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Clinical Question Box
In adults with elevated cardiovascular risk, do cholesteryl ester transfer protein inhibitors reduce
major adverse cardiovascular events when added to standard lipid-lowering therapy?

Among high-risk patients, cholesteryl ester transfer protein inhibitors as a class did not
significantly reduce major adverse cardiovascular events compared to placebo. However, anace-
trapib specifically showed a significant reduction in major adverse cardiovascular events. Other
cholesteryl ester transfer protein inhibitors, such as obicetrapib and dalcetrapib, did not demon-
strate statistically significant cardiovascular benefits in available trials. Therefore, anacetrapib
may offer modest cardiovascular protection, whereas the efficacy of newer agents remains to be
confirmed through larger outcome studies.

Abstract

Introduction: Cholesteryl ester transfer protein inhibitors (CETPi) have emerged as promising agents
for improving lipid profiles and potentially reducing cardiovascular risk. However, earlier CETPi trials
were marred by safety concerns and a lack of efficacy, warranting an updated synthesis of current
evidence. Methods: We conducted a systematic review and meta-analysis of randomized controlled
trials (RCTs) evaluating the efficacy and safety of CETPi in adults at cardiovascular risk. Primary
outcomes included major adverse cardiovascular events (MACEs), all-cause mortality, and changes
in lipid parameters. A comprehensive database search was performed on July 10, 2025. Pooled
effect estimates were calculated using random-effects models. Results: Seven RCTs involving 77,762
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participants were included. Anacetrapib significantly reduced the risk of MACE with an odds ratio
(OR) of 0.92 (95% confidence interval [CI], 0.86–0.98), while other CETPi, including obicetrapib,
demonstrated nonsignificant trends. Evacetrapib reduced all-cause mortality (OR, 0.83; 95% CI,
0.82–1.00), whereas torcetrapib was associated with an increased mortality risk. CETPi significantly
improved lipid profiles, reducing low-density lipoprotein cholesterol (LDL-C) by a mean difference
(MD) of 25.8% (95% CI, 19.3%–32.4%) and increasing high-density lipoprotein cholesterol (HDL-C)
by an MD of 89.8% (95% CI, 71.7%–108%). The triglyceride (TG)-lowering effect was modest, with
an MD of 6.5% (95% CI, 5.9%–7.1%). Serious adverse event rates were comparable to placebo, with
an OR of 1.02 (95% CI, 0.95–1.09). Conclusion: Anacetrapib demonstrated cardiovascular benefits
and favorable lipid-modifying effects without excess harm, supporting its potential use in high-risk
populations. While newer CETPi, such as obicetrapib, indicate encouraging lipid improvements,
further trials are required to establish definitive clinical benefits.

Keywords: Cholesteryl ester transfer protein inhibitor, CETPi, dyslipidemia, cardiovascular risk,
anacetrapib, meta-analysis

Introduction

Fats such as cholesterol and triglycerides (TGs) are absorbed from the intestines and transported
through the bloodstream by lipoproteins. These lipids play essential roles in energy provision, steroid
hormone production, and bile acid formation. Key components involved in these metabolic processes
include cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and TGs.1 Dyslipidemia remains a significant global health challenge, contributing heavily
to the burden of cardiovascular disease, the leading cause of death worldwide.2 Recent national data
from South Korea reveal an alarming trend, with a large-scale analysis reporting a rise in dyslipidemia
prevalence from approximately 41.3% during 2005–2009 to nearly 48.4% in 2020–2022, suggesting that
nearly half of the adult population may now be affected.3 Globally, an estimated 4.4 million deaths
were attributed to high LDL-C in 2019, accounting for 12.6% of all risk-related deaths, an increase of
46.7% compared to 1990.4 High LDL-C was responsible for 98.6 million disability-adjusted life years
(DALYs), representing 81.3% of all risk-related DALYs and marking a 41.5% rise since 1990.4

