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Abstract. This study was designed to investigate the relation of 
insulin resistance, blood glucose and inflammatory cytokines 
with cardiovascular events in diabetic patients complicated 
with coronary heart disease (CHD). A total of 120 patients 
with diabetes mellitus type 2 (T2DM) complicated with CHD 
admitted to Jinan Central Hospital from January 2015 to 
March 2016 were enrolled in this study. There were 60 cases 
complicated with cardiovascular events and 60 had no history 
of cardiovascular events; there were 40 cases with abnormal 
blood glucose, 40 with insulin resistance and 40 with elevated 
inflammatory cytokines. Changes in the levels of blood 
glucose, fasting serum insulin and inflammatory cytokines as 
well as changes in the homeostasis model assessment of insulin 
resistance indexes (HOMA-IR) were recorded and compared 
among groups of patients. Besides, changes in the Global 
Registry of Acute Coronary Events (GRACE) risk score and 
the incidence rate of cardiovascular events were also detected 
and multivariate logistic regression analysis was conducted 
so as to identify relevant risk factors. Our results showed the 
fasting blood glucose and the 2 h postprandial blood glucose 
levels in the non-cardiovascular event group were lower than 
those in the cardiovascular event group (P<0.05). However, 
levels of fasting serum insulin and HOMA-IR in the non-
cardiovascular event group were significantly higher than 
those in the cardiovascular event group (P<0.05). Additionally, 
levels of tumor necrosis factor-α (TNF-α), interleukin-6 and 
C-reactive protein in the non-cardiovascular event group were 
significantly lower than those in the cardiovascular event 
group (P<0.05). Moreover, GRACE risk scores in patients with 
elevated inflammatory cytokines were higher than those in 

patients with insulin resistance and those in patients with blood 
glucose abnormalities (P<0.05). The incidence rate of cardio-
vascular events in patients with blood glucose abnormalities 
was lower than that in patients with insulin resistance and 
that in patients with elevated inflammatory cytokines. There 
was a positive correlation between TNF-α and HOMA-IR 
(P<0.05), and between HOMA-IR and the GRACE risk score 
(P<0.05). Blood glucose abnormalities, insulin resistance and 
inflammatory cytokines were all independent risk factors for 
cardiovascular events. Based on our findings, stronger inflam-
matory responses in patients with T2DM complicated with 
CHD lead to higher incidence rates of cardiovascular events. 
Besides that, elevated blood glucose and insulin resistance 
levels are also independent risk factors for cardiovascular 
events.

Introduction

Elevated blood glucose, insulin resistance and inflammation 
marker lnt of simple coronary heart disease (CHD) or diabetes 
mellitus type 2 (T2DM) (1), which, in turn, also affect the 
body's fat metabolism, blood pressure regulation and glucose 
metabolism process (2). T2DM and CHD are associated with 
decreased sensitivity to insulin, weakened blood pressure 
regulation ability (3), damaged vascular endothelial cells, 
dysfunction of the fibrinolytic system (4), and enhancement 
of the inflammatory responses (5). However, the way in 
which these factors interact with each other to result in either 
or both diseases is not clear. In order to better explore the 
effects of changes in blood glucose, insulin resistance and 
inflammatory factors on cardiovascular events in patients with 
T2DM complicated with CHD, this study obtained data from 
a group of patients and analyzed it statistically; the results are 
presented below.

Patients and methods

General data. A total of 120 patients with T2DM complicated 
with CHD admitted to Jinan Central Hospital from January of 
2015 to March of 2016 were selected. All patients were diag-
nosed with CHD by coronary angiography and with T2DM by 
a glucose tolerance test. The Ethics Committee of the hospital 
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approved the study and all participating patients signed 
informed consent forms. Patients complicated with malig-
nant tumors, mental illnesses and immune system diseases 
and those taking glucocorticoids and/or immunosuppressive 
agents for a long time were excluded.

There were 60 cases with cardiovascular events, including 
33 males and 27 females, aged 50-75 years (67.9±1.1 on 
average). The patients in that group had lived with diabetes 
mellitus for 5 to 35 years (20.1±3.1 on avaerage) and with 
CHD for 5-30 years (15.2±1.1 on average). There were 60 
patients in the group with no cardiovascular events, including 
34 males and 26 females, aged 50-75 years (67.8±1.2 on 
average). These patients had suffered from diabetes mellitus 
for 5-35 years (20.0±3.0 on average) and CHD for 5-30 years 
(15.3±1.0 on average).

