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Abstract. Relationship between insulin resistance, adipo-
nectin and C-reactive protein and vascular endothelial injury
in diabetic patients with coronary heart disease (CHD) was
investigated. Clinical data of 72 patients with diabetes mellitus
diagnosed in Weifang People's Hospital (Weifang, China) from
October 2015 to January 2017 were retrospectively analyzed.
Thirty patients were combined with CHD and 42 patients were
not. There were 43 males and 29 females. General informa-
tion and clinical data including age, sex, duration of diabetes
mellitus, biochemical indicators, fasting insulin levels, CRP,
insulin resistance index, arterial lesions of coronary angiog-
raphy and Gensini scores were collected. The levels of FINS,
FPG,HOMA-R and CPR were significantly higher,and the level
of ADPN was significantly lower in diabetes complicated with
CHD group than that without CHD group (P<0.05). Incidence
of single coronary artery disease and mild coronary lesion
were significantly lower, and incidences of double and triple
lesions were significantly higher in diabetes complicated with
CHD group than that without CHD group (P<0.05). Gensini
score was significantly higher in diabetes complicated with
CHD group than that without CHD group (P<0.05); Analysis
of the correlation showed that CRP (r=0.422, P=0.001) and
insulin resistance index (r=0.828, P=0.001) were positively
correlated with Gensini score, while the adiponectin level was
negatively correlated with Gensini score (r= -0.719, P<0.001).
Logistic regression analysis showed that FINS, ADPN,
HOMA-R, CPR, duration of diabetes mellitus and BMI had
independently predictive value for diabetes complicated with
CHD (P<0.05). Serum adiponectin, insulin resistance and CPR
levels are closely related to diabetes mellitus combined with
coronary heart disease, and can affect the degree of vascular
endothelial injury in coronary heart disease.
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Introduction

With the growth of the aging population, and changes in
genetic and environmental factors and social life style, the
incidence of diabetes has shown an increasing trend world-
wide (1). A recent study showed that the number of diabetic
patients in China exceeds 30 million and most of them are
over 45 years old. Diabetes mellitus is a chronic metabolic
disorder characterized by disorder of blood glucose regula-
tion, and it may cause cardiovascular and cerebrovascular
diseases (2). Coronary heart disease (CHD) and diabetes share
many risk factors, which in turn increase the incidence of
CHD in diabetic patients (2). The most common cause of type
2 diabetes is insulin resistance, which is caused by the reduced
physiological effects of insulin. When the secretion of insulin
cannot meet the basic needs of the human body, diabetes will
occur, so insulin resistance is closely related to the occurrence
and development of diabetes, and also affects the occurrence
of atherosclerosis (3). Adiponectin protein (ADPN) is synthe-
sized by adipocytes, and plays an important role in reducing
blood sugar, regulating lipid, resisting atherosclerosis, and
anti-inflammatory activities (4). It is generally believed that
atherosclerosis is an inflammatory disease. Vascular injury
leads to an inflammatory reaction. C-reactive protein (CRP)
is an inflammatory reaction protein (5). At present, it is gener-
ally believed that the common pathogenesis of diabetes and
coronary heart disease is inflammation, and inflammation is
the common precursor of both diabetes and coronary heart
disease (6). Therefore, inflammation may be the key to link
the development of diabetes and coronary atherosclerosis.
Therefore, understanding the correlation between serum
adiponectin, CRP levels, insulin resistance and vascular injury
may help to reduce blood sugar, protect target organs, and also
provide new ideas for the treatment of diabetic patients with
CHD (7).

Patients and methods

General information. A total of 72 diabetic patients who were
diagnosed in Weifang People's Hospital (Weifang, China)
from October 2015 to January 2017 were selected. Clinical
data of the patients were retrospectively analyzed. A total
of 30 patients were complicated with CHD and 42 patients
were not. The patients included 43 males and 29 females,
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Figure 1. Flow diagram.

and the age ranged from 55 to 75 years, with a mean age of  Table I. Calculation of Gensini scores.
60.5+7.6 years. All patients met the diagnostic criteria for ) .
type 2 diabetes established by WHO in 1997. Degree of artery =~ S'enosis  Scores Affected arteries Scores
stenosis was higher than 70-75%. Inclusion criteria were: .
patients diagnosed with diabetes; no drugs that affected the <25% I Left mam'coronary ar'tery >
results were used in the prior 2 weeks before experiment; no ~ 29-0% 2 Leftanterior descending artery or = 2.5
history of alcohol abuse; no hypercortisolism; no hypopitu- proximal end of circumflex artery
itarism. Exclusion criteria were: patients who were treated  51-75% 4 Middle region of left anterior L5
with insulin or insulin sensitizer in the prior 2 weeks; patients descending artery
with severe hematologic disorders; patients with severe heart, 76-90% 8 Distal end of left anterior 1
liver and kidney dysfunction; patients with cancer; patients descending artery
with incomplete clinical data. The study was approved by the  91-99% 16  Middle or distal end of left 1
Ethics Committee of Weifang People's Hospital (Weifang, circumflex artery
China) and informed consents were signed by the patients or  100% 32 Right coronary artery and small 1,05

their guardians. The flow diagram is shown in Fig. 1.

