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Introduction: Statins remain the first-line treatment for secondary prevention of
cardiovascular (CV) events, with lowering of low-density lipoprotein cholesterol
(LDL-C) being their therapeutic target. Although LDL-C reduction significantly
lowers CV risk, residual risk persists, even in patients with well-controlled LDL-
C; thus, statin add-on agents that target pathways other than LDL-C, such as
the omega-3 fatty acid eicosapentaenoic acid, may help to further reduce
persistent CV risk in patients with established CV disease.
Methods: This narrative review examines the contemporary literature assessing
intermediate- and long-term event rates in patients with established CV
disease treated with statins.
Results: CV event rates among patients treated with statins who have established
CV disease, including coronary artery disease, cerebrovascular disease, or
peripheral arterial disease, accumulate over time, with a cumulative incidence
of CV events reaching up to approximately 40% over 10 years. Recurrent
stroke occurs in up to 19% of patients seven years after a first cerebrovascular
event. Repeat revascularization and CV-related death occurs in up to 38% and
33% of patients with peripheral artery disease after three years, respectively.
Discussion: Additional treatment strategies, such as eicosapentaenoic acid, are
needed to reduce persistent CV risk in patients with established CV disease
treated with statins.
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1 Introduction

Globally, cardiovascular disease (CVD) remains the leading cause of morbidity and

mortality and is a growing concern amidst an aging population with an increasingly

sedentary lifestyle (1, 2). In 2019, nearly 18 million CVD-related deaths occurred (32%

of global deaths), the majority (85%) of which were due to myocardial infarction (MI)

and stroke (2). Individuals aged older than 75 years are three times more likely to die

from CVD than younger individuals and will comprise more than 10% of the

population by 2050 (3, 4).
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In addition to the burden on patients, CVD places a substantial

strain on the health care system in terms of resource utilization and

costs. Between 2017 and 2018 in the United States, CVD accounted

for $378 billion in direct and indirect costs, comprising 12% of

total US health expenditures for that period and exceeding costs

of any other major condition (5).

Patients with established atherosclerotic cardiovascular disease

(ASCVD), including coronary artery disease (CAD),

cerebrovascular artery disease, peripheral artery disease (PAD),

or atherosclerotic aortic disease, are at very high risk for

recurrent CVD events, including MI, stroke, and death (6).

Approximately 20 million Americans aged 20 years or older have

CAD (5). Approximately 20%–40% of acute coronary or

cerebrovascular events occur in individuals with established

vascular disease (7). The five-year CVD rate of MI, heart failure,

stroke, or cardiovascular (CV)-related death in patients with

established CVD is five-fold greater than that of individuals

without CVD (7). As such, there is an unmet need to reduce the

rate of CV events in this very-high-risk patient population.

In secondary prevention clinical practice, intermediate- and

long-term rates of CV events are less known and less discussed

than short-term outcomes after an acute event. Considering that

there is a large patient population with established CVD, the

focus should shift to longer-term outcomes based on published

rates of events and death to facilitate patient-centered treatment

decisions on additional preventive treatments that may lower

residual risk beyond the effect of statins. The aim of this

narrative review is to examine the contemporary literature

assessing intermediate- and long-term event rates in patients

with established CVD treated with statins.
2 Established link between low-density
lipoprotein cholesterol, cardiovascular
risk, and statin treatment

An elevated low-density lipoprotein cholesterol (LDL-C) level

is a well-established risk factor for ASCVD and has been at the

forefront of reducing CV risk in primary and secondary

prevention settings (6, 8). Statins have remained first-line

treatment for reducing CV risk for more than four decades, with

overwhelming evidence showing a direct correlation between

reduction of LDL-C levels and CV outcomes (8–10).

Early landmark statin efficacy studies, including the

Scandinavian Simvastatin Survival Study (4S), Cholesterol and

Recurrent Events trial, Long-Term Intervention With Pravastatin

in Ischaemic Disease study (1998), and Heart Protection Study

(2002), were pivotal in showing that statins are effective in

reducing both LDL-C levels and CV events in patients with

established CVD (11–14). Later landmark trials, including

the Pravastatin or Atorvastatin Evaluation and Infection

Therapy–Thrombolysis in Myocardial Infarction 22 and the

Treating to New Targets study, compared the efficacy of high-

intensity statins (80 mg) vs. standard-therapy statins (10–40 mg)

and found that higher-intensity statin therapy further reduced

CV events (15, 16).
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Following the Pravastatin or Atorvastatin Evaluation and

Infection Therapy–Thrombolysis in Myocardial Infarction 22 and

the Treating to New Targets studies, a 2010 meta-analysis of 26

clinical trials involving 170,000 patients in primary and

secondary prevention settings from the Cholesterol Treatment

Trialists compared the efficacy of high- and low-intensity statin

regimens and concluded that each 38.7-mg per dl reduction in

LDL-C levels reduced the incidence of major vascular events by

approximately 20% (17); these trials studied were instrumental in

providing the evidence base for guidelines to recommend a target

LDL-C level below 70 mg per dl (18).

Encouraged by results from the Pravastatin or Atorvastatin

Evaluation and Infection Therapy–Thrombolysis in Myocardial

Infarction 22 and the Treating to New Targets studies, efforts

were focused on developing statin add-on agents that could lower

LDL-C levels even further and reduce residual CV risk (19).

