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Abstract
Purpose  The objective of this investigation is to examine the benefits and potential risks of these drugs in individuals by vary-
ing baseline low-density lipoprotein cholesterol (LDL-C) values, utilizing the concept of the number needed to treat (NNT).
Methods  We extensively searched electronic databases, such as PubMed, EMBASE, Cochrane, and Web of Science, up to 
6 August 2023. Baseline LDL-C values were stratified into four categories: < 100, 100–129, 130–159, and ≥ 160 mg/dL. 
Risk ratios (RRs) and NNT values were computed.
Results  This analysis incorporated data from 46 randomized controlled trials (RCTs), encompassing a total of 237,870 par-
ticipants. The meta-regression analysis demonstrated an incremental diminishing risk of major adverse cardiovascular events 
(MACE) with increasing baseline LDL-C values. Statins exhibited a significant reduction in MACE [number needed to treat 
to benefit (NNTB) 31, 95% confidence interval (CI) 25–37], but this effect was observed only in individuals with baseline 
LDL-C values of 100 mg/dL or higher. Ezetimibe and PCSK9 inhibitors also were effective in reducing MACE (NNTB 18, 
95% CI 11–41, and NNTB 18, 95% CI 16–24). Notably, the safety outcomes of statins and ezetimibe did not reach statisti-
cal significance, while the incidence of injection-site reactions with PCSK9 inhibitors was statistically significant [number 
needed to treat to harm (NNTH) 41, 95% CI 80–26].
Conclusion  Statins, ezetimibe, and PCSK9 inhibitors demonstrated a substantial capacity to reduce MACE, particularly 
among individuals whose baseline LDL-C values were relatively higher. The NNT visually demonstrates the gradient between 
baseline LDL-C and cardiovascular disease (CVD) risk.
Systematic Review Registration  Registration: PROSPERO identifier number: CRD42023458630.

Key Points 

The number needed to treat (NNT) is a crucial tool in 
visualizing benefits and risks, aiding hyperlipidemia 
patient management.

Statins, ezetimibe, and PCSK9 inhibitors significantly 
reduce MACE, with increasing NNT as LDL-C values 
rise.

Statins and ezetimibe safety are not significant; PCSK9 
inhibitors show notable injection-site reactions.
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1  Introduction

Atherosclerotic cardiovascular disease (ASCVD) imposes 
substantial global health and economic burdens [1]. Low-
density lipoprotein cholesterol (LDL-C) level is one of 
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the established risk factors. The cornerstone strategy for 
preventing both primary and secondary ASCVD revolves 
around the reduction of LDL-C [2]. The 2018 American 
College of Cardiology and American Heart Association 
(ACC/AHA) cholesterol guidelines recommended the 
employment of LDL-lowering drugs, including statins, as 
well as non-statins such as ezetimibe and PCSK9 inhibi-
tors [3]

Notably, a recent meta-analysis by the Cholesterol 
Treatment Trialists (CTT) showed that each 1 mmol/L 
decrease in LDL-C corresponded to a 15% proportional 
reduction in the risk of occlusive vascular events, irre-
spective of baseline LDL-C [2]. Furthermore, it is worth 
highlighting that the clinical benefit in the context of car-
diovascular events becomes pronounced as the extent of 
LDL-C reduction increases [4]. Another investigation has 
suggested that individuals with higher baseline LDL-C 
values would derive more substantial benefits from this 
reduction [5].

These studies have primarily focused on the concept of 
relative benefit. While relative benefit reflects the effects 
of an intervention, it tends to overlook the impact of base-
line risk and characteristics of the patients and may be dif-
ficult to interpret and incorporate in clinical practice. For 
example, a drug that decreases the frequency of an out-
come [risk ratio (RR) = 0.5] will help only 1 of every 100 
patients if the base rate of the outcome in the control group 
is 2% (decreased in the active group to 1%), but will help 
20 of every 100 patients if the base rate of the outcome in 
the control group is 40% [6]. Therefore, to provide a more 
comprehensive assessment, we introduce the concept of 
the absolute effect indicator as a supplementary measure. 
The absolute benefit, which holds greater significance in 
public health considerations and is more relevant to group 
decision-making, is an indispensable evaluation metric [6].

The number needed to treat (NNT), defined as the 
inverse of the absolute risk difference, arguably stands as 
one of the most clinically intuitive indicators of treatment 
benefit [7–9]. It serves to communicate both statistical and 
clinical significance by converting a rate into a tangible 
frequency, thereby translating trial outcomes into practical 
indicators [10]. The use of the NNT could aid clinicians 
in making practical decisions based on patients’ baseline 
cardiovascular disease (CVD) risk, and it can assist the 
judgment of medication authorities [11, 12].

Previous studies have demonstrated that cholesterol-
lowering therapy reduces the risk of CVD and that the 
risk reduction depends on baseline values [2, 13–15]. The 
study was compared with previous studies. Firstly, the 
baseline CVD risk and the risk reduction with therapy 
were included in the effect values. Secondly, the trend 
between baseline LDL-C and CVD was shown more visu-
ally. Finally, comparing the effects of different drugs helps 

individual clinicians support their decisions and tell clini-
cians and patients how much effort is needed to achieve a 
particular therapeutic outcome.

NNT shows the treatment potency of the three classes of 
drugs in individuals with different LDL-C values, visually 
demonstrating the concept of gradient between LDL-C and 
CVD. It is essential to summarize the benefits and harms 
of antihyperlipidemic drugs, especially among individuals 
at varying CVD risk values, to inform guidelines [16, 17]. 
Therefore, this study aims to use the number needed to treat 
(NNT) in exploring the benefits and risks of antihyperlipi-
demic medications among individuals with different baseline 
LDL-C values.

2 � Materials and Methods

2.1 � Search Strategy and Selection Criteria

This study adhered to the guidelines outlined in the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [18]. Searches were conducted up to 6 
August 2023 and involved the following databases: PubMed/
Medline, EMBASE, CENTRAL (Cochrane Central Register 
of Controlled Trials), and Web of Science. A comprehen-
sive list of search terms, as well as the criteria for inclusion 
and exclusion, can be found in the Supplementary materials 
(Supplementary Text 1).

Primary inclusion criteria comprised the following: (1) 
phase 2 or 3 randomized controlled trials (RCTs) comparing 
antihyperlipidemic drugs to placebo, standards of care, and 
usual care; (2) trial follow-up duration exceeding 1 year; and 
(3) trials that reported primary efficacy outcomes, including 
myocardial infarction (MI), stroke, coronary revasculariza-
tion (angioplasty or bypass grafting), cardiovascular mortal-
ity, and all-cause mortality. The major adverse cardiovascu-
lar events (MACE) encompassed cardiovascular death, MI, 
stroke, and coronary revascularization. Secondary outcomes 
encompassed cancer incidence, injection-site reaction, myal-
gias and myopathy, and aminotransferase elevation. Studies 
with fewer than 100 participants were excluded.

2.2 � Data Extraction

Two independent investigators (HW and ZZ) systemati-
cally collected information in duplicate, using predefined 
data collection forms for aggregated study-level data. Dis-
crepancies were resolved through discussion and consensus 
with a third reviewer (SQ) when necessary. The collected 
data encompassed the trial name, publication years, total 
and pre-arm participants numbers, medication type, partici-
pants’ mean age, gender distribution, follow-up duration, 
baseline LDL-C, mean body mass index (BMI), and primary 
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and secondary endpoints for each arm. The bias risk was 
evaluated by the Cochrane risk of bias assessment tool (Sup-
plementary Fig. 1).

