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Summary
Background The impact of titrated versus fixed intensity statin therapy in patients with coronary artery disease (CAD)
and diabetes mellitus (DM) remains to be elucidated.

Methods This was a pre-specified analysis of patients with and without DM from the LODESTAR trial. Patients with
CAD were randomly assigned to receive either a treat-to-target strategy with a target LDL-C level of 50–70 mg/dL or a
high-intensity statin treatment. Primary outcome was the 3-year composite of all-cause death, myocardial infarction,
stroke, or coronary revascularization. Secondary outcomes were safety endpoints. This trial is registered with
ClinicalTrials.gov, NCT02579499.

Findings Between September 9, 2016 and November 27, 2019, 4400 patients with CAD were enrolled in the
LODESTAR trial. The median age was 65 years (interquartile range, 59–73 years), 3172 (72%) were male, and 1468
(33%) had DM at baseline. There was no significant difference in the occurrence of the primary outcome between the
treat-to-target group and high-intensity statin group among patients with DM (10.5% versus 11.1%, hazard ratio [HR]
0.94, 95% confidence interval [CI] 0.69–1.29, p = 0.70) and those without DM (6.9% versus 7.5%, HR 0.93, 95% CI
0.71–1.21, p = 0.58). Among patients without DM, there was a trend towards a lower risk of new-onset DM in the
treat-to-target group (8.4% versus 10.4% in the high-intensity statin group, HR 0.79, 95% CI 0.62–1.01; p = 0.06).

Interpretation In patients with CAD, a treat-to-target LDL-C strategy of 50–70 mg/dL as the goal was comparable to
high-intensity statin therapy in terms of 3-year clinical efficacy and safety outcomes regardless of the presence of DM.

Funding Sam Jin Pharmaceutical, Seoul, Korea and Chong Kun Dang Pharmaceutical, Seoul, Korea.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Coronary artery disease; Atherosclerosis; Cholesterol; Statin; Diabetes
Introduction
Statin therapy is a cornerstone of the management of
patients with both diabetes mellitus (DM) and coronary
artery disease (CAD), who are considered as the highest
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risk population among patients with atherosclerotic
cardiovascular disease.1–3 Because the clinical benefits of
sufficient lowering of low-density lipoprotein cholesterol
(LDL-C) in those patients are well-established,4–6
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Research in context

Evidence before this study
We searched PUBMED for articles published in English since
the inception of the database to June 2, 2023, with the aim of
identifying relevant clinical studies. The search terms used
were “statin”, “intensity”, and “diabetes”. We retrieved 503
results. Among 503 results, we aimed to identify clinical
studies that compare the effects of the treat-to-target strategy
to achieve a target low-density lipoprotein cholesterol level
with those of high-intensity statin therapy in patients with
coronary artery disease (CAD) and diabetes mellitus (DM).
However, no relevant clinical studies were found.

Added value of this study
The pre-specified subgroup analysis of the LODESTAR trial in
CAD patients with and without DM showed that the treat-to-

target strategy showed comparable efficacy and safety
outcomes to the high-intensity statin strategy, irrespective of
DM status.

Implications of all the available evidence
Despite guidelines recommending high-intensity statins for
patients with CAD and DM, real-world practice has shown
underutilization of high-intensity statin. This could be due
to the risk of drug-related adverse events. Therefore,
patients who require very long-term statin therapy may
need a tailored approach considering safety issues. The
findings of this study support the use of a treat-to-target
strategy in patients with CAD regardless of the presence of
DM.
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high-intensity statin therapy is strongly recommended in
most patients with both DM and CAD.1 However, sig-
nificant underuse of statins, poor drug adherence, and
suboptimal dose titration are still common in real-world
clinical practice and are associated with poor future
clinical outcomes.7,8 These findings may be related to
concerns regarding the side-effects of high-intensity
statin treatment including the potential risk of new-
onset DM or worsening of DM.6,9 Thus, identifying the
optimal statin therapy and dose titration strategy to
improve drug adherence and to achieve a sufficient
reduction in LDL-C level is crucial. Recently, the
LODESTAR trial (low-density lipoprotein cholesterol-
targeting statin therapy versus intensity-based statin
therapy in patients with coronary artery disease) showed
that a treat-to-target strategy with a goal LDL-C of
50–70 mg/dL was non-inferior to high-intensity statin
therapy in terms of 3-year composite outcomes in
patients with CAD.10 However, it remains unclear
whether this treatment effect holds true for CAD pa-
tients regardless of DM status. Therefore, as one of the
pre-specified analyses of the LODESTAR trial, we eval-
uated the effects of the treat-to-target strategy versus
high-intensity statin therapy among patients with and
without DM.

