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                        ORIGINAL ARTICLE    

 Proprotein convertase subtilisin-kexin type 9 as a biomarker for the 
severity of coronary artery disease      

    Sha     Li  ,       Yan     Zhang  ,       Rui-Xia     Xu  ,       Yuan-Lin     Guo  ,       Cheng-Gang     Zhu  ,       Na-Qiong     Wu  ,       Ping     Qing  ,       Geng     Liu  , 
      Qian     Dong     &         Jian-Jun     Li    

  Division of Dyslipidemia, State Key Laboratory of Cardiovascular Disease, Fu Wai Hospital, National Center for Cardiovascular Diseases, 
Chinese Academy of Medical Sciences, Peking Union Medical College, BeiLiShi Road 167, Beijing 100037, China                             

   Introduction 
 Proprotein convertase subtilisin/kexin type 9 (PCSK9) was fi rstly 
characterized as a novel proteinase K-like subtilase by Seidah 
and colleagues (1). Shortly thereaft er, it was reported as a third 
genetically validated target, aft er low-density lipoprotein (LDL) 
receptor (LDLR) and apolipoprotein B (apoB), associated with 
autosomal dominant hypercholesterolemia (ADH), a form of 
familial hypercholesterolemia (2). In the following years, experi-
mental studies established the central role of PCSK9 in regula-
tion of cholesterol homeostasis by degradation of hepatic LDLR, 

resulting in increased LDL cholesterol (LDL-C) concentrations 
(3). Th e functional role of PCSK9 in atherogenic dyslipidemia 
and elevated coronary artery disease (CAD) risk had also been 
well-documented by genome-wide association and Mendelian 
randomization studies, which had confi rmed that the gain-
of-function mutations of PCSK9 were associated with hyperc-
holesterolemia and sharply increased risk of CAD, whereas the 
loss-of-function mutations were accompanied by remarkable 
reductions in CAD risk (4 – 6). Several investigations using the 
PCSK9-knockout mouse model furthered the understanding of 
the association between PCSK9 and CAD (7,8). Th ese fi ndings 
generated an intense attention on the potential proatherosclerotic 
properties of PCSK9. 

 Furthermore, the determination of plasma PCSK9 levels in dif-
ferent populations is of considerable interest for clinical practice, 
given the pathophysiological role of PCSK9 as a secreted factor 
and the recent fi nding that plasma PCSK9 levels predicted recur-
rent clinical events in patients with stable cardiovascular disease 
treated with low-dose atorvastatin (9). Th e PCSK9 level as a po-
tential useful biomarker for CAD might be more interesting and 
worthy of investigation. 
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   Key messages    

 Genetic variations in the PCSK9 gene are associated with  •
dyslipidemia and atherosclerotic cardiovascular risk; 
hence, the determination of PCSK9 levels in patients with 
coronary artery disease (CAD) is of clinical interest.   
 Our data indicated that PCSK9 levels were positively  •
associated with the severity of CAD, suggesting that 
PCSK9 is a potentially useful biomarker for predicting 
the severity of CAD.   
 Th e study further confi rmed by mediator analysis that  •
the eff ects of PCSK9 levels on CAD were mediated by 
increased lipid and infl ammation.    

     Aim.  To evaluate the relation of proprotein convertase subtilisin-
kexin type 9 (PCSK9) levels to coronary artery disease (CAD). 
  Methods.  A total of 1031 consecutive individuals (552 CAD and 479 
controls) were prospectively enrolled. The associations of plasma 
PCSK9 levels with the incidence and severity of CAD were inves-
tigated. Further, mediator analysis was performed to detect the 
potential mechanisms of the associations. 
  Results.  No diff erence in PCSK9 levels between CAD patients and 
controls was detected (median 224.75 versus 224.64 ng/mL, 
 P  �   0.05). However, the CAD group had higher PCSK9 levels than 
the control group when adjusting for the confounding factors 
(228.03    �    1.01 versus 219.28    �    1.02 ng/mL,  P    �     0.019). PCSK9 
levels were also associated with the severity of CAD assessed by 
the Gensini score (GS) system ( P  for trend    �    0.05). Logistic regres-
sion analysis showed that PCSK9 levels were associated with an 
increased CAD risk (OR 3.296 and 5.130 for the incidence and 
severity, respectively). Importantly, mediator analysis indicated 
that the eff ects of PCSK9 levels on CAD were mediated by lipid 
(around 20%) and infl ammation (around 15%). 
  Conclusions.  PCSK9 levels were positively associated with the 
severity of CAD; the relatively important mechanisms including 
lipid and infl ammation pathways were partly involved in this as-
sociation.   

