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Abstract: Objective To analyze the factors related to the severity of coronary artery disease (CAD) in type 2 diabetes mellitus 

(T2DM) patients, with the aim of providing a reference for the risk assessment of them. Methods Clinical data of 322 T2DM 

patients combined with CAD admitted to Jinan People’s Hospital from January 2019 to May 2023 were retrospectively analyzed. 

They were divided into the mild group and the moderate to severe group based on the Gensini score. The clinical data of age, 

gender, and blood indexes between the two groups were compared. Least absolute shrinkage and selection operator 

(LASSO)and logistic regression analysis were used to screen for factors correlated with the severity of coronary artery lesions in 

T2DM patients. The prediction model was established, the model calibration curve and the receiver operating characteristic 

curve (ROC) were drawn, and the area under the curve (AUC) was calculated to evaluate its accuracy. Results Age, total 

cholesterol, fasting blood glucose, remnant cholesterol and lipoprotein(a) levels were higher in the moderate to severe group 

than those in the mild group (P<0.05).For patients with moderate to severe coronary artery lesions in T2DM, the multivariate 

logistic regression analysis showed that age, residual cholesterol and serum lipoprotein α levels were independent risk factors 

(P<0.05), and the LASSO regression showed age (Z=3.251, P=0.001), residual cholesterol (Z=7.989, P<0.001) and serum 

lipoprotein α levels (OR=2.565, P=0.030) were its independent predictor, and the column chart prediction model constructed 

from the above factors had good accuracy (AUC=0.826). Conclusion Age, remnant cholesterol and lipoprotein-α levels can 

effectively predict the severity of coronary artery lesions in T2DM patients, and has good accuracy. 
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In 2017, global data indicated approximately 451 
million patients with type 2 diabetes mellitus (T2DM), 
with projections suggesting an increase to 693 million by 
2045 [1]. Census data from 2020 showed China's 
population aged 60 and above to be about 260.4 million, 
among whom approximately 30% suffer from T2DM [2]. 
T2DM is an independent risk factor for coronary artery 
disease (CAD); statistics indicate that T2DM patients have 
twice the risk of developing CAD and CAD-related 
mortality compared to non-T2DM individuals [3-4]. 
Current research suggests that the pathogenesis of T2DM 
combined with CAD may involve vascular endothelial cell 
damage and abnormalities in lipid metabolism due to 
hyperglycemia [5].The Gensini score is commonly used to 
assess the severity of CAD lesions, but it relies on invasive 
coronary angiography results. Therefore, there is a need for 
non-invasive tools to evaluate the severity of CAD in 
T2DM patients. This study aims to explore the factors 
associated with the severity of CAD in T2DM patients to 
provide insights for risk assessment in those with T2DM 
and concurrent CAD. 
 
1 Material and methods 
 
1.1 General information  

A retrospective review included 322 T2DM patients 
with concurrent CAD admitted to Jinan People's Hospital 

from January 2019 to May 2023. Inclusion criteria: (1) 
Diagnosis of T2DM according to established criteria [6]; 
(2) Confirmation of CAD by coronary angiography; (3) 
Complete medical records. Exclusion criteria: (1) Severe 
hepatic or renal dysfunction, psychiatric disorders; (2) 
Malignant tumors; (3) Severe hypoglycemic or 
hyperglycemic states in the three months prior to 
admission.  

Patients were categorized into mild and moderate-
severe groups based on Gensini scores calculated from 
coronary angiography results, with a median score of 54 as 
the threshold [7]. This study was approved by the Ethics 
Committee, Approval No. JYLU2023-007. 