Methods
Study design and population
The present study was a pre-specified analysis of data
from the LODESTAR trial, which was an investigator-
initiated, multicentre, randomised, open-label, non-
inferiority trial for dyslipidaemia management for
secondary prevention in patients with CAD conducted at
12 centres in South Korea.10 Details of the study design
and protocols for the LODESTAR trial have been
described previously.10 Patients with documented CAD,
including stable ischaemic heart disease or acute coro-
nary syndrome, were enrolled.10 Full inclusion and
exclusion criteria are provided in Supplemental
Table S1. The presence of DM at randomisation was
defined by the investigators, based on a history of DM,
the use of antidiabetic medications, a fasting glucose
level ≥126 mg/dL, or a haemoglobin A1c level ≥6.5%.11

The trial followed the ethical principles of the Declara-
tion of Helsinki and was approved by the institutional
review board of each participating centre. All partici-
pants provided written informed consent before partic-
ipation in the trial. Cardiovascular Research Center
(Seoul, South Korea) performed study coordination, data
management, and site management services.10 Desig-
nated trial monitors reviewed the investigational data at
appropriate intervals for accuracy and completeness and
ensured protocol compliance. Study safety was moni-
tored by a data and safety monitoring board of inde-
pendent physicians who acted in an advisory capability
to monitor participant safety, evaluate study progress,
and review the study process.10

Randomisation and masking
Eligible patients were randomised in a 1:1 manner to
receive statin therapy by either the treat-to-target strat-
egy or high-intensity statin therapy.10 Web-response
permuted-block randomisation (mixed blocks of 4 or
6) was used to allocate patients at each participating
site, and patients were stratified by presence of DM,
baseline LDL-C level ≥100 mg/dL, and acute coronary
syndrome.10

Procedures
Patients received rosuvastatin 10 mg or atorvastatin
20 mg for moderate-intensity statin therapy, and rosu-
vastatin 20 mg or atorvastatin 40 mg for high-intensity
statin therapy.10,12 In the treat-to-target group, the
target LDL-C level was set at below 70 mg/dL, which was
the lowest LDL-C level recommended for our population
in the latest guidelines at the time of trial design
www.thelancet.com Vol 64 October, 2023
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(August 2015),13–15 and statin intensity was titrated to
achieve this goal, as described previously.10 In short, for
patients who were assigned to the treat-to-target group,
statin-naïve patients initially received moderate-intensity
statin therapy. For those already on statin therapy, the
patients received a dose of study drugs (rosuvastatin or
atorvastatin) based on their baseline LDL-C levels; drug
dose was maintained at the same intensity for those
with an LDL-C level <70 mg/dL but increased for those
with an LDL-C level ≥70 mg/dL.10 During follow-up, up-
titration for those with an LDL-C level ≥70 md/dL,
maintenance of the same intensity without titration for
those with an LDL-C level ≥50 mg/dL and <70 mg/dL,
or down-titration for those with an LDL-C level <50 mg/
dL was performed.10 For patients assigned to the high-
intensity statin group, high-intensity statin therapy was
initiated and maintained regardless of their LDL-C
levels at randomisation and follow-up.10 Adding non-
statin agents such as ezetimibe was not strongly rec-
ommended to maintain the focus on statin therapy and
to avoid introducing confounding effects by imbalances
in the use of these non-statin agents.10 For other medical
treatments, guideline-directed medical therapy was
strongly recommended and modification of risk factors
including blood pressure or glucose control, weight
reduction, exercise, dietary changes, and smoking ces-
sation was encouraged.10

Follow-up visits to assess general health status, use
of drugs, and the occurrence of study outcomes or
adverse events were performed at 6 weeks and 3, 6, 12,
24, and 36 months.10 Serial follow-up of patients’ lipid
profiles (total cholesterol, LDL-C, high-density lipopro-
tein cholesterol, and triglyceride levels), aspartate
aminotransferase, alanine aminotransferase, creatine
kinase, and creatinine levels was performed at 6 weeks
and 12, 24, and 36 months.10 Serial follow-up of plasma
glucose and haemoglobin A1c levels was performed at
12, 24, and 36 months.10

