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Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors
are a new class of potent lipid-lowering drugs. Oxidized low-
density lipoprotein (ox-LDL) is the key pathogenic factor leading
to atherosclerosis. However, its effect on ox-LDL levels has not
been clinically reported. The clinical data of 290 very high-risk
atherosclerotic cardiovascular disease (ASCVD) patients diagnosed
in the First Affiliated Hospital of Zhengzhou University from May
2022 to October 2022 were collected retrospectively. According to
whether evolocumab (a PCSK9 inhibitor) was used after
percutaneous coronary intervention (PCI), they were divided into
evolocumab group (153 cases) and statin monotherapy group (137
cases). At hospital admission, ox-LDL, total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), apolipoproteinA1
(apoA1), apolipoprotein B-100 (apoB), lipoprotein (a) [Lp(a)], and
high-sensitivity reactive protein (hs-CRP) levels were collected and
used as baseline data. After two weeks of treatment, ox-LDL in
the evolocumab group and statin monotherapy group were
significantly lower than those before treatment (p<0.05). The
decrease of ox-LDL in the evolocumab group was more than in
the stain monotherapy group (p<0.05). In conclusion, PCSK9
inhibitors reduce ox-LDL levels in very high-risk ASCVD patients in
a short time.
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C ardiovascular diseases (CVDs) are the leading cause of
death globally.(1) In 2018, the American College of Cardi‐

ology (ACC) and the American Heart Association (AHA)
published guidelines for clinical practice management of choles‐
terol,(2) which further subdivided the risk of atherosclerotic
cardiovascular disease (ASCVD) patients into very high-risk and
non-very high-risk patients, and showed different treatment
recommendations, emphasizing that the very high-risk population
was treated with high-intensity maximum tolerated statin doses.
At the same time, non-statins are also recommended in clinical
applications. Proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors is the most potent cholesterol-lowering drug
and promote a relevant cardiovascular protective effect.(3) The
FOURIER Asia Subgroup Study also showed significant benefits
in Asian populations receiving evolocumab treatment.(4)

Atherosclerosis (AS) is the most common pathological basis of
cardiovascular diseases, characterized by the accumulation of
lipids and inflammatory factors in the vessel wall.(5) Numerous

epidemiological studies, Mendelian randomization studies, and
Randomized Clinical Trials (RCTs) have consistently demon‐
strated a log-linear relationship between the absolute changes in
plasma LDL-C and the risk of ASCVD.(1) Cardiovascular events
still occur even when risk factors such as LDL-C are well
controlled. In addition, studies have shown that oxidized low-
density lipoprotein (ox-LDL) plays a key role in developing
AS.(6) Elevated ox-LDL concentration has a predictive effect on
future coronary heart disease events. This association is indepen‐
dent of other coronary heart disease risk factors such as conven‐
tional lipoprotein profile and CRP.(7) Based on the importance of
ox-LDL in the development of atherosclerosis, it has better clin‐
ical significance in assessing patient vulnerability than the vague
concept of vulnerable plaque.(8) However, an insufficient number
of studies have clinically evaluated the relationship between ox-
LDL and Proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors.

PCSK9 is mainly secreted in the liver and expressed in the
arterial wall, which can affect atherosclerosis.(9) As an adjunct to
statin therapy, PCSK9 inhibitors can reduce LDL-C by 50–60%
by preventing LDL receptor destruction, which is higher than
statin monotherapy.(10) Studies have shown that patients have
disease progression even on maximally intensive statin
therapy.(11) Previous research also found that PCSK9 inhibitors
combined with high-dose statins may reduce cardiovascular
events and all-cause mortality in patients with clinical
ASCVD.(10) Studies during the period of statins have revealed the
“lag effect” and “legacy effect” of lipid-lowering therapy.(12–14)

The “lag effect” refers to the fact that patients cardiovascular risk
does not decrease immediately after initiation of lipid-lowering
treatment.(15) The “legacy effect” is not the carryover effect of the
drug effect but the carryover effect of the difference in LDL-c
between the groups.(16) For very high-risk ASCVD patients,
reaching the blood lipid target as soon as possible benefits the
long-term prognosis.(17) However, few observations currently
evaluate the early efficacy of PCSK9 inhibitors in Chinese with
very high-risk ASCVD. So, we further analyzed the short-term
effect of one-time administration of evolocumab (a PCSK9
inhibitors) on the blood lipid parameters and inflammation
parameters in very high-risk ASCVD Chinese patients.
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Material and Methods

