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Background: This study aimed to establish a non-invasive and simple screening model of coronary
atherosclerosis burden based on the associations between multiple blood parameters and total plaque score
(TPS), segment-stenosis score (SSS), coronary artery disease severity (CADS) in coronary artery disease
(CAD) and thus reduce unnecessary coronary angiography (CAG).

Methods: A total of 1,366 patients with suspected CAD who underwent CAG were included in this study.
The clinical risk factors [age, gender, systolic blood pressure (SBP), diastolic blood pressure (DBP), total
cholesterol (T'C), high-density lipoprotein (HDL), triglyceride (T'G), low-density lipoprotein (LDL), fasting
plasma glucose (FPG), and glycated hemoglobin (GHB)] were collected. The presence of plaques and
lumen stenosis was assessed based on CAG imaging. The TPS, SSS, and CADS were calculated, and the
distribution spectrum of atherosclerotic plaques was described. Kruskal-Wallis test for multiple comparison
tests was performed to analyze the differences in groups of different risk factors. The selected independent
predictors were put into a multivariate logistic model, and the variables were further screened by stepwise
regression to establish a screening model. Finally, the receiver operating characteristic (ROC) curve was used
to evaluate the selected model’s discriminant effect.

Results: The distributions of TPS and SSS scores were both right-skewed. Among males, both TPS and
SSS scores were higher than in females (x’=46.7659, P<0.0001, ’=51.6603, P<0.0001). Both TPS and SSS
scores increased with age (x’=123.4456, P<0.0001, ¥’=123.4456, P<0.0001). For TPS, the most common
position was proximal left anterior descending artery (P-LAD, 51.39%). In SSS, the P-LAD plaque was
highest: 0: 48.61%, 1: 10.32%, 2: 9.15%, and 3: 31.92%. The TPS score >5, SSS score >5, and CAD >0 were
valuable indicators for SBP, FPG, T'G, HDL, and GHB. In the model, TPS score >5, SSS score >5, and
CADS >0, the area under ROC curve (AUC) was 0.753 [95% confidence interval (CI): 0.713 to 0.789], 0.728
(95% CI: 0.687 to 0.766), and 0.756 (95% CI: 0.717 to 0.793), respectively.

Conclusions: The most common site of lesions was P-LAD. These models can be used as non-invasive

and simple initial screening tools without CAG.
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Introduction

Coronary artery disease (CAD) is a common disease.
According to the Global Atlas on Cardiovascular Disease
Prevention and Control published by the WHO in 2011,
CAD surpassed cancer and became the biggest cause of death
worldwide (1). It has become a chronic disease with the
highest incidence, mortality, and disability rate in China (2).
Therefore, improving the early diagnosis of coronary heart
disease (CHD) is particularly important for early treatment,
minimizing myocardial damage, and improving survival and
prognosis.

Coronary angiography (CAG) is currently considered
the “gold standard” for diagnosing CAD. Presently, CAG is
an important method to determine the location and severity
of coronary lesions and accurately treat them, and obtain a
positive prognosis. However, not all patients with suspected
CAD require CAG (3,4).

From the early occurrence and development of CAD
to the late transition to serious adverse events, many risk
factors accumulate, resulting in the interaction, continuous
stimulation, and damage of the vascular endothelial system (5).
There are many pathogenic factors of CAD, among
which the main factors have been very clear; age, gender,
hypertension, smoking, diabetes, and so on. Many studies
at home and abroad have shown that CHD has traditional
risk factors, and about 85-90% of CHD patients have
traditional risk factors (6). Therefore, it is very necessary to
establish a risk assessment model of CAD according to the
risk factors to assess the necessity of CAG.

At present, for the risk assessment of CAD, the most
prominent model proposed by international clinical
guidelines is the Framingham CAD risk assessment (FHS),
pooled cohort equation (6,7). However, there are some
problems in these models: (I) they are based on European
and American people; because of the differences of exposure
levels and socio-economic and cultural backgrounds in
different regions and varied population characteristics, these
models may not be inappropriate for use among Chinese
demographics (8,9). (II) The base of reference of these
models was community populations, and for patients with
suspected CHD, there may be additional problems that
remain unaccounted for in the models.

This study aimed to establish a non-invasive and simple
screening model for coronary atherosclerosis burden based
on relevant risk factors in Chinese patients with suspected
CAD.
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Methods
Research population

Between March 2016 and November 2019, in the First
Affiliated Hospital of Shandong First Medical University, a
total of 1,366 patients who underwent CAG were enrolled
concerning the inclusion and exclusion criteria.

