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ORIGINAL ARTICLE

Proprotein convertase subtilisin/kexin 9 (PCSK9) in patients with 
diffuse systemic sclerosis: A marker of disease activity and severe 

disease manifestations with potential therapeutic implementations
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ABSTRACT

Objectives: This study aims to investigate proprotein convertase subtilisin/kexin 9 (PCSK9) in patients with diffuse systemic sclerosis (d-SSc) and its 
relation to disease activity, severity and subclinical atherosclerosis in such group of patients.
Patients and methods: Between December 2019 and July 2021, a total of 41 patients with d-SSc (17 males, 24 females; mean age: 36.1±1.9 years; 
range, 19 to 58 years) and 41- age and sex-matched healthy controls (17 males, 24 females; mean age: 40.1±1.7 years; range, 20 to 60 years) were 
included. Disease activity and skin thickness of the patients were evaluated using the European Scleroderma Study Group (EScSG) score and 
modified Rodnan skin score (mRSS), respectively. Serum PCSK9 and carotid intima-media thickness (CIMT) were measured using enzyme-linked 
immunosorbent assay (ELISA) and Duplex ultrasound, respectively.
Results: Serum PCSK9 was higher in patients compared to controls (p=0.003), particularly in those with digital ulcer (DU) and interstitial lung disease 
(ILD) (p<0.001). The PCSK9 positively correlated with the mean pulmonary artery pressure, EScSG, mRSS, C-reactive protein (p<0.001), erythrocyte 
sedimentation rate (p<0.05), lipid profile, and mean CIMT (p<0.01). In the multivariate analysis, EScSG, mRSS, lipid profile, and waist circumference 
were significantly correlated with PCSK9. Serum PCSK9 levels of (182.6 ng/mL) had 77.7% sensitivity and 81.2% specificity for diagnosing DU versus 
(172.8 ng/mL) 90.1% and 73.5% for ILD (p<0.001).
Conclusion: Serum PCSK9 is upregulated in d-SSc with higher levels in severe disease manifestations such as DU and ILD. It is correlated well 
with disease activity, more severe disease manifestations, and CIMT. The PCSK9 inhibitors may be a target of therapy in diseases with premature 
atherosclerosis such as d-SSc regardless of its anti-cholesterol effect, at least in more severe manifestations.
Keywords: Atherosclerosis, diffuse systemic sclerosis, disease activity, PCSK9, proprotein convertase subtilisin/kexin 9.

Diffuse systemic sclerosis (d-SSc) is a rare 
connective tissue disease which significantly affects 
quality of life with high mortality rates.1 There is 
increasing evidence of higher atherosclerosis in 
d-SSc patients compared to healthy individuals.2 
Suggested mechanisms of atherosclerosis include 
chronic inflammation, altered lipid profiles, 
autoantibodies, and endothelial dysfunction.3 

Proprotein convertase subtilisin/kexin type 9 
(PCSK9) is a serine protease mainly synthesized 
in the liver. It enhances cardiovascular (CV) 
risk by decreasing the clearance of low-density 
lipoprotein (LDL) and acting as a regulator 
of atherogenic inflammation.4 Several studies 
have examined the relation between PCSK9 and 
various autoimmune disorders such as rheumatoid 

Received: April 27, 2022  Accepted: June 30, 2022  Published online: October 21, 2022

Correspondence: Mohamed Ahmed Hussein, MD. Department of Rheumatology and Clinical Immunology Unit of Internal Medicine, Cairo University, Cairo, Egypt.
Tel: 01119110567   e-mail: m-ahmed79@cu.edu.eg

Citation:
Artin J, Elsabagh Y, Rashed L, Hussein MA. Proprotein convertase subtilisin/kexin 9 (PCSK9) in patients with diffuse systemic sclerosis: A marker of disease 

activity and severe disease manifestations with potential therapeutic implementations. Arch Rheumatol 2023;38(2):249-256. 
doi: 10.46497/ArchRheumatol.2023.9638

©2023 Turkish League Against Rheumatism. All rights reserved.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited and is not used for commercial purposes (http://creativecommons.org/licenses/by-nc/4.0/).

https://orcid.org/0000-0002-5763-1634
https://orcid.org/0000-0001-6757-2546
https://orcid.org/0000-0001-4556-3456
https://orcid.org/0000-0002-5620-9159


Arch Rheumatol250

arthritis (RA),5 systemic lupus erythematosus 
(SLE),6 and spondyloarthropathies (SpA).7 
However, the information of its role in patients 
with d-SSc is still lacking.