Clinical data. This is a retrospective cohort study, including
290 patients who were diagnosed with very high-risk ACSVD in
the First Affiliated Hospital of Zhengzhou University from May
2022 to October 2022. There were 139 females and 151 males,
aged 57.51 ± 8.30 years. All the selected patients had been
treated with moderate to high-intensity statins for more than four
weeks before admission. According to whether evolocumab was
used after PCI, they were divided into evolocumab (420 mg)
group (153 subjects) and statins monotherapy group (137
subjects).

Inclusion criteria were: (1) patients with diagnosis of a very
high-risk ASCVD according to 2018 AHA/ACC cholesterol
management guidelines;(2) (2) patients that had been treated with
moderate to high-intensity statins for more than four weeks
before admission; (3) patients that received revascularization
therapy during hospitalization; (4) patients with complete clinical
data.

Exclusion criteria were: (1) uncontrolled blood glucose in
diabetic patients; (2) uncontrolled blood pressure in hypertensive
patients; (3) acute and chronic infectious diseases; (4) auto‐
immune diseases and cancer patients; (5) combined liver and
kidney dysfunction; (6) patients who had received lipid-lowering
therapy using analysis techniques such as evolocumab or lipopro‐
tein apheresis before admission; (7) patients with missing admis‐
sion and follow-up data.

The baseline data of the two groups were compared, including
gender, age, history of hypertension, history of diabetes, and
history of PCI. The following parameters were collected
and used as baseline date: total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), LDL-C,
apolipoprotein(a) [apo(a)], apolipoprotein B-100 (apoB), ox-
LDL, lipoprotein(a) [Lp(a)], high-sensitivity Reactive Protein
(hs-CRP) levels at hospital admission. The above-mentioned
indexes were collected from the outpatient chart in the outpatient
clinic approximately two weeks after discharge. We compared
the lipid profiles and inflammatory markers between baseline and

two weeks later. All methods were carried out in accordance with
relevant guidelines and regulations. This project was approved as
“Early therapeutic effect of evolocumab on oxidized low-density
lipoprotein levels in patients with ultra-high-risk atherosclerotic
cardiovascular disease” with number 022-KY-1237-001.

Ethics approval and consent to participate. This research
was approved by the ethics committee of The First Affiliated
Hospital of Zhengzhou Universit, Zhengzhou, Henan Province,
450000, China – 2022-KY-1237-001.

Statistical analysis. SPSS 26 was used for analysis. Contin‐
uous variables were expressed as mean ± SD or median (IQR)
where not normally distributed. Categorical variables were
expressed as percentages. Wilcoxon rank sum tests were used for
non-normally distributed continuous variables, and Chi-squared
tests were used for categorical variables. Independent sample t
test was used to compare the two samples with normal distribu‐
tion between the two groups. Before-after treatment comparisons
were performed using paired t tests. Statistical significance was
established at p<0.05.

Results

General clinical data. A total of 290 Chinese patients with
an average age of 57.51 ± 8.30 years were enrolled in this study.
There were 151 males (52.1%); 79 (51.6%) in the evolocumab
group, and 72 (52.6%) in the statin monotherapy group. All
enrolled patients have received high-intensity statin therapy for
more than four weeks. There was no significant difference in
gender, age, combined medical diseases, Previous PCI history,
blood lipid profile, lipid-lowering regimen, and follow-up time
between the control and observation groups (p>0.05), as shown
in Table 1.

After two weeks of treatment, TC, TG, LDL-C, apo B, and ox-
LDL in the evolocumab group and statin monotherapy group
were significantly lower than those before treatment (p<0.05)
(Table 2 and Fig. 1). The decrease of these parameters in the
evolocumab group was more evident than in the atorvastatin
group (p<0.05). In the evolocumab group, the LDL-C level

Table 1. Clinical characteristics

Variable Evolocumab group (n = 153) Statin monotherapy group (n = 137) p

Age (years) 57.69 ± 7.69 57.31 ± 8.95 0.876

Male, n (%) 79 (51.6) 72 (52.6) 0.875

History of myocardial infarction, n (%) 30 (19.6) 25 (18.2) 0.73

Hazard, n (%)

