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Abstract

Aims This study evaluated the effect of moderate-intensity statin with ezetimibe combination therapy vs. high-intensity statin
monotherapy among patients with diabetes mellitus (DM) and atherosclerotic cardiovascular disease (ASCVD).

Methods
and results

This was a pre-specified, stratified subgroup analysis of the DM cohort in the RACING trial. The primary outcome was a 3-
year composite of cardiovascular death, major cardiovascular events, or non-fatal stroke. Among total patients, 1398
(37.0%) had DM at baseline. The incidence of the primary outcome was 10.0% and 11.3% among patients with DM rando-
mized to ezetimibe combination therapy vs. high-intensity statin monotherapy (hazard ratio: 0.89; 95% confidence interval:
0.64–1.22; P= 0.460). Intolerance-related discontinuation or dose reduction of the study drug was observed in 5.2% and
8.7% of patients in each group, respectively (P= 0.014). LDL cholesterol levels<70 mg/dL at 1, 2, and 3 years were observed
in 81.0%, 83.1%, and 79.9% of patients in the ezetimibe combination therapy group, and 64.1%, 70.2%, and 66.8% of patients
in the high-intensity statin monotherapy group (all P< 0.001). In the total population, no significant interactions were found
between DM status and therapy regarding primary outcome, intolerance-related discontinuation or dose reduction, and the
proportion of patients with LDL cholesterol levels <70 mg/dL.

Conclusion Ezetimibe combination therapy effects observed in the RACING trial population are preserved among patients with DM. This
study supports moderate-intensity statin with ezetimibe combination therapy as a suitable alternative to high-intensity statins if
the latter cannot be tolerated, or further reduction in LDL cholesterol is required among patients with DM and ASCVD.

Clinical Trial
Registration

ClinicalTrials.gov, Identifier:NCT03044665.
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Structured Graphical Abstract

What is an evidence-based, alternative option to high-intensity statins for managing dyslipidaemia among patients with diabetes mellitus 
(DM) and atherosclerotic cardiovascular disease (ASCVD)?

Among patients with DM and ASCVD, moderate-intensity statin with ezetimibe combination therapy was comparable to high-intensity 
statin monotherapy regarding 3-year cardiovascular events with lower intolerance-related discontinuation or dose reduction and higher 
proportion of patients with low-density lipoprotein cholesterol levels <70 mg/dL.

The use of moderate-intensity statin with ezetimibe combination therapy is a reasonable alternative to high-intensity statin monotherapy, 
as recommended by the current guidelines for secondary prevention among patients with DM and ASCVD.
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Introduction
The use of 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase inhibi-
tors (statins) has been considered the cornerstone of lipid-lowering
therapy for patients with documented atherosclerotic cardiovascular
disease (ASCVD).1–3 Globally, ∼537 million adults were estimated to
have diabetes mellitus (DM) in 2021.4 Patients with concomitant DM
and ASCVD are considered as having a heightened baseline risk of fu-
ture cardiovascular events, thus, require intensive efforts to lower
LDL cholesterol levels with high-intensity statins according to the cur-
rent guidelines.1–6 However, a substantial portion of patients who

would benefit from high-intensity statins, including those with DM
and ASCVD, may not be able to continue high-intensity statins due
to statin-related adverse effects or intolerance.7–11 In these patients,
drug combination therapy with statin and non-statin agents may be a
suitable alternative strategy, instead of simply increasing the dose or in-
tensity of statins.12,13

Ezetimibe is the most common non-statin agent in lipid-lowering ther-
apy and inhibits cholesterol absorption from the intestine by blocking the
Niemann-Pick C1-Like 1 receptor, further reducing LDL cholesterol
levels by 23%–24% when used in conjunction with statins.1–3,12,14,15

Consequently, ezetimibe combination therapy to lower-intensity statins
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can be considered as an alternative strategy to high-intensity statins—
especially in patients who cannot tolerate high-intensity statin therapy.
Although the benefit of adding ezetimibe to moderate-intensity statins
in reducing LDL cholesterol levels and adverse cardiovascular events
has been shown in the subgroup analysis of the DM cohort in the
Improved Reduction of Outcomes: Vytorin Efficacy International
Trial (IMPROVE-IT) trial, these benefits were mainly due to the add-on
effect of ezetimibe to the same statin regimen, in which statin
intensity was identical in both the ezetimibe combination therapy and
statin monotherapy groups.16 Therefore, sufficient evidence that dir-
ectly supports the clinical efficacy and safety of combination therapy
with ezetimibe and moderate-intensity statin vs. high-intensity statin
monotherapy for patients with DM and ASCVD is lacking. Recently,
the Randomized Comparison of Efficacy and Safety of Lipid-lowering
with Statin Monotherapy Vs. Statin/ezetimibe Combination for
High-risk Cardiovascular Disease (RACING) trial demonstrated the
non-inferiority of moderate-intensity statin with ezetimibe combin-
ation therapy compared with high-intensity statin monotherapy for
the 3-year composite cardiovascular outcomes in patients with
ASCVD.17 Thus, the aim of the present pre-specified, stratified sub-
group analysis of the RACING trial was to evaluate the effect of
moderate-intensity statins with ezetimibe combination therapy vs. high-
intensity statin monotherapy among patients with DM.