 Key words:    Coronary artery disease  ,   infl ammation  ,   lipid  ,   mediator  , 
  proprotein convertase subtilisin/kexin type 9 
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 However, there are few studies regarding the PCSK9 level as 
biomarker for CAD to date. It also remains unknown how much 
of the eff ect of PCSK9 levels on CAD is attributable to the media-
tion of atherogenic dyslipidemia or other pathways. Th erefore, in 
the current study, we sought to evaluate the associations of PCSK9 
levels with the incidence and severity of CAD, then to investigate 
the underlying mechanisms of the associations.   

 Materials and methods  

 Study design and population 
 Th e present study complied with the Declaration of Helsinki 
and was approved by the hospital ’ s ethical review board (Fu Wai 
Hospital  &  National Center for Cardiovascular Diseases, Beijing, 
China). Informed written consent was obtained from all patients 
enrolled in this study. 

 In a group of patients scheduled for coronary angiography 
because of their angina-like chest pain and/or positive treadmill 
exercise test and/or clinically suspected CAD in our division, we 
consecutively recruited 1031 individuals who had no lipid-lowering 
therapy (552 CAD and 479 controls). Essentially, the present study 
was a prospective study with angiography and lipid-lowering 
therapy being parts of the screening process (the fl ow chart shown 
in Figure 1). Because lipid-lowering medication could increase the 
PCSK9 levels (10), confounding the study results, the individuals 
taking any lipid-lowering agent within 3 months prior to enter-
ing the study were excluded from this study. Additionally, patients 
with acute coronary syndrome (ACS), heart failure (left  ventricular 
ejection fraction, LVEF    �    45%), history of percutaneous coronary 
intervention (PCI) or coronary artery bypass graft ing (CABG), sig-
nifi cant hematologic disorders, infectious or systemic infl ammatory 
disease, thyroid dysfunction, severe liver and/or renal insuffi  ciency, 
and malignant disease were excluded from the study. 

 Hypertension was defi ned as repeated systolic and/or diastolic 
blood pressure    �    140 and/or    �    90 mmHg on two diff erent occa-
sions or if patients were currently taking anti-hypertensive drugs. 
Diabetes mellitus (DM) was diagnosed as fasting serum glucose lev-
els    �    7.0 mmol/L in multiple determinations or patients were being 
treated with insulin or oral hypoglycemic agents. Hyperlipidemia 
was considered to be present in patients if they had fasting total cho-
lesterol (TC)  �    200 mg/dL or triglyceride (TG)  �    150 mg/dL.   

 Laboratory examinations 
 Blood samples were obtained for all patients from the cubital vein 
aft er a 12-hour overnight fast, and collected into EDTA-containing 
tubes. Th en the samples were stored at  – 80 ° C until analysis. 

 Th e concentrations of plasma TC, TG, high-density lipopro-
tein cholesterol (HDL-C), LDL-C, and apoB were measured using 
an automatic biochemistry analyzer (Hitachi 7150, Tokyo, Japan). 
Of these, TC, TG, HDL-C, and LDL-C were measured using an 
enzymatic assay, and apoB was measured using a turbidimetric 
immunoassay. Th e white blood cell (WBC) count was determined 
using an automated blood cell counter (Beckman Coulter Ireland 
Inc., Mervue, Galway, Ireland). Th e levels of plasma fi brinogen 
were measured by the Clauss method. Th e concentrations of 
high-sensitivity C-reactive protein (hs-CRP) were determined 
using immunoturbidimetry (Beckmann Assay 360, Bera, CA, 
USA). Th e levels of plasma PCSK9 were measured using a stan-
dard method named the high-sensitivity, quantitative sandwich 
enzyme immunoassay (Quantikine ELISA, R  &  D Systems Eu-
rope Ltd, Minneapolis, USA) as in previous studies (11 – 13). 
A monoclonal antibody specifi c for PCSK9 was used in the ELISA 
assay. Th e lower limit of detection was 0.096 ng/mL.   

