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Abstract

Background: A statin alone or non-statins as add-ons have been introduced to intensive low-density lipoprotein cholesterol (LDL-C)
-lowering therapy in patients at risk for high cardiovascular disease (CVD). The purpose of this study was to evaluate the effectiveness
and safety of different rosuvastatin-based regimens for patients at high risk. Methods: Three hundred patients at high CVD risk were
randomly assigned to the statin group (rosuvastatin, 20 mg/d), statin_EZ group (statin 10 mg/d + ezetimibe 10 mg/d), statin_pcsk group
(statin 10 mg/d + alirocumab 75 mg/2 weeks) or combine3 group (statin 10 mg/d + ezetimibe 10 mg/d + alirocumab 75 mg/2 weeks).
The primary outcome measure was cholesterol levels after 24 weeks of follow-up. Secondary outcomes included safety markers and the
proportion of patients achieving the 70 mg/dL (1.8 mmol/L) target for LDL-C. A logistic regression model was performed to explore the
factors affecting lipid target achievement. Results: The total cholesterol (TC) and LDL-C levels in the four groups after treatment were
significantly lower than those before treatment. TC and LDL-C levels after treatment were significantly different among the four groups
(p< 0.05). The levels in both the combine3 and statin_pcsk9 groups were significantly lower than those in the statin and statin_EZ groups
(p < 0.05), but there was no significant difference between the combine3 and statin_pcsk9 groups. Fifty-one participants (69%) in the
statin_pcsk9 group and 56 participants (78%) in the combine3 group achieved the target. Body mass index (BMI) and hypertensive status
were related to LDL-C target achievement. The incidence of adverse events in the four groups was low. Conclusions: The combination
of a statin and a PCSK9 inhibitor was safe and more effective for the treatment of high-risk CVD patients, while the addition of ezetimibe
was unable to significantly lower lipid levels any further. The rate of achieving the target was higher in patients with hypertension
and a low BMI. Clinical Trial Registration: Chinese Clinical Trial Registry, Identifier: ChiCTR2200058389, Date of Registration:
2022-04-08.
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1. Introduction
Atherosclerotic cardiovascular disease (ASCVD) is

the leading cause of death. Hypercholesterolemia is asso-
ciated with an increased risk of atherosclerosis (AS) and
ASCVD. Clinical studies have shown that high circulat-
ing levels of low-density lipoprotein cholesterol (LDL-C)
are associated with the development of ASCVD and death
and that controlling LDL-C levels reduces the risk of ma-
jor cardiovascular events [1]. In patients with hypercholes-
terolemia, lipid-lowering therapy is the cornerstone of pri-
mary and secondary prevention of ASCVD [2].

Recently, new concepts and recommendations were
presented in the guidelines for lipid-lowering therapy.

Based on the prevalence of dyslipidemia complicated with
cardiovascular disease (CVD) as well as studies on rec-
ommended lipid levels, the 2003–2004 National Health
and Nutrition Examination Survey (NHANES) [3] sug-
gested strengthening lipid-lowering combination therapy in
individuals with CVD. The American College of Cardiol-
ogy/American Heart Association (ACC/AHA) 2013 guide-
line [4] on the treatment of blood cholesterol in adults rec-
ommended an LDL-C target of <2.5 mmol/L (97 mg/dL)
for patients at high risk of CVD (an elevated risk factor or a
score level of 5–10%). The 2016 European Society of Car-
diology (ESC) guidelines [5] for the management of dys-
lipidemias defined familial hypercholesterolemia (FH) pa-
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tients with highCVD risk requiring intensive lipid-lowering
therapy and a stringent LDL-C goal of 2.6 mmol/L (100
mg/dL) or a >50% decrease in LDL-C when target levels
cannot be reached. Subsequently, large cardiovascular out-
come trials on CVD high-risk patients following guideline-
recommended intensive lipid-lowering therapy have proven
the benefits of reducing CVD risk and events [6].

