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A B S T R A C T   

Background: Data regarding risk factors for premature coronary artery disease (PCAD) is scarce given that few 
research focus on it. This study aimed to develop and validate a clinical nomogram for PCAD patients in 
Guangzhou. 
Methods: We recruited 108 PCAD patients (female ≤65 years old and male ≤55 years old) and 96 healthy controls 
from Sun Yat-sen Memorial Hospital of Sun Yat-sen University between 01/01/2021 and 31/12/2022. Twenty 
potentially relevant indicators of PCAD were extracted. Next, the least absolute shrinkage and selection operator 
(LASSO) regression analysis was used to optimize variable selection. The nomogram was developed based on the 
selected variables visually. 
Results: Independent risk factors, including body mass index (BMI), history of PCAD, glucose, Apolipoprotein A1 
(ApoA1), high density lipoprotein 2-cholesterol (HDL2-C), total cholesterol and triglyceride, were identified by 
LASSO and logistic regression analysis. The nomogram showed accurate discrimination (area under the receiver 
operator characteristic curve, ROC, 87.45 %, 95 % CI: 82.58 %-92.32 %). Decision curve analysis (DCA) sug-
gested that the nomogram was clinical beneficial. HDL2, one risk factor, was isolated by a two-step discontinuous 
density-gradient ultracentrifugation method. And HDL2 from PCAD patients exhibited less 3H-cholesterol efflux 
(22.17 % vs 26.64 %, P < 0.05) and less delivery of NBD-cholesterol detecting by confocal microscope compared 
with healthy controls. 
Conclusions: In conclusion, the seven-factor nomogram can achieve a reasonable relationship with PCAD, and a 
large cohort were needed to enhance the credibility and effectiveness of our model in future.   

1. Introduction 

Premature coronary artery disease (PCAD), defined as coronary ar-
tery disease (CAD) in patients younger than 65 years for women and 55 
years for men [1,2]. Patients with PCAD have a poor long-term outcome 
and a high likelihood for recurrence after first events [3,4]. Conse-
quences of PCAD can be devastating particularly at a “young” age due to 
t its greater impact on the patient’s psychology, productive life lost and 
socioeconomic burden [5]. Despite the above, few screening mode have 
been studied or validated in this population. Thus, doctors often un-
derestimate the prevalence of PCAD and subsequently miss an oppor-
tunity for early intervention. 

Published studies have demonstrated higher rate of hyper-lipidaemia 
and lower rates of history of CAD, diabetes mellitus and hypertension in 
PCAD patients compared to older CAD patients [6–8]. It is speculated 
that risk factor profile of PCAD is different from traditional CAD risk 
factors. Moreover, CAD risk is polygenic in nature and addition of single 
nucleotide polymorphisms (SNP) information to traditional CAD risk 
factors can improve the predictive performance of PCAD [9,10]. How-
ever, the high cost of genetic testing limits its use in clinical settings. So, 
physicians hope to find more cost-effective and convenient means to 
predict the risk of PCAD. Our previous studies have showed that HDL-C 
is beneficial for PCAD and HDL2 is as a superior predictor for CAD than 
small HDL3 [11,12]. 
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Nomogram is a popular tool to predict clinical events by integrating 
potential risk factors [13]. Thus, this study aims to establish a nomo-
gram model and identify potential factors for PCAD. Hopefully, doctors 
could easily identify high-risk patients for PCAD through the nomogram 
model. 

2. Materials and methods 

2.1. Study design 

The overall research workflow is depicted in Fig. 1, including pop-
ulation selection, data extraction, variable selection, nomogram model 
construction and validation. A brief description is as follows. The PCAD 
patients diagnosed via coronary arteriography (CAG) and healthy con-
trols were retrospectively selected for this study. Clinical data were then 
extracted from the two groups, including BMI, history of PCAD, glucose, 
ApoA1, HDL2-C, total cholesterol, and triglyceride. Next, the LASSO 
regression analysis was performed to optimize variable selection. The 
nomogram was developed on the base of the selected variables visually. 
Finally, receiver operating characteristic curve (ROC) and decision 
curve analysis (DCA) were performed to validate the model. The 
nomogram risk model was well established. Additionally, we performed 
the HDL2 biological functional assays between the two groups. 