 
1.2 Data collection 

 
General information was collected, including gender, 

age, body mass index (BMI), duration of T2DM, and CAD. 
Admission blood indices was collected, including serum 
levels of small dense low-density lipoprotein cholesterol 
(sdLDL-C), glycated hemoglobin (HbA1c), total 
cholesterol (TC), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), lipoprotein(a) [Lp(a)], hypersensitive 
C-reactive protein (hsCRP), and fasting plasma glucose 
(FPG). Residual cholesterol (RC) level was calculated 
based on TC, LDLC, and HDLC levels [7]. The 
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triglyceride-glucose index (TyG) was calculated based on 
TG, HDLC, and FPG levels [8]. 
 
1.3 Statistical methods 

 
SPSS 26.0 software was used for data analysis. 

Normally distributed continuous variables are presented as 
mean ± standard deviation (x̄ ± s), and independent sample 
t-tests were used for comparisons between groups. Non-
normally distributed variables are presented as M (Q1, Q3), 
and the Mann-Whitney U test was applied for between-
group comparisons. Categorical variables are presented as 
case, and comparisons between groups were performed 
using chi-square tests or non-parametric tests. Factors 
showing significant differences between groups were 
included in multivariate logistic regression analysis to 
identify independent risk factors, with P<0.05 indicating 
statistical significance. The least absolute shrinkage and 
selection operator (LASSO) regression method was used 
to select the optimal predictive factors for assessing the 
severity of coronary artery lesions in T2DM patients. 
Predictive models were established using R language, and 
calibration curves and receiver operating characteristic 
(ROC) curves were plotted to evaluate model accuracy. 
 
2 Results  
 
2.1 Comparison of general data 
 

The mild group included 177 patients, and the 
moderate-severe group included 145 patients. There 
was no statistically significant difference between 
groups in terms of gender, duration of T2DM, duration 
of CAD, or BMI (P>0.05). However, there was a 
significant difference in age between the two groups 
(P<0.01). See Tab.1. 

 
Tab. 1 Comparison of general information between two groups  

Indicator 
mild group 

(n=177) 
moderate-severe 
group (n=145) 

t/Z/χ2 P 

Age(years)a 64.5±7.6 68.5±7.6 22.274 < 0.001 
Gendet[case(%)] 

    

male 98 (55.4) 74 (51) 0.601 0.438 
female 79 (44.6) 71 (49)     

T2DM course(years)b 8.0 (4.0, 12.0) 9.0 (4.0, 13.0) 3.808 0.051 
CAD course(years)b 5.0 (2.0, 8.0) 5.0 (3.0, 8.0) 0.504 0.478 
BMI(kg/m2)a 25.9±4.4 25.6±4.4 0.380 0.538 

Note:a represented as x ±̅s; b represented as M(Q1,Q3). 

 
2.2 Comparison of blood indices between two groups 
 

Significant differences between the mild and 
moderate-severe groups were observed in FPG, TC, RC, 
and Lp(a) levels (P<0.05). No significant differences 
were found in hsCRP, HbA1c, TG, sdLDL-C, HDL-C, 
LDL-C, or TyG levels (P>0.05). (Tab.2) 

 
2.3 Analysis of factors influencing the severity of 
CAD in patients with T2DM 
 

By conducting a multi-factor logistic regression 

analysis with age, FPG, TC, Lp(a), and RC levels 
showing significant differences between groups as 
independent variables and using moderate to severe 
disease (Gensini score>54) as the dependent variable, 
the results indicated that older age, high Lp(a), and RC 
levels were independent risk factors for severe CAD in 
T2DM patients. (Tab.3) 

 
Tab.2 Comparison of blood indices between the patients in two 

groups 

Indicator mild group (n=177) 
moderate-severe 
group (n=145) 

t/Z P 

hsCRP(mg/L)a 28.0 ± 16.6 30.1 ± 17.2 1.231 0.268 
sdLDL-C 

(mmol/L)b 
1.0 (0.5, 1.3) 1.0 (0.4, 1.5) 0.001 0.989 

HbA1c a 8.2 ± 2.6 7.8 ± 2.3 1.697 0.194 
TC(mmol/L)b 5.3 (4.3, 6.8) 5.9 (4.5, 7.7) 5.021 0.025 
TG(mmol/L)b 2.6 (1.4, 3.7) 2.6 (1.4, 4.0) 0.209 0.648 
HDL-C 

