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Background: To analyze the correlations between plasma coagulation factor VII (FVII), plasma 
plasminogen activator inhibitor-1 (PAI-1), uric acid, and insulin resistance (IR) and diabetic macroangiopathy 
(DMAP) in elderly patients with type 2 diabetes mellitus (T2DM). 
Methods: The clinical data of 112 elderly T2DM patients admitted to our hospital between March 2017 
and March 2020 were enrolled. Subgroups were allocated based on the inclusion and exclusion criteria, body 
mass index (BMI), homeostasis model assessment (HOMA)-IR and the presence of DMAP. The patients 
were allocated as the study objects (T2DM group, n=90), simple obesity (BMI ≥25 kg/m2, n=25), simple non-
obese (BMI <25 kg/m2, n=22), obesity with DMAP (n=24), and non-obese with DMAP (n=19). Meanwhile, 
data from 50 healthy controls from physical examinations were employed. The levels of FVII, PAI-1, 
HOMA-IR and uric acid were determined. Pearson correlation analysis was used to measure the correlations, 
and the receiver operating characteristic (ROC) curve was used to determine the predictive value of detection 
indexes. 
Results: The levels of FVII, PAI-1, and uric acid in the T2DM group were higher than those of the 
control group (P<0.05). In terms of the levels of FVII, PAI-1, and uric acid: simple non-obese group < simple 
obese group < non-obese with DMAP group < obese with DMAP group (P<0.05). The levels of FVII, PAI-
1, and uric acid in T2DM patients were positively correlated with BMI and Homeostasis model assessment 
(HOMA)-IR (P<0.05). The ROC curve results showed that the area under the curve (AUC) for FVII, 
PAI-1, and uric acid separately, as well as a combination of the three were 0.930, 0.831, 0.888, and 0.997, 
respectively. 
Conclusions: FVII, PAI-1, and uric acid levels are elevated in elderly T2DM patients. The levels of FVII, 
PAI-1, and uric acid are closely related to IR in elderly T2DM patients. The combination of TFVII, PAI-
1, and uric acid levels can be used as an effective measure to predict patients with DMAP. Furthermore, 
the levels of these markers should be promptly measured in a clinical setting for early intervention and 
improvement of the patient’s outcomes.
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Introduction

Diabetes (diabetes mellitus, DM) is a complex metabolic 
disorder characterized by hyperglycemia due to insulin 
(INS) secretion defects or impaired biological response. 
Type 2 diabetes mellitus (T2DM) is caused by insufficient 
secretion of INS by pancreatic β cells or an insensitivity 
of target cells to INS, also known as INS-independent  
d i abe te s  ( 1 ) .  S tud i e s  have  shown  tha t  d i abe t i c 
macroangiopathy (DMAP) is the main cause of disability 
and death in T2DM diabetes patients, and insulin resistance 
(IR) is one of the risk factors for DMAP (2). Therefore, 
early intervention in the IR population can prevent or delay 
the occurrence and development of T2DM and DMAP.

Recently, studies have suggested that the hypercoagulable 
state of blood is associated with the occurrence of IR, which 
includes plasma coagulation factor VII (FVII) and plasma 
plasminogen activator inhibitor-1 (PAI-1) (3). Also, clinical 
practice has found that elevated basal uric acid levels are 
associated with the occurrence and mortality of cardiovascular 
diseases (4). In this study, by observing the different FVII, 
PAI-1, and uric acid levels in elderly T2DM patients and 
investigating their IR and DMAP status, we aimed to explore 
the associations between FVII, PAI-1, uric acid and IR and 
DMAP in elderly T2DM patients, as well as examining the 
roles of these markers in the occurrence of DMAP.

We present the following article in accordance with 
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2609).

