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and Tao Xu2*

1Second Clinical Medical College, Guizhou University of Traditional Chinese Medicine,
Gui Yang, China, 2Cardiovascular Medicine, The Second Affiliated Hospital of Guizhou University of
Traditional Chinese Medicine, Gui Yang, China
Background: This study aimed to evaluate the impact of combining high-

intensity statins with CETP inhibitors on lipid levels, as well as to explore their

potential clinical significance.

Methods: We conducted a comprehensive search of relevant studies in the

PubMed, Embase, Cochrane Library, and Web of Science databases. The

Cochrane Risk of Bias Tool RoB 2.0 was employed to evaluate the quality of

the included studies. Statistical analyses were carried out using STATA 15

software, with primary outcomes being high-density lipoprotein cholesterol

(HDL-C) and low-density lipoprotein cholesterol (LDL-C).

Results: Out of 2,552 records, 7 studies were included in the final analysis. The

findings revealed that the combination of high-intensity statins with CETP

inhibitors significantly raised HDL-C levels (SMD 2.47 [1.77, 3.18], p < 0.001)

and lowered LDL-C levels (SMD -1.75 [-2.19, -1.31], p < 0.001).

Conclusion: Compared to statin monotherapy, the combination of high-

intensity statins and CETP inhibitors resulted in a more pronounced increase in

HDL-C and ApoAI, while reducing LDL-C, triglycerides (TG), and ApoB levels,

without increasing the incidence of adverse events.
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1 Introduction

Controlling lipid levels is one of the key strategies in the

prevention and management of cardiovascular diseases, as it

reduces the risk of these conditions (1). Hyperlipidemia is a

prevalent metabolic disorder characterized by elevated levels of

lipids in the blood, resulting from a combination of genetic

predisposition and environmental factors such as unhealthy diet

and sedentary lifestyle (2). It is a significant contributor to the

global burden of cardiovascular diseases, with studies estimating

that over 50% of adults in the United States exhibit elevated low-

density lipoprotein (LDL) levels (3). This condition is strongly

associated with the development of atherosclerotic cardiovascular

disease (ASCVD), significantly increasing the risk of ASCVD (4).

Beyond ASCVD, hyperlipidemia also contributes to other

complications such as pancreatitis, non-alcoholic fatty liver disease,

and metabolic syndrome, further underscoring the need for effective

management (5–8).

Currently, the treatment of hyperlipidemia primarily relies on

statins, especially high-intensity statins (such as atorvastatin and

rosuvastatin), which are the first-line treatment due to their

excellent effect in lowering LDL cholesterol (LDL-C) and

reducing cardiovascular events (9). However, despite the

effectiveness of high-intensity statins in most patients, some

individuals fail to achieve optimal LDL-C levels, a phenomenon

referred to as the “residual risk after statin therapy” (10).

Additionally, some patients cannot tolerate high-dose statins due

to statin intolerance or side effects. These clinical challenges have

prompted researchers and clinicians to explore additional lipid-

lowering agents that can be used in combination with statins to

further optimize lipid control.

Cholesteryl ester transfer protein (CETP) inhibitors are a new

class of lipid-lowering drugs. By inhibiting CETP activity, they

prevent the transfer of cholesterol from high-density lipoprotein

cholesterol (HDL-C) to other lipoproteins, thereby raising HDL-C

levels and lowering LDL-C levels (11, 12). This mechanism offers a

potential adjunctive treatment option for hyperlipidemic patients,

particularly those who are unresponsive to or intolerant of statin

therapy. However, despite the favorable lipid-lowering effects

observed in early studies, CETP inhibitors may increase mortality

and cardiovascular disease risks (13). Based on current research, there

is growing evidence supporting combination lipid-lowering strategies

to optimally reduce lipid levels (14) he combination of high-intensity

statins and CETP inhibitors has garnered widespread attention and is

considered a potential comprehensive lipid management option for

hyperlipidemic patients. Nevertheless, a systematic review of the

combined effects of high-intensity statins and CETP inhibitors on

lipid metabolism is still lacking. Therefore, this study aims to

synthesize the available data through a systematic review and meta-

analysis to evaluate the effects of combined therapy with high-

intensity statins and CETP inhibitors on lipid levels in patients. By

performing a comprehensive analysis of these study results, it aims to

provide more reliable evidence to guide clinical practice and help

physicians make more informed decisions when developing

individualized treatment plans for hyperlipidemic patients.
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2 Methods

This study follows the guidelines of the 2015 Preferred

Reporting Items for Systematic Review and Meta-Analysis

Protocols (PRISMA-P) statement (15). The protocol for our

review was registered in PROSPERO under the registration

number CRD42024581470. Ethical approval and patient consent

were not required for this study.
2.1 Literature search and selection

Two independent researchers performed a systematic search of

the PubMed, Cochrane Library, Embase, and Web of Science

databases, covering studies from the databases’ inception until

May 9, 2024. The search strategies were adapted for each

database, using MeSH terms “Hydroxymethylglutaryl-CoA

Reductase Inhibitors” and “Cholesterol Ester Transfer Proteins”

along with relevant free-text terms. Boolean operators “OR” and

“AND” were applied to build the search queries (details of the

search strategy can be found in the appendix). In addition, we

reviewed the reference lists of the retrieved studies to identify other

relevant articles.