(mmol/L)b 
1.9 (1.4, 2.5) 1.7 (1.3, 2.4) 1.432 0.231 

LDL-C 
(mmol/L)b 

2.2 (1.2, 3.4) 2.3 (1.0, 3.2) 0.651 0.420 

Lp(a)(mg/L)b 263.2 (161.3, 346.2) 451.6 (284.7, 543.8) 85.147 <0.001 

FPG(mmol/L)a 10.4 ± 3.6 11.3 ± 3.3 4.947 0.027 

RC(mmol/L)a 1.4 ± 0.6 1.7 ± 0.6 13.372 <0.001 

TyG a 9.6 ± 1.0 9.8 ± 0.9 1.607 0.206 
Note:a represented as x ±̅s; b represented as M(Q1,Q3). 

 
Tab.3 Factors influencing the severity of coronary artery 

lesions in patients with T2DM 
Indicator β SE Wald  P OR 95%CI 
Age 0.061 0.019 10.773 0.001 1.063 1.025-1.102 
FPG 0.061 0.041 2.186 0.139 1.063 0.980-1.152 
TC 0.036 0.080 0.201 0.654 1.037 0.886-1.213 
Lp(a) 0.009 0.001 62.437 <0.001 1.009 1.007-1.012 
RC 0.574 0.264 4.724 0.030 1.775 1.058-2.977 

 
2.4 Selection of optimal predictive factors for the 
severity of CAD in T2DM Patients 
 

Lasso regression results revealed that age, Lp(a), 
and RC levels were the best predictive factors for severe 
CAD in T2DM patients, consistent with the results of 
the multi-factor logistic regression analysis. (Tab.4 and 
Fig.1) 
 
Tab. 4  Best predictors of coronary artery lesions severity 

in patients with T2DM 
Indicator Estimate Standard Deviation Z value P value 

Age 0.061 0.019 3.251 0.001 

FPG) 0.069 0.042 1.659 0.097 

TC -0.432 0.225 -1.917 0.055 

Lp(a) 0.009 0.001 7.989 <0.001 
RC 0.631 0.246 2.565 0.010 

 
2.5 Construction of a Prediction Model for the 
Severity of CAD in T2DM Patients 

Using the "rms" and "regplot" packages in R 
language (version 4.1.2), a prediction model was 
constructed using age, RC, and Lp(a) as variables. A 
scoring formula was developed, and a column plot 
(Fig.2) was created. By calculating the scores for each 
risk factor and summing these scores for individual 
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patients, the severity of coronary artery disease in 
T2DM patients can be evaluated based on the total score 
(Tab.5). 

Tab.5 Grading formula of the predictors 

Variable formula 

Age 1.050 198 137×Age-54.610 303 105 

Lp(a) 0.153 846 154×Lp(a) -7.692 307 692 

RC 10.508 359 349×RC-2.101 671 870 

2.6 Evaluation of the accuracy of the column plot 
model 
 

The model calibration curve closely aligns with the 
actual curve (Fig.3A). The area under the roc curve 
(AUC) to validate the model accuracy was found to be 
0.826 (Fig.3B). 