Outcomes
In accordance with the LODESTAR trial,10 the primary
outcome was major adverse cardiac and cerebrovascular
events, defined as the composite of all-cause death,
myocardial infarction (MI), stroke, and any coronary
revascularisation within 3 years. Death was defined as
cardiovascular death and non-cardiovascular death.
Cardiovascular death was defined as death caused by
MI, sudden cardiac death, heart failure, stroke, cardio-
vascular procedures, cardiovascular bleeding, and any
death for which a cardiovascular cause could not be
excluded. MI was defined by clinical symptoms, changes
in electrocardiograms, or abnormal findings during
imaging studies, along with an increase in the creatine
kinase myocardial band fraction above the upper normal
limit or an increase in the troponin-T or troponin-I level
>99th percentile of the upper normal limit.10,16 Stroke
was defined as an acute cerebrovascular event causing a
www.thelancet.com Vol 64 October, 2023
neurologic deficit for >24 h or the presence of an acute
infarction in imaging studies.10,17 Coronary revascular-
isation included percutaneous coronary intervention or
coronary artery bypass graft surgery, and clinically
indicated revascularisation was defined by an invasive
angiographic percent diameter stenosis ≥50% with
ischaemic symptoms or signs, or a percent diameter
stenosis ≥70% even in the absence of symptoms or
signs. Secondary outcomes were 1) new-onset diabetes
mellitus, 2) hospitalisation due to heart failure, 3) deep
vein thrombosis or pulmonary thromboembolism, 4)
endovascular revascularisation for peripheral artery
disease, 5) aortic intervention or surgery, 6) end-stage
kidney disease, 7) discontinuation of study drugs due
to intolerance, 8) cataract operation, and 9) a composite
of laboratory abnormalities. Secondary outcome defini-
tions are provided in the Supplemental Appendix.

Statistical analysis
Consistent with the primary report of the LODESTAR
trial, both primary and secondary outcomes were
assessed based on the intention-to-treat population.
Sensitivity analyses were conducted in the per-protocol
population. Categorical data are presented as numbers
with percentages. Continuous data are presented as
means (standard deviations) and medians (interquartile
ranges) for normal and skewed distributions, respec-
tively. Cumulative incidence of the primary outcome at
3 years was estimated using Kaplan–Meier curves for
time-to-event analysis, measured from randomisation to
the first occurrence of the event of interest during
follow-up, and event rates between the two groups were
compared using log-rank tests. Hazard ratios (HRs) and
95% confidence intervals (CIs) were computed using
Cox regression analyses. To determine whether therapy
effects (treat-to-target strategy versus high-intensity
statin therapy) varied by DM status, Cox proportional
hazard regression models were used and p-values for
interactions between DM status and therapy were
calculated. Statistical significance was defined as
p < 0.05 without adjustment for multiple comparisons.
Statistical analyses were conducted using IBM SPSS
version 25.0 (IBM Corporation, Chicago, IL, USA) and R
3.5.3 software (R Foundation for Statistical Computing,
Vienna, Austria).

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.
Results
Between September 9, 2016 and November 27, 2019, a
total of 4400 participants with CAD were enrolled in the
LODESTAR trial, and 1468 (33%) patients were identi-
fied as having DM at baseline (Fig. 1). Baseline clinical
3
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Fig. 1: Study flow of participants. LODESTAR, low-density lipoprotein cholesterol-targeting statin therapy versus intensity-based statin
therapy in patients with coronary artery disease.
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characteristics and laboratory profiles stratified by DM
status are presented in Supplemental Table S2. Patients
with and without DM who were allocated to either the
treat-to-target group or the high-intensity statin group
showed similar baseline clinical characteristics, medi-
cation history, baseline haemoglobin A1c, and lipid
profiles except for the greater proportion of chronic
kidney disease in the high-intensity statin therapy group
in patients with DM (Table 1). Patients were followed for
a median of 3.0 years (interquartile range, 3.0–3.0
years), and the 3-year clinical outcomes are presented in
Table 2. Among patients with DM, the incidence rate of
the primary outcome was 10.5% in the treat-to-target
group and 11.1% in the high-intensity statin group
(HR 0.94, 95% CI 0.69–1.29, p = 0.70). Similarly, among
patients without DM, the occurrence of the primary
outcome was comparable between the two treatment
strategies (6.9% versus 7.5%, respectively, HR 0.93, 95%
CI 0.71–1.21, p = 0.58) (Fig. 2). There was no significant
heterogeneity in treatment effect according to the pres-
ence of DM (p for interaction [pint] = 0.94). Overall oc-
currences of individual components of the primary
outcome were comparable between the two treatment
strategies in patients with and without DM (all p > 0.05),
with no significant interactions between DM and treat-
ment strategy (all pint >0.05). Serial changes in lipid
profiles during the 3-year follow-up are shown in
Table 3. In patients with and without DM allocated to
either the treat-to-target group or high-intensity statin
group, there was no significant difference in LDL-C
levels during the 3-year follow-up period. Throughout
the study period, mean (SD) LDL-C levels did not differ
significantly between treat-to-target strategy and high-
intensity statin groups among patients with DM [64.9
(17.7) mg/dL versus 63.7 (19.9) mg/dL, p = 0.19] and
those without DM [70.4 (17.3) mg/dL versus 70.4 (20.8)
mg/dL, p = 0.97]. The proportions of patients with LDL-
C level <70 mg/dL were comparable across the treat-to-
target group and high-intensity statin group among
patients with and without DM during the 3-year follow-
up period (Table 3). During the study period, there was
no significant difference in the mean haemoglobin A1c
level between the two treatment strategies, both in pa-
tients with and without DM (Table 3). The proportions
of patients with and without DM who received high-
intensity statin treatment and ezetimibe are shown in
Fig. 3. Ezetimibe was more frequently prescribed in the
treat-to-target group of patients regardless of the pres-
ence of DM. Furthermore, in the treat-to-target group of
patients with DM, a high-intensity statin was used in
46% at 1 year and in 47% at 2 and 3 years. The incidence
of secondary outcomes stratified by DM and treatment
strategy are presented in Table 2. Among patients with
DM, there was no significant difference in the occur-
rence of secondary outcomes between the two treatment
strategies. Meanwhile, compared with high-intensity
statin therapy, the treat-to-target strategy was associ-
ated with a substantially lower risk of new-onset DM
requiring initiation of medication in patients without
DM (7.4% versus 5.1%, HR 0.68, 95% CI 0.51–0.92,
www.thelancet.com Vol 64 October, 2023
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Characteristics Patients with DM (N = 1468) Patients without DM (N = 2932)