The cardiovascular consequences of elevated LDL-C are substantial, as it is a well-established
causal factor in atherogenesis, ischemic heart disease, and stroke.5 Despite progress in recent years,
gaps in awareness and treatment persist, particularly in socioeconomically disadvantaged and rural
populations.6 The continued high prevalence of dyslipidemia and its significant contribution to
morbidity, mortality, and healthcare burden underscore the urgent need for optimized lipid-lowering
strategies. Pharmacologic therapy remains central to dyslipidemia management, especially for indi-
viduals at high cardiovascular risk. Statins are the first-line agents, capable of reducing LDL-C by
approximately 50% and significantly lowering both all-cause and cardiovascular mortality in primary
and secondary prevention settings.7 However, LDL-C target attainment remains inadequate; as of
2023, up to 75% of patients failed to meet recommended LDL-C goals, revealing a critical gap in
lipid management.8 CETPi represent a promising class of agents designed to improve lipid profiles by
targeting CETP, a plasma protein that facilitates the transfer of cholesteryl esters from HDL to very-
low-density lipoproteins (VLDL) and LDL.9 Inhibiting CETP increases HDL cholesterol, enhances
reverse cholesterol transport, and lowers LDL cholesterol, offering dual cardiovascular benefits. While
early CETPi such as torcetrapib substantially raised HDL levels, they failed due to adverse effects,
including elevated blood pressure and increased mortality.10 Similarly, dalcetrapib and evacetrapib
were discontinued due to insufficient improvements in cardiovascular outcomes.11 Conversely, newer-
generation CETPi have shown more favorable results.12 A recent systematic review and meta-analysis
of nine randomized controlled trials (RCTs) found significant reductions in cardiovascular mortality
and myocardial infarction risk, largely attributed to anacetrapib.13 Emerging agents like obicetrapib
are engineered for greater selectivity and efficacy, with Phase II data demonstrating LDL cholesterol
reductions of up to 45% and notable improvements in apolipoprotein B levels. Consequently, multiple
Phase III trials were launched in 2023.14
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The renewed interest and expanding evidence base surrounding CETPi warrants a comprehensive
synthesis of their efficacy and safety. Previous meta-analyses have been limited by heterogeneous
patient populations, varying follow-up durations, and differences among agents. With the introduction
of newer CETPi agents such as obicetrapib and growing data on the cardiovascular benefits of
anacetrapib, an updated systematic review is timely. This meta-analysis aims to aggregate data from
RCTs conducted to date to assess the efficacy and safety of CETPi in dyslipidemia treatment among
patients at cardiovascular risk.

Methods

Protocol and Registration
This systematic review and meta-analysis were conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. The protocol was prospectively
registered with the International Prospective Register of System at Open Science Framework under
registration number (osf.io/846y9).

Eligibility Criteria
RCTs meeting the following criteria were included: 1) enrolled adults with cardiovascular risk, defined
as an acute coronary syndrome within the previous year, cerebrovascular atherosclerotic disease,
peripheral vascular arterial disease, or diabetes mellitus with coronary artery disease, or heterozygous
familial hypercholesterolemia; 2) investigated CETPis such as anacetrapib, dalcetrapib, evacetrapib,
obicetrapib, torcetrapib, or similar agents; and 3) used placebo as the comparator, with background
lipid-lowering therapy. Studies were excluded if they had 1) a single-arm design with more than 50
participants; 2) a follow-up duration of less than 1 year; 3) subgroup or post hoc analyses without new
data; or 4) combination therapy versus placebo.

Information Sources
A comprehensive, systematic search was carried out across PubMed, Embase, the Cochrane Library,
and Web of Science, encompassing studies published from database inception through July 10, 2025.
Additionally, the reference lists of eligible articles and relevant reviews were manually screened to
identify any further studies. A comprehensive search strategy was developed in consultation with a
medical librarian to optimize both sensitivity and specificity. The search terms included: Dyslipidemia
OR cardiovascular risk (to identify the patient population); cholesteryl ester transfer protein OR
CETP OR Anacetrapib OR Dalcetrapib OR Evacetrapib OR Obicetrapib OR Torcetrapib (to identify
the intervention); and clinical trial OR randomized trial (to identify RCT). No language restrictions
were applied to the search. Search strategies were tailored to each database, and the detailed results
are presented in Table S1.

Selection Process
Two reviewers (J.Z. and Y.C.) independently screened all titles and abstracts identified through the
search. Studies meeting the inclusion criteria or deemed potentially eligible were retrieved in full text
for further assessment. Full-text articles were independently reviewed against the eligibility criteria.
Discrepancies were resolved through discussion and, if required, adjudicated by a third reviewer (J.L.).
The study selection process was documented using the PRISMA 2020 flow diagram.

Data Collection Process
Data were independently extracted by two reviewers using a standardized data extraction form
customized for this review. Information extracted included study characteristics (author, year, journal,
study design), population characteristics (sample size, mean age, baseline cardiovascular risk factors),
intervention details (CETPi type, dosage, duration), comparator information, follow-up period,
and outcomes including lipid parameters, major adverse cardiovascular events (MACEs), all-cause
mortality, and adverse events. In cases of missing or unclear data, the corresponding authors were
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contacted for clarification. Disagreements were resolved through consensus or adjudication by a third
reviewer.