 Hypertension 96 (62.7) 78 (56.9) 0.313

 Diabetes 80 (52.3) 71 (51.8) 0.937

 Previous PCI 79 (51.6) 67 (48.9) 0.589

 Smoking 60 (39.2) 68 (49.6) 0.377

 Peripheral vascular disease 7 (4.6) 5 (3.6) 0.639

 Cerebral disease 10 (6.5) 8 (5.8) 0.773

Total cholesterol (mmol/L) 4.67 ± 0.77 4.71 ± 1.05 0.739

Triglycerides (mmol/L) 1.87 ± 0.38 1.79 ± 0.34 0.073

HDL-C (mmol/L) 1.06 ± 0.24 1.09 ± 0.22 0.431

LDL-C (mmol/L) 3.02 ± 0.49 3.08 ± 0.51 0.359

ox-LDL (U/L) 87.52 ± 15.49 89.61 ± 15.40 0.25

Lp(a) (mg/dl) 0.42 (0.31, 0.62) 0.39 (0.26, 0.58) 0.066

hs-CRP (mg/dl) 5.57 ± 1.99 5.54 ± 2.38 0.888

ApoA1 (mmol/L) 1.24 ± 0.21 1.24 ± 0.21 0.926

ApoB (mmol/L) 1.15 ± 0.23 1.14 ± 0.20 0.66

Apo, apolipoprotein; HDL-C, high-density lipoprotein; hs-CRP, high-sensitivity C reactive protein; LDL-C, low-density lipoprotein; PCI, percutaneous
coronary intervention.
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decreased 64.49%. The ox-LDL level decreased 68.09%. The
levels of TC and TG decreased 54.59% and 17.60%, respectively.
The Apo B level decreased 51.04%. However, the levels of
HCL-C and Apo A1 were not significantly different, regardless
of evolocumab administration. The hs-CRP level in each group
was higher than the baseline level; the difference was statistically
significant.

The compliance rate of LDL-C ≤1.4 mmol/L in the evolocumab
group (88.89%) was significantly higher than that in the statin
monotherapy group (0.73%) (p<0.05). The compliance rate of
LDL-C ≤1.8 mmol/L in the evolocumab group (98.69%) was
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Fig. 1. Comparison of ox-LDL before and after treatment between
the two groups. #compared with before treatment, p<0.05.

significantly higher than that in the statin monotherapy group
(6.57%) (p<0.05). The very high-risk ASCVD patients in the
evolocumab group achieved 85.62% of the blood lipid targets
after two weeks, while none of the patients in the statin
monotherapy group achieved the target blood lipids after two
weeks (p<0.05) (Table 3).

Discussion

PCSK9 inhibitor has been widely used in clinic as a new type
of lipid-lowering drug. Ox-LDL plays an important role in the
pathophysiology of atherosclerosis, and there is also evidence
that its plasma levels are associated with the risk of ASCVD
events.(18) However, the acute effect of PCSK9 inhibitors on ox-
LDL levels in very high-risk patients has not been reported in
Chinese. In this study, we found that in the same treatment back‐
ground, PCSK9 inhibitors was able to reduce ox-LDL compared
with the control group effectively. Moreover, we show that TC,
TG, LDL-C, and ApoB were reduced significantly in both
groups. However the patients in the evolocumab group showed
more significative reductions than the statin monotherapy group.

LDL-C has long been used as a circulating biomarker to reflect
cardiovascular risk, and clinically lowering LDL-C levels are
used as a therapeutic target.(19) But, there is still a need to find
some specific biomarkers with pathological correlation to
improve the clinical risk prediction of cardiovascular events,
especially for very high-risk ASCVD patients. The pathological
basis of the acute coronary syndrome (ACS) is damaged plaque,
and its outcome is plaque rupture secondary to intraluminal
thrombus.(20) For very high-risk ASCVD patients, vessel walls
with heavy ox-LDL burden may have a higher risk of plaque
rupture in the future,(21) making ox-LDL an important marker of
“vulnerable plaque”. It is for diagnosing vulnerable plaque, and
the targeted therapy provides new ideas. This study showed that

Table 2. Comparison of serum index levels between the two groups before and after treatment