The inclusion criteria were as follows: patients with
suspected CAD who showed related symptoms (chest
tightness, palpitations, chest pain after exertion, and so on)
at their first hospital visit; clinical history was provided with
detailed and complete data; patients had not undergone
CAG, interventional therapy, or had coronary artery bypass
grafting before this CAG. Patients with allergies to contrast
media, severe systemic infections, severe heart, lung, liver,
or renal insufficiency, and systemic immune diseases were
excluded. Previous studies had clearly shown that CAD is
closely related to smoking and weight, factors that may have
greatly impacted our research’s specificity and sensitivity;
therefore, patients with a BMI < of 25 or who had been
smoking for more than 5 years were excluded.

Research methods

Risk factors

All diagnoses of diabetes, hypertension, and dyslipidemia
were based on the WHO.. Diabetes was defined as
fasting plasma glucose (FPG) >70 mmol/L, and/or 2 hour
postprandial glucose or random blood glucose >11.1 mmol/L,
or a definite history of diabetes. Hypertension was defined
as systolic blood pressure (SBP) >140 mmHg, and/or
diastolic blood pressure (DBP) >90 mmHg, or a definite
history of hypertension. The criteria for hyperlipidemia
included total cholesterol (T'C) >5.18 mmol/L, low-density
lipoprotein cholesterol (LDL-C) >3.37 mmol/L; the
criteria for hypolipidemia included high-density lipoprotein
cholesterol (HDL-C) <1.04 mmol/L, triglyceride (T'G)
>1.7 mmol/L (7-9).

CAG

The CAG was performed by a cardiologist and routinely
via the radial artery. In case of unsuccessful puncture or
vasospasm, femoral artery puncture was the alternative.
According to the American Heart Association (AHA), basic
angiographic views included left anterior oblique position,
spider view, anteroposterior position plus caudal position,
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Figure 1 Anatomy and segmentation of the coronary artery. RCA, right coronary artery; RV, right ventricular branch; AM, acute marginal

branch; PDA, posterior descending artery; PLV, posterior left ventricular branch; LM, left main; LAD, left anterior descending; DIAG,

diagonal branch; OM, obtuse marginal; LCX, left of circumflex.

and right anterior oblique position for left coronary artery;
left anterior oblique position, left anterior oblique position
plus cranial position, and right anterior oblique position for
right coronary artery. Additional positions were able to be
adopted if necessary.

Image analysis

16-segment model of coronary artery (Figure I)
According to the detailed classification rules of the coronary
artery system in the AHA (9), the coronary arteries was
divided into 16 segments.

Assessment of coronary artery stenosis

According to the degree of coronary artery stenosis,
coronary arteries were often divided into 4 groups: normal;
mild lesions, stenosis less than 50%; moderate lesions,
stenosis of 50-69%; severe lesions, stenosis greater than

70% (10,11).

Assessment of coronary atherosclerotic plaques

Each coronary segment in the angiogram was analyzed, and
the presence of atherosclerotic plaques was determined by
the degree of vascular stenosis, intima-media thickness, and

hemodynamics (12).
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Scores

By analyzing the results of coronary atherosclerotic plaques,
total plaque score (TPS), segment-stenosis score (SSS), and
coronary artery disease severity (CADS) were calculated to
quantitatively evaluate coronary plaque burden and describe
the distribution spectrum of coronary atherosclerotic
plaques in detail (12). The TPS was calculated by summing
the number of atherosclerotic plaques, regardless of
hemodynamic changes or vascular stenosis. The maximum
score of patients with suspected CHD was 16 (12,13).
Calculation of the SSS required detailed evaluation and
analysis of stenosis degree in each coronary segment
(normal, 0 points; mild lesions with stenosis less than 50%,
1 point; moderate lesions with stenosis of 50-69%, 2 points;
severe lesions with stenosis greater than 70%, 3 points).
The SSS was calculated by summation of stenosis degree
scores of 16 segments, with a maximum score of 48 (13).
The CADS was mainly focused on whether the coronary
artery’s stenosis severity had caused hemodynamic changes
and whether it could affect the patient’s myocardial blood
supply. Participants were divided into 3 categories according
to the stenosis degree of the most severe lesion inside the
coronary artery, namely normal (0, no stenosis or plaque);
non-occlusive coronary artery disease (1, stenosis <50%
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and plaque formation); occlusive coronary artery disease
(2, stenosis >50%) (14). Image analysis was performed via
a subjective method by 2 radiologists (with 10 years of
experience); if there was a discrepancy between results,
the 2 radiologists reached consensus through discussion or
decided by a third radiologist (with 15 years of experience).