Methods. Changes in the levels of blood glucose, fasting serum 
insulin (FINS) and inflammatory cytokines as well as in the 
homeostasis model assessment of insulin resistance indexes 
(HOMA-IR) in patients with or without cardiovascular 
events were statistically analyzed. Besides, changes in Global 
Registry of Acute Coronary Events (GRACE) risk score and 
the incidence rate of cardiovascular events were detected, and 
the relationship between tumor necrosis factor-α (TNF-α) 
and HOMA-IR and between HOMA-IR and GRACE risk 
score were analyzed. Multivariate logistic regression analysis 
was conducted to evaluate the correlation of elevated blood 
glucose, insulin resistance and inflammatory cytokine levels 
with cardiovascular events in diabetic patients complicated 
with CHD.

Obser va t ion  in dexes  a n d  eva lu a t ion  meth ods. 
Cardiovascular events included heart failure, myocardial 
infarction, recurrent myocardial infarction, angina pectoris, 
recurrent angina and death due to any of these diseases. The 
fasting blood glucose and 2 h postprandial blood glucose 
levels were both detected loading venous blood samples 
into a Hitachi 7080 automatic biochemical analyzer. The 
normal value of fasting blood glucose was assumed at 
3.9-6.1 mmol/l, while that of 2 h postprandial blood glucose 
was 7.8 mmol/l. TNF-α and interleukin-6 (IL-6) were 
detected by using the double-antibody single-step sandwich 
method, and C-reactive protein (CRP) was detected by using 
the turbidimetric immunoassay. The results were based on 

the normal reference range of adult' TNF-α at 5-100 ng/l, and 
that of adult IL-6 at 56.4-150.3 ng/l. The normal reference 
range for adult CRP was ≤10 mg/l. FINS was detected using 
the Beckman Access DXI 800 chemiluminescence analyzer. 
HOMA-IR was defined by the equation: HOMA-IR = 
[fasting blood glucose (mmol/l) x FINS (mU/l)]/22.5. The 
normal range of FINS was 3.0-24.9 U/ml, while that of 
HOMA-IR was 1 U/ml.

The detection of the GRACE risk score was based on the 
variables of the Killp classification: Systolic blood pressure, 
heart rate, age, creatine kinase values, whether cardiac arrests 
and ST segment depression occurred before admission and 
other items. A total score less than 99 points represented 
patients under low-risk conditions, a score ranging from 100 to 
200 points represented patients under medium-risk conditions, 
and a score higher than 200 points represented patients under 
high-risk conditions.

Statistical analysis. The SPSS 19.0 software (SPSS, Inc., 
Chicago, IL, USA) was used in this study. Measurement data 
were expressed as mean ± standard deviation (mean ± SD). 
The comparison of the mean values between the two groups 
was performed using the t-test. The comparison between 
the incidence rates of the two groups was performed using 
the χ2 test. All the patients were followed up for 12 months. 
The multivariate logistic regression analysis was used for the 
analysis of the occurrence of cardiovascular events. P<0.05 
was considered to indicate a statistically significant difference.

Results

Comparison of changes in blood glucose between patients 
with cardiovascular events and those without cardiovascular 
events. The average fasting blood glucose and 2 h postprandial 
blood glucose levels in the non-cardiovascular event group 
were lower than those in the cardiovascular events group, 
(P<0.05) (Table I).

Comparisons of FINS and HOMA-IR between patients with 
cardiovascular and those without cardiovascular events. 
In the non-cardiovascular event group, the average FINS 
level was 4.26±1.20 mU/l and the HOMA-IR level was 
0.95±0.17 mU/l, both were significantly higher than those in 

Table I. Comparison of changes in blood glucose between 
patients with cardiovascular events and those without cardio-
vascular events (mmol/l, mean ± SD).

 Fasting  2 h postprandial
Groups blood blood glucose

Non-cardiovascular 5.3±1.1 7.0±1.6
Cardiovascular 8.8±1.4 14.4±2.4
t-test 12.433 17.327
P-value <0.05 <0.05

SD, standard deviation.

