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A BSTRACT
Objective: To explore the relationship between serum plasminogen activator inhibitor (PAI-1) level and Type 2 Diabetes Mellitus
(T2DM) accompanied by overweight or obesity by observing not only the changes of PAI-1 level in T2DM patients with
overweight or obesity, but also glucose and lipid metabolism related indicators, the changes of the inflammatory cytokines
secreted by adipocytes, and then making an analysis on the correlation to PAI-1.
Methods: 36 cases of healthy examinees were selected as normal control group (NC group), and the experimental group can be
divided into T2DM group (54 cases), Overweight/Obesity group (35 cases) and T2DM + Overweight/Obesity group (48 cases).
Glucose and lipid metabolism related indicators such as fasting blood glucose (FBG), triglyceride (TG), total cholesterol (TC),
low density lipoprotein cholesterol (LDL-C), glycated hemoglobin (HbA1c), fasting insulin (FINS), insulin resistance index
(IR), body weight index (BMI) and inflammatory cytokines (interleukin-6 (IL-6), tumor necrosis factor (TNF-α) and PAI-1 were
observed and compared between groups, and then made an analysis to explore the correlation of these factors to PAI-1.
Results: (1) Compared with NC group, the levels of FBG, HbA1c, FINS and IR were increased in T2DM group, and the
difference was of statistical significance. However, there was no statistically significant difference in TG, TC, LDL-C and BMI
between NC group and T2DM group; the levels of FINS, IR, TG, LDL-C, TC and BMI were elevated in Overweight/Obesity
group, and the difference was of statistical significance. However, there was no statistically significant difference in FBG and
HbA1c; the levels of FBG, HbA1c, FINS, IR, TG, LDL-C, TC and BMI were up-regulated in T2DM + Overweight/Obesity
group, and the difference was of statistical significance. Compared with T2DM group, the levels of TG, TC, LDL-C and BMI
were increased in Overweight/Obesity group, and the difference was of statistical significance, however, the levels of FBG,
HbA1c, FINS and IR were decreased, and the difference was statistically significant; The levels of FINS, IR, TG, TC, LDL-C
and BMI were elevated in T2DM + Overweight/Obesity group, and the difference was of statistical significance, however,
there was no statistically significant difference in FBG and HbA1c. Compared with Overweight/Obesity group, the levels of
FBG, FINS, IR, HbA1c and LDL-C were increased in T2DM + Overweight/Obesity group, and the difference was of statistical
significance. However, the difference in TG, TC and BMI was not statistically significant. (2) Compared with NC group, the
levels of IL-6, TNF-α and PAI-1 were increased in T2DM group, Overweight/Obesity group and T2DM + Overweight/Obesity
group, and the difference was statistically significant. Compared with T2DM group, the levels of IL-6 and TNF-α were elevated
in Overweight/Obesity group, and the difference was of statistical significance, but there was no statistically significant difference
in PAI-1; the levels of IL-6, TNF-α and PAI-1 were up-regulated in T2DM + Overweight/Obesity group, and the difference
∗ Correspondence: Jun X; Email: nmgbgyyyy@163.com; Address: Department of Geriatrics, the Third Affiliated Hospital of Inner Mongolia
Medical University, Baotou, Inner Mongolia 014010, China.

20

ISSN 2375-8449

E-ISSN 2375-8473

dcc.sciedupress.com

Discussion of Clinical Cases

2019, Vol. 6, No. 2

was statistically significant. Compared with Overweight/Obesity group, there was no statistically significant difference in IL-6
and TNF-α between T2DM + Overweight/Obesity group and Overweight/Obesity group, but the level of PAI-1 was increased
in T2DM + Overweight/Obesity group, and the difference was of statistical significance. (3) Multivariate Logistic Regression
Analysis showed that HbA1c, IR, TG, BMI, IL-6 and TNF-α were independently associated with the level of PAI-1 (all p < .05).
Conclusions: (1) The level of PAI-1 is higher in type 2 diabetes mellitus patients with overweight or obesity than that in patients
only with type 2 diabetes mellitus, and it is one of causes that result in vascular complications. (2) The increase in the level of
PAI-1 is considered to be associated with IL-6 and TNF-α secreted by adipocytes.
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1. I NTRODUCTION