Two researchers (XLB and WH) independently reviewed the

titles and abstracts of the initially identified studies. Studies were

included if they met the following criteria (1): randomized

controlled trials or crossover trials involving human participants;

(2) published in English; (3) the intervention group received

combination therapy with high-intensity statins and cholesteryl

ester transfer protein (CETP) inhibitors, while the control group

received either placebo or monotherapy; (4) studies included at least

one of the following outcomes: high-density lipoprotein cholesterol

(HDL-C), low-density lipoprotein cholesterol (LDL-C), total

cholesterol (TC), triglycerides (TG), apolipoprotein AI (ApoAI),

apolipoprotein B (ApoB), and adverse events.

Studies were excluded if they met any of the following criteria:

(1) the type or dose of the drugs used was not clearly specified;

(2) complete outcome data were not available; (3) they were letters,

editorials, case reports, conference abstracts, meta-analyses,

reviews, or patents.

According to the American College of Cardiology (ACC) and

American Heart Association (AHA) guidelines (16), high-intensity

statins were defined as daily doses of 20 or 40 mg of rosuvastatin or

40–80 mg of atorvastatin.
2.2 Quality assessment

The methodological quality of all included studies was

independently evaluated by two researchers using the Cochrane

Risk of Bias tool RoB 2.0. The assessment focused on five key

domains: bias arising from the randomization process, bias due to

deviations from intended interventions, bias due to missing

outcome data, bias in outcome measurement, and bias in selective

outcome reporting.
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2.3 Data extraction

Data extraction was performed independently by two

researchers (XLB and WH). Discrepancies were resolved through

discussion with a third researcher until consensus was reached. The

following information was extracted from the full texts of the

included studies: basic information (first author, year of

publication, country of study, study design), study cohort

information (sample size, age, treatment drugs, dosage, follow-up

duration), and outcome measures.

The primary outcome measures included: (1) HDL-C; (2) LDL-

C. Secondary outcome measures were: (1) TC; (2) TG; (3) ApoAI;

(4) ApoB; (5) adverse events.
2.4 Statistical analysis

Statistical analysis was performed using STATA 16.0. In studies

with more than one intervention group, the control group was split

between the two intervention groups to avoid double-counting in

the meta-analysis. For continuous variables, normally distributed

data were presented as mean ± standard deviation, while non-

normally distributed data were presented as median (interquartile

range). We calculated the standardized mean difference (SMD) and

95% confidence intervals (CIs) for HDL-C, LDL-C, TC, TG, ApoAI,

and ApoB. For dichotomous variables, we calculated the risk ratio

(RR) and 95% CIs for adverse events.

To assess heterogeneity between studies, we used the chi-

squared test and the I² statistic. I² values of 0%, 25%, 50%, and

75% were interpreted as no heterogeneity, low heterogeneity,

moderate heterogeneity, and high heterogeneity, respectively. A

fixed-effects model was used if I² was <50% and clinical and

methodological heterogeneity among studies was minimal;

otherwise, a random-effects model was applied. Furthermore, to

investigate the sources of heterogeneity and ascertain the

relationship between the types of CETP inhibitors and lipid-

lowering effects, we conducted a subgroup analysis based on the

categories of CETP inhibitors. All meta-analysis results were

displayed in forest plots.

Publication bias was assessed using Egger’s test and a visual

inspection of funnel plots. Additionally, we performed sensitivity

analysis using a “leave-one-out” method to assess the robustness of

the results by comparing meta-analyses including all studies with

those after removing one study at a time.
3 Results

3.1 Search results and study selection

The flowchart for the literature search and screening process

is shown in Figure 1. A total of 2,552 relevant records were

identified from the following databases: PubMed (n = 471),

Embase (n = 1,440), Cochrane Library (n = 119), and Web of

Science (n = 522). After removing duplicate articles, 1,730 articles
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were screened based on their titles and abstracts. We limited the

language of the articles to English, resulting in the exclusion of 76

articles. Additionally, 1,254 articles were excluded due to

inappropriate article types. Another 140 articles were excluded

because their studies were conducted on animals or cells.

Moreover, 199 articles were excluded as their interventions were

not relevant to this study.