2.2. Subjects 

Based on screening of the electronic medical records system of Sun 
Yat-sen memorial hospital in Guangzhou, 20 potentially relevant in-
dicators of PCAD. 108 PCAD patients were randomly selected from CAD 
patients diagnosed via coronary angiography (CAG) in Sun Yat-sen 
Memorial Hospital, Sun Yat-sen University from 1/2019 to 12/2020. 
Inclusion criteria were: (1) male patients ≤55 years old and female 
patients ≤65 years old; (2) chest pain; (3) At least one major coronary 
vascular stenosis of the patients was ≥50 % according to coronary 
angiography. 

Then 96 healthy controls with no history of CAD (male patients ≤55 
years old, female patients ≤65 years old) in Boji Medical Examination 
Center were regarded as the control group. 

Exclusion criteria: (1) history of rheumatic heart disease, cardio-
myopathy, pulmonary heart disease, heart valvular disease or other 

organic heart diseases; (2) complication with severe infection; (3) severe 
chronic hepatic insufficiency; (4) hyperthyroidism, hypothyroidism, 
tumor, autoimmune disease, connective tissue disease, undergoing a 
major operation or trauma and burn in the previous 2 months; or (5) 
previous therapy with lipid-regulating drugs. 

2.3. Laboratory measurements 

The total cholesterol (TC), triglyceride (TG), low-density lipoprotein 
C (LDL-C), and glucose were tested in the Laboratory Department of Sun 
Yat-sen Memorial Hospital of Sun Yat-sen University. TC and TG were 
measured with enzymatic colorimetry. HDL-C and LDL-C were measured 
with a direct clearance method (homogeneous method). MCP-1 was 
measured with an enzyme-linked immunosorbent assay (ELISA) kit, the 
Human-MCP-1 Multisciences Kit (Lianke Biology Company). 

2.4. HDL-C, HDL2-C, and HDL3-C measurements 

The concentration of HDL-C, HDL2-C and HDL3-C was measured as 
our previous study. Briefly, HDL-C levels were measured in serum before 
separation. The serum samples were precipitated with heparin con-
taining MnCl2 and dextran sulfate and separated by centrifugation at 
10,000 rpm for 10 min. The levels of HDL3-C in the supernatant were 
measured using homogeneous HDL-EX HDL-C assays (Denka Seiken, 
Tokyo, Japan). Levels of HDL2-C were derived from the following for-
mula: HDL2-C = HDL-C-HDL3-C. 

2.5. LASSO 

LASSO was performed to recognize the variables that were associ-
ated with PCAD using the glmnet R package. In LASSO, the lambada (λ) 
value was selected using 10-fold cross-validation. The number of vari-
ables included in the model decreases when λ increases. Lambda.min 
represents the λ of the minimum mean square error, which means the 
model best fits at that value of λ. Lambda.1se represents the λ of one 
standard error away from lambda.min, which means that the model 
incorporates the least number of variables at that value of λ and achieves 
acceptable performance. In this study, Lambda.1se was chosen to ensure 
that the model with fewer variables could be applied more conveniently 
and quickly. 

2.6. Nomogram 

A nomogram was created to show a visualization of the logistic 
regression classification using the rms R package. In the nomogram, 
each variable corresponds to a point ranging from 0 to 100. After 
calculating the total point of all variables, the final probability could be 
checked in the nomogram figure. The receiver operating characteristic 
(ROC) curve was enrolled to evaluate the discriminatory capacity of 
nomogram model using the pROC R package. In this study, the entire 
dataset was used for the ROC analysis. The probability of PCAD was 
obtained by scoring each sample for the following ROC analysis. The 
area under the ROC curve (AUC), sensitivity, specificity, and accuracy 
were calculated to evaluate the classification performance of model. 
Decision curve analysis was performed to evaluate the clinical useful-
ness using the rmda R package. 

