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Introduction: This study aimed to study risk factors for coronary heart disease (CHD) in
type 2 diabetes mellitus (T2DM) patients and establish a clinical prediction model.
Research Design and Methods: A total of 3402 T2DM patients were diagnosed by
clinical doctors and recorded in the electronic medical record system (EMRS) of six
Community Health Center Hospitals from 2015 to 2017, including the communities of
Huamu, Jinyang, Yinhang, Siping, Sanlin and Dagiao. From September 2018 to
September 2019, 3361 patients (41 patients were missing) were investigated using
a questionnaire, physical examination, and biochemical index test. After excluding the
uncompleted data, 3214 participants were included in the study and randomly divided into
a training set (n = 2252) and a validation set (n = 962) at a ratio of 3:1. Through lead absolute
shrinkage and selection operator (LASSO) regression analysis and logistic regression analy-
sis of the training set, risk factors were determined and included in a nomogram. The
C-index, receiver operating characteristic (ROC) curve, calibration plot and decision curve
analysis (DCA) were used to validate the distinction, calibration and clinical practicality of
the model.

Results: Age, T2DM duration, hypertension (HTN), hyperuricaemia (HUA), body mass
index (BMI), glycosylated haemoglobin Alc (HbAlc), high-density lipoprotein (HDL-C)
and low-density lipoprotein (LDL-C) were significant factors in this study. The C-index was
0.750 (0.724-0.776) based on the training set and 0.767 (0.726-0.808) based on the valida-
tion set. Through ROC analysis, the set area was 0.750 for the training set and 0.755 for the
validation set. The calibration test indicated that the S:P of the prediction model was 0.982 in
the training set and 0.499 in the validation set. The decision curve analysis showed that the
threshold probability of the model was 16-69% in the training set and 16-73% in the
validation set.

Conclusion: Based on community surveys and data analysis, a prediction model of CHD in
T2DM patients was established.

Keywords: prediction model, coronary heart disease, type 2 diabetes mellitus

Introduction

As the most common form of diabetes mellitus (DM), type 2 diabetes mellitus
(T2DM) has become the leading cause of morbidity and mortality worldwide. In
2019, approximately 4.2 million people (20-79 years old) worldwide died of
diabetes or its complications, equivalent to 1 person dying of diabetes every eight
seconds, accounting for approximately 11.3% of all deaths worldwide." In 2019, the
number of patients with diabetes in the world reached 463 million." By 2040, the
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world’s prevalence will increase to 629 million, account-
ing for approximately 90% of all cases.” In recent years,
the global diabetes epidemic has rapidly spread to every
country in Asia.®> The number of people with diabetes in
Asia is expected to exceed 355 million. Among them,
India and China will have the largest number of people
with diabetes
69.2 million cases, respectively.? In recent years, the popu-

in the world with 110 million and

lation of diabetes in China has increased significantly from
114.4 million in 2017 to 166.4 million in 2019."

Among people with diabetes, 76.4% reported at least
one complication. Compared with adults without dia-
betes, adults with DM have a 2- to 4-fold increased risk
of cardiovascular complications, and this risk increases as
blood glucose control deteriorates. Diabetes is associated
with a 75% increase in adult mortality with cardiovascular
complications accounting for a large part of all-cause
mortality.” The Epi-Diabetes Reduction Assessment with
Ramipril and Rosiglitazone Medication (EpiDREAM)
study includes 25,063 people at high risk for diabetes
with a death rate accounting for cardiovascular complica-
tions of 1.27 per 100 person-years for diabetic patients and
0.51 per 100 person-years for normal blood glucose.’
Cardiovascular complications related to diabetes include
peripheral vascular disease cerebrovascular disease, cardi-
ovascular autonomic neuropathy, coronary heart disease
(CHD) and heart failure.” According to the World Health
Organization (WHO), CHD is the leading cause of death
for both men and women with more than 7 million deaths
per year.” Related studies have also shown that CHD is
one of the most common causes of the death of T2DM,
and CHD accounts for approximately 65% of the deaths of
diabetic patients.®* T2DM is one of the important risk
factors for CHD, and the risk of CHD in diabetic patients
is twice that in nondiabetic patients.” The main reason is
that chronic hyperglycaemia plays an important role in the
occurrence and development of cardiovascular diseases,
which will aggravate atherosclerosis.'” In addition, other
risk factors, such as hypertension, smoking, obesity and
sedentary lifestyle, can also lead to rapid deterioration of
heart function.'!

