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Abstract
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Background: Evidence regarding the primary prevention of coronary artery disease (CAD)
events by LDL-C-lowering therapy in older individuals aged 75 years is insufficient. This trial
tested whether LDL-C-lowering therapy with ezetimibe is useful for the primary prevention of
cardiovascular events in older patients.
Methods: This multicenter, prospective, randomized, open-label, blinded end-point evaluation
conducted at 363 medical institutions in Japan examined the preventive efficacy of ezetimibe for
patients aged 75 years with elevated LDL-C without history of coronary artery disease. Patients,
who all received dietary counseling, were randomly assigned (1:1) to receive ezetimibe (10 mg
once daily) versus usual care with randomization stratified by site, age, sex, and baseline LDL-C.
The primary outcome was a composite of sudden cardiac death, myocardial infarction, coronary
revascularization, or stroke.
Results: Overall, 3,796 patients were enrolled between May 2009 and December 2014, and
1,898 each were randomly assigned to ezetimibe versus control. Median follow-up was 4.1 years.
After exclusion of 182 and 203 patients because of lack of appropriate informed consent and
other protocol violations, 1,716 (90.4%) and 1,695 (89.3%) patients were included in the primary
analysis, respectively. Ezetimibe reduced the incidence of the primary outcome (hazard ratio
[HR], 0.66; 95% confidence interval [CI], 0.50–0.86; P=0.002). Regarding the secondary
outcomes, the incidences of composite cardiac events (HR, 0.60; 95% CI, 0.37–0.98; P=0.039)
and coronary revascularization (HR, 0.38; 95% CI, 0.18–0.79; P=0.007) were lower in the
ezetimibe group than in the control group; however, there was no difference in the incidence of
stroke, all-cause mortality, or adverse events between trial groups.
Conclusions: LDL-C-lowering therapy with ezetimibe prevented cardiovascular events,
suggesting the importance of LDL-C lowering for primary prevention in individuals aged 75
years with elevated LDL-C. Given the open label nature of the trial, its premature termination
and issues with follow up, the magnitude of benefit observed should be interpreted with caution.
Clinical Trial Registration: URL: https://www.umin.ac.jp Unique identifier: UMIN000001988.
Key Words: elderly; atherosclerotic cardiovascular disease; ezetimibe; LDL-C-lowering
therapy; primary prevention
Non-standard Abbreviations and Acronyms
EWTOPIA 75, Ezetimibe lipid-loWering Trial On PreventIon of Atherosclerosis in 75 or older;
LDL-C, low-density lipoprotein-cholesterol; CAD, coronary artery disease; HR, hazard ratio; CI,
confidence interval; ASCVD, atherosclerotic cardiovascular disease; RCT, randomized
controlled trial; PROBE, prospective, randomized, open-label, blinded end-point; TC, total
cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; PAD, peripheral
artery disease; JGS, Japan Geriatrics Society; PHRF, Public Health Research Foundation;
CSP-LD, Clinical Research of Lifestyle-Related Disease; IDMC, independent data monitoring
committee; ITT, intention-to-treat; PP, per-protocol; SD, standard derivation; GEE, generalized
estimating equation; ALLHAT-LLT, Antihypertensive and Lipid-Lowering treatment to prevent
Heart Attack Trial; SAGE, Study Assessing Goals in the Elderly; PROSPER, Prospective Study
of Pravastatin in the Elderly at Risk; PATE, Pravastatin Anti-atherosclerosis Trial in the Elderly;
IMPROVE-IT, IMProved Reduction of Outcomes: Vytorin Efficacy International Trial
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Clinical Perspective

What is new?
•

Low-density lipoprotein-cholesterol (LDL-C)-lowering therapy with ezetimibe
significantly reduced the risk of the primary outcome, a composite of sudden cardiac
death, myocardial infarction, coronary revascularization, or stroke, for patients aged 75
years with elevated LDL-C at baseline.

•

Analyses of secondary outcomes showed that ezetimibe reduced composite cardiac
events, but not stroke.

What are the clinical implications?
•

LDL-C-lowering therapy with ezetimibe prevented cardiovascular events in individuals
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aged 75 years with elevated LDL-C, supporting the importance of primary prevention
for patients 75 years or older.
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Introduction
In individuals aged 75 years, evidence to support primary prevention of atherosclerotic
cardiovascular disease (ASCVD) events by LDL-C-lowering therapy is insufficient.1-3 There is a
need for obtaining randomized controlled trial (RCT)-based evidence as to whether
LDL-C-lowering therapy can prevent ASCVD in older individuals because the number of
individuals aged 75 years has dramatically increased worldwide.4 Some studies showed that
statin therapy for older patients was beneficial for primary prevention of ASCVD events5-8, but a
recent study did not show effectiveness in primary prevention.9 A meta-analysis indicated that a
reduction in LDL-C levels by statin and nonstatin therapies was associated with a lower
incidence of coronary artery disease (CAD) events10, but evidence for older individuals was still
limited. Moreover, the clinical benefit of ezetimibe for the prevention of ASCVD in individuals
aged 75 years remained unclear.11 Therefore, we evaluated the effects of LDL-C-lowering
Downloaded from http://ahajournals.org by on August 24, 2019

therapy with ezetimibe in individuals aged 75 years with elevated baseline LDL-C without
history of CAD.