Methods

General information

The clinical data of 112 elderly T2DM patients admitted 
to our hospital between March 2017 and March 2020 
were selected. The inclusion criteria were as follows: (I) 
patients meeting the diagnostic criteria for T2DM (5); 
(II) patients over 60 years of age; and (III) patients with 
complete clinical data. Patients were excluded based on 
the following criteria: (I) those with type 1 diabetes, a 
special type of diabetes, or acute diabetes complications; 
(II) those with acute and chronic infections, tumors, 
blood system diseases, cardiovascular and cerebrovascular 
diseases, or liver and kidney dysfunction; and (III) those 
with rheumatic diseases or other endocrine and metabolic 
diseases, such as abnormal pituitary function, abnormal 
thyroid function, abnormal adrenal cortex function, etc. 
Based on the aforementioned inclusion and exclusion 

criteria, a total of 90 patients were selected as the study 
objects (T2DM group). Of these patients, 43 were males 
and 47 were females (aged 60–80 years, with an average 
age of 72.41±5.73 years). According to the body mass index 
(BMI) and the presence or absence of DMAP, the patients 
were divided into a simple obesity group (BMI ≥25 kg/m2, 
n=25), a simple non-obese group (BMI <25 kg/m2, n=22), 
an obesity with DMAP group (n=24), and a non-obese 
with DMAP group (n=19). There were no significant 
differences in the general data of the four groups and they 
were comparable (P>0.05).

At the same time, 50 patients with normal physical 
examination results in our hospital during the same period 
were selected as the control group. The control group had 
complete clinical data. There were 24 males and 26 females 
ranging from 60 to 79 years of age, with an average age of 
71.93±5.74 years. There were no notable difference in the 
general information between the control group and the 
T2DM group, and they were comparable (P>0.05).

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Ethics Committee of Xingtai People’s Hospital and 
written informed consent was obtained from all patients.

Research methods

Clinical data of all study subjects were collected, and the 
levels of FVII, PAI-1, and uric acid were compared between 
the control group and the T2DM group. The levels of 
FVII, PAI-1, and uric acid in the four subgroups of T2DM 
patients were also analyzed, and Pearson correlation 
analysis was used to measure the correlations between FVII, 
PAI-1, uric acid levels, and IR. The receiver operating 
characteristic (ROC) curve was used to determine the 
predictive values of FVII, PAI-1, and uric acid levels for 
patients with T2DM complicated with DMAP.

Observation indicators

Level of FVII
Three mL of fasting venous blood from was collected 
from all subjects. The blood was anticoagulated with 3.2% 
sodium citrate (9:1), centrifuged (1,000 r/min, 10 min), 
and the plasma was subsequently extracted. For the plasma 
extraction, all of the specimens were quickly reconstituted 
in a 37 ℃ water bath before the experiment. Reagent 
preparation: 1 mL of distilled water was added to each 
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bottle to reconstitute, and it was kept at room temperature 
for 30 minutes and mixed gently to make it a homogeneous 
suspension. After calibration, quality control, and 
debugging of the STA series analyzer (Stago, France), the 
specimens were tested. The test was carried out according 
to the manufacturer’s instructions, and the samples were 
automatically measured by the STA analyzer using the 
magnetic bead method.

Level of PAI-1
Three mL of fasting venous blood was collected from all 
subjects, anticoagulated with 3.2% sodium citrate (9:1), 
and centrifuged (3,000 r/min, 10 min). The plasma was 
extracted and stored below −20 ℃. The same batch of 
measurement was carried out using the enzyme-linked 
immunosorbent double antibody sandwich method, and the 
kit was purchased from the Shanghai Sun Biotechnology 
Company (Shanghai, China).

Uric acid level
Three mL of fasting venous blood was collected from all 
subjects, and a Hitachi 7600 automatic biochemical analyzer 
(Japan) was used to measure the uric acid level.

IR-related indicators
Five mL of fasting venous blood was collected from all 
subjects. The Siemens automatic biochemical analyzer 
(Siemens, Japan) was used for detection. Fasting blood 
glucose (FBG) and fasting plasma insulin (FINS) were 
recorded in each group, and at the same time, the IR index 
at homeostasis was calculated using the homeostasis model 
assessment (HOMA). HOMA-IR is calculated by the: 
HOMA-IR= FPG×FINS/22.5 (6).

Statistical methods

The data in this study were statistically analyzed using 

SPSS18.0 software (SPSS, USA). The count data were 
expressed as n (%) using the chi square (χ2) test, the 
measurement data were described with the mean ± 
standard deviation (x±s), and the F/t test was performed. 
Pearson correlation was used to analyze the correlation 
between FVII, PAI-1, uric acid levels and IR, and the ROC 
curve was used to analyze the predictive value of FVII, 
PAI-1, and uric acid levels in T2DM patients with DMAP. 
α=0.05 was used to indicate a statistically significant 
difference.