In this study, we used relevant studies on CHD in
T2DM as evidence to filter correspondence variables,
including age, sex, T2DM duration, hypertension (HTN),
hyperuricaemia (HUA), diabetic retinopathy (DR), dia-
betic nephropathy (DN), smoking, alcohol, body mass
index (BMI), diastolic blood pressure (DBP), systolic
blood pressure (SBP), fasting blood glucose (FBG),

postprandial blood glucose (PBG), glycosylated haemo-
globin Alc (HbAlc), triglyceride (TG), total cholesterol
(TC), high-density lipoprotein (HDL-C), low-density lipo-
protein (LDL-C), serum creatinine (SCR), uric acid (UA),
blood urea nitrogen (BUN), urine creatinine (UCR),
microalbuminuria (UMA), glomerular (filtration rate
(eGFR) and the ratio of urinary microalbumin to uric
creatinine (ACR). At present, most studies have mainly
concentrated on the influencing factors of T2DM or CHD,
whereas a prediction model suitable for patients with
T2DM complicated with CHD is lacking. The aim of this
study was to generate a valid model to predict the risk of
CHD in Chinese T2DM patients. A nomogram plot was
established to help predict the CHD risk in T2DM patients
by analysing characteristic factors related to CHD risk in

patients with T2DM.

Participants and Methods

Participants

Community Health Center Hospitals in Shanghai have
established an electronic medical record system (EMRS)
covering all community residents. In cooperation with the
Community Center Hospitals Affiliated to Shanghai
University of Traditional Chinese Medicine, including
Huamu community, Jinyang community, Yinhang commu-
nity, Siping community, Sanlin community and Daqiao
community, our team reviewed the EMRS of 3402 patients
with type 2 diabetes who had been diagnosed by clinical
doctors from 2015 to 2017. The health status of the
patients met the diagnostic criteria of WHO type 2 dia-
betes in 1999. From September 2018 to September 2019,
these patients were followed up to collect data. Written
informed consent from all participants was obtained before
incorporating the data into the study. First, 3361 patients
were investigated (41 patients were missing during follow-
up), 147 were excluded due to incomplete data, and 3214
patients were finally included in the analysis. The effective
questionnaire recovery rate was approximately 95.63%
(Figure 1).

Data Collection

Through the Community Health Center Hospitals
Affiliated to Shanghai University of Traditional Chinese
Medicine, we determined the population of T2DM patients
in each community, sent an invitation for examination to
the patient group, and informed them of the following
precautions: (1) All participants were required to maintain
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Inquiring electronic A\
medical reord systems
(EMRS)

Baseline data invastigation
in six communities from
2015-2017
(3402 T2DM patients)

Follow up invastigation from
September 2018 to
September 2019
(3361 T2DM patients)

Huamu Community 597
Jinyang Community 589
Yinhang Community 535
Siping Community 562
Sanlin Community 571
Dagiao Community 548

N=41 were lost follow-up
Huamu Community 6
Jinyang Community 11

Questionnaires,
physical examinations,
biochemical index tests

3214 patients actually
included in the study
(N=529 with CHD
N=2685 without CHD)

Yinhang Community 9
Siping Community 4
Sanlin Community 10
Dagiao Community 1

N=147 were uncompleted
Lack of blood pressure data
(30 patients)
Missing data on height and weight
(35 patients)
Lack of blood test indicators
(50 patients)
Loss of basic information and
medical history data
(32 patients)

Huamu Community 542
Jinyang Community 556
Yinhang Community 526

Training set

Validation set

Siping Community 537
Sanlin Community 542
Dagiao Community 511

—

367 patients
with CHD

1885 patients 162 patients
without CHD with CHD

800 patients
without CHD

ET

LASSO
regression
analysis

Logistic

regression
analysis

Nomogram

ROC curve

Statistical analysis
Calibration plot

Dynamic
Component

Result: Analysis
Predictors in the
nomogram included
age, T2DM duration,HTN,
HUA,BMI, HbA1c,LDL-C
and HDL-C

Y

Conclusion

Figure | The flow chart presents the entire process of patient follow-up, data collection and statistical analysis in this study.