2.7. Isolation of HDL2 and HDL3 subclasses 

HDL2 and HDL3 were isolated by a two-step discontinuous density- 
gradient ultracentrifugation method [14]. Each plasma sample (4 mL) 
was adjusted to a density of 1.24 g/mL with KBr (0.3816 g/mL) and was 
added to a 13.2 mL centrifuge tube (Beckman); next, it was slowly 
overlaid with KBr/phosphate buffer solution (0.0834 g/mL, d = 1.063 
g/mL). The samples were centrifuged at 280,000g for 4 h at 15 ◦C in a 
Beckman XP-100 equipped with a SW41Ti rotor (horizontal; Beckman 

Fig. 1. Workflow and major findings of this study. PCAD, premature coronary 
artery disease; LASSO, least absolute shrinkage and selection operator; HDL2-C, 
high density lipoprotein 2 cholesterol; ApoA1, apolipoprotein A1; BMI, body 
mass index. 
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Instruments, Fullerton, CA, USA), and HDL subfractions (1.063 < d <
1.21 g/mL) located in the middle of the tube were then collected sepa-
rately by penetrating the tube with a syringe. Then, HDL fractions were 
further purified by a second ultracentrifugation that was performed 
under the same conditions as described above but for 2 h after KBr/ 
phosphate solution (d = 1.24 g/mL) was added to the two fractions. 
Finally, HDL2 and HDL3 were collected from the top of the tube. 

2.8. Tandem efflux-influx assays 

For efflux experiments, the gold-standard assay in the field was 
performed, efflux of tritium-labeled cholesterol (3H-cholesterol) from 
J774 macrophages. J774 macrophages seeded in collagen-coated 24- 
well plates were starved for 6 h and labeled with 3H-cholesterol (1 Ci/ 
ml) (PerkinElmer Analytic Sciences, Boston, MA) for 24 h. Cellular 
cholesterol efflux was initiated by the addition of DMEM containing 0.2 
% BSA with 50 μg/ml HDL/HDL2/HDL3 with the presence of cAMP 
(300 μM, ABCA1 agonist). After incubation for 4 h, the radioactivity of 
the medium and cells was measured using a liquid scintillation counter. 
Cholesterol efflux was calculated as the quantity of labeled 3H-choles-
terol released into the medium divided by the total amount of label 
present. 

For influx experiments, hepatocytes (HepG2 cells) were cultivated in 
DMEM, 10 % FBS, 1 % PenStrep in 24 well plates. Immediately after 4 h 
of efflux, HepG2 cells were washed twice in serum-free MEM, 25 μM 
HEPES, and then the above efflux media from J774 macrophages was 
removed and added directly to HepG2 cells. Influx was allowed to 
proceed for 4 h prior to harvesting. Influx media supernatant was then 
collected and processed identically as efflux media described above. The 
radioactivity of the medium and cells was measured using a liquid 
scintillation counter. Cholesterol influx was calculated as the quantity of 
labeled 3H-cholesterol influx into the cells divided by the total amount of 
label present. 

2.9. NBD-cholesterol delivery experiments 

HepG2 cells were cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM) containing 10 %FBS and 1 % PenStrep. One day prior to 
treatment, cells were plated in 24 well plates on top of glass coverslips. 
On the day of treatment, cells were washed three times with PBS and 
fresh media containing 5 μg/mL NBD-cholesterol was then added to 
each to each well with or without a delivery agent according to treat-
ment regimen. Uptake was allowed to proceed for 30 min when the cells 
were fixed and prepared for confocal microscopy. Cells were fixed in 4 % 
PFA for 10 min at rt. Cells were then washed three times in PBS, stained 
with DAPI (300 nM in PBS) for 5 min, and washed two more times in 
PBS. Coverslips were then mounted on glass slides and allowed to seal at 
rt for at least 24 h prior to imaging. 

