng/ml ) 3.4 ± 1.1 2.5 ± 0.8 <0.001
HbA1c (%) 6.3 ± 1.2 5.6 ± 0.5 0.003
Total cholesterol mg/dl) 206 ± 42 157 ± 23 <0.001
Triglycerides (mg/dl) 195 ± 113 82 ± 18 <0.001
HDL (mg/dL) 41 ±11 47 ± 13 0.032
LDL (mg/dL) 125 ± 40 108 ± 50 NS
Adiponectin ( µg/ml ) 15.6 ± 5.8 29.1 ± 10.9 <0.001
PAI-1 (ng/ml) 165.1± 4.5 82.4 ± 32.7 <0.001

NS = not significant

Table 2
Correlation coefficients between serum adiponectin and

other clinical parameters

Measures Correlation
coefficients p

Age (years)  0.036 NS
Systolic blood pressure (mmHg) -0.323 0.003
Diastolic blood pressure (mmHg) -0.446 <0.001
BMI (kg/m2) -0.666 <0.001
Waist circumference (cm) -0.310 0.007
Hip circumference (cm) -0.340 0.003
Fasting serum glucose (mg/dl) -0.313 0.004
2 h Postprandial glucose (mg/dl) -0.393 <0.001
Insulin (µIU/ml) -0.365 0.001
Insulin resistance (HOMA) -0.364 0.001
C peptide (ng/ml ) -0.382 <0.001
HbA1c (%) -0.344 0.001
Total cholesterol (mg/dl) -0.343 0.002
Triglyceride (mg/dl) -0.356 0.001
HDL (mg/dl)  0.067 NS
LDL (mg/dl)  0.065 NS
PAI-1 (ng/ml) -0.653 <0.001

NS = not significant

ifested in all of them. Among the subjects who under-
went OGTT, 25 of MS patients were positive for im-
paired glucose tolerance. There was no diabetic patient
among the MS and the control group.

MS patients had significantly higher PAI-1, BMI,
waist and hip circumferences, systolic and diastolic
pressures, fasting glycemia, 2 hour postprandial se-
rum glucose, total cholesterole, triglyceride, HDL cho-
lesterole, C peptide, HbA1c, insulin level and insulin
resistance (HOMA) (table1). In contrast plasma adi-
ponectin levels were lower in subjects with MS when
compared with controls (p<0.001). Adiponectin lev-
els were found to be higher in women than men (23.75
+/- 9.8 and 18.6 +/- 10.2 respectively, p=0.026). Lower
adiponectin levels were associated with different com-
ponents of MS. Correlations of adiponectin with oth-
er parameters are shown in table 2. Adiponectin lev-
els were correlated negatively with PAI-1, also with
BMI, waist and hip ratios, systolic and diastolic blood
pressures, fasting plasma glucose, 2 hour postprandi-
al glucose, HbA1c, C peptide, triglycerides, choles-
terole, insulin and insulin resistance, in contrast PAI-
1 levels correlated positively with these parameters
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as shown in table 3. There were no correlation be-
tween adiponectin and HDL, LDL cholesteroles, sim-
ilarly PAI-1 and HDL, LDL cholesterole correlations
were not significant.

Significant finding of this study was the negative
correlation between adiponectin and PAI-1 levels in MS
patients (r = -0.653, p<0.001).

Discussion

There is increasing evidence that new cases of car-
diovascular diseases are closely associated with in-
creased prevalence of insulin resistance and type 2 di-
abetes due to excessive weight and sedentary lifestyle.
Much of the recent work on obesity has highlighted
the key role of adipose tissue as an endocrine organ
secreting a large number of substances that mediate
vascular and metabolic complications of obesity (BA-
HIA et al.2006). Most of the coagulation and fibrinolyt-
ic proteins may contribute to the development of car-
diovascular diseases or associated with them (HEINRICH

et al. 1994). Increased plasma levels of PAI-1, a main
inhibitor of fibrinolysis, reflect increased coagulabili-
ty and are correlated with the augmentation of coro-

nary vascular heart diseases (JUHAN-VAGUE et al. 1991).
The biological role of PAI-1 extends beyond regula-
tion of fibrinolysis, since PAI-1 has been shown to in-
fluence cell migration and angiogenesis by competing
with integrin binding on extracellular matrix vitronec-
tin. In adipose tissue PAI-1 could impair pre-adipocyte
migration and attachment to vitronectin, as suggested
by its potent inhibitory effect on these processes in vit-
ro ( CRANDALl et al. 2000).