a normal lifestyle of at least 5 days before examination. (2)  participants then ate breakfast and waited at the

All participants were required to fast for at least 10 hours ~Community Center Hospitals for 2 hours to collect blood

the day before the examination. The methods of investiga-  samples again and urine samples. During the waiting per-

tion included questionnaire investigation, physical exam- iod, the professional staff assisted the patients in complet-

ination and biochemical examination. Fasting blood ing the questionnaire survey and physical examination. All

samples were collected at 7 o’clock in the morning. The  blood samples were centrifuged in situ within 30 minutes
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after collection. Urine biochemical indexes were analysed
using the urine test S00B (RIT, China). All samples were
sent to Ruijin Hospital Affiliated with Shanghai Jiaotong
University for testing on the same day to obtain the data.

Using the patient’s personal identity information to
match the information in the EMRS of the community
centre hospitals, the past medical history, including CHD,
HTN, HUA, DR and DN, was assessed. The questionnaire
included basic sociodemographic information (age, sex),
T2DM duration and daily life habits (smoking, alcohol).
Physical examination included height, weight, SBP and
DBP. According to Chinese guidelines for type 2 diabetes
published in 2017, BMI was calculated as the weight (kg)
divided by the height (m) squared. Patients’ SBP and DBP
were measured twice within 5 minutes, and the average
value of the two results was recorded as the final SBP
value and DBP value. The laboratory indexes included
FBG, PBG, HbAlc, LDL-C, HDL-C, TG, TC, SCR,
BUN, UA, UCR, and UMA. eGFR was calculated accord-
ing to SCR, age and sex in light of the Modification of
Diet in Renal Disease Trial (MDRD) formula. In addition,
ACR was calculated as UMA divided by UCR.

Statistical Analysis
The statistical analysis of the data in this study was conducted
using R software (version 3.6.2; https://www.r-project.org).

First, the patients were divided into a training set and
a validation set for external validation conforming to the
ratio of 3:1 with R software.'” Then, the data of the training
set were analysed using least absolute shrinkage and selection
operator (LASSO) regression. LASSO regression analysis is
amethod to simplify high-dimensional data and can be used to
analyse the optimal predicted risk factors for the disease."
After features with nonzero coefficients in the LASSO regres-
sion model were selected, multivariable logistic regression
analysis was performed to screen out all significant risk fac-
tors. Multivariable logistic regression analysis is typically used
to develop a prediction model.'* The features were assessed by
odds ratios (ORs) with 95% confidence intervals (CIs), and the
corresponding P-values were then obtained. The statistical
significance levels were all two-sided. Then, the features
with P<0.05 were selected to build the nomogram prediction
model. To test the accuracy of the risk prediction model, the
C-index, receiver operating characteristic (ROC) curve, cali-
bration plot and dynamic component analysis (DCA) were
calculated using the data of the training set and the validation
set, respectively.

Results

Finally, 3214 valid data points were included in this study:
1605 males and 1609 females. The average age of the
patients was 65.00 years (60.00, 69.00), and 529
(16.46%) of patients had CHD. For external verification,
the total cases were divided into a training set (2252
patients) and a validation set (962 patients) at a ratio of
approximately 3:1. There were 1125 males and 1127
females in the training set with an average age of 65.00
(60.00, 69.00) years old. There were 367 (16.30%)
patients with CHD. The validation set included 480
males and 482 females with an average age of 65.00
(60.00, 68.00) years old, and 162 (16.84%) patients had
CHD. Specific demographic and clinical characteristics are
presented in Table 1.

LASSO regression analysis was performed for the train-
ing set data. By selecting nonzero features in the result of
LASSO regression analysis, the number of potential predic-
tors decreased from 26 to 8 (Figure 2A and B), including age,
T2DM duration, HTN, HUA, BMI, HbAlc, LDL-C and
HDL-C (Table 2). Then, using logistic regression analysis,
the risk characteristic factors with P-values less than 0.05
were screened out from the above 8 factors, and all the
factors were significant (Table 3). The above 8 independent
risk characteristic factors were used to establish a prediction
model to predict the risk of CHD in T2DM patients and
displayed as a nomogram (Figure 3A).