Over the past decades, statins, which primarily in-
hibit hepatic cholesterol synthesis, have been identified as
the first-line agents for lipid-lowering therapy to prevent
CVD [7]. However, LDL-C-lowering targets for the pre-
vention of CVD have continuously decreased. The compet-
itive inhibition of 3-hydroxy-3-methyl-glutaryl-coenzyme
A (HMG-CoA) reductase (HMGR), an enzyme involved in
the rate-limiting step in cholesterol biosynthesis in hepato-
cytes, is the primary molecular mechanism of most statins
[8]. Compared with atorvastatin, new statins such as rosu-
vastatin have produced stronger reductions in LDL-C [9];
achieving such goals in high-risk patients with statins alone
is virtually impossible [10]. In addition, patients with high-
dose intensive statin monotherapy may experience a high
incidence of adverse effects [11], including muscle pain,
central nervous system symptoms, liver function abnormal-
ities and diabetic symptoms. In such cases, switching inten-
sive lipid-lowering strategies to other lipid-lowering drugs
or combination therapy can be considered [12].

The ACC released a clinical pathway for non-statin
therapy for additional reduction of LDL-C in statin-treated
patients [13], and cholesterol absorption inhibitors (e.g.,
ezetimibe), proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors, and bile acid sequestrants were cho-
sen as non-statin options for additional reduction of LDL-
C. Ezetimibe is a cholesterol absorption inhibitor that pre-
vents the absorption of dietary and biliary cholesterol across
the intestinal wall [14–16]. Alirocumab is monoclonal an-
tibody that blocks the PCSK9 protein from working. As a
result, levels of LDL receptors (LDL-R) increase, and lipid
levels fall. Moreover, by inhibiting PCSK9, internalized
LDL-R can be recycled back to the cell surface, leading to
lower LDL-C levels [17]. Statin medications can be com-
bined with PCSK9 inhibitors because they act on different
pathways [18]. Several large trials have confirmed the sig-
nificant beneficial effects of PCSK9 inhibitors on reducing
LDL-C levels and CVD risk [19–21].

A statin plus ezetimibe or a PCSK9 inhibitor was
associated with fewer major cardiovascular events than a
statin alone [22,23] and is recommended as intensive lipid-
lowering therapy [24]. Which combination is preferable,
however, still lacks strong evidence [10]. Herein, we as-
sessed the safety and efficacy of various intensive lipid-
lowering regimens based on rosuvastatin, including the
addition of ezetimibe or a PCSK9 inhibitor, or both, for
treating hypercholesterolemia in high-risk CVD patients.
Furthermore, we investigated the factors associated with
achieving the lipid-lowering target.

2. Materials and Methods
This was a prospective, nonblind, randomized, con-

trolled trial. All patients included in the study, who were
at high risk of CVD, were sourced from the Third Affil-
iated Hospital of Guangzhou Medical University [2022-
027]. The protocol was approved by the Institutional Ethics
Committee of the hospital, and written informed consent
was obtained from all patients before treatment. The trial,
registered in the Chinese Clinical Trial Registry (registra-
tion number: ChiCTR2200058389), adheres to CONSORT
guidelines.

2.1 Study Population—Inclusion and Exclusion Criteria
Inpatients and outpatients (at least 18 years of age)

at high CVD risk who were treatment naive or receiving
non-intensive lipid-lowering therapy were invited to par-
ticipate in the trial from March 2022 to June 2022. The
inclusion criteria were based on the high CVD risk cate-
gory in 2019 ESC/EAS guidelines for the management of
dyslipidemias [25]: patients with markedly elevated single
risk factors, in particular TC >8 mmol/L (>310 mg/dL),
LDL-C >4.9 mmol/L (>190 mg/dL), or blood pressure
(BP)>180/110 mmHg; patients with FH without other ma-
jor risk factors; patients with diabetes mellitus (DM) with-
out target organ damage, with a DM duration >10 years
or another additional risk factor; patients with moderate
chronic kidney disease (CKD) (estimated glomerular fil-
tration rate (eGFR) 30–59 mL/min/1.73 m2); and patients
with an ESC calculated SCORE >5% and <10% for a 10-
year risk of fatal CVD. All patients underwent carotid ultra-
sound, and the presence of carotid atherosclerosis was de-
termined based on the presence of an atheromatous plaque
at carotid crossings and an increase in carotid intima-media
thickness (IMT) [26].