Effect Measures
The primary outcome was MACE, defined as death from cardiovascular causes, myocardial infarc-
tion, stroke, coronary revascularization, or hospitalization for unstable angina. Secondary outcomes
included all-cause mortality, changes in lipid profiles (LDL-C, HDL-C, and TG), and serious adverse
events (SAEs). Pooled odds ratios (ORs) with 95% confidence intervals (CIs) were calculated for
dichotomous outcomes. For continuous outcomes, such as lipid parameters, mean differences (MDs)
with 95% CIs were used.

Synthesis Methods
Meta-analyses were conducted using a random-effects model based on the DerSimonian and Laird
method in Review Manager (RevMan) Version 5.4 to account for heterogeneity across studies.
Statistical heterogeneity was assessed using Cochran’s Q test and quantified with the I2 statistic, with I2

values greater than 50% considered indicative of substantial heterogeneity. To evaluate the robustness
of the results, sensitivity analyses were performed by excluding studies at high risk of bias and applying
alternative statistical models. These methods align with standard Cochrane guidelines to ensure the
reliability and consistency of the pooled effect estimates.

Risk of Bias Assessment and Certainty of Evidence
Risk of bias was independently assessed by two reviewers using the Cochrane Risk of Bias 2.0
tool. Each domain was rated as “low risk,” “some concerns,” or “high risk,” and the overall study
risk was categorized accordingly. Discrepancies were resolved by consensus. Publication bias was
assessed through funnel plots (when ≥10 studies were available) and Egger’s test for small-study
effects. The certainty of evidence for each primary outcome was evaluated using the Grading of
Recommendations, Assessment, Development, and Evaluations (GRADE) framework, considering
risk of bias, inconsistency, indirectness, imprecision, and publication bias.

Results

Study Selection and Characteristics
After searching the databases and removing 311 duplicates, 2,330 records were screened, with 2,220
excluded during the initial screening. Of the 110 full-text reports assessed for eligibility, 103 were
excluded, resulting in 7 RCTs being included in the final systematic review (Fig. S1). These trials
encompassed a total of 77,762 participants with cardiovascular risk profiles. The studies varied
in sample size, follow-up duration, and primary endpoints, but all compared CETPi with placebo
controls (Table 1).15–21 The median follow-up duration ranged from 1 to 3 years. Participant ages
ranged from 60.2 to 67.0 years, baseline LDL-C levels from 61.0 mg/dL (REVEAL) to 98.2 mg/dL
(BROADWAY), and HDL-C levels from 40.0 mg/dL (REVEAL) to 49.57 mg/dL (BROADWAY).
Body mass index values were generally within the overweight range. The CETPi evaluated included
evacetrapib (ACCELERATE), obicetrapib (BROADWAY), dalcetrapib (dal-OUTCOMES and dal-
PLAQUE), anacetrapib (DEFINE and REVEAL), and torcetrapib (ILLUMINATE).

MACE
Fig. 1 shows the results for MACE. Anacetrapib was associated with a statistically significant
reduction in the risk of MACE (OR: 0.92; 95% CI: 0.86–0.98; p = 0.01; I2 = 0%). However, the 95%
CI was close to the null value, suggesting that the effect size was modest. Obicetrapib demonstrated a
non-significant trend toward risk reduction (OR: 0.79; 95% CI: 0.54–1.16; p = 0.23). Other CETPi did
not exhibit a similar trend. The pooled analysis of all CETPi yielded an OR of 0.99 (95% CI: 0.90–1.07;
p = 0.74; I2 = 47%). Egger’s test indicated no significant publication bias (p = 0.41).
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Figure 1. Meta-analysis of CETPis on major adverse cardiovascular events.

All-Cause Mortality
Fig. 2 presents the outcomes for all-cause mortality. Evacetrapib was associated with a statistically
significant reduction in the risk of all-cause mortality (OR: 0.83; 95% CI: 0.82–1.00; p = 0.04).
However, the 95% CI was close to the null value, indicating that the magnitude of the effect was not
reliable. Obicetrapib showed a nonsignificant trend toward risk reduction (OR: 0.79; 95% CI: 0.38–
1.64; p = 0.53), while torcetrapib was linked to a significantly increased risk (OR: 1.58; 95% CI:
1.14–2.20; p < 0.01). The overall pooled OR for all CETPis was 1.00 (95% CI: 0.86–1.17; p = 0.95;
I2 = 59%). A sensitivity analysis excluding torcetrapib data resulted in a pooled OR of 0.95 (95% CI:
0.89–1.02; p = 0.16; I2 = 0%) (see Fig. S2). Egger’s test showed no evidence of publication bias (p =
0.56).