To verify the reliability of the prediction model, the data
of the training set and validation set were used to test the
model. The C-index based on the training set was 0.750
(0.724-0.776), and the C-index based on the validation set
was 0.767 (0.726—0.808) (Table 4). The set area under the
ROC curve is 0.750 for the training set (Figure 4A) and
0.755 for the validation set (Figure 4B), demonstrating that
the prediction model has good performance. The calibration
test indicated that the S:P ratio of the prediction model was
0.982 in the training set (Figure 5A) and 0.499 in the
validation set (Figure 5B). The DCA decision curve
shows that the threshold probability of the model is
16-69% in the training set (Figure 6A) and 16-73% in
the validation set (Figure 6B). In conclusion, it can be
proven that the risk prediction model exhibits good predic-
tion ability.

Discussion
A nomogram is a type of two-dimensional graph that uses
approximate graph calculations of mathematical functions.'”
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Table | Characteristics of the Participants in Different Groups
Total (n=3214) Training Set (n=2252) Validation Set (n=962) P-value
Age (years old) 65.00 (60.00,69.00) 65.00 (60.00, 69.00) 65.00 (60.00,68.00) 0.355
Sex 0.975
Male 1605 (49.94%) 1125 (49.96%) 480 (49.90%)
Female 1609 (50.06%) 1127 (50.04%) 482 (50.10%)
Diagnosed CHD 529 (16.46%) 367 (16.30%) 162 (16.84%) 0.704
Diagnosed HTN 1937 (60.27%) 1348 (59.86%) 589 (61.23%) 0.468
Diagnosed HUA 540 (16.80%) 392 (17.41%) 148 (15.38%) 0.160
Diagnosed DR 665 (20.69%) 447 (19.85%) 218 (22.66%) 0.071
Diagnosed DN 1238 (38.52%) 863 (38.32%) 375 (38.98%) 0.725
Smoking 955 (29.71%) 668 (29.66%) 287 (29.83%) 0.995
Alcohol 884 (27.50%) 627 (27.84%) 257 (26.72% 0.616
T2DM duration (years) 8.00 (4.00,13.00) 8.00 (4.00,13.00) 8.00 (4.00, 14.00) 0.955
BMI (kg/m?) 25.50 (23.40,27.70) 25.40 (23.40,27.60) 25.60 (23.40, 27.70) 0.531
SBP (mmHg) 140.00 (127.00, 154.00) 140.00 (127.00, 153.00) 140.00 (127.00, 154.00) 0.636
DBP (mmHg) 80.00 (73.00,87.00) 80.00 (73.00,86.00) 80.00 (73.00, 87.00) 0910
FBG (mmol/L) 7.20 (6.00,8.90) 7.20 (6.00,8.90) 7.20 (6.10, 8.90) 0.896
PBG (mmol/L) 11.80 (8.50,15.30) 11.70 (8.50,15.30) 11.90 (8.70,15.20) 0.892
HbA ¢ (%) 6.94 (6.24,8.00) 6.94 (6.24,8.00) 7.04 (6.34, 7.94) 0.694
TC (mmolil) 4.58 (3.87,5.32) 4.58 (3.89, 5.31) 4.58 (3.86, 5.33) 0.652
TG (mmol/L) .64 (1.20,2.30) 1.65 (1.21,2.31) 1.62 (1.19, 2.27) 0.431
LDL-C (mmol/L) 150 (1.20,1.81) 151 (1.21,1.81) 1.48 (1.16, 1.81) 0.363
HDL-C (mmol/L) 1.56 (1.34,1.81) 1.56 (1.34, 1.81) 1.56 (1.33, 1.81) 0.892
BUN (mmol/L) 5.46 (4.48,6.50) 5.46 (4.50,6.50) 5.42 (4.45, 6.49) 0.450
SCR (umol/L) 66.00 (55.00,77.00) 66.00 (55.00,77.00) 66.00 (56.00,77.00) 0.795
UA (umol/L) 313.00 (263.00, 365.00) 315.00 (267.00, 366.00) 306.00 (255.00, 360.00) 0.019
UCR (umol/L) 9.52 (6.40,12.00) 9.48 (6.34,12.00) 9.57 (6.75, 12.00) 0.520
UMA (mg/L) 22.00 (10.00,57.00) 22.00 (10.00,57.30) 22.00 (10.00, 56.00) 0.539
eGFR (mL/min) 64.60 (43.50, 87.70) 64.50 (42.50, 87.80) 64.60 (45.20, 87.50) 0.667
ACR (kg/m?) 20.70 (10.20,54.30) 20.80 (10.30,55.00) 20.10 (9.98, 53.20) 0.953

Notes: Data are presented as n (%), median (IQR).