Ezetimibe and proprotein convertase subtilisin/kexin type 9

(PCSK9) inhibitors (e.g., evolocumab, alirocumab) helped to

reduce LDL-C levels to as low as 30 mg per dl when added to a

statin and improved CV outcomes, as demonstrated in the

Further Cardiovascular Outcomes Research With PCSK9

Inhibition in Subjects With Elevated Risk, Improved Reduction

of Outcomes: Vytorin Efficacy International Trial (IMPROVE-

IT) and Evaluation of Cardiovascular Outcomes After an Acute

Coronary Syndrome During Treatment With Alirocumab

(ODYSSEY OUTCOMES) trials, further adding to mounting

evidence that a lower LDL-C level is better (19–22).

Guidelines have since been updated. The 2023 American Heart

Association/American College of Cardiology guidelines for chronic

coronary disease recommend high-intensity statin therapy for

patients with a history of ASCVD to achieve at least 50%

reduction in LDL-C (23). The 2023 American Diabetes

Association “Standards of Care in Diabetes” recommend the

addition of ezetimibe or a PCSK9 inhibitor if the LDL-C level

remains at least 55 mg per dl in patients taking maximally

tolerated statin therapy who are at very high risk (i.e., diabetes

and atherosclerotic cardiovascular disease) (24). The 2019

European Society of Cardiology/European Atherosclerosis Society

guidelines for dyslipidemia similarly recommend an LDL-C

reduction of at least 50% from baseline and an LDL-C goal of

less than 55 mg per dl for secondary prevention in patients at

very high risk (25).
3 Despite significant advances in
treatment for cardiovascular disease,
residual risk persists, even in patients
with low-density lipoprotein
cholesterol levels below target level

Low-density lipoprotein cholesterol has remained the chief

therapeutic target, including among statin add-on agents (e.g.,

ezetimibe, PCSK9 inhibitors, bempedoic acid), with the goal of

reducing LDL-C levels further to lower residual risk (19–21, 26).

Yet, a plethora of evidence indicates that substantial residual risk

persists. One reason for this increased risk is suboptimal
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attainment of the guideline-recommended LDL-C level (i.e., <70 or

55 mg per dl) due, in part, to poor adherence to statin therapy

(27, 28). Overall, 25%–50% of patients discontinue statin therapy

within one year of their initiation, with high nonadherence even

among those continuing treatment (29). However, even among

patients with controlled LDL-C levels and those well below the

recommended target of 70 or 55 mg per dl (19–21, 30–32),

residual risk persists.

The following sections review CV risk in patients treated with

statins who have established CVD, CAD, cerebrovascular disease,

or PAD participating in intermediate and long-term registry and

clinical studies published over the past decade.
4 Persistent cardiovascular risk in
patients with established
cardiovascular disease

The Reduction of Atherothrombosis for Continued Health

Registry is a prospective cohort of 45,227 patients with

established atherosclerosis (CAD, PAD, or cerebrovascular

disease) or three or more risk factors for atherosclerosis and four

years of follow-up. Cavender et al. (33) evaluated the impact of

diabetes mellitus (DM) on long-term CV outcomes; statins were

used at the four-year follow-up by 74.1% and 71.5% of patients

with and without DM, respectively. The cumulative incidence of

CV-related death, MI, or stroke in 19,699 patients with DM with

known atherothrombosis varied from 5% to 7% at one year and

increased to 14%–21% at approximately four years, depending on

whether the patients had a prior ischemic event (Table 1) (33–38).

The double-blind, randomized, multicenter Long-Term

Outcomes Study to Assess Statin Residual Risk With Epanova in

High Cardiovascular Risk Patients With Hypertriglyceridemia

trial compared the effect of combined eicosapentaenoic acid

(EPA) and docosahexaenoic acid (DHA) vs. placebo on clinical

outcomes in 13,078 patients treated with statins at high CV risk

(34). At randomization, all patients were receiving a statin, with

50% receiving high-intensity statins. At baseline, 56% (n = 6,539)

of patients in the placebo group had established CVD, 46% had

coronary disease, 8% had cerebrovascular disease, 4% had

peripheral vascular disease, 4% had aortic disease, and 70% had

DM. The median LDL-C level was 75 mg per dl, decreasing 1.1%

in the placebo group during the study. The cumulative incidence

of CV-related death, nonfatal MI, nonfatal stroke, coronary

revascularization, or unstable angina among 6,539 patients

receiving placebo was 4% at one year, increasing to 13% at four

years in the placebo group (34).

Extended follow-up of the Heart Protection Study, which

evaluated the efficacy and safety of considerably lowering LDL-C

with simvastatin 40 mg in 20,536 patients at high risk for CV

events, gathered long-term efficacy and safety data, including

CV event rates, in the in-trial and posttrial periods totaling

11 years (35). Overall, 41% had MI, 24% had other history of

CAD, 16% had cerebrovascular disease, and 33% had PAD (14).

The baseline, in-trial, and posttrial LDL-C levels were 131.5,

89.0, and 100.5 mg per dl, respectively (35), and 85% and 74%
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of patients in the simvastatin group were taking a statin

in-trial and posttrial, respectively (35). The cumulative incidence

rates of nonfatal MI, coronary death, fatal/nonfatal stroke, or

coronary/noncoronary revascularization in 10,269 patients

receiving simvastatin were 5% at one year, 25% at five years, and

44% at 11 years (35).