2.3 � Statistical Analysis

Pooled RRs and number needed to treat (NNT) were com-
puted using a random-effects model. Fixed-effects models 
were also provided in the Supplementary materials. Hetero-
geneity was evaluated by average dispersion in effect sizes 
τ2, Cochran’s Q statistic, and Higgins and Thompsons’s 
I2, with I2 values categorized as minimal (< 25%), moder-
ate (25–50%), or substantial (> 50%). The primary model 
utilized random-effects meta-regression to explore LDL-C 
values association with cardiovascular events. For statistical 
hypothesis testing for meta-regression, the following were 
used: (1) normality of residuals using histograms, Q-Q plots, 
and P-P plots; (2) independence of residuals using the Dur-
bin–Watson test, where autocorrelation is not considered to 
be present if it is between 1.5 and 2.5; (3) homoscedasticity 
plots of standardized residuals versus standardized predicted 
values; and (4) linearity evaluated using visual scatterplots. 
LDL-C values were categorized into four ranges for risk 
classification: < 100, 100–129, 130–159, and ≥ 160 mg/dL 
[5]. A two-tailed P-value < 0.05 was considered statistically 
significant.

NNT, which can represent the number needed to treat 
for beneficial (NNTB) outcomes and for harmful (NNTH) 
outcomes, was computed by the formula NNT = 1/([1 − RR] 
× CER), where CER represents the control event rate. NNT 
values were rounded up to the nearest whole number. If the 
NNT included infinity, it was not statistically significant. The 
NNT was standardized when comparing studies with vary-
ing observation periods, employing the strategy of Laupacis 
et al. as follows: NNT: T × T ÷ S = NNT:S, where NNT: 
T represents the true NNT, NNT:S represents the adjusted 
NNT, T represents the follow-up time, and S represents the 
average follow-up time [19].

The quality of the evidence was assessed according to the 
Grading of Recommendations, Assessment, Development, 
and Evaluation (GRADE) criteria, which considered study 
design, risk of bias, inconsistency, indirectness, imprecision, 
and other relevant factors [20]. Sensitivity analyses were 
prespecified for the primary endpoint by excluding trials.

Review Manager V.5.4.1 (RevMan), GRADEpro soft-
ware, R software V.4.2.1, and Stata, V.17.0 (Stata Corp.) 
were utilized for all analyses.

3 � Results

3.1 � Study Selection and Patient Population

Our literature search yielded 13,640 records in total, 
with contributions from various sources including Web 
of Science (2931 articles), the Cochrane Library (5526 
articles), PubMed (702 articles), and EMBASE (4481 arti-
cles). After a rigorous selection process, 46 studies met the 
eligibility criteria for this meta-analysis [21–63]. These 
included 23 studies involving statins, 9 studies involving 
ezetimibe, and 14 studies involving PCSK9 inhibitors. 
Figure 1 provides a flowchart illustrating the study selec-
tion process. The follow-up periods in these studies varied 
from 1 to 6 years, with an average period of 3.0 years. 
Baseline LDL-C values spanned from 89 to 192 mg/dL. 
Supplementary Table 1 outlines the features of the studies 
in this analysis.

3.2 � Major Adverse Cardiovascular Events

The risk reduction in major adverse cardiovascular events 
(MACE) associated with statins, ezetimibe, and PCSK9 
inhibitors compared with the control group was RR 0.78 
(95% CI 0.73–0.82; P < 0.00001), RR 0.86 (95% CI 
0.78–0.94; P = 0.002), and RR 0.82 (95% CI 0.79–0.86; 
P < 0.00001), respectively. However, this effect exhibited 
variation according to baseline LDL-C values (Supple-
mentary Fig. 2). Subgroup analysis demonstrated that the 
reduction in MACE risk increased with higher baseline 
LDL-C values (Fig. 2). Notably, the subgroup character-
ized by baseline LDL-C values of 130–159 mg/dL or greater 
achieved the most substantial reductions. In all three of the 
statin trial’s subgroups with baseline LDL-C values greater 
than 100 mg/dL, statins significantly further reduced MACE 
compared with controls. This significance was particularly 
evident in trials with baseline LDL-C values of 100–129 mg/
dL (NNTB 52, 95% CI NNTB 33–201; P = 0.010), 130–159 
mg/dL (NNTB 29, 95% CI NNTB 25–35; P < 0.00001), 
and ≥ 160 mg/dL (NNTB 16, 95% CI NNTB 12–33; P < 
0.00001). In ezetimibe trials, the reduction in MACE risk 
was associated with baseline LDL-C values of < 100 mg/dL 
(NNTB 60, 95% CI NNTB 43–120; P < 0.0001), 100–129 
mg/dL (NNTB 31, 95% CI NNTB 21–54; P < 0.0001), 
and 130–159 mg/dL (NNTB 6, 95% CI NNTB 4–12; P = 
0.0006). In PCSK9 inhibitor trials, a statistically signifi-
cant difference was observed in trials with baseline LDL-C 
values of < 100 mg/dL (NNTB 29, 95% CI NNTB 21–44; 
P < 0.00001), 100–129 mg/dL (NNTB 27, 95% CI NNTB 
19–57; P = 0.0005), and 130–159 mg/dL (NNTB 13, 95% 
CI NNTB 8–171; P = 0.04).
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Figure 3 graphically illustrates the impact of antihyper-
lipidemic medications on MACE. For the sake of compa-
rability, the NNT was transformed to represent the number 
of individuals who could avoid MACE when 100 individu-
als received treatment for 3.0 years. Figure 4 provides a 
visual representation of NNT for efficacy and safety out-
comes in the overall study population.

3.3 � Myocardial Infarction

The risk reduction in myocardial infarction (MI) attributed 
to statin, ezetimibe, and PCSK9 inhibitor compared with 
control was RR 0.72 (95% CI 0.67–0.77; P < 0.00001), RR 
0.87 (95% CI 0.80–0.93; P = 0.0002), and RR 0.77 (95% 

CI 0.67–0.88; P < 0.0001), respectively (Supplementary 
Fig. 4). In statin trials, the proportion of risk reduction for 
MI increased with initial LDL-C values greater than 100 
mg/dL. Statistically significant differences were observed in 
studies with initial LDL-C values of 100–129 mg/dL (NNTB 
197, 95% CI NNTB 139–382; P = 0.0003), 130–159 mg/
dL (NNTB 77, 95% CI NNTB 65–104; P < 0.00001), and 
≥ 160 mg/dL (NNTB 38, 95% CI NNTB 30–60; P < 
0.00001; Supplementary Fig. 22). For participants with 
LDL-C values of 100–159 mg/dL, ezetimibe did not exhibit 
significant effects on MI, but statistically significant results 
were found for LDL-C values of < 100 mg/dL (NNTB 79, 
95% CI NNTB 50–190; P = 0.001). In PCSK9 inhibitor 
trials, a significant difference was observed in trials with 

Fig. 1   Flowchart of study selec-
tion for meta-analysis
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baseline LDL-C values of < 100 mg/dL (NNTB 74, 95% CI 
NNTB 48–185; P = 0.002) and 100–129 mg/dL (NNTB 71, 
95% CI NNTB 45–921; P = 0.004), but not for participants 
with LDL-C values of 130–159 mg/dL.

3.4 � Stroke

The risk reduction in stroke associated with statin, ezetimibe, 
and PCSK9 inhibitor compared with control was RR 0.89 
(95% CI 0.81–0.97; P = 0.01), RR 0.85 (95% CI 0.75–0.96; 
P = 0.008), and RR 0.78 (95% CI 0.68–0.90; P = 0.0006; 
Supplementary Fig. 6). In statin trials, the risk reduction in 
stroke was associated with initial LDL-C values of 130–159 
mg/dL (NNTB 296, 95% CI NNTB 178–1186; P = 0.008) 
and ≥ 160 mg/dL (NNTB 280, 95% CI NNTB 161–6433; 
P = 0.04; Supplementary Fig. 23). In ezetimibe trials, the 
effect was associated with initial LDL-C values of 100–129 
mg/dL (NNTB 107, 95% CI NNTB 67–445; P = 0.01). In 
PCSK9 inhibitors trials, a statistically significant difference 
was present with initial LDL-C values of < 100 mg/dL 
(NNTB 212, 95% CI NNTB 143–443; P = 0.0003).