It has a user-friendly interface, better accuracy and easy-
to-understand results and has been widely used in the
field of medicine. In this study, we developed a new
tool for predicting CHD risk in patients with T2DM.
The app was developed using R language with the shiny
package. The URL is https://doctorhu.shinyapps.io/

DynNomapp CHD/. The app is mainly used to help clin-

ical prediction and promote individualized evaluation.
The nomogram involves eight variables, and the external
verification reveals fairly good recognition and verifica-
tion ability.

In this study, the prevalence of CHD was 16.46% in all
patients, 16.30% in the training set and 16.84% in the
validation set, which is similar to the results in other
relevant studies.

If the T2DM subject was 64 years old, had HUA and
HTN, diabetes duration of 4 years, HbAlc of 7.34%, HDL

of 1.35 mmol/l, LDL of 1.83 mmol/l, and BMI of
28.25 kg/m2, the probability of CHD was estimated to
be 32.4% (Figure 3B).

A systematic literature review across the world from
2007-2017 analysed 4,549,481 patients with T2DM based
on 57 articles. Globally, CHD accounts for 32.2% of all
T2DM patients. The prevalence of T2DM with CHD was
estimated at 21.2%.'°

In China, Hu Xiao et al analysed the prevalence and
risk characteristic factors of chronic complications in hos-
pitalized patients with T2DM in Central China. After
investigating 3469 T2DM subjects, 25.8% of participants
were found to develop CHD."”

Through LASSO and logistic regression analyses, we
concluded that the risk characteristic variables affecting
CHD in patients with T2DM based on the training group
in this study consisted of age, T2DM duration, HTN,

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13
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Figure 2 Demographic and clinical feature selection using the LASSO binary logistic regression model in T2DM patients with CHD based on the training set.

Notes: (A) Optimal parameter (lambda) selection in the LASSO model used fivefold cross-validation based on minimum criteria. The partial likelihood deviance (binomial
deviance) curve was plotted versus log(lambda). Dotted vertical lines were drawn at the optimal values by using the minimum criteria and the | SE of the minimum criteria
(the |-SE criteria). LASSO coefficient profiles of the 8 features. (B) A coefficient profile plot was produced against the log(lambda) sequence. A vertical line was drawn at the
value selected using fivefold cross-validation, where optimal lambda resulted in 8 features with nonzero coefficients.

Abbreviations: LASSO, least absolute shrinkage and selection operator; SE, standard error.

HUA, BMI, HbAlc, LDL-C and HDL-C. Through the
ROC curve analysis, C-index and calibration plots, the
nomogram exhibited moderately good predictive power.
Thus, the influence of each of the eight factors cannot be
ignored, and they are all closely related to CHD risk in
patients with T2DM.

Our study shows that age is one of the most influential
factors in T2DM patients with CHD. The findings of this
study have been reported in many previous studies.

Table 2 Coefficients and Lambda.min Value of the LASSO
Regression Based on the Training Set

Factors Coefficients Lambda.min
Age (years old) 0.036 0.021

T2DM duration (years) 0.012

HTN (%) 0.304

HUA (%) 0.067

BMI (kg/m2) 0.046

HbAlc (%) 0.050

HDL-C (mmol/L) —0.551

LDL-C (mmol/L) 0.681

Similar to our results, Igley et al found that the prevalence
of CHD increased with age.'® With increasing age, the
prevalence of CHD in patients increased. The relative
probability of atherosclerotic plaques increases in elderly
patients.'” In addition, age increases the incidence of per-
ipheral arterial disease, which subsequently increases the
risk of CHD.?® Carotid atherosclerosis is common in
T2DM patients and increases with age. Carotid athero-
sclerosis is positively correlated with the 10-year risk of
coronary heart disease and stroke and is an independent
risk factor for the 10-year risk of coronary heart disease.?!
and his
a significant association between age and chronic heart
disease.”> Aurora Baluja et al developed PG-HACKER
(sex, age, peripheral arterial disease, left ventricle func-