Parameter
Statin monotherapy group (n = 137) Evolocumab group (n = 153)

Week 0 Week 2 Change rate (%) Week 0 Week 2 Change rate (%)

TC (mmol/L) 4.71 ± 1.05 3.72 ± 1.01 −22.09 4.67 ± 0.77 2.13 ± 0.44a −54.59b

TG (mmol/L) 1.79 ± 0.34 1.68 ± 0.32 −6.15 1.87 ± 0.38 1.53 ± 0.29a −17.60b

HDL-C (mmol/L) 1.09 ± 0.22 1.05 ± 0.22 −2.81 1.06 ± 0.24 1.05 ± 0.25 −0.03

LDL-C (mmol/L) 3.08 ± 0.51 2.34 ± 0.37 −23.65 3.02 ± 0.49 1.08 ± 0.32a −64.49b

ox-LDL (U/L) 89.61 ± 15.40 67.90 ± 14.45 −24.62 87.52 ± 15.49 28.55 ± 9.34a −68.09b

apoA1 (mmol/L) 1.24 ± 0.21 1.24 ± 0.20 0.08 1.24 ± 0.21 1.25 ± 0.21 1.3

apoB (mmol/L) 1.14 ± 0.20 0.93 ± 0.20 −19 1.15 ± 0.23 0.57 ± 0.15a −51.04b

Lp(a) (g/L) 0.39 (0.26, 0.58) 0.39 (0.25, 0.56) −0.18 0.42 (0.31, 0.62) 0.30a (0.19, 0.38) −36.22b

hs-CRP (mg/dl) 5.54 ± 2.38 9.23 ± 4.08 66.61 5.57 ± 1.99 7.06 ± 2.34a +45.84b

Apo, apolipoprotein; HDL-C, high-density lipoprotein; hs-CRP, high-sensitivity C reactive protein; LDL-C, low-density lipoprotein; ox-LDL, oxidized-
LDL; TC, total cholesterol; TG, triglycerides. acompared with before treatment, p<0.05; bcompared with statin monotherapy group, p<0.05.

Table 3. Comparison of recent compliance rate between the two groups

Parameter
Evolocumab group (n = 153) Statin monotherapy group (n = 137)

n % n %

LDL-C <1.4 mmol/L 136 88.89* 1 0.73

LDL-C <1.8 mmol/L 151 98.69* 9 6.57

LDL-C reduction ≥50% 143 93.46* 1 0.73

LDL-C <1.4 mmol/L and decrease ≥50% 131 85.62* 0 0

LDL-C, low-density lipoprotein. acompared with statin monotherapy group, *p<0.05.
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PCSK9 inhibitors have an effect on ox-LDL, and it has a faster
onset of lipid-lowering than statins in Chinese patients with very
high-risk ASCVD. Moderate to high-intensity statin treatment
can effectively reduce circulating ox-LDL in the early stage, but
statin combined PCSK9 inhibitors treatment significantly reduces
circulating ox-LDL concentrations compared to statin
monotherapy treatment. Plaque regression assessed by PCSK9
inhibitor as measured by intravascular ultrasound in the
GLAGOV study showed more significant atherosclerotic plaque
reversal in patients treated with statin plus evolocumab compared
with statin alone.(22) Evolocumab produced absolute reductions of
36.15 to 78.1 U/L at the highest dose administered after two
weeks. This is a new finding of this study. Statins have been
proven effective in reducing LDL-C levels to prevent cardiovas‐
cular events, but some cardiovascular events continue to occur
due to insufficient reduction of atherosclerotic lipoproteins.(23) As
an independent risk factor for AS, ox-LDL can directly reflect
the oxidative stress state in patients.(6,24,25) In addition, ox-LDL is
associated with vulnerable plaque, which refers to those plaques
that are unstable and prone to thrombosis.(26)

Plaque rupture caused by vulnerable plaque is the cause of
coronary thrombosis and heart disease, which is the leading
cause of cardiovascular events.(8) Powerful lipid-lowering treat‐
ment can reduce plaque volume, reduce inflammation, stabilize
vulnerable plaques, and even reverse plaque progression.(22)