Treat-to-target
group (N = 735)

High-intensity
statin group
(N = 733)

p value Treat-to-target
group (N = 1465)

High-intensity
statin group
(N = 1467)

p value

Age, mean (SD), y 66.2 (9.4) 66.4 (9.5) 0.70 64.4 (10.2) 64.5 (9.8) 0.73

Male 532 (72.4%) 546 (74.5%) 0.39 1042 (71.1%) 1052 (71.7%) 0.76

Weight, mean (SD), kg 68.1 (11.4) 68.4 (11.2) 0.55 66.5 (10.5) 66.5 (10.2) 0.89

Body-mass index, mean (SD), kg/m2 25.1 (3.1) 25.1 (3.1) 0.86 24.6 (2.8) 24.5 (2.8) 0.83

Past medical history

Hypertension 576 (78.4%) 548 (74.8%) 0.12 897 (61.2%) 916 (62.4%) 0.52

Diabetes with insulin treatment 81 (11.0%) 81 (11.1%) 0.99 – – –

Chronic kidney diseasea 82 (11.2%) 110 (15.0%) 0.04 71 (4.8%) 56 (3.8%) 0.20

End-stage kidney disease on dialysis 11 (1.5%) 13 (1.8%) 0.83 2 (0.1%) 3 (0.2%) 0.99

Previous PCI 458 (62.3%) 434 (59.2%) 0.24 785 (53.6%) 780 (53.2%) 0.85

Previous CABG 78 (10.6%) 88 (12.0%) 0.45 76 (5.2%) 92 (6.3%) 0.24

Previous stroke 58 (7.9%) 60 (8.2%) 0.91 77 (5.3%) 68 (4.6%) 0.49

Current smoker 100 (13.6%) 97 (13.2%) 0.90 203 (13.9%) 203 (13.8%) 0.99

Lipids, mean (SD), mg/dl

Low-density lipoprotein cholesterol 78.4 (31.1) 78.8 (28.8) 0.76 90.4 (32.8) 91.2 (31.9) 0.50

High-density lipoprotein cholesterol 44.4 (11.3) 44.4 (10.8) 0.98 47.9 (11.4) 48.2 (11.7) 0.44

Total cholesterol 145.3 (36.3) 147.4 (33.4) 0.24 161.5 (37.9) 162.3 (37.8) 0.53

Triglycerides 143.2 (90.1) 146.9 (87.9) 0.43 136.0 (79.8) 132.1 (79.8) 0.18

Serum haemoglobin A1c level, % 7.2 (1.2) 7.1 (1.1) 0.11 5.9 (0.5) 5.9 (0.5) 0.86

Clinical presentation at randomisation 0.62 0.74

Acute myocardial infarction within 1 year 49 (6.7%) 63 (8.6%) 110 (7.5%) 116 (7.9%)

>1 year after myocardial infarction 125 (17.0%) 131 (17.9%) 213 (14.5%) 206 (14.0%)

Unstable angina or revascularisation within 1 year 132 (18.0%) 131 (17.9%) 249 (17.0%) 276 (18.8%)

>1 year after unstable angina or revascularisation 331 (45.0%) 309 (42.2%) 579 (39.5%) 565 (38.5%)

Detection of CAD at screening without symptoms 98 (13.3%) 99 (13.5%) 314 (21.4%) 304 (20.7%)

Lipid lowering therapy before randomisation

Statin 0.85 0.11

High-intensity statin 188 (25.6%) 197 (26.9%) 341 (23.3%) 379 (25.8%)