Methods
The data, analytical methods, and study materials will not be made available to other researchers
for purposes of reproducing the results or replicating the procedure.
Trial Design and Participants
This was a multicenter, prospective, randomized, open-label, blinded end-point (PROBE) trial
performed in Japan. The trial enrolled men and women without a history of CAD who were aged
75 years between May 2, 2009, and December 29, 2014, at 363 medical institutions in Japan.
The follow-up period defined in the protocol was for 3 years after the start date for the last
patient enrolled. Inclusion criteria were as follows: the acquisition of written informed consent
4
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for participation; age 75 years at the time of enrollment; being capable of visiting the
participating site on an ambulatory basis; serum LDL-C level 140 mg/dL as estimated by the
Friedewald formula.12: LDL-C = total cholesterol (TC) - (high-density lipoprotein cholesterol
(HDL-C) + triglyceride (TG)/5); no use of a lipid-lowering drug for 4 weeks (in case of
probucol for 8 weeks) prior to the measurement of baseline serum LDL-C level; and at least
one of diabetes mellitus, hypertension, low HDL-C, hypertriglyceridemia, current smoker, a
history of symptomatic, imaging-confirmed stroke, and peripheral artery disease (PAD).
Key exclusion criteria were as follows: a fasting serum TG level of 400 mg/dL; a history of
myocardial infarction; a history of coronary revascularization (percutaneous coronary
intervention or coronary artery bypass grafting); angina pectoris requiring treatment; stroke
within 6 months of enrollment; severe liver disease with any one of the following 3 items: an
aspartate aminotransferase level of 100 IU/L, an alanine aminotransferase level of 100 IU/L,
Downloaded from http://ahajournals.org by on August 24, 2019

and/or diagnosed cirrhosis; serum creatinine 3.0 mg/dL; malignancy; dementia; familial
hypercholesterolemia diagnosed based on the Japan Atherosclerosis Society guidelines for
prevention of atherosclerotic cardiovascular diseases 200713; atrial fibrillation; a history of
hypersensitivity to ezetimibe; participation in another clinical trial at the time of enrollment; and
inappropriateness for enrollment as judged by the attending physician. Supplemental Table 1 and
the online-only Data Supplement provide the full inclusion and exclusion criteria. The trial
protocol was approved by the sponsors [the Japan Geriatrics Society (JGS) and Public Health
Research Foundation (PHRF)] and the institutional review committee at each participating site.
All of the patients provided written informed consent before enrollment. The trial was conducted
in accordance with the principles of the Declaration of Helsinki.
Prior to randomization, the investigators examined concurrent treatments with lipid
modifying, antihypertensive, antihyperglycemic, or antithrombotic drugs, determined
5
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anthropometric variables (e.g., height, body weight, body mass index, and waist circumference),
pulse rate, and gerontological index of competence, and conducted blood chemistry, urinalyses,
and laboratory tests (eg, TC, HDL-C, non-HDL-C, LDL-C, TG, and fasting blood glucose).
Supplemental Table 2 provides the details of and timing for observations, examinations, and
assessments.
Randomization and Masking
At the time of enrollment, all patients received dietary counseling and were randomly assigned
(1:1) by a centrally managed service at a sponsor PHRF−Comprehensive Support Project for
Clinical Research of Lifestyle-Related Disease (CSP-LD) Data Center−to receive ezetimibe (10
mg once daily, after a meal) versus usual care with randomization (minimization method)
stratified by site, age, sex, and baseline LDL-C level.
Because of the nature of a PROBE trial, patients and medical professionals (e.g., attending
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physicians and nurses) were not blinded. Blinded to randomized assignment, the outcome
assessment committee assessed efficacy outcomes prior to the final analysis.
Procedures
After the acquisition of written informed consent for participation, we randomly assigned the
patients in two groups; treatment consisting of dietary counseling plus ezetimibe (10 mg, once
daily, after meals) as ezetimibe group or dietary counseling alone as control group. Patients in
the ezetimibe group were prescribed the drug. Patients were instructed to visit the participating
site every 12 months after randomization in order to examine the predefined assessment items
(e.g., concurrent treatments with lipid modifying, antihypertensive, antihyperglycemic, or
antithrombotic drugs, adverse events, and laboratory tests). Supplemental Table 2 provides the
details of and timing for observations, examinations, and assessments.
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An independent data monitoring committee (IDMC) reviewed the efficacy and safety data,
provided oversight of the conduct, safety, and progression of the trial, and assumed the role of
recommending whether or not to continue the trial. The IDMC had a meeting (November 20,
2015) to review the data and recommended the early closure of the trial because the anticipated
number of 520 primary outcome events was unlikely to be achieved due to growing competing
risks and increased losses to follow up. The IDMC judged that the incidence of events of the
primary outcome would not increase during the scheduled follow-up period because of the
following reasons: 1) the number of deaths other than the outcome events was greater than
expected and 2) the incidence of the events slowed along with the elapsed period of treatment.
The decision was subsequently endorsed by the principal investigator and the trial promotion
committee, and the trial was closed on March 31, 2016. Median follow-up periods for survivors
to death, loss to follow-up, or March 31, 2016 were equivalent between the two trial groups (4.1
Downloaded from http://ahajournals.org by on August 24, 2019

years).
Outcomes
The primary outcome was a composite of sudden cardiac death, fatal/nonfatal myocardial
infarction, coronary revascularization, or fatal/nonfatal stroke. The key secondary outcomes were
sudden cardiac death, composite (fatal/nonfatal) myocardial infarction, fatal myocardial
infarction, nonfatal myocardial infarction, coronary revascularization, composite (fatal/nonfatal)
stroke, fatal stroke, nonfatal stroke, carotid artery revascularization (carotid artery stenting and
carotid endarterectomy), deaths−all-cause mortality, cerebrovascular deaths, non-cerebrovascular
deaths, non-cardiovascular deaths, death from malignant tumors, all-cause hospitalizations, atrial
fibrillation, incident malignancy, fracture of the femoral neck, onset of dementia, Tokyo
Metropolitan Institute index of competence, admission to a facility (admission to a center for
geriatric care), adverse events, and length of hospital stay. The online Data Supplement provides
7
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the full secondary outcomes. The trial promotion committee received reporting from the
principal investigator (YO) on the outcomes.
Statistical Analysis
The trial was designed to have 90% power to detect a 25% reduction in the primary outcome,
with a two-sided P value of <0.05. The trial was planned to continue until 520 events of the
primary outcome occurred unless it was closed early. Planned sample size was 6,000 individuals
when presuming a hazard ratio (HR) of 0.75, an incidence of the primary outcome in the control
group of 3% per year, and a loss to follow-up rate of 20%. We conducted all statistical analyses
according to the predefined statistical analysis plan and based on the intention-to-treat (ITT) and
per-protocol (PP) principles, with outcomes assessed from the time of randomization. In the ITT
analysis, patients lost to follow up during the trial period were censored at last date of contact.
Patients in the ITT set, who met the following criteria, comprised the PP set: 1) those in the
Downloaded from http://ahajournals.org by on August 24, 2019