Methods
Study design and population
The study design and rationale for the RACING trial have been previously
described, in detail.17 In brief, the multicentre, randomized, open-label, non-
inferiority trial evaluated moderate-intensity statin with ezetimibe combin-
ation therapy (ezetimibe combination therapy) vs. high-intensity statin
monotherapy in 3780 patients, at 26 centres, in South Korea.17 Patients
with documented ASCVD [previous myocardial infarction (MI), acute cor-
onary syndrome, history of coronary revascularization (percutaneous cor-
onary intervention or coronary artery bypass surgery) or other arterial
revascularization procedures, ischaemic stroke, or peripheral artery dis-
ease) requiring high-intensity statin therapy to achieve LDL cholesterol le-
vels <70 mg/dL were eligible to participate in the trial.17 The full inclusion
and exclusion criteria are provided in Supplementary material online,
Table S1. The trial was approved by the institutional review board of each
participating centre and followed the ethical principles of the Declaration
of Helsinki. Written informed consent was obtained from all patients be-
fore participation in the trial. For this pre-specified subgroup analysis, the
effect of ezetimibe combination therapy was evaluated by baseline DM sta-
tus (Figure 1). The presence of DM was determined by the investigators,
based on a history of DM, the use of DMmedications, a fasting glucose level
≥126 mg/dL, or a haemoglobin A1c level ≥6.5% at randomization.18

Study procedures
In the RACING trial, rosuvastatin which has shown efficacy and safety in
East Asian patients was given for statin regimen.17,19 Consenting patients
were randomly assigned in a 1:1 manner to receive ezetimibe combination
therapy (rosuvastatin 10 mg with ezetimibe 10 mg) or high-intensity statin
monotherapy (rosuvastatin 20 mg).17 Allocation of the patients was per-
formed using a web-response permuted-block randomization (mixed
blocks of 4 or 6) at each participating site, with stratification by baseline
DM status and LDL cholesterol levels <100 mg/dL.17 The initial doses of
the study drugs were strongly recommended for maintenance during the
entire study period.17 However, considering patients’ tolerance, compli-
ance, and diverse clinical situations, the discontinuation or alteration of
doses in both therapy groups was at the physicians’ discretion and required
a detailed report of reasons.17 Follow-up visits for assessing general health

status, medication use, and occurrence of a study outcome or adverse event
were performed at 2 and 6 months; and at 1, 2, and 3 years of follow-up.17

Serial follow-up of the patients’ lipid profiles (total cholesterol, LDL choles-
terol, high-density lipoprotein cholesterol, and triglyceride levels) and fast-
ing glucose level were performed at 1, 2, and 3 years.17 Follow-up of
haemoglobin A1c level was performed at 1 and 3 years.17

Study outcomes and definitions
The primary outcome was a composite of cardiovascular death, major car-
diovascular events, or non-fatal stroke at 3 years.17 Major cardiovascular
events included coronary or peripheral artery revascularization, or hospital-
ization for cardiovascular events.17

Cardiovascular death was defined as death owing to MI, heart failure,
stroke, cardiovascular procedures, cardiac haemorrhage, sudden cardiac
death, and any case of death in which a cardiovascular cause could not be
excluded as adjudicated by a clinical endpoints committee.20 MI was defined
as symptoms, changes on electrocardiogram, or abnormal findings on im-
aging studies, combined with a creatine kinase MB fraction above the upper
normal limit or a troponin T or troponin I level greater than the 99th per-
centile of the upper normal limit.20 Coronary or peripheral revasculariza-
tion included endovascular and surgical revascularization of the coronary,
carotid, or lower extremity arteries.1,21 Hospitalization for cardiovascular
events included hospitalization for ischaemic heart disease (stable or un-
stable angina, or acute MI), heart failure, or peripheral artery disease.20,22,23

Non-fatal stroke was defined as an acute cerebrovascular event resulting in
a neurologic deficit more than 24 h or the presence of acute infarction de-
monstrated by imaging studies.24