Methods. Clinical data of all patients were retrospectively
analyzed. Clinical data included age, sex, weight, height,
duration of diabetes, BMI, blood sugar control situation, and
methods of blood sugar control (type of drug, dosage and
methods used). All patients were fasted and not allowed to
drink water for 10 h overnight before extracting fasting periph-
eral blood. Related biochemical indicators in serum were
determined. Fasting plasma glucose (FPG) was measured by
glucose oxidase method; HbAlc was measured using HbAlc
analyzer; with the kits provided by Beijing Kepu Science and
Technology Co., Ltd. (Beijing, China) level of ADPN was
determined by enzyme-linked immunosorbent assay (ELISA)
and FINS level was determined by radioimmunoassay. The
remaining biochemical indicators including total choles-
terol (TC), triglyceride (TG), low density lipoprotein (LDL)
and high density lipoprotein (HDL) were detected using an
automatic biochemical analysis provided by Hitachi (Tokyo,
Japan). Insulin resistance index (HOMA-R) was calculated as
FINSA * FPG/22.5. CRP inflammatory cytokine in serum was
detected with immune turbidimetric assay using reagents and
instruments provided by Shandong Bainus Medical Instrument
Co., Ltd. (Shandong, China).

The degree of arterial stenosis was evaluated by Gensini
scoring method, and the vascular endothelial injury was evalu-
ated synthetically (8). The judgement of the degree of arterial
stenosis was as follows: the degree of stenosis below 50% was
mild, 50 to 75% was moderate, more than 75% was severe,
and complete stenosis was occlusion. The criteria for deter-
mining the arterial coefficient of the lesion were as follows:
left main artery lesion (5 points); proximal segment of left
anterior descending branch lesion (2.5 points); middle segment
of left anterior descending branch lesion (1 point); far-end of

branches

left anterior descending branch lesion (1 point); left circumflex
branch lesion (1 point); right coronary artery disease (1 point);
small branches (0.5 min). The total score of coronary artery
stenosis was obtained by multiplying the degree of coronary
artery stenosis in different branches of coronary artery and the
corresponding coefficient (Table I).

Statistical analysis. SPSS 19.0 statistical software (IBM Corp.,
Armonk, NY, USA) was used to process all data. Measurement
data were expressed as (mean + SD), and were analyzed by
t-test, and classified data were analyzed by ¥ test. Correlations
between factors were analyzed by Pearson's correlation
analysis. Logistic analysis was carried out to analyze related
risk factors. P<0.05 was considered to indicate a statistically
significant difference.

Results

Comparison of general information between diabetes compli-
cated with and without CHD group. No significant differences
in age, sex, TC, TG, LDL and HDL were found between
diabetes complicated with and without CHD group (P>0.05).
However, the duration of diabetes, BMI and HbA1c in diabetes
complicated with CHD group were significantly higher than
those in the without CHD group (P<0.05) (Table II).

Comparison of levels of ADPN, CRP, FPG, HOMA-R, arterial
lesions, Gensini scores between diabetes complicated with
and without CHD group. Levels of FINS, FPG, HOMA-R
and CPR were significantly higher, while ADPN level was
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Table II. Comparison of general information between diabetes
complicated with and without CHD group.
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Table V. Logistic regression analysis of risk factors for dia-
betes complicated with CHD.

With CHD  Without CHD

Items (n=30) (n=42) P-value
Age (years) 62.37+6 .91 61.52+5.87 0.624
Sex (male/female) 19/11 24/18 0.127
Duration of 13.72+2.08 6.67x£1.90 <0.001
diabetes (years)

BMI (kg/m?) 26.81+2.42 21.46+2.96 0.032
HbAlc (%) 10.55+1.42 7.43+0.72 <0.001
TC (mmol/l) 5.79+1.03 4.92+1.08 0.525
TG (mmol/l) 1.92+1.08 1.88+0.68 0.065
LDL (mmol/1) 3.06+0.92 2.98+0.51 0.522
HDL (mmol/l) 1.45+0.53 1.39+0.26 0.079

Table III. Comparison of levels of ADPN, CRP, FPG and
HOMA-R between diabetes complicated with and without
CHD group.