Moderate-intensity statin 455 (61.9%) 438 (59.8%) 829 (56.6%) 802 (54.7%)

Low-intensity statin 23 (3.1%) 23 (3.1%) 30 (2.0%) 17 (1.2%)

None 69 (9.4%) 75 (10.2%) 265 (18.1%) 269 (18.3%)

Ezetimibe 99 (13.5%) 91 (12.4%) 0.60 154 (10.5%) 135 (9.2%) 0.26

Data are mean (SD), or number (%). Abbreviations: CABG, coronary-artery bypass grafting; CAD, coronary artery disease; PCI, percutaneous coronary intervention. aChronic kidney disease was defined as an
estimated glomerular filtration of less than 60 ml per minute per 1.73 m2 of body-surface area.

Table 1: Baseline characteristics according to diabetes mellitus and treatment strategy.
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p = 0.01) and there was a trend towards a lower risk of
new-onset DM (10.4% versus 8.4%, HR 0.79, 95% CI
0.62–1.01; p = 0.06). In an analysis of the per-protocol
population (Supplemental Table S3), the incidence of
the primary outcome was also comparable between the
two treatment strategies, regardless of DM status, with
no heterogeneity in effects of treatment strategy
(Supplemental Table S4). Consistent with the primary
analysis, the occurrence of new-onset DM requiring
initiation of medication was significantly lower in the
treat-to-target group than in the high-intensity statin
group (5.1% versus 7.5%, HR 0.68, 95% CI 0.50–0.92,
p = 0.01) among patients without DM (Supplemental
Table S4).
www.thelancet.com Vol 64 October, 2023
Discussion
This pre-specified analysis of the LODESTAR trial with
patients with CAD revealed that among patients with
and without DM, the risk of composite adverse events
was comparable between the treat-to-target strategy and
high-intensity statin therapy, despite less high-intensity
statin use in the treat-to-target group. Serial changes
in LDL-C level and haemoglobin A1c were also compa-
rable between the two treatment strategies in patients
with and without DM. No difference was observed in the
proportion of patients achieving LDL-C <70 mg/dL
across the treatment strategies regardless of baseline
DM status over the study period. Importantly, at the end
of 3-year follow-up, 66% of DM patients and 54% of
5
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Outcome Patients with DM (N = 1468) Patients without DM (N = 2932) Pint
a

Treat-to-target
group (N = 735)

High-intensity
statin group
(N = 733)

HR (95% CI) p value Treat-to-target
group (N = 1465)

High-intensity
statin group
(N = 1467)

HR (95% CI) p value

Primary outcome

Death, myocardial infarction, stroke, or
coronary revascularisation

76 (10.5%) 81 (11.1%) 0.94 (0.69–1.29) 0.70 101 (6.9%) 109 (7.5%) 0.93 (0.71–1.21) 0.58 0.94

Components of the primary outcome

Death 27 (3.7%) 25 (3.4%) 1.09 (0.63–1.88) 0.75 27 (1.9%) 29 (2.0%) 0.93 (0.55–1.57) 0.78 0.68

Cardiac death 7 (1.0%) 4 (0.6%) 1.77 (0.52–6.04) 0.36 9 (0.6%) 9 (0.6%) 1.00 (0.40–2.51) 0.99 0.47

Myocardial infarction 14 (2.0%) 14 (2.0%) 1.01 (0.48–2.12) 0.98 20 (1.4%) 12 (0.8%) 1.82 (0.87–3.79) 0.11 0.27

Stroke 7 (1.0%) 16 (2.2%) 0.44 (0.18–1.07) 0.08 10 (0.7%) 11 (0.8%) 0.91 (0.39–2.14) 0.82 0.25

Ischaemic stroke 5 13 7 7

Hemorrhagic stroke 2 3 3 4

Coronary revascularisation 45 (6.4%) 41 (5.7%) 1.11 (0.73–1.70) 0.62 67 (4.6%) 73 (5.1%) 0.92 (0.66–1.28) 0.61 0.48

Secondary outcomes

New-onset DM – – – – 121 (8.4%) 150 (10.4%) 0.79 (0.62–1.01) 0.06 –

Initiation of anti-diabetic medication – – – – 73 (5.1%) 105 (7.4%) 0.68 (0.51–0.92) 0.01 –

Discontinuation of statin therapy 14 (1.9%) 16 (2.2%) 0.88 (0.43–1.80) 0.71 17 (1.2%) 30 (2.1%) 0.56 (0.31–1.02) 0.06 0.36

Deep vein thrombosis or pulmonary embolism 1 (0.1%) 1 (0.1%) 1.01 (0.06–16.12) 0.99 3 (0.2%) 4 (0.3%) 0.75 (0.17–3.34) 0.73 0.86