3.5 � Coronary Revascularization

The study investigated the risk reduction in coronary revas-
cularization attributed to statins, ezetimibe, and PCSK9 
inhibitors compared with a control group. The results were 
RR 0.76 (95% CI 0.71–0.81; P < 0.00001), RR 0.82 (95% 

CI 0.68–0.99; P = 0.04), and RR 0.81 (95% CI 0.73–0.90; 
P < 0.0001), respectively (Supplementary Fig. 8). A subgroup 
analysis demonstrated that the effectiveness of these inter-
ventions in reducing coronary revascularization risks was 
influenced by baseline LDL-C values. In statin trials, statisti-
cally significant differences were observed in patients with 
initial LDL-C values of 100–129 mg/dL (NNTB 222, 95% 
CI NNTB 143–600; P = 0.004), 130–159 mg/dL (NNTB 
85, 95% CI NNTB 69–112; P < 0.00001), and ≥ 160 mg/
dL (NNTB 51, 95% CI NNTB 41–68; P < 0.00001; Supple-
mentary Fig. 24). In ezetimibe trials, the effect was associ-
ated with baseline LDL-C values of 100–129 mg/dL (NNTB 
69, 95% CI NNTB 44–225; P = 0.007), and 130–159 mg/
dL (NNTB 8, 95% CI NNTB 5–19; P = 0.002). In PCSK9 
inhibitor trials, the effect was associated with initial LDL-C 
values of < 100 mg/dL (NNTB 64, 95% CI NNTB 44–121; 
P < 0.0001) and 130–159 mg/dL (NNTB 12, 95% CI NNTB 
8–44; P = 0.01).

3.6 � All‑cause Mortality

The analysis of all-cause mortality risk reduction attributed 
to statins compared with the control group showed RR 0.90 
(95% CI 0.86–0.95; P < 0.0001; Supplementary Fig. 10). 
However, this reduction was not statistically significant for 
ezetimibe and PCSK9 inhibitors. Statistically significant dif-
ferences were observed in statin trials with initial LDL-C 
values of 130–159 mg/dL (NNTB 178, 95% CI NNTB 

Fig. 2   The NNTs for major 
adverse cardiovascular events 
across different baseline 
LDL-C. The mean follow-up 
duration was 3.0 years. PCSK9, 
proprotein convertase subtilisin/
Kexin type 9; NNT, the number 
needed to treat; NNTB, the 
number needed to treat to ben-
efit; NNTH, the number needed 
to treat to harm
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114–399; P = 0.002) and ≥ 160 mg/dL (NNTB 77, 95% 
CI NNTB 58–126; P < 0.0001; Supplementary Fig. 25). 
No significant differences in all-cause mortality were found 
between ezetimibe and PCSK9 inhibitors.

3.7 � Cardiovascular Mortality

The risk reduction in cardiovascular mortality attributed 
to statins compared with control was RR 0.81 (95% CI 
0.75–0.87; P < 0.0001; Supplementary Fig.  12). How-
ever, no significant effects were observed for ezetimibe and 
PCSK9 inhibitors. In statin trials, statistically significant 
differences were present in patients with baseline LDL-C 

values of 130–159 mg/dL (NNTB 162, 95% CI NNTB 
132–224; P < 0.00001) and ≥ 160 mg/dL (NNTB 83, 95% 
CI NNTB 65–127; P = 0.0006; Supplementary Fig. 26). 
No significant differences in cardiovascular mortality were 
observed between ezetimibe and PCSK9 inhibitors.

3.8 � Safety Outcomes

The incidence of cancer, myalgias, myopathy, or aminotrans-
ferase elevation did not differ significantly between patients 
on statins, ezetimibe, and PCSK9 inhibitors compared with 
the control group. However, an increased risk of injection-
site reactions was attributed to PCSK9 inhibitors (RR 1.68, 

Statin, < 100mg/dl
NNTB 169 (NNTB 34 to ∞ to NNTH 56)

CER= 45% 

Statin, 100-129 mg/dl
NNTB 52 (NNTB 33 to NNTB 201)

CER= 11% 

Statin, 130-159 mg/dl
NNTB 29 (NNTB 25 to NNTB 35)

CER= 25% 

Statin, ≥ 160 mg/dl
NNTB 16 (NNTB 12 to NNTB 33)

CER= 26% 

Ezetimibe, < 100 mg/dl
NNTB 60 (NNTB 43 to NNTB 120)

CER= 42% 

Ezetimibe, 100-129 mg/dl
NNTB 31 (NNTB 21 to NNTB 54)

CER= 20% 

Ezetimibe, 130-159 mg/dl
NNTB 6 (NNTB 4 to NNTB 12)

CER= 22% 

PCSK9 inhibitor, < 100 mg/dl
NNTB 29 (NNTB 21 to NNTB 44)

CER= 18% 

PCSK9 inhibitor, 100-129 mg/dl
NNTB 27 (NNTB 19 to NNTB 57)

CER= 6% 

PCSK9 inhibitor, 130-159 mg/dl
NNTB 13 (NNTB 8 to NNTB 171)

CER= 8% 

: Good outcomes

: Better with treatment

: Bad outcomes

Fig. 3   Cates plot of the NNTs for major adverse cardiovascular 
events (MACE) across different baseline LDL-C. Each region is the 
value of NNT of MACE in one LDL-C level, and the 100 faces cor-
respond to the patients treated with antihyperlipidemic medication. 

A green face means patients did not experience an MACE. A yellow 
face means patients that would not have an MACE if treated. A red 
face means patients experienced an MACE even if treated
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95% CI 1.35–2.11; Supplementary Fig. 20). Statistically sig-
nificant differences were present in individuals with initial 
LDL-C values of < 100 mg/dL (NNTH 86, 95% CI NNTH 
229–48; P < 0.00001) and 100–129 mg/dL (NNTH 16, 95% 
CI NNTH 95–6; P < 0.00001; Supplementary Fig. 30).

3.9 � Meta‑Regression Analysis and Publication Bias

The residuals followed a normal distribution (Supplemen-
tary Fig. 31). The Durbin–Watson (D-W) test value was 

2.075. Homoscedasticity was met (Supplementary Fig. 32). 
The relationship appeared linear (Supplementary Fig. 33). 
According to predefined baseline characteristics, the meta-
regression analysis revealed no evidence of differences in 
the effects of antihyperlipidemic medication on MACE in 
mean age, year published, BMI, the percentage of male 
participants, diabetes mellitus, coronary artery disease, and 
follow-up years (Supplementary Table 11). There was sta-
tistical significance related to baseline LDL-C. We further 
focused on the relationship between baseline LDL-C and 
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Statin Ezetimibe PCSK9 inhibitor

Fig. 4   The rank-heat plot of the NNT values for all outcomes across 
different LDL-C values. Circles from the inside out refer to small 
to large baseline LDL values. The number of endpoints reported for 
each drug divides the circle into sectors. The NNT value for each sec-
tion is labeled red if it is NNTH and black if it is NNTB. Each section 
is colored according to the NNT value of the corresponding LDL-C 
values and outcome. The scale consists of the transformation of three 
colors: red (NNTH = 1), yellow (NNT = ∞), and green (NNTB = 1). 