Results

Comparison of FVII, PAI-1, and uric acid levels between 
the T2DM and control groups

The levels of FVII, PAI-1, and uric acid in the T2DM 
group were higher than those in the control group (P<0.05) 
(Table 1).

Comparison of FVII, PAI-1, and uric acid levels in four 
subgroups

Comparison of FVII, PAI-1, and uric acid levels: simple 
non-obese group < simple obese group < non-obese with 
DMAP group < obese with DMAP group (P<0.05) (Table 2).

The relationship between the FVII level and BMI and 
HOMA-IR in T2DM patients

The FVII level in T2DM patients was positively correlated 
with BMI and HOMA-IR (P<0.05) (Table 3, Figure 1A,B).

The relationship between PAI-1 level and BMI and 
HOMA-IR in T2DM patients

The PAI-1 level in T2DM patients was positively correlated 
with BMI and HOMA-IR (P<0.05) (Table 4, Figure 2A,B).

Table 1 Comparison of FVII, PAI-1, and uric acid levels between the T2DM and control groups (x±s)

Groups Patients FVII (%) PAI-1 (ng/mL) Uric acid (μmol/L)

T2DM group 90 131.21±21.25 82.26±20.41 546.16±66.26

Control group 50 103.58±20.46 63.25±19.35 226.45±51.21

t – 7.469 5.378 44.696

P – <0.001 <0.001 <0.001

FVII, factor VII; PAI-1, plasminogen activator inhibitor-1; T2DM, type 2 diabetes mellitus.
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The relationship between uric acid level and BMI and 
HOMA-IR in T2DM patients

The level of uric acid in T2DM patients was positively 
correlated with BMI and HOMA-IR (P<0.05) (Table 5, 
Figure 3A,B).

The predictive value of FVII, PAI-1, and uric acid levels 
for patients with T2DM complicated by DMAP

The ROC curve was used to determine the predictive value 
of TFVII, PAI-1, and uric acid levels for T2DM patients 
with DMAP. The area under the curve (AUC) for FVII, 
PAI-1, and uric acid, as well as the combination of the three 
was 0.930, 0.831, 0.888, and 0.997, respectively. The area 
was largest when three markers were used together (Table 6, 
Figure 4).

Discussion

DM is a syndrome caused by multiple factors and its 
pathogenesis is highly complex (7). The macrovascular and 
microvascular complications are prevalent, which leads 

to a series of malignant complications including coronary 
heart disease, cardiomyopathy, arrhythmia, sudden death, 
and cerebrovascular disease (8). T2DM patients also have 

Table 2 Comparison of FVII, PAI-1, and uric acid levels in the four subgroups (x±s)

Groups Patients FVII (%) PAI-1 (ng/mL) Uric acid (μmol/L)

Simple non-obese group 25 112.26±20.56 72.59±19.13 517.59±65.37

Simple obese group 22 124.25±20.43a 80.93±19.86a 543.97±65.28a

Non-obese with DMAP group 19 135.14±21.19ab 88.49±20.57ab 576.63±65.14ab

Obese with DMAP group 24 143.69±22.46abc 98.67±20.43abc 591.26±69.64abc

F – 9.93 7.47 5.88

P – <0.001 <0.001 <0.001
a: compared with the simple non-obese group, P<0.05; b: compared with the simple obesity group, P<0.05; c: compared with the non-
obese group with DMAP, P<0.05. FVII, factor VII; PAI-1, plasminogen activator inhibitor-1; DMAP, diabetic macroangiopathy.

Table 3 The relationship between FVII level and BMI and 
HOMA-IR in T2DM patients

Independent variable
FVII

r P

BMI 0.761 0.005

HOMA-IR 0.579 0.018

FVII, factor VII; BMI, body mass index; T2DM, type 2 diabetes 
mellitus.

Figure 1 The relationship between FVII level and BMI and 
HOMA-IR in T2DM patients. FVII, factor VII; BMI, body mass 
index; T2DM, type 2 diabetes mellitus.
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increased risks of surgical complications, poor wound 
healing, and respiratory infection. Cardiovascular disease 
is the major cause of death in T2DM patients (9). Bariatric 
surgery is one of the most effective intervention to reduce 
mortality and cardiovascular events in the long run, as 
the risk for cardiovascular events was most significantly  

reduced (10). With the improvement of living standards, the 
incidence of T2DM has increased recently, and the related 
IR and DMAP have also attracted clinical attention. 

