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IMPORTANCE In patients with coronary artery disease, some guidelines recommend initial
statin treatment with high-intensity statins to achieve at least a 50% reduction in low-density
lipoprotein cholesterol (LDL-C). An alternative approach is to begin with moderate-intensity
statins and titrate to a specific LDL-C goal. These alternatives have not been compared
head-to-head in a clinical trial involving patients with known coronary artery disease.

OBJECTIVE To assess whether a treat-to-target strategy is noninferior to a strategy of
high-intensity statins for long-term clinical outcomes in patients with coronary artery disease.

DESIGN, SETTING, AND PARTICIPANTS A randomized, multicenter, noninferiority trial in
patients with a coronary disease diagnosis treated at 12 centers in South Korea (enrollment:
September 9, 2016, through November 27, 2019; final follow-up: October 26, 2022).

INTERVENTIONS Patients were randomly assigned to receive either the LDL-C target strategy,
with an LDL-C level between 50 and 70 mg/dL as the target, or high-intensity statin
treatment, which consisted of rosuvastatin, 20 mg, or atorvastatin, 40 mg.

MAIN OUTCOMES AND MEASURES Primary end point was a 3-year composite of death,
myocardial infarction, stroke, or coronary revascularization with a noninferiority margin
of 3.0 percentage points.

RESULTS Among 4400 patients, 4341 patients (98.7%) completed the trial (mean [SD] age,
65.1 [9.9] years; 1228 females [27.9%]). In the treat-to-target group (n = 2200), which had
6449 person-years of follow-up, moderate-intensity and high-intensity dosing were used in
43% and 54%, respectively. The mean (SD) LDL-C level for 3 years was 69.1 (17.8) mg/dL in
the treat-to-target group and 68.4 (20.1) mg/dL in the high-intensity statin group (n = 2200)
(P = .21, compared with the treat-to-target group). The primary end point occurred in 177
patients (8.1%) in the treat-to-target group and 190 patients (8.7%) in the high-intensity
statin group (absolute difference, –0.6 percentage points [upper boundary of the 1-sided
97.5% CI, 1.1 percentage points]; P < .001 for noninferiority).

CONCLUSIONS AND RELEVANCE Among patients with coronary artery disease, a treat-to-target
LDL-C strategy of 50 to 70 mg/dL as the goal was noninferior to a high-intensity statin
therapy for the 3-year composite of death, myocardial infarction, stroke, or coronary
revascularization. These findings provide additional evidence supporting the suitability of a
treat-to-target strategy that may allow a tailored approach with consideration for individual
variability in drug response to statin therapy.
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P atients with coronary artery disease (CAD) are consid-
ered to be at high risk or very high risk for future ad-
verse cardiovascular events.1,2 For this patient popu-

lation, intensive reduction of low-density lipoprotein
cholesterol (LDL-C) levels via 3-hydroxy-3-methylglutaryl-
coenzyme A reductase inhibitor (statin) therapy is recom-
mended by meta-analyses, which have shown an associa-
tion between absolute LDL-C level reduction with statins
and a proportional reduction in major vascular events.1-4

For the management of LDL-C, some guidelines recommend
initial statin treatment with high-intensity statins to achieve
at least a 50% reduction in LDL-C levels.1,5 High-intensity or
maximally tolerated intensity can be maintained without a
target goal.1,5 The use of high-intensity statin might be
simple because it reduces the need to adjust statin intensity
according to follow-up of LDL-C levels, but it raises con-
cerns about individual variability in drug response and the
adverse effects of long-term use of high-intensity statins.6

An alternative approach is to begin with moderate-intensity
statins and titrate to a specific LDL-C goal.2,7-9 This treat-to-
target strategy could allow a tailored approach and facilitate
patient-physician communication, which can enhance
adherence to therapy. However, that strategy has not been
well evaluated in randomized clinical trials and thus lacks
sufficient evidence.2,7-9 Furthermore, these alternatives
have not been compared head-to-head in a clinical trial
involving patients with known CAD.

In the LODESTAR (Low-Density Lipoprotein Cholesterol-
Targeting Statin Therapy Versus Intensity-Based Statin Therapy
in Patients With Coronary Artery Disease) Trial, it was hypoth-
esized that high-intensity statin therapy would be less needed
in a treat-to-target strategy compared with a high-intensity
statin strategy. Consequently, it could be advantageous in re-
gard to the safety concerns related to the long-term use of high-
intensity statin therapy if equally effective. Therefore, the non-
inferiority of the treat-to-target strategy, with an LDL-C level
between 50 and 70 mg/dL as the target, compared with a high-
intensity statin strategy on 3-year clinical outcomes in pa-
tients with CAD was evaluated.