The Further Cardiovascular Outcomes Research With PCSK9

Inhibition in Subjects With Elevated Risk trial, a multinational,

double-blind, placebo-controlled study of 27,564 patients with

established atherosclerosis treated with statins, investigated

the efficacy of evolocumab vs. placebo for reducing CV-related

death, MI, stroke, hospitalization for unstable angina or coronary

(primary efficacy endpoint) and CV-related death, MI, or stroke

(key secondary efficacy endpoint) (20). Nearly all patients were

receiving either moderate- or high-intensity statin therapy, and

the median LDL-C level at randomization was 92 mg per dl

in the placebo group. The cumulative incidence of the

primary endpoint in the 13,780 patients receiving placebo

increased from 6% at one year to 15% at three years. The key

secondary endpoint occurred in 4% at one year and in 10%

cumulatively at three years.

The phase 3b, multicenter, randomized, double-blind, placebo-

controlled Reduction of Cardiovascular Events With Icosapent

Ethyl-Intervention Trial (REDUCE-IT) compared icosapent ethyl

(IPE) 4 g with placebo in 8,179 patients with established CVD

(secondary prevention) treated with statins or those with diabetes

and other risk factors (primary prevention) (38). Eligible patients

had a triglyceride (TG) level of 150–499 mg per dl and an LDL-

C level of 41–100 mg per dl. Patients in the secondary

prevention setting were aged 45 years or older with established

CVD, and those in the primary prevention were aged 50 years or

older with DM and had at least one additional risk factor.

Overall, approximately 71% of the patient population had

established CVD, and 58% had type 2 DM. Cumulative incidence

of a composite of CV-related death, nonfatal MI, nonfatal stroke,

coronary revascularization, or unstable angina in patients treated

with statins receiving placebo in the trial was 5% at one year,

increasing to 25% at five years. Cumulative incidence of CV-

related death, nonfatal MI, or nonfatal stroke was 3% at one year

and 17% at five years.

Pemafibrate to Reduce Cardiovascular Outcomes by Reducing

Triglycerides in Patients With Diabetes (PROMINENT) was a

multinational, double-blind, randomized, placebo-controlled trial

involving 10,538 patients treated with statins (96%) who had

type 2 DM, fasting TG levels 200–499 mg per dl, and high-

density lipoprotein cholesterol levels no higher than 40 mg per dl

who were randomized to receive pemafibrate 0.2 mg twice daily

or matching placebo over a median of 3.4 years (37). Among

5,257 patients receiving placebo, approximately 67% had

established CVD, 46% had type 2 DM for at least 10 years, 92%

had hypertension, and 17% had a history of smoking. Overall,

their LDL-C levels were well controlled, with mean baseline

levels of 78 mg per dl. Among patients receiving placebo, the

cumulative incidence of MI, ischemic stroke, coronary

revascularization, or death from CV-related causes was 4% at one

year, increasing to 12% at four years.
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5 Residual cardiovascular risk in
patients with established coronary
artery disease

Using the French Registry of Acute Coronary Syndrome,

Puymirat et al. (39) assessed the impact of an invasive strategy

[i.e., early coronary angiography during initial hospital

admission, whether it was followed (or not) by revascularization]

compared with that of a conservative strategy (i.e., medical

therapy alone with no coronary angiography) in 1,645 patients

with non–ST-segment elevation MI admitted to an intensive care

unit within 48 h after symptom onset for acute MI. Of 1,316

patients receiving invasive treatment, 34% were receiving a statin

before admission and 76% were receiving a statin within 48 h of

being admitted to the intensive care unit. In the invasive-

treatment group, the cumulative incidence rates of overall

mortality increased from 9% at one year to 17% at three years,

CV-related death from 6% at one year to 8% at three years,

nonfatal MI from 13% at one year to 22% at three years, and a

composite of overall death, nonfatal MI, stroke, or

revascularization from 21% at one year to 33% at three years

(Table 2) (19, 21, 39–45).

The Canakinumab Antiinflammatory Thrombosis Outcome

Study was a randomized, double-blind, placebo-controlled trial of

10,061 patients with a history of MI, and it evaluated the efficacy

and safety of canakinumab for prevention of recurrent vascular

events in patients with an hs-CRP level of at least 2 mg per l

(40). Most patients had undergone a previous revascularization

procedure, including percutaneous coronary intervention (PCI;

67%) and coronary artery bypass graft (14%). At baseline, of

3,344 patients in the placebo group, 91.1% were treated with

statins, and the median LDL-C level was 82.4 mg per dl after 48

months of treatment. The cumulative incidence of nonfatal MI,

nonfatal stroke, or CV-related death in the placebo group was

5% at the first year, increasing four-fold (20%) by the fifth year;

the incidence of a composite of nonfatal MI, nonfatal stroke,

CV-related death, or hospital stay for unstable angina that led to

urgent revascularization was 6% at the first year, increasing to

22% by the fifth year (40).