2.10. Statistics 

Statistical analysis was performed using SPSS software (V.23.0, IBM, 
New York, USA) and R software (version 3.6.3; R Foundation for Sta-
tistical Computing, Vienna, Austria). All patients included were in-
patients and the variables were available in the inpatient data, so there is 
no missing data in this study. Continuous variables are expressed as the 
mean ± SD or median (IQR), as appropriate. Categorical data are 
expressed as numbers (percentages). Continuous variables were 
analyzed by Student’s t-test or the rank-sum test, as appropriate. Cate-
gorical variables were compared by the χ2 test. The glmnet package of R 
software was performed to run LASSO regression analysis. Then a 
multivariable logistic regression analysis was used construct a model by 
introducing the variables selected in the LASSO regression model. In our 
study, the data was standard during logistic regression and all the var-
iable selected in above were to develop the nomogram models by the R 
language package. AUC was used to access the predictive capacity of the 

model. Ultimately, a decision curve, which quantified the net benefits a 
threshold ranging from 0 to 1, was plotted to determine the clinical 
usefulness of nomograms. A two-tailed P value < 0⋅05 was considered 
statistically significant in this study. 

2.11. Ethics 

The previous study and data collection were approved by the Med-
ical Ethical Committee of Sun Yat-sen Memorial Hospital at Sun Yat-sen 
University (protocol number: SYSEC-KY-KS-2020–083). All patients 
gave informed consent and signed paper informed consent. performed 
according to the recommendations of the Declaration of Helsinki. All 
procedures were carried out following international guidelines and 
regulations by trained researchers. 

3. Results 

3.1. Characteristics of the study cohort 

The demographic and clinical characteristic of PCAD patients and 
healthy controls were shown as Table 1. Patients with PCAD had a 
higher rate of smoking, hypertension, diabetes, history of PCAD than 
healthy controls (P < 0.05). Moreover, compared with the healthy 
controls, PCAD patients had more men with higher BMI (P < 0.05). 
However, no difference with drinking or age was found between these 

Table 1 
Comparison of HDL subclasses and traditional risk factors in PCAD patients and 
healthy controls.   

PCAD 
(n = 108) 

Healthy controls 
(n = 96) 

P 

Baseline characteristics/Risk factors 
Age, years 52.53 ± 7.33 51.19 ± 8.09  0.220 
Female, n(%) 48 (44.4) 63 (65.6)  0.002* 
BMI, kg/m2 24.91 ± 3.08 23.21 ± 2.78  <0.001* 
Smoking, n(%) 30 (27.8) 12 (12.5)  0.009* 
Drinking, n(%) 4 (3.7) 4 (4.2)  0.865 
Hypertension, n(%) 50 (46.3) 30 (31.3)  0.028* 
Diabetes, n(%) 28 (25.9) 11 (11.6)  0.010* 
Family history of PCAD, n 

(%) 
21 (19.4) 4 (4.2)  0.001*  

HDL subclasses 
HDL-C, mmol/L 1.12 ± 0.34 1.36 ± 0.41  <0.001* 
HDL2-C, mmol/L 0.79 ± 0.22 0.96 ± 0.26  <0.001* 
HDL3-C, mmol/L 0.39 ± 0.08 0.40 ± 0.11  0.428  

Lipid variables 
Total cholesterol, mmol/L 5.41 ± 0.97 4.66 ± 0.80  0.023* 
Triglyceride, mmol/L 1.99 ± 0.83 1.44 ± 0.52  <0.001* 
LDL-C, mmol/L 3.19 ± 0.93 2.80 ± 0.82  0.002* 
ApoA1, g/L 1.01 ± 0.21 1.18 ± 0.23  <0.001* 
ApoB, g/L 0.81 ± 0.24 0.76 ± 0.17  0.132  

Laboratory variables 
Glucose, mmol/L 5.72 ± 1.74 5.09 ± 1.19  0.003* 
Creatinine, μmol/L 101.45 ± 46.53 93.10 ± 29.41  0.133 
hs-CRP, mg/L (IQR) 3.86 (1.40–18.69) 1.46 (0.88–4.41)  <0.001* 
MCP-1, pg/mL (IQR) 38.98 