level is a main indicator used to predict the occurrence of
According to the statistical results published by International cardiovascular events. This research is designed to explore
Diabetes Federation (IDF) in 2015, about 415 million people the relationship between PAI-1 level and Type 2 Diabetes
suffer from diabetes mellitus, and another 318 million people Mellitus (T2DM) accompanied by overweight or obesity
develop impaired glucose tolerance. The latter population by observing not only the changes of PAI-1 level in T2DM
will also suffer from diabetes eventually. Therefore, it is esti- patients with overweight or obesity, but also the changes
mated that the number of people who suffer from diabetes of glucose and lipid metabolism related indicators as well
will rise up to 642 million in 2040. China ranked first in as the inflammatory cytokines secreted by adipocytes, and
the top ten countries with the largest number of diabetics then provide a theoretical basis for the clinical prevention in
all over the world in 2015, with the number of diabetic pa- the occurrence and development of diabetic cardiovascular
tients reaching up to 109.6 million.[1, 2] Following various complications.
tumors and cardiovascular diseases, diabetes mellitus has
been a non-infectious chronic disease which threatens hu- 2. R ESEARCH OBJECTS AND METHODS
man health, increases social and people’s financial burdens 2.1 Research objects
and lowers people’s life quality. Vascular complication is the 2.1.1 Normal control group (NC group)
most commonly-seen and the most serious disease among 36 cases of healthy examinees (aged from 35 to 60, mean age
various diabetic complications. It not only has a greatest of 45.80 ± 8.0, BMI < 24 kg/m2 ) were randomly selected
effect, but also is a main factor that leads to the death and in Physical Examination Department of the Third Affiliated
disability in diabetics. Overweight or obesity is closely as- Hospital of Inner Mongolia Medical University from Decemsociated with type 2 diabetes mellitus, weight gain is an ber of 2016 to June of 2017, with no history of diabetes,
independent risk factor for the occurrence and development cardiovascular and cerebrovascular diseases as well as liver
of T2DM. The incidence of diabetes in Chinese overweight and renal diseases.
patients is 12.8%, and the incidence in the obese patients is
18.5%.[2, 3] Meanwhile, some researches show that diabetics 2.1.2 T2DM group
with overweight or obesity are more susceptible to vascular 54 cases of T2DM patients (aged from 35 to 60, mean age
2
complications than patients only with diabetes mellitus.[4] of 46.50 ± 7.8, BMI < 24 kg/m ) admitted to Outpatient DeTherefore, it is crucial to focus and research the factors for partment of the Third Affiliated Hospital of Inner Mongolia
vascular complications in T2DM patients, especially in those Medical University during the same period were selected,
with overweight or obesity, in order to prevent the occurrence and the diagnosis of T2DM was consistent with the diagnostic standards established by WHO in 1999; these patients
of cardiovascular events and reduce mortality.
had no diabetic acute or chronic complications, with HbA1c
One of common mechanisms that lead to the occurrence
no more than 8.5%, and had no history of cardiovascular and
of diabetic vascular complications is the imbalance of the
cerebrovascular diseases as well as liver and renal diseases.
fibrinolytic system. Physiologically, fibrins formed in the
body are eliminated by fibrinolysins, which are prevented 2.1.3 Overweight/Obesity group
from over-activation by the antifibrinolytic system, so that 35 cases of overweight/obese patients (aged from 35 to 60,
the fibrinolytic process and the antifibrinolytic process in mean age of 45.80 ± 6.5, BMI ≥ 24 kg/m2 ) admitted to Outthe body can be maintained in a dynamic balance. The in- patient Department of the Third Affiliated Hospital of Inner
crease in PAI-1 can lead to the depression of local fibrinolytic Mongolia Medical University during the same period were
activity and the decrease in the degradation of fibrins, induc- selected. The diagnosis of obesity was consistent with “Chiing the occurrence of thrombosis. The increase in PAI-1 nese guidelines for the prevention and control of overweight