Exclusion criteria were as follows: (1) secondary hy-
perlipidemia due to thyroid abnormalities, nephrotic syn-
drome or drug use; (2) the presence of severe cardiac insuf-
ficiency, defined as a left ventricular ejection fraction (EF)
≤40%; (3) pregnancy; (4) abnormal liver function, defined
as glutamic aminotransferase (AST) and glutamic amino-
transferase (ALT) levels three or more times above the up-
per reference limit of normal; (5) the presence of connective
tissue disease, rheumatic/immune system diseases, rhab-
domyolysis, hematological disorders or malignancies, or
intracranial lesions; (6) a history of major surgery, trauma,
acute or chronic infection or fever within the past month;
and (7) the presence of clear contraindications or a history
of allergy to either drug.

2.2 Study Design
Statistical assistants at our medical center used R soft-

ware (ver. 4.2.1, The R Foundation, Vienna, Austria) to
generate the assignment list and sealed envelopes to store
the random numbers. Participants meeting the eligibility
criteria were screened and enrolled. The randomization
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Fig. 1. Flow chart of patient enrollment in the study. Statin_EZ group: statin + ezetimibe; statin_pcsk9 group: statin + a PCSK9
inhibitor; combine3: statin + ezetimibe + a PCSK9 inhibitor; ST20: statin at 20 mg daily; ST10/EZ10: statin at 10 mg plus ezetimibe at
10 mg daily; ST10/pcsk9Q2W75: statin at 10 mg daily plus a pcsk9 inhibitor at 75 mg every 2 weeks; ST10/EZ10/pcsk9Q2W75: statin
at 10 mg plus ezetimibe at 10 mg daily and a PCSK9 inhibitor at 75 mg every 2 weeks.

and allocation procedures were carried out by the assistant
based on the random number obtained from the sealed en-
velopes. All eligible patients were consistently provided
with standard treatments for their underlying conditions, as
well as advice on dietary modifications and control, includ-
ing abstaining from smoking and alcohol, following a low-
fat diet, and engaging in appropriate exercise. All selected
patients were assigned (1:1:1:1) to the rosuvastatin 20 mg/d
(statin) group, rosuvastatin 10 mg/d + ezetimibe 10 mg/d
(statin_EZ) group, rosuvastatin 10 mg/d + alirocumab 75
mg/2 weeks (statin_pcsk9) group and rosuvastatin 10 mg/d
+ ezetimibe 10 mg/d + alirocumab 75 mg/2 weeks (com-
bine3) group (Fig. 1).

Laboratory tests, including tests for lipid levels (LDL-
C, total cholesterol (TC), triglycerides (TGs), and high-
density lipoprotein cholesterol (HDL-C)), liver and renal
function tests, and creatine kinase (CK) tests, were con-
ducted prior to the treatment and at the 12th and 24th weeks.
Information on sex, age, smoking history, hypertension, di-
abetes history, body mass index (BMI) and other related
medical history was collected. The patients were followed
up for 24 weeks.

2.3 Outcome Measures

Changes in lipid levels from baseline at 24-week
follow-up were the primary outcome measure. Secondary
outcome measures were the percentage of patients at the
24th week who achieved the LDL-C target of <70 mg/dL
(<1.8 mmol/L) recommended in the 2019 ESC/EAS guide-
lines for the management of dyslipidemias [25]. Cardiovas-
cular events (including death, myocardial infarction, stroke,
heart failure, etc.) were also recorded.

2.4 Safety

Safety was assessed in the study through reports of
treatment-induced adverse events (TEAEs) (defined as any
adverse reaction during the period [27], including drug al-
lergies, local injection site reactions, cardiovascular or di-
abetic complication events, etc.) and vital sign and labora-
tory parameter abnormalities.

2.5 Statistical Analysis

R software (ver. 4.2.1, The R Foundation, Vienna,
Austria) was used for statistical analysis. Normally dis-
tributed data are presented as the mean ± standard devi-
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ation (SD), and t tests were performed for comparisons be-
tween two groups. Non-normally distributed data are pre-
sented as the median [range], and Kruskal‒Wallis one-way
ANOVA was performed for comparisons between multiple
groups, whereas a nonparametric test (Dunn’s test) with p
value adjustment (holm) was performed for multiple com-
parisons. Categorical data are presented as frequencies or
percentages, and comparisons between groups were made
using the χ2 test. The change in each lipid index from base-
line to 24 weeks of treatment was evaluated using a non-
parametric test (Wilcoxon signed-rank test) and the rank-
biserial correlation was applied for non-parametric tests of
differences. A logistic regression model was constructed
for exploring factors related to achieving the LDL-C target.
Adjustment variables were selected from 2019 ESC/EAS
guidelines [25] for the rationales of nonlipid targets, in-
cluding smoking history, hypertension, diabetes history and
BMI. Odds ratios (ORs) and 95% confidence intervals (CIs)
were calculated. p < 0.05 was considered statistically sig-
nificant.