Gray indicates no report.  ACM all-cause mortality, AE aminotrans-
ferase elevation, CI cancer incidence, CM cardiovascular mortality, 
CR coronary revascularization, ISR injection-site reaction, MACE 
major adverse cardiovascular events, MI myocardial infarction, MM 
myalgias and myopathy, NNT the number needed to treat, NNTB the 
number needed to treat to benefit, NNTH the number needed to treat 
to harm, PCSK9 proprotein convertase subtilisin/Kexin type 9

Fig. 5   Meta-regression analysis of major adverse cardiovascular 
events (MACE) by baseline LDL-C level. Each color circle represents 
one study. The size of the circle is proportional to the number of peo-
ple in the study. The dotted line represents the meta-regression slope 

of the change in risk ratio for treatment across increasing values of 
baseline LDL-C. To convert LDL-C values to mmol/L, multiply by 
0.0259
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intervention effect sizes (Fig. 5). In the meta-regression, 
baseline LDL-C values explained 13.12% of the heterogene-
ity, and higher baseline LDL-C values were associated with 
smaller RRs for MACE. We could not find any evidence of 
publication bias in the funnel plots, Begg’s rank correlations 
(P = 0.90), and Egger’s linear regression (P = 0.056; Sup-
plementary Fig. 37). Sensitivity analyses were prespecified 
(Supplementary Fig. 38).

4 � Discussion

The results of our meta-analyses show that higher baseline 
LDL-C values were associated with a greater effect of reduc-
ing MACE risks, regardless of which drug was used. CVD 
risk reduction that is proportional to the absolute LDL-C 
gradient has been demonstrated in previous studies [64]. The 
antihyperlipidemic medication will produce very different 
absolute gradients in LDL-C depending on baseline LDL-C 
values. This suggests that, counterintuitively, the lower the 
baseline LDL-C values, the higher the antihyperlipidemic 
therapy strength required. The latest guidelines suggest that, 
if baseline LDL-C is lower, the aim should not be an abso-
lute threshold but rather to achieve 50% LDL-C reduction 
[3].

It is worth noting that a previous meta-analysis on anti-
hyperlipidemic medications also reported that initial LDL-C 
values were related to reductions in total and cardiovascu-
lar mortality risks. It has demonstrated that more intensive, 
compared with less intensive, LDL-C lowering was associ-
ated with a greater reduction in risk of total and cardiovas-
cular mortality at baseline in trials with LDL-C levels above 
100 mg/dL. Such expositions are unsatisfactory because they 
did not fully utilize RCT evidence and overlooked variations 
in baseline risk [5]. Because the incidence of these events 
varies among patients with different baseline LDL-C values, 
relying solely on relative indicators may lead to either over-
estimating or underestimating the treatment effects.

Our analysis reveals a trend toward more substantial pro-
portional reductions in MACE as LDL-C values increase. 
This trend suggests that adopting a high-risk strategy can 
be more cost-effective. However, if the treatment potency 
is taken into account, the lower the baseline LDL-C, the 
higher the intensity of the therapy should be to achieve a 
lower CVD risk reduction. The American College of Cardi-
ology/American Heart Association (ACC/AHA) has already 
adjusted the threshold for initiating statin therapy from a 
10-year cardiovascular risk of 20–7.5% [3]. Lowering the 
LDL-C threshold would further mitigate cardiovascular risk, 
but it would also entail more individuals receiving medica-
tion and consequently being exposed to potential adverse 
drug reactions. Therefore, it is imperative to thoroughly 
investigate the benefits and risks for populations with diverse 

baseline LDL-C values. Our study focuses on absolute risk 
reduction, considering the control event rate. NNT makes 
people realize that, counterintuitively, with higher initial 
LDL-C, it is easy to reduce the risk of CVD, while lower 
initial LDL-C requires a lot more treatments and a lot more 
treated patients to prevent one adverse cardiovascular event. 
Fortunately, regarding the risk of side effects, only PCSK9 
inhibitors were found to cause increased injection-site reac-
tions. Although there was no statistically significant differ-
ence in the incidence of adverse reactions between statins 
and ezetimibe compared with controls, results should be 
interpreted with caution. Our findings closely resemble 
those of the Cholesterol Treatment Trialists’ Collaboration 
(CTTC) meta-analysis, which reported a 15% reduction 
in major vascular events per 1 mmol/L reduction in LDL 
cholesterol with statin therapy [2]. Nevertheless, interpret-
ing relative risk reduction can be misleading, especially in 
cases where some included trials achieved LDL-C reduc-
tions of less than 1 mmol/L [65]. The difficulty of lower-
ing baseline LDL-C values by the same extent is different. 
The extent of LDL-C reduction depends on both the initial 
LDL-C values and the effectiveness of the drug [5]. Higher 
baseline LDL-C values correspond to higher baseline risk 
when LDL-C values exceed 100 mg/dL. Understanding the 
trends in the impact of LDL-C values on treatment efficacy 
and safety can inform strategies for reducing the burden of 
CVD and guide the development of guidelines [66].

The use of NNT as an absolute effect measure to express 
the consequences of clinical interventions has some poten-
tial advantages. Firstly, the RR does not reflect the mag-
nitude of the risk without therapy [19]. The NNT conveys 
clinical results in a way that takes into account both the 
baseline risk without therapy and the risk reduction with 
therapy. We found that higher baseline LDL-C values were 
associated with higher baseline risk when baseline LDL-C 
values were > 100 mg/dL. However, this association was 
not present when the baseline LDL-C values were less 
than 100 mg/dL. The baseline risk of MACE was greatest 
for all three drugs in the subgroup with baseline LDL-C 
< 100 mg/dL. This trend could stem from differences in 
the trial population characteristics. Secondly, the NNT 
tells clinicians and patients how much effort is needed to 
achieve a particular therapeutic outcome [19]. For exam-
ple, in our MACE outcomes, the subgroup with LDL-C 
values of 100–129 mg/dL (RR 0.77) treated with statins 
had lower RR values than the subgroup with LDL-C values 
of 130–159 mg/dL (RR 0.79). Normally we would assume 
that the two subgroups with similar efficacy and lower RR 
values would be better. However, the NNT values tell us 
that the subgroup with LDL-C 130–159 mg/dL would need 
29 treated patients to prevent one MACE, whereas the sub-
group with 100–129 mg/dL need 52 treated patients. Not 
only was there a significant difference in efficacy between 
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the two subgroups, but also the LDL-C 130–159 mg/dL 
group had better efficacy. Finally, the NNT allowed us to 
compare the consequences of different interventions. Most 
of the research on antihyperlipidemic drugs has been lim-
ited to comparing the same type of drugs. However, our 
study calculated the NNT of different types of antihyper-
lipidemic drugs, visually demonstrating the concept of 
gradient between LDL-C and CVD.

Our study focuses on the association between the effi-
cacy and safety of the three anti-hyperlipidemic drugs and 
baseline LDL-C values. The NNT adequately demonstrates 
the efficacy of various lipid-lowering drugs in different 
LDL-C settings and very intuitively shows the relationship 
between LDL-C and cardiovascular disease risk. We applied 
the GRADE framework to evaluate the quality of the stud-
ies, thereby substantiating the validity of our meta-analysis 
results. The clinical significance of our study is that it aids 
physicians and patients in understanding how much effort is 
required to prevent a particular outcome. Furthermore, it is 
worth discussing how many people to treat and whether how 
long it takes to prevent a single cardiovascular disease event 
is acceptable, which is a crucial aspect of clinical decision-
making. Our study calculates NNT values to guide clinical 
decisions on the prescription of antihyperlipidemic drugs, 
providing clinicians, health economists, and policymakers 
with reliable, critically assessed, and precise estimates of 
treatment effects and safety.