Detection of risk factors

All participants were asked for their detailed medical
history before CAG, and blood pressure was measured
daily. Various factors (TG, TC, HDL-C, LDL-C, and
GHB) were detected with fasting blood by an automatic
biochemical analyzer (7-9).

Data analysis

We found that the TPS, SSS, and CADS of participants
were non-normally distributed. Thus, the mean and
variance of TPS, SSS, and CADS were described by mean
+ standard deviation (SD) and median = interquartile
range (IQR). The H-test for multiple comparative tests
was performed to analyze further the differences between
groups (gender groups and age groups). To visually describe
the burden of coronary atherosclerotic plaque, the incidence
of plaque in each coronary segment and different stenosis
levels were marked on a tree diagram of the coronary artery.
To determine the independent predictors of coronary
stenosis, a univariate logistic model adjusted for age and
gender was used for screening with a =0.05 set as the
statistical significance level. The model was as follows.

XD+ B, 086+ B, g, gender+f X,

p= (1]

1+oxp (B, + B,,086+ B, gender +B.X,)

The statistically significant predictors selected by a
univariate logistic model adjusted for age and gender were
entered into a multivariate logistic model to determine
the screening model. The variables were further screened
by stepwise regression to establish a screening model for
patients with suspected CHD finally. The model was as
follows.

. eXp (ﬁo + ﬁugeage+ﬁgﬂndergender+ﬂlXl +hX, +. +BX, ) [2]
1+ exp(ﬂo + ﬁ’WageJrﬂM,e,,genderJr,B]XI +5,X,+...+ ﬁnX”)

The dichotomy of TPS or SSS >5 versus TPS or SSS <5
was used to divide the participants into 2 groups, defined
value as 1 and 0, respectively (11).

For CADS, a participant’s defined value with non-
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occlusive coronary artery disease or occlusive coronary
artery disease was 1, while the suspected patient without
plaques or stenosis was 0. The assignment of other
independent variables is shown in the following table
(1able 1). All of the analyses mentioned above-containing
hypothesis tests were considered statistically significant with
P values <0.05. Statistical analyses were performed with
SAS 9.4 statistical software (SAS Institute Inc., Cary, NC,
USA).

In this study, the screened model’s discriminant effect was
evaluated by a receiver operating characteristic (ROC) curve
and the area under the ROC curve (AUC). After drawing
the ROC curve and marking the optimum cutoff value on the
curve, the AUC and its 95% confidence interval (CI) were
calculated. Different cut-off values for higher sensitivity and
specificity were also obtained. Plotting of ROC curve and
calculation of AUC, sensitivity, and specificity in this study
were performed by using MedCalc (MedCalc software Ltd.,
Ostend, Belgium).

Results

Participant characteristics

Of the 1,366 participants who underwent CAG, 261 had no
stenosis, and 1,105 had stenosis. The mean age of the non-
stenotic population was 55.60£9.36, and the mean age of
the stenotic population was 60.80+10.6; the difference was
statistically significant (P<0.01).

As compared to participants without stenosis, those with
stenosis had higher levels of blood pressure, FPG, TC, and
GHB, and lower HDL-cholesterol levels. The differences
were statistically significant except for TG and LDL-
cholesterol (Table 1).

The distribution of coronary atherosclerosis burden

Both the TPS and SSS displayed a skewed distribution
with a significant long tail on the right. The overall trend
was shown that the number of participants with low SSS
was higher than that of those with high SSS. High scores
accounted for a relatively low percentage, and most of the
scores were concentrated on relatively low levels. Among
participants, 7.17% (98/1,366) had SSS >20 and 5.56%
(76/1,366) had TPS >8; 44.36% (606/1,366) had SSS <5
and 76.57% (1,046/1,366) had TPS <5 (Figures 2,3).