Methods
Study Design
This trial was an investigator-initiated, multicenter, random-
ized, open-label, noninferiority trial conducted at 12 centers
in South Korea. The trial protocol was approved by the insti-
tutional review board at each participating center. The study
was performed according to the principles of the Declaration
of Helsinki. The study protocol, statistical analysis plan, and
summary of their changes are available in Supplement 1.
There were no preplanned trial discontinuation rules. The
data and safety monitoring board (DSMB) responsible for
ensuring participant safety acted in an advisory capacity to
monitor patient safety, evaluate study progress, and review
the study process. For safety monitoring, adverse events
were centrally collected, the DSMB reviewed the blinded
safety data, and the DSMB statistician provided unblinded

summary tables. The DSMB discussed outcomes and safety
data and determined whether early stopping was needed for
benefit or harm. Study coordination, data management, and
site management services were performed at the Cardiovas-
cular Research Center (Seoul, South Korea). Designated trial
monitors reviewed the investigational data at appropriate
intervals to ensure their accuracy, completeness, and adher-
ence to the protocol.

Study Population
Patients with clinically diagnosed CAD, including stable ische-
mic heart disease or acute coronary syndrome (unstable an-
gina, acute myocardial infarction), were enrolled (Figure 1).
Details about the inclusion and exclusion criteria are pro-
vided in eTable 1 in Supplement 2. All participants provided
written informed consent.

Randomization and Study Procedures
Eligible patients were randomized in a 1:1 manner to receive a
statin using either the targeted strategy of titrated-intensity
statin therapy (treat-to-target) or the strategy of high-
intensity statin therapy. Web-response permuted-block ran-
domization (mixed blocks of 4 or 6) was used at each partici-
pating site to allocate the patients, who were stratified
by baseline LDL-C levels of 100 mg/dL or greater, acute coro-
nary syndrome, and the presence of diabetes. Furthermore,
each group of patients was secondarily randomized in a 1:1
manner to receive 1 of 2 statins, rosuvastatin or atorvastatin
(once daily). The allocation sequence was computer-
generated by an external programmer not involved in the
trial, and physicians or research coordinators accessed the
web-response system. To convert cholesterol to mmol/L,
multiply by 0.0259.

The intensity of statin treatment was divided into high or
moderate intensity according to the 2013 American College
of Cardiology/American Heart Association guideline for
the treatment of blood cholesterol.5 Patients were treated
with rosuvastatin, 10 mg, or atorvastatin, 20 mg, for the
moderate-intensity statin therapy and rosuvastatin, 20 mg,
or atorvastatin, 40 mg, for the high-intensity statin therapy.

Key Points
Question Is treatment to a goal low-density lipoprotein
cholesterol (LDL-C) level between 50 and 70 mg/dL noninferior to
a strategy using high-intensity statin therapy among patients with
coronary artery disease?

Findings In this randomized noninferiority trial that included
4400 patients with coronary artery disease, the rate of the 3-year
composite of all-cause death, myocardial infarction, stroke, or any
coronary revascularization was 8.1% in the treat-to-target strategy
group compared with 8.7% in the high-intensity statin therapy
group, a difference that met the prespecified noninferiority margin
of 3.0 percentage points.

Meaning Among patients with coronary artery disease, the
treat-to-target LDL-C strategy was noninferior to the
high-intensity statin strategy for major clinical outcomes.
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In the treat-to-target group, the target LDL-C level chosen
was the lowest recommended LDL-C level for our population
in the latest guidelines at the time of trial design (August
2015),7,8,10 which was below 70 mg/dL, and the statin inten-
sity was titrated as follows. For statin-naive patients,
moderate-intensity statin therapy was initiated. For those
who were already taking a statin, an equivalent intensity was
maintained when the LDL-C level at randomization was
below 70 mg/dL, and the intensity was uptitrated when the
LDL-C level was 70 mg/dL or greater. During follow-up, in the
treat-to-target group, uptitration for those with an LDL-C
level of 70 mg/dL or greater, maintenance of the same inten-
sity for those with an LDL-C level of 50 mg/dL or greater to
less than 70 mg/dL, and downtitration for those with an
LDL-C level less than 50 mg/dL was performed. In the high-
intensity statin group, the maintenance of high-intensity
statin therapy was recommended without adjustment
regardless of follow-up LDL-C levels during the study period.