Peripheral artery revascularisation 5 (0.7%) 6 (0.8%) 0.84 (0.26–2.75) 0.77 7 (0.4%) 11 (0.7%) 0.54 (0.20–1.47) 0.23 0.58

Hospitalisation due to heart failure 8 (1.1%) 5 (0.7%) 1.61 (0.53–4.93) 0.40 5 (0.3%) 2 (0.1%) 2.50 (0.48–12.87) 0.27 0.67

Composite of laboratory abnormalities 9 (1.3%) 15 (2.1%) 0.60 (0.26–1.38) 0.23 9 (0.6%) 15 (1.0%) 0.64 (0.28–1.48) 0.22 0.98

Liver enzyme elevation (aminotransferase) 4 4 4 8

Creatinine kinase elevation 0 1 3 7

Creatinine elevation 5 10 2 1

Cataract operation 18 (2.5%) 20 (2.8%) 0.90 (0.48–1.71) 0.74 25 (1.7%) 22 (1.5%) 1.14 (0.64–2.02) 0.77 0.58

End-stage kidney disease on dialysis 3 (0.4%) 9 (1.2%) 0.34 (0.09–1.24) 0.10 0 1 (0.1%) NA 0.32 0.99

Data are the number of events (%). The percentages shown were calculated using Kaplan–Meier estimates. DM, diabetes mellitus; HR, hazard ratio; CI, confidence interval; NA, not available. aPint: p-value for
interaction between DM status and treatment strategy.

Table 2: Primary and secondary outcomes according to diabetes mellitus and treatment strategy.
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non-DM patients in the treat-to-target group achieved
the target LDL-C of 50–70 mg/dL. In addition, although
the study protocol did not strongly encourage the use of
non-statin lipid-lowering agents, the use of ezetimibe
was more common in the treat-to-target group than in
the high-intensity statin group. These results suggest
that achieving optimal LDL-C reduction with statin
therapy alone is quite challenging and that there may be
physician preference and improved patient tolerability
for the addition of ezetimibe over statin intensification
to achieve target LDL-C level.

Current lipid management guidelines strongly
recommend a stringent reduction in LDL-C level
among patients with CAD to prevent recurrent car-
diovascular events, and the importance of optimal LDL-
C reduction is further emphasized in patients with
concurrent cardiovascular risk factors such as DM.1–3

The 2018 AHA/ACC guidelines for lipid manage-
ment recommend the use of high-intensity statin
therapy to lower LDL-C ≥ 50% from baseline in dia-
betic patients who have multiple cardiovascular risk
factors.1 Similarly, the American Diabetes Associa-
tion’s 2023 update strongly recommends the use of
high-intensity statin therapy for secondary prevention
in diabetic patients with atherosclerotic cardiovascular
disease.3 However, despite the well-recognized clinical
benefits of high-intensity statin therapy in secondary
prevention of adverse cardiovascular events in patients
with CAD, concerns regarded statin-related side-effects
have posed a considerable hurdle for prescription of
high-intensity statins and are associated with low drug
adherence in these patients.18,19 In the 2019 ESC/EAS
lipid guidelines, all patients with documented CAD,
regardless of diabetes status, are classified as a very
high-risk population and it is strongly recommended
that these patients achieve at least a 50% reduction in
their baseline LDL-C level and maintain their LDL-C
level below 55 mg/dL.2 However, the guidelines also
emphasize assessing safety issues and adjusting statin
treatment dose accordingly (class of recommendation,
IIa).2 Taken together, two rational therapeutic ap-
proaches have been proposed to achieve sufficient LDL-
C reduction in high-risk populations: (1) adjusting the
statin dose to achieve a target LDL-C level, or (2)
initiating treatment with a high-intensity statin until
intolerance occurs. However, there is insufficient evi-
dence concerning which approach is most advanta-
geous in terms of efficacy and safety profile in CAD
www.thelancet.com Vol 64 October, 2023
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Fig. 2: Time-to-event curves of the primary outcome among patients with and without diabetes mellitus. Kaplan–Meier survival curves for
the primary outcome among patients with and without diabetes mellitus according to treatment strategy. HR, hazard ratio; CI, confidence
interval; Pint, p for interaction. The number of censored patients is shown in brackets at each time point for each group.
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patients, particularly those with DM, the most com-
mon cardiovascular risk factor.3,4,20

In this pre-specified analysis, although less than
half of the treat-to-target group in patients with DM
received high-intensity statin therapy, the effect of the
treat-to-target strategy on the primary outcome was
comparable to that of high-intensity statin therapy, with
no significant difference in LDL-C levels during the
study period. In accordance with our findings, a post-
hoc analysis of the IMPROVE-IT trial (IMProved
Reduction of Outcomes: Vytorin Efficacy International
Trial) showed a consistent association between intensive
LDL-C reduction and improved clinical outcomes in
patients with an acute coronary syndrome, independent
of the use of ezetimibe.21,22 In addition, the favorable
impact of aggressive lipid-lowering therapy after acute
coronary syndrome was more prominent in patients
with DM than in those without DM,4 implying that
achieving an adequate reduction in LDL-cholesterol
levels is crucial in patients with DM, irrespective of
the treatment strategy employed.