Table 2 shows that there were significant differences in
TPS and SSS between gender and different age groups.
For TPS, the mean value of males (2.81+2.81) was higher
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Table 1 Comparison between stenotic group and non-stenosis group

Plaques distribution and noninvasive model of suspected CAD

Index Non-stenosis (n=261) Stenosis (n=1,105) P value
Age 55.60+9.36 60.80+10.63 <0.0001
SBP 141.23+£26.75 150.25+29.97 <0.0001
DBP 84.85+15.54 88.83+18.80 0.0004
FPG (mmol/L) 5.45+1.39 6.00+2.00 <0.0001
TG (mmol/L) 1.48+1.43 1.58+1.05 0.3053
TC (mmol/L) 4.56+1.04 4.38+1.11 0.0177
HDL-C (mmol/L) 1.30+0.35 1.16+0.36 <0.0001

SBP, systolic blood pressure, DBP, diastolic blood pressure, FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol; HDL-C,

high-density lipoprotein; LDL-C, low-density lipoprotein.S
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Figure 2 Frequency distribution of TPS in the population. TPS, total plaque score.

than that of females (3.75+2.76) (P<0.0001), and female
SSS (6.60+7.20) was lower than that of males (9.11+7.24)
(P<0.0001). Among different age groups, the mean value of
TPS for participants aged <52 was 2.45+2.52, aged 52-59
was 2.85+2.69, aged 60-67 was 3.51+2.86, and aged >68
was 4.60+2.69; the difference was statistically significant

(P<0.0001). The same trend was shown among participants
for SSS (P<0.0001).

The distribution of coronary plaque burden in different
vascular segments

For TPS, the highest incidence was 51.39% (701/1,366)
in the anterior descending branch’s proximal segment.

The incidence of TPS was 39.68% (542/1,366) in the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

middle segment of the anterior descending branch, 31.55%
(431/1,366) in the proximal segment of the right coronary
artery, 28.92% (395/1,366) in the middle segment of the
right coronary artery, and 27.89% (381/1,366) in the
proximal segment of the levolateral branch (Figure 4).

For SSS, the proximal segment of the anterior
descending branch had the highest frequency of plaques
(SSS distribution was 0: 48.61%, 1: 10.32%, 2: 9.15%,
3: 31.92%), followed by mid segment of the anterior
descending branch (0: 60.32%, 1: 7.1%, 2: 8.86%, 3:
23.72%), proximal segment of the right coronary artery
(0: 68.45%, 1: 8.64%, 2: 5.93%, 3: 16.98%), mid segment of
the right coronary artery (0: 71.08%, 1: 7.54%, 2: 5.49%, 3:
15.89%), and proximal segment of the left circumflex branch (0:
72.11%, 1: 7.03%, 2: 6.3%, 3: 14.57%) (Figure 5).
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Figure 3 Frequency distribution of SSS in the population. SSS, segment-stenosis score.

Table 2 Comparison of TPS and SSS between genders and different age groups

TPS SSS CADS, n (%)
Groups n
Mean + SD Median + IQR Mean + SD  Median = IQR 0% <50% >50%
Gender
Female 53  2.81+2.81 212 6.60+7.20 4+5.5 150 (27.12) 105 (18.99) 298 (53.89)
Male 13 3.75+2.76 3+2.5 9.11+7.24 8+5.5 111 (13.65) 95 (11.69) 607 (74.66)
P value <0.0001 <0.0001 <0.0001
Age, years
<52 9 2.45+2.52 212 5.73+6.23 4+4.5 86 (27.83) 42 (13.59) 181 (58.58)
52-59 65  2.85+2.69 2+2.5 6.64+6.90 4+5.5 92 (25.21) 71 (19.45) 202 (55.34)
60-67 43  3.51+2.86 3+2 8.43+7.56 7+5.5 56 (16.33) 51 (14.87) 236 (68.8)
>68 49  4.60+2.69 5+1.5 11.37+£7.22 11£5.5 27 (7.74) 36 (10.32) 286 (81.95)
P value <0.0001 <0.0001 <0.0001

SSS, segment-stenosis score; TPS, total plaque score; CDS, coronary artery disease severity.