 Assessment of the severity of CAD 
 Th e study patients were referred for coronary angiography, which 
was performed using the standard Judkin technique with fi lm-
ing of multiple views of each vessel. Th e severity of CAD was 
assessed according to the Gensini score (GS) system (14). Th e 
GS was computed by assigning a severity score to each coronary 
stenosis according to the degree of luminal narrowing and its 
geographic importance. Firstly, reductions in the lumen diameter 
or roentgenographic appearances of the coronary artery lesion 
were evaluated as 1 for 1% – 25% stenosis, 2 for 26% – 50% stenosis, 
4 for 51% – 75% stenosis, 8 for 76% – 90% stenosis, 16 for 91% – 99% 
stenosis, and 32 for total occlusion. Th en, the scores were multi-
plied by a factor that represented the importance of the lesion ’ s 
position in the coronary arterial system. Th ey were 5 for the left  
main coronary artery, 2.5 for the proximal left  anterior descend-
ing or proximal left  circumfl ex artery, 1.5 for the mid-region, 1 for 
the distal left  anterior descending or mid-distal region of the left  
circumfl ex artery, and 0.5 for small vascular branches. Patients 
with angiography-proven CAD were also subdivided into three 

  Figure 1.     Flow chart of the selection of the present study population including inclusion and exclusion criteria.  
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subgroups according to GS tertiles. In patients who were going 
to undergo PCI or CABG, their angiographic GSs were measured 
before the revascularization procedures.   

 Statistical analysis 
 Th e values were expressed as mean  �  SD or median (Q1 – Q3 
quartiles) for the continuous variables and number (percentage) 
for the categorical variables. Pearson correlation analysis was used 
to determine the correlations between two normal distribution 
variables. Both the lipid status and the infl ammation status were 
assessed by a number of correlated markers. We performed prin-
cipal component analysis to extract from the individual markers 
of atherogenic lipid profi le (TG, TC, LDL-C, non-HDL-C, apoB) 
and infl ammation (WBC, hs-CRP, fi brinogen) to the relevant 
weighted multi-marker indexes. A general linear model was used 
to study PCSK9 levels over the quartiles of the multi-marker in-
dexes of lipid and infl ammation with adjustments for confound-
ing factors, and to calculate the adjusted mean values, respectively. 
Th e same model was used to study the levels of PCSK9, athero-
genic lipids, and infl ammation markers over the groups regard-
ing the status and severity of CAD. Log-normalization was used 
for variables with positively skewed distribution (PCSK9, TG, 
hs-CRP). Multiple logistic regression analysis was performed to 
investigate the strength of association between exposure factors 
and CAD. Additionally, we examined the multi-marker indexes 
as potential mediators of the relationship between PCSK9 levels 
and CAD using mediation analysis. Th e lipid and infl ammation 
pathways were of special interest because they were associated 
with both PCSK9 levels and CAD. Briefl y, the mediation analysis 
was based on three models: one for explaining the outcome (CAD 
status) of an exposure (diff erent levels of PCSK9), one for explain-
ing mediator (atherogenic lipids and infl ammation, respectively) 
of the PCSK9 levels, and the third for estimating the association 

of mediator and PCSK9 levels with CAD. Th e analysis was per-
formed in the whole sample with adjustment for age and sex. 
A  P  value    �    0.05 was considered statistically signifi cant. Th e sta-
tistical analysis was performed with SPSS version 19.0 soft ware 
(SPSS Inc., Chicago, IL, USA).    