In the present study, we aimed to investigate 
PCSK9 in patients with d-SSc and its relation 
to disease activity, severity and subclinical 
atherosclerosis in such group of patients.

PATIENTS AND METHODS

This case control study was conducted 
at Cairo University, Faculty of Medicine, 
Department of Internal Medicine, Rheumatology 
and Clinical Immunology Unit between 
December 2019 and July 2021. A total of 
41 patients with d-SSc (17 males, 24 females; 
mean age: 36.1±1.9 years; range, 19 to 58 years) 
diagnosed according to the American College 
of Rheumatology (ACR)/European Alliance 
of Associations for Rheumatology (EULAR) 
criteria 20138 and 41- age and sex-matched 
healthy controls (17 males, 24 females; mean 
age: 40.1±1.7 years; range, 20 to 60 years) 
were included. All patients underwent a 
detailed clinical history and a complete physical 
examination including skin examination using 
the modified Rodnan skin score (mRSS).9 
Disease activity was assessed using the European 
Scleroderma Study Group (EScSG) score.10 
Patients with obesity, hypertension, diabetes 
mellitus, ischemic heart disease, peripheral 
vascular disease, stroke, recent infections and 
other autoimmune diseases such as RA, SLE, 
SpA, antiphospholipid syndrome, Sjögren 
syndrome and mixed connective tissue disease 
were excluded from the study.

For all participants, laboratory investigations 
including serum total cholesterol (TC), LDL-C, 
high-density lipoprotein-cholesterol (HDL-C), 
triglycerides (TG), fasting blood glucose (FBG), 
liver and kidney functions, complete blood 
count (CBC) and inflammatory reactants, 
C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR) were measured using 
standard methods. Serum PCSK9 levels were 
measured by enzyme-linked immunosorbent 
assay (ELISA) (CUSABIO kit, Catalog Number: 
CSB-EL017647HU, Houston, USA).

Duplex ultrasound examination was performed 
to asses carotid intima-media thickness (CIMT) 
using a B-mode ultrasound (Acuzon Philips, 
Germany) with a 7.5 MHz linear array imaging 
probe. All examinations were done by a single 
radiologist. The ultrasound images were obtained 
1 cm proximal to carotid bifurcation. Upper normal 
average intima-media thickness (IMT) is estimated 
to be up to <0.8 mm with atherosclerotic plaques 
defined as a thickness greater than 1.5 mm 
as measured from the media-adventia interface 
to the intima-lumen interface.11 Chest X-ray, 
high-resolution computed tomography (CT) chest 
and echocardiography were done to all patients 
for detection of interstitial lung disease (ILD) and 
pulmonary hypertension (PHT).

Statistical analysis

Statistical analysis was performed using the 
SPSS version 17.0 (SPSS Inc., Chicago, IL, 
USA), GraphPad Prism (version 7, California, 
USA) and Microsoft Excel, version 10 software. 
The Kolmogorov-Smirnov test was used to test 
normality. Data were expressed in mean ± 
standard error (SE), median (min-max) or number 
and frequency, where applicable. Comparison 
between the groups was performed by the 
unpaired Student t-test (quantitative data) and 
chi-square test (categorical data). The associations 
between variables were assessed using the Pearson 
correlation coefficient. Multiple regression analysis 
was performed to identify factors associated 
independently with PCSK9. Finally, receiver 
operating characteristic (ROC) curve was drawn 
to evaluate PCSK9 diagnostic value in diagnosing 
ILD and digital ulcer (DU) which are considered 
severe disease manifestations with high morbidity 
and mortality. Cut-off values were determined 
such that they maximized the sum of sensitivity 
and specificity. A p value of <0.05 was considered 
statistically significant.