ezetimibe group who correctly started to receive ezetimibe; and 2) those in the control group
who did not receive ezetimibe for 4 or more weeks. The primary outcome events were adjusted
for the following covariates to analyze treatment effect: age (<85 years/85 years), sex
(male/female), diabetes mellitus (absent/present), hypertension (absent/present), number of risk
factors (1–2/3), PAD (absent/present), LDL-C at baseline (<160 mg/dL/160 mg/dL),
decreased HDL-C (absent/present), metabolic syndrome (absent/present), chronic kidney disease
(<60 mL/min per 1.73 m2 in estimated glomerular filtration rate), plasma hemoglobin (<12
g/dL/12 g/dL), and pretrial history of dyslipidemia treatment (absent/present). We excluded
urinary albumin and metabolic syndrome from covariates to be adjusted because the number of
measurement of urinary albumin was small and metabolic syndrome was associated with other
cofactors like hypertension, diabetes, and dyslipidemia. We imputed missing covariates for
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adjustment to reduce missing effect by conducting multiple imputations with chained equations
(25 rounds). No pre-specified interim analysis was conducted.
Summary statistics at baseline are reported as mean  standard derivation (SD) and number
(%) for continuous and categorical variables, respectively. Log-rank test p-values are presented
for time-to-event analyses. The primary outcome was also analyzed by covariate-adjusted
analysis and the competing risk-adjusted analysis using the Fine-Gray sub-distribution hazard
model in the ITT and PP populations. The online-only Data Supplement provides the Fine-Gray
proportional hazards regression model analyses. Cox regression modelling was used to calculate
the point estimates for the HRs of group effect and their 95% confidence intervals (CIs).
Kaplan-Meier estimates were used to calculate the incidences of outcome events and all-cause
mortality in the two randomized groups. Summary statistics of changes from the baseline value
were calculated for each group and for each time point. The between-group effect was tested and
Downloaded from http://ahajournals.org by on August 24, 2019

estimated according to the generalized estimating equation (GEE) using the baseline values as
covariates. A GEE model with an interaction between treatment and categorized time, and one
without an interaction were considered. Patients, whose follow-up was discontinued due to death,
transfer to other hospitals, entry in centers for geriatric care, lost to follow up, etc., were handled
as censored cases. A value of P<0.05 was considered statistically significant. Proportionality was
checked by using the log(-log (survival probability)) plots. All statistical analyses were made
with SAS version 9.4 (SAS Institute, NC, USA).
Role of the Funding Source
PHRF, Japan Heart Foundation, JGS, and Japan Atherosclerosis Society provided financial
support for the trial. The company manufacturing and distributing the trial drug (MSD K.K.) and
the company distributing the trial drug (Bayer Yakuhin, Ltd.) financed support for PHRF projects.
None of these entities had a role in trial design, data analysis, data interpretation, or the writing
9
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of the manuscript. YO had full access to all the data and final responsibility for the decision to
submit for publication.

Results
Between May 2, 2009, and December 29, 2014, 5,333 patients were considered eligible. Of those,
17 patients at 13 institutions were excluded due to the violation of exclusion criteria and 1,520
patients were excluded from two medical institutions that were inadequate to conduct this trial
because of their poor check-up and follow-up systems. Finally, 3,796 patients (1,898 each) were
randomly assigned to the ezetimibe and control groups at 363 medical institutions (Figure 1).
The groups were well balanced with respect to baseline characteristics (Table 1). All of the
patients were Japanese. During the trial period, 182 and 203 patients were respectively excluded
from the ezetimibe and control groups because of the lack of informed consent, etc (Figure 1).
Downloaded from http://ahajournals.org by on August 24, 2019

Subsequent to randomization, a total of 664 patients in the ezetimibe group (n = 339) and the
control group (n = 325) were lost to follow up during the trial period. The median follow-up
period in those lost to follow up was 2.6 years in ezetimibe group and 2.3 years in control group.
The reasons of lost to follow up other than death were: 84 and 86 due to the transfer to other
hospitals or admission to geriatric care facilities for long-term care; and 255 and 239 due to 1)
the closure of hospitals/clinics because the investigators resigned/died during the trial period and
2) the failure in obtaining, through survey by mail or phone, any response from patients who
stopped visiting the hospital/clinic. Consequently, 1,132 (59.6%) and 1,180 (62.2%) patients
completed the trial, respectively. The number needed to treatment was 37.6 for the primary
outcomes. After exclusion of patients who submitted the deficient consent form, the safety
analysis sets comprised 1,742 and 1,726 patients in the respective groups.
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Mean age at baseline was 80.64.7 years for the two trial groups. Female patients, “never
smoked” patients, patients with hypertension, “middle-risk (1 or 2 risk factors)” patients, as well
as statin and calcium antagonist users were predominant (Table 1). The drug adherence rates in
the ezetimibe group at 1, 2, 3, 4, and 5 years of follow-up were 87.0%, 87.8%, 86.7%, 85.1%,
and 82.3%, respectively (Supplemental Table 3).
Time-course changes in mean serum lipid levels for 5 years after randomization in the
ezetimibe group and the control group are shown in Figures 2A-D. The mean serum LDL-C
levels at baseline in the ezetimibe group and the control group were 161.9 mg/dL and 161.3
mg/dL, respectively. At 5 years of follow-up, the mean serum levels of LDL-C, non-HDL-C, and
TG significantly decreased from the baseline values in contrast to serum HDL-C levels that
remained unchanged in the two trial groups (Supplemental Table 4); the reduction rates in the
ezetimibe group were 25.9%, 23.1%, and 8.3%, respectively, against the counterparts of 18.5%,
Downloaded from http://ahajournals.org by on August 24, 2019