 Results  

 Baseline characteristics 
 A total of 1031 individuals were included in the present study. 
Among them, 552 (53.5%) had signifi cant angiographically docu-
mented CAD, with    �    50% diameter stenosis in    �    1 major epicar-
dial coronary artery. Th erefore, in the current study population 
( n    �      1031), there were 552 patients with varying degrees of CAD 
and 479 controls (Figure 1). Th e main demographic and clinical 
characteristics of the study subjects are listed in Table I.   

 Associations of PCSK9 levels with the incidence and severity 
of CAD 
 As shown in Table I, no diff erence in PCSK9 levels between CAD 
patients and the controls was detected, but signifi cant diff erences 
were found in patients ’  characteristics between the groups includ-
ing age, gender distribution, body mass index (BMI), hyperten-
sion, diabetes, smoking, and family history of CAD, which might 
confound the study result. For instance, the proportion of men 
in the CAD group was signifi cantly larger than in the control 
group. Of note, it has been well-documented by previous studies 
that men have a much lower PCSK9 level than women (15 – 17). 
Th erefore, we further investigated the associations when adjust-
ing for the confounding factors (Table II). 

 Firstly, we used three models to perform gradual adjustments. 
Signifi cantly, the PCSK9 levels were higher in the CAD group 

  Table I. Baseline characteristics of the study population. Bold values in the Table indicate statistical signifi cance.  
Variables CAD Non-CAD  P  value
Demographics parameters

Age (years) 57.82    �    9.72 52.29    �    11.50   �    0.001 
Gender, men % ( n ) 71.6 (395) 47.4 (227)   �    0.001 

Coronary risk factors
BMI (kg/m 2 ) 25.77    �    3.41 24.86    �    3.41   �    0.001 
Hypertension, % ( n ) 65.6 (362) 43.2 (207)   �    0.001 
Diabetes mellitus, % ( n ) 26.8 (148) 11.9 (57)   ��    0.001 
Hypercholesterolemia, % ( n ) 33.9 (187) 33.8 (162) 0.947
Hypertriglyceridemia, % ( n ) 46.4 (256) 39.0 (187)  0.031 
Smoking, % ( n ) 47.3 (261) 26.5 (127)   �    0.001 
Family history of CAD, % ( n ) 14.7 (81) 7.31 (35)   �    0.001 

Laboratory parameters
Triglyceride (mmol/L) 1.65 (1.19 � 2.35) 1.49 (1.03 � 2.10)   �    0.001 
Total cholesterol (mmol/L) 4.92    �    1.03 4.94    �    1.06 0.771
Non-HDL cholesterol (mmol/L) 3.84    �    1.00 3.75    �    1.02 0.171
LDL cholesterol (mmol/L) 3.33    �    0.97 3.23    �    1.01 0.099
Apolipoprotein B (g/L) 1.04    �    0.28 0.99    �    0.28  0.016 
WBC count ( 	    10 9 /L) 6.29    �    1.77 6.19    �    1.61 0.394
Hs-CRP (mg/L) 1.53 (0.70 � 2.91) 1.03 (0.44 � 2.22)   �    0.001 
Fibrinogen (g/L) 3.17    �    0.80 2.99    �    0.62  0.002 
PCSK9 (ng/mL) 224.75 (183.90 � 274.72) 224.64 (184.54 � 281.09) 0.928

Prior drug treatment
Statins 0 (0) 0 (0)
Aspirin, % ( n ) 45.6 (252) 24.6 (118)   �    0.001 
Beta-blocker, % ( n ) 23.7 (131) 17.1 (82)  0.027 
ACEI/ARB, % ( n ) 18.1 (100) 11.3 (54)   �    0.001 
CCB, % ( n ) 21.9 (121) 15.2 (73)  0.011 