Long-term effects of statin therapy were assessed in the Long-

Term Intervention With Pravastatin in Ischaemic Disease study,

which compared pravastatin 40 mg and placebo over six years in

a double-blind phase and 10 years in an open-label phase, for a

total of 16 years of follow-up data involving 9,014 patients with a

history of MI or angina pectoris (41). Of the 4,512 patients in

the original pravastatin group, 85% continued taking statin

therapy during follow-up, and the median LDL-C level across the

trial and follow-up period was 151 mg per dl. The cumulative

incidences of all-cause mortality among patients taking

pravastatin at six, 10, and 16 years were 11%, 22%, and 42%,

respectively; of coronary heart disease mortality rates, 6%, 12%,

and 23%, respectively; and, of CVD mortality rates, 7%, 14%,

and 27%, respectively (41).

Investigators in the Study of the Effectiveness of Additional

Reductions in Cholesterol and Homocysteine trial assessed the

safety and efficacy of more intensive statin therapy with
Frontiers in Cardiovascular Medicine 05
simvastatin 80 mg vs. 20 mg in 12,064 patients with a history of

MI (42); 35% had previous coronary or noncoronary

revascularization, 7% had cerebrovascular disease, 11% had DM,

and 42% had hypertension. Among 6,031 participants receiving

80 mg simvastatin, 90% were compliant with treatment after 12

months and 77% after 84 months. By 84 months, LDL-C levels

were reduced by approximately 14 mg per dl more in patients

receiving simvastatin 80 mg vs. 20 mg. The cumulative incidence

of coronary death, MI, or coronary revascularization in the

simvastatin 80 mg group was 8% at two years and increased to

25% by seven years (42).

IMPROVE-IT, a double-blind, randomized trial involving

patients admitted to the hospital for acute coronary syndrome

(ACS), evaluated the effect of ezetimibe combined with

simvastatin compared with simvastatin alone in 18,144 patients

with a history of ACS (19). More than one-quarter (27%) of

patients had DM, 88% had undergone coronary angiography,

and 70% had undergone PCI. Overall, 34% were taking a statin

drug at the time of the index event, and 77% received statin

therapy during a hospital stay. The mean LDL-C level was

approximately 94 mg per dl in both treatment groups at baseline

and decreased to 69.5 mg per dl in the simvastatin monotherapy

group over the course of the trial. The cumulative incidence of

death from CVD, major coronary event, or nonfatal stroke in the

9,077 patients receiving simvastatin monotherapy was 14% at the

first year and more than doubled (34%) by the seventh year (19).

Assessment of Lipophilic Versus Hydrophilic Statin Therapy in

Acute MI was a multicenter, randomized trial comparing the

efficacy of hydrophilic pravastatin with that of lipophilic

atorvastatin in 528 patients with acute MI. Patients received

either atorvastatin or pravastatin started at 10 mg once daily,

with the goal of reducing LDL-C levels to below 100 mg per dl

(43). Baseline mean LDL-C level was approximately 130 mg

per dl in each treatment group; at the end of the study

treatment (24 months), LDL-C levels were 92 and 82 mg per dl

in the pravastatin and atorvastatin groups, respectively. The rate

of death due to any cause, nonfatal MI, nonfatal stroke,

congestive heart failure requiring hospital stay, or any type of

coronary revascularization among 253 patients treated with

pravastatin was 24% at the first year and increased to 31%

by the second year. The rate of death due to any cause, nonfatal

MI, or nonfatal stroke was 1% at the first year, increasing to 4%

at the second year (43).

Randomized Evaluation of Aggressive or Moderate Lipid

Lowering Therapy With Pitavastatin in Coronary Artery Disease

was a prospective, multicenter, randomized, open-label, blinded

end point study investigating the efficacy and safety of higher-

dose (4 mg per day) vs. lower-dose (1 mg per day) pitavastatin in

13,054 Japanese patients with established CAD (44). Overall, 76%

had hypertension, 40% had DM, 51% had prior MI, and 90%

had prior coronary revascularization (predominantly by PCI).

Baseline mean LDL-C levels were approximately 88 mg per dl in

both treatment groups. At the end of the study treatment, LDL-C

level was 76.6 mg per dl among the 6,199 patients in the high-

dose pitavastatin group. The cumulative incidence of CV-related

death, nonfatal MI, nonfatal ischemic stroke, or unstable angina
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requiring an emergency hospital stay was 1.2% at one year and

increased to 4.6% at four years in the high pitavastatin group.

Furthermore, in the same group, the incidence of CV-related

death, nonfatal MI, nonfatal ischemic stroke, unstable angina

requiring an emergency hospital stay, or coronary

revascularization was 2.5% at one year and more than tripled to

8.5% at four years (44).

ODYSSEY OUTCOMES, a multicenter, randomized, double-

blind, placebo-controlled trial involving 18,924 patients with

ACS, evaluated the effect of alirocumab vs. placebo on risk of

recurrent ischemic CV events (21). The majority of patients

had MI (83%), and 16.8% had unstable angina. Of the 9,462

patients in the placebo group, 86.6% were receiving statin

therapy at study end. Baseline mean LDL-C level was 92 mg per

dl in both treatment groups, increasing to 103 mg per dl in the

placebo group at the conclusion of the study. The cumulative

incidence of death from coronary heart disease, nonfatal MI,

fatal/nonfatal ischemic stroke, or unstable angina requiring a

hospital stay was 5% at one year and increased to 15% at four

years in the placebo group.