Published by Sciedu Press
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and obesity in adults (Trial)” (2003).
2.1.4 T2DM + Overweight/Obesity group
48 cases of T2DM patients with overweight/obesity (aged
from 35 to 60, mean age of 46.80 ± 7.5, BMI ≥ 24 kg/m2 )
admitted to Outpatient Department of the Third Affiliated
Hospital of Inner Mongolia Medical University during the
same period were selected. The diagnosis of obesity was
consistent with “Chinese guidelines for the prevention and
control of overweight and obesity in adults (Trial)” (2003);
these patients had no diabetic acute or chronic complications,
with HbA1c no more than 8.5%, and had no history of cardiovascular and cerebrovascular diseases as well as liver and
renal diseases.
2.2 Methods
2.2.1 Glucose and lipid metabolism related indicators
The biochemical method was used to detect the levels of FBG,
TG, TC, LDL-C, HbA1c and FINS; height and weight were
measured to calculate BMI: BMI = weight/height2 (kg/m2 );
homeostasis model assessment - insulin resistance index was
calculated: (HOMA-IR) = FBG × FINS/22.5.
2.2.2 Inflammatory cytokines
Radio immunoassay was used to measure the levels of IL-6
and TNF-α.
2.2.3 ELISA (Enzyme Linked Immunosorbent Assay Double-Antibody Sandwich Technique)
ELISA was used to measure the level of PAI-1.
2.3 Statistical analysis
All above-mentioned indicators were the measurement data,
which were represented by X̄ ± s. SPSS 22.0 software was
applied to statistical analysis, which showed that the experimental data in each group were fit to normal distribution and
homogeneity. One-way ANOVA and LSD test were used in
the comparison between two groups, and the difference p ≤
.05 was of statistical significance. The correlation analysis
was made between PAI-1 and other variates to establish a
multivariate linear regression model aiming at related variates, and the difference p ≤ .05 was statistically significant.
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significance (p < .05), however, there was no statistically
significant difference in FBG and HbA1c (p > .05); the levels
of FBG, HbA1c, FINS, IR, TG, LDL-C, TC and BMI were
up-regulated in T2DM + Overweight/Obesity group, and the
difference was of statistical significance (p < .05). Compared
with T2DM group, the levels of TG, TC, LDL-C and BMI
were increased in Overweight/Obesity group, and the difference was of statistical significance (p < .05). However,
the levels of FBG, HbA1c, FINS and IR were decreased,
and the difference was statistically significant (p < .05). The
levels of FINS, IR, TG, TC, LDL-C and BMI were elevated
in T2DM + Overweight/Obesity group, and the difference
was of statistical significance (p < .05), however, there was
no statistically significant difference in FBG and HbA1c (p >
.05). Compared with Overweight/Obesity group, the levels
of FBG, FINS, IR, HbA1c and LDL-C were increased in
T2DM + Overweight/Obesity group, and the difference was
of statistical significance (p < .05). However, the difference
in TG, TC and BMI was not statistically significant (p > .05)
(see Table 1).
3.2 The comparison in inflammatory cytokines and PAI1 between each group of patients
Compared with NC group, the levels of IL-6, TNF-α and
PAI-1 were increased in T2DM group, Overweight/Obesity
group and T2DM + Overweight/Obesity group, and the difference was of statistically significant (p < .05). Compared
with T2DM group, the levels of IL-6 and TNF-α were elevated in Overweight/Obesity group, and the difference was
of statistical significance (p < .05), but there was no statistically significant difference in PAI-1 (p > .05); the levels of
IL-6, TNF-α and PAI-1 were up-regulated in T2DM + Overweight/Obesity group, and the difference was statistically
significant (p < .05). Compared with Overweight/Obesity
group, there was no statistically significant difference in IL-6
and TNF-α between T2DM + Overweight/Obesity group and
Overweight/Obesity group (p > .05), but the level of PAI-1
was increased in T2DM + Overweight/Obesity group, and
the difference was of statistical significance (p < .05) (see
Table 2).