Nonetheless, our meta-analysis does have several limita-
tions. Firstly, there was a degree of heterogeneity among 
the included studies, possibly due to variations in the defini-
tions of major cardiovascular composite endpoints, despite 
our attempts to standardize them. Secondly, the trials varied 
in duration, with ezetimibe and PCSK9 inhibitors having 
shorter mean follow-up times compared with statins, which 
could affect comparability. Third, our analysis was based on 
study-level data. To address these limitations, future studies 
should aim to include more trials with individual data and a 
specific focus on LDL-C values.

5 � Conclusion

In conclusion, our study utilizes the concept of NNT to show 
the treatment potency of statins, ezetimibe, and PCSK9 
inhibitors of drugs in individuals with different LDL-C val-
ues, visually demonstrating the concept of gradient between 
initial LDL-C and CVD risk. In addition, both statins and 
ezetimibe demonstrate a favorable safety profile, and PCSK9 
inhibitors warrant attention on injection-site reactions. The 
concept of NNT serves as a valuable tool for quantifying 
the magnitude of benefits and risks, offering indispensable 
guidance for patients with hyperlipidemia.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40256-​024-​00651-7.

Acknowledgements  The authors acknowledge all the study partici-
pants. The authors would also like to thank all reviewers and editors 
for their comments and contributions.

Declarations 

Funding  No external funding was used in the preparation of this manu-
script.

Conflict of Interest  H-FW, Y-CM, S-FQ, X-YX, Z-YZ, CG, KS, and 
Q-BT declare that they have no potential conflicts of interest that might 
be relevant to the contents of this manuscript.

Authors’ Contributions  H-FW conceived the report and wrote the ini-
tial manuscript drafting. Y-CM and ZYZ participated in the investiga-
tion process. X-YX and S-FQ provided support for formal analysis and 
contributed to manuscript writing, review, and editing. Q-BT played a 
vital role in the project, overseeing it, contributing to the conceptual-
ization, and developing the methodology. All collaborators contributed 
to the final article.

Data Availability Statement  All data generated or analyzed during 
this study are included in the article/Supplementary material. Further 
inquiries can be directed to the corresponding author.

Ethics Approval  Not applicable.

Code Availability  Not applicable.

Consent to Participate  Not applicable.

Consent for Publication  Not applicable.

References

	 1.	 Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease and 
stroke statistics—2018 update: a report from the American Heart 
Association. Circulation. 2018;137(12):e67–492. https://​doi.​org/​
10.​1161/​CIR.​00000​00000​000558.

	 2.	 Cholesterol Treatment Trialists C, Baigent C, Blackwell L, et al. 
Efficacy and safety of more intensive lowering of LDL choles-
terol: a meta-analysis of data from 170,000 participants in 26 
randomised trials. Lancet. 2010;376(9753):1670–81. https://​doi.​
org/​10.​1016/​S0140-​6736(10)​61350-5.

	 3.	 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: a report 
of the American College of Cardiology/American Heart Asso-
ciation Task Force on Clinical Practice Guidelines. Circulation. 
2019;139(25):e1082–143. https://​doi.​org/​10.​1161/​CIR.​00000​
00000​000625.

	 4.	 Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of 
cholesterol-lowering treatment: prospective meta-analysis of 
data from 90,056 participants in 14 randomised trials of statins. 
Lancet. 2005;366(9493):1267–78. https://​doi.​org/​10.​1016/​S0140-​
6736(05)​67394-1.

	 5.	 Navarese EP, Robinson JG, Kowalewski M, et  al. Associa-
tion between baseline LDL-C level and total and cardiovascu-
lar mortality after LDL-C lowering: a systematic review and 

https://doi.org/10.1007/s40256-024-00651-7
https://doi.org/10.1161/CIR.0000000000000558
https://doi.org/10.1161/CIR.0000000000000558
https://doi.org/10.1016/S0140-6736(10)61350-5
https://doi.org/10.1016/S0140-6736(10)61350-5
https://doi.org/10.1161/CIR.0000000000000625
https://doi.org/10.1161/CIR.0000000000000625
https://doi.org/10.1016/S0140-6736(05)67394-1
https://doi.org/10.1016/S0140-6736(05)67394-1


566	 H.-F. Wang et al.

meta-analysis. JAMA. 2018;319(15):1566–79. https://​doi.​org/​
10.​1001/​jama.​2018.​2525.

	 6.	 Saver JL, Lewis RJ. Number needed to treat: conveying the 
likelihood of a therapeutic effect. JAMA. 2019;321(8):798–9. 
https://​doi.​org/​10.​1001/​jama.​2018.​21971.

	 7.	 Monnier L, Colette C, Bonnet F, Owens D. Number needed-to-
treat (NNT): is it a necessary marker of therapeutic efficiency? 
Diabetes Metab. 2020;46(4):261–4. https://​doi.​org/​10.​1016/j.​
diabet.​2020.​01.​004.

	 8.	 Citrome L, Ketter TA. When does a difference make a differ-
ence? Interpretation of number needed to treat, number needed 
to harm, and likelihood to be helped or harmed. Int J Clin Pract. 
2013;67(5):407–11. https://​doi.​org/​10.​1111/​ijcp.​12142.

	 9.	 Baigent C, Blackwell L, Emberson J, 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. Lan-
cet. 2010;376(9753):1670–81. https://​doi.​org/​10.​1016/​s0140-​
6736(10)​61350-5.

	10.	 Cook RJ, Sackett DL. The number needed to treat: a 
clinically useful measure of treatment effect. Br Med J. 
1995;310(6977):452–4. https://​doi.​org/​10.​1136/​bmj.​310.​6977.​
452.

	11.	 Soran H, Schofield JD, Durrington PN. Cholesterol, not just 
cardiovascular risk, is important in deciding who should receive 
statin treatment. Eur Heart J. 2015;36(43):2975–83. https://​doi.​
org/​10.​1093/​eurhe​artj/​ehv340.

	12.	 Mendes D, Alves C, Batel MF. Testing the usefulness of the 
number needed to treat to be harmed (NNTH) in benefit-risk 
evaluations: case study with medicines withdrawn from the 
European market due to safety reasons. Expert Opin Drug Saf. 
2016;15(10):1301–12. https://​doi.​org/​10.​1080/​14740​338.​2016.​
12179​89.

	13.	 Gencer B, Marston NA, Im K, et al. Efficacy and safety of low-
ering LDL cholesterol in older patients: a systematic review 
and meta-analysis of randomised controlled trials. Lancet. 
2020;396(10263):1637–43. https://​doi.​org/​10.​1016/​S0140-​
6736(20)​32332-1.

	14.	 Mills EJ, Wu P, Chong G, et al. Efficacy and safety of sta-
tin treatment for cardiovascular disease: a network meta-
analysis of 170,255 patients from 76 randomized trials. QJM. 
2011;104(2):109–24. https://​doi.​org/​10.​1093/​qjmed/​hcq165.

	15.	 Sabatine MS, Wiviott SD, Im K, Murphy SA, Giugliano RP. 
Efficacy and safety of further lowering of low-density lipopro-
tein cholesterol in patients starting with very low levels: a meta-
analysis. JAMA Cardiol. 2018;3(9):823–8. https://​doi.​org/​10.​
1001/​jamac​ardio.​2018.​2258.

	16.	 Taylor FC, Huffman M, Ebrahim S. Statin therapy for 
primary prevention of cardiovascular disease. JAMA. 
2013;310(22):2451–2. https://​doi.​org/​10.​1001/​jama.​2013.​
281348.

	17.	 Cholesterol Treatment Trialists C. Efficacy and safety of sta-
tin therapy in older people: a meta-analysis of individual par-
ticipant data from 28 randomised controlled trials. Lancet. 
2019;393(10170):407–15. https://​doi.​org/​10.​1016/​S0140-​
6736(18)​31942-1.

	18.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. 
Br Med J. 2021;372: n71. https://​doi.​org/​10.​1136/​bmj.​n71.