RESULTS

Demographic and clinical characteristics of 
the patients and controls are shown in Table 1. 
Compared to healthy controls, plasma levels of 
TC, TG, LDL-C levels and ESR were significantly 
higher, while HDL-C was significantly lower in 
d-SSc patients. The d-SSc patients had a higher 
mean serum PCSK9 levels (146.7±6.8 ng/mL) 
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compared to control group (115.3±7.4 ng/mL, 
p=0.003). The mean CIMT in d-SSc patients 
was (0.99±0.05 mm) versus (0.87±0.02 mm) 
in the control group (p=0.006). Serum PCSK9 
in patients with DU (n=9) and ILD (n=11) were 
significantly higher compared to those without 
these manifestations (194.2±5.2) and (190.6±4.9) 
versus (133.4±7.1) and (130.6±7.2), respectively 
(p<0.001).

Serum PCSK9 levels correlated negatively 
with HDL-C (r=-0.35, p=0.02) and positively with 
waist circumference (WC) (r=0.5, p<0.001), mean 

pulmonary arterial pressure (r=0.3, p=0.045), 
LDL-C (r=0.65, p<0.001), TG (r=0.37, p=0.01), 
ESR (r=0.23, p<0.05), CRP (r=0.46, p<0.001), 
mRSS (r=0.9, p<0.001), EScSG score (r=0.87, 
p<0.001) and mean CIMT (r=0.5, p<0.001) 
(Table 2, Figures 1 and 2).

The ROC curve analysis showed that, for the 
diagnosis of DU, the value of area under the curve 
(AUC) for PCSK9 was 0.87 (95% confidence 
interval [CI]: 0.77-0.97; p=0.0007; sensitivity= 
77.7%; specificity= 81.2%) with a cut-off value of 
182.6 ng/mL. For diagnosing ILD, the value of 

Table 1. Demographic, clinical, and laboratory data of participants

d-SSc patients (n=41) Controls (n=41)

Parameters n % Mean±SD n % Mean±SD p

Age (year) 36.1±1.9 40.05±1.7 0.5

Weight (kg) 61.5±1.5 71.1±1.5 <0.001*

Height (cm) 161.8±1.1 166.4±1.7 0.03

Waist circumference (cm) 75.7±1.5 79.7±0.9 0.032*

Pulse (beats/min) 87.3±1.4 87.2±1.6 0.9

Systolic blood pressure (mmHg) 113.1±2.1 123.2±3.2 0.012*

Diastolic blood pressure (mmHg 71.2±1.3 76.6±1.8 0.022*

TC
(Normal: <200 mg/dL)

204.9±11.9 161.1±9.6 0.006*

TG 
(Normal: 53-150 mg/dL)

132.6±5.9 113.7±5.3 0.02*

LDL
(Normal: <130 mg/dL)

121.3±4.7 96.1±4.1 <0.001*

HDL
Male (Normal: 40-50 mg/dL)
Female (Normal: 50-60 mg/dL

42.7±2.5 50.1±3.5 <0.001

ESR
(Normal: 0-15 mm/h)

83.2±5.5 64.5±4.1 0.01*

CRP
(Normal <3 mg/L)

2.2±4.14 2.03±3.53 0.52

FBS
(Normal: 65-104 mg/dL)

90±1.6 94±2.1 0.1

PCSK9
(Normal: 0.45-30 ng/mL)

146.7±6.8 115.3±7.4 0.003*

Interstitial lung disease 11 27 - -

Median MPAP (mmHg) 25 -

Digital ulcers 9 22 - -

Modified Rodnan Skin score 23.1±1.3 - -

European scleroderma study group 5.1±0.2 - -

d-SSc: Diffuse systemic sclerosis; SD: Standard deviation; BMI: body mass index; TC: Total cholesterol; TG: Triglycerides; LDL: Low density 
lipoprotein; HDL: High density lipoprotein; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; FBS: Fasting blood sugar; PCSK9: 
Proprotein convertase subtilisin/kexin type 9; MPAP: Mean pulmonary arterial pressure.
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AUC for PCSK9 was 0.87 (95% CI: 0.73-0.96; 
p=0.0007; sensitivity= 90.1%; specificity= 73.5%) 
with a cut-off value of 172.8 ng/mL (Figure 3).