Subsequently, we conducted a full-text review and screening of

61 articles, excluding 54 of them. Ultimately, 7 articles were

included in the study (17–23). Among the excluded articles, 30

did not meet the definition of high-intensity statin interventions,

and 24 either lacked relevant outcomes or had incomplete data. The

main characteristics of the included studies are presented in

Supplementary Material (Supplementary Table 2).
3.2 Risk of bias

The risk of bias for the 7 included studies was assessed using the

Cochrane risk of bias tool, RoB 2.0. Among the included studies,

there were 5 randomized controlled trials and 2 crossover trials. The

proportion of risk of bias and the overall methodological quality

assessment are shown in Figures 2 and 3. Of these, 3 studies were of

high quality, with all five domains assessed by the risk assessment

tool rated as low risk. However, the study by Nicholls et al. (22) did

not provide a description of the outcome measurement methods,

leading to a high risk of bias for outcome measurement. Overall, the

quality of the included studies was high.
3.3 Meta-analysis results

3.3.1 HDL-C
Six studies investigated the effect of combining high-intensity

statins with CETP inhibitors on HDL-C, including 5,575

participants (2,838 in the experimental group and 2,737 in the

control group). The results showed that the combination therapy

significantly increased HDL-C levels (SMD 2.47 [1.77, 3.18], I² =

98.4%, p < 0.001) (Figure 4).

3.3.2 LDL-C
Six studies also examined the effect of high-intensity statins

combined with CETP inhibitors on LDL-C, with 5,556 participants

(2,829 in the experimental group and 2,727 in the control group).

The results indicated that LDL-C levels were significantly reduced

in the experimental group compared to the control group (SMD

-1.75 [-2.19, -1.31], I² = 96.9%, p < 0.001) (Figure 5).

3.3.3 Total cholesterol
Three studies investigated the effect of combining high-intensity

statins with CETP inhibitors on TC, involving 964 participants (480

in the experimental group and 484 in the control group). The

pooled analysis showed no statistically significant difference in TC

changes between the experimental and control groups (SMD -0.70

[-1.58, 0.18], I² = 92.5%, p < 0.001) (Figure 6).
frontiersin.org

https://doi.org/10.3389/fendo.2025.1512670
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Xiang et al. 10.3389/fendo.2025.1512670
3.3.4 Triglycerides
Five studies examined the effect of the combination therapy on

TG. The results indicated that TG levels significantly decreased in

the combination therapy group compared to the control group

(SMD -0.75 [-1.34, -0.16], I² = 92.3%, p < 0.001) (Figure 7).

3.3.5 ApoAI
Five studies explored the effect of combining high-intensity

statins with CETP inhibitors on ApoAI levels. The results showed

that ApoAI levels in the experimental group significantly increased

(SMD 1.99 [1.39, 2.59], I² = 92.3%, p < 0.001) (Figure 8).

3.3.6 ApoB
Four studies investigated the effect of the combination therapy

on ApoB levels, with the results indicating a significant reduction in

ApoB levels in the experimental group (SMD -2.12 [-2.72, -1.52],

I² = 97.3%, p < 0.001) (Figure 9).
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3.3.7 Adverse reactions
Five studies reported the occurrence of adverse reactions in

both the experimental and control groups. The pooled results

showed no statistically significant difference in the risk of adverse

reactions between the combination therapy and statin monotherapy

(RR 0.88 [0.60, 1.28], I² = 67.3%, p = 0.009) (Figure 10).
3.4 Subgroup analysis

To determine the relationship between different types of CETP

inhibitors and lipid-lowering effects, a subgroup analysis was

conducted on the included studies. Based on the type of CETP

inhibitor used in the combination therapy, the studies were

categorized into the “torcetrapib” group, “dalcetrapib” group,

“evacetrapib” group, and “obicetrapib” group.
FIGURE 1

Literature search and screening flowchart.
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The results showed that the “dalcetrapib” group did not

demonstrate a significant difference in HDL-C elevation

compared to the control group (SMD 0.55 [-0.61, 1.71], I² =

89.0%, p = 0.003) (Figure 11). However, other types of CETP

inhibitors combined with high-intensity statins significantly

increased HDL-C levels in the participants.

On the other hand, all types of CETP inhibitors combined with

high-intensity statins significantly reduced LDL-C levels in

participants. Among them, “obicetrapib” had the most

pronounced effect in lowering LDL-C levels (SMD -10.28 [-12.07,

-8.48], I² = 40.4%, p = 0.195) (Figure 12), while there was no
Frontiers in Endocrinology 05
significant difference between the “torcetrapib,” “dalcetrapib,” and

“evacetrapib” groups.