Secondary outcomes comprised clinical efficacy and safety outcomes.
Efficacy outcomes included the following: (i) the proportion of patients
whose LDL cholesterol levels were<70 mg/dL at 1, 2, and 3 years; (ii) com-
posite of all-cause death, major cardiovascular events, or non-fatal stroke;
and (iii) any individual component of the primary outcome.17 The propor-
tion of patients whose LDL cholesterol levels were <55 mg/dL was also
analyzed as a post hoc analysis, since the LDL cholesterol goal of <55 mg/
dL was newly recommended for secondary prevention in patients with
ASCVD, according to the 2019 European Society of Cardiology (ESC)/
European Atherosclerosis Society (EAS) guidelines issued after the initiation
of the RACING trial.3,17 Safety outcomes included the following: (i) the dis-
continuation or dose reduction of the study drug due to intolerance and (ii)
the occurrence of clinical adverse events including new-onset DM, muscle-,
hepatic-, or gallbladder-associated adverse effects or cancer diagnosis.17

New-onset DM (for patients without DM at baseline) was defined accord-
ing to the presence of at least one of the following: (i) an adverse event re-
port, (ii) a new prescription for DMmedication, or (iii) a fasting glucose level
≥126 mg/dL.17,18 A post hoc analysis was performed to also include patients
identified to have a haemoglobin A1c level≥6.5% during the study period as
having new-onset DM, based on the review of the trial database. Adverse
events, including primary and secondary outcomes, were adjudicated by
an independent clinical endpoint committee blinded to the therapy assign-
ments and primary results of the trial.

Statistical analyses
Categorical variables were reported as numbers (percentages) and continu-
ous variables were reported as mean± standard deviation or median (inter-
quartile range), depending on their distribution. As in the primary report of
the RACING trial, the assessment of the primary outcome and secondary
efficacy outcomes were performed based on the intention-to-treat popu-
lation, while the assessment of secondary safety outcomes was initially per-
formed in the safety population which excluded the patients who were not
given the allocated therapy unless they discontinued or reduced dose due to
intolerance.17 Sensitivity analyses were performed in the intention-to-treat
population regarding secondary safety outcomes. Time-to-event curves
were plotted using Kaplan–Meier survival analysis based on the time of en-
rolment to the occurrence of the first event of interest during follow-up,
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and the event rates between the two groups were compared using log-rank
tests. Hazard ratios (HRs) with 95% confidence intervals (CIs) were com-
puted using Cox regression analysis. To assess whether therapy effects
(ezetimibe combination therapy vs. high-intensity statin monotherapy) dif-
fer according to DM status, P-values for interaction between DM status and
therapy were calculated using Cox proportional hazard or logistic regres-
sion models, as appropriate. Subgroup analyses were performed among pa-
tients with DM regarding primary outcome as post hoc analyses. P< 0.05
was considered statistically significant, with no adjustment for multiple com-
parisons. Statistical analyses were performed using IBM SPSS, version 25.0
(IBM Corporation, Chicago, IL, USA) and R 3.5.3 software (R Foundation
for Statistical Computing, Vienna, Austria).

Results
Patient characteristics
Between February 2017 and December 2018, 3780 patients were en-
rolled in the RACING trial, and 1398 patients (37.0%) were identified as
having DM at baseline. Baseline clinical characteristics and laboratory
findings according to DM status are presented in Supplementary
material online, Table S2. Compared with patients without DM, patients
with DMweremore likely to be older (mean 65 vs. 63 years; P< 0.001);
have a higher body weight (mean 69 vs. 68 kg; P< 0.001) and body mass
index (mean 25.4 vs. 24.9 kg/m2; P< 0.001); and have a higher propor-
tion of prior percutaneous coronary intervention (73.9 vs. 61.5%; P<
0.001), prior coronary artery bypass surgery (10.4 vs. 4.2%; P<
0.001), prior ischaemic stroke (7.1 vs. 4.8%; P= 0.004), chronic kidney
disease (15.3 vs. 7.5%; P< 0.001), end-stage renal disease on dialysis (1.5
vs. 0.3%; P< 0.001), and hypertension (74.4 vs. 62.1%; P< 0.001).
Patients with DMweremore likely to be treated with high-intensity sta-
tins before randomization (40.3 vs. 36.8%; P= 0.002); have a higher
number of patients with LDL cholesterol levels <70 mg/dL (42.6 vs.