To identify factors associated independently 
with PCSK9, a multiple regression analysis was 
performed. The independent variables included 
WC, age, LDL-C, HDL-C, TG, systolic and 
diastolic blood pressures, FBG, ESR, CRP, EScSG 
score, mRSS, immunosuppressives including 
corticosteroids, azathioprine, mycophenolate 
mofetil, methotrexate, cyclophosphamide and 
hydroxychloroquine. The results showed that 
EScSG score (r=6.6, p=0.02), mRSS (r=2.4, 
p=0.001), HDL-C (r=0.4, p=0.01), LDL-C 
(r=0.47, p=0.02) and WC (r=0.84, p=0.002) were 

Table 2. Correlation of study parameters with 
PCSK9

Parameters r p

mRSS 0.92 <0.001*

EScSG 0.87 <0.001*

Age -0.2 0.2

Weight 0.04 0.79

Height 0.26 0.09

BMI 0.71 0.66

WC 0.5 <0.001*

SBP 0.243 0.12

DBP 0.081 0.61

Total cholesterol 0.39 0.011*

TG 0.37 0.01*

LDL cholesterol 0.65 <0.001*

HDL cholesterol -0.35 0.02

ESR 0.23 <0.05

CRP 0.46 <0.001

FBS 0.096 0.55

MPAP 0.3 0.045

Mean CIMT 0.5 <0.001*

PCSK9: Proprotein convertase subtilisin/kexin 9; mRSS: Modified 
Rodnan skin score; EScSG: European scleroderma study group; 
BMI: Body mass index; WC: Waist circumference; SBP: Systolic blood 
pressure; DBP: Diastolic blood pressure; TG: Triglycerides; LDL: Low 
density lipoprotein; HDL: High density lipoprotein; ESR: Erythrocyte 
sedimentation rate; CRP: C-reactive protein; FBS: Fasting blood sugar; 
MPAP: Mean pulmonary arterial pressure; CIMT: Carotid intima-media 
thickness.
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Figure 1. Correlation between PCSK9 and EScSG.
PCSK9: Proprotein convertase subtilisin/kexin 9; EScSG: European 
Scleroderma Study Group.
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PCSK9: Proprotein convertase subtilisin/kexin 9; CIMT: Carotid intima-
media thickness.
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Figure 3. ROC curve for PCSK9 in digital ulcers in dSSc 
patients.
ROC: Receiver operating characteristic; PCSK9: Proprotein convertase 
subtilisin/kexin 9; dSSc: Diffuse systemic sclerosis.
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significantly associated with PCSK9. Figure 4 
shows the association of mRSS with PCSK9 in 
the multiple regression model.

DISCUSSION

Previous studies have shown that 
patients with d-SScs have a significant risk 
for stroke, myocardial infarction, and CV 
death.12 Additionally, CV mortality in d-SSc is 
accompanied by more severe manifestations of 
the disease and higher disease activity index.13

According to our results, serum TC, LDL-C, 
and TG levels were significantly higher while 
serum HDL-C was significantly lower in d-SSc 
patients compared to the control group. Several 
studies have reported consistent findings.14,15 

Impaired lipid profile in patients with scleroderma 
may be explained by the inflammatory process 
itself that may have an effect on HDL-C and 
LDL-C levels14 and inhibition of lipoprotein 
lipase with subsequent high TG.16 The PCSK9 
inhibitors have been shown to effectively lower 
cholesterol levels by increasing the cellular uptake 
of LDL.17 However; other researchers have found 
no significant difference in lipid profile between 
scleroderma patients and control group.18,19 They 
explained their findings by the lack of differences 
in serum CRP levels and CV comorbidities 
between the study groups.

Compared to healthy controls, CIMT in 
our d-SSc patients was significantly increased. 

This is consistent with many previous studies 
reporting increased prevalence of subclinical 
atherosclerosis in d-SSc patients.15,20,21 
Endothelial dysfunction due to apoptosis, 
anti-endothelial antibodies, immune-mediated 
cytotoxicity, ischemia-reperfusion damage, 
and secretion of vasoconstrictor substances 
such as endothelin may stand behind the 
increased atherosclerotic risk in d-SSc.22 On the 
other hand, others have shown no significant 
difference in CIMT between d-SSc patients and 
controls which can be explained by the lack 
of traditional CV risk factors in their d-SSc 
patients.23-25 In the current study, there was 
a statistically significant increase in serum 
PCSK9 in d-SSc patients compared to controls. 
Many researchers have studied the possible link 
between PCSK9 and inflammation. Utilization 
of the cytoplasmic effects which can control the 
expression of genes that regulate inflammation 
in macrophages could be an explanation. Also, 
PCSK9 could aim LDL receptor-related protein-1 
which is involved in Janus kinase (JAK)/signal 
transducer and activator of transcription (STAT) 
and extracellular signal-regulated kinase (ERK) 
pathways activation. Finally, it functions as 
a key regulator of atherogenic inflammation 
by lowering the pathogenic lipid removal and 
connecting with the Toll-like receptor (TLR)/
transcription factor nuclear factor-kappa B 
(NF-kB) pathway.6,26-30