Lipid and Metabolic Effects
Fig. 3 summarizes the effects of CETPi on LDL-C. Anacetrapib reduced LDL-C by 39.1% (95% CI:
32.4%–45.9%; p < 0.001; I2 = 100%) and evacetrapib by 37.1% (95% CI: 36.1%–38.1%; p < 0.001).
Obicetrapib yielded a 24% reduction (95% CI: 23.9%–24.1%; p < 0.001), while dalcetrapib showed
no statistically significant effect (reduction of 2%; 95% CI: –1.5% to 5.5%; p = 0.27). The pooled
meta-analysis reflected an average LDL-C reduction of 25.8% (95% CI: 19.3%–32.4%; p < 0.001; I2

= 99.5%). Sensitivity analyses indicated high heterogeneity (I2 > 50%) upon exclusion of one or more
studies. Egger’s test showed no significant publication bias (p = 0.13).

Fig. 4 illustrates the effects of CETPi on HDL-C. All agents were associated with HDL-C elevation:
Anacetrapib and dalcetrapib increased HDL-C by 123.2% (95% CI: 92.5%–153.8%; p < 0.001; I2 =
100%) and 28.7% (95% CI: 27.8%–29.5%; p < 0.001; I2 = 0%), respectively. Evacetrapib, obicetrapib,
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Figure 2. Meta-analysis of CETPis on all-cause mortality.

and torcetrapib increased HDL-C by 131.6% (95% CI: 130.1%–133.1%; p < 0.001), 122% (95% CI:
121.8%–122.2%; p < 0.001), and 70.3% (95% CI: 69.5%–71.1%; p < 0.001), respectively. The pooled
effect size indicated an 89.8% increase in HDL-C (95% CI: 71.8%–107.9%; p < 0.001; I2 = 100%).
Sensitivity analysis again indicated substantial heterogeneity (I2 > 50%), while Egger’s test revealed
no significant publication bias (p = 0.37).

Fig. S3 presents the impact of CETPi on TG levels. All agents demonstrated TG-lowering effects:
Anacetrapib and dalcetrapib reduced TG by 6.7% (95% CI: 3.1%–10.2%; p < 0.001; I2 = 69%)
and 4.9% (95% CI: 1.6%–8.2%; p = 0.004; I2 = 17%), respectively. Evacetrapib, obicetrapib, and
torcetrapib yielded reductions of 6% (95% CI: 5.6%–6.4%; p < 0.001), 5.7% (95% CI: 5.5%–5.9%; p <

0.001), and 10% (95% CI: 9.0%–10.1%; p < 0.001), respectively. The pooled estimate for TG reduction
was 6.5% (95% CI: 5.9%–7.1%; p < 0.001; I2 = 94.5%). Sensitivity analysis indicated substantial
heterogeneity. Egger’s test revealed no evidence of publication bias (p = 0.21).

SAEs
Fig. S4 displays the impact of CETPi on SAEs. Overall, CETPi did not significantly increase the risk
of SAEs compared to placebo (pooled OR: 1.02; 95% CI: 0.95–1.09; p = 0.58; I2 = 32%). Egger’s test
indicated no significant publication bias (p = 0.41).

Risk and Certainty of Evidence
Fig. S5 presents the risk of bias assessments. Two studies demonstrated an elevated risk of attrition
bias and reporting bias, while all other domains were assessed as having a low risk of bias. The
certainty of evidence for the use of anacetrapib in outcomes such as MACE, all-cause mortality,
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Figure 3. Meta-analysis of CETPis on LDL-C reduction.

Figure 4. Meta-analysis of CETPis on HDL-C enhancement.

lipid and metabolic effects, and SAEs was rated as high. Conversely, the certainty of evidence for
other CETPi was rated as moderate. Anacetrapib was associated with a reduction in MACE but had
no significant effect on all-cause mortality. The use of obicetrapib and anacetrapib in patients with
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dyslipidemia and cardiovascular risk is weakly recommended. Although obicetrapib showed a trend
toward reducing MACE, the difference was not statistically significant, possibly due to the smaller
sample size compared to the anacetrapib trials.