However, given the adherence, tolerance, and clinical situa-
tions of individual patients, up- or downtitration of statin
intensity not following the study protocol may have been
exceptionally allowed in both groups at the physician’s dis-
cretion, but those changes required a detailed report of rea-
sons. Nonstatin add-on therapy, such as ezetimibe, was not
recommended strongly in the treat-to-target group, even
when the target was not achieved with high-intensity statin
therapy, to focus on the strategy for choosing statin intensity
and avoid confounding by any imbalance in their use. For
other medical treatments, guideline-directed medical
therapy was strongly recommended, and it was also allowed
to be changed by a personal physician, except for the change
in the statin intensity. Risk factor modification, including
blood pressure or glucose control, dietary changes, weight
reduction, exercise, and smoking cessation, was encouraged.

Clinical and laboratory findings were assessed at base-
line, and all patients were scheduled for follow-up visits at

Figure 1. Recruitment, Randomization, and Follow-up In a Trial of Treat-to-Target Strategy or High-intensity Statin Therapy
for Coronary Artery Disease

4400 Adults with coronary artery
disease recruiteda

54 Died
30 Without follow-up at 36 mo

16 Withdrew consent
14 Lost to follow-up

54 Died
25 Without follow-up at 36 mo

14 Withdrew consent
11 Lost to follow-up

4400 Underwent
randomizationb

2108 Included in the per-protocol
analysis at 36 mo

2030 Received treat-to-target statin therapy
126 Did not meet a target but was

not uptitrated

44 Did not complete statin therapy
31 Adverse events
13 Did not adhere

48 Patient or physician choice
47 Adverse events
22 Did not adhere to protocol
9 Other

92 Did not meet protocol
34 Patient choice
22 Did not adhere to protocol

and were not uptitrated
14 Physician choice

9 Other

13 Did not adhere to protocol and
did not complete statin therapy

94 Did not meet protocol
48 Patient choice
26 Physician choice
5 Did not maintain high-intensity

statin therapy
5 Did not complete high-intensity

statin therapy
10 Other

2200 Randomized to treat-to-target group 2200 Randomized to high-intensity group

2106 Included in the per-protocol
analysis at 36 mo

2200 Included in the as-randomized
primary analysis at 36 mo

2200 Included in the as-randomized
primary analysis at 36 mo

1980 Received high-intensity statin therapy
169 Did not maintain high-intensity

statin therapy

51 Did not complete statin therapy
46 Adverse events
5 Did not adhere

80 Adverse events
74 Patient or physician choice
5 Did not adhere to protocol

10 Other

a Data regarding screening were not collected.
b Randomization was stratified by baseline low-density lipoprotein cholesterol

levels of 100 mg/dL or greater, acute coronary syndrome, and the presence
of diabetes.
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6 weeks and 3, 6, 12, 24, and 36 months. General health sta-
tus, use of drugs, and the occurrence of clinical end points or
adverse events were assessed at baseline and each follow-up
visit. Serial follow-up of lipid profiles, including total choles-
terol, LDL-C, high-density lipoprotein cholesterol, and triglyc-
eride levels, was performed at 6 weeks and 12, 24, and 36
months. When the dose or type of study medication was
changed during follow-up, patients were recommended to pre-
sent for a laboratory test within 4 to 6 weeks in both groups.
To monitor adverse effects related to the statin therapy, plasma
glucose, aspartate aminotransferase, alanine aminotransfer-
ase, creatinine, and creatine kinase levels were assessed at 6
weeks and 12, 24, and 36 months. Hemoglobin A1c was as-
sessed at 12, 24, and 36 months.

Study End Point
The primary end point was major adverse cardiac and cere-
brovascular events, defined as a composite of all-cause death,
myocardial infarction (MI), stroke, and any coronary revascu-
larization at 3 years. Death was classified as cardiovascular
death and noncardiovascular death. Cardiovascular death was
defined as death due to MI, sudden cardiac death, heart fail-
ure, stroke, cardiovascular procedures, cardiovascular hem-
orrhage, and any death in which a cardiovascular cause could
not be excluded, as adjudicated by the clinical end points
committee.11 MI was defined based on clinical symptoms, elec-
trocardiographic changes, or abnormal findings during imaging
studies, combined with an increase in the creatine kinase myo-
cardial band fraction above the upper normal limit or an in-
crease in the troponin-T or troponin-I level greater than the
99th percentile of the upper normal limit.12 Stroke was de-
fined as an acute cerebrovascular event resulting in a neuro-
logic deficit for longer than 24 hours or the presence of an acute
infarction in imaging studies.13 Any coronary revasculariza-
tion included percutaneous coronary intervention or coro-
nary artery bypass graft surgery.11 Clinically indicated revas-
cularization was defined as an invasive angiographic percent
diameter stenosis of 50% or greater with ischemic symptoms
or signs or a percent diameter stenosis of 70% or greater even
in the absence of symptoms or signs.11 Staged coronary revas-
cularizations planned at randomization were not considered
as adverse events.