Adiponectin is a peptide inhibiting the food intake,
affects the transfer of insulin signal, increases insulin
sensitivity, glucose utilization, free fatty acid transport
and oxidation in muscles, inhibits gluconeogenesis and
decreases glycemia. It is an endogenous inhibitor of
angiogenesis as well as of the proliferation and migra-
tion of endothelial cells, also shows anti-inflammatory
effects (TAJTAKOVA et al. 2006). Although the associa-
tion of adiponectin with several diseases remains con-
traversial, many clinical studies have demonstrated that
low plasma adiponectin levels associate closely with
obesity related diseases, including atherosclerotic car-
diovascular diseases, type II diabetes, hypertension and
dyslipidemia (OKAMATO et al. 2006). Low level of adi-
ponectin in obese individuals may be considered as
a marker predicting a possibility of the development of
MS. It is suggested that early regulation of serum adi-
ponectin levels in obese subjects by treatment of obe-
sity, especially in young ones, could result in a lowering
the risk of mainly cardiovascular diseases associated
with MS. High adiponectin plasma concentrations are
associated with favorable lipid profiles. Adiponectin
might have a protective role in vascular function (TAJTA-
KOVA et al. 2006).

In this study we also found that adiponectin was in-
deed decreased and PAI-1 levels were higher in MS pa-
tients compared with control group and there was
a significant negative correlation between them. The
mechanisms linking PAI-1 activity to adiponectin levels
are not clear at the moment. PAI-1 could have a direct
down-regulating effect on adiponectin expression and
secretion in adipose tissue (MA et al. 2004). On the oth-
er hand relationship between PAI and adiponectin could
be a consequence of the another factor such as insulin
resistance, inflammation, dyslipidemia (IISE MERTENS et
al. 2005). The second finding of the present study was;
adiponectin levels were negatively correlated with PAI-
1, BMI, systolic and diastolic blood pressures, fasting
serum glucose, 2 hour postprandial serum glucose,
HbA1c, insulin, insulin resistance (HOMA), C peptide,
triglyceride, total cholesterol. Our results were in accor-

Table 3
Correlation coefficients between serum PAI-1 and other

clinical parameters

Measures Correlation
coefficients p

Age (years) 0.011 NS
Systolic blood pressure (mmHg) 0.350 <0.001
Diastolic blood pressure (mmHg) 0.487 <0.001
BMI (kg/m2) 0.745 <0.001
Waist circumference (cm) 0.285 0.005
Hip circumference (cm) 0.315 0.002
Fasting serum glucose (mg/dl) 0.315 <0.001
2 h Postprandial glucose (mg/dl) 0.350 <0.001
Insulin (µIU/ml) 0.353 <0.001
Insulin resistance (HOMA) 0.351 <0.001
C peptide (ng/ml ) 0.368 <0.001
HbA1c (%) 0.384 <0.001
Total cholesterol (mg/dl) 0.363 <0.001
Triglyceride (mg/dl) 0.341 <0.001
HDL (mg/dl) 0.041 NS
LDL (mg/dl) 0.067 NS
Adiponectin ( µg/ml ) -0.653 <0.001

NS = not significant
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dance with many other studies (BAHIA et al.2006, TAJTA-
KOVA et al.2006, KIM et al.2006, MOJIMINIYI et al.2006,
MOHAN et al.2005, RYO et al.2004, SANTANIEMI et al.2006).
Also concordant with other studies PAI-1 levels were
significantly higher in the MS group than the control
group (PANNACCIULLI et al.2002, BASTARD et al.2000).
These findings suggest PAI-1 inhibitors may serve in
the control of atherothrombosis and insulin resistance.
Given the low levels of adiponectin in subjects with the
MS, and the beneficial effects of the adiponectin in ani-
mal studies, there is exciting potential for adiponectin
replacement therapy in insulin resistance and related dis-
orders (WHITEHEAD et al. 2006). We found no significant
correlation with HDL and LDL cholesterols with adi-
ponectin and PAI-1 although total cholesterol and trig-

lycerides negatively correlated. This may be due to char-
acteristic of our study group and if we could study in
a large group of MS patients, as reported by others adi-
ponectin and PAI-1 might show a correlation with HDL
and LDL cholesterols.

Beside these findings, further clinical and experi-
mental investigations will be needed to illuminate the
significance of adiponectin and PAI-1 in MS. This work
was important to add concordant data into this topic.
So we conclude, hypoadiponectinemia, also elevated
PAI-1 are closely associated with the MS and its com-
ponents, measuring the plasma concentration of adi-
ponectin and PAI-1 may be useful for management of
the MS, so this may prevent the development of obesi-
ty, cardiovascular diseases and diabetes.
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