27.9%; P< 0.001); and have higher serum fasting glucose (median 133
vs. 103 mg/dL; P< 0.001) and haemoglobin A1c (median 7.0 vs. 5.8%;
P< 0.001) levels. Conversely, serum LDL cholesterol levels were
more likely to be lower in patients with DM (median 74 vs. 83 mg/
dL; P< 0.001). As presented in Table 1, the baseline clinical character-
istics or laboratory findings of patients receiving ezetimibe combination
therapy vs. high-intensity statin therapy were well-balanced among
both patients with and without DM—except for age, where patients
with DM receiving ezetimibe combination therapy were 1 year younger
than those receiving high-intensity statin monotherapy (mean 64 vs. 65
years; P= 0.012).

Clinical efficacy and safety
Patients were followed up for a median of 3.0 years (interquartile range,
3.0–3.0 years). The 3-year clinical outcomes are presented in Table 2
and Table 3. Among patients with DM, the rate of primary outcome
was 10.0% in the ezetimibe combination therapy group and 11.3% in
the high-intensity statin monotherapy group (HR: 0.89; 95% CI: 0.64–
1.22; P= 0.460) (Figure 2). The rate of discontinuation or dose reduc-
tion of the study drug due to intolerance was lower in the combination
therapy group than in the high-intensity statin monotherapy group (5.2
vs. 8.7%; P= 0.014) (Figure 3). The rates of other secondary efficacy and
safety outcomes were not different between the two therapy groups.

Among patients without DM, the rate of primary outcome was 8.9%
in the ezetimibe combination therapy group and 9.4% in the high-
intensity statin monotherapy group (HR: 0.94; 95% CI: 0.72–1.23;
P= 0.674) (see Supplementary material online, Figure S1). The rate of
discontinuation or dose reduction of the study drug due to intolerance
was lower in the combination therapy group than in the high-intensity
statin monotherapy group (4.5 vs. 7.9%; P= 0.001) (Figure 3). The rates
of developing other secondary efficacy and safety outcomes were not

Figure 1 Study flow of participants. RACING, Randomized Comparison of Efficacy and Safety of Lipid-lowering with Statin Monotherapy Versus
Statin/ezetimibe Combination for High-risk Cardiovascular Disease.
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different between the two therapy groups. The rate of developing new-
onset DM did not differ between the two therapy groups (12.4 vs.
13.8%; P= 0.366). As a sensitivity analysis, the secondary safety out-
comes of the intention-to-treat population are presented in
Supplementary material online, Table S3. In the total trial population,
significant interactions between DM status and therapy regarding pri-
mary and secondary outcomes were not observed (Table 2, Table 3,
Supplementary material online, Table S3).

Change in lipids
The serial change in LDL cholesterol levels during the study period is
presented in Table 4. Among patients with DM, the median LDL
cholesterol level throughout the study period was 53 (43–64) mg/
dL in the ezetimibe combination therapy group and 61 (50–74)
mg/dL in the high-intensity statin monotherapy group (P< 0.001).
Median LDL cholesterol levels were consistently lower in the ezeti-
mibe combination therapy group than in the high-intensity statin
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Table 1 Baseline characteristics by diabetes mellitus status and therapy strategy

DM patients Non-DM patients

(n= 1398) (n= 2382)

Moderate-intensity
statin with ezetimibe
combination therapy

(n=701)

High-intensity
statin

monotherapy
(n=697)

Moderate-intensity
statin with ezetimibe
combination therapy

(n=1193)

High-intensity
statin

monotherapy
(n=1189)

Age, years 64± 9 65± 9 63± 10 63± 10

Male sex 545 (77.7) 515 (73.9) 875 (73.3) 891 (74.9)

Weight, kg 70± 12 69± 11 68± 11 68± 11

Body mass index, kg/m2 25.3± 3.2 25.4± 3.0 24.9± 3.1 24.9± 3.1

Prior myocardial infarction 287 (40.9) 275 (39.5) 457 (38.3) 470 (39.5)

Prior percutaneous coronary intervention 524 (74.8) 509 (73.0) 734 (61.5) 730 (61.4)

Prior coronary artery bypass surgery 75 (10.7) 71 (10.2) 57 (4.8) 44 (3.7)

Acute coronary syndrome 6 (0.9) 9 (1.3) 21 (1.8) 11 (0.9)

Prior ischaemic stroke 48 (6.8) 51 (7.3) 53 (4.4) 61 (5.1)

Chronic kidney diseasea 107 (15.3) 107 (15.4) 86 (7.2) 92 (7.7)

End-stage kidney disease on dialysis 11 (1.6) 10 (1.4) 2 (0.2) 6 (0.5)

Peripheral artery disease 25 (3.6) 27 (3.9) 41 (3.4) 42 (3.5)

Hypertension 508 (72.5) 532 (76.3) 738 (61.9) 742 (62.4)