Ramachandran colleagues  demonstrated

tion, previous congestive heart failure, Killip class and
optimal medical therapy), a risk scoring system for cardi-
ovascular and cerebrovascular diseases in patients with
DM. In this system, age is a major indicator, and the risk
score is relatively high.>® According to the American
Heart Association scoring system, atherosclerosis is more

Table 3 Model Established by Logistic Regression Analysis Based on the Training Set

Factors p-Coefficient Wald-Test P-value OR (95% CI)

Age (years old) 0.060 5916 <0.001 1.062 (1.041, 1.084)
T2DM duration (years) 0.034 3.554 <0.001 1.035 (1.015, 1.054)
HTN (%) 0.605 4.289 <0.001 1.831 (1.393, 2.423)
HUA (%) 0.410 2.740 <0.05 1.507 (1.120, 2.016)
BMI (kg/m2) 0.074 4.072 <0.001 1.077 (1.039, 1.116)
HbAIc (%) 0.145 3.324 <0.001 1.156 (1.061, 1.259)
HDL-C (mmol/L) —1.208 —6.229 <0.001 0.299 (0.203, 0.435)
LDL-C (mmol/L) 1.182 8.575 <0.001 1.019 (1.014-1.024)
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Figure 3 Developed nomogram for CHD.

......

Notes: (A) The nomogram for CHD in T2DM patients was developed in the cohort by integrating age, T2DM duration, HTN, HUA, BMI, HbAIc, HDL-C and LDL-C. (B)
An example of nomogram for CHD in T2DM patients. Logistic regression results showed that there were corresponding P values for each index, and the indicators with
statistical significance level P < 0.05 were included in the nomogram. “**” means P<0.001, “**” means P<0.05.

common in elderly T2DM patients compared with younger
patients,>* and atherosclerosis is a significant cause
of CHD.

This study reveals a great correlation between T2DM
duration and the risk of CHD. In a study in China, multi-
variate logistic stepwise regression analysis was used to
determine the risk factors for T2DM-related chronic com-
plications. Diabetes duration > 5 years is a common risk
factor for CHD.?

Many studies have indicated that high blood pressure is
the main factor leading to increased cardiovascular event
risk in patients with DM. Our study found HTN as an
important factor in CHD in T2DM patients. A multivariate
logistic regression analysis showed that systolic blood
pressure > 125 mmHg was a common risk factor for
CHD.* A survey of postmenopausal women showed that
hypertension, T2DM and renal involvement were asso-
ciated with an increased frequency of multivessel
disease.?® To prevent and reduce the occurrence of chronic
complications of type 2 diabetes, efforts should be made to
control blood glucose, hypertension and dyslipidaemia.?
Long-term hypertension can affect the elasticity of blood
vessels, thus accelerating the process of atherosclerosis to
induce CHD. According to related reports, reactive oxygen
can affect the function of blood vessels to a certain extent,
and this effect is related to hypertension. In the process of
hypertension, reactive oxygen species participate in the
oxidative stress of blood vessels, which may explain one

of the mechanisms by which hypertension contributes to
CHD. Therefore, it is very important to control blood
pressure in a proper range to prevent CHD.

HUA refers to a condition in which the concentration
of UA in human serum is greater than the upper limit of
normal reference under the condition of a normal purine
diet: greater than 420 mmol/L in men and 360 mmol/L in
women. A systematic retrospective analysis indicated that
UA increased the risk of CHD events in the general
population, mainly in adult women, whereas the mortality
rate of CHD in women was also affected by a high level of
UA.?" In a meta-analysis SEO YOUNG KIM et al noted
that for every 1 mg/dl increase in UA, the comprehensive
multivariate RR of CHD mortality was 1.12.%%
sectional study of 1213 patients demonstrated that HUA
was associated with microangiopathy and macroangiopa-
thy and was a predictor of CHD in T2DM patients.”’ In
a study of an elderly population in China, HUA was

A cross-

positively correlated with the 10-year risk of CHD and
possibly an independent risk factor for CHD in the elderly
population.**

Our study identified BMI as an essential element of
CHD in T2DM patients. The higher BMI, the greater risk
of CHD. Obese patients can experience excessive lipid
deposition in the blood vessel wall, causing atherosclero-
sis, plaque formation, stenosis and even occlusion of the
blood vessel, which can manifest in the cardiovascular
system, coronary artery stenosis and blockage, resulting

Table 4 C-Index in the Array Based on Training Set and Validation Set

Groups C-Index(95% CI) Dxy aDxy SsD z P n

Training set 0.750(0.724-0.776) 0.499 0.499 0.027 18.63 0 2252

Validation set 0.767(0.726-0.808) 0.534 0.534 0.042 12.81 0 962
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Figure 4 The pooled AUC of the ROC curve.