Based on our findings that the reduction in ox-LDL levels was
higher in the evolocumab group, PCSK9 inhibitors may be more
protective against atherogenesis. As shown by Naruko et al.,(27)

after PCI and percutaneous transluminal angioplasty, ox-LDL
increased significantly and returned to baseline after 6 h. This
may be due to PCI-caused atherosclerotic plaque rupture, ox-
LDL released into the blood. However, we demonstrated previ‐
ously for the first time that for very high-risk patients, using
PCSK9 inhibitors after PCI can effectively reduce the level of
ox-LDL. This finding suggests the potent antioxidant and lipid-
lowering capabilities of PCSK9 inhibitors. In previous studies,
antioxidant therapy against atherosclerosis was successful in
animal experiments.(28)

The selection of suitable antioxidant compounds to delay the
progression of atherosclerosis has been a hot issue in the cardio‐
vascular field. A previous clinical study found that evolocumab
can reduce ox-LDL concentration in plasma in patients with
coronary heart disease and does not affect antioxidant enzymes
such as glutathione peroxidase.(29) Our study confirms that
PCSK9 inhibitors have antioxidant effects, which may explain
the cardioprotective effects of PCSK9 inhibitors far beyond their
lipid-lowering effects. The statistically significant association
between ox-LDL reduction and LDL-C and Apo B reduction
may provide insight into the underlying mechanism by which
PCSK9 inhibition leads to ox-LDL reduction. These findings
could help us to explore further the mechanism by which PCSK9
inhibitors improve the long-term prognosis of patients, which
also allows us to explore further the pleiotropic effects of
inhibiting PCSK9.

Previous research has demonstrated LDL-C, and other
atherosclerotic lipoproteins are major causes of coronary heart
disease.(30) The 2018 AHA/ACC cholesterol management guide‐
lines require that LDL-C should be controlled below 1.8 mmol/L
in very high-risk patients.(2) The 2019 European Society of
Cardiology/European Society of Arteriosclerosis (ESC/EAS)
Guidelines for the Management of Dyslipidemia also recommend
stricter LDL-C control goals.(1) For very high-risk ASCVD
patients, a significant reduction in LDL-C levels help to reduce
the risk of recurrent cardiovascular events.(30) Previous studies
confirmed that a reduction in LDL-C of approximately 1 mmol/L
reduces vascular mortality and morbidity by approximately 1/4
without increasing the risk of nonvascular mortality or morbidity
over approximately five years of treatment.(16,31) In this study, we

confirm that the overall lipid-lowering effect of the combination
was significantly better than that of the statin monotherapy group
(p<0.05). The level of LDL-C in the evolocumab group
decreased after treatment, which was basically consistent with
the results of large-scale clinical trials of evolocumab abroad,
such as FOURIER.(15)

Unlike other analyses that have observed the lipid-lowering
effect of evolocumab, this study observed the early blood lipid
compliance rate in very high-risk ASCVD patients. We found
that after two weeks of subcutaneous injection of evolocumab,
the compliance rate of LDL-C levels in very high-risk ASCVD
patients was 85.62%, while no patients in the group using statin
monotherapy reached the compliance rate. The “legacy effect”
results of the FOURIER-OLE study suggest that earlier applica‐
tion is more beneficial.(3) Depending on different drugs, it takes
days to weeks to lower LDL-C, weeks to months to observe
changes in the arterial wall, and months to years to reduce the
risk of cardiovascular events.(31) Therefore, the earlier LDL-C
drops to the standard level, the earlier the patient benefits. Espe‐
cially for very high-risk patients prone to cardiovascular events,
their blood lipids should reach the target as soon as possible to
prevent cardiovascular events. Over the past few decades, much
evidence has shown that lower levels of LDL-C are associated
with lower cardiovascular risk.(32) So far, there is no obvious
lower threshold of LDL-C, and no serious safety problems have
been seen, especially in the early stage of ACS.(33) There is
evidence that in patients with atherosclerotic cardiovascular
disease, chronically low LDL-C levels, even <20 mg/dl
(<0.5 mmol/L), lowered the risk of cardiovascular endpoints
without significant security issues.(34)