3.5 Publication bias and sensitivity analysis

To assess publication bias for the outcome indicators in the

included studies, funnel plots were used for visual representation,

and Egger’s test was applied for further analysis. A P-value > 0.05

was considered indicative of no publication bias. The results

indicated no publication bias for HDL-C (P = 0.963) and LDL-C

(P = 0.155) (Figures 13, 14).
FIGURE 2

Proportion of risk of bias.
FIGURE 3

Overall methodological quality assessment.
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FIGURE 4

Forest plot for HDL-C.
FIGURE 5

Forest plot for LDL-C.
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FIGURE 7

Forest plot for TG.
FIGURE 6

Forest plot for TC.
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FIGURE 8

Forest plot for ApoAI.
FIGURE 9

Forest plot for ApoB.
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For the sensitivity analysis, each study was systematically

excluded one by one, and the remaining studies were reanalyzed

to determine whether any single study had an excessive impact on

the results. The sensitivity analysis showed that no single study

excessively influenced the overall results, confirming that the meta-

analysis results were stable and reliable.
4 Discussion

This study evaluated the lipid-modulating effects of combining

CETP inhibitors with high-intensity statins, with particular focus

on changes in HDL-C and LDL-C levels. LDL-C is typically

considered the primary target for intervention in patients with

hypercholesterolemia (24). Statins are the first-line therapy for

lowering LDL-C, but their use, whether as monotherapy or in

combination with other lipid-lowering agents, has not been fully

optimized. For patients requiring further LDL-C reduction to reach

their therapeutic goals, statin monotherapy is often insufficient.

Consequently, there is a pressing need for additional lipid-lowering

therapies for many patients whose LDL-C levels exceed

ideal standards.

Cholesterol in plasma primarily exists in the form of cholesterol

esters. CETP, a plasma glycoprotein secreted by the liver, is present

in humans, non-human primates, and certain other animals. It

facilitates the transfer of cholesterol esters and triglycerides between

HDL, VLDL, and LDL particles (25). CETP activity typically

facilitates the transfer of cholesterol esters from HDL to VLDL
Frontiers in Endocrinology 09
and LDL, while triglycerides are transferred from VLDL to LDL and

HDL (26). CETP inhibition disrupts the transfer of cholesteryl

esters from HDL to apoB-containing lipoproteins, augments

transintestinal cholesterol excretion, upregulates the expression of

scavenger receptor class B type 1 and hepatic LDL receptors, and

enhances the catabolic efficiency of both LDL particles and apoB

(27). When used in combination with statins, statins reduce

intracellular cholesterol levels by inhibiting HMG-CoA reductase,

thereby upregulating LDL receptor expression and enhancing the

clearance of LDL particles from the circulation (28). CETP

inhibitors complement this mechanism by increasing HDL-C

levels and reducing LDL-C levels, which further stimulates LDL

receptor expression (29). Early clinical trials demonstrated

encouraging outcomes in patients with dyslipidemia treated with

CETP inhibitors (30–33), but the development of these inhibitors

encountered several disappointing challenges in later-stage trials.

The first CETP inhibitor evaluated in phase 3 clinical trials was

torcetrapib, but the trial results revealed an increased risk of

cardiovascular events and death, leading to the premature

termination of the trial and cessation of torcetrapib ’s

development (13). Dalcetrapib had relatively modest effects,

raising HDL-C levels, but its cardioprotective effects were not

significant in the phase 3 dal-OUTCOMES trial, resulting in the

termination of the project in 2012 (34). However, dalcetrapib may

be effective in patients with specific genotypes, such as variations in

the ADCY9 gene, and related research is ongoing. Evacetrapib

showed promising results in raising HDL-C and lowering LDL-C

in early trials, but the phase 3 ACCELERATE trial failed to
FIGURE 10

Forest plot for AEs.
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demonstrate a significant reduction in cardiovascular events,

leading to the discontinuation of the project in 2015 (35). Due to

the premature termination of these clinical trials, significant gaps

remain in our understanding. The mechanisms of adverse reactions

observed in the later stages of the trials have not been fully

elucidated. For example, the excess mortality associated with

torcetrapib has been linked to off-target drug effects related to its

unique structure (13), but the reasons for the electrolyte imbalance

are still under question. Moreover, the early discontinuation of

these trials has left us without long-term data on both efficacy and

safety. Over time, such studies could have provided critical insights

into the sustainability of treatment benefits and the potential for

delayed adverse effects (36).