In patients without DM, the occurrence of new-onset
DM was not significantly different between the treat-
ment strategies, while the incidence of new-onset DM
requiring initiation of anti-diabetic medication was
relatively lower in the treat-to-target group. The
JUPITER (Justification for the Use of Statins in Pre-
vention: an Intervention Trial Evaluating Rosuvastatin)
www.thelancet.com Vol 64 October, 2023
trial revealed a notable relationship between high-
intensity rosuvastatin treatment and new-onset DM.23

Furthermore, a meta-analysis of 32,752 patients with-
out DM on statin therapy showed a significant associa-
tion between high-intensity statin therapy and an
elevated risk of developing new-onset DM compared to
moderate-intensity statin therapy (HR 1.12, 95% CI
1.04–1.22).24,25 Despite guideline recommendations,
underutilization of high-intensity statins in patients
with CAD was evident in real-world practice, which
could be attributed to the risk of various statin-
associated side effects, including new-onset DM,
muscle-related symptoms and hepatotoxicity.26,27 There-
fore, patients who require long-term statin therapy need
a tailored approach. In this context, starting with a
moderate-intensity statin and gradual up-titration, or
adopting an early ezetimibe combination strategy is
worth consideration. The LIVES (Livalo Effectiveness
and Safety) prospective observational study with 20,279
patients with dyslipidemia showed that pitavastatin, a
moderate-intensity statin, was not associated with an
elevation of hemoglobin A1c or the occurrence of
new-onset DM for 2 years of study period.28 The REAL-
CAD (Randomized Evaluation of Aggressive or Moder-
ate Lipid Lowering Therapy With Pitavastatin in
Coronary Artery Disease) trial demonstrated that high-
dose pitavastatin, compared with low-dose pitavastatin,
significantly reduced adverse cardiovascular events in
7
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Patients with DM Patients without DM

Treat-to-target
group

High-intensity
statin group

p-value Treat-to-target
group

High-intensity
statin group

p-value

At randomization

Total number of patients 735 733 1465 1467

LDL-cholesterol, mg/dL 78.4 (31.1) 78.8 (28.8) 0.76 90.4 (32.8) 91.2 (31.9) 0.50

Total cholesterol, mg/dL 145.2 (36.3) 147.4 (33.4) 0.24 161.5 (37.9) 162.3 (37.8) 0.53

Triglycerides, mg/dL 143.2 (90.1) 146.9 (87.9) 0.43 136.0 (79.8) 132.1 (79.8) 0.18

HDL-cholesterol, mg/dL 44.4 (11.3) 44.4 (10.8) 0.98 47.9 (11.4) 48.2 (11.7) 0.44

Number of patients with LDL cholesterol level <70 mg/dL 315 (42.9%) 298 (40.7%) 0.42 397 (27.1%) 357 (24.3%) 0.10

Serum haemoglobin A1c level, % 7.2 (1.2) 7.1 (1.1) 0.11 5.9 (0.5) 5.9 (0.5) 0.86

At 1-year

Total number of patients 629 633 1233 1221

LDL-cholesterol, mg/dL 66.6 (20.3) 64.4 (22.1) 0.07 70.7 (20.6) 70.7 (22.7) 0.98

Total cholesterol, mg/dL 135.9 (27.6) 138.4 (28.4) 0.11 137.7 (27.4) 135.9 (26.8) 0.10

Triglycerides, mg/dL 135.2 (86.6) 133.8 (81.3) 0.78 130.3 (74.4) 128.8 (72.3) 0.58

HDL-cholesterol, mg/dL 47.4 (11.9) 47.4 (11.8) 0.99 47.9 (11.8) 47.7 (11.9) 0.50

Number of patients with LDL cholesterol level <70 mg/dL 395 (62.8%) 416 (65.7%) 0.31 643 (52.1%) 676 (55.4%) 0.12

Serum haemoglobin A1c level, % 7.2 (1.2) 7.2 (1.2) 0.47 5.9 (0.5) 5.9 (0.6) 0.26

At 2 years

Total number of patients 550 578 1104 1101

LDL-cholesterol, mg/dL 63.1 (19.9) 63.0 (23.0) 0.94 68.6 (18.9) 69.2 (22.0) 0.47

Total cholesterol, mg/dL 134.6 (26.8) 135.9 (27.5) 0.43 137.2 (26.1) 135.6 (26.0) 0.14