Secondary end points were the occurrence of (1) new-
onset diabetes, (2) hospitalization due to heart failure,
(3) deep vein thrombosis or pulmonary thromboembolism,
(4) endovascular revascularization for peripheral artery dis-
ease, (5) aortic intervention or surgery, (6) end-stage kidney
disease, (7) discontinuation of study drugs due to intoler-
ance, (8) cataract operation, and (9) composite of laboratory
abnormalities. Each secondary end point is defined in the
eAppendix in Supplement 2. An independent clinical end
point committee blinded to the therapy assignment and the
primary results of the trial before the locking of the database
was responsible for categorizing each clinical event.

Sample Size Calculation
According to the latest guideline at the time of trial design and
several randomized trials demonstrating the superiority

of fixed-dose high-intensity statin therapy to fixed-dose
moderate-intensity statin therapy in patients with CAD,5,14-16

the high-intensity statin approach was regarded as the stan-
dard therapy. The treat-to-target strategy, which had not been
evaluated in randomized trials for our population, was con-
sidered to be the experimental therapy. Our aim was to deter-
mine whether a treat-to-target strategy was noninferior to a
high-intensity statin strategy in terms of the 3-year occur-
rence of the primary end point in all participants as random-
ized. Based on previous studies that compared different statin
intensities in patients with CAD, the expected event rate of the
primary end point was 4% per year in the high-intensity statin
group.14,17 Assuming that the 2 strategies had equivalent effi-
cacy, the expected event rate of the primary end point at 3 years
was estimated to be 12% in each group. A noninferiority mar-
gin of 3.0 percentage points was primarily chosen with a con-
sideration that this was not clinically different between the 2
groups. A total of 3686 patients was required, with a 2.5%
1-sided α error rate and 80% power. Considering a 15% loss to
follow-up and balancing the 2 types of statins (rosuvastatin and
atorvastatin), a total of 4400 patients (2200 patients in each
group) was required.

Statistical Analyses
Categorical data are presented as numbers (percentages).
Continuous data are presented as means (SDs) and medians
(IQRs) for normal and skewed distributions, respectively. The
cumulative incidence of the primary end point at 3 years was
estimated using Kaplan-Meier curves for a time-to-event
analysis from the time of randomization to the occurrence of
the first event of interest during follow-up. The test of nonin-
feriority was performed for the primary end point using the
Com-Nougue approach to estimating the z statistic for the
Kaplan-Meier failure rates with the Greenwood formula for
estimating the standard error. It was predetermined that
noninferiority would be declared if the upper boundary of
the 1-sided 97.5% CI for the event rate difference was less
than 3.0 percentage points.

The primary analysis was performed with all participants
randomly assigned to a treatment group and after excluding
participants who did not receive the allocated therapy (par-
ticipants who discontinued statin therapy, those who did not
undergo uptitration despite the nonachievement of the goal
in the treat-to-target group, or who did not maintain high-
intensity statin treatment or added nonstatin drug to moder-
ate- or low-intensity statin treatment in the high-intensity statin
group). Prespecified subgroup analyses were performed for
clinically relevant factors: age, sex, body mass index, hyper-
tension, diabetes, chronic kidney disease, clinical presenta-
tion at randomization, and baseline LDL-C levels. Data regard-
ing drug use were collected by the record of the physicians’
prescription. Study drug adherence was measured by self-
reported pill count.

Data were collected and analyzed according to the pre-
defined statistical analysis plan. No imputation was used to
infer missing values. Those with missing data for primary or
secondary end points were censored at the time of with-
drawal of consent or loss to follow-up. All analyses were
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conducted using SAS version 9.2 (SAS Institute). All tests were
2-sided except for the noninferiority test. A P value <.05 was
considered statistically significant.

Results
Between September 9, 2016, and November 27, 2019, 4400 par-
ticipants with CAD were randomly assigned to receive either
the treat-to-target strategy (n = 2200) or the high-intensity
statin therapy (n = 2200) (Figure 1). The baseline characteris-
tics of the participants did not differ between the groups
(Table 1). At randomization, 74% of participants were more than
1 year beyond their initial diagnosis or coronary revascular-

ization. Before randomization, 25% and 57% were taking a
high-intensity statin and a moderate-intensity statin, respec-
tively. Among the 4400 participants, 4341 participants (98.7%)
completed the 3-year clinical follow-up. The total person-
years of follow-up was 6449 in the treat-to-target group and
6461 in the high-intensity statin therapy group. For the over-
all study period, in the treat-to-target group, statin intensity
was uptitrated in 378 participants (17%), downtitrated in
208 patients (9%), and maintained without changes in 1614
participants (73%) (eTable 2 in Supplement 2). In the treat-to-
target group, 53% were taking the high-intensity statin at
1 year, 55% at 2 years, and 56% at 3 years; the corresponding
rates in the high-intensity statin therapy group were 93%,
91%, and 89%, respectively (Figure 2A; eTables 3 and 4 in