Despite these past challenges, current research is increasingly

focused on the potential of CETP inhibitors to reduce cardiovascular

risk by lowering LDL-C levels. Obicetrapib, an oral, once-daily, low-

dose CETP inhibitor, is still under development. It has shown

promise not only in treating dyslipidemia and lowering

cardiovascular risk but also in the treatment of Alzheimer’s disease

(37). Regarding lipid modulation, it effectively lowers LDL-C, non-

HDL-C, ApoB, and LDL particle concentrations, particularly small

LDL particles and lipoprotein(a), while raising mature HDL particles

and ApoAI levels (38–41).
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These findings align with our meta-analysis results. In Nicholls

et al.’s study (16), the experimental group treated with obicetrapib

combined with high-intensity statins demonstrated superior

efficacy in raising HDL-C and ApoAI and lowering LDL-C and

ApoB compared to other CETP inhibitors combined with statins.

This suggests that obicetrapib holds potential for helping patients

who have not reached their LDL-C goals, filling a gap in current

therapies (42).

Another critical aspect of CETP inhibitors is their ability to

lower ApoB. A study found that torcetrapib lowers VLDL, IDL,

LDL, and ApoB levels primarily by increasing the clearance of

ApoB100, while in combination with atorvastatin, torcetrapib

reduces ApoB levels by enhancing VLDL ApoB100 clearance and

decreasing IDL and LDL ApoB100 production (43). This study also

showed that combining high-intensity statins with CETP inhibitors

significantly reduced ApoB, indicating that obicetrapib may

currently be the most effective CETP inhibitor for lowering both

LDL-C and ApoB, particularly when combined with high-

intensity statins.

Regarding safety, the Nicholls et al. study (22) did not report

any significant differences in adverse events or off-target effects with

obicetrapib. Similarly, this meta-analysis showed that combining

high-intensity statins with CETP inhibitors did not increase adverse
FIGURE 11

Subgroup analysis for HDL-C.
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FIGURE 12

Subgroup analysis for LDL-C.
FIGURE 13

Funnel plot for HDL-C.
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event rates. Furthermore, Harada et al. (44) found in their clinical

study in Japan that the safety profile of obicetrapib as an adjunct to

statin therapy was not influenced by racial differences. This also

provides evidence for the potential safety of using this more potent

CETP inhibitor either alone or in combination.

Our meta-analysis has several limitations that warrant

consideration. First, the included studies exhibited significant

heterogeneity, particularly in HDL-C and LDL-C outcomes, with

I² values of 98.4% and 96.9%, respectively. This substantial

heterogeneity may stem from variations in study design, patient

populations, or the types of CETP inhibitors used. Although

subgroup analysis by CETP inhibitor type did not fully resolve

this issue, it highlights the complexity of interpreting pooled results.

Additionally, some of the included studies employed cross-sectional

designs, which limit the ability to draw causal conclusions. While

these studies provide valuable insights into the association between

statins, CETP inhibitors, and lipid-lowering effects, they cannot

confirm a direct causal relationship. Future longitudinal studies are

needed to establish whether the observed benefits are directly

attributable to the combination therapy. Furthermore, due to our

stringent restriction on the daily dose of statin therapy, the relatively

small sample sizes of some included studies may limit the statistical

power and generalizability of our findings.

Another limitation is the potential for bias in some studies due

to insufficient reporting of outcome measurement methods. It has

been noted that the indirect measurement of LDL-C using the

Friedewald equation may underestimate true levels, potentially

exaggerating the effects of CETP inhibitors, while the beta-

quantification method, a more accurate approach, has not been
Frontiers in Endocrinology 12
widely adopted (45, 46). This may introduce variability in the

interpretation of lipid-lowering effects and safety outcomes.

Future studies should strive for standardized measurement

protocols and transparent reporting to enhance the reliability

of findings.

Finally, existing research has shown that combining obicetrapib

with ezetimibe, in addition to high-intensity statin therapy, can

significantly reduce atherogenic lipid and lipoprotein parameters

while maintaining good safety and tolerability (38). Although we

did not include studies investigating triple-drug combinations, it is

important to recognize the potential of these combination therapies,

such as CETP inhibitors used alongside ezetimibe or PCSK9

inhibitors in conjunction with high-intensity statins. These

combinations may further reduce LDL-C and other atherogenic

lipid parameters, offering a more comprehensive approach to

lipid management.