3. R ESULTS
3.1 The comparison in glucose and lipid metabolism related indicators between each group of patients
Compared with NC group, the levels of FBG, HbA1c, FINS
and IR were increased in T2DM group, and the difference
was of statistical significance (p < .05), but there was no statistically significant difference in TG, TC, LDL-C and BMI
between NC group and T2DM group (p > .05); the levels of
FINS, IR, TG, LDL-C, TC and BMI were elevated in Overweight/Obesity group, and the difference was of statistical
22

3.3 Correlation analysis of PAI-1 and other factors
Taking PAI-1 as a dependent variable and FBG, FINS, IR,
HbA1c and other suspicious factors as independent variables,
univariate analysis (t-test or nonparametric test) was used to
screen out 8 suspicious influencing factors with statistical significance. Later, Logistic regression analysis was performed
to conditionally filter variables step by step. According to
entry criteria of 0.05, HbA1c, IR, TG, BMI, IL-6 and TNF-α
were entered into the equation (see Tables 3-4).
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Table 1. The comparison in glycometabolism related indicators between each group of patients (X̄± s)
Group

FBG
(mmol/L)

TG
(mmol/L)

TC
(mmol/L)

LDL
(mmol/L)

FINS
(u IU/ml)

IR

HbA1c
(%)

BMI
(kg /m2)

NC Group

5.18±0.66

1.54±0.56

4.19±0.86

2.37±0.39

12.73±3.79

3.01±1.24

4.85±0.5

21.89±1.29

T2DM Group

8.71±1.0

1.63±0.66

4.36±1.01

2.53±0.42

21.9±3.40

8.52±1.32

8.01±0.6

21.58±1.23

Overweight/
Obesity Group
T2DM+
Overweight/
Obesity Group

5.01±0.7*

3.2±0.7

*

5.4±0.1

*

3.6±0.2

*

16.2±3.8

*

4.8±1.6

4.05±0.4*

26.76±1.3

*

3.3±0.7

*

5.5±0.9

*

4.6±0.4

*☆

7.87±4.4

*☆

11.51±1.7

27.87±1.1

*

8.73±1.1

☆

*

*☆

☆

8.32±0.4

Note. Compared with NC group, p < .05; Compared with T2DM group, * p < .05; Compared with Overweight/Obesity group. ☆p < .05.

Table 2. The comparison in inflammatory cytokines and PAI-1 between each group of patients (X̄± s)
Group

IL-6 (pg/ml)

TNF-α (ng/ml)

PAI-1 (ng/ml)

NC Group

75.35±47.75

0.72±0.39

23.48±2.94

T2DM Group

110.58±39.53

Overweight/Obesity Group
T2DM +

140.56±39.53

*

1.79±0.44

*

148.89±44.34

*

1.83±0.34

*

1.12±0.43

33.59±3.86
32.40±3.70
47.10±4.14

*☆

☆

Note. Compared with NC group, p < .05; Compared with T2DM group, * p < .05; Compared with Overweight/Obesity group, p < .05.

Table 3. Correlation analysis of PAI-1 and other factors
FBG

FINS

IR

HbA1c

TG

TC

LDL

BMI

IL-6

TNF-α

Correlation Coefficient r

0.01

0.29

0.64

0.42

0.54

0.10

0.36

0.77

0.71

0.64

p

.941

.003

< .001

< .001

< .001

< .331

< .001

< .001

< .001

< .001

Table 4. Multivariate linear regression analysis of PAI-1 and other correlative factors
B Value

Constant

FINS

IR

HbA1c

TG

LDL

BMI

IL-6

TNF-α

-15.67

0.04

0.43

2.07

0.93

0.18

0.82

0.06

1.63

T Value

-3.35

0.62

2.49

3.74

2.60

0.28

5.26

7.83

2.40

p

.001

.538

.014

< .001

.011

.779

< .001

< .001

.018

4. D ISCUSSION

tients or T2DM patients with overweight/obesity susceptible
to vascular complications. Multivariate Logistic Regression
Analysis shows that IR, HbA1c, TG, BMI, IL-6 and TNF-α
are independently correlated to the level of PAI-1. Hence, the
increase in the level of PAI-1 is considered to be associated
with persistent hyperglycemia, glucose and lipid metabolism
disorder and insulin resistance in T2DM patients. In addition,
the level of PAI-1 is higher in T2DM + Overweight/Obesity
group than that in T2DM patients, which is considered to be
related with the increase in the inflammatory cytokines (IL-6
and TNF-α) secreted by adipocytes.

T2DM is a chronic progressive disease, accompanied by
the increased morality of endothelial dysfunction and cardiovascular events. The subsequent vascular complications
are main factors that lead to the death and disability in diabetics. Meanwhile, it is shown that T2DM patients with
overweight/obesity have a higher incidence of vascular complications. PAI-1 primarily comes from viscera, subcutaneus
adipose tissue, vascular endothelia and hepar. The imbalance of the fibrinolytic system resulting from the increased
level of PAI-1 is one of common mechanisms that lead to the
occurrence of diabetic vascular complications.
4.1 The analysis on the cause of the increase in PAI-1 in
T2DM patients
The results in this research show that the level of PAI-1 is
higher both in T2DM group and Overweight/Obesity group
than that in NC group, and it is much higher in T2DM + Overweight/Obesity group than that in T2DM group. Therefore,
PAI-1 is considered to be one of causes that make T2DM paPublished by Sciedu Press