Figure 1. Comparisons of FINS and HOMA-IR between patients with car-
diovascular events and those without cardiovascular events. FINS, fasting 
serum insulin; HOMA-IR, homeostasis model assessment of insulin resis-
tance indexes.
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the cardiovascular event group (P<0.05) (Fig. 1). The levels of 
FINS and HOMA-IR in the non-cardiovascular event group 
were significantly higher than those in the cardiovascular 
event group (P<0.05).

Comparison of the inflammatory cytokine levels between 
patients with cardiovascular events and those without cardio-
vascular events. The levels of TNF-α, IL-6 and CRP in the 
non-cardiovascular events group were significantly lower than 
those in the cardiovascular event group (P<0.05) (Table II).

Analysis of the correlation between TNF-α and HOMA-IR. 
There was a positive correlation between the TNF-α blood 
level and the body's HOMA-IR in patients with T2DM compli-
cated with CHD (r=0.8103, P<0.05) (Fig. 2).

Comparisons of GRACE risk score among patients with 
blood glucose abnormalities, insulin resistance and elevated 
inflammatory cytokines, and analysis of the correlation 
between insulin resistance and GRACE risk score. The 
GRACE risk score of patients with blood glucose abnormali-
ties was 131.2±12.7, that of patients with insulin resistance was 
153.5±24.5, and that of patients with elevated inflammatory 
cytokines was 185.3±21.3; which showed that GRACE risk 
scores in patients with elevated inflammatory cytokines were 
higher than those of other patients (P<0.05). There was a posi-
tive correlation between HOMA-IR and GRACE risk score in 
patients with T2DM complicated with CHD (r=0.7939, P=not 
significant) (Figs. 3 and 4). GRACE risk scores in patients 
with elevated inflammatory cytokines are higher than those 
in patients with insulin resistance and those in patients with 
blood glucose abnormalities (P<0.05).

Comparison of the incidence rate of cardiovascular events 
in the included patients. The incidence rate of cardiovascular 
events in patients with blood glucose abnormalities was lower 
than that in patients with insulin resistance and that in patients 
with elevated inflammatory cytokines (P<0.05) (Fig. 3 and 
Table III).

Logistic regression analysis of the incidence of cardiovas-
cular events in the included patients. The occurrence of 
cardiovascular events was regarded as a dependent variable, 
and blood glucose abnormalities, insulin resistance and 
elevated inflammatory cytokines were taken as independent 
variables. Logistic regression analysis was conducted and 
the results showed that blood glucose abnormalities, insulin 
resistance and elevated inflammatory cytokines were all 

Table II. Comparison of the inflammatory cytokine levels 
between patients with cardiovascular events and those without 
cardiovascular events (mean ± SD).

Groups TNF-α (ng/l) IL-6 (ng/l) CRP (mg/l)

Non-cardiovascular 105.3±5.6 79.6±3.4 6.3±0.1
Cardiovascular 258.1±11.5 125.3±5.1 11.3±1.6
t-test 75.552 47.155 19.726
P-value <0.05 <0.05 <0.05

SD, standard deviation, TNF-α, tumor necrosis factor-α; IL-6, inter-
leukin-6; CRP, C-reactive protein.

Figure 2. Analysis of the correlation between TNF-α and HOMA-IR. There is 
a positive correlation between body's TNF-α and HOMA-IR in patients with 
T2DM complicated with CHD. TNF-α, tumor necrosis factor-α; HOMA-IR, 
homeostasis model assessment of insulin resistance indexes; T2DM, diabetes 
mellitus type 2; CHD, coronary heart disease.

Figure 3. Comparisons of GRACE risk score among patients with blood glu-
cose abnormalities, insulin resistance and elevated inflammatory cytokines. 
GRACE, Global Registry of Acute Coronary Events.

Figure 4. Analysis of the correlation between insulin resistance and GRACE 
risk score. There is a positive correlation between HOMA-IR and GRACE 
risk score in patients with T2DM complicated with CHD. GRACE, Global 
Registry of Acute Coronary Events; HOMA-IR, homeostasis model assess-
ment of insulin resistance indexes; T2DM, diabetes mellitus type 2; CHD, 
coronary heart disease.
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independent risk factors for the occurrence of cardiovascular 
events (Table IV).