In the field of SSc, to the best of our knowledge, 
Ferrazo-Amaro et al.19 only discussed the relation 

Figure 4. Modified Rodnan skin score association with PCSK9 in multivariate analysis.

mRSS: Modified Rodnan skin score; PCSK9: Proprotein convertase subtilisin/kexin 9.
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between PCSK9 and SSc. Unlike our findings, 
they found that PCSK9 was downregulated rather 
than upregulated in SSc patients. However, they 
included patients with both types of SSc: limited 
and diffuse types, which may misjudge the 
serum levels of PCSK9. Moreover, they reported 
that PCSK9 was elevated particularly in certain 
subgroup of d-SSc patients who had more severe 
systemic manifestations which is in line with our 
results of higher PCSK9 levels in those with 
DU, ILD and its correlation with PHT. Of note, 
the aforementioned study recommended further 
assessment in d-SSc which was investigated 
concisely by our own study. Taken together, we 
suggest that PCSK9 serum levels may be lower 
in limited compared to d-SSc for further studies.

The correlation between PCSK9 and lipid 
molecules in d-SSc patients is still controversial. 
In the current study, we found a significant 
positive correlation between PCSK9 and 
TC, LDL-C and TG, consistent with some 
previous studies.30-33 This may be related to 
gain-of-function mutation of PCSK9 with 
subsequent increased levels of serum LDL-C,34 
increasing apolipoprotein synthesis through 
inhibition of the intracellular degradation of 
Apo-B35 and/or degradation of very-LDL (VLDL) 
receptors by PCSK9.36 On the other hand, other 
researchers have found no significant correlation 
between PCSK9 and lipid molecules6,19 which can 
be explained by lipid paradox in inflammatory 
states. Furthermore, our results showed a 
significant positive correlation between PCSK9 
and CIMT in d-SSc patients which is consistent 
with the study of Ferrazo-Amaro et al.19 who 
concluded that PCSK9 could predict for a future 
CV risk and it could be a target for treatment 
of atherosclerosis in patients with scleroderma.

In the present study, serum PCSK9 levels 
positively correlated with disease activity 
as measured by EScSG scores, mRSS, and 
inflammatory markers including ESR and CRP. 
However, in the multivariate analysis, only 
EScSG scores and mRSS remained significantly 
associated with PCSK9 with adjustment for 
other factors, particularly lipid profile and 
other CV risk factors. More importantly, 
previous studies, consistent with our findings, 
showed a significant correlation of PCSK9 
with disease activity in SSc,19 RA,5 SLE6,37 
and SpA.7 Low levels of PCSK9 were also 

associated with remission in patients with RA 
treated with anti-tumor necrosis factor alpha 
(TNF-a).38 Finally, in a case series, PCSK9 
inhibitors were used successively in treatment 
of statin-associated immune-mediated necrotizing 
myositis.39 Moreover, in the present study, we 
found a positive correlation between PCSK9 
and some severe disease manifestations as high 
mRSS score, ILD, DU, and PHT consistent with 
Ferrazo-Amaro et al.’s19 study. According to these 
findings, we studied the potential utility of PCSK9 
as a diagnostic biomarker for prediction of DU 
and ILD; i.e., two severe disease manifestations, 
through the ROC curve analysis. In case of 
DU, the cut-off value of AUC for PCSK9 was 
0.87 (95% CI: 0.77-0.97; p=0.0007; sensitivity= 
77.7%; specificity= 81.2%) with a cut-off value 
of 182.6 ng/mL. For diagnosing ILD, the value 
of AUC for PCSK9 was 0.87 (95% CI: 0.73-
0.96; p=0.0007; sensitivity= 90.1%; specificity= 
73.5%) with a cut-off value of 172.8 ng/mL.