Diabetes mellitus with insulin treatment 50 (7.1) 70 (10.0) - -

Current smoker 123 (17.5) 99 (14.2) 205 (17.2) 211 (17.7)

Medication for dyslipidaemia before
randomizationb

High-intensity statin 257 (36.7) 307 (44.0) 454 (38.1) 422 (35.5)

High-intensity statin with ezetimibe 31 (4.4) 24 (3.4) 54 (4.5) 39 (3.3)

Moderate-intensity statin 285 (40.7) 239 (34.3) 396 (33.2) 446 (37.5)

Moderate-intensity statin with ezetimibe 81 (11.6) 82 (11.8) 170 (14.2) 166 (14.0)

Low-intensity statin 2 (0.3) 2 (0.3) 4 (0.3) 3 (0.3)

None 45 (6.4) 43 (6.2) 115 (9.6) 113 (9.5)

Serum LDL cholesterol level, mg/dL 74 (58–94) 74 (60–92) 83 (68–104) 83 (67–104)

Patients with LDL cholesterol levels <70 mg/dL (%) 310 (44.2) 285 (40.9) 333 (27.9) 331 (27.8)

Serum fasting glucose level, mg/dL 133 (117–157) 132 (115–156) 103 (95–111) 103 (96–112)

Serum haemoglobin A1c level, % 7.0 (6.5–7.7) 7.0 (6.5–7.8) 5.8 (5.5–6.0) 5.8 (5.5–6.0)

Data are mean± SD, median (interquartile range), or number (%). DM, diabetes mellitus.
aChronic kidney disease was defined as an estimated glomerular filtration rate of <60 mL per min per 1.73 m2 of body-surface area.
bThe intensity of statin therapy was divided into three categories according the 2018 American Heart Association/American College of Cardiology guidelines on the management of
dyslipidaemia.2
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monotherapy group, at 1 (54 vs. 62 mg/dL), 2 (50 vs. 60 mg/dL), and
3 years (54 vs. 62 mg/dL) (all P< 0.001) (Figure 4). The proportion of
patients whose LDL cholesterol levels were <70 mg/dL was consist-
ently higher in the ezetimibe combination therapy group, at 1 (81.0%
vs. 64.1%), 2 (83.1% vs. 70.2%), and 3 years (79.9% vs. 66.8%) (all P<
0.001).

Among patients without DM, the median LDL cholesterol level
throughout the study period was 61 (50–74) mg/dL in the ezetimibe
combination therapy group and 69 (58–82) mg/dL in the high-
intensity statin monotherapy group (P< 0.001). Median LDL choles-
terol levels were consistently lower in the ezetimibe combination
therapy group than in the high-intensity statin monotherapy group,
at 1, 2, and 3 years (all P< 0.001) (see Supplementary material
online, Figure S2). The proportion of patients whose LDL cholesterol
levels were <70 mg/dL was consistently higher in the ezetimibe com-
bination therapy group, at 1, 2, and 3 years (all P< 0.001). In the total
trial population, no significant interaction between DM status and
therapy regarding the proportion of patients with LDL cholesterol
levels <70 mg/dL was found. As a post hoc analysis, the proportion
of patients whose LDL cholesterol levels were <55 mg/dL was con-
sistently higher in the ezetimibe combination therapy group than in
the high-intensity statin monotherapy group during the study period,
irrespective of DM status (see Supplementary material online,
Table S4). Serial changes in other lipid profiles are presented in
Supplementary material online, Table S5. The ezetimibe combination
therapy was associated with lower total cholesterol and triglyceride
levels whereas high-density lipoprotein cholesterol levels did not dif-
fer between the two therapy groups, among both patients with and
without DM.

Additional analyses
In a post hoc analysis using a definition of new-onset DM, which included
a haemoglobin A1c level ≥6.5% during the study period, the rate of de-
veloping new-onset DM did not differ between the ezetimibe combin-
ation therapy group and the high-intensity statin monotherapy group
among patients without DM (safety population, 17.1 vs. 16.7%; P=
0.833).

The results from subgroup analyses among patients with DM are
presented in Supplementary material online, Figure S3. The effect of
ezetimibe combination therapy vs. high-intensity statin monotherapy
was consistent regarding primary outcome across subgroups, including
baseline LDL cholesterol levels <100 mg/dL—the other pre-specified
stratification criteria in the RACING trial.