The sample size calculation was performed using R
software (pwr package, ver. 1.3). The sample size used
in the present study was satisfactory based on the result of
calculation (α = 0.05, β = 0.05). Details can be found in
Supplementary File 1.

3. Results
3.1 Clinical Characteristics

Initially, 300 patients participated in the lipid-
lowering therapy session. However, two patients in the
statin_EZ group were withdrawn from therapy due to ad-
verse drug reactions (nausea and rashes). Additionally,
one patient in the statin_pcsk9 group was withdrawn due
to insufficient data, and three patients in the combine3
group were withdrawn due to non-adherence to the treat-
ment. Therefore, 294 patients were included for analyses.
At baseline, the sex distribution and patient characteristics
such as treatment naive, age, smoking, hypertension, dia-
betes, BMI, and lipid levels were generally similar among
the groups (p > 0.05) (Table 1).

3.2 Pretreatment vs. Posttreatment Effects
As shown in Figs. 2,3, before and after treatment,

the median level of TC in the combine3 group changed
from 4.21 to 2.61 mmol/L (p < 0.05), and the median
level of LDL-C changed from 2.71 to 1.13 mmol/L (p <

0.05). The median level of TC in the statin-pcsk9 group
changed from 3.92 to 3.06 mmol/L (p < 0.05), and the me-
dian level of LDL-C changed from 2.37 to 1.40 mmol/L
(p < 0.05). Overall, TC and LDL-C levels were signifi-
cantly lower in both the combine3 and statin-pcsk9 groups
after treatment than before treatment. In addition, the de-
crease in lipid levels from pretreatment to posttreatment
was sharper in the combine3 group than in the statin-pcsk9
group (TC: rank-biserial = 0.86 vs. 0.66, LDL-C: rank-

biserial = 0.91 vs. 0.75). Moreover, the HDL-C levels
were significantly higher than pretreatment in combine3
and statin-pcsk9 groups (Supplementary File 2).

3.3 Lipid-Lowering Effect between Groups
As shown in Fig. 4, the TC levels after 24 weeks of

treatment were 2.61 [1.13–6.51] mmol/L in the combine3
group, 3.80 [1.75–6.52] mmol/L in the statin group, 3.76
[2.00–7.05]mmol/L in the statin_EZ group, and 3.06 [1.48–
6.33] mmol/L in the statin_pcsk9 group. There was a sig-
nificant difference among the four groups (p < 0.05). The
levels in both the combine3 and statin_pcsk9 groups were
significantly lower than those in the statin and statin_EZ
groups (p < 0.05), but there was no significant difference
between the combine3 and statin_pcsk9 groups, nor be-
tween the statin and statin_EZ groups.

Similarly, there was significant difference among the
four groups in LDL-C (p < 0.05). The level of LDL-C in
the combine3 group was significantly lower than that in ei-
ther the statin or statin_EZ groups (p< 0.05), while no sig-
nificant difference was found between the combine3 and
statin_pcsk9 groups. There were no significant differences
among the four groups in TGs or HDL-C.

3.4 Factors related to Achieving the Target
Overall, 160 patients achieved the target (<70 mg/dL

(1.8 mmol/L)) after treatment. Fifty-one participants (69%)
in the statin_pcsk9 group and 56 participants (78%) in the
combine3 group achieved the target (Table 2). The results
of the multivariate logistic regression analysis for treatment
group, age, sex, hypertension, smoking, diabetes and BMI
(BMI ≥23 kg/m2 was categorized as high BMI) are shown
in Fig. 5. The combine3 group (OR 7.91, 95% CI: 3.74–
17.60, p< 0.05) and the statin-pcsk9 group (OR 4.76, 95%
CI: 2.37–9.86, p< 0.05) were associated with achieving the
target. Hypertensive status was associated with achieving
the target, and patients with hypertension were inclined to
achieve the goal (OR 2.66, 95% CI: 1.30–5.59, p = 0.008).
BMI was also related to achieving the target, and the pa-
tients with a low BMI (OR 1.81, 95% CI 1.06–3.14, p
= 0.033) more frequently reached the target. Hyperten-
sive status and BMI were independent predictive factors for
achieving the target, while other factors were not related to
achieving the target.