Limitations of the current study included its 
performance in a single tertiary center with a 
relatively small sample size. Based on our results 
as well as previous studies, we only suggest a 
possible benefit of PCSK9 inhibitors in d-SSc 
“at least in more severe disease manifestations” 
without using them in any of our patients. 
Hence, we recommend randomized controlled 
trials with larger sample size to study this 
hypothesis.

In conclusion, as in other autoimmune 
diseases with premature atherosclerosis such as 
RA, SLE and SpA, PCSK9 is a useful marker 
of disease activity in d-SSc and correlated 
well with severe disease manifestations and 
subclinical atherosclerosis. Besides its well-known 
anti-cholesterol effect, we suggest that PCSK9 
inhibitors can be targeted in further larger, 
randomized-controlled trials as an optional 
treatment in these diseases at least in severe 
disease manifestations.
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Faculty of Medicine Cairo University Ethics Committee 
(date: 10.04.2022, no: ms-610-2021). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

Patient Consent for Publication: A written 
informed consent was obtained from each participants.



255PCSK9 in diffuse systemic sclerosis

Data Sharing Statement: The data that support the 
findings of this study are available from the corresponding 
author upon reasonable request.

Author Contributions: Idea/concept, writing the 
article: M.A.H., Y.E.; Design: LR.; Control/supervision: 
M.A.H.; Data collection and/or processing: J.A.; Analysis 
and/or interpretation, references and fundings: Y.E., L.R.; 
Literature review: J.A., M.A.H.; Critical review: M.A.H.; 
Materials: J.A., L.R.

Conflict of Interest: The authors declared no 
conflicts of interest with respect to the authorship and/or 
publication of this article.

Funding: The authors received no financial support 
for the research and/or authorship of this article.

REFERENCES

1. Toledano E, Candelas G, Rosales Z, Martínez Prada 
C, León L, Abásolo L, et al. A meta-analysis of 
mortality in rheumatic diseases. Reumatol Clin 
2012;8:334-41.

2. Ho M, Veale D, Eastmond C, Nuki G, Belch J. 
Macrovascular disease and systemic sclerosis. Ann 
Rheum Dis 2000;59:39-43.

3. Matucci-Cerinic M, Kahaleh B, Wigley FM. Review: 
Evidence that systemic sclerosis is a vascular disease. 
Arthritis Rheum 2013;65:1953-62.

4. Zhang DW, Lagace TA, Garuti R, Zhao Z, McDonald 
M, Horton JD, et al. Binding of proprotein convertase 
subtilisin/kexin type 9 to epidermal growth factor-like 
repeat A of low density lipoprotein receptor decreases 
receptor recycling and increases degradation. J Biol 
Chem 2007;282:18602-12.

5. Ferraz-Amaro I, López-Mejías R, Ubilla B, Genre 
F, Tejera-Segura B, de Vera-González AM, et 
al. Proprotein convertase subtilisin/kexin type 9 
in rheumatoid arthritis. Clin Exp Rheumatol 
2016;34:1013-9.

6. Fang C, Luo T, Lin L. Elevation of serum proprotein 
convertase subtilisin/kexin type 9 (PCSK9) 
concentrations and its possible atherogenic role in 
patients with systemic lupus erythematosus. Ann 
Transl Med 2018;6:452.

7. de Armas-Rillo L, Quevedo-Abeledo JC, de Vera-
González A, González-Delgado A, García-Dopico 
JA, Jimenez-Sosa A, et al. Proprotein convertase 
subtilisin/kexin type 9 in the dyslipidaemia of patients 
with axial spondyloarthritis is related to disease 
activity. Rheumatology (Oxford) 2021;60:2296-306.

8. van den Hoogen F, Khanna D, Fransen J, Johnson 
SR, Baron M, Tyndall A, et al. 2013 classification 
criteria for systemic sclerosis: an American 
college of rheumatology/European league against 
rheumatism collaborative initiative. Ann Rheum Dis 
2013;72:1747-55.

9. Khanna D, Furst DE, Clements PJ, Allanore Y, 
Baron M, Czirjak L, et al. Standardization of the 
modified Rodnan skin score for use in clinical trials 
of systemic sclerosis. J Scleroderma Relat Disord 
2017;2:11-8.