Discussion
The main findings of this pre-specified, stratified subgroup analysis that
assessed the effect of moderate-intensity statin with ezetimibe combin-
ation therapy among patients with DM, randomized in the RACING
trial, were as follows: (i) among patients with DM and ASCVD, the risks
of 3-year composite cardiovascular outcomes were comparable be-
tween those receiving ezetimibe combination therapy vs. high-intensity
statin monotherapy; (ii) ezetimibe combination therapy significantly re-
duced the rate of drug discontinuation or dose reduction due to in-
tolerance; and (iii) ezetimibe combination therapy was associated
with lower LDL cholesterol levels and higher proportions of patients
with LDL cholesterol levels <70 mg/dL, compared with high-intensity
statin monotherapy. Overall, compared with high-intensity statin
monotherapy, the clinical efficacy and safety of ezetimibe combination

therapy observed in the main RACING trial population were conserved
among patients with DM (Structured Graphical Abstract).

For patients with ASCVD, current guidelines recommend intensive
lowering of LDL cholesterol levels, with statins as the first-line therapy
for secondary prevention.1–3,7,25 Although the use of high-intensity sta-
tins is strongly recommended in these patients, patients who cannot tol-
erate high-intensity statins do exist.1–3,7–11 Drug combination with
lower-intensity statins and non-statin agents, such as ezetimibe, may
be considered a reasonable alternative strategy to achieve sufficient
LDL cholesterol reduction and reduce adverse cardiovascular outcomes
with less concern for drug intolerance or adverse events caused by high-
intensity statins.9–13 Although the effect of ezetimibe combination ther-
apy with statins in patients with acute coronary syndrome was demon-
strated in the IMPROVE-IT trial, the same moderate-intensity statin
(simvastatin 40 mg) was used in both therapy groups.12 In other words,
it focused on the additive effect of ezetimibe on the same dose of statins,
rather than the effect of dose reduction of statins. In contrast, the
RACING trial demonstrated the non-inferiority of moderate-intensity
statin with ezetimibe combination therapy compared with high-intensity
statin monotherapy for 3-year composite cardiovascular outcomes,
with a lower intolerance-related drug discontinuation or dose reduction
and higher proportion of patients with LDL cholesterol levels <70 mg/
dL.17 Furthermore, the trial included various features of ASCVD, includ-
ing patients who had not only coronary artery disease, but also stroke or
peripheral artery disease, with stratification by DM status during ran-
domization.17 Compared with those without DM, the patients with
DM were characterized by more frequent comorbidities.

The global prevalence of DMwas 10.5% in 2021 and is expected to in-
crease to 12.2% by 2045.4 Patients with DM are at higher risk for devel-
oping ASCVD, and patients with concomitant DM and ASCVD are
regarded as being at the highest risk for recurrent cardiovascular events,
thus requiring secondary prevention with high-intensity statins with the
aim of intensive lowering of LDL cholesterol levels.1–3,5,6 To be specific,
according to the 2018 American Heart Association/American College
of Cardiology guidelines on the management of dyslipidaemia, high-
intensity statin therapy is recommended in a similar manner to recom-
mendations proposed by the American Diabetes Association.2,6

According to the 2016 ESC/EAS guidelines, intensive lowering of LDL
cholesterol levels to the goal of <70 mg/dL is recommended, and an
even more intensive goal of <55 mg/dL is recommended in the updated
2019 guidelines with similar recommendation suggested by the European
Association for the Study of Diabetes.1,3,5 Furthermore, these guidelines
recommend adding ezetimibe to moderate-intensity statins as a reason-
able alternative to high-intensity statins if further reduction in LDL chol-
esterol levels are required or high-intensity statins cannot be tolerated;
however, this recommendation is based only on one prior study: the sub-
group analysis of the IMPROVE-IT trial, regarding the DM cohort.1–3,5,6,16

In the IMPOVE-IT trial, the benefit of adding ezetimibe to
moderate-intensity statin, as opposed to the absence of ezetimibe, for re-
ducing primary outcome (a composite of cardiovascular death,major cor-
onary events, or stroke; 40.0% vs. 45.5%; HR: 0.85; 95% CI: 0.78–0.94)
and LDL cholesterol levels (median 49 vs. 67 mg/dL) was demonstrated
amongDMpatients with acute coronary syndrome.16 Despite these ben-
efits, the effect of adding ezetimibe tomoderate-intensity statin was com-
pared with moderate-intensity statin rather than high-intensity statin;
therefore, additional studies with head-to-head comparisons between
moderate-intensity statin with ezetimibe combination therapy vs. high-
intensity stain monotherapy have been required to provide direct evi-
dence to current guideline-based recommendations for managing pa-
tients with DM and ASCVD.16 In this study, the effect of
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moderate-intensity statin with ezetimibe combination therapy was evalu-
ated in a pre-specified, stratifiedDM subgroup of the RACING trial, com-
pared directly with high-intensity statin monotherapy which the
IMPROVE-IT trial left out. Compared with high-intensity statin mono-
therapy, ezetimibe combination therapy demonstrated similar rates of
a 3-year composite of cardiovascular death, major cardiovascular events,
or non-fatal stroke, with lower LDL cholesterol levels and a higher pro-
portion of patients with LDL cholesterol levels <70 mg/dL during the
study period. This observation may directly support current recommen-
dations for patients with DM and ASCVD.1–3,5,6