Although hs-CRP levels have also been shown to be clearly
associated with future coronary events in Chinese,(35–37) there is
little evidence regarding the early efficacy of PCSK9 inhibitor
therapy in Chinese patients. Unfortunately, our findings would
seem to show that the hs-CRP of the two groups of patients
was higher than the baseline level. We consider that the early
elevation may be due to surgical stress and the inflammatory
response caused by the compression of the plaque by interven‐
tional therapy during surgery. Since hs-CRP is greatly affected by
factors such as patient infection and self-condition, further
research is needed to explore the effect of PCSK9 inhibitors
on hs-CRP. A remarkable fact is that inflammation and lipid
metabolism play important roles in the progression of atheroscle‐
rosis. Enhanced systemic inflammation did not diminish the
ability of evolocumab to induce regression in statin-treated
patients. This underscores the potential benefits of intensive
lipid-lowering, even in an exacerbated inflammatory state.
Therefore, a further study focusing on the relationship between
PCSK9 inhibitors and postoperative hs-CRP in very high-risk
ASCVD patients is suggested.

Lp(a) is an independent risk factor for cardiovascular
disease.(38) Lp(a) tends to oxidize after entering the blood vessel
wall, producing pro-inflammatory oxLDL.(39) However, the
drugs that can effectively reduce Lp(a) are still in the research
process. Statins have been reported not to affect Lp(a), and some
studies have shown that statins can increase Lp(a) by 10% to
20%, which may contribute to the “residual risk” noted in
outcomes trials and at the bedside.(40) Our study found that statins
do not affect Lp(a), but PCSK9 inhibitors can reduce Lp(a)
levels. This is consistent with previous research at home and
abroad.

We can see that the PCSK9 inhibitor has little effect on TG
while reducing cholesterol. The FOURIER study found that
PCSK9 inhibitors can reduce TG by 15.5% (compared with the
placebo group, p<0.05), and TG decreased by 16.2% compared
with baseline.(15) We found that after two weeks of application
of PCSK9 inhibitors, TG decreased by 17.60% compared with
baseline. Results from previous clinical trials have demonstrated
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that inhibition of PCSK9 increases HDL-C concentrations, but
the effects are small and not always statistically significant.(41) In
this study, no significant effect on HDL-C was observed after
treatment with evolocumab. We consider that due to the short
observation period.

The limitation of this study is that the sample size is small, and
no clinical outcomes were observed due to the short observation
period. Because this experiment is a retrospective study, the diet
and living habits of the patients during the observation period
have not been confirmed. This study found that compared with
statin monotherapy, adding PCSK9 inhibitors can effectively
reduce ox-LDL levels in the early stage. This study improved the
lipid-lowering data of evolocumab in Chinese ACS patients,
which is helpful in predicting the risk of coronary heart disease
and guiding lipid-lowering therapy.

Author Contributions

Data curation, formal analysis, investigation, methodology,
and writing - original draft, GS; supervision and writing - review
and editing, methodology, YL and LX; methodology, MS and
RL; conceptualization, supervision, funding acquisition, valida‐
tion, project administration, and writing - review and editing,
MD and HD. All authors have read and agreed to the published
version of the manuscript.

Acknowledgments

The National Natural Science, Foundation of China (Grant
nos. 82100252).

Conflict of Interest

No potential conflicts of interest were disclosed.

References

 1 Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS Guidelines for the
management of dyslipidaemias: lipid modification to reduce cardiovascular
risk. Eur Heart J 2020; 41: 111–188.

 2 Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the
Management of Blood Cholesterol: Executive Summary: A Report of the
American College of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines. J Am Coll Cardiol 2019; 73: e285–e350.

 3 O'Donoghue ML, Giugliano RP, Wiviott SD, et al. Long-term evolocumab in
patients with established atherosclerotic cardiovascular disease. Circulation
2022; 146: 1109–1119.

 4 Guedeney P, Giustino G, Sorrentino S, et al. Efficacy and safety of
alirocumab and evolocumab: a systematic review and meta-analysis of
randomized controlled trials. Eur Heart J 2022; 43: e17–e25.

 5 Badimon L, Vilahur G. LDL‐cholesterol versus HDL‐cholesterol in the
atherosclerotic plaque: inflammatory resolution versus thrombotic chaos. Ann
N Y Acad Sci 2012; 1254: 18–32.

 6 Ahotupa M. Oxidized lipoprotein lipids and atherosclerosis. Free Radic Res
2017; 51: 439–447.

 7 Meisinger C, Baumert J, Khuseyinova N, Loewel H, Koenig W. Plasma
oxidized low-density lipoprotein, a strong predictor for acute coronary heart
disease events in apparently healthy, middle-aged men from the general popu‐
lation. Circulation 2005; 112: 651–657.