Despite the less-than-ideal results of CETP inhibitors in early

clinical trials, recent studies highlight their potential in reducing LDL-

C levels and cardiovascular risk. Obicetrapib, a new CETP inhibitor,

has demonstrated significant lipid-lowering effects and good safety

profiles when used alongside statin therapy. While the effects of

different CETP inhibitors vary, and evidence for the combination of

CETP inhibitors with high-intensity statins has been lacking, this

meta-analysis fills this gap. However, to further strengthen the

evidence base for personalized lipid-lowering strategies and

improve cardiovascular disease prevention, future large-scale,

multi-center randomized controlled trials are needed. These studies

should focus on long-term follow-up to comprehensively evaluate the

safety and efficacy of CETP inhibitors in combination with high-
FIGURE 14

Funnel plot for LDL-C.
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intensity statins, particularly in diverse patient populations and under

varying clinical conditions.
5 Conclusion

This meta-analysis demonstrates that combining high-intensity

statins with CETP inhibitors significantly increases HDL-C and

reduces LDL-C, TG, and ApoB levels without increasing adverse

events. Obicetrapib showed the most pronounced lipid-lowering

effects, while dalcetrapib had limited HDL-C elevation. Despite high

heterogeneity and small sample sizes in some studies, these findings

suggest that combination therapy, particularly with obicetrapib,

may benefit patients not achieving optimal lipid control with statin

monotherapy. Further large-scale trials are needed to confirm long-

term efficacy and safety.
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Combination lipid-lowering therapy as first-line strategy in very high-risk patients. Eur
Heart J. (2022) 43:830–3. doi: 10.1093/eurheartj/ehab718

15. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P)
2015 statement. Systematic Rev. (2015) 4:1. doi: 10.1186/2046-4053-4-1

16. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, 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 association task force on clinical practice
guidelines. Circulation. (2019) 139:e1082–e143. doi: 10.1161/CIR.0000000000000625

17. Barter PJ, Rye KA, Beltangady MS, Ports WC, Duggan WT, Boekholdt SM, et al.
Relationship between atorvastatin dose and the harm caused by torcetrapib. J Lipid Res.
(2012) 53:2436–42. doi: 10.1194/jlr.P026328

18. Derks M, Abt M, Parr G, Meneses-Lorente G, Young AM, Phelan M. No
clinically relevant drugdrug interactions when dalcetrapib is co-administered with
atorvastatin. Expert Opin Investigational Drugs. (2010) 19:1135–45. doi: 10.1517/
13543784.2010.509342

19. Derks M, Abt M, Phelan M, Turnbull L, Meneses-Lorente G, Bech N, et al.
Coadministration of dalcetrapib with pravastatin, rosuvastatin, or simvastatin: No
clinically relevant drug-drug interactions. J Clin Pharmacol. (2010) 50:1188–201.
doi: 10.1177/0091270009358709

20. Furtado JD, Ruotolo G, Nicholls SJ, Dullea R, Carvajal-Gonzalez S, Sacks FM.
Pharmacological inhibition of CETP (Cholesteryl ester transfer protein) increases HDL
(High-density lipoprotein) that contains apoC3 and other HDL subspecies associated
with higher risk of coronary heart disease. Arterioscler Thromb Vasc Biol. (2022)
42:227–37. doi: 10.1161/ATVBAHA.121.317181

21. Kastelein JJP, Van Leuven SI, Burgess L, Evans GW, Kuivenhoven JA, Barter PJ,
et al. Effect of torcetrapib on carotid atherosclerosis in familial hypercholesterolemia.
New Engl J Medicine. (2007) 356:1620–30. doi: 10.1056/NEJMoa071359

22. Nicholls SJ, Ditmarsch M, Kastelein JJ, Rigby SP, Kling D, Curcio DL, et al. Lipid
lowering effects of the CETP inhibitor obicetrapib in combination with high-intensity
statins: a randomized phase 2 trial. Nat Medicine. (2022) 28:1672–8. doi: 10.1038/
s41591-022-01936-7

23. Nicholls SJ, Ray KK, Ballantyne CM, Beacham LA, Miller DL, Ruotolo G, et al.
Comparative effects of cholesteryl ester transfer protein inhibition, statin or ezetimibe
on lipid factors: The ACCENTUATE trial. Atherosclerosis. (2017) 261:12–8.
doi: 10.1016/j.atherosclerosis.2017.04.008

24. Virani SS, Aspry K, Dixon DL, Ferdinand KC, Heidenreich PA, Jackson EJ, et al.
The importance of low-density lipoprotein cholesterol measurement and control as
performance measures: A joint Clinical Perspective from the National Lipid
Association and the American Society for Preventive Cardiology. J Clin Lipidol.
(2023) 17:208–18. doi: 10.1016/j.jacl.2023.02.003

25. Abu Khalaf R, Lafi A, Hajjo R, Al-Sha'er MA. Chemical synthesis, biological
evaluation, and cheminformatics analysis of a group of chlorinated diaryl sulfonamides:
promising inhibitors of cholesteryl ester transfer protein. Curr computer-aided Drug
design. (2024). doi: 10.2174/0115734099292078240218095540

26. Xue H, Zhang M, Liu J, Wang J, Ren G. Structure-based mechanism and
inhibition of cholesteryl ester transfer protein. Curr Atheroscler Rep. (2023) 25:155–66.
doi: 10.1007/s11883-023-01087-1