	19.	 Laupacis A, Sackett DL, Roberts RS. An assessment of clinically 
useful measures of the consequences of treatment. N Engl J Med. 
1988;318(26):1728–33. https://​doi.​org/​10.​1056/​NEJM1​98806​
30318​2605.

	20.	 Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging 
consensus on rating quality of evidence and strength of recom-
mendations. Br Med J. 2008;336(7650):924–6. https://​doi.​org/​10.​
1136/​bmj.​39489.​470347.​AD.

	21.	 Randomised trial of cholesterol lowering in 4444 patients with 
coronary heart disease: the Scandinavian Simvastatin Survival 
Study (4S). Lancet. 1994;344(8934):1383-9.

	22.	 Results of the low-dose (20 mg) pravastatin GISSI Prevenzi-
one trial in 4271 patients with recent myocardial infarction: do 
stopped trials contribute to overall knowledge? GISSI Prevenzione 
Investigators (Gruppo Italiano per lo Studio della Sopravvivenza 
nell'Infarto Miocardico). Ital Heart J. 2000;1(12):810-20.

	23.	 Athyros VG, Papageorgiou AA, Mercouris BR, et  al. Treat-
ment with atorvastatin to the National Cholesterol Educational 
Program goal versus ‘usual’ care in secondary coronary heart 
disease prevention. The GREek Atorvastatin and Coronary-
heart-disease Evaluation (GREACE) study. Curr Med Res Opin. 
2002;18(4):220–8. https://​doi.​org/​10.​1185/​03007​99021​25000​787.

	24.	 Baigent C, Landray MJ, Reith C, et al. The effects of lowering 
LDL cholesterol with simvastatin plus ezetimibe in patients with 
chronic kidney disease (study of heart and renal protection): a ran-
domised placebo-controlled trial. Lancet. 2011;377(9784):2181–
92. https://​doi.​org/​10.​1016/​S0140-​6736(11)​60739-3.

	25.	 Blom DJ, Hala T, Bolognese M, et al. A 52-week placebo-con-
trolled trial of evolocumab in hyperlipidemia. N Engl J Med. 
2014;370(19):1809–19. https://​doi.​org/​10.​1056/​NEJMo​a1316​222.

	26.	 Colhoun HM, Betteridge DJ, Durrington PN, et  al. Primary 
prevention of cardiovascular disease with atorvastatin in type 
2 diabetes in the Collaborative Atorvastatin Diabetes Study 
(CARDS): multicentre randomised placebo-controlled trial. 
Lancet. 2004;364(9435):685–96. https://​doi.​org/​10.​1016/​S0140-​
6736(04)​16895-5.

	27.	 Downs JR, Clearfield M, Weis S, et al. Primary prevention of 
acute coronary events with lovastatin in men and women with 
average cholesterol levels: results of AFCAPS/TexCAPS. Air 
Force/Texas Coronary Atherosclerosis Prevention Study. JAMA. 
1998;279(20):1615–22. https://​doi.​org/​10.​1001/​jama.​279.​20.​
1615.

	28.	 Fellstrom BC, Jardine AG, Schmieder RE, et al. Rosuvastatin and 
cardiovascular events in patients undergoing hemodialysis. N Engl 
J Med. 2009;360(14):1395–407. https://​doi.​org/​10.​1056/​NEJMo​
a0810​177.

	29.	 Heart Protection Study Collaborative G. MRC/BHF Heart Pro-
tection Study of cholesterol lowering with simvastatin in 20,536 
high-risk individuals: a randomised placebo-controlled trial. 
Lancet. 2002;360(9326):7–22. https://​doi.​org/​10.​1016/​S0140-​
6736(02)​09327-3.

	30.	 Hibi K, Sonoda S, Kawasaki M, et al. Effects of ezetimibe-statin 
combination therapy on coronary atherosclerosis in acute coro-
nary syndrome. Circ J. 2018;82(3):757–66. https://​doi.​org/​10.​
1253/​circj.​CJ-​17-​0598.

	31.	 Holdaas H, Fellstrom B, Jardine AG, et al. Effect of fluvastatin on 
cardiac outcomes in renal transplant recipients: a multicentre, ran-
domised, placebo-controlled trial. Lancet. 2003;361(9374):2024–
31. https://​doi.​org/​10.​1016/​S0140-​6736(03)​13638-0.

	32.	 Kastelein JJ, Ginsberg HN, Langslet G, et al. ODYSSEY FH 
I and FH II: 78 week results with alirocumab treatment in 735 
patients with heterozygous familial hypercholesterolaemia. Eur 
Heart J. 2015;36(43):2996–3003. https://​doi.​org/​10.​1093/​eurhe​
artj/​ehv370.

	33.	 Kereiakes DJ, Robinson JG, Cannon CP, et al. Efficacy and safety 
of the proprotein convertase subtilisin/kexin type 9 inhibitor ali-
rocumab among high cardiovascular risk patients on maximally 
tolerated statin therapy: the ODYSSEY COMBO I study. Am 
Heart J. 2015;169(6):906–15. https://​doi.​org/​10.​1016/j.​ahj.​2015.​
03.​004. (e13).

	34.	 Knopp RH, d’Emden M, Smilde JG, Pocock SJ. Efficacy 
and safety of atorvastatin in the prevention of cardiovascular 
end points in subjects with type 2 diabetes: the Atorvastatin 
Study for Prevention of Coronary Heart Disease Endpoints in 

https://doi.org/10.1001/jama.2018.2525
https://doi.org/10.1001/jama.2018.2525
https://doi.org/10.1001/jama.2018.21971
https://doi.org/10.1016/j.diabet.2020.01.004
https://doi.org/10.1016/j.diabet.2020.01.004
https://doi.org/10.1111/ijcp.12142
https://doi.org/10.1016/s0140-6736(10)61350-5
https://doi.org/10.1016/s0140-6736(10)61350-5
https://doi.org/10.1136/bmj.310.6977.452
https://doi.org/10.1136/bmj.310.6977.452
https://doi.org/10.1093/eurheartj/ehv340
https://doi.org/10.1093/eurheartj/ehv340
https://doi.org/10.1080/14740338.2016.1217989
https://doi.org/10.1080/14740338.2016.1217989
https://doi.org/10.1016/S0140-6736(20)32332-1
https://doi.org/10.1016/S0140-6736(20)32332-1
https://doi.org/10.1093/qjmed/hcq165
https://doi.org/10.1001/jamacardio.2018.2258
https://doi.org/10.1001/jamacardio.2018.2258
https://doi.org/10.1001/jama.2013.281348
https://doi.org/10.1001/jama.2013.281348
https://doi.org/10.1016/S0140-6736(18)31942-1
https://doi.org/10.1016/S0140-6736(18)31942-1
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1056/NEJM198806303182605
https://doi.org/10.1056/NEJM198806303182605
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1185/030079902125000787
https://doi.org/10.1016/S0140-6736(11)60739-3
https://doi.org/10.1056/NEJMoa1316222
https://doi.org/10.1016/S0140-6736(04)16895-5
https://doi.org/10.1016/S0140-6736(04)16895-5
https://doi.org/10.1001/jama.279.20.1615
https://doi.org/10.1001/jama.279.20.1615
https://doi.org/10.1056/NEJMoa0810177
https://doi.org/10.1056/NEJMoa0810177
https://doi.org/10.1016/S0140-6736(02)09327-3
https://doi.org/10.1016/S0140-6736(02)09327-3
https://doi.org/10.1253/circj.CJ-17-0598
https://doi.org/10.1253/circj.CJ-17-0598
https://doi.org/10.1016/S0140-6736(03)13638-0
https://doi.org/10.1093/eurheartj/ehv370
https://doi.org/10.1093/eurheartj/ehv370
https://doi.org/10.1016/j.ahj.2015.03.004
https://doi.org/10.1016/j.ahj.2015.03.004


567Benefits and Risks of Antihyperlipidemic Medication in Adults with Different LDL-C

Non-insulin-dependent diabetes mellitus (ASPEN). Diabetes 
Care. 2006;29(7):1478–85. https://​doi.​org/​10.​2337/​dc05-​2415.