16.5%, and 4.8%, respectively, in the control group. Therefore, the reduction rates of serum
LDL-C, non-HDL-C, and TG levels during 5 years of follow-up were significantly greater in the
ezetimibe group than in the control group (P<0.001, P<0.001, and P=0.003, respectively). The
incidence of the primary outcome events was significantly lower in the ezetimibe group than in
the control group by log-rank test (HR, 0.66; 95% CI, 0.50–0.86; P=0.002; Figure 3A and Table
2). Supplemental results from covariate-adjusted analysis and competing risk-adjusted analysis
on the primary outcome events in the ITT and PP populations revealed no difference in P values
as compared with the non-adjusted results (Supplemental Table 5). Between-group significant
differences were found with respect to composite cardiac events (HR, 0.60; 95%, CI 0.37–0.98;
P=0.039; Figure 3C and Table 2) and coronary revascularization (HR, 0.38; 95% CI, 0.18–0.79;
P=0.007; Table 2), but not for composite stroke (HR, 0.78; 95% CI, 0.55–1.11; P=0.17; Figure
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3B and Table 2) or all-cause mortality (HR, 1.09; 95% CI, 0.89–1.34; P=0.43; Figure 3D and
Table 2).
The effects of treatment on the primary outcome were examined in the predefined subgroups
by age (<85 years/85 years), sex (male/female), diabetes mellitus (absent/present), hypertension
(absent/present), number of risk factors (1–2/3), PAD (absent/present), LDL-C at baseline
(<160 mg/dL/160 mg/dL), decreased HDL-C (absent/present), metabolic syndrome
(absent/present), chronic kidney disease (<60 mL/min per 1.73 m2 in estimated glomerular
filtration rate), plasma hemoglobin (<12 g/dL/12 g/dL), and pretrial history of dyslipidemia
treatment (absent/present) (Figure 4). No significant heterogeneity of treatment effect was found
in the prespecified subgroups (Figure 4). For the subgroups comprising small numbers of
patients, between-group differences might not have been shown due to the lack of statistical
power.
Downloaded from http://ahajournals.org by on August 24, 2019

A total of 188 and 173 deaths occurred in the ezetimibe group and the control group due to
the following causes: 29 and 45 cerebro- and cardiovascular deaths, one death each from the
rupture of abdominal aneurysm, 120 and 98 noncerebro- and noncardiovascular deaths, and 38
and 29 deaths from malignant tumors, respectively (Table 2). Against patients in the control
group, namely, patients in the ezetimibe group tended to die less frequently from cerebro- and
cardiovascular causes and more frequently from noncerebro- and noncardiovascular causes and
malignant tumors, although they were not significantly different (Supplemental Table 6).
Adverse events including respiratory, gastrointestinal, and neurologic adverse events are listed in
Table 3. Ezetimibe was not associated with all-cause mortality (Figure 3D).
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Discussion
This is the first RCT demonstrating that LDL-C-lowering therapy with ezetimibe prevented
cardiovascular events in older individuals aged 75 years with elevated LDL-C. Ezetimibe
reduced the risks of primary outcome by 34% and composite cardiac events by 40% with
directionally consistent effects seen for components of the primary outcome. Moreover, a
subgroup analysis indicates consistent results both in men and women. Ezetimibe was well
tolerated and did not increase the incidence of adverse events as compared with the control group.
Furthermore, no statistically significant difference was found in the incidence of non-CAD
causes of death, including deaths from cancer between the ezetimibe group and the control group.
These results support lipid-lowering therapy for the primary prevention for older individuals
aged 75 years with ezetimibe.
The Joint Committee of Japan Gerontological Society and JGS proposed redeﬁning the older
Downloaded from http://ahajournals.org by on August 24, 2019

as aged 75 years in 2017.14 The population of older individuals and the incidence of
lifestyle-related disease in them are increasing in the world, especially in the U.S., Europe, and
Asia including Japan. However, the efficacy of lipid-lowering therapy for older individuals aged
75 years who had elevated LDL-C remained unclear.11 The results from the EWTOPIA 75
address the evidence gap as to whether the primary prevention by lipid-lowering therapy can
prevent CAD events in older individuals.1, 3
Lipid-lowering therapy with statins was effective for patients aged 40–75 years with and
without ASCVD.3, 10, 15 Treatment of dyslipidemia is a keystone for preventive cardiology, and
lowering of LDL-C in selected populations reduces the risk of CAD events in both primary and
secondary prevention.16 However, the majority of RCTs of lipid-lowering therapy have targeted
at individuals under age 75.5, 10, 17 A post-hoc analysis of the Antihypertensive and
Lipid-Lowering treatment to prevent Heart Attack Trial (ALLHAT-LLT) showed that pravastatin
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did not reduce all-cause mortality or CAD when compared with usual care in older individuals
aged 75 years who had well-controlled hypertension and moderately elevated LDL-C.9 In
contrast, the Study Assessing Goals in the Elderly (SAGE), in which a total of 893 ambulatory
CAD patients 65 to 85 years of age were randomized to receive atorvastatin 80 mg/d or
pravastatin 40 mg/d and were followed up for 12 months, showed that intensive statin therapy
was beneficial for the primary prevention of CAD events.5 The Prospective Study of Pravastatin
in the Elderly at Risk (PROSPER), an RCT in which 5,804 individuals aged 70 to 82 years of
age at high risk for ASCVD were assigned to receive pravastatin 40 mg or placebo, demonstrated
the efficacy of pravastatin for ASCVD.6 The Pravastatin Anti-atherosclerosis Trial in the Elderly
(PATE), an RCT that compared the effect of low-dose with standard dose pravastatin, an HMG
CoA reductase inhibitor, on the incidence of ASCVD in elderly patients with
hypercholesterolemia, also showed that standard-dose pravastatin was more effective in reducing
Downloaded from http://ahajournals.org by on August 24, 2019