Notes: (A) Training set and (B) Validation set: The pooled AUC of the ROC curve. The y-axis indicates the true positive rate of the risk prediction. The x-axis indicates the
false positive rate of the risk prediction. The blue line represents the performance of the nomogram.
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Figure 5 The calibration curves of the CHD incidence risk prediction in the array.

Notes: (A) Training set and (B) Validation set: Calibration curves of the CHD incidence risk prediction in the array. The x-axis represents the predicted incidence risk. The
y-axis represents the actual diagnosed CHD. The diagonal dotted line represents a perfect prediction by an ideal model. The solid line represents the performance of the
nomogram; a closer fit to the diagonal dotted line represents a better prediction.
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Figure 6 Decision curve analysis for the incidence risk nomogram of CHD.
Notes: (A) Training set and (B) Validation set: The y-axis indicates the net benefit. The dotted line represents the incidence risk nomogram of CHD. The thin solid line
represents the assumption that all patients are diagnosed with CHD. The thin thick solid line represents the assumption that no patients are diagnosed with CHD.

in coronary heart disease. Hala O. El Mesallamy et al a certain extent.’' R. Haider et al performed a 6-month
showed that adipose tissue of obese patients with type 2 randomized clinical trial of short message intervention in
diabetes can release proinflammatory mediators and parti-  patients with CHD. A significant difference in BMI
cipate in vascular injury and insulin resistance, thus parti-  between the intervention group and the nonintervention

cipating in the pathogenesis of coronary heart disease to  group,’® which also revealed a correlation between BMI
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and CHD. Effective control of BMI would reduce the risk
of CHD. BMI was also mentioned as an important influen-
cing factor of CHD in patients with T2DM in a survey of
181,045 diabetic patients in Sweden.>® The Gensini score
was also positively correlated with BMI, indicating that an
increase in BMI would aggravate the degree of coronary
atherosclerosis.”* Therefore, it is necessary to control
weight in patients with or without T2DM.

The results of this study revealed a positive correlation
between HbAlc level and CHD prevalence in T2DM
patients. The level of glycosylated haemoglobin in patients
with type 2 diabetes mellitus complicated with coronary

heart disease is higher.>

Glycosylated haemoglobin
(GHB) is a product of the combination of haemoglobin
in red blood cells and sugar in serum. GHB is formed by
slow, continuous and irreversible glycosylation, and its
content depends on the concentration of blood glucose
and the contact time between blood glucose and haemo-
globin. HbAlc accounts for approximately 70% of GHB.
In addition, its structure is stable, so it is most commonly
used as a signal of long-term blood glucose control in
patients with DM.*® A multivariate Cox proportional
that

a significant predictor of coronary heart disease.’” In addi-

model confirmed a high HbAlc value was
tion, a large number of studies have analysed the correla-
tion between HbA lc level and CHD severity. For example,
Garg et al used grammar scores to assess the severity of
CHD and concluded that HbAlc levels increased signifi-
cantly in patients with increased CHD severity.*®

In this study, LDL-C was a risk factor for CHD in
T2DM patients and was positively correlated with the
probability of CHD. When the level of LDL-C in the
blood increases, LDL-C is deposited in the artery wall
and gradually forms atherosclerotic plaques to block the
corresponding blood vessels. This condition causes coron-
ary heart disease, stroke, peripheral artery disease and
other serious diseases. The results from a multiple-
hospital study showed that 25.8% of 3469 patients with
type 2 diabetes had CHD. Logistic regression showed that
LDL-C > 3.12 mmol/l was a risk factor for CHD.*
A study of 5354 patients with T2DM in Taiwan identified
LDL-C variability as a predictable factor of adverse car-
diovascular events in T2DM. Patients with T2DM and
high variability in LDL-C tend to exhibit an increased
risk of cardiovascular events.>® After a 10-year follow-up
of 6417 subjects, David M. Tehrani et al reported that
LDL-C (P <0.05) was positively correlated with CHD in
the DM group.*® During a 2-year follow-up, LDL-C levels

in men were significantly different between participants
with IMT
A retrospective study of the prevalence of chronic com-

and  without carotid progression.*!
plications of inpatients with T2DM in Hubei Province in
central China demonstrated that HbAlc >7.0%, LDL-C
levels >3.12 mmol/L and age >45 at the time of admission
were risk factors for CHD.'”