    Data shown are mean  �  SD, median (Q1 � Q3 quartiles), or  n  (%).   
 ACEI/ARB    �    angiotensin-converting enzyme inhibitors/angiotensin receptor blocker; BMI    �    body mass index; CAD    �    coronary artery disease; CCB    �    calcium 
channel blocker; HDL-C    �    high-density lipoprotein cholesterol; hs-CRP    �    high-sensitivity C-reactive protein; LDL-C    �    low-density lipoprotein cholesterol; 
PCSK9    �    proprotein convertase subtilisin/kexin type 9; TC    �    total cholesterol; TG    �    triglyceride; WBC    �    white blood cell count.   
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lipid profi le (TG, TC, LDL-C, non-HDL-C, apoB) and infl amma-
tion (WBC, hs-CRP, fi brinogen) to the weighted multi-marker 
indexes respectively, as shown in Table III. Signifi cantly, the 
PCSK9 levels were increased with the elevated quartiles of athero-
genic lipids index (207.97    �    1.02, 215.28    �    1.02, 220.80    �    1.02, 
240.99    �    1.02 ng/mL) and infl ammation index (215.28    �    1.02, 
220.29    �    1.02, 220.80    �    1.02, 239.88    �    1.02 ng/mL) even aft er 
adjustment for confounding factors including age, sex, BMI, 
hypertension, diabetes, smoking, and family history of CAD 
(Table III). Th us, there was a signifi cant diff erence among the 
quartiles in the levels of PCSK9 ( P   �  0.001).   

 Lipid and infl ammation as mediators of the relationship 
between PCSK9 levels and CAD 
 To estimate the eff ect of PCSK9 levels on CAD via lipid/infl amma-
tion pathways, we performed mediation analysis (which assesses 
an intermediate variable as a mediator in the pathway between 
a risk factor and an outcome, estimating the extent to which the 
eff ect of the risk factor occurs through the mediator). Th e me-
diation analysis was performed in a model with the incidence or 
severity of CAD as the dependent variable, PCSK9 level as the 
independent variable, and lipid/infl ammation index as the me-
diator variable, with age and sex as covariates (Table IV). In the 
model with lipid index as mediator, data showed that the eff ects 
of PCSK9 on the incidence and severity of CAD were mediated 
partly by lipid and the eff ect size on both was 17%. In the model 
with infl ammation index as mediator, the eff ects of PCSK9 on 
CAD were also found to be mediated partly by infl ammation, and 
the eff ect size was 10% for the incidence and 18% for the severity 
of CAD, respectively.    

than in the control group in all the three models (all  P   �  0.05). 
Th e atherogenic lipids such as non-HDL-C, LDL-C, and apoB 
and the infl ammation markers including hs-CRP and fi brinogen 
also exhibited diff erences between the groups. 

 Secondly, we explored whether PCSK9 levels were increased 
with GS tertiles. We found that PCSK9 levels were also associated 
with the severity of CAD assessed by GS ( P  for trend    �    0.05). Even 
aft er adjustment for age, gender, BMI, hypertension, and diabetes, 
in addition to smoking and family history of CAD, the levels of 
PCSK9 in the high, intermediate, and low GS groups remained 
signifi cantly diff erent (229.99    �    1.01 versus 233.35    �    1.01 versus 
213.30    �    1.01 ng/mL, respectively). 

 Furthermore, logistic regression analysis correcting for age 
and gender was performed, suggesting that the atherogenic lipid 
index (OR for the incidence of CAD, 1.209 [1.057 – 1.384]; for the 
severity of CAD, 1.362 [1.119 – 1.658]), the infl ammation markers 
index (OR for the incidence of CAD, 1.331 [1.110 – 1.596]; for the 
severity of CAD, 1.496 [1.176 – 1.902]), and the PCSK9 levels (OR 
for the incidence of CAD, 3.296 [1.088 – 9.988]; for the severity of 
CAD, 5.130 [1.775 – 25.182]; log-transformed data) were signifi -
cantly associated with increased risk of CAD (Figure 2).   

 Associations of PCSK9 levels with atherogenic lipids and 
infl ammation 
 Overall, the individual markers of lipid and infl ammation includ-
ing levels of TG, TC, non-HDL-C, LDL-C, apoB, WBC, hs-CRP, 
and fi brinogen were all signifi cantly and positively correlated 
with the PCSK9 levels (Figure 3). Both the atherogenic lipids and 
infl ammation status can be assessed by a number of correlated 
markers. We extracted from the individual markers of atherogenic 

  Table II. Adjusted associations of PCSK9, atherogenic lipids, and infl ammation with CAD. Bold values in the Table indicate statistical signifi cance.  