	35.	 Koren MJ, Hunninghake DB, Investigators A. Clinical outcomes 
in managed-care patients with coronary heart disease treated 
aggressively in lipid-lowering disease management clinics: the 
alliance study. J Am Coll Cardiol. 2004;44(9):1772–9. https://​doi.​
org/​10.​1016/j.​jacc.​2004.​07.​053.

	36.	 Kouvelos GN, Arnaoutoglou EM, Matsagkas MI, et al. Effects 
of rosuvastatin with or without ezetimibe on clinical outcomes 
in patients undergoing elective vascular surgery: results of a pilot 
study. J Cardiovasc Pharmacol Ther. 2013;18(1):5–12. https://​doi.​
org/​10.​1177/​10742​48412​445506.

	37.	 Liu Z, Hao H, Yin C, et al. Therapeutic effects of atorvastatin 
and ezetimibe compared with double-dose atorvastatin in very 
elderly patients with acute coronary syndrome. Oncotarget. 
2017;8(25):41582–9. https://​doi.​org/​10.​18632/​oncot​arget.​15078.

	38.	 Long-Term Intervention with Pravastatin in Ischaemic Dis-
ease Study G. Prevention of cardiovascular events and death 
with pravastatin in patients with coronary heart disease and 
a broad range of initial cholesterol levels. N Engl J Med. 
1998;339(19):1349–57. https://​doi.​org/​10.​1056/​NEJM1​99811​
05339​1902.

	39.	 Luo P, Wang L, Zhu H, et al. Impact of atorvastatin combined with 
ezetimibe for the treatment of carotid atherosclerosis in patients 
with coronary heart disease. Acta Cardiol Sin. 2016;32(5):578–
85. https://​doi.​org/​10.​6515/​acs20​15101​3h.

	40.	 Nakamura H, Arakawa K, Itakura H, et al. Primary prevention 
of cardiovascular disease with pravastatin in Japan (MEGA 
Study): a prospective randomised controlled trial. Lancet. 
2006;368(9542):1155–63. https://​doi.​org/​10.​1016/​S0140-​
6736(06)​69472-5.

	41.	 Nicholls SJ, Puri R, Anderson T, et  al. Effect of evo-
locumab on progression of coronary disease in statin-treated 
patients: the GLAGOV Randomized Clinical Trial. JAMA. 
2016;316(22):2373–84. https://​doi.​org/​10.​1001/​jama.​2016.​16951.

	42.	 Officers A, Coordinators for the ACR​GTA​, Lipid-lowering treat-
ment to prevent heart attack T. Major outcomes in moderately 
hypercholesterolemic, hypertensive patients randomized to 
pravastatin vs usual care: the Antihypertensive and Lipid-Low-
ering Treatment to Prevent Heart Attack Trial (ALLHAT-LLT). 
JAMA. 2002;288(23):2998–3007. https://​doi.​org/​10.​1001/​jama.​
288.​23.​2998.

	43.	 Raber L, Ueki Y, Otsuka T, et al. Effect of alirocumab added 
to high-intensity statin therapy on coronary atherosclerosis in 
patients with acute myocardial infarction: the PACMAN-AMI 
Randomized Clinical Trial. JAMA. 2022;327(18):1771–81. 
https://​doi.​org/​10.​1001/​jama.​2022.​5218.

	44.	 Ray KK, Wright RS, Kallend D, et al. Two phase 3 trials of incli-
siran in patients with elevated LDL cholesterol. N Engl J Med. 
2020;382(16):1507–19. https://​doi.​org/​10.​1056/​NEJMo​a1912​387.

	45.	 Ridker PM, Danielson E, Fonseca FA, et al. Rosuvastatin to pre-
vent vascular events in men and women with elevated C-reactive 
protein. N Engl J Med. 2008;359(21):2195–207. https://​doi.​org/​
10.​1056/​NEJMo​a0807​646.

	46.	 Robinson JG, Farnier M, Krempf M, et al. Efficacy and safety of 
alirocumab in reducing lipids and cardiovascular events. N Engl 
J Med. 2015;372(16):1489–99. https://​doi.​org/​10.​1056/​NEJMo​
a1501​031.

	47.	 Rossebo AB, Pedersen TR, Boman K, et al. Intensive lipid low-
ering with simvastatin and ezetimibe in aortic stenosis. N Engl 
J Med. 2008;359(13):1343–56. https://​doi.​org/​10.​1056/​NEJMo​
a0804​602.

	48.	 Roth EM, Moriarty PM, Bergeron J, et al. A phase III randomized 
trial evaluating alirocumab 300 mg every 4 weeks as monother-
apy or add-on to statin: ODYSSEY CHOICE I. Atherosclerosis. 

2016;254:254–62. https://​doi.​org/​10.​1016/j.​ather​oscle​rosis.​2016.​
08.​043.

	49.	 Sabatine MS, Giugliano RP, Keech AC, et al. Evolocumab and 
clinical outcomes in patients with cardiovascular disease. N Engl 
J Med. 2017;376(18):1713–22. https://​doi.​org/​10.​1056/​NEJMo​
a1615​664.

	50.	 Sabatine MS, Giugliano RP, Wiviott SD, et al. Efficacy and safety 
of evolocumab in reducing lipids and cardiovascular events. N 
Engl J Med. 2015;372(16):1500–9. https://​doi.​org/​10.​1056/​
NEJMo​a1500​858.

	51.	 Sacks FM, Pfeffer MA, Moye LA, et al. The effect of pravastatin 
on coronary events after myocardial infarction in patients with 
average cholesterol levels. Cholesterol and Recurrent Events Trial 
investigators. N Engl J Med. 1996;335(14):1001–9. https://​doi.​
org/​10.​1056/​NEJM1​99610​03335​1401.

	52.	 Schwartz GG, Steg PG, Szarek M, et al. Alirocumab and car-
diovascular outcomes after acute coronary syndrome. N Engl J 
Med. 2018;379(22):2097–107. https://​doi.​org/​10.​1056/​NEJMo​
a1801​174.

	53.	 Serruys PW, de Feyter P, Macaya C, et al. Fluvastatin for pre-
vention of cardiac events following successful first percutaneous 
coronary intervention: a randomized controlled trial. JAMA. 
2002;287(24):3215–22. https://​doi.​org/​10.​1001/​jama.​287.​24.​
3215.

	54.	 Sever PS, Dahlöf B, Poulter NR, et al. Prevention of coronary and 
stroke events with atorvastatin in hypertensive patients who have 
average or lower-than-average cholesterol concentrations, in the 
Anglo-Scandinavian Cardiac Outcomes Trial—Lipid Lowering 
Arm (ASCOT-LLA): a multicentre randomised controlled trial. 
Drugs. 2004;64(Suppl 2):43–60. https://​doi.​org/​10.​2165/​00003​
495-​20046​4002-​00005.

	55.	 Shepherd J, Blauw GJ, Murphy MB, et al. Pravastatin in elderly 
individuals at risk of vascular disease (PROSPER): a randomised 
controlled trial. Lancet. 2002;360(9346):1623–30. https://​doi.​org/​
10.​1016/​s0140-​6736(02)​11600-x.

	56.	 Shepherd J, Cobbe SM, Ford I, et al. Prevention of coronary heart 
disease with pravastatin in men with hypercholesterolemia. West 
of Scotland Coronary Prevention Study Group. N Engl J Med. 
1995;333(20):1301–7. https://​doi.​org/​10.​1056/​NEJM1​99511​
16333​2001.