Diabetic vascular disease is the main complication for 
DM patients; it is a key cause of death and disability that 
seriously threatens the life and health of patients (11). The 

Table 4 The relationship between PAI-1 level and BMI and 
HOMA-IR in T2DM patients

Independent variable
PAI-1

r P

BMI 0.895 0.009

HOMA-IR 0.599 0.017

PAI-1, plasminogen activator inhibitor-1; BMI, body mass index; 
T2DM, type 2 diabetes mellitus.

Table 5 The relationship between uric acid level and BMI and 
HOMA-IR in T2DM patients

Independent variable
Uric acid

r P

BMI 0.591 0.029

HOMA-IR 0.794 0.005

BMI, body mass index; T2DM, type 2 diabetes mellitus.

Figure 2 The relationship between PAI-1 level and BMI and 
HOMA-IR in T2DM patients. PAI-1, plasminogen activator 
inhibitor-1; BMI, body mass index; T2DM, type 2 diabetes 
mellitus.

Figure 3 The relationship between uric acid level and BMI and 
HOMA-IR in T2DM patients. BMI, body mass index; T2DM, 
type 2 diabetes mellitus.
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pathological basis of DMAP is atherosclerosis. Previous 
studies have shown that atherosclerosis is related to the 
following two factors: (I) hemorheological changes and 
abnormal blood viscosity can induce vascular endothelial 
cell damage and proliferation, lipid deposition, as well as 
series changes such as basement membrane thickening and 
blood coagulation, which can lead to decreased fibrinolysis 
and thrombus formation. Thrombotic factors can form 
atheromatous plaques on the surface of the blood vessel 
lumen, which ultimately leads to vascular occlusion (12). 
(II) Platelets can release procoagulant substances to activate 
thrombin, and thus, the blood is in a state of high viscosity, 
high coagulation, and high aggregation, which can result 
in microcirculation disorders, blood vessel self-ischemia, as 
well as hypoxic damage-triggered DMAP (13,14).

IR refers to the biological effect of reduced binding 
of a certain amount of insulin to its specific receptor, and 
therefore, its corresponding effect cannot be exerted (15).  
IR syndrome includes a higher level of blood sugar, 

dyslipidemia, hyperinsulinemia, obesity, and other diseases, 
and studies have pointed out that blood hypercoagulability 
is also involved in the occurrence of IR (16). T2DM is a 
typical manifestation of IR. The loss of pancreatic β-cell 
secretory function to IR decompensation is a necessary 
condition for the pathogenesis of T2DM. HOMA-IR is 
a simple indicator to evaluate the body’s IR, and it has a 
good correlation with the precise insulin sensitivity index 
measured by the hyperinsulinemic-positive grape clamp 
test. Moreover, a substantial body of evidence has shown 
that obesity is the main cause of IR (17). BMI is a risk factor 
that independently increases the prevalence of diabetes 
and can reflect the metabolic abnormalities of abdominal 
obesity. Therefore, this study used HOMA-IR and BMI to 
explore the relationship between the levels of FVII, PAI-1, 
uric acid, and IR in T2DM patients.

FVII is an important factor for the activation of the 
coagulation system. The activated FVII has a significant 
amplification effect on the coagulation process and can 
promote the formation of thrombi, and therefore, the 
detection of FVII can reflect whether the patient is in a 
hypercoagulable state (18). The results of this study showed 
that the level of FVII was higher in patients with T2DM, 
and was particularly obvious in patients with DMAP and/
or obesity, suggesting that FVII can participate in the 
occurrence and development of vascular disease and is 
closely related to T2DM and related complications.