Variables
CAD

  ( n    �      552)
Non-CAD
  ( n    �      479)  P  value

Low GS
  ( n    �      183)

Intermediate GS
  ( n    �      184)

High GS
  ( n    �      185)  P  for trend

TG (mmol/L)  a Model 1 1.69    �    1.02 1.54    �    1.03  0.007 1.59    �    1.04 1.71    �    1.04 1.81    �    1.04  0.032 
Model 2 1.66    �    1.02 1.58    �    1.03 0.085 1.58    �    1.04 1.71    �    1.04 1.82    �    1.03  0.032 
Model 3 1.65    �    1.02 1.58    �    1.02 0.103 1.57    �    1.04 1.72    �    1.04 1.82    �    1.03  0.017 

TC(mmol/L) Model 1 4.98    �    0.05 4.86    �    0.05 0.068 4.89    �    0.08 4.98    �    0.08 5.05    �    0.07  0.006 
Model 2 4.97    �    0.05 4.89    �    0.05 0.121 4.80    �    0.08 4.96    �    0.08 5.05    �    0.08  0.004 
Model 3 4.97    �    0.05 4.89    �    0.05 0.126 4.80    �    0.08 4.96    �    0.08 5.05    �    0.08  0.004 

Non-HDL-C (mmol/L) Model 1 3.87    �    0.04 3.71    �    0.05  0.021 3.72    �    0.08 3.90    �    0.08 3.96    �    0.06  0.003 
Model 2 3.86    �    0.04 3.73    �    0.05  0.034 3.67    �    0.07 3.89    �    0.07 3.96    �    0.06  0.002 
Model 3 3.85    �    0.04 3.73    �    0.05  0.047 3.67    �    0.07 3.89    �    0.07 3.96    �    0.07  0.002 

LDL-C (mmol/L) Model 1 3.34    �    0.04 3.19    �    0.05  0.019 3.18    �    0.08 3.37    �    0.08 3.49    �    0.06   �    0.001 
Model 2 3.36    �    0.04 3.20    �    0.05  0.018 3.21    �    0.07 3.37    �    0.08 3.50    �    0.06   �    0.001 
Model 3 3.36    �    0.04 3.21    �    0.05  0.029 3.21    �    0.07 3.37    �    0.08 3.50    �    0.06   �    0.001 

ApoB (g/L) Model 1 1.04    �    0.01 0.985    �    0.01  0.002 1.01    �    0.02 1.04    �    0.02 1.07    �    0.02  0.036 
Model 2 1.04    �    0.01 0.991    �    0.01  0.012 1.01    �    0.02 1.04    �    0.02 1.06    �    0.02  0.047 
Model 3 1.04    �    0.01 0.991    �    0.01  0.013 1.01    �    0.02 1.04    �    0.02 1.06    �    0.02  0.047 

WBC count ( 	    10 9 /L) Model 1 6.28    �    0.07 6.24    �    0.08 0.221 5.91    �    0.14 6.29    �    0.14 6.55    �    0.11  0.002 
Model 2 6.29    �    0.08 6.22    �    0.07 0.194 5.92    �    0.13 6.37    �    0.13 6.60    �    0.13  0.001 
Model 3 6.30    �    0.08 6.22    �    0.07 0.097 5.89    �    0.13 6.39    �    0.13 6.61    �    0.13   �    0.001 

Hs-CRP (mg/L)  a Model 1 1.32    �    1.06 0.99    �    1.06  0.001 1.12    �    1.11 1.40    �    1.11 1.61    �    1.09  0.028 
Model 2 1.27    �    1.06 1.03    �    1.07  0.019 1.13    �    1.11 1.41    �    1.11 1.58    �    1.09  0.037 
Model 3 1.27    �    1.06 1.03    �    1.07  0.025 1.14    �    1.11 1.40    �    1.11 1.58    �    1.09  0.041 