 

 
 

Fig. 1  LASSO regression screening of the best predictors of coronary artery lesions severity in T2DM patients 
 
 

 
 

Fig.2  Nomogram of the predictive model of coronary artery lesions severity in patients with T2DM 
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Fig. 3 Accuracy evaluation of the nomogram prediction model 
 
 

3 Discission  
 

Compared with healthy individuals, pathological 
conditions such as hypertension, obesity, and dyslipidemia 
are more common in patients with type 2 diabetes mellitus 
(T2DM), and these factors are also risk factors for 
coronary artery disease (CAD) [8]. Within the circulatory 
system, endothelial nitric oxide synthase participates in the 
regulation of vascular function, with nitric oxide it 
produces being a key endothelium-dependent vasorelaxant 
factor. Hyperglycemia reduces the synthesis of endothelial 
nitric oxide synthase, decreases the bioavailability of nitric 
oxide, and leads to endothelial dysfunction [9]. High 
glucose and free fatty acids upregulate the expression of 
microRNA-34a in vascular endothelial cells, targeting 
silent information regulator factor 1, inhibiting P53 gene 
acetylation, enhancing P53 gene and downstream 
senescence-related gene transcription activities, causing 
endothelial cell aging, impairing endothelial function, and 
accelerating the progression of atherosclerosis [10-11]. 
Under high glucose conditions, advanced glycation end-
products accumulate in the body, and through receptor 
interactions, these products induce arterial wall damage 
and plaque formation by altering cell activity, promoting 
gene expression, and increasing the efflux of inflammatory 
compounds [12]. Furthermore, high glucose levels can 
alter the structure and function of coronary arteries. Studies 
have shown that in T2DM patients, there is proliferation of 
endothelial cells and subendothelial cells in small coronary 
artery branches, often accompanied by fibrosis [13]. 

T2DM patients often have concurrent lipid 
metabolism disorders, another risk factor for CAD. Active 
intervention targeting dyslipidemia and other CAD risk 
factors can reduce the incidence of cardiovascular events 
in T2DM patients [14]. Lp(a) is primarily composed of 
low-density lipoprotein-like particles complexed with 
apolipoprotein(a) and apolipoprotein B, with a high 
content of free fatty acids internally making it more prone 
to oxidation. Oxidized Lp(a) is more likely to act on 
arterial endothelial cells, inducing endothelial cell damage 

[15-16]. Endothelial cells stimulated by oxidized Lp(a) 
release cytokines and growth factors, inducing monocyte 
adhesion and transendothelial migration, leading to lipid 
engulfment in the intima and eventually forming foam 
cells [17]. This study demonstrated a close correlation 
between Lp(a) levels and severe coronary artery lesions in 
T2DM patients. Even after adjusting for age and RC 
(renin-angiotensin system components), high Lp(a) levels 
remained an independent predictor of severe coronary 
artery lesions in T2DM patients, with good accuracy. 

The correlation between age and the severity and 
prognosis of CAD has been confirmed [18]. Research 
indicated that elderly T2DM patients with CAD (>60 years 
old) predominantly presented with triple-vessel and diffuse 
lesions, indicating more severe and complex conditions 
[19]. This study also confirmed age as an independent 
predictor of the severity of coronary artery lesions in 
T2DM patients, with good predictive accuracy. 

Previous studies have shown a positive correlation 
between RC levels and atherosclerosis [20], with RC also 
being an effective predictor of cardiovascular disease [21]. 
PREDIMED study found that for every 10 mg/dL increase 
in RC levels, there is a 21% increased risk of major 
cardiovascular events, and when RC levels exceed 30 
mg/dL, the risk of major cardiovascular events is 
consistently higher compared to RC levels ≤30 mg/dL, 
independent of LDL-C levels [22]. Quispe et al. [23] found 
a positive correlation between RC and cardiovascular 
disease, suggesting RC as a risk factor for acute CAD 
independent of factors such as LDL-C and ApoB. 

This study indicates that advanced age, elevated RC 
levels, and high Lp(a) levels are independent predictors of 
severe CAD in T2DM patients. The combined prediction 
of these factors shows good accuracy in predicting the 
severity of CAD in T2DM patients. However, due to the 
relatively small sample size and retrospective nature of this 
study, the correlation and predictive value of age, RC 
levels, and Lp(a) levels with the severity of CAD in T2DM 
patients require further confirmation through larger sample 
sizes or prospective studies. 
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