Discussion

The main complications of T2DM are often associated with 
cardiovascular and cerebrovascular diseases. Studies have 
shown that more than 75% of patients with T2DM die of 
cardiovascular-related diseases (6); that is, two times more 
than the number in non-diabetic patients (7). For patients with 
diabetes mellitus, there is a correlation between the risk of 
CHD and diabetes-related risk factors such as hyperglycemia, 
hyperlipidemia, insulin resistance, hyperinsulinemia and 
other factors (8), which leads to atherosclerosis and further 
aggravates the development of the disease (9). Previous studies 
have confirmed that the incidence of cardiovascular events in 
diabetic patients complicated with CHD is related to factors 
in the patients such as age, obesity, high blood lipids profile, 
increased blood pressure and other items (10). However, there 
is still little known about the association of blood glucose 
abnormalities, insulin resistance or inflammatory responses of 
the body with T2DM and CHD.

In the present study, we investigated abnormalities in blood 
glucose, FINS, HOMA-IR and inflammatory cytokines in 
patients with or without cardiovascular events. It was found 
that the fasting blood glucose and the 2 h postprandial blood 
glucose levels in the non-cardiovascular events group were 
lower than those in the cardiovascular event group. However, 
the levels of FINS and HOMA-IR in the non-cardiovascular 
event group were significantly higher than those in the cardio-
vascular event group. The levels of inflammatory factors 

tumor TNF-α, IL-6 and CRP in the non-cardiovascular event 
group were significantly lower than those in the cardiovascular 
event group, indicating that the blood glucose abnormalities 
were relatively more obvious in patients with T2DM compli-
cated with CHD, and there existed relatively more serious 
insulin resistance with relatively more obvious inflammatory 
responses.

In addition, we found that GRACE risk scores in patients 
with elevated inflammatory cytokines were higher than those 
in patients with insulin resistance and those in patients with 
blood glucose abnormalities, in agreement with our findings 
on the incidence rate of cardiovascular events in the same 
groups of patients. A clear indication that patients with T2DM 
complicated with CHD are more prone to cardiovascular 
events. Finally, we conducted the logistic regression analysis 
and found that abnormal blood glucose abnormalities, insulin 
resistance and inflammatory cytokines were all independent 
risk factors for cardiovascular events.

Long-term increased hyperglycemia damages the 
vascular endothelial cells, promotes the migration and 
proliferation of vascular smooth muscle cells (11), and 
activates plasminogen activator inhibitor-1 in the body (12), 
thus increasing the levels of procoagulant factors as well 
as antithrombotic factors (13) accelerating the formation of 
thrombosis and the incidence of cardiovascular events in 
patients with T2DM complicated with CHD (14). In addi-
tion, in patients with T2DM complicated with CHD (15), 
the body's inflammatory cytokines and their effector cells 
will lead to cytotoxicity inducing pancreatic β-cell apop-
tosis, thereby increasing insulin resistance (16). This will, 
in turn, induce the adipose tissue cells to secrete more 
inflammatory factors (17), further aggravating the body's 
inflammatory response. When insulin resistance manifests 
itself, the muscle tissues further produce a lot of inflamma-
tory cytokines under the stimulation of high insulin levels 
in the body (18), which in turn leads to the occurrence of 
atherosclerosis (19), thus directly leading to the formation 
of plaques and thrombi in the coronary arteries (20).

The findings in our study support the notion that stronger 
body inf lammatory responses in patients with T2DM 
complicated with CHD lead to higher incidence rates of 
cardiovascular events. However, the roles of blood glucose 
and insulin resistance levels are highlighted by the fact that 
their levels are also shown to be independent risk factors for 
cardiovascular events.

Table III. Comparison of the incidence rate of cardiovascular events in the included patients (n, %).

   Heart Myocardial Recurrent myocardial Angina Recurrent Total incidence
Events Death failure infarction infarction pectoris angina rate

Blood glucose 1 1 1 1 2 3 22.5%
abnormalities       
Insulin resistance 2 3 4 5 2 4 50.0%
Elevated 3 4 5 6 6 5 72.5%
inflammatory cytokines       
χ2 - 21.064
P-value - <0.05

Table IV. Logistic regression analysis results of the incidence 
of cardiovascular events in the included patients.

Events B SE OR P-value

Blood glucose 0.782 0.033 2.034 0.031
abnormalities    
Insulin resistance 0.684 0.021 1.827 0.021
Elevated inflammatory 0.718 0.030 1.998 0.035
cytokines    
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