Table 1. Baseline Characteristics in the Study Population of the LODESTAR Trial

No. (%)
Treat-to-target group
(n = 2200)

High-intensity statin group
(n = 2200)

Age, mean (SD), y 65 (10) 65 (10)

Sex

Female 626 (29) 602 (27)

Male 1574 (72) 1598 (73)

Weight, mean (SD), kg 67 (11) 67 (11)

Height, mean (SD), cm 164 (8) 165 (8)

Body mass index, mean (SD)a 24.7 (2.9) 24.7 (2.9)

Medical historyb

Hypertension 1473 (67) 1464 (67)

Diabetes 735 (33) 733 (33)

Diabetes with insulin treatment 81 (4) 81 (4)

Chronic kidney disease 153 (7) 166 (8)

End-stage kidney disease on dialysis 13 (1) 16 (1)

Previous PCI 1243 (57) 1214 (55)

Previous CABG 154 (7) 180 (8)

Previous stroke 135 (6) 128 (6)

Current smoking 303 (14) 300 (14)

Estimated glomerular filtration rate,
mean (SD), mL/min/1.73 m2

88 (17) 88 (18)

Lipid levels, mean (SD), mg/dLc

Low-density lipoprotein cholesterol 86 (33) 87 (31)

High-density lipoprotein cholesterol 47 (12) 47 (12)

Total cholesterol 156 (38) 157 (37)

Triglyceride 138 (83) 137 (83)

Clinical presentation at randomization

Acute myocardial infarction within 1 y 159 (7) 179 (8)

>1 y after myocardial infarction 338 (15) 337 (15)

Unstable angina or revascularization within 1 y 381 (17) 407 (19)

>1 y after unstable angina or revascularization 910 (41) 874 (40)

Detection of CAD at screening without symptoms 412 (19) 403 (18)

Lipid-lowering therapy before randomization

Statind

High intensity 529 (24) 576 (26)

Moderate intensity 1284 (58) 1240 (56)

Low intensity 53 (2) 40 (2)

None 334 (16) 334 (16)

Ezetimibe 253 (12) 226 (10)

Abbreviations: CABG, coronary artery
bypass grafting; CAD, coronary artery
disease; LODESTAR, Low-Density
Lipoprotein Cholesterol-Targeting
Statin Therapy Versus
Intensity-Based Statin Therapy in
Patients With Coronary Artery
Disease; PCI, percutaneous coronary
intervention.
a Calculated as weight in kilograms

divided by height in meters
squared.

b History was collected by self-report
except chronic kidney disease.
Chronic kidney disease was defined
as estimated glomerular filtration of
less than 60 mL/min/1.73 m2 of
body surface area.

c Reference values may vary based on
laboratory and location. To convert
cholesterol to mmol/L, multiply by
0.0259; and triglyceride to mmol/L,
multiply by 0.0113.

d The intensity of statin treatment
was divided according to the 2013
American College of
Cardiology/American Heart
Association guideline for the
treatment of blood cholesterol.
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Supplement 2). For the overall study period in the treat-to-
target group, 43% and 54% received moderate-intensity statin
and high-intensity statin, respectively (eTable 3 in Supple-
ment 2). Ezetimibe was used more in the treat-to-target group
than in the high-intensity statin therapy group from 6 months,
mostly as a combination therapy with high-intensity statin
therapy (Figure 2B; eTable 4 in Supplement 2). Other cardio-
vascular medications did not differ statistically between the
groups during the study period (eTable 5 in Supplement 2).

The changes in LDL-C level during study period are pre-
sented in Figure 3A and eTable 6 in Supplement 2. At 6
weeks, the mean (SD) LDL-C level was significantly higher in
the treat-to-target group than the high-intensity statin
therapy group (69.6 [21.2] mg/dL vs 66.8 [21.8] mg/dL; differ-
ence, 2.8 mg/dL [95% CI, 1.3 to 4.3]; P < .001). After 6 weeks,
the LDL-C levels did not differ between the groups. During
the overall study period, the mean (SD) LDL-C level was 69.1

(17.8) mg/dL in the treat-to-target group and 68.4 (20.1)
mg/dL in the high-intensity statin therapy group, which was
not a significant difference (P = .21). The proportion of par-
ticipants with an LDL-C level below 70 mg/dL, which was the
goal for the treat-to-target group, was 55.7% at 6 weeks,
59.2% at 3 months, 57.7% at 6 months, 55.7% at 1 year, 60.8%
at 2 years, and 58.2% at 3 years (eTable 7 in Supplement 2).
This proportion was significantly lower in the treat-to-
target group than the high-intensity statin therapy group at 6
weeks and 3 months (eTable 7 in Supplement 2). The changes
in the other lipid profiles are also presented in eFigure 1 and
eTable 6 in Supplement 2.