This research shows that the level of PAI-1 is higher in T2DM
group than that in NC group, and Multivariate Logistic Regression Analysis shows that the level of PAI-1 is correlated
to IR, HbA1c and TG. Therefore, it is considered that persis23
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tent hyperglycemia, glucose and lipid metabolism disorder vascular endothelial cells.
and insulin resistance in T2DM patients can lead to the in4.2 The analysis on the cause of the increase in PAI-1 by
creased level of PAI-1.
obesity
PAI-1 primarily comes from vascular endothelia, whose injury can result in the increased secretion of PAI-1. On the one The results in this research show that the level of PAI-1 is inhand, hyperglycemia can directly lead to vascular endothelial creased both in T2DM + Overweight/Obesity group and NC
injury and then result in the increased secretion of PAI-1. On group. Meanwhile, Multivariate Logistic Regression Analthe other hand, it can also damage vascular endothelia by ysis shows that the level of PAI-1 is correlated to IL-6 and
promoting the formation of advanced glycation end products TNF-α. Therefore, it is considered that the obvious increase
(AGEs) inside and outside the cells. AGEs can promote the in PAI-1 level in T2DM patients with overweight/obesity is
generation of reactive oxygen species and induce peroxida- associated with inflammatory cytokines (IL-6 and TNF-α)
tion reaction by modifying proteins, lipids and nucleic acids secreted by adipocytes. In recent years, adipose tissue has
been re-recognized as an endocrine organ. Especially its
to damage vascular endothelia.
secreted cytokines, play an important role in the occurrence
The up-regulate of HbA1c decelerates the oxygen dissocia- and development of cardiovascular events. Overweight or
tion of hemoglobins, decreases the oxygenation activity and obese patients stay in a low-degree chronic inflammatory
significantly reduces the level of 2, 3-diphosphoglycerate, state for a long term, the levels of IL-6, TNF-α, CRP and
leading to histogenous hypoxia and causing vascular endothe- other inflammatory cytokines in those patients are obviously
lial injury.
increased.[10] Some researches find that,[11] if TNF-α is used
The rise of TG can lead to the increase in free fatty acids to simulate peritoneal inflammation state and interfere with
(FFA), which can directly stimulate endothelial cells to gen- the balance of fibrinolytic system and antifibrinolytic syserate PAI-1. In addition, serum TG can lead to the significant tem, the level of PAI-1 generated by peritoneal mesothelial
increase in PAI-1 level by improving the secretion of inflam- cells will be significantly increased. With the addition of
matory mediators in patients with non-alcoholic fatty liver simvastatin to depress TNF-α, the expression of PAI-1 is
significantly decreased. IL-6 makes leukocytes adhere to the
disease (NAFLD).[5, 6]
surface of endothelial cells by stimulating the expression of
On the condition of insulin resistance, a high level of inintercellular adhesion molecules. Furthermore, by inducing
sulin can directly damage vascular endothelial function by
the expression of chemokines, it recruits a large number of
increasing endothelin-1 (ET-1) and reducing the level of
inflammatory cells to make endothelial cells develop inflamfolic acids.[7] ET-1 is a type of endogenous vasoconstriction
matory reactions, damage endothelial cells and improve the
polypeptide which vascular endothelial cells secrete the most.
secretion of PAI-1.[12, 13]
It has a most lasting effect, and its up-regulate can disorder
the endothelial function. On the one hand, folic acids can
5. C ONCLUSION
minimize vascular endothelial injury caused by homocysteinemia by decreasing the level of homocysteine (Hcy); on It is considered that the increase in the levels of inflamthe other hand, it can regulate the degree of gene methylation matory cytokines (IL-6 and TNF-α) in patients with overwhich is related with peroxidation reaction to affect gene weight/obesity leads to the increase in the expression of
expression and reduce vascular endothelial injury resulting PAI-1. Compared with T2DM patients, T2DM patients with
from peroxidation reaction.[8] Therefore, hyperinsulinemia overweight/obesity have a greater risk for diabetic vascular
complications. It is important to reduce and control body
is often accompanied by the increased level of PAI-1.[9]
weight when effectively regulating the blood glucose level.
To sum up, hyperglycemia, glucose and lipid metabolism disorder and insulin resistance occurring in T2DM patients can C ONFLICTS OF I NTEREST D ISCLOSURE
promote endothelial cells to secrete more PAI-1 by damaging The authors declare they have no conflicts of interest.
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