Subanalysis of the IMPROVE-IT trial investigated the efficacy

and safety of ezetimibe plus simvastatin vs. placebo plus

simvastatin in 18,135 patients with ACS stratified by the presence

of DM at randomization (45). Patients with DM (n = 4,933) were

more likely to have had prior MI or coronary artery bypass graft,

less likely to present with ST-elevation MI, and more likely to

have been treated with aspirin, beta blockers, statins, and/or

angiotensin-converting enzyme inhibitors or angiotensin receptor

blockers before the qualifying event than patients without DM.

Overall, 29.8% and 46.9% of patients without or with DM were

receiving a statin at baseline, respectively. The median LDL-C

levels at baseline were 97 mg per dl in patients without DM

and 89 mg per dl with DM; at study end, median LDL-C

level was 65 mg per dl in the simvastatin plus placebo group.

The cumulative incidence of CV-related death, major coronary

event, or nonfatal stroke in the 2,459 patients without diabetes

receiving simvastatin plus placebo was 12% at one year,

increasing to 31% at seven years; the corresponding cumulative

incidence in 6,604 patients with diabetes was 18% at one year,

increasing to 45% at seven years.
6 Residual cardiovascular risk in
patients with established
cerebrovascular disease

Exploratory analysis of the Japan Statin Treatment Against

Recurrent Stroke study, which initially evaluated the effect of

pravastatin 10 mg on stroke recurrence in 1,095 patients with

ischemic stroke, investigated the effect of on-treatment LDL-C

and C-reactive protein levels on the risk of recurrent stroke and

transient ischemic attack in patients with history of ischemic

stroke (46). The mean baseline and on-treatment LDL-C levels

were 118.9 and 101.7 mg per dl, respectively, for patients with

LDL-C levels below 120 mg per dl (n = 591); mean baseline on-

treatment LDL-C levels were 143.2 and 136.5 mg per dl,
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respectively, for patients with LDL-C levels of at least 120 mg per

dl (n = 486). Overall, 65.7% of patients with LDL-C levels below

120 mg per dl and 30.5% of those with LDL-C at or above

120 mg per dl were taking a statin. The cumulative incidence of

recurrent stroke and transient ischemic attack among patients

with an LDL-C level of below 120 mg per dl was 3% at one year,

increasing four-fold (12%) by six years (Table 3) (36, 46–48).

Subanalysis of IMPROVE-IT evaluated the efficacy of

adding ezetimibe to simvastatin vs. simvastatin plus placebo

for prevention of first and subsequent stroke and other CV

events in patients with a history of stroke (47). Patients with

prior stroke (n = 682) had DM (39%), had a current history of

smoking (25%), and/or had hypertension (84%). The median

LDL-C level at baseline for patients with prior stroke in the

simvastatin group was 86 mg per dl, decreasing to 68 mg per dl

at the 12-month follow-up period. The cumulative incidence of

stroke in 346 patients with a history of stroke receiving

simvastatin plus placebo was 6% at one year and more than

tripled (19%) by seven years.

Exploratory analysis of a French cohort of the Treat Stroke to

Target trial evaluated the benefit of targeting an LDL-C level below

70 mg per dl over 5.3 years to reduce the risk of CV events in 2,860

French and South Korean patients with ischemic stroke using the

investigator’s choice of statin (48). All patients were receiving

statins throughout the trial. The cumulative incidences of

ischemic stroke, MI, new symptoms leading to urgent coronary

or carotid revascularization, or death from CV causes among

1,073 patients with LDL-C levels below 70 mg per dl were 6%,

11%, and 14% at two, five, and eight years, respectively; of the

1,075 patients with LDL-C levels of 90–110 mg per dl, the

cumulative incidences of these same events were 7%, 14%, and

18% at two, five, and eight years, respectively.

Subanalysis of the Further Cardiovascular Outcomes Research

With PCSK9 Inhibition in Subjects With Elevated Risk study

investigated the efficacy of evolocumab vs. placebo for reducing

CV events in a subset of statin-treated patients with prior stroke

(36). Patients with a history of stroke before randomization had

a higher risk profile than patients without prior stroke. Among

5,337 patients with prior stroke, 63% had ischemic stroke alone,

37% had polyvascular disease, and 21% had congestive heart

failure. Nearly all patients (>99%) were taking a moderate- or

high-intensity statin, and LDL-C level at baseline among patients

with a history of stroke receiving placebo was 93 mg per dl and

remained stable throughout follow-up. The cumulative incidence

of CV-related death, MI, stroke, hospital stay for unstable angina,

or coronary revascularization among the 2,651 patients with

previous stroke receiving placebo was 6% at one year and

increased to 15% at approximately three years of follow-up.
7 Residual cardiovascular risk in
patients with established peripheral
arterial disease

Kumbhani et al. (49) used the REACH registry, involving

69,055 patients with established coronary disease, cerebrovascular
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disease, or PAD, to investigate the association between statin use

and limb outcomes in patients with PAD, defined as current

intermittent claudication with an ankle-brachial index <0.9,

history of intermittent claudication together with a previous

intervention (e.g., angioplasty, stenting, atherectomy, peripheral

arterial bypass graft), or both. A total of 5,861 patients had PAD;

of these, nearly one-half (48.6%) had concomitant CAD, 22.4%

had cerebrovascular disease, and 58.7% had polyvascular disease.