(28.79–59.65) 
34.87 
(21.15–48.80)  

0.326 

Continuous variables are expressed as the means ± SD (for normally distributed 
variables) or medians with interquartile ranges (for non-normally distributed 
variables). Categorical variables are expressed as numbers (percentages). PCAD, 
premature coronary artery disease; BMI, body mass index; HDL-C, high density 
lipoprotein cholesterol; HDL2-C, high density lipoprotein 2 cholesterol; HDL3-C, 
high density lipoprotein 3 cholesterol; LDL-C, low density lipoprotein choles-
terol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; hs-CRP, high sensi-
tivity C reactive protein; MCP-1, monocyte chemoattractant protein 1. *P < 0.05 
as significance. 
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two groups. Compared with the healthy controls, PCAD patients had 
lower HDL2-C and HDL-C levels (HDL2-C: 0.79 ± 0.22 mmol/L vs 0.96 
± 0.26 mmol/L, P < 0.001; HDL-C: 1.12 ± 0.34 mmol/L vs 1.36 ± 0.41 
mmol/L, P < 0.001). However, HDL3-C was not different between the 
two groups. Also, PCAD patients had higher total cholesterol (5.41 ±
0.97 mmol/L vs 4.66 ± 0.80 mmol/L, P = 0.023) and triglyceride (1.99 
± 0.83 mmol/L vs 1.44 ± 0.52 mmol/L, P < 0.001) and lower ApoA1 
(1.01 ± 0.21 mmol/L vs 1.18 ± 0.23 mmol/L, P < 0.001) than healthy 
controls. Glucose in PCAD patients was higher than healthy controls 
(5.72 ± 1.74 mmol/L vs 5.09 ± 1.19 mmol/L, P = 0.003). Furthermore, 
in female, the HDL-C and HDL2-C were significantly higher than that in 
male as shown in the Supplemental Table 2. 

3.2. Results of the risk variable selection 

A total of 20 variables, including age, sex, BMI, smoking, drinking, 
history of hypertension, history of diabetes, family history of PCAD, 
total cholesterol, triglycerides, HDL, LDL, ApoA1, ApoB, glucose, hyper- 
sensitive C-reactive protein, creatinine, HDL3-C, HDL2-C, and MCP-1, 

were initially enrolled into the LASSO analysis. A total of 7 variables, 
including HDL2-C, BMI, family history of PCAD, glucose, ApoA1, total 
cholesterol, and triglyceride, with non-zero coefficients were ultimately 
obtained (Fig. 2). In our opinion, too many variables might affect the 
clinical practicality of the model. Therefore, 7 variables corresponding 
to lambda.1se were chosen to ensure that the model with fewer variables 
could be applied more conveniently and quickly. Moreover, HDL2-C was 
an independent protective factor for PCAD by multivariate logistic 
regression analysis (β = − 2.886, OR = 0.057, 95 %CI: 0.010–0.316, P =
0.001) (Table 2). Also, ApoA1 was independent protective factor (β =
− 3.602, OR = 0.027, 95 %CI: 0.004–0.198, P < 0.001) while total 
cholesterol was independent risk factor for PCAD (β = 0.948, OR =
2.580, 95 %CI: 1.637–4.066, P < 0.001) (Table 2). 

3.3. Nomogram model construction 

Combined with HDL2-C and other 6 variables selected, including 
BMI, history of PCAD, glucose, ApoA1, total cholesterol and triglyceride, 
a clinical nomogram model was established, as presented in Fig. 3A. For 
example, using the nomogram model, a male patient with a BMI 28.16 
kg/m2, no family history of PCAD, glucose of 6.0 mmol/L, HDL2-C of 
0.80 mmol/L, ApoA1 of 1.08 mmol/L, total cholesterol of 4.0 mmol/L 
and triglyceride of 2.02 mmol/L has an estimated probability of PCAD of 
61 % (Fig. 3B). 