The primary end point occurred in 177 participants (8.1%)
in the treat-to-target group and 190 participants (8.7%) in the
high-intensity statin therapy group (absolute difference, −0.6
percentage points [upper boundary of the 1-sided 97.5% CI, 1.1
percentage points]; P < .001 for noninferiority) (Table 2,

Figure 2. Lipid-Lowering Therapy During the Study Period
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Figure 3B, and eFigure 2 in Supplement 2). All-cause death oc-
curred in 54 participants (2.5%) in the treat-to-target group and
54 (2.5%) in the high-intensity statin therapy group (absolute
difference, <0.1% [95% CI, −0.9% to 0.9%]; P = .99). MIs were
observed in 34 participants (1.6%) and 26 participants (1.2%),
respectively (absolute difference, 0.4% [95% CI, −0.3% to 1.1%];
P = .23). The occurrence of stroke did not differ statistically be-
tween the groups either (0.8% vs 1.3%; absolute difference,
−0.5% [95% CI, −1.1% to 0.1%]; P = .13) (Table 2). This finding
was consistent in the per-protocol population (eTables 8 and
9 in Supplement 2). The primary end point occurred in 8.3%
of the treat-to-target group and 8.5% of the high-intensity
statin therapy group (absolute difference, −0.2 percentage
points [upper boundary of the 1-sided 97.5% CI, 1.5 percent-
age points]; P < .001 for noninferiority) (eFigure 2 and eTable 9
in Supplement 2).

No prespecified secondary end points differed statisti-
cally between the groups (Table 2). However, as a post hoc sec-
ondary end point, a composite of new-onset diabetes, amino-
transferase or creatine kinase elevation, or end-stage kidney
disease was significantly lower in the treat-to-target group vs
the high-intensity statin group (6.1% vs 8.2%; absolute differ-
ence, −2.1% [95% CI −3.6% to −0.5%]; P = .009). The reasons
for discontinuing statin therapy are described in eTable 10 in
Supplement 2. Those findings were consistent in the per-
protocol population (eTable 9 in Supplement 2). The results
of the prespecified subgroup analyses are provided in eFig-
ure 3 in Supplement 2. The effect of the treat-to-target strat-
egy vs the high-intensity statin therapy was consistent for the
primary end point across all subgroups.

Discussion

In this multicenter, randomized clinical trial involving pa-
tients with CAD, the treat-to-target strategy of 50 to 70 mg/dL
as an LDL-C goal was noninferior to the high-intensity statin
therapy in terms of the 3-year composite of all-cause death,
MI, stroke, or any coronary revascularization. In the treat-to-
target group, the mean LDL-C level was higher at 6 weeks com-
pared with the high-intensity statin therapy group; however,
it did not differ after 6 weeks. A lower proportion (around 60%)
of participants with an LDL-C level below 70 mg/dL in this
study might be explained by relatively low implementation of
combination therapy, such as ezetimibe to high-intensity statin
therapy, possibly due to (1) absence of recommendation of com-
bination therapy in the study protocol because the purpose of
this trial was to focus on the management of statin therapy
alone; (2) a combination therapy was not frequently used in
the initial period of this trial (September 2016), but it has been
recommended in recent guidelines with much evidence and
has been increasingly used; and (3) patients’ reluctance to add
more drugs to their high-intensity statin regimen to manage
LDL-C levels.