Despite the benefits of statins in reducing LDL cholesterol levels and
the risk for future cardiovascular events, statin-related adverse effects
or intolerance should also be considered in treatment plans.9–11

Statin-associatedmuscle symptoms and other concerning statin-related
adverse effects on glucose homeostasis, or liver or kidney function
were more common with the use of high-intensity statins.9–11,26 In add-
ition, DMwas associated with an increased risk of statin intolerance, ac-
cording to a recent meta-analysis.27 Since these adverse effects or
intolerance may decrease patients’ compliance, lead to discontinuation
or dose reduction of statins, and consequently result in poor reduction
in LDL cholesterol levels, appropriate treatment strategies are required
in patients who cannot continue high-intensity statins—especially
among those with DM and ASCVD, who will benefit from intensive
lowering of LDL cholesterol levels by using high-intensity statins.28 In
the current study, compared with high-intensity statin monotherapy,
ezetimibe combination therapy demonstrated lower drug discontinu-
ation or dose reduction due to intolerance, while simultaneously
achieving similar efficacy for the rate of composite cardiovascular out-
comes—an observation that is fully in line with current recommenda-
tions for adding ezetimibe to moderate-intensity statin as a suitable
alternative to high-intensity statin if high-intensity statins cannot be tol-
erated when managing patients with DM and ASCVD.1–3,5,6 The clinical
efficacy and safety of adding ezetimibe to moderate-intensity statin with
longer follow-up (7 years) and additional results stratified by the
Thrombolysis in Myocardial Infarction Risk Score, were presented in
the pre-specified DM subgroup of the IMPROVE-IT trial; however, de-
tailed data regarding non-adherence to study drugs due to intolerance
were not shown.16 On the other hand, according to the Statin
Web-based Investigation of Side Effects (StatinWISE) and
Self-Assessment Method for Statin Side-effects Or Nocebo
(SAMSON) trials, patients’ reported symptoms and non-adherence
to study drugs were not different between the statin and the placebo
groups.29,30 However, only moderate-intensity statin (atorvastatin
20 mg) was used for statin regimens within small number of patients
participating in each trial (a total of 200 patients and 60 patients).29,30

Considering that statin-related adverse effects were more common
with the use of high-intensity statins compared to lower-intensity sta-
tins, the current study findings regarding non-adherence due to intoler-
ance which were different compared with StatinWISE and SAMSON
trials may be explained.9–11,29,30

Other than adding ezetimibe, addition of the proprotein convertase
subtilisin-kexin type 9 (PCSK9) inhibitors to statins presented a bene-
ficial effect among patients with DM and ASCVD.31,32 According to
the pre-specified subgroup analyses of the Further Cardiovascular
Outcomes Research With PCSK9 Inhibition in Subjects With
Elevated Risk and Evaluation of Cardiovascular Outcomes After an
Acute Coronary Syndrome During Treatment With Alirocumab trials
which evaluated the effect of PCSK9 inhibitors (evolocumab and aliro-
cumab) in patients with ASCVD who were receiving maximally toler-
ated statin therapy (high-intensity statins, 67% and 88%), adding the
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PCSK9 inhibitors to statins consistently reduced the rate of composite
cardiovascular outcomes among patients with DM.31,32 In both trials,
addition of PCSK9 inhibitors was associated with lower LDL choles-
terol levels and did not increase the risk of new-onset DM.31,32

However, similar to the IMPROVE-IT trial, these two trials focused
on the additive effect of PCSK9 inhibitors on the same intensity of sta-
tins, rather than the effect of reducing the intensity or dose of statins.
Further studies evaluating the efficacy and safety of adding PCSK9 inhi-
bitors to moderate-intensity statins compared with high-intensity

statins, as well as those evaluating the effect of other novel non-statin
agents such as inclisiran or bempedoic acid among patients with DM
and ASCVD, are required to enrich the current dyslipidaemia guideline-
based recommendations for managing these patients.33,34

Study limitations
This study has several limitations. First, although this study was a pre-
specified, randomly stratified subgroup analysis, the number of patients

Figure 2 Time-to-event curves of the primary outcome among patients with diabetes mellitus. Kaplan–Meier survival curves for the primary outcome
among patients with DM. CI, confidence interval; DM, diabetes mellitus.