Overall, 62.2% of patients were treated with statins; among these,

44.6% had DM, 94.3% had hypercholesterolemia, and 83.8% had

hypertension. Among 3,643 patients taking statins, the

cumulative incidence of adverse limb outcomes (defined as a

composite of new PCI or surgical intervention, worsening

claudication or new development of critical limb ischemia, or

amputation) was 11% at a one-year follow-up and increased to

25% at approximately four years. The cumulative incidence of a

composite of CV-related death, nonfatal MI, or nonfatal stroke

was 5% at one year and increased to 20% at approximately four

years (Table 4) (49–53).

Stavroulakis et al. (50) used the CRITISCH registry, a

prospective multicenter registry of 1,200 patients with critical

limb ischemia, to investigate the impact of statin therapy on

outcomes of patients with critical limb ischemia. Among 445

patients receiving statins, the cumulative incidence rates of

amputation were 13% and 17% at the one- and two-year follow-

ups, respectively, and the total mortality rates were 7% at one

year and 12% at two years.

Using the Catalan Primary Care System’s Clinical Records

Database, Ramos et al. (51) evaluated whether statin use reduced

the incidence of CVD and death among 5,480 patients with an

ankle-brachial index at or below 0.95 and without clinically

recognized CVD. The mean baseline LDL-C level was 132.5 mg

per dl, and 95.8% were taking a moderate- or high-intensity

statin. The cumulative incidence of major adverse cardiac events

—a composite of hard coronary heart disease (MI, cardiac

revascularization, or coronary death) and stroke (fatal/nonfatal

ischemic stroke)—among the 2,740 patients receiving statins was

2% at one year and increased to 12% at seven years of follow-up.

The cumulative incidence of all-cause mortality was 2% at one

year and increased to 20% at seven years.

In the Japanese Below-the-Knee Artery Treatment II trial

multicenter registry, Tomoi et al. (52) evaluated the efficacy of

statin treatment after endovascular treatment in 812 patients with

critical limb ischemia due to isolated below-the-knee lesions. Of

the 169 patients receiving statin treatment, 74% had

hypertension, 71% had dyslipidemia, 80.5% had DM, 46.7% had

chronic kidney disease, 19.5% had cerebrovascular disease, and

52.7% had CAD. The mean baseline LDL-C in patients receiving

statins was 95 mg per dl. The cumulative incidence of repeat

revascularization among patients receiving statins was 28% at one

year and increased to approximately 38% at two to four years. In

addition, the cumulative incidence of all-cause mortality was 26%

at two years and increased to 33% at four years. The CV

mortality rate was 12% and increased to 15% at four years.

In a large observational study, Dopheide et al. (53) sought to

assess trends in LDL-C target level attainment and CV mortality
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TABLE 4 Cumulative incidence of CV events in patients with established peripheral vascular disease treated with statins (longitudinal studies).

Study Year Country Patient
population

Follow-
up, year

Outcome Time, %

1
year

2
years

3
years

4
years

5
years

6
years

7
years

REACH
registry (49)

2014 44 countries PAD (n = 3,643) 4 Adverse limb
outcome

≈17 ≈21 ≈25
(3.75
years)

NA NA NA

CV-related death/
nonfatal MI/nonfatal
stroke

≈5 ≈11 ≈16 ≈20
(3.75
years)

NA NA NA

CRITISCH
registry (50)

2017 27 German
vascular centers

Critical limb
ischemia receiving
statins (n = 445)

2 Amputation ≈13 ≈17 NA NA NA NA NA

Total mortality ≈7 ≈12 NA NA NA NA NA

Catalan
primary care
(51)

2016 Spanish primary
care database

Low ankle brachial
index (n = 2,740)

3.6
(median)

Major CV event ≈2 ≈4 ≈6 ≈8 ≈10 ≈11 ≈12
Total mortality ≈2 ≈4 ≈7 ≈10 ≈13 ≈16 ≈20

Single-center
cohort (53)

2018 Switzerland PAD (n = 769) 4.2
(median)

CV mortality ≈2 ≈3 ≈4 ≈6 ≈7 ≈8 ≈7 (7.7
years)

Multicenter CV
database (52)

2013 11 Japanese
vascular surgery
centers

Critical limb
ischemia (n = 169)

4 Repeat
revascularization

≈28 ≈38 ≈38 ≈38 NA NA NA

CV mortality ≈8 ≈12 ≈15 ≈15 NA NA NA

Total mortality ≈18 ≈26 ≈29 ≈33 NA NA NA

CRITISCH, First-Line Treatments in Patients With Critical Limb Ischemia; CV, cardiovascular; MI, myocardial infarction; NA, not available; PAD, peripheral artery disease;