 8 Stefanadis C, Antoniou CK, Tsiachris D, Pietri P. Coronary atherosclerotic
vulnerable plaque: current perspectives. J Am Heart Assoc 2017; 6: e005543.

 9 Li X, Dai F, Wang H, et al. PCSK9 participates in oxidized‐low density
lipoprotein‐induced myocardial injury through mitochondrial oxidative stress
and Drp1‐mediated mitochondrial fission. Clin Transl Med 2022; 12: e729.

10 Gallego-Colon E, Daum A, Yosefy C. Statins and PCSK9 inhibitors: a new
lipid-lowering therapy. Eur J Pharmacol 2020; 878: 173114.

11 Nicholls SJ, Ballantyne CM, Barter PJ, et al. Effect of two intensive statin
regimens on progression of coronary disease. N Engl J Med 2011; 365: 2078–
2087.

12 Viñas Esmel E, Naval Álvarez J, Sacanella Meseguer E. The legacy effect in
the prevention of cardiovascular disease. Nutrients 2020; 12: 3227.

13 Ford I, Murray H, McCowan C, Packard CJ. Long-term safety and efficacy of
lowering low-density lipoprotein cholesterol with statin therapy: 20-year
follow-up of West of Scotland Coronary Prevention Study. Circulation 2016;
133: 1073–1080.

14 Kostis JB, Shetty M, Chowdhury YS, Kostis WJ. The legacy effect in treating
hypercholesterolemia. J Cardiovasc Pharmacol Ther 2020; 25: 291–298.

15 Sabatine MS, Giugliano RP, Keech AC, et al. Evolocumab and clinical
outcomes in patients with cardiovascular disease. N Engl J Med 2017; 376:
1713–1722.

16 Heart Protection Study Collaborative Group. Effects on 11-year mortality and
morbidity of lowering LDL cholesterol with simvastatin for about 5 years in
20 536 high-risk individuals: a randomised controlled trial. Lancet 2011; 378:

2013–2020.
17 Goldstein JL, Brown MS. A century of cholesterol and coronaries: from

plaques to genes to statins. Cell 2015; 161: 161–172.
18 Gao S, Zhao D, Wang M, et al. Association between circulating oxidized

LDL and atherosclerotic cardiovascular disease: a meta-analysis of observa‐
tional studies. Can J Cardiol 2017; 33: 1624–1632.

19 Ference BA, Graham I, Tokgozoglu L, Catapano AL. Impact of lipids on
cardiovascular health: JACC Health Promotion Series. J Am Coll Cardiol
2018; 72: 1141–1156.

20 Bentzon JF, Otsuka F, Virmani R, Falk E. Mechanisms of plaque formation
and rupture. Circ Res 2014; 114: 1852–1866.

21 Obermayer G, Afonyushkin T, Binder CJ. Oxidized low‐density lipoprotein
in inflammation‐driven thrombosis. J Thromb Haemost 2018; 16: 418–428.

22 Nissen SE, Nicholls SJ. Results of the GLAGOV trial. Cleve Clin J Med
2017; 84 (12 Suppl 4): e1–e5.

23 Bonaca MP, Nault P, Giugliano RP, et al. Low-density lipoprotein cholesterol
lowering with evolocumab and outcomes in patients with peripheral artery
disease: insights from the FOURIER trial (further cardiovascular outcomes
research with PCSK9 inhibition in subjects with elevated risk). Circulation
2018; 137: 338–350.

24 Moohebati M, Kabirirad V, Ghayour-Mobarhan M, et al. Investigation of
serum oxidized low-density lipoprotein IgG levels in patients with angio‐
graphically defined coronary artery disease. Int J Vasc Med 2014; 2014:
845960.

25 Paone S, Baxter AA, Hulett MD, Poon IKH. Endothelial cell apoptosis and
the role of endothelial cell-derived extracellular vesicles in the progression of
atherosclerosis. Cell Mol Life Sci 2019; 76: 1093–1106.

26 Carnevale R, Bartimoccia S, Nocella C, et al. LDL oxidation by platelets
propagates platelet activation via an oxidative stress-mediated mechanism.
Atherosclerosis 2014; 237: 108–116.