3.5 Safety
A total of six patients experienced adverse events dur-

ing the 24-week follow-up period. Three of the patients
in the statin group experienced mild muscle pain, a com-
mon side effect of statins. Two patients in the statin_pcsk9
group had a rash at the injection site, and one patient also
had a mild rash at the injection site in the combined 3 group
caused by injection-site reactions, but all such side effects
were mild and did not lead to a discontinuation of treat-
ment. There were no groups with AST, ALT, or CK levels
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Table 1. Baseline characteristics of the study population.

Variable N
combine3 statin statin_EZ statin_pcsk9

p value
N = 72 N = 75 N = 73 N = 74

Sex 294 0.20
Female 141 27 (38%) 40 (53%) 39 (53%) 35 (47%)
Male 153 45 (62%) 35 (47%) 34 (47%) 39 (53%)

Treatment naive 88 23 (32%) 26 (35%) 21 (28%) 18 (24%) 0.55
Age 68 [37–88] 70 [50–93] 67 [45–97] 71 [48–87] 0.13
HBP 244 57 (79%) 65 (87%) 61 (84%) 61 (82%) 0.70
Smoking 98 27 (38%) 25 (33%) 23 (32%) 23 (31%) 0.80
DM 120 30 (42%) 30 (40%) 29 (40%) 31 (42%) 0.94
BMI 23.6 [17.3–34.6] 24.0 [18.6–33.6] 23.5 [16.2–36.7] 24.0 [18.8–33.3] 0.70
TC 4.20 [1.51–7.18] 3.96 [2.36–6.89] 4.20 [1.85–7.26] 3.92 [2.41–6.41] 0.13
TGs 1.39 [0.39–4.31] 1.30 [0.38–5.54] 1.42 [0.59–6.40] 1.46 [0.55–4.99] 0.80
LDL-C 2.71 [0.26–4.86] 2.52 [1.05–4.31] 2.76 [0.64–5.60] 2.37 [0.71–4.86] 0.20
HDL-C 1.16 [0.65–2.26] 1.22 [0.61–2.17] 1.11 [0.72–2.40] 1.08 [0.14–1.87] 0.30
Abbreviations: HBP, high blood pressure; DM, diabetes mellitus; BMI, body mass index; TC, total cholesterol;
TGs, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Fig. 2. Comparison of the total cholesterol level before and after treatment within each group. Combine3 group: statin (10 mg/d)
+ ezetimibe (10 mg/d) + the PCSK9 inhibitor alirocumab (75 mg Q2W); statin_pcsk9 group: statin (10 mg/d) + the PCSK9 inhibitor
alirocumab (75 mg Q2W); statin group: rosuvastatin (20 mg); statin_EZ group: statin (10 mg/d) + ezetimibe (10 mg/d). A nonparametric
test (Wilcoxon signed-rank test) and the rank-biserial correlation was applied for non-parametric tests of differences. TC, total cholesterol.
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Fig. 3. Comparison of the low-density lipoprotein cholesterol (LDL-C) level before and after treatment within each group. Com-
bine3 group: statin (10 mg/d) + ezetimibe (10 mg/d) + the PCSK9 inhibitor alirocumab (75 mg Q2W); statin_pcsk9 group: statin (10
mg/d) + the PCSK9 inhibitor alirocumab (75 mgQ2W); statin group: rosuvastatin (20 mg); statin_EZ group: statin (10 mg/d) + ezetimibe
(10 mg/d). A nonparametric test (Wilcoxon signed-rank test) and the rank-biserial correlation was applied for non-parametric tests of
differences.

three or more times the upper limit of normal during the
follow-up period. Overall, the incidence of adverse events
that may have been related to the study drug was low in all
four groups. During the study period, patients in all groups
tolerated the drug well, with no serious adverse events, per-
manent treatment discontinuations, deaths, myocardial in-
farction or stroke. Additionally, there were no cases of
hemolytic anemia or diabetic complications.