Fibrinogen (g/L) Model 1 3.17    �    0.03 3.00    �    0.05  0.005 3.08    �    0.07 3.21    �    0.07 3.20    �    0.05 0.096
Model 2 3.17    �    0.03 3.00    �    0.05  0.007 3.06    �    0.07 3.27    �    0.06 3.19    �    0.06 0.059
Model 3 3.17    �    0.03 3.00    �    0.05  0.008 3.05    �    0.06 3.28    �    0.06 3.19    �    0.06  0.040 

PCSK9 (ng/mL)  a Model 1 228.56    �    1.01 218.27    �    1.02  0.035 212.81    �    1.01 233.88    �    1.01 229.99    �    1.01  0.013 
Model 2 228.56    �    1.01 218.77    �    1.02  0.031 213.30    �    1.01 233.35    �    1.01 229.99    �    1.01  0.019 
Model 3 228.03    �    1.01 219.28    �    1.02  0.046 213.30    �    1.01 233.35    �    1.01 229.99    �    1.01  0.019 

    Values were obtained from general linear models. Model 1 adjusted for age and gender. Model 2 adjusted for variables in Model 1    �    BMI, hypertension, and 
diabetes. Model 3 adjusted for variables in Model 2    �    smoking and family history of CAD.   
  a Log-transformed data.   
 ApoB    �    apolipoprotein B; CAD    �    coronary artery disease; GS    �    Gensini score; HDL-C    �    high-density lipoprotein cholesterol; hs-CRP    �    high-sensitivity 
C-reactive protein; LDL-C    �    low-density lipoprotein cholesterol; PCSK9    �    proprotein convertase subtilisin/kexin type 9; TC    �    total cholesterol; TG    �    triglyceride; 
WBC    �    white blood cell count.   
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 Discussion 

 Th e present study, for the fi rst time, has suggested the associa-
tions of plasma PCSK9 levels with lipid/infl ammation and CAD 
in humans. Th e main fi ndings were: 1) plasma PCSK9 levels were 
higher in patients with CAD when adjusting for the confound-
ing factors between the groups, although no diff erence in PCSK9 
levels between CAD patients and controls was detected; 2) the 
PCSK9 levels were increased with the severity of CAD as assessed 
by GS in both crude and adjusted models; 3) plasma PCSK9 levels 
were signifi cantly associated with circulating lipid-related and 
infl ammatory markers; 4) evidence from mediation analysis indi-
cated that lipid and infl ammation pathways were partly involved 
in the eff ect of PCSK9 levels on CAD, and the eff ect sizes for the 
incidence and the severity of CAD by lipid were both 17%, while 
those by infl ammation were 10% for the incidence and 18% for 
the severity of CAD, respectively. Th ese fi ndings provide a use-
ful insight for understanding the mechanisms underlying the 
relationship of plasma PCSK9 and CAD. Importantly, the pres-
ent study, from a clinical insight, investigated the association of 
PCSK9 levels with the severity of CAD in patients who had no 
lipid-lowering therapy, suggesting that PCSK9 might become a 
useful biomarker for predicting the severity of CAD. 

 Th e discovery of PCSK9 has changed our understanding of cho-
lesterol metabolism from a system exclusively controlled by intracel-
lular processes, to one eminently regulated by a circulatory protein 
(3). Moreover, the demonstration that PCSK9 mutations infl uence 
atherosclerosis and CAD risk is another signifi cant breakthrough in 
the clinical interest in PCSK9 (2,18,19). Th e mutations are associated 
with either a specifi c hypo- or hyper-cholesterolemic phenotype with 
decreased or increased CAD risk. For instance, the Atherosclerosis 

Risk in Communities (ARIC) study has demonstrated that carriers of 
PCSK9 loss-of-function variants R46L and Y142X or C679X exhibit 
a signifi cantly reduced risk of CAD. Th e Y142X or C679X nonsense 
variants occurred in 2.6% of Afro-American black subjects and 
were associated with a 28% reduction in mean LDL-C and an 88% 
reduction in CAD risk during a 15-year-long follow-up. In the same 
study, the R46L variant occurred in 3.2% of white subjects and was 
associated with a 15% reduction in mean LDL-C and a 47% reduc-
tion in the risk of CAD (4). Th erefore, it is of considerable interest 
to measure circulating levels of PCSK9 from a clinical perspective 
in humans. 