Discussion

This meta-analysis integrates findings from multiple RCTs to assess the cardiovascular and lipid-
modifying effects of CETPi. Across studies, CETPi consistently improved lipid parameters, with
marked increases in HDL-C and modest reductions in LDL-C and TGs. However, their effects on
hard cardiovascular outcomes, including MACE and all-cause mortality, were more limited. The
divergence between favorable lipid effects and modest or nonsignificant clinical outcomes underscores
an important theme: lipid modification does not always equate to improved patient outcomes. This
disconnect has been particularly evident with HDL-C elevation, where functional quality, rather than
absolute quantity, may be the determinant of atheroprotection.22

Earlier-generation CETPi, such as torcetrapib, generated enthusiasm due to their striking effects on
HDL-C, but were ultimately unsuccessful in improving clinical outcomes.12 The ILLUMINATE trial
demonstrated not only a lack of efficacy but also an increased cardiovascular risk, largely attributed
to off-target effects such as hypertension and elevated aldosterone levels. These findings dampened
initial optimism and raised skepticism about CETPi as a therapeutic class. In contrast, newer agents
have offered a more nuanced picture. Anacetrapib, evaluated in the large REVEAL trial, demonstrated
modest but significant reductions in coronary events, though without an all-cause mortality benefit.23

More recently, obicetrapib has shown promising lipid-lowering efficacy in the BROADWAY trial,
renewing interest in CETPi as a potential adjunctive therapy. While outcome data for obicetrapib
are still awaited, their early profile suggests a safer and potentially more effective next-generation
compound.

The clinical implications of these findings are significant. CETPis may serve as adjunctive therapy
for high-risk patients who do not achieve LDL-C targets despite maximal statin or PCSK9 inhibitor
use. In the TANDEM trial, a fixed-dose combination of obicetrapib and ezetimibe achieved an
approximately 50% LDL-C reduction over 12 weeks in such patients.24 The ongoing PREVAIL trial
will determine whether this LDL-C lowering translates into fewer cardiovascular events.25 However,
given the mixed outcomes of prior CETPi studies and the limited evidence of event reduction, routine
clinical use remains premature. Future studies should assess not only lipid changes but also HDL
functionality, such as particle composition, cholesterol efflux, and anti-inflammatory properties, to
better predict cardiovascular benefit.

Mechanistically, CETPi reduce cholesteryl ester transfer, leading to higher HDL-C, lower LDL-
C, and reductions in TG, potentially enhancing reverse cholesterol transport.26 Elevating HDL-C
exerts anti-inflammatory effects through improved reverse cholesterol transport and other pleiotropic
mechanisms, thereby reducing cardiovascular disease risk.27,28 Differences in trial outcomes possibly
reflect pharmacologic variability among agents, including differences in bioavailability, receptor
selectivity, and off-target activity. The negative outcomes associated with torcetrapib underscore
how molecular properties unrelated to CETPi can profoundly alter trial results. Conversely, newer
inhibitors such as anacetrapib and obicetrapib appear to avoid these pitfalls, suggesting that the
therapeutic viability of CETPi lies not in the class broadly, but in agent-specific profiles. This reinforces
the importance of individualized therapeutic assessment when considering CETPi.

Finally, several limitations of this meta-analysis are noteworthy. Although large-scale RCTs were
included, heterogeneity in study design, follow-up duration, and outcome definitions may have influ-
enced the pooled results. Additionally, sensitivity analyses were not feasible due to the limited number
of available studies. The overall conclusions were disproportionately shaped by a few large trials,
particularly REVEAL and ILLUMINATE, raising the possibility of trial dominance. Publication
bias cannot be excluded, though formal statistical assessments did not suggest significant asymmetry.
Additionally, most included studies focused on populations with established cardiovascular disease,
limiting the generalizability of findings to lower-risk or primary prevention settings. Finally, while
emerging data on newer CETPi such as obicetrapib are encouraging, the absence of long-term outcome
and safety data precludes definitive conclusions regarding their clinical value.
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Conclusion

CETPi improve lipid profiles by raising HDL-C and modestly lowering LDL-C, but these effects have
not consistently translated into reduced cardiovascular events or mortality. Safety concerns with early
agents were largely compound-specific rather than target-related. While CETPi remain promising
for patients with residual cardiovascular risk, their role is still investigational, pending results from
ongoing outcome trials. Future research should focus on outcome-driven studies, HDL functionality,
and combination strategies to clarify their role in cardiovascular prevention.
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