In addition, the regulation of fibrinolytic activity in 
plasma also plays a key role in thrombosis. PAI-1 is the 
main inhibitor of the plasma fibrinolytic system. It can 
bind to the primary activators of the fibrinolytic system 
[plasminogen activator (tPA) and urokinase] and inhibit 
their activity, resulting in decreased fibrinolytic activity (19). 
Studies have shown that elevated plasma PAI-1 levels are a 
risk factor for atherosclerosis. This study found that PAI-
1 levels in patients with T2DM were significantly higher 

Table 6 The predictive value of FVII, PAI-1, and uric acid levels in T2DM patients with DMAP

Predictors Optimal threshold Sensitivity Specificity Area under the ROC curve 95% CI

TFVII 28.46 0.865 0.793 0.930 0.869–0.991

PAI-1 30.59 0.849 0.787 0.831 0.728–0.933

Uric acid 49.59 0.861 0.771 0.888 0.809–0.967

Combination of the three 39.69 0.986 0.803 0.997 0.000–1.000

Predictive index model 1.85 0.834 0.743 0.884 0.764–0.674

FVII, factor VII; PAI-1, plasminogen activator inhibitor-1; T2DM, type 2 diabetes mellitus; DMAP, diabetic macroangiopathy.

Figure 4 The predictive value of FVII, PAI-1, and uric acid 
levels for T2DM patients with DMAP. FVII, factor VII; PAI-1, 
plasminogen activator inhibitor-1; T2DM, type 2 diabetes mellitus; 
DMAP, diabetic macroangiopathy.
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than those in the normal population (P<0.05), and are 
increased significantly in obese and DMAP patients. This 
indicates that PAI-1 may be a risk factor for T2DM patients 
with DMAP and metabolic syndrome. Furthermore, using 
Pearson correlation analysis, the results of this study showed 
that PAI-1 is positively correlated with BMI and HOMA-
IR, which is consistent with previous studies (20), and 
also strongly supports the interconnection between PAI-
1, obesity, IR, and atherosclerosis. A possible explanation 
is that, under IR, increased insulin and proinsulin in turn 
increase the synthesis of PAI-1 by endothelial and liver cells.

Serum uric acid is a metabolite of purine nucleoside. 
Studies have shown that patients with DM combined with 
hyperuricemia have a high tendency to IR. The possible 
mechanism is as follows: (I) obese people increase their 
energy intake and purine synthesis, which increases the 
level of uric acid; (II) patients with high BMI are often 
accompanied by abnormal lipid metabolism. Increased 
visceral fat increases free fatty acids in the portal system. 
When fatty acid synthesis in the liver increases, it can 
increase the production of triglycerides and uric acid; (III) 
in obesity, IR is caused by excessive free fatty acids that 
damage the insulin receptor system. High insulin levels can 
significantly promote urate reabsorption transporters and 
increase uric acid reabsorption; and (IV) IR can damage 
oxidative phosphorylation and increase the production 
of adenosine. The increased adenosine has the effect 
of retaining sodium and water, thereby increasing the 
reabsorption of uric acid (21). In recent years, uric acid 
has also received widespread attention as a risk factor 
for atherosclerosis. It is currently believed that the main 
pathophysiological mechanism involved in atherosclerosis 
is the formation of uric acid-platelet adhesion-oxygen free 
radicals and damage to coronary endothelial cells (22). The 
results of this study showed that uric acid levels in T2DM 
patients with obesity and/or DMAP were significantly 
increased. Pearson correlation analysis showed that uric acid 
levels were significantly correlated with BMI and HOMA-
IR in T2DM patients, suggesting that uric acid in T2DM 
patients was correlated with IR and DMAP. Therefore, 
controlling the level of uric acid in T2DM patients is 
expected to be an effective measure to reduce the impact of 
complications.

The ROC curve was further used to determine the 
predictive value of FVII, PAI-1, and uric acid levels in 
T2DM patients with DMAP. The results showed that 
the AUC was largest when the three measurements were 
combined, indicating that combined three-index detection 

can improve the predictive value of DMAP in T2DM 
patients.

In summary, the levels of FVII, PAI-1, and uric acid are 
higher in elderly T2DM patients, and the levels of TFVII, 
PAI-1, and uric acid are closely related to IR in elderly 
T2DM patients. The combination of TFVII, PAI-1, and 
uric acid levels can be used as an effective means to predict 
patients with DMAP. These levels should be detected 
clinically, and timely intervention is required to improve 
the prognosis of patients. The limitations of this study were 
that only a small number of cases were included, and the 
follow-up time was short, which may have an impact on the 
results of the study. In future, the sample size and follow-
up time can be increased to further explore the relationship 
between FVII, PAI-1, uric acid levels and patient prognosis.
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