 In the present study, from a clinical insight, we focused on the 
role of PCSK9 levels in CAD and suggested PCSK9 as a novel bio-
marker. Firstly, consistent with other common biomarkers such 
as CRP, circulating PCSK9 could be quantitatively detected in pa-
tients ’  plasma using a clinically feasible method and demonstrated 
diff erences in patients with diff erent status of severity of CAD. 
Secondly, our data suggested a role of circulating PCSK9 in lipid 
metabolism and infl ammation. A positive correlation between 
PCSK9 and LDL-C levels was found almost systematically since 
the well-demonstrated function of PCSK9 as a secret factor was di-
rected toward LDLR degradation (18). Importantly, PCSK9 levels 
were found to be positively associated with infl ammatory makers 
including WBC, fi brinogen, and CRP (11,12). In fact, there have 
been several experimental studies regarding a connection between 
PCSK9 and infl ammation. Previous studies have recognized that 
infl ammation stimulated the expression of PCSK9 in human liver 
cells (20), although there was no report that infl ammatory cells 
could express PCSK9 so far. And also, PCSK9 blockade could 
lower levels of infl ammatory cytokine and improve infl ammatory 
response in both cultured cells (21) and animal models (22). More 

  Figure 2.     Adjusted odd ratios for incident CAD (A) and severity of CAD (high GS versus low GS) (B) according to the individual markers of lipid and 
infl ammation, PCSK9 levels (log-transformed data), and the multi-marker indexes. Logistic regression analysis was performed, and models were adjusted 
for age and gender.  
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PCSK9 levels and CAD only in Chinese people, and whether this 
diff ers across populations, regions, and time periods remains to 
be investigated. A recent study performed by Almontashiri et   al. 
reported that plasma PCSK9 levels were elevated in acute myo-
cardial infarction but not correlated with the severity of CAD 
in two similar cross-sectional cohorts of angiographic patients 
and controls, from the geographically distinct populations of the 
Ottawa Heart Study and the Emory Cardiology Biobank Study 
(24). Although their studies were to some extent similar to the 
present study in the methodology of PCSK9 measurement and 
the enrolled patients without statin use, they assessed the severity 
of CAD using the number of coronary arteries with stenosis, and 
patients with DM were excluded from their study (24). Secondly, 
in the present study, patients with CAD had signifi cantly diff er-
ent characteristics from the controls. Compared to the controls, 
patients with CAD were older, more oft en of male sex, had higher 

interestingly, the PCSK9-blocking antibody had been found to 
reduce monocyte recruitment and improve atherosclerotic lesion 
composition by increasing the smooth muscle cell and collagen 
content and decreasing the macrophage and necrotic core con-
tent (23). Taken together, studies have shown that the infl amma-
tory pathways might also be implicated in mediating the eff ects of 
PCSK9 on vascular biology. Additionally, the recent fi nding that 
plasma PCSK9 levels predicted recurrent clinical events in stable 
CAD patients with well-controlled LDL-C has made the determi-
nation of circulating PCSK9 more interesting in clinical practice as 
a potential useful biomarker (9). It is plausible to postulate that the 
harmful eff ect of elevated PCSK9 levels on CAD risk is worthy of a 
careful look, and measuring PCSK9 levels might be a useful means 
to predict CAD risk. 

 Several limitations need to be mentioned in the present study. 
Firstly, the current study examined the relationship between 

  Figure 3.     Correlations of lipid and infl ammation markers with plasma PCSK9 levels in overall study population (A – H). Regression lines were calculated by 
Pearson correlation analysis. Coeffi  cients and  P  value are presented.  
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remained a signifi cant and independent tendency of increase in 
PCSK9 levels with GS tertiles.   

 Conclusions 
 In summary, the present study suggests that plasma PCSK9 level 
is a useful biomarker for the severity of CAD, and the lipid and 
infl ammation pathways are partly involved in the eff ect of PCSK9 
levels on CAD.                  
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