3.4. Validation of the nomogram model 

The receiver operating characteristic (ROC) curve was used to 
evaluate the discriminatory capacity of nomogram model. For the 
model, the pooled area under the ROC of the nomogram was 87.45 % 
(95 % CI, 82.58 %-92.32 %), which indicates moderately good perfor-
mance (Fig. 4A). The decision curve analysis (DCA) showed that the net 
benefits obtained from the application of our nomogram with threshold 
probabilities of 0.56 (Supplemental Fig. 4B). Additionally, for the ac-
curacy of classification based on the nomogram scoring, Table 3 showed 
that the AUC (95 %CI) was 0.8745 (0.8258–0.9232), the accuracy (95 % 
CI) was 0.8235 (0.7642–0.8732), the sensitivity was 0.8056 and the 
specificity was 0.8438. Therefore, the nomogram model was well 
established. 

3.5. HDL2 subclass biological assays 

A critical property for HDL2 subclass is to efflux cholesterol from 
lipid-laden macrophages using an in vitro radiolabeled cholesterol efflux 

Fig. 2. Variable selection by the LASSO binary logistic regression model. A 
coefficient profile plot was constructed against the log(λ) sequence. A, Associ-
ation between coefficient of variables and (λ). Each line corresponded to one 
distinct variable. Along with the increasing log (λ), the coefficient of variable 
trended to be close to 0. B, The selection of applicable model. We plotted the 
misclassification versus Log (λ). Vertical lines were drawn at the optimal values 
by adopting the minimum criteria (dashed line) and the 1 standard error of the 
minimum criteria (red dotted line, the 1-SE criteria). In our study, the (λ) value 
of 0.012832 was chosen according the the 1-SE criteria. Note that 7 variables 
were selected at last including BMI, Family history of PCAD, Glucose, total 
cholesterol, Triglyceride, ApoA1, HDL2-C. LASSO, least absolute shrinkage and 
selection operator; SE, standard error; BMI, body mass index; PCAD, premature 
coronary artery disease. ApoA1, apolipoprotein 1; HDL2-C, high density lipo-
protein 2 cholesterol. 

Table 2 
Logistic regression analysis of the predictors of the risk of PCAD.   

LASSO 
regression 

Logistic regression 

Variables β β OR (95 %CI) P 

BMI  0.03584189  0.118 1.125 
(0.978–1.294)  

0.099 

Family history of 
PCAD  

0.16905887  1.331 3.785 
(0.964–14.865)  

0.057 

Glucose  0.01946097  0.287 1.333 
(0.980–1.814)  

0.067 

HDL2-C  − 1.26677890  − 2.886 0.057 
(0.010–0.316)  

0.001 

ApoA1  − 1.51411862  − 3.602 0.027 
(0.004–0.198)  

<0.001 

Total cholesterol  0.48532292  0.948 2.580 
(1.637–4.066)  

<0.001 

Triglyceride  0.35160666  0.643 1.902 
(0.960–3.768)  

0.065 

BMI, body mass index; PCAD, premature coronary artery disease; HDL2-C, high 
density lipoprotein 2 cholesterol; ApoA1, apolipoprotein 1; LASSO, least abso-
lute shrinkage and selection operator. 
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assay. We selected 6 PCAD patients and 6 healthy controls (The de-
mographic and clinical characteristic of them were shown as Supple-
mental Table 2) and got HDL subclass from them. First, J774 
macrophages had a basal rate of − cholesterol efflux to BSA at 20.04 %. 
Also, HDL2 from PCAD patients and healthy controls increased the 3H- 
cholesterol efflux to 26.64 % and 22.17 %, respectively. However, HDL2 
subclass from PCAD patients had a lower rate of cholesterol efflux 
compared with healthy controls (P < 0.05). Interestingly, HDL3 subclass 
from PCAD patients and healthy controls had no difference in choles-
terol efflux (25.98 % vs 26.83 %) (Fig. 5A). 