With CHD Without CHD
Items group (n=30)  group (n=42) P-value
FINS (mlIp/1) 1421£2.72 9.82+2.73 0.003
FPG (mmol/l) 11.35+1.97 8.43+0.88 0.021
ADPN (g g/ml) 3.96+1.88 8.51£2.59 <0.001
HOMA-R 7.45+1.43 3.98+1.26 0.001
CPR (mg/l) 5.39+1.45 2.40+0.81 0.001

Table IV. Comparison of types of arterial lesions between
diabetes complicated with and without CHD group.

With Without
Types of lesions CHD group CHD group
and degree (n=30) (n=42) P-value
Type
Single artery lesion 15.02% 53.22% 0.001
Double artery lesion 29.75% 19.34% 0.032
Triple artery lesion 55.23% 27.44% 0.001
Degree
Mild (=50%) 0 88.09%  <0.001
Moderate (50-74%) 50% 11.91% 0.001
Severe (75-99%) 30% 0 <0.001
Occlusion (100%) 20% 0 <0.001

Gensini scores (points) 35.62+21.38 9.74+15.78 <0.001

significantly lower in diabetes complicated with CHD group
than that in the without CHD group (P<0.05) Table III).
Incidence of single artery lesion in diabetes complicated
with CHD group was 15.02%, which was lower than that in
the without CHD group (52.22%). However, the incidence of

Items P-value  OR value 95% CI
Age 0.108 1.094 0.987,1.156
Sex 0.847 0912 0.101,6.826
Duration of diabetes 0016 7.954 1.917,27.156
BMI 0.005 7.347 1.918,23.154
FPG 0.044 1.029 0.955,1.117
HbAlc 0.039 1.001 0.927,1.109
TC 0.025 1.423 0.576,3.572
TG 0.526 1.447 0.465,4.487
LDL 0.022 2.654 0.964,7.117
HDL 0.957 0.079 0.445,22.317
FINS 0.024 1.047 0.996, 1.312
ADPN 0.001 1.005 0.997 1.033
HOMA-R 0.032 1.065 0.959,1.115
CPR 0.029 1.054 0.984, 1.065

Table VI. Comparison of Gensini scores between diabetes
complicated with and without CHD group.

With CHD  Without CHD

group group
Gensini (n=30) (n=42) P-value
Gensini scores (points) 35.62+21.38  9.74+£15.78  <0.001

double and triple artery lesion in diabetes complicated with
CHD group were 29.75 and 55.23%, respectively, which was
higher than that in the without CHD group. The ncidence
of mild coronary lesion in diabetes complicated with CHD
group was 0%, which was lower than in the without CHD
group, while the incidence of moderate, severe and occlusive
disease was 50, 30 and 20%, respectively, which were signifi-
cantly higher than that in the without CHD group (P<0.05)
(Tables IV and V).

Comparison of arterial lesions in diabetic patients with and
without CHD. The incidence of single artery lesion in diabetic
patients with CHD was 15.02%, which was significantly lower
than that in diabetic patients without CHD (52.22%). However,
the incidence of double and triple artery lesion (29.75% and
55.23%, respectively) was significantly higher in diabetic
patients with CHD than those without CHD. The incidence
of mild lesion in diabetic patients with CHD was 0, while the
incidence of moderate and severe lesions as well as occlusion
were significantly higher in diabetic patients with CHD (50,
30, and 20%, respectively) than those without CHD (P<0.05).
Gensini score of diabetic patients with CHD was significantly
higher than those without CHD (Table VI).

Correlation between levels of ADPN, CRP and HOMA-R
and Gensini scores. There was a positive correlation between
CRP (r=0.422, P=0.001), insulin resistance index (r=0.828,


https://www.spandidos-publications.com/10.3892/etm.2018.6407
https://www.spandidos-publications.com/10.3892/etm.2018.6407

XU et al: VASCULAR ENDOTHELIAL INJURY IN DIABETIC PATIENTS

80.0r
70.01
60.0f
50.0f
40.0f
30.07
20.07
10.0f

0 0 20 40 6.0 8.0

ADPN (ug/ml)

Gensini scores

10.0 12.0 14.0

Figure 2. Correlation between ADPN and Gensini scores.
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Figure 3. Correlation between CRP and Gensini scores.

P=0.001) and Gensini score, but a negative correlation between
adiponectin and Gensini score (r=-0.719, P<0.001) (Figs. 1-3).

Logistic regression analysis of risk factors for diabetes compli-
cated with CHD. Sex, age, TG and HDL were not risk factors for
diabetes complicated with CHD, while FINS, ADPN,HOMA-R,
CPR, duration of diabetes, BMI, FPR and HbA 1c were indepen-
dent factors for diabetes complicated with CHD (Table V).