Relationship between clinical indexes and scores of
atherosclerotic plaque burden

Values in this analysis were defined as 1 when TPS >5, SSS
>5, or CADS indicating stenosis, otherwise values were
defined as 0. The TPS could be predicted by SBP [odds
ratio (OR): 1.008 (95% CI: 1.004 to 1.013)], FPG [OR:
1.232 (95% CI: 1.156 to 1.316)], TG [OR: 1.171 (95% CI:
1.051 to 1.311)], HDL-C [OR: 0.442 (95% CI: 0.267 to

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

0.708)], GHB [OR: 1.454 (95% CI: 1.292 to 1.643)]. The
SSS could be predicted by SBP [OR: 1.010 (95% CI: 1.006
to 1.015)], DBP [OR: 1.011 (95% CI: 1.005 to 1.018)], FPG
[OR: 1.236 (95% CI: 1.148 to 1.339)], TG [OR: 1.216 (95%
CI: 1.082 to 1.379)], HDL-C [OR: 0.427 (95% CI: 0.272 to
0.653)], GHB [OR: 1.390 (95% CI: 1.218 to 1.600)]. The
CADS could be predicted by SBP [OR: 1.012 (95% CI:
1.007 to 1.017)], DBP [OR: 1.017 (95% CI: 1.009 to 1.026)],
FPG [OR: 1.201 (95% CI: 1.087 to 1.344)], HDL-C [OR:

Quant Imaging Med Surg 2021;11(7):3274-3285 | http://dx.doi.org/10.21037/qims-20-901
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Figure 5 Coronary plaque burden SSS of different vascular segments showed in the tree diagram of coronary artery. SSS, segment-stenosis

score.

0.492 (95% CI: 0.310 to 0.776)], and GHB [OR: 1.511 (95%
CL: 1.245 to 1.885)] (Table 3).

Screening model

The statistically significant predictors selected by a logistic
model adjusted for age and gender were entered into the
screening model, and the variables were further screened by
stepwise regression. A screening model of CADS >0, SSS >5,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

or TPS >5 (8,9,11) could be established as follows (7ible 4).

Table 5 and Figure 6 show the sensitivity and specificity
under different cut-off values in the 3 models. In CADS >0
model, the AUC was 0.753 (95% CI: 0.713 to 0.789) and
the optimum cut-off value was 0.6114 with a sensitivity and
specificity of 74.2% and 59.1%, respectively (Figure 6A).
When the cut-off value was 0.5665, 0.4876, 0.3801, and
0.3491, the sensitivity became 80%, 90%, 95%, and 97.5%,
respectively.
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Table 3 Results of logistic regression analysis for scores of atherosclerotic plaque burden through clinical indexes adjusted for gender and age

Risk factors TPS, OR (95% Cl)

SSS, OR (95% Cl) CADS, OR (95% Cl)

SBP 1.008 (1.004, 1.013)*

DBP 1.006 (0.999, 1.013)
FPG (mmol/L) 1.232 (1.156, 1.316)*
TG (mmol/L) 1.171 (1.051, 1.311)*
TC (mmol/L) 1.031 (0.919, 1.156)
HDL-C (mmol/L) 0.442 (0.267, 0.708)"
LDL-C (mmol/L) 1.115 (0.967, 1.284)

GHB (%) 1.454 (1.292, 1.643)*

1.010 (1.006, 1.015)* 1.012 (1.007, 1.017)*

1.011 (1.005, 1.018)* 1.017 (1.009, 1.026)*
1.236 (1.148, 1.339)" 1.201 (1.087, 1.344)"
1.216 (1.082, 1.379)" 1.148 (0.995, 1.347)
0.991 (0.889, 1.106) 0.934 (0.819, 1.067)
0.427 (0.272, 0.653)* 0.492 (0.310, 0.776)"
1.050 (0.916, 1.206) 0.996 (0.843, 1.180)

1.390 (1.218, 1.600)* 1.511 (1.24 5, 1.885)*

*, P<0.05. SSS, segment-stenosis score; TPS, total plaque score; CADS, coronary artery disease severity; SBP, systolic blood pressure;
DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein;

LDL-C, low-density lipoprotein; GBH, glycated hemoglobin.

Table 4 Screening model of CADS >0, SSS >5, or TPS >5

CADS >0 SSS >5 TPS >5

Riskfactors Coefficient Stzrr((jjrd sg:ail;e P Coefficient Stz:]ri?rd sg:ail;e P Coefficient St:?g?rd sg:ail;e

Intercept -5.7816 1.447  15.9657 <0.0001 -5.5139 1.1129 24.5459 <0.0001 -7.8756 1.154 46.5749 <0.0001
Age 0.0629 0.0139 20.3802 <0.0001 0.0514 0.0106 23.6435 <0.0001 0.0691 0.0109 40.1432 <0.0001
Gender 1.0521 0.2856 13.566 0.0002 0.9995 0.2234 20.0132 <0.0001 0.8429 0.2299 13.4383 0.0002
SBP 0.0129 0.0047  7.4387 0.0064 0.0103 0.00352 8.5262 0.0035 0.00902 0.00341 6.9961 0.0082
HDL-C -0.8033 0.4006 4.0222 0.0449 -0.7317  0.3431 4.548 0.033 -0.9073 0.3789 5.7339 0.0166
(mmol/L)