27 Naruko T, Ueda M, Ehara S, et al. Persistent high levels of plasma oxidized
low-density lipoprotein after acute myocardial infarction predict stent
restenosis. Arterioscler Thromb Vasc Biol 2006; 26: 877–883.

28 Cammisotto V, Baratta F, Simeone PG, et al. Proprotein convertase subtilisin
kexin type 9 (PCSK9) beyond lipids: the role in oxidative stress and throm‐
bosis. Antioxidants (Basel) 2022; 11: 569.

29 Cammisotto V, Baratta F, Castellani V, et al. Proprotein convertase subtilisin
kexin type 9 inhibitors reduce platelet activation modulating ox-LDL path‐
ways. Int J Mol Sci 2021; 22: 7193.

30 Borén J, Chapman MJ, Krauss RM, et al. Low-density lipoproteins cause
atherosclerotic cardiovascular disease: pathophysiological, genetic, and thera‐
peutic insights: a consensus statement from the European Atherosclerosis
Society Consensus Panel. Eur Heart J 2020; 41: 2313–2330.

31 Cholesterol Treatment Trialists’ (CTT)  Collaboration, Baigent C, Blackwell
L, et al. Efficacy and safety of more intensive lowering of LDL cholesterol: a
meta-analysis of data from 170 000 participants in 26 randomised trials.
Lancet 2010; 376: 1670–1681.

Y. Li et al. J. Clin. Biochem. Nutr. | November 2023 | vol. 73 | no. 3 | 253
©2023 JCBN



32 Cholesterol Treatment Trialists’ (CTT) Collaboration, Fulcher J, O'Connell R,
et al. Efficacy and safety of LDL-lowering therapy among men and women:
meta-analysis of individual data from 174,000 participants in 27 randomised
trials. Lancet 2015; 385: 1397–1405.

33 Krychtiuk KA, Ahrens I, Drexel H, et al. Acute LDL-C reduction post ACS:
strike early and strike strong: from evidence to clinical practice. A clinical
consensus statement of the Association for Acute CardioVascular Care
(ACVC), in collaboration with the European Association of Preventive Cardi‐
ology (EAPC) and the European Society of Cardiology Working Group on
Cardiovascular Pharmacotherapy. Eur Heart J Acute Cardiovasc Care 2022;
11: 939–949.

34 Gaba P, O'Donoghue ML, Park JG, et al. Association between achieved low-
density lipoprotein cholesterol levels and long-term cardiovascular and safety
outcomes: an analysis of FOURIER-OLE. Circulation 2023; 147: 1192–1203.

35 Arévalo-Lorido JC. Clinical relevance for lowering C-reactive protein with
statins. Ann Med 2016; 48: 516–524.

36 Kandelouei T, Abbasifard M, Imani D, et al. Effect of statins on serum level
of hs-CRP and CRP in patients with cardiovascular diseases: a systematic
review and meta-analysis of randomized controlled trials. Mediators Inflamm

2022; 2022: 8732360.
37 Koenig W. High-sensitivity C-reactive protein and atherosclerotic disease:

from improved risk prediction to risk-guided therapy. Int J Cardiol 2013; 168:
5126–5134.

38 Li JJ, Ma CS, Zhao D, Yan XW; Beijing Heart Society and Expert
Committee. Lipoprotein(a) and cardiovascular disease in Chinese population.
JACC Asia 2022; 2: 653–665.

39 Steinberg D, Witztum JL. Oxidized low-density lipoprotein and atheroscle‐
rosis. Arterioscler Thromb Vasc Biol 2010; 30: 2311–2316.

40 Tsimikas S. A Test in Context: lipoprotein(a): diagnosis, prognosis, contro‐
versies, and emerging therapies. J Am Coll Cardiol 2017; 69: 692–711.

41 Ferri N, Corsini A, Macchi C, Magni P, Ruscica M. Proprotein convertase
subtilisin kexin type 9 and high-density lipoprotein metabolism: experimental
animal models and clinical evidence. Transl Res 2016; 173: 19–29.

This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-NoDerivatives
License (http://creativecommons.org/licenses/by-nc-nd/4.0/).

254 doi: 10.3164/jcbn.23-45
©2023 JCBN