27. Kastelein JJP, Hsieh A, Dicklin MR, Ditmarsch M, Davidson MH. Obicetrapib:
reversing the tide of CETP inhibitor disappointments. Curr Atheroscler Rep. (2024)
26:35–44. doi: 10.1007/s11883-023-01184-1
Frontiers in Endocrinology 14
28. Brahm A, Hegele RA. Hypertriglyceridemia. Nutrients. (2013) 5:981–1001.
doi: 10.3390/nu5030981

29. Wierzbicki AS. Advances in the pharmacological management of hyperlipidemia
through the use of combination therapies. Expert Opin Pharmacother. (2025) 26:157–
65. doi: 10.1080/14656566.2024.2444986

30. Bisoendial RJ, Hovingh GK, El Harchaoui K, Levels JH, Tsimikas S, Pu K, et al.
Consequences of cholesteryl ester transfer protein inhibition in patients with familial
hypoalphalipoproteinemia. Arterioscler Thromb Vasc Biol. (2005) 25:e133–4.
doi: 10.1161/01.ATV.0000179009.60612.28

31. Davidson MH, McKenney JM, Shear CL, Revkin JH. Efficacy and safety of
torcetrapib, a novel cholesteryl ester transfer protein inhibitor, in individuals with
below-average high-density lipoprotein cholesterol levels. J Am Coll Cardiol. (2006)
48:1774–81. doi: 10.1016/j.jacc.2006.06.067

32. de Grooth GJ, Kuivenhoven JA, Stalenhoef AF, de Graaf J, Zwinderman AH,
Posma JL, et al. Efficacy and safety of a novel cholesteryl ester transfer protein inhibitor,
JTT-705, in humans: a randomized phase II dose-response study. Circulation. (2002)
105:2159–65. doi: 10.1161/01.CIR.0000015857.31889.7B

33. Hermann F, Enseleit F, Spieker LE, Périat D, Sudano I, Hermann M, et al.
Cholesterylestertransfer protein inhibition and endothelial function in type II
hyperlipidemia. Thromb Res. (2009) 123:460–5. doi: 10.1016/j.thromres.2008.06.022

34. Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ, Brumm J, et al.
Effects of dalcetrapib in patients with a recent acute coronary syndrome. N Engl J Med.
(2012) 367:2089–99. doi: 10.1056/NEJMoa1206797

35. Lincoff AM, Nicholls SJ, Riesmeyer JS, Barter PJ, Brewer HB, Fox KAA, et al.
Evacetrapib and cardiovascular outcomes in high-risk vascular disease. N Engl J Med.
(2017) 376:1933–42. doi: 10.1056/NEJMoa1609581

36. Bosco G, Di Giacomo Barbagallo F, Di Marco M, Miano N, Scilletta S,
Spampinato S, et al. The impact of SLCO1B1 rs4149056 on LDL-C target
achievement after lipid lowering therapy optimization in men and women with
familial hypercholesterolemia. Front Endocrinol (Lausanne). (2024) 15:1346152.
doi: 10.3389/fendo.2024.1346152

37. Rehman WU, Yarkoni M, Ilyas MA, Athar F, Javaid M, Ehsan M, et al.
Cholesteryl ester transfer protein inhibitors and cardiovascular outcomes: A
systematic review and meta-analysis. J Cardiovasc Dev Dis. (2024) 11:152.
doi: 10.3390/jcdd11050152

38. Ballantyne CM, Ditmarsch M, Kastelein JJ, Nelson AJ, Kling D, Hsieh A, et al.
Obicetrapib plus ezetimibe as an adjunct to high-intensity statin therapy: A
randomized phase 2 trial. J Clin Lipidol. (2023) 17:491–503. doi: 10.1016/
j.jacl.2023.05.098

39. Hovingh GK, Kastelein JJ, van Deventer SJ, Round P, Ford J, Saleheen D, et al.
Cholesterol ester transfer protein inhibition by TA-8995 in patients with mild
dyslipidemia (TULIP): a randomized, double-blind, placebo-controlled phase 2 trial.
Lancet. (2015) 386:452–60. doi: 10.1016/S0140-6736(15)60158-1

40. Nelson AJ, Sniderman AD, Ditmarsch M, Dicklin MR, Nicholls SJ,
Davidson MH, et al. Cholesteryl ester transfer protein inhibition reduces major
adverse cardiovascular events by lowering apolipoprotein B levels. Int J Mol Sci.
(2022) 23:9417. doi: 10.3390/ijms23169417