Encouraged by the above results, we next designed an experiment to 
simulate the entire reverse cholesterol transport process in a single 
assay. We achieved this by carrying out the radiolabel efflux assay fol-
lowed by an influx step where conditioned efflux media was introduced 
to cultured hepatocytes (HepG2) as described in method. Our data 
revealed that HDL2 subclass from PCAD patients exhibited inferior tend 
of cholesterol influx compared with healthy controls (16.07 % vs 18.24 
%) nevertheless no statistical significance between them. Similarly, 
HDL3 subclass from PCAD patients and healthy controls had no 

difference in cholesterol influx to HepG2 cells (Fig. 5B). 
Next, we detected the efficacy of HDL2 as cholesterol delivery agents 

independently of efflux assay. HepG2 cells were cotreated with fluo-
rescent cholesterol (NBD-cholesterol) and HDL2, and then processed for 
confocal microscopy. Strikingly, HDL2 subclass form PCAD facilitated 
less delivery of NBD-cholesterol compared to healthy controls (Fig. 5C). 

These assays demonstrates that HDL2 subclass from PCAD patients is 
less capable of cholesterol efflux and delivery sequentially by on- and 
off-loading cholesterol in a dynamic fashion. 

4. Discussion 

The three principal findings of this study are summarized as follows: 
(1) Nomogram model of PCAD includes HDL2-C, ApoA1, total choles-
terol, triglyceride, BMI, glucose, and family history of CAD for risk 
factors. (2) HDL2 subclass from PCAD patients has an inferior choles-
terol transport capacity compared to healthy controls. 

Patients with PCAD are a concerning population as poor long-term 
outcomes and a high likelihood for recurrence after first events [4]. 

Fig. 3. Nomogram model to calculate risk score of PCAD. A. Risk factors of BMI, family history of CAD, glucose, HDL2-C, ApoA1, total cholesterol and triglyceride for 
nomogram risk model. Score was assigned for these 7 risk factors by drawing a line upward from the corresponding values to the ‘‘Points’’ line. The sum of all these 
points, plotted on the ‘‘Total points’’ line, corresponds to predictions of PCAD probability. B. Dynamic nomogram used as an example. The significance of the as-
terisks beside each variable represents importance of all the risk factors. The patient for example has a total point of 174 and a probability of 61% for PCAD. PCAD, 
premature coronary artery disease; BMI, body mass index; ApoA1, apolipoprotein A1; HDL2-C, high density lipoprotein 2 cholesterol. 
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Overweight with ST-elevation myocardial infarction (STEMI) was more 
prevalent in younger than in older patients, young patients were likely 
to receive early percutaneous coronary interventions [15–17]. PCAD 
results in significant morbidity and mortality in this demographic [5]. 
Autopsy studies have identified that more than 50 % of young adults 
have CAD [18] and almost one-third of all patients with acute coronary 
syndrome are younger than 55 years old [19]. Also, it results in a sub-
stantial societal burden because of limited productivity of a younger 
demographic in conjunction with unexpected loss of life [3]. However, 
data regarding risk factors for PCAD is scarce given that few studies 
focus on CAD in this demographic. Thus, our study established the 
nomogram risk model for PCAD and found that HDL2-C, ApoA1, total 
cholesterol, triglyceride, BMI, glucose, and family history of PCAD were 
potential risk factors for PCAD. 

It is well known that a low HDL-C level is a strong established risk 
factor of CAD [20]. However, to date, some famous large clinical studies, 
including the AIM-HIGH trial of niacin, the ILLUMINATE trials using the 
CETP inhibitor torcetrapib and the Dal- OUTCOMES trial with dalce-
trapib, demonstrated that elevated HDL-C was not beneficial for CHD 
events [21–25]. Moreover, Mendelian randomization studies [26,27] 
have demonstrated that HDL-C level cannot be regarded as a causal 
factor for CAD. Because plasma HDL consists of various subclasses with 
distinct structures and functional properties [28], and the structural 
characteristics and functionality of these subclasses may be diversely 
changed in CAD patients with low HDL-C level [29]. HDL2 and HDL3 are 
the main subfractions. And large HDL2 subfraction appears to be more 
important for cardiovascular protection than the small HDL3 subfraction 
[30]. Our previous study demonstrated that large HDL2 combined with 
inflammatory factors as superior predictors for CAD than small HDL3 
[31]. Furthermore, impaired HDL2-mediated cholesterol efflux is asso-
ciated with PCAD, and the phospholipid content of HDL2 was close 
correlate with the efflux to HDL2 [32]. Our data support the above, and 
we found HDL2 subclass level was reduced in PCAD patients, which was 