GHB (%) 0.3598 0.1368 6.921 0.0085 0.2839 0.0891 10.1421 0.0014 0.3588 0.0795 20.3684 <0.0001

SBP, systolic blood pressure; HDL-C, high-density lipoprotein; GBH, glycated hemoglobin; CADS, coronary artery disease severity; SSS,
segment-stenosis score; TPS, total plaque score; CADS, coronary artery disease severity.

For SSS >5, the AUC was 0.728 (95% CI: 0.687 to 0.766)
and the cut-off value was 0.8909, the sensitivity and specificity
were 68.5% and 72.3%, respectively (Figure 6B). When the
cut-off value was 0.8476, 0.7909, 0.7412, and 0.6921, then the
sensitivity became 80%, 90%, 95%, and 97.5%, respectively.

For TPS >5, the AUC was 0.756 (95% CI: 0.717 to
0.793) and the optimum cut-off value was 0.3926 with a
sensitivity and specificity of 66.5% and 73.8%, respectively
(Figure 6C). When the cut-off value was 0.3105, 0.2238,
0.1693, and 0.1502, the sensitivity became 80%, 90%, 95%,
and 97.5%, respectively.

Discussion

This study showed that both TG and LDL were not
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significantly different between stenotic and non-stenotic
groups (Table 1), which was different from previous studies
(8,9). We postulated that it might have been related
to the difference in the numbers of stenotic and non-
stenotic groups in this study. Moreover, patients who have
undergone CAG examination are suspected of having CAD;
they may be in the early stage of CAD when the plaques
have not yet caused stenosis. Therefore, blood parameters
such as LDL and TG were not statistically different
between participants with and without coronary stenosis.
This study also revealed a negative correlation between
HDL and CAD incidence, which was consistent with
several epidemiological studies (14-16). Theoretically,
HDD’s main physiological function is to reverse cholesterol
transport by transporting cholesterol from peripheral tissues
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Table 5 The sensitivity and specificity of the three models (CADS >0, SSS >5, TPS >5) under different cut-off values

Valuable indicators Sensitivity (%) Specificity (%) 95% ClI Cut-off value
CADS >0 80 53.58 45.48-61.37 >0.8476
90 39.25 30.84-50.78 >0.7909
95 28.04 19.31-37.99 >0.7412
97.5 21.81 11.53-30.53 >0.6921
SSS >5 80 51.38 42.54-59.67 >0.5665
90 38.12 24.31-48.62 >0.4876
95 20.99 14.36-27.62 >0.3801
97.5 18.23 9.39-24.86 >0.3491
TPS >5 80 58.88 49.84-68.69 >0.3105
90 36.45 25.80-48.90 >0.2238
95 25.23 16.51-33.15 >0.1693
97.5 21.18 11.53-28.04 >0.1502

CADS, coronary artery disease severity; SSS, segment-stenosis score; TPS, total plaque score; CADS, coronary artery disease severity;

Cl, confidence interval.
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Figure 6 ROC of valuable indictors, sensitivity and specificity under different cut-off values. (A) CADS >0, AUC =0.753 (95% CI: 0.713-0.789), the
optimum cut-off value is 0.6114. (B) SSS >5, AUC =0.728 (95% CI: 0.687-0.766), the optimum cut-off value is 0.8909. (C) TPS >5, AUC =0.756 (95%
CI: 0.717-0.793), the optimum cut-off value is 0.3926. CADS, coronary artery disease severity; SSS, segment-stenosis score; TPS, total plaque score.

to the liver, from which point the cholesterol will be broken
down and excreted as bile (16-18). This metabolic process is
the basis for the prevention effect of HDL in CAD, and this
theory can be used to explain the conclusions of this study.
Age is also an important risk factor for coronary stenosis, and
the incidence of most cardiovascular diseases increases with age
(either male or female) (7able 2). Framingham (9) in the United
States also found that age is an important predictor of
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cardiovascular disease. Several basic studies on the pathology
of coronary atherosclerosis found that atherosclerotic
plaques’ formation and development gradually progressed
over time. Both lipid deposition on the vessel wall and
smooth muscle migration is closely related to time, and the
occurrence has shown a significant time dependence. As age
increases, changes in cells, enzymes, molecules, and other
substances in the vascular wall will cause reduced vascular
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elastic fibers, increased fibronectin, and calcification, further
affecting vascular endothelium’s function, leading to the
formation of coronary atherosclerotic plaque (19,20).