Our study found that HDL-C was negatively asso-
ciated with the incidence of CHD in patients with
T2DM. The lower the level of HDL-C, the greater the
risk of CHD in the population. Numerous medical stu-
dies have shown that LDL cholesterol is closely related
to CHD, which is consistent with the general direction of
our research results. However, the object of this study is
based on patients with T2DM. In a comparative study
conducted by Jia Teng Sun et al, HDL-C levels were
lower in the diabetic group compared with the healthy
group.*? In fact, in T2DM patients, HDL-C levels are
decreased, and its biochemical effect is also altered. At
normal levels, HDL-C exhibits anti-inflammatory prop-
erties. However, its anti-atherosclerotic properties are
very variable, and weakened anti-inflammatory proper-
ties have been reported. In addition, HDL-C can even
promote inflammation in  chronic inflammatory
diseases.*> TNF-a is a critical factor in the occurrence
and development of atherosclerosis. Low HDL-C levels
in diabetic patients can activate monocytes and increase
TNF-o secretion.** In other words, in the presence of
T2DM, HDL-C will

granules.*> Renal diseases have complex effects on the

transform into atherogenic
function and structure of HDL. For example, serum
amyloid A (SAA) can activate the NF-KB pathway and
of HDL-C.*

Therefore, the development of renal dysfunction in DM

reverse the anti-inflammatory effect
patients may aggravate the metabolism of SAA-rich
HDL and transform HDL-C into proinflammatory gran-
ules. In addition, a long duration of diabetes and poor
blood glucose control interfere with HDL-C vascular
function, which leads to the enhancement of systemic
inflammation in diabetic patients.*® During a 2-year fol-
low-up, a significant difference in HDL-C levels was
noted between women with and without carotid IMT
progression.*' Sex analysis revealed that higher TGs
and lower HDL-C increased the risk of T2DM and
T2DM + CHD.*’ The results of the matched case-
control study from Japan demonstrated that HDL-C
was significantly related to CHD and that non-HDL-C
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was the most effective predictor of the development of
CHD in T2DM patients.*®

At present, the data of domestic research on the risk of
CHD in patients with T2DM is mainly derived from inpa-
tients. Few epidemiological investigations have been con-
ducted on community patients. At the beginning of the
study, a nomogram based on the different risk factors was
established through external validation. The nomogram
can be used to assess the risk of CHD in patients with
T2DM. According to validation methods, the predictive
nomogram employs moderately good prediction factors.
After the application of the nomogram in the evaluation
of patients with T2DM, it is necessary for doctors to
provide health education from the perspective of medical
and skill guidance to help patients develop a healthier
lifestyle.

Objectively, there are some limitations in our study.
First, we did not have a sufficient number of cases in the
study. The object of this study was only T2DM patients in
three communities in Shanghai, and some patients were
too seriously ill to participate in our study. For the predic-
tion of risk factors for T2DM patients complicated with
CHD in other areas of China, more data support is needed
to improve the prediction model. Second, the indicators
included in our study are relatively small. We can also
include more lifestyle and socioeconomic factors, such as
exercise, level of education, income and medication con-
dition, in this study. In addition, the indicators included in
the study were not dynamically monitored, which may
influence the accuracy of this prediction model to
a certain extent.

Conclusions

By investigating the physical and biochemical indexes of
patients with T2DM in six communities in Shanghai and
analysing the relevant data, we established a prediction
model of CHD risk of patients with T2DM, including
age, T2DM duration, HTN, HUA, BMI, HbAlc, LDL-C
and HDL-C. Using C-index, ROC, calibration curves and
DCA, it was further verified that the characteristic vari-
ables of the nomogram could predict the risk of CHD in
patients with T2DM with moderate accuracy.
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