Figure 3 Drug discontinuation or dose reduction due to intolerance by diabetes mellitus status and therapy strategy. Discontinuation or dose re-
duction of the study drug due to intolerance among patients with (red) and without DM (blue) in the safety population. Between the bars, the rates
and P-values for the comparison between the ezetimibe combination therapy group (solid colours) and the high-intensity statin monotherapy group
(striped colours) are presented. DM, diabetes mellitus.
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Table 4 Serial LDL cholesterol levels by diabetes mellitus status and therapy strategy

DM patients Non-DM patients P-value for
interactiona

(n=1398) (n=2382)

Moderate-intensity
statin with
ezetimibe

combination
therapy

High-intensity
statin

monotherapy

P-value Moderate-intensity
statin with
ezetimibe

combination
therapy

High-intensity
statin

monotherapy

P-value

1 year

Number of patients 625 618 1050 1055

LDL cholesterol level, mg/dL 54 (43–64) 62 (51–75) P< 0.001 61 (50–74) 70 (58–83) P< 0.001

Patients with LDL cholesterol
levels <70 mg/dL (%)

506 (81.0) 396 (64.1) P< 0.001 711 (67.7) 527 (50.0) P< 0.001 0.430

2 years

Number of patients 590 560 968 979

LDL cholesterol level, mg/dL 50 (41–63) 60 (48–72) P< 0.001 60 (49–73) 67 (56–82) P< 0.001

Patients with LDL cholesterol
levels <70 mg/dL (%)

490 (83.1) 393 (70.2) P< 0.001 678 (70.0) 531 (54.2) P< 0.001 0.753

3 years

Number of patients 497 476 852 839

LDL cholesterol level, mg/dL 54 (43–65) 62 (49–74) P< 0.001 60 (50–74) 69 (57–82) P< 0.001

Patients with LDL cholesterol
levels <70 mg/dL (%)

397 (79.9) 318 (66.8) P< 0.001 581 (68.2) 441 (52.6) P< 0.001 0.914

Data are median (interquartile range) or number (%). DM, diabetes mellitus.
aP-value for interaction between DM status and therapy.

Figure 4 LDL cholesterol levels over time among patientswith diabetesmellitus. Serialmedian values for LDL cholesterol among patientswith diabetes
mellitus. The I bar indicates 95% confidence intervals. Under the graph, P-values for the comparison between the ezetimibe combination therapy group
and the high-intensity statin monotherapy group in the LDL cholesterol levels at 1, 2, and 3 years are presented. DM, diabetes mellitus.
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included in the DM subgroup may have limited statistical power to yield
definite conclusions on the effect of ezetimibe combination therapy.
Second, the RACING trial was an open-label trial in which both the pa-
tients and physicians were aware of the therapy assignment. Although
the nocebo effect (i.e. negative outcome that occurs due to the expect-
ation that the intervention will cause harm) should be considered, this
effect may reflect real-world scenarios regarding statin therapy. Third,
the comparison of each component of the primary outcome might be
difficult due to the small number of events. Fourth, due to the strict ful-
filment of inclusion and exclusion criteria in the randomized controlled
trials, patients in the present study may have been at lower risk than
those in general clinical practice. Fifth, although the benefit of ezetimibe
combination therapy in reducing LDL cholesterol levels was shown, the
superiority of ezetimibe combination therapy regarding primary out-
come was not demonstrated among patients with DM. Sixth, the bene-
fit of ezetimibe combination with lower-intensity statins for reducing
the risk of developing new-onset DM compared with higher-intensity
statins was not shown. Further studies with a larger number of patients
and longer follow-up may be required. Therefore, our findings need to
be considered only as hypothesis-generating and warrant further pro-
spective confirmation.

Conclusions
This pre-specified, stratified subgroup analysis of the DM cohort in the
RACING trial demonstrated that ezetimibe combination with
moderate-intensity statin therapy was comparable with high-intensity
statin monotherapy in terms of a 3-year composite of cardiovascular
death, major cardiovascular events, or non-fatal stroke. Ezetimibe com-
bination therapy was associated with lower intolerance-related drug
discontinuation or dose reduction and a higher proportion of patients
achieving LDL cholesterol levels <70 mg/dL. These findings directly
support the use of moderate-intensity statin with ezetimibe combin-
ation therapy as a suitable alternative to high-intensity monotherapy
if high-intensity statins cannot be tolerated or further reduction in
LDL cholesterol levels is required, as recommended by the current
guidelines for managing dyslipidaemia among patients with DM and
ASCVD.

Supplementary data
Supplementary data is available at European Heart Journal online.
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