the incidence of ASCVD than low-dose pravastatin in Japanese patients aged 60 years who had
mild hypercholesterolemia.7 However, these RCTs included older individuals aged <75 years.
Moreover, the PROSPER showed the significant event-suppressive effect of pravastatin only for
secondary prevention.6 The EWTOPIA 75, which followed up only older individuals aged 75
years, used a nonstatin drug ezetimibe to evaluate the efficacy of the primary prevention for
ASCVD. From these viewpoints, the EWTOPIA 75 was different from previous studies, which
provided the first evidence that ezetimibe was effective for the primary prevention of ASCVD in
older individuals aged 75 years.
Observational studies have raised questions regarding benefits of cholesterol lowering in
older adults. A meta-analysis on 61 prospective observational studies indicated the association of
lower TC with lower ASCVD mortality and suggested the less involvement of ASCVD mortality
for older individuals than for the middle-aged.18 A 10-year cohort trial showed that each 1
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mmol/L (38.7 mg/dL) increase in TC corresponded to a 15% decrease in mortality in 724
participants aged 85 years; mortality from cancer and infection was lower in the highest TC
category than in the other categories.19 A 6-year cohort trial in Japanese-American men aged 71
to 93 years revealed a significant U-shaped relationship between the age-adjusted rates of
ASCVD and both TC and LDL-C, suggesting increased ASCVD risk at lower TC in older
individuals.20 However, these observational studies involve multiple biases and confounding
factors. Our results showed the efficiency of lipid-lowering therapy for preventing CAD events
in older individuals aged 75 years with elevated LDL-C.
Our trial did not demonstrate the efficacy of ezetimibe therapy for cerebrovascular events,
although stroke events were numerically lower in the ezetimibe group. This finding may be
attributable to the facts that the inclusion criteria of our trial included not patients with CAD but
those with stroke occurring at 6 months prior to enrollment and that the test was underpowered
Downloaded from http://ahajournals.org by on August 24, 2019

for stroke events. Moreover, our trial could not assess asymptomatic stroke. This finding is in
line, at least in part, with a meta-analysis on 29 cohort studies in the Asia-Pacific region that
indicated a positive association between TC and CAD death but not between serum lipid levels
and stroke in the <60, 60–74, and 75 years old groups.21 On the other hand, interestingly, our
trial showed reductions in LDL-C in the control group after baseline. We have speculated the
reasons about this fact: 1) the improving effect of dietary counseling on the overall risk factor
profile; 2) the potentially natural course of decreasing LDL-C levels in older individuals  75
years; and 3) some effects of the fact that a minimum proportion of patients received statins. We
cannot exclude the possibility of “regression to the mean” but consider that the above reasons
mainly caused the relevant reductions.
The IMProved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT)
showed that the combination of ezetimibe and simvastatin improved cardiovascular outcomes
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compared with simvastatin monotherapy.22 The subanalysis showed that patients aged 75 years
had a 20% relative reduction in the primary outcome.23 In addition, the combination of ezetimibe
and simvastatin prevented CAD events in patients with advanced chronic kidney disease.24 The
EWTOPIA 75 is the first clinical study to demonstrate the clinical benefits of ezetimibe
monotherapy. The number needed to treatment for the primary outcome in the present trial was
37.6, a value lower than 47.1 in PROSPER6 and 50.0 in IMPROVE-IT22. Hence, ezetimibe
monotherapy was suggested to be a potentially useful option to treat dyslipidemia in older adults,
especially those with statin-related adverse events (eg, rhabdomyolysis).25
The magnitude of observed risk reductions by ezetimibe in the EWTOPIA 75 was greater
than expected based on LDL differences between trial groups. The mechanisms by which
ezetimibe was associated with large relative reductions in the incidence of CAD events through
such a small reduction in LDL-C remain unclear. Until these findings are replicated in other
Downloaded from http://ahajournals.org by on August 24, 2019

studies on ezetimibe monotherapy for primary prevention, caution is required when interpreting
the magnitude of treatment effect. The exaggerated magnitude of treatment effect may reflect the
play of chance, and the early closure of the trial might have exaggerated the true treatment effect.
Our trial has several important limitations. First, this was a prospective RCT with blinded
outcome assessment, but not a blinded placebo-controlled trial. We could not use matching
placebo as control because of cost considerations. We consider that this determination is
acceptable because most of the outcomes were objective variables and were analyzed by the
event evaluation committee in a blinded manner. Second, 385 patients were excluded after
randomization, and 664 patients were lost to follow up thereafter during the trial period. It is a
major limitation which may have contributed to inflate treatment effect because this was PROBE
in study design, even though the PROSPER trial also showed similar numbers of patients who
were excluded before randomization.6 The follow-up rates at 1, 2, and 3 years were 100.0%,
16
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97.9%, and 93.9% in ezetimibe group and 100.0 %, 97.9.%, and 94.3 % in control group,
respectively (Supplemental Table 3). The outcomes obtained at 4 and 5 years were compatible
with those obtained up to 3 years. The follow-up rates at 5 years in the ezetimibe group and the
control group were 53.4 % and 52.9 %, respectively. Third, the recruitment of this trial was slow
and the trial was terminated after 3,796 of 6,000 planned participants were enrolled. This was a
nationwide trial that included not only hospitals but also small clinics. More than half of 363
participating sites were represented by sites where only a small mall number of patients were
enrolled: 1, 2, and 3 patients at 90, 63, and 40 sites, respectively. We consider that these
participating sites affected the recruitment rate. However, the strong point of this trial was that
we included trial patients on the nationwide scale, which suggested less area bias. Fourth, the
low incidence of adverse events in our trial may reflect reporting bias. Ezetimibe is well-known
for the lower incidence of adverse events compared to statins. Moreover, subjects of the present
Downloaded from http://ahajournals.org by on August 24, 2019