REACH, Reduction of Atherothrombosis for Continued Health.
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rates over time between the years 2010 and 2017 among 1,109

patients with symptomatic PAD undergoing lower-limb

revascularization. The majority of patients had hypertension

(86.2%), 44.2% had CAD, and 17.5% had other CVD. The

prevalence of CV risk factors in the study population was high,

with nearly two-thirds with a current history of smoking and

one-third with DM. Overall, 769 (69%) patients were receiving

statins, but achievement of the LDL-C target level remained

poor. Most (>70%) patients in the overall study population did

not achieve an LDL-C level below 70 mg per dl. However, LDL-

C levels did improve over time, decreasing from an average of

110 mg per dl in 2010 to 80 mg per dl in 2017. Among patients

taking statins, the cumulative incidence of CV mortality was 3%

at two years, increasing to 8% by seven years.
8 Discussion

Intermediate- and long-term studies of patients receiving statins

with established ASCVD, CAD, cerebrovascular disease, or PAD

demonstrate that substantial, persistent CV risk exists over time. Of

the six studies involving patients with any type of established

ASCVD, the highest reported cumulative incidence of events

(nonfatal MI or coronary death, fatal/nonfatal stroke, coronary/

noncoronary revascularization) was 44% by 11 years (35). Similarly,

among the nine studies of patients with established CAD, the

highest reported cumulative incidence of events (CV-related death,

major coronary event, or nonfatal stroke) was 45% by seven years

in patients with ACS and DM (45). Of the four studies involving

patients with established cerebrovascular disease, the highest

reported cumulative incidence of recurrent stroke was 19% at seven

years (47). Among the five studies involving patients with

established PAD, the highest reported cumulative incidence rates of
Frontiers in Cardiovascular Medicine 09
repeat revascularization and CV-related death were 38% and 33% at

three years, respectively, in patients with critical limb ischemia.

Cardiovascular prevention efforts have historically focused on

lowering LDL-C levels, with statins, PCSK9 inhibitors, ezetimibe,

and bempedoic acid all targeting LDL-C as their primary

mechanism of action (26). However, CV risk persists in patients

with well-controlled LDL-C levels (19–22, 30–32), suggesting that

sources other than LDL-C contribute to residual risk and that

research efforts should focus on statin add-on agents with

mechanisms of action beyond LDL-C lowering (32, 54).

The source of this residual CV risk is multifactorial and includes

lipid and nonlipid factors (32), such as smoking, obesity, DM,

elevated TG levels or low high-density lipoprotein cholesterol, non–

high-density lipoprotein cholesterol, apolipoprotein B levels,

lipoprotein (a) [Lp(a)], and LDL particle numbers (32, 55).

Hypertriglyceridemia (TG level ≥150 mg/dl) is a common condition,

with an estimated prevalence of 31% in the adult US population

(56). Epidemiologic, clinical, and genetic studies, including

Mendelian randomization studies, support the independent role of

elevated TG levels in signaling increased ASCVD risk (57–59).

Triglyceride-lowering drugs, including fibrates, niacin, and

omega-3 fatty acids, both mixed (containing both EPA and

DHA) and EPA-alone formulations, have been extensively

studied for lowering CV risk (34, 38, 60–68). However, fibrates,

niacin, and mixed omega-3 fatty acids have not yielded

consistent CV benefits (34, 60–63). Conversely, EPA-alone

formulations, including the highly purified ethyl ester IPE,

markedly improved CV outcomes in patients treated with statins

(38, 64–68). Unlike other approved statin add-on agents, the

primary mechanism of action of IPE for reducing CV risk is not

related to further lowering of LDL-C levels (69); rather, serum

EPA levels are likely the primary driver of reduction in CV

events and related to its pleiotropic mechanisms of action, largely
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comprising nonlipid effects, including effects on foam cell

formation, inflammation, plaque formation/progression, platelet

aggregation, and plaque rupture (69). In an early study by Bang

and Dyerberg, Inuit living in West Greenland had lower serum

levels of cholesterol, apolipoprotein B, and triglycerides and

lower rates of coronary heart disease compared with Inuit living

in Denmark but had prolonged bleeding times. The authors

suggested that the high dietary intake of EPA and the low intake

of linoleic acid in the Greenlandic Inuit were responsible for

delayed onset of atherosclerosis and a shift in the balance

between pro- and antiaggregatory prostaglandins toward

antiaggregation, resulting in a low rate of death due to CV

disease (70, 71). A similar early study by Hirai et al. (72)

compared plasma levels of EPA from Japanese inhabitants of a

fishing village who consumed an average of 250 g of fish daily

compared with those from inhabitants of a farming village who

consumed an average of 90 g fish daily. Plasma levels of EPA

were significantly higher among those living in the fishing village

than in the farming village. Platelet aggregation studies were

carried out to determine the concentration of adenosine

diphosphate (ADP) in platelet-rich plasma that would induce a

>50% maximum aggregation; the ADP level producing 50%

maximum aggregation was higher in the people of the fishing

village than in those of the farming village. The authors

concluded that hemostatic function could be manipulated with

the ingestion of a fish-rich diet with potential beneficial effects

on CV disorders through the reduction of platelet aggregability.

Initially approved in 2012 for hypertriglyceridemia, IPE

received a second indication in 2019 as an adjunct to maximally

tolerated statin therapy to reduce the risk of MI, stroke, coronary

revascularization, and unstable angina requiring hospital stays in

adult patients with an elevated TG level (≥150 mg per dl) and

established CVD or DM and at least two additional risk factors

for CVD (73). This approval was based on results from the

pivotal REDUCE-IT, in which IPE 4 g per day reduced the

primary endpoint (i.e., composite of CV-related death, nonfatal

MI, nonfatal stroke, coronary revascularization, or unstable

angina) by 25% and the secondary endpoint (i.e., composite of

CV-related death, nonfatal MI, or nonfatal stroke) by 26% vs.

placebo in patients treated with statins (both p < 0.001) (38).