Clinical guidelines1,2,5,7-9 for choosing statin intensity se-
lectively have recommended 2 strategies: (1) a strategy with a
target LDL-C level or (2) a strategy that begins with high-
intensity statin treatment without a predefined LDL target.
Though both strategies are widely accepted and used in cur-
rent clinical practice, they have not been directly compared for
their effectiveness or safety. Furthermore, the treat-to-target

Figure 3. Changes in LDL-C Levels and Kaplan-Meier Curves for the Primary End Pointa
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cholesterol levels over time are also presented in eFigure 1 in Supplement 2.
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strategy has not been well evaluated in randomized trials, par-
ticularly in patients with CAD, though the recent TST (Treat
Stroke to Target) and EMPATHY (Standard vs Intensive Statin
Therapy for Hypercholesterolemic Patients With Diabetic Reti-
nopathy) trials compared target LDL-C levels.18,19 In the TST trial,
a target LDL-C level of less than 70 mg/dL was compared with
a target of 90 to 110 mg/dL in patients with an ischemic stroke,
and a greater reduction in a composite of cardiovascular events
was observed in the lower-target group.18 In the EMPATHY trial,

a target LDL-C level of less than 70 mg/dL was compared with
a target of 100 to 120 mg/dL in patients with hypercholesterol-
emia, diabetic retinopathy, and no history of CAD. The study
found no significant differences in cardiovascular events, pos-
sibly because of low between-group differences in LDL-C
levels.19 Along with those 2 trials, the current findings add evi-
dence supporting the suitability of the treat-to-target strategy.
A lower use of high-intensity statin in those in the treat-to-
target group compared with the high-intensity statin therapy

Table 2. Primary and Secondary End Points at 3 Years After Randomizationa

Outcome

Patients, No. (%)
Absolute difference, %
(95% CI)b P value

Treat-to-target group
(n = 2200)

High-intensity statin group
(n = 2200)

Primary end point

Death, myocardial infarction, stroke,
or coronary revascularization

177 (8.1) 190 (8.7) −0.6 (−� to 1.1)c <.001d

Components of primary end point

Death 54 (2.5) 54 (2.5) <0.1 (−0.9 to 0.9) .99

Cardiac death 16 13

Myocardial infarction 34 (1.6) 26 (1.2) 0.4 (−0.3 to 1.1) .23

Stroke 17 (0.8) 27 (1.3) −0.5 (−1.1 to 0.1) .13

Ischemic 12 20

Hemorrhagic 5 7

Coronary revascularizatione 112 (5.2) 114 (5.3) −0.1 (−1.4 to 1.2) .89

Secondary end points

New-onset diabetes 121 (5.6) 150 (7.0) −1.3 (−2.8 to 0.1) .07

Initiation of antidiabetic medication 73 105

Cataract operation 43 (2.0) 42 (1.9) 0.1 (−0.8 to 0.9) .90

Discontinuation of statin therapy 31 (1.5) 46 (2.2) −0.7 (−1.5 to 0.1) .09

Composite of laboratory abnormalitiesf 18 (0.8) 30 (1.3) −0.5 (−1.1 to 0.1) .11

Aminotransferase elevation 8 12

Creatine kinase elevation 3 8

Creatinine elevation 7 11

Peripheral artery revascularization 12 (0.6) 17 (0.8) −0.2 (−0.8 to 0.3) .35

Hospitalization due to heart failure 13 (0.6) 7 (0.3) 0.3 (−0.1 to 0.7) .17

End-stage kidney disease 3 (0.1) 10 (0.5) −0.3 (−0.7 to 0.0) .05

Deep vein thrombosis or pulmonary embolism 4 (0.2) 5 (0.2) <0.1 (−0.3 to 0.2) .74

Deep vein thrombosis 2 5

Pulmonary embolism 3 0

Aortic intervention or surgery 2 (0.1) 3 (0.1) NR

Endovascular therapy 1 2

Surgical therapy 1 1

Composite of new-onset diabetes,
aminotransferase or creatine kinase elevation,
or end-stage kidney disease (post hoc)

132 (6.1) 177 (8.2) −2.1 (−3.6 to −0.5) .009

Abbreviation: NR, not reported.
a Primary and secondary end points were evaluated as randomized 3 years after

randomization. The listed percentages were estimated using the Kaplan-Meier
method, so the values might not calculate mathematically. Differences in
event rates are not reported for aortic intervention because of the low
numbers of events.

b The between-group difference was measured in the treat-to-target group
compared with the high-intensity statin group. The widths of the confidence
intervals have not been adjusted for multiplicity and cannot be used to infer
treatment effects.

c A 1-sided 97.5% CI was calculated for the primary end point.
d The P value for noninferiority is for an upper boundary of the 97.5% CI of the

between-group difference in the primary end point, which was 1.1 percentage
points. Other P values were 2-sided.

e All coronary revascularizations were clinically indicated by an invasive
angiographic percent diameter stenosis of 50% or greater with ischemic
symptoms or signs or 70% or greater even without symptoms or signs.