trial were very old, and there was a possibility that some doctors failed to report minor adverse
events because they could consider that some adverse events came from aging effects. Fifth, this
trial did not achieve the planned sample size or the estimated number of the primary outcome
events in the initial protocol. The initial statistical analysis plan established “6,000 patients” as
the target number of patients to detect a significant difference between the trial groups for the
incidence of the primary outcome events. However, the IDMC recommended the earlier closure
of the trial than expected due to increments in competing risks. Although statistically significant
differences were found in the primary outcome, composite cardiac events, and coronary
revascularization, other outcomes of interest may be subject to type II error. Additionally, the
larger than expected treatment effect may reflect the lower precision of the outcome rates due to
the small numbers of events. Finally, the number of censored individuals in the trial groups
increased due to increments in competing risks (eg, losses to follow up due to noncardiac death,
17
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and transfer to nursing homes), which led to the earlier closure of the trial that was recommended
by the IDMC. Post-hoc competing risk-adjusted analysis revealed the similar results as the
primary analysis. The impact of competing risks increased with aging, suggesting that we should
take it into account when designing RCTs for older individuals.
Conclusions
LDL-C-lowering therapy with ezetimibe prevented cardiovascular events in older individuals
aged 75 years, suggesting the importance of LDL-C lowering for primary prevention in
individuals aged 75 years with elevated LDL-C. Given the open label nature of the trial, its
premature termination and issues with follow up, the magnitude of benefit observed should be
interpreted with caution.
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Table 1. Baseline Patient Characteristics
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Control Group (n=1,695)
Ezetimibe Group (n=1,716)
Age (years)
80.64.7
80.64.7
325 (19.2)
323 (18.8)
Patients aged 85 years
Sex
Male
432 (25.5)
440 (25.6)
Female
1263 (74.5)
1276 (74.4)
Height (cm)
150.68.6
150.78.7
Body weight (kg)
53.410.4
53.810.0
Body mass index (kg/m2)
23.53.7
23.63.5
Waist circumference (cm)
84.110.1
84.510.1
Total cholesterol (mg/dL)
244.124.4
245.625.5
High-density lipoprotein cholesterol (mg/dL)
56.613.9
57.314.2
Triglycerides (mg/dL)
131.155.9
132.154.5
Low-density lipoprotein cholesterol (mg/dL)
161.319.4
161.920.1
Non-high-density lipoprotein cholesterol (mg/dL)
187.523.3
188.423.8
Decreased high-density lipoprotein cholesterol
156 (9.2)
146 (8.5)
Hypertriglyceridemia
520 (30.7)
526 (30.7)
Systolic blood pressure (mmHg)
135.815.9
137.015.8
Diastolic blood pressure (mmHg)
74.010.4
74.410.4
Heart rate (beats/min)
72.710.5
73.011.2
TMIG-IC
10.73.1
10.73.1
Smoking status
Never smoked
1456 (85.9)
1466 (85.4)
Former smoker
157 (9.3)
161 (9.4)
Current smoker
82 (4.8)
89 (5.2)
Complications
Hypertension
1509 (89.0)
1520 (88.6)
Diabetes mellitus
434 (25.6)
433 (25.2)
Metabolic syndrome
276 (16.3)
290 (16.9)
Others
176 (10.4)
186 (10.8)
Peripheral artery disease
49 (2.9)
52 (3.0)
Number of risk factors*
0
0 (0.0)
0 (0.0)
1-2
1470 (86.7)
1488 (86.7)
225 (13.3)
228 (13.3)
3
Anamnesis
Cerebral infarction
118 (7.0)
117 (6.8)
Fracture
35 (2.1)
45 (2.6)
Treatment history of malignant tumors
24 (1.4)
27 (1.6)
Chronic obstructive pulmonary disease
17 (1.0)
14 (0.8)
Cerebral hemorrhage
9 (0.5)
8 (0.5)
Transient ischemic attack
5 (0.3)
3 (0.2)
Others
129 (7.6)
144 (8.4)
Data are expressed as meanSD or number (%). n, number of patients; TMIG-IC, Tokyo Metropolitan Institute
index of competence *: Diabetes mellitus, hypertension, low high-density lipoprotein cholesterol levels,
hypertriglyceridemia, cigarette smoking, history of cerebral infarction, and peripheral arterial disease
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Table 2. Outcomes of EWTOPIA 75
Control, n (%)
n=1,695

Ezetimibe, n (%)
n=1,716

Hazard Ratio
(95% CI)