	57.	 Stroke Prevetion by Aggressive Reduction in Cholestrol Levels I, 
Karam JG, Loney-Hutchinson L, McFarlane SI. High-dose atorv-
astatin after stroke or transient ischemic attack: the Stroke Preven-
tion by Aggressive Reduction in Cholesterol Levels (SPARCL) 
investigators. J Cardiometab Syndr. 2008;3(1):68–9. https://​doi.​
org/​10.​1111/j.​1559-​4572.​2008.​07967.x.

	58.	 Tavazzi L, Maggioni AP, Marchioli R, et al. Effect of rosuvas-
tatin in patients with chronic heart failure (the GISSI-HF trial): 
a randomised, double-blind, placebo-controlled trial. Lancet. 
2008;372(9645):1231–9. https://​doi.​org/​10.​1016/​S0140-​6736(08)​
61240-4.

	59.	 Teramoto T, Kobayashi M, Tasaki H, et al. Efficacy and safety of 
alirocumab in japanese patients with heterozygous familial hyper-
cholesterolemia or at high cardiovascular risk with hypercholes-
terolemia not adequately controlled with statins—ODYSSEY 
JAPAN Randomized Controlled Trial. Circ J. 2016;80(9):1980–7. 
https://​doi.​org/​10.​1253/​circj.​CJ-​16-​0387.

	60.	 Tsujita K, Sugiyama S, Sumida H, et al. Impact of dual lipid-low-
ering strategy with ezetimibe and atorvastatin on coronary plaque 
regression in patients with percutaneous coronary intervention: 
the multicenter randomized controlled PRECISE-IVUS Trial. J 
Am Coll Cardiol. 2015;66(5):495–507. https://​doi.​org/​10.​1016/j.​
jacc.​2015.​05.​065.

	61.	 Wang X, Zhao X, Li L, et al. Effects of combination of ezetimibe 
and rosuvastatin on coronary artery plaque in patients with 

https://doi.org/10.2337/dc05-2415
https://doi.org/10.1016/j.jacc.2004.07.053
https://doi.org/10.1016/j.jacc.2004.07.053
https://doi.org/10.1177/1074248412445506
https://doi.org/10.1177/1074248412445506
https://doi.org/10.18632/oncotarget.15078
https://doi.org/10.1056/NEJM199811053391902
https://doi.org/10.1056/NEJM199811053391902
https://doi.org/10.6515/acs20151013h
https://doi.org/10.1016/S0140-6736(06)69472-5
https://doi.org/10.1016/S0140-6736(06)69472-5
https://doi.org/10.1001/jama.2016.16951
https://doi.org/10.1001/jama.288.23.2998
https://doi.org/10.1001/jama.288.23.2998
https://doi.org/10.1001/jama.2022.5218
https://doi.org/10.1056/NEJMoa1912387
https://doi.org/10.1056/NEJMoa0807646
https://doi.org/10.1056/NEJMoa0807646
https://doi.org/10.1056/NEJMoa1501031
https://doi.org/10.1056/NEJMoa1501031
https://doi.org/10.1056/NEJMoa0804602
https://doi.org/10.1056/NEJMoa0804602
https://doi.org/10.1016/j.atherosclerosis.2016.08.043
https://doi.org/10.1016/j.atherosclerosis.2016.08.043
https://doi.org/10.1056/NEJMoa1615664
https://doi.org/10.1056/NEJMoa1615664
https://doi.org/10.1056/NEJMoa1500858
https://doi.org/10.1056/NEJMoa1500858
https://doi.org/10.1056/NEJM199610033351401
https://doi.org/10.1056/NEJM199610033351401
https://doi.org/10.1056/NEJMoa1801174
https://doi.org/10.1056/NEJMoa1801174
https://doi.org/10.1001/jama.287.24.3215
https://doi.org/10.1001/jama.287.24.3215
https://doi.org/10.2165/00003495-200464002-00005
https://doi.org/10.2165/00003495-200464002-00005
https://doi.org/10.1016/s0140-6736(02)11600-x
https://doi.org/10.1016/s0140-6736(02)11600-x
https://doi.org/10.1056/NEJM199511163332001
https://doi.org/10.1056/NEJM199511163332001
https://doi.org/10.1111/j.1559-4572.2008.07967.x
https://doi.org/10.1111/j.1559-4572.2008.07967.x
https://doi.org/10.1016/S0140-6736(08)61240-4
https://doi.org/10.1016/S0140-6736(08)61240-4
https://doi.org/10.1253/circj.CJ-16-0387
https://doi.org/10.1016/j.jacc.2015.05.065
https://doi.org/10.1016/j.jacc.2015.05.065


568	 H.-F. Wang et al.

coronary heart disease. Heart Lung Circ. 2016;25(5):459–65. 
https://​doi.​org/​10.​1016/j.​hlc.​2015.​10.​012.

	62.	 Wanner C, Krane V, Marz W, et al. Atorvastatin in patients with 
type 2 diabetes mellitus undergoing hemodialysis. N Engl J Med. 
2005;353(3):238–48. https://​doi.​org/​10.​1056/​NEJMo​a0435​45.

	63.	 Yusuf S, Bosch J, Dagenais G, et al. Cholesterol lowering in 
intermediate-risk persons without cardiovascular disease. N Engl 
J Med. 2016;374(21):2021–31. https://​doi.​org/​10.​1056/​NEJMo​
a1600​176.

	64.	 Nesti L, Mengozzi A, Natali A. Statins, LDL Cholesterol con-
trol, cardiovascular disease prevention, and atherosclerosis 
progression: a clinical perspective. Am J Cardiovasc Drugs. 
2020;20(5):405–12. https://​doi.​org/​10.​1007/​s40256-​019-​00391-z.

	65.	 Suadoni MT. Benefits and harms of LDL-cholesterol-lowering 
therapy in older people must be established through valid and 

clinically relevant evidence. Atherosclerosis. 2021;323:57–8. 
https://​doi.​org/​10.​1016/j.​ather​oscle​rosis.​2021.​02.​001.

	66.	 Landmesser U, Chapman MJ, Farnier M, et al. European Society 
of Cardiology/European Atherosclerosis Society Task Force con-
sensus statement on proprotein convertase subtilisin/kexin type 
9 inhibitors: practical guidance for use in patients at very high 
cardiovascular risk. Eur Heart J. 2017;38(29):2245–55. https://​
doi.​org/​10.​1093/​eurhe​artj/​ehw480.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.hlc.2015.10.012
https://doi.org/10.1056/NEJMoa043545
https://doi.org/10.1056/NEJMoa1600176
https://doi.org/10.1056/NEJMoa1600176
https://doi.org/10.1007/s40256-019-00391-z
https://doi.org/10.1016/j.atherosclerosis.2021.02.001
https://doi.org/10.1093/eurheartj/ehw480
https://doi.org/10.1093/eurheartj/ehw480

	Benefits and Risks of Antihyperlipidemic Medication in Adults with Different Low-Density Lipoprotein Cholesterol Based on the Number Needed to Treat
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Systematic Review Registration 

	1 Introduction
	2 Materials and Methods
	2.1 Search Strategy and Selection Criteria
	2.2 Data Extraction
	2.3 Statistical Analysis

	3 Results
	3.1 Study Selection and Patient Population
	3.2 Major Adverse Cardiovascular Events
	3.3 Myocardial Infarction
	3.4 Stroke
	3.5 Coronary Revascularization
	3.6 All-cause Mortality
	3.7 Cardiovascular Mortality
	3.8 Safety Outcomes
	3.9 Meta-Regression Analysis and Publication Bias

	4 Discussion
	5 Conclusion
	Acknowledgements 
	References