10. Valentini G, Bencivelli W, Bombardieri S, D'Angelo 
S, Della Rossa A, Silman AJ, et al. European 
Scleroderma Study Group to define disease activity 
criteria for systemic sclerosis. III. Assessment of the 
construct validity of the preliminary activity criteria. 
Ann Rheum Dis 2003;62:901-3.

11.	 Celik	 S,	 Erdo¤an	 T,	 Kasap	 H,	 Kaplan	 S,	 Durmu	
I, Gedik O, et al. Carotid intima-media thickness 
in patients with isolated coronary artery ectasia. 
Atherosclerosis 2007;190:385-7.

12. Hesselvig JH, Kofoed K, Wu JJ, Dreyer L, 
Gislason G, Ahlehoff O. Localized scleroderma, 
systemic sclerosis and cardiovascular risk: A Danish 
nationwide cohort study. Acta Derm Venereol 
2018;98:361-5.

13. Mihai C, Landewé R, van der Heijde D, Walker UA, 
Constantin PI, Gherghe AM, et al. Digital ulcers 
predict a worse disease course in patients with 
systemic sclerosis. Ann Rheum Dis 2016;75:681-
6.

14. Kotyla PJ, Gozdzik J, Lewicki M, Kotulska AT, 
Kucharz EJ. Serum lipid profile in patients with 
systemic sclerosis: Relationship to the thyreometabolic 
state. Rheumatol Int 2006;26:583-4.

15. Tsifetaki N, Georgiadis AN, Alamanos Y, Fanis 
S, Argyropoulou MI, Drosos AA. Subclinical 
atherosclerosis in scleroderma patients. Scand J 
Rheumatol 2010;39:326-9.

16. Kodera M, Hayakawa I, Komura K, Yanaba K, 
Hasegawa M, Takehara K, et al. Anti-lipoprotein 
lipase antibody in systemic sclerosis: Association 
with elevated serum triglyceride concentrations. J 
Rheumatol 2005;32:629-36.

17. Bergeron N, Phan BA, Ding Y, Fong A, Krauss 
RM. Proprotein convertase subtilisin/kexin type 
9 inhibition: A new therapeutic mechanism for 
reducing cardiovascular disease risk. Circulation 
2015;132:1648-66.

18. Lippi G, Caramaschi P, Montagnana M, Salvagno GL, 
Volpe A, Guidi G. Lipoprotein[a] and the lipid profile 
in patients with systemic sclerosis. Clin Chim Acta 
2006;364:345-8.

19. Ferraz-Amaro I, Delgado-Frías E, Hernández-
Hernández V, Sánchez-Pérez H, de Armas-Rillo 
L, García-Dopico JA, et al. Proprotein convertase 
subtilisin/kexin type 9 in patients with systemic 
sclerosis. Clin Exp Rheumatol 2020;38 Suppl 
125:18-24.

20. Tyrrell PN, Beyene J, Feldman BM, McCrindle BW, 
Silverman ED, Bradley TJ. Rheumatic disease and 
carotid intima-media thickness: A systematic review 
and meta-analysis. Arterioscler Thromb Vasc Biol 
2010;30:1014-26.



Arch Rheumatol256

21. Au K, Singh MK, Bodukam V, Bae S, Maranian P, 
Ogawa R, et al. Atherosclerosis in systemic sclerosis: 
A systematic review and meta-analysis. Arthritis 
Rheum 2011;63:2078-90.

22. Matucci-Cerinic M, Denton CP, Furst DE, Mayes MD, 
Hsu VM, Carpentier P, et al. Bosentan treatment of 
digital ulcers related to systemic sclerosis: Results from 
the RAPIDS-2 randomised, double-blind, placebo-
controlled trial. Ann Rheum Dis 2011;70:32-8.

23. Hettema ME, Zhang D, de Leeuw K, Stienstra Y, 
Smit AJ, Kallenberg CG, et al. Early atherosclerosis 
in systemic sclerosis and its relation to disease 
or traditional risk factors. Arthritis Res Ther 
2008;10:R49.

24. Roustit M, Simmons GH, Baguet JP, Carpentier P, 
Cracowski JL. Discrepancy between simultaneous 
digital skin microvascular and brachial artery 
macrovascular post-occlusive hyperemia in systemic 
sclerosis. J Rheumatol 2008;35:1576-83.