P Value

Downloaded from http://ahajournals.org by on August 24, 2019

Primary outcome
Composite of sudden cardiac death,
133 (7.8)
89 (5.2)
0.66 (0.50-0.86)
0.002
fatal/nonfatal myocardial infarction, coronary
revascularization, or fatal/nonfatal stroke
Key secondary outcomes
Composite cardiac events*
43 (2.5)
26 (1.5)
0.60 (0.37–0.98)
0.039
Sudden cardiac death
23 (1.4)
15 (0.9)
0.65 (0.34–1.25)
0.12
Composite myocardial infarction
20 (1.2)
11 (0.6)
0.55 (0.26–1.14)
0.10
Fatal myocardial infarction
4 (0.2)
3 (0.2)
0.75 (0.17–3.33)
0.70
Nonfatal myocardial infarction
16 (0.9)
8 (0.5)
0.50 (0.21–1.16)
0.10
Coronary revascularization†
26 (1.5)
10 (0.6)
0.38 (0.18–0.79)
0.007
Composite stroke‡
70 (4.1)
55 (3.2)
0.78 (0.55–1.11)
0.17
Fatal stroke
18 (1.1)
11 (0.6)
0.61 (0.29–1.29)
0.19
Nonfatal stroke
54 (3.2)
47 (2.7)
0.87 (0.59–1.28)
0.47
Composite cerebral infarction§
60 (3.5)
47 (2.7)
0.78 (0.53–1.14)
0.20
Fatal cerebral infarction
11 (0.6)
7 (0.4)
0.64 (0.25–1.64)
0.34
Nonfatal cerebral infarction
50 (2.9)
43 (2.5)
0.86 (0.57–1.29)
0.45
Transient ischemic attack
4 (0.2)
2 (0.1)
0.50 (0.09–2.74)
0.42
ǁ
Composed cerebral hemorrhage
11 (0.6)
8 (0.5)
0.73 (0.29–1.81)
0.50
Fatal cerebral hemorrhage
7 (0.4)
4 (0.2)
0.57 (0.17–1.95)
0.36
Nonfatal cerebral hemorrhage
4 (0.2)
4 (0.2)
1.00 (0.25–3.99)
1.00
Carotid artery revascularization
0 (0.0)
0 (0.0)
NA
Peripheral artery revascularization
1 (0.1)
0 (0.0)
NA
Aortic dissection, rupture of aortic aneurysm,
5 (0.3)
2 (0.1)
0.40 (0.08–2.05)
0.25
and surgery of aortic aneurysm
All-cause mortality
173 (10.2)
188 (11.0)
1.09 (0.89–1.34)
0.43
Noncerebro- and noncardiovascular deaths¶
98 (5.8)
120 (7.0)
1.23 (0.94–1.60)
0.13
Cerebro- and cardiovascular deaths
45 (2.7)
29 (1.7)
0.64 (0.40–1.03)
0.06
Death from malignant tumors
29 (1.7)
38 (2.2)
1.31 (0.81–2.13)
0.27
Death from the rupture of aortic aneurysm
1 (0.1)
1 (0.1)
NA
The hazard ratios and 95% confidence intervals were calculated by Cox proportional hazards analysis, and the p
values by log-rank test.
* Includes sudden cardiac death and fatal/nonfatal myocardial infarction.
†
Includes percutaneous coronary intervention or coronary artery bypass grafting.
‡
Includes fatal/nonfatal stroke.
§
Includes fatal/nonfatal cerebral infarction but excludes transient ischemic attack.
ǁ
Includes fatal/nonfatal cerebral hemorrhage.
¶
Does not include death from malignant tumors.
EWTOPIA 75, ezetimibe lipid-lowering trial on prevention of atherosclerosis in patients aged 75 years or older; n,
number of patients; CI, confidence interval; NA, not available
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Table 3. Adverse Events

Respiratory
Gastrointestinal (including the hepatobiliary
tract)
Neurologic
Cardiovascular
Renal
Endocrinologic
Orthopedic (including muscle and bone)
Otorhinolaryngologic
Urologic
Ophthalmologic
Dermatologic
Dental and oral surgery
Infections
Hematologic abnormalities
Others
Total
n, number of patients

Number of Episodes
Control Group (n=1,726)
23
21
6
23
5
5
41
16
4
1
5
1
3
3
9
166
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Ezetimibe Group (n=1,742)
22
24
13
14
8
7
40
12
4
3
14
0
4
7
13
185
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Figure Legends

Figure 1. Trial profile. A total of 385 excluded patients are detailed as follows: 1) Withdrew
consent: 47 patients who gave written consent and were then enrolled. They withdrew the
consent prior to the onset of trial treatment because of their worry about trial treatment or
hospital visits for a long period of time; 2) Deficient consent form: 85 patients about whom
independent on-site monitoring revealed that the investigators had not obtained written informed
consent at the time of written consent acquisition; 3) No information after trial onset: 196
patients were transferred to other hospitals, admitted to centers for geriatric care, etc. at 1 or
subsequent years of treatment; and 4) Ineligible: 57 patients who were found to be ineligible by
on-site monitoring that was conducted to ensure the quality of the trial data. Concretely, 3
patients had a history of cardiovascular events, 6 and 8 patients had confirmed stroke and
Downloaded from http://ahajournals.org by on August 24, 2019

unconfirmed stroke, respectively, which was less than 6 months after onset at the time of
enrollment, 7 patients had a malignant tumor that was less than 5 years after onset, and 33
patients had dementia prior to enrollment.

Figure 2. Time-course changes in the serum levels of LDL-C (A), HDL-C (B), non-HDL-C
(C), and TG (D) for 5 years after randomization in the ezetimibe group and the control
group. LDL-C was calculated according to the Friedewald’s formula: LDL-C=TC - (HDL-C +
TG/5), and non-HDL-C as “total cholesterol minus HDL-C.”
LDL-C; low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
non-HDL-C, non-high-density lipoprotein cholesterol; TG, triglycerides
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Figure 3. Kaplan-Meier estimates of the incidences of outcome events in the ezetimibe
group and the control group. Primary outcome (A). Composed stroke (B). Composite cardiac
events (C). All-cause mortality (D).HR, hazard ratio; CI, confidence interval

Figure 4. Subgroup analyses of the primary outcome events.
*: Includes diabetes mellitus, hypertension, decreased high-density lipoprotein cholesterol,
hypertriglyceridemia, cigarette smoking, history of cerebral infarction, and peripheral artery
disease. n, number of patients; CI, confidence interval; LDL-C, low-density cholesterol; HDL-C,
high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate
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5,333 Eligible
17 Excluded due to the exclusion criteria
1,520 Cancelled by the institution
3,796 Enrolled

3,796 Randomized
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1,898 Ezetimibe group

1,898 Control group
15 Withdrew consent
46 Deficient consent form
111 No information after study onset