4. Discussion
This was a nonblind, randomized, controlled trial to

evaluate the effectiveness and safety of different intensive
lipid-lowering therapy regimens based on statins for high-
risk CVD patients. The results showed that the combi-
nation of a statin and a PCSK9 inhibitor was more effec-
tive than other statin-based regimens for the treatment of
high-risk CVD patients in terms of lowering the lipid levels
and achieving the target. Although the lipid levels in the

combine3 group were lower than those in the statin_pcsk9
group, there was no significant difference between the two
groups. The combination of a statin and a PCSK9 inhibitor
was sufficient, and the addition of ezetimibe was unable
to significantly lower lipid levels any further. Multivari-
ate analysis demonstrated that BMI and hypertensive sta-
tus were related to the lipid-lowering effect. The rate of
achieving the target was higher in patients with vs. with-
out hypertension, and patients with a low BMI were likely
to reach the goal. While only eight patients experienced ad-
verse events, two of whomwerewithdrawn from the trial on
account of drug-induced nausea and rashes, most patients
tolerated the drugs well during the study period.

Based on the findings of several key trials, guidelines
increasingly recommend intensive lipid-lowering therapy,
and the target levels decrease with the stratification of AS-
CVD risk. Statins, as first-line drugs for lipid-lowering
therapy in CVD, often fail to ensure that patients achieve
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Fig. 4. Differences in lipid levels among groups after the 24-week treatment. Combine3 group: statin (10 mg/d) + ezetimibe (10
mg/d) + the PCSK9 inhibitor alirocumab (75 mgQ2W); statin group: rosuvastatin (20 mg); statin_EZ group: statin (10 mg/d) + ezetimibe
(10 mg/d); statin_pcsk9 group: statin (10 mg/d) + the PCSK9 inhibitor alirocumab (75 mg Q2W). p values are for pairwise comparisons
between the combine3 and comparator groups within each baseline regimen. There were significant differences among the four groups
in TC and LDL (p value < 0.05), and p values are shown for descriptive purposes only. TC, total cholesterol; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

their individual LDL-C target levels. In particular, patients
with ASCVDhave poor outcomeswhen basic statin therapy
fails to achieve LDL-C treatment goals [28–30]. Although
IMPROVE-IT trial [31] and a Chinese study showed that
the combination of a statin and ezetimibe was superior to
a statin alone, with a greater effect on lowering LDL-C in
patients after acute coronary syndrome (ACS) [7], a statin
plus ezetimibe in our trial did not show superior effects in
lipid reduction. This discrepancy may be attributable to
the differences in the enrolled populations: Most ACS pa-
tients are aware of life-threatening status and therefore have
a strong incentive to modify their lifestyle and to adhere
more closely to treatment regimens. Conversely, lipid re-
duction in CVD high risk patients is more challenging, as
FH, DM and moderate CKD invariably cause dyslipidemia,
and patients are typically less motivated to modify lifestyle.

Several studies demonstrated that the LDL-C-
lowering effect of the PCSK9 inhibitor alirocumab added
to the effect of maximally tolerated statins (± other lipid-
lowering therapy) and decreased the cardiovascular risk

of patients [21,27,32–35]. The result of the ODYSSEY
ALTERNATIVE randomized trial [36] showed a 45%
reduction in LDL in the alirocumab group as opposed to
a 15% reduction in LDL in the ezetimibe group. In the
ODYSSEY OPTIONS trial [37], LDL-C was reduced
by 16.3% at 24 weeks with 20 mg of rosuvastatin, by
14.4% with ezetimibe and by 50.6% with alirocumab.
Similarly, in this trial, LDL-C levels were reduced by
58.3% and 40.9% in the statin_pcsk9 and combine3
groups, respectively. Significant increase of HDL-C level
in PCSK9 inhibitor-related treatment groups indicate
the dual-efficacy of decreasing LDL-C and increasing
HDL-C. HDL-C is beneficial to health that promotes
rapid atherosclerosis regression [38]. This may explain
why PCSK9 inhibitor rapidly reduces plaque lipid content
[39]. The correlation between the HDL-C elevation effect
from PCSK9 inhibitor and plaque morphology by imaging
should be further investigated.