Discussion

With continuous changes of living environment and eating
habits, the incidence of diabetes has reached 10%, which is
mostly type 2 diabetes (2). Type 2 diabetes is mainly caused by
dysfunction of blood glucose regulation, resulting in impaired
function of various target organs and tissues of the whole body.
The most common complication of type 2 diabetes is vascular
disease, and the basis of the pathogenesis of diabetes-induced
vascular disease is atherosclerosis and coronary heart disease (8).
Human vascular smooth muscle contains vascular endothelial
cells, and these cells synthesize various active substances
(such as NO and other substances that can relax blood vessels)
required for the normal physiological processes of the body (9).
In addition, vascular endothelial cells can protect blood vessels,
maintain its stability, and prevent aggregation of white blood
cells and platelets (10). Long-term hyperglycemia can directly
damage the vascular endothelial cells, promote the aggrega-
tion of platelets, leukocytes and other factors (11), increase
the number of vascular smooth muscle cells, reduce levels of
vasodilators, increase the levels of vasoconstriction factors,
and further promote blood vessel endothelial injury (12). On
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Figure 4. Correlation between HOMA-R and Gensini scores.

the other hand, abnormal serum adiponectin, overexpression of
inflammatory cytokines, and insulin resistance are also closely
related to atherosclerosis. In patients with diabetes, elevated
levels of inflammatory cytokines, increased expression of adhe-
sion molecules, dysregulated vascular regulators, and impaired
vascular endothelium eventually lead to atherosclerosis (13).

In this study we found that the CRP level in the diabetic
patients with CHD was significantly higher than that in diabetic
patients with CHD, which was consistent with previous studies.
Insulin resistance may induce dyslipidemia, vascular endo-
thelial cell damage, increased inflammatory response in vivo
and hypercoagulable state of the blood system. Studies have
shown that each unit increase in insulin resistance index may
increase the incidence of CHD by 5% (10). Adiponectin has
become a new hot research issue in recent years. Adiponectin
in human body can regulate the lipid level, reduce blood sugar
level and protect blood vessels, so as to inhibit atherosclerosis.
Adiponectin can also inhibit the expression and secretion of
vascular endothelial cell adhesion molecules, such as tumor
necrosis factor (14). Studies on serum adiponectin levels in
patients with type 2 diabetes, obesity, and their associated
metabolic syndrome showed that decline in serum adiponectin
is positively correlated with reduced insulin sensitivity (15).
With the continuous development of type 2 diabetes, serum
adiponectin levels appear to gradually decline, and it has been
confirmed that adiponectin within a physiologically normal
level can promote fatty acid metabolism and energy consump-
tion of liver tissue cells as well as reduce insulin resistance (16).

Weyer et al (17) detected peripheral serum adiponectin
levels, insulin resistance, and body fat composition ratio in a
total of 121 Indian and Caucasian people and they found that
serum adiponectin levels were negatively correlated with body
fat composition ratios and fasting insulin levels, and were posi-
tively correlated with insulin sensitivity, suggesting that serum
adiponectin concentrations were closely correlated with type 2
diabetes. Results of this study showed that levels of FINS, FPG,
HOMA-R and CPR were significantly higher, while ADPN level
was significantly lower in diabetic patients complicated with
CHD group than that in patients without CHD group. Gensini
score was also significantly higher in diabetes complicated
with CHD group than that in the without CHD group. Arterial
lesions were more severe in diabetes complicated with CHD
group than that in the without CHD group. In addition, CRP and
insulin resistance index were positively correlated with Gensini
score, while adiponectin level was negatively correlated with
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Gensini score, indicating that severity of coronary artery lesions
was increased with the decreased level of ADPN, and increased
levels of HOMA-R and CRP. Therefore, compared with the
diabetic patients without CHD, patients complicated with
CHD were found with increased severity of insulin resistance,
increased CRP levels and decreased adiponectin levels. Anti-
inflammatory treatment and increasing adiponectin level are
expected to become a new treatment for patients with CHD (18).
Wang et al (19) investigate the relationship between insulin
resistance, blood glucose, inflammatory cytokines, and cardio-
vascular events in patients with diabetes mellitus complicated
with CHD. However, their study only included CRP. In our study,
CRP, interleukin, and tumor necrosis factor were included, and
GRACE risk scores were used in risk assessment. Gensini score
can be used to intuitively show the degree of coronary artery
damage, artery lesion types and degree. However, there are still
many deficiencies in our study. Sample size is small, and there is
no relevant follow-up study. Correlation study of inflammatory
factors is not deep enough. Therefore, future studies with larger
number of samples and follow-up are needed.
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