Other randomized trials of purified EPA have similarly shown

benefit in CV outcomes. The Japan EPA Lipid Intervention Study,

an open-label trial involving 18,645 patients receiving EPA 1.8 g

per day plus a statin or a statin alone, showed a 19% reduction

in CV events with EPA plus a statin vs. statin monotherapy (64).

Nosaka et al. (67) performed a prospective, randomized, open-

label trial involving 238 patients with ACS treated with PCI.

They reported a 58% reduction in CV events among patients

receiving purified EPA 1.8 g per day with a statin compared with

statin monotherapy after one year of follow-up (p = 0.02). A

recent trial, the Randomized Trial for Evaluation in Secondary

Prevention Efficacy of Combination Therapy - Statin and EPA,

involved 2,460 Japanese patients aged 20–79 years with long-

term CAD and a low EPA-to-arachidonic acid ratio (<0.4) who

were treated with statins. Patients were randomized into two

groups: one group received purified EPA 1.8 g per day in
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addition to statin therapy (n = 1,225), while the other group

received statin therapy alone (n = 1,235). The purified EPA group

had a clinically significant reduction of 21.5% in CV risk in the

primary endpoint (p = 0.05) and a significant reduction of 26.6%

in the secondary composite endpoint compared to the statin only

group (p = 0.03). EPA concentrations increased from 48.5 at

baseline to 140.5 µg per dl after three years of follow-up in the

EPA group, while the statin monotherapy group had a baseline

concentration of 46.6 and 51.5 µg per dl at follow-up (p < 0.05

between groups) (68). Imaging findings from the Combination

Therapy of Eicosapentaenoic Acid and Pitavastatin for Coronary

Plaque Regression Evaluated by Integrated Backscatter

Intravascular Ultrasonography and the Effect of Vascepa on

Improving Coronary Atherosclerosis in People With High

Triglycerides Taking Statin Therapy studies provide further

evidence of the benefit of purified EPA on CV outcomes,

including significant reduction in coronary plaque volume (65, 66).

The significant benefit of IPE in REDUCE-IT has been

criticized by some who attributed the encouraging data with IPE

to the negative effects of mineral oil placebo in increased LDL-C

and hs-CRP levels (74), even after the US Food and Drug

Administration concluded that increases in LDL-C and hs-CRP

levels are likely to have had negligible effects on results from

REDUCE-IT (75, 76). Furthermore, recent results from the

Randomized Trial for Evaluation in Secondary Prevention

Efficacy of Combination Therapy - Statin and EPA add to

existing evidence from randomized CV outcome trials [Japan

EPA Lipid Intervention Study and Nosaka et al. (67) trials] that

the significant reductions in CV events reported in REDUCE-IT

are valid, as all three studies did not include a mineral oil

placebo but achieved significant reductions in CV events

comparable with, if not better than, those seen in REDUCE-IT

(38, 64, 67, 68). Furthermore, the trials in Japanese populations

show that even among patients with high serum concentrations

of EPA due to heavy fish consumption, concomitant treatment

with statins and EPA is beneficial in reducing CV risk.

Since publication of REDUCE-IT, widespread recognition of

the impact of IPE in reducing CV events has been reflected in

numerous US and international guidelines, many of which

recommend use of IPE for CV risk reduction (77–80).

Outside the lipid-specific space, there are other secondary

prevention therapies aimed at reducing residual CV risk that target

thrombosis and inflammation (81). In patients with stable ASCVD,

adding low-dose rivaroxaban (2.5 mg twice daily) to aspirin was

associated with a 24% relative risk reduction in a composite of CV

death, stroke, or MI compared with aspirin alone (82) and should

be considered in patients with CAD at high risk of ischemic events

without a high bleeding risk (83, 84). Among patients with

comorbid DM and ASCVD, glucagon-like 1 receptor agonists

(GLP1-RAs) and sodium glucose cotransporter 2 (SGLT2)

inhibitors are recommended to improve CVD and cardiorenal

outcomes (83, 84). Previous studies on the use of SGLT2 inhibitors

and GLP1-RA have shown a decreased incidence of MI, stroke, and

CV death by 12%–14% in patients with ASCVD (85, 86).

Research on lipoprotein(a) [Lp(a)] lowering therapies is of

interest in the context of potential therapies to reduce residual
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risk in patients with established CVD. Lp(a) has been identified as

a causal risk factor for ASCVD leading to atherosclerosis,

thrombosis, and inflammation. Currently, lipid-lowering

medications have shown only modest Lp(a) lowering and/or

unknown CV outcome benefits; however, several therapies

targeting Lp(a) are currently in clinical development (87) and are

being evaluated for their impact on CV outcomes (88).
9 Conclusion

This review of intermediate and long-term studies involving

patients with a history of CVD receiving statins demonstrated

that significant risk persists and CV events may occur in up to

approximately 40% of patients over 10 years. As such, efforts

have focused on the development of statin add-on agents to

further reduce CV risk through pathways other than lowering of

LDL-C levels. Additional treatment strategies, such as EPA, are

needed to reduce persistent CV risk in patients with established

CV disease treated with statins.
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