Furthermore, it is important to consider the effects of
different lipid-lowering therapies as well as the safety of
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Table 2. The proportion of target achievement in different groups.

Variable N
combine3 statin statin_EZ statin_pcsk9

p value
N = 72 N = 75 N = 73 N = 74

Goal achieved 160 56 (78%) 25 (33%) 28 (38%) 51 (69%) <0.001

Fig. 5. Multivariate logistic regression analysis for factors related to achieving the target. EZ, ezetimibe; PCSK9, PCSK9 inhibitor
alirocumab; combine3, statin + ezetimibe + alirocumab; HBP, high blood pressure; DM, diabetes mellitus; BMI, body mass index.

lipid regulation. Adverse reactions to lipid-lowering drugs
generally include muscle pain, drug hypersensitivity, car-
diovascular pathology, central nervous system symptoms,
abnormal liver function, and diabetic symptoms. The find-
ings of a meta-analysis suggest that an increased risk of
hemorrhagic stroke is associated with more intensive LDL-
C-lowering statin treatments, which may be exacerbated by
high-intensity statin use [40]. In our study, the total pro-
portion of adverse drug events was approximately 2%, with
no significant differences in AST, ALT, CK, or Scr in any
group. In its evaluation of safety and efficacy, the Odyssey
Mono study found that alirocumab significantly reduced the
rate of major adverse cardiovascular events compared to
the control group (1.7% vs. 3.3%). In the ODYSSEY OP-
TIONS [27] randomized trial, a lower rate of major adverse
cardiovascular events was more fully achieved with the ad-
dition of alirocumab to a statin therapy thanwith other lipid-
lowering treatments alone. The results from the ODYSSEY
OUTCOMES randomized controlled trial [41] showed that

alirocumab was well tolerated in all subgroups, defined by
the presence of metabolic risk factors; adding alirocumab
to a statin in combination with ezetimibe not only increased
the lipid-lowering effect but also significantly reduced the
risk of major adverse cardiovascular events (MACEs). The
findings of these studies demonstrate the safety advantages
of the addition of alirocumab in the context of statin therapy
compared to other types of lipid-lowering therapy.

According to our research, 51 participants (69%) in
the statin_pcsk9 group and 56 participants (78%) in the
combine3 group achieved the target, in line with previ-
ous studies [32,34]. Even with high-intensity treatment,
a third of individuals were above the target, perhaps due
to unknown FH status [42] and possibility of poor adher-
ence [43]. In our multivariate analysis, the influence of
hypertensive status on lipid-lowering effects showed that
patients with hypertension were more likely to achieve the
stated goal. This may be related to the side effects of anti-
hypertensive drugs on lipid metabolism. For example, di-
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uretic drugs such as hydrochlorothiazide can weaken the in-
hibitory effect of insulin on lipolysis, strengthen lipolysis,
increase free fatty acids in the blood, and lead to abnor-
mal blood lipid levels [44]. However, the incorporation of
an angiotensin-converting enzyme (ACE)-inhibitor or a cal-
cium channel blocker and a statin has consistently demon-
strated reductions in lipid levels and the number of ASCVD
events in patients with hypertension and lipid disorders
[45,46]. Unfortunately, since we did not collect sufficient
data regarding antihypertensive drug use for the enrolled
patients with hypertension, the mechanism is merely hypo-
thetical. Logistic analysis showed that the rate of achieving
the goal was higher in patients with a low BMI, as antici-
pated, since low body weight is associated with a low-fat
burden and consequently a reduction in lipid levels [47].

Finally, several limitations of this study should be
noted. As a single-center study, the sample size was rel-
atively small. Because the patients were treated with dif-
ferent drugs and administration routes (e.g., statins are oral
medication, but PCSK9 inhibitors are given by local injec-
tion), the blinding method is challenging to perform, which
may result in biases during the trial. In addition, the eval-
uated factors influencing the achievement of lipid targets
were limited and require further investigation.

5. Conclusions
In summary, in the treatment of high-risk CVD pa-

tients, the combination of a statin and a PCSK9 inhibitor
was safe and more effective in lowering lipid levels and
achieving the target than other rosuvastatin-based regi-
mens, while the addition of ezetimibe was unable to signif-
icantly lower lipid levels any further. The rate of achieving
the target was higher in patients with hypertension and low
BMI.
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