similar to our previous studies [33,34]. Moreover, HDL2 mediated 
cholesterol efflux and influx capacity was impaired in PCAD patients. 
While HDL3 subclass from PCAD patients had no difference in concen-
tration and biological function compared to healthy controls. The un-
derlying mechanism may be that certain phosphatidylcholine (PC) and 
sphingomyelin (SM) ratios are changed in HDL2 subclass from PCAD 
patients [35]. 

Published studies reported elevating trends of PCAD and signifi-
cantly higher prevalence of traditional cardiovascular (CV) risk factors 
such as gender, obesity, smoking, family history of PCAD and diabetes 
mellitus among young adults [36,37]. According to our findings, 
obesity, family history of PCAD and diabetes mellitus might be also 
potential risk factors for PCAD. Coincidently, the high-quality data 
comes from a recent multicenter prospective cohort study for 20 years of 
data of 880 patients with PCAD (defined before age 45 years) [4]. In this 
study, these population with events had a history of active smoking (77 
%), family history of CAD (40 %), and hypercholesterolemia (50 %). 
Shockingly, 18.2 % of patients were under 35 years old. The population 
with PCAD are younger with much more smoking than our study. It is a 
reminder that smoking should not be ignored in cardiovascular damager 
for young people. 

5. Limitations 

However, this study has several limitations. First, this study is 
imperfect due to its retrospective nature and the source of the data used. 
Second, the sample size is limited. Thus, it is impending to perform the 
large sample size, multicenter prospective cohort study focusing on the 
PCAD patients with modifiable risk factors and non-modifiable risk 
factors. Third, due to the sample size, we were unable to further analyze 
the impact of gender differences on this study, which warrants further 
research in the future. 

6. Conclusions 

The seven-factor nomogram can achieve a reasonable relationship 
with PCAD, and a large cohort were needed to enhance the credibility 
and effectiveness of our model in future. 
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Fig. 4. Performance evaluation of the PCAD nomogram risk model. A. Receiver operating characteristic curve (ROC) analysis of the PCAD nomogram risk model. The 
y-axis represents the true positive rate of the risk prediction, the x-axis represents the false positive rate of the risk prediction. The thick blue line represents the 
performance of the nomogram. The AUC of PCAD risk nomogram was 87.45 % (95 % CI, 82.58 %–92.32 %). B. Decision curve analysis (DCA) for the PCAD risk 
nomogram. The y-axis measures the net benefit. The solid line represents the assumption that all patients have no PCAD, the dotted line represents the assumption 
that all patients have PCAD, the red line represents the risk nomogram. AUC, area under the receiver operating characteristic curve; CI, confidence interval; PCAD, 
premature coronary artery disease. 

Table 3 
Model performance of the nomogram.   

AUC (95 % CI) Accuracy (95 % CI) Sensitivity Specificity 

Value 0.8745 
(0.8258–0.9232) 

0.8235 
(0.7642–0.8732)  

0.8056  0.8438 

AUC, The area under the receiver operating characteristic curve; CI, confidence 
interval. 
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Fig. 5. Cholesterol efflux from J774.1 macrophages and influx from HepG2 cells mediated by HDL2 between patients with PCAD and healthy controls. A. 3H- 
cholesterol efflux from J774.1 macrophages. B. % influx of 3H-cholesterol to HepG2 cells in a tandem efflux-influx assay. C. HDL2 facilitates delivery of NBD- 
cholesterol to HepG2 cells in 30 min via confocal microscopy (×20). *P < 0.05. 
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