41. van Capelleveen JC, Kastelein JJ, Zwinderman AH, van Deventer SJ, Collins HL,
Adelman SJ, et al. Effects of the cholesteryl ester transfer protein inhibitor, TA-8995, on
cholesterol efflux capacity and high-density lipoprotein particle subclasses. J Clin
Lipidol. (2016) 10:1137–44.e3. doi: 10.1016/j.jacl.2016.06.006

42. Ray KK, Molemans B, Schoonen WM, Giovas P, Bray S, Kiru G, et al. EU-wide
cross-sectional observational study of lipid-modifying therapy use in secondary and
primary care: the DA VINCI study. Eur J Prev Cardiol. (2021) 28:1279–89.
doi: 10.1093/eurjpc/zwaa047

43. Millar JS, Brousseau ME, Diffenderfer MR, Barrett PH, Welty FK, Faruqi A, et al.
Effects of the cholesteryl ester transfer protein inhibitor torcetrapib on apolipoprotein
B100 metabolism in humans. Arterioscler Thromb Vasc Biol. (2006) 26:1350–6.
doi: 10.1161/01.ATV.0000219695.84644.56

44. Harada-Shiba M, Davdison MH, Ditmarsch M, Hsieh A, Wuerdeman E, Kling
D, et al. Obicetrapib as an adjunct to stable statin therapy in Japanese subjects: results
from a randomized phase 2 trial. J Atheroscler Thromb. (2024) 31:1386–97.
doi: 10.5551/jat.64828

45. Nakamura M, Kayamori Y, Iso H, Kitamura A, Kiyama M, Koyama I, et al. LDL
cholesterol performance of beta quantification reference measurement procedure. Clinica
chimica acta; Int J Clin Chem. (2014) 431:288–93. doi: 10.1016/j.cca.2014.02.018

46. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem. (1972) 18:499–502. doi: 10.1093/clinchem/18.6.499
frontiersin.org

https://doi.org/10.1542/pir.2019-0053
https://doi.org/10.1001/jama.291.9.1132
https://doi.org/10.1097/HCO.0000000000000839
https://doi.org/10.1194/jlr.R082735
https://doi.org/10.1016/j.drudis.2021.03.016
https://doi.org/10.1056/NEJMoa0706628
https://doi.org/10.1093/eurheartj/ehab718
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1161/CIR.0000000000000625
https://doi.org/10.1194/jlr.P026328
https://doi.org/10.1517/13543784.2010.509342
https://doi.org/10.1517/13543784.2010.509342
https://doi.org/10.1177/0091270009358709
https://doi.org/10.1161/ATVBAHA.121.317181
https://doi.org/10.1056/NEJMoa071359
https://doi.org/10.1038/s41591-022-01936-7
https://doi.org/10.1038/s41591-022-01936-7
https://doi.org/10.1016/j.atherosclerosis.2017.04.008
https://doi.org/10.1016/j.jacl.2023.02.003
https://doi.org/10.2174/0115734099292078240218095540
https://doi.org/10.1007/s11883-023-01087-1
https://doi.org/10.1007/s11883-023-01184-1
https://doi.org/10.3390/nu5030981
https://doi.org/10.1080/14656566.2024.2444986
https://doi.org/10.1161/01.ATV.0000179009.60612.28
https://doi.org/10.1016/j.jacc.2006.06.067
https://doi.org/10.1161/01.CIR.0000015857.31889.7B
https://doi.org/10.1016/j.thromres.2008.06.022
https://doi.org/10.1056/NEJMoa1206797
https://doi.org/10.1056/NEJMoa1609581
https://doi.org/10.3389/fendo.2024.1346152
https://doi.org/10.3390/jcdd11050152
https://doi.org/10.1016/j.jacl.2023.05.098
https://doi.org/10.1016/j.jacl.2023.05.098
https://doi.org/10.1016/S0140-6736(15)60158-1
https://doi.org/10.3390/ijms23169417
https://doi.org/10.1016/j.jacl.2016.06.006
https://doi.org/10.1093/eurjpc/zwaa047
https://doi.org/10.1161/01.ATV.0000219695.84644.56
https://doi.org/10.5551/jat.64828
https://doi.org/10.1016/j.cca.2014.02.018
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.3389/fendo.2025.1512670
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Lipid-lowering effect of combined therapy with high-intensity statins and CETP inhibitors: a Systematic Review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Literature search and selection
	2.2 Quality assessment
	2.3 Data extraction
	2.4 Statistical analysis

	3 Results
	3.1 Search results and study selection
	3.2 Risk of bias
	3.3 Meta-analysis results
	3.3.1 HDL-C
	3.3.2 LDL-C
	3.3.3 Total cholesterol
	3.3.4 Triglycerides
	3.3.5 ApoAI
	3.3.6 ApoB
	3.3.7 Adverse reactions

	3.4 Subgroup analysis
	3.5 Publication bias and sensitivity analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