Triglycerides, mg/dL 131.2 (80.1) 130.7 (75.4) 0.91 127.7 (67.4) 122.5 (69.0) 0.08

HDL-cholesterol, mg/dL 47.0 (11.9) 46.6 (12.0) 0.53 47.9 (11.5) 47.3 (11.7) 0.24

Number of patients with LDL cholesterol level <70 mg/dL 380 (69.1%) 386 (66.8%) 0.44 625 (56.6%) 629 (57.1%) 0.84

Serum haemoglobin A1c level, % 7.2 (1.2) 7.2 (1.1) 0.69 5.9 (0.5) 6.0 (0.6) 0.36

At 3 years

Total number of patients 532 555 1028 999

LDL-cholesterol, mg/dL 63.6 (19.9) 62.9 (21.7) 0.54 69.6 (21.6) 70.1 (23.3) 0.63

Total cholesterol, mg/dL 133.3 (26.9) 137.3 (28.7) 0.02 136.3 (26.6) 136.0 (26.2) 0.80

Triglycerides, mg/dL 128.9 (71.5) 126.9 (84.7) 0.66 128.0 (73.9) 126.9 (79.5) 0.74

HDL-cholesterol, mg/dL 45.7 (11.2) 46.9 (11.6) 0.09 46.7 (11.6) 47.1 (11.4) 0.41

Number of patients with LDL cholesterol level <70 mg/dL 353 (66.4%) 378 (68.1%) 0.58 555 (54.0%) 549 (55.0%) 0.70

Serum haemoglobin A1c level, % 7.2 (1.2) 7.1 (1.1) 0.11 6.0 (0.5) 6.0 (0.5) 0.86

Data are presented as means (standard deviations) or number (%). DM, diabetes mellitus; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Table 3: Serial changes in laboratory profiles and the proportion of patients with LDL-cholesterol level of <70 mg/dL according to diabetes mellitus and treatment strategy.
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patients with and without DM, while not increasing the
risk of new-onset DM.29 Furthermore, a recent study in
patients with atherosclerotic cardiovascular disease re-
ported that moderate-intensity statin therapy combined
with ezetimibe provided favorable cardiovascular out-
comes comparable to those of high-intensity statin
therapy along with a significantly lower incidence of
drug intolerance.30 These effects were consistently
observed in patients with atherosclerotic cardiovascular
disease with and without DM.20

In contrast to previous studies that focused primarily
on the treatment effects of a particular statin potency, or
the additive benefits of ‘non-statin agents’ in combina-
tion with an equivalent statin dose,4–6,21–23 the LODE-
STAR trial uniquely evaluated the therapeutic impact of
the treat-to-target strategy versus fixed-dose high-in-
tensity statin strategy.10 Consistent with the primary
results of LODESTAR trial, the current study suggested
that a treat-to-target strategy could be a reasonable
therapeutic approach in patients with CAD, irrespective
of their DM status.

The current study had several limitations. First,
despite the fact that the current study was based on a
pre-specified subgroup analysis, the results derived
from the subgroups of patients were not sufficiently
powered to draw definite conclusions regarding the
impacts of the treat-to-target strategy versus high-
intensity statin therapy. Therefore, the possibility of a
chance finding cannot be excluded. Second, the target
LDL-C level was set below 70 mg/dL, which was the
lowest LDL-C level recommended for our population in
the latest guidelines at the time of trial design in the
treat-to-target group of the present study.10 However, the
latest European guidelines recommend a lower LDL-C
www.thelancet.com Vol 64 October, 2023
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Fig. 3: Proportion of patients receiving high-intensity statin or ezetimibe therapy. Serial changes in the proportion of patients prescribed a
high-intensity statin (A and B) or ezetimibe (C and D) among patients with (A and C) and without (B and D) DM. DM, diabetes mellitus.
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target of <55 mg/dL in patients with CAD; further
research is needed based on this recent change in rec-
ommended target LDL-C level. Third, the LODESTAR
trial was an open-label study in which both physicians
and patients were aware of their assigned treatment
arm, which could have introduced bias. Fourth, com-
parisons of each component of the primary outcome
were limited by the small number of events, and there is
the possibility of type I error given the multiple com-
parisons. Fifth, the achievement of the target LDL-C
goal in the treat-to-target group was less than optimal,
even though not statistically different from the high-
intensity statin group.

In conclusion, in patients with CAD, a treat-to-target
LDL-C strategy of 50–70 mg/dL as the goal was com-
parable to high-intensity statin therapy in terms of 3-
year efficacy and safety outcomes regardless of the
presence of DM.
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