32 Withdrew consent
39 Deficient consent form
85 No information after study onset
1,742 Assessed for safety

1,726 Assessed for safety

31 Ineligible

26 Ineligible

1,716 Included in analysis

1,695 Included in analysis

B

180

80

170
160

Ezetimibe
Control

162.0
161.3

150

144.1
139.5

140

135.9

133.9

131.4

130
120

126.1

123.9

122.6

123.1

110

120.1

Main effect P<0.001
Interaction P<0.001

0

Baseline

1

2

3

4

1700
1685

1489
1464

1245
1227

1009
1023

685
706

311
314

57.3

57.4

57.5

57.2

56.7

57.9

56.7

56.2

56.3

56.3

56.6

56.6

50
40

Main effect P=0.12
Interaction P=0.19

Baseline
Number of Patients
Ezetimibe
Control

1

2

3

4

5

1018
1028

701
718

318
319

Years
1700
1685

1508
1484

1259
1244

D
188.4

187.5

150

Ezetimibe
Control
170.6

151.6

Ezetimibe
Control

140
165.5

149.4

161.9

147.8

159.4

147.8

156.5

144.8

TG (mg/dL)

Non-HDL Cholesterol (mg/dL)
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Number of Patients
Ezetimibe
Control

60

0

C
200
190
180
170
160
150
140
130
120
110

Ezetimibe
Control

70

5

Years

Number of Patients
Ezetimibe
Control

HDL Cholesterol (mg/dL)

LDL Cholesterol (mg/dL)

A

Main effect P=0.003
Interaction P=0.78

130
121.9

0
Baseline

1

2

3

4

1700
1685

1490
1466

1247
1230

1009
1024

687
707

311
314

117.9

116.5

113.8

113.2

114.5

120.3
115.2

115.6

111.7

0

5

Years

118.8

120
110

Main effect P<0.001
Interaction P<0.001

120.4

Baseline
Number of Patients
Ezetimibe
Control

1

2

3

4

5

1019
1029

699
717

317
321

Years
1700
1685

1507
1484

1258
1242

B

A
Control
Ezetimibe

Control
Ezetimibe

0.20

HR 0.66, 95% CI 0.50-0.86;
P=0.002

Composed Stroke

Primary Endpoint

0.20

0.15

0.10

0.05

0.00

HR 0.78, 95% CI 0.55-1.11;
P=0.17

0.15

0.10

0.05

0.00
0

1

2

3

4

5

0

1

2

No. at Risk
Control
Ezetimibe

1695
1716

1582
1617

1418
1445

1217
1219

887
897

383
387

No. at Risk
Control
Ezetimibe

4

5

1695
1716

1590
1619

1435
1447

1238
1226

906
903

397
391

D
Control
Ezetimibe

Control
Ezetimibe

0.20

HR 0.60, 95% CI 0.37-0.98;
P=0.039

All-Cause Mortality

0.20

Composite Cardiac Events
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C

0.15

0.10

0.05

0.00

HR 1.09, 95% CI 0.89-1.34;
P=0.43

0.15

0.10

0.05

0.00
0

1

2

3

4

5

0

1

Years
No. at Risk
Control
Ezetimibe

3

Years

Years

1695
1716

1603
1629

1454
1464

1260
1249

2

3

4

5

1268
1252

926
922

410
403

Years
920
919

405
402

No. at Risk
Control
Ezetimibe

1695
1716

1608
1630

1463
1466

Control
(n=1,695)

Subgroup
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Age
<85 years
85 years
Sex
Male
Female
Diabetes mellitus
Absent
Present
Hypertension
Absent
Present
Number of risk
factors*
1-2
3
History of cerebral
infarction
Absent
Present
Peripheral artery
disease
Absent
Present
LDL-C at baseline
<160 mg/dL
160 mg/dL
Decreased HDL-C
Absent
Present
Hypertriglyceridemia
Absent
Present
Metabolic syndrome
Absent
Present
Chronic kidney
disease
<60 mL/min/1.73 m2
in eGFR
60 mL/min/1.73 m2
in eGFR
Plasma hemoglobin
<12 mg/dL
12 mg/dL
Pretrial history of
dyslipidemia treatment
Absent
Present

Ezetimibe
(n=1,716)

Hazard Ratio (95% CI)

P
P Value
Value for
InterAction

No. of No. with No. of No. with
Patients Events
Patients Events
1,370
325

102
31

1,393
323

60
29

0.58 (0.42–0.80) 0.001 0.17
0.93 (0.56–1.54) 0.78

432
1,263

43
90

440
1,276

26
63

0.60 (0.37–0.98) 0.041 0.63
0.69 (0.50–0.95) 0.024

1,261
434

96
37

1,283
433

64
25

0.66 (0.48–0.91) 0.010 1.00
0.66 (0.40–1.10) 0.11

186
1,509

8
125

196
1,520

11
78

1.08 (0.46–2.54) 0.86 0.24
0.63 (0.47–0.83) 0.001

1,470
225

109
24

1,488
228

73
16

0.66 (0.49–0.89) 0.006 0.93
0.64 (0.34–1.21) 0.17

1,577
118

123
10

1,599
117

83
6

0.67 (0.51–0.89) 0.005 0.53
0.49 (0.18–1.35) 0.17

1,646
49

130
3

1,664
52

87
2

0.66 (0.51–0.87) 0.003 0.82
0.55 (0.09–3.32) 0.52

996
689

76
57

993
707

53
35

0.71 (0.50–1.01) 0.05 0.49
0.59 (0.38–0.89) 0.013

1,529
156

117
16

1,554
146

76
12

0.65 (0.49–0.86) 0.003 0.70
0.75 (0.36–1.59) 0.46

1,165
520

91
42

1,174
526

60
28

0.65 (0.47–0.91) 0.011 0.92
0.68 (0.42–1.08) 0.10

1,419
276

109
24

1,426
290

76
13

0.72 (0.53–0.97) 0.029 0.35
0.50 (0.26–0.99) 0.047

893

58

900

36

0.61 (0.40–0.92) 0.020 0.61

796

74

814

53

0.71 (0.50–1.00) 0.05

431
1,252

49
83

384
1,321

22
67

0.51 (0.31–0.85) 0.009 0.19
0.76 (0.55–1.05) 0.10

1,337
358

107
26

1,355
361

76
13

0.66 (0.50–0.86) 0.002 0.39
0.50 (0.26–0.98) 0.044

0.1

1
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