Moreover, in the results of this study, the difference
in TPS and SSS between different age groups was also
statistically significant, and the older the age, the higher
the score and the greater the degree of stenosis. Most
studies have found that men are at high risk of developing
CAD, and the incidence in women is generally lower than
that of men. However, the incidence of CAD in women
significantly increases after menopause (21). In this study,
the incidence of both TPS and SSS was found to be higher
in men than in women. There were significant differences
between genders: P<0.0001 for TPS, P<0.0001 for SSS,
P<0.0001 for CADS (Table 3). Similar gender differences
can also be seen in the Taiwanese population (22), among
whom a study also found that men were more likely to have
coronary atherosclerosis than women and that the disease in
men was more severe than that in women.

The distribution of coronary plaque burden in
participants with suspected CAD is shown in Figures 4,5 by
a tree diagram of the coronary artery. It can be seen that the
most common site was the proximal segment of the anterior
descending branch with an incidence of 51.39%, followed
by the mid-segment of the anterior descending branch
(39.68%) and proximal segment of the left circumflex
branch (27.89%). In general, the plaques tended to occur
in the coronary artery’s bifurcation and in the proximal
segment. According to the Gensini scoring system for
coronary artery lesions, the proximal segment of the left
anterior descending artery (P-LAD) was found to have
the highest scores, similar to the distribution of coronary
atherosclerotic plaque burden (6,7).

The risk factors selected by a univariate logistic model
adjusted for age and gender were entered into a multivariate
logistic model. The variables were further screened by
stepwise regression to establish a screening model for
patients with suspected coronary heart disease (Tables 4,5).
Finally, a non-invasive screening model was established
with age, gender, SBP, FPG, TC, HDL, and GHB as
independent variables, and with TPS >5, SSS >5, and
CADS >0 as response variables.

The prediction effects of all 3 models were good,
indicating that these models could be used to predict
coronary conditions in patients with suspected CHD
without computed tomography angiography (CTA) or
CAG. To a certain extent, this could eliminate patient
reliance on CTA and CAG, which are invasive and/or could
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cause radiation damage, reducing unnecessary costs and
saving medical resources. Using certain clinical indexes
(age, gender, SBP, PG, TG, HDL, and GHB) as a simple
surrogate indicator for coronary CTA and even CAG was
feasible, and it could exert a good predictive role so that
only qualified patients need to undergo CAG examination.

On the other hand, these 3 screening models also
suggested the possibility of coronary stenosis to some extent
so that early preventive healthcare could be taken to prevent
any sudden changes before treatment and to avoid adverse
consequences. Also, these models made the selection of
treatment timing and treatment methods more purposeful,
improving the prognosis of patients. The purpose of this
model was to try to screen out potential coronary artery
lesions in patients with suspected CHD and reduce the rate
of misdiagnosis. Therefore, higher sensitivity is required,
but the specificity requirement could be appropriately
reduced. Changes in the cut-off values corresponding
to higher sensitivity were listed in the results section.
Results showed that higher sensitivity could be achieved by
appropriately lowering the criteria to screen for more high-
risk patients (22,23).

Limitations

Due to the absence of a follow-up study of TPS and SSS
in the Chinese population, we have had to follow the
definition of high-risk individuals in the US population
established by Min ez al. (TPS >5; SSS >5). The definition
of this high-risk individual is not necessarily applicable
to the Chinese population. Cases used in this study were
those with suspected CAD undergoing CAG, so that
selection bias could not be avoided. It would be beneficial
if further research was performed with increased diversity
among the samples and conducted in a more representative
population.

Conclusions

The tree-shaped graph of the coronary artery directly
revealed the distribution of plaque burden in patients with
CHD. The proximal LAD was the most common site of
major involvement; next was proximal RCA, middle LAD,
proximal LCX, and middle RCA.

Predictive outcomes of the 3 models were definitely
valuable, and they have enabled prediction without CTA or
CAG, which can enable non-invasive and simple screening
and reduce the economic burden and missed rate of patients.
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