f Aminotransferase elevation was defined as greater than baseline level and
more than 3 times the upper limit of reference. Creatine kinase elevation was
defined as greater than baseline level and more than 5 times the upper limit of
reference. Creatinine level elevation was defined as greater than 50% increase
from baseline and greater than the upper limit of reference. Reference values
may vary based on laboratory and location.
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group (54% vs 92%) indicated that the treat-to-target strategy
was a tailored approach that accounted for individual variabil-
ity in therapeutic response to statin therapy.20,21 Patients with
a good therapeutic response to a statin might not need a high-
intensity dose. In addition, the current findings of a numeri-
cally lower rate of secondary end points (new-onset diabetes,
end-stage kidney disease, or composite of laboratory abnor-
malities) and a significantly lower rate of composite of second-
ary end points (number needed to harm = 48 patients) may fa-
vor the treat-to-target strategy in regard to the safety issues.
There are concerns about discontinuation or nonadherence to
statin therapy, especially to high-intensity statin therapy, due
to statin-associated muscle symptoms as well as new-onset
type 2 diabetes, hepatotoxicity, and kidney toxicity.22 A recent
study with 50 928 National Health and Nutrition Examination
Survey participants also showed that LDL-C levels have pla-
teaued, and high-intensity statin use has failed to grow signifi-
cantly most likely due to perceived safety concerns since the
2013 American College of Cardiology/American Heart Associa-
tion guideline adopted a fixed-dose strategy rather than a treat-
to-goal recommendation.23

With regard to the treat-to-target strategy, however, the
following concerns need to be considered. First, the validity
of the target for those with CAD needs to be confirmed. The
goal in the latest European guideline has been lowered to
below 55 mg/dL.2 Second, these findings highlight the need
for intensive efforts to attain the target LDL-C level. In the
treat-to-target group, the proportion who met the target was
56% at 1 year, 61% at 2 years, and 58% at 3 years. Those num-
bers are attributed to the relatively low use of nonstatin
add-on therapy such as ezetimibe (20% in the treat-to-target
group and 11% in the high-intensity statin group at 3 years),
though recent guidelines strongly recommend its use with a
target or threshold.1,2 The EMPATHY trial, which did not
show a decrease in cardiovascular events at the lower target,
also suggested the importance of target attainment; only 29%
in the lower-target group actually met the target.19 Third, the
mean LDL-C level was higher in the treat-to-target group
early in the study period, most likely due to the time required
for titration. In the current trial, although the protocol man-
dated that moderate-intensity therapy be initiated regardless
of baseline LDL-C levels in statin-naive patients, a target
LDL-C level below 70 mg/dL might have been achieved ear-
lier if high-intensity therapy had been initiated when the
baseline LDL-C level was greater than 100 mg/dL because
the lower bound expected reduction in LDL-C level with a

moderate-intensity dose is 30%. This trial included relatively
low-risk patients with CAD; 74% of them participated in the
trial more than 1 year after their initial diagnosis or coronary
revascularization, but the initial intensity needs to be
selected according to the baseline LDL-C levels, as well as the
expected degree of LDL-C level reduction across intensity
levels, particularly in patients who need to achieve their tar-
get rapidly.24,25 A recent Swedish nationwide cohort study
showed that early LDL-C level reduction after MI was associ-
ated with reduced cardiovascular outcomes and all-cause
mortality during follow-up.24

Limitations
This trial has several limitations. First, this trial was open la-
bel. However, an independent committee blinded to therapy
assignment adjudicated all clinical events and assessed the
clinical end points. Second, lower event rates than antici-
pated were observed, which might mean that the fixed non-
inferiority margin of 3.0 percentage points allowed for an overly
generous CI for the hazard ratio and that this study was un-
derpowered. Third, the comparison of individual clinical out-
comes within the primary end point was difficult because of
the small number of events. Fourth, given that this trial re-
cruited exclusively patients with CAD, a strategic comparison
of results from other subsets of patients, such as those indi-
cated to statin therapy for primary prevention, might be nec-
essary. Fifth, implementation of the strategy was not com-
plete, with only approximately 60% in the treat-to-target
strategy group achieving an LDL-C level below 70 mg/dL. This
may imply that nonstatin add-on therapy should be actively
considered in a significant proportion of the patients who can-
not achieve sufficient reduction in LDL-C levels by using statin
monotherapy. Sixth, the follow-up period was 3 years in this
trial, which may be relatively short to reflect longer-term effects
of 2 strategies.

Conclusions
Among patients with CAD, a treat-to-target LDL-C strategy of
50 to 70 mg/dL as the goal was noninferior to a high-intensity
statin therapy for the 3-year composite of death, MI, stroke, or
coronary revascularization. These findings provide additional
evidence supporting the suitability of a treat-to-target strat-
egy that may allow a tailored approach with consideration for
individual variability in drug response to statin therapy.
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