25. Liu J, Zhang Y, Cao TS, Duan YY, Yuan LJ, Yang 
YL, et al. Preferential macrovasculopathy in systemic 
sclerosis detected by regional pulse wave velocity from 
wave intensity analysis: Comparisons of local and 
regional arterial stiffness parameters in cases and 
controls. Arthritis Care Res (Hoboken) 2011;63:579-87.

26. Norata GD, Garlaschelli K, Grigore L, Raselli S, 
Tramontana S, Meneghetti F, et al. Effects of PCSK9 
variants on common carotid artery intima media 
thickness and relation to ApoE alleles. Atherosclerosis 
2010;208:177-82.

27. Momtazi-Borojeni AA, Sabouri-Rad S, Gotto AM, 
Pirro M, Banach M, Awan Z, et al. PCSK9 and 
inflammation: A review of experimental and clinical 
evidence. Eur Heart J Cardiovasc Pharmacother 
2019;5:237-45.

28. Walley KR, Thain KR, Russell JA, Reilly MP, Meyer 
NJ, Ferguson JF, et al. PCSK9 is a critical regulator 
of the innate immune response and septic shock 
outcome. Sci Transl Med 2014;6:258ra143.

29. Giugliano RP, Sabatine MS. Are PCSK9 Inhibitors the 
next breakthrough in the cardiovascular field? J Am 
Coll Cardiol 2015;65:2638-51.

30. Tang ZH, Peng J, Ren Z, Yang J, Li TT, Li TH, et al. 
New role of PCSK9 in atherosclerotic inflammation 
promotion involving the TLR4/NF-kB pathway. 
Atherosclerosis 2017;262:113-22.

31. Tavori H, Rashid S, Fazio S. On the function and 
homeostasis of PCSK9: Reciprocal interaction with 
LDLR and additional lipid effects. Atherosclerosis 
2015;238:264-70.

32. Zhu YM, Anderson TJ, Sikdar K, Fung M, McQueen 
MJ, Lonn EM, et al. Association of Proprotein 
Convertase Subtilisin/Kexin Type 9 (PCSK9) with 
cardiovascular risk in primary prevention. Arterioscler 
Thromb Vasc Biol 2015;35:2254-9.

33. Caselli C, Del Turco S, Ragusa R, Lorenzoni V, 
De Graaf M, Basta G, et al. Association of PCSK9 
plasma levels with metabolic patterns and coronary 
atherosclerosis in patients with stable angina. 
Cardiovasc Diabetol 2019;18:144.

34. Cohen JC, Boerwinkle E, Mosley TH Jr, Hobbs 
HH. Sequence variations in PCSK9, low LDL, and 
protection against coronary heart disease. N Engl J 
Med 2006;354:1264-72.

35. Baass A, Dubuc G, Tremblay M, Delvin EE, O'Loughlin 
J, Levy E, et al. Plasma PCSK9 is associated with age, 
sex, and multiple metabolic markers in a population-
based sample of children and adolescents. Clin Chem 
2009;55:1637-45.

36. Sun H, Samarghandi A, Zhang N, Yao Z, Xiong 
M, Teng BB. Proprotein convertase subtilisin/kexin 
type 9 interacts with apolipoprotein B and prevents 
its intracellular degradation, irrespective of the low-
density lipoprotein receptor. Arterioscler Thromb 
Vasc Biol 2012;32:1585-95.

37. Sánchez-Pérez H, Quevedo-Abeledo JC, Tejera-
Segura B, de Armas-Rillo L, Rúa-Figueroa I, 
González-Gay MA, et al. Proprotein convertase 
subtilisin/kexin type 9 is related to disease 
activity and damage in patients with systemic 
erythematosus lupus. Ther Adv Musculoskelet Dis 
2020;12:1759720X20975904.

38. Frostegård J, Ahmed S, Hafström I, Ajeganova S, 
Rahman M. Low levels of PCSK9 are associated with 
remission in patients with rheumatoid arthritis treated 
with anti-TNF-a: Potential underlying mechanisms. 
Arthritis Res Ther 2021;23:32.

39. Tiniakou E, Rivera E, Mammen AL, Christopher-Stine 
L. Use of proprotein convertase subtilisin/kexin type 
9 inhibitors in statin-associated immune-mediated 
necrotizing myopathy: A case series. Arthritis 
Rheumatol 2019;71:1723-6.


