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Abstract

Background The impact of rosuvastatin versus atorvastatin on new-onset diabetes mellitus (NODM) among patients
treated with high-intensity statin therapy for coronary artery disease (CAD) remains to be clarified. This study aimed to
evaluate the risk of NODM in patients with CAD treated with rosuvastatin compared to atorvastatin in the randomized
LODESTAR trial.

Methods In the LODESTAR trial, patients with CAD were randomly assigned to receive either rosuvastatin or
atorvastatin using a 2-by-2 factorial randomization. In this post-hoc analysis, the 3-year incidence of NODM was
compared between rosuvastatin and atorvastatin treatment in the as-treated population with high-intensity statin
therapy as the principal population of interest.

Results Among 2932 patients without diabetes mellitus at baseline, 2377 were included in the as-treated population
analysis. In the as-treated population with high-intensity statin therapy, the incidence of NODM was not significantly
different between the rosuvastatin and atorvastatin groups (11.4% [106/948] versus 8.8% [73/856], hazard ratio
[HR]1=1.32, 95% confidence interval [CI]=0.98 to 1.77, P=0.071). When the risk of NODM with rosuvastatin versus
atorvastatin was assessed according to the achieved low-density lipoprotein cholesterol (LDL-C) level, the risk of
NODM began to increase at a LDL-C level below 70 mg/dL. The incidence of NODM was significantly greater in the

fSung-Jin Hong and Yong-Joon Lee contributed equally to this work.

*Correspondence:
Myeong-Ki Hong
mkhong61@yuhs.ac

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12933-024-02386-w&domain=pdf&date_stamp=2024-8-5

Hong et al. Cardiovascular Diabetology (2024) 23:287

Page 2 of 9

rosuvastatin group than it was in the atorvastatin group when the achieved LDL-C level was <70 mg/dL (13.9% versus

8.09%; HR=1.79,95% Cl 1.18 to 2.73, P=0.007).

Conclusions Among CAD patients receiving high-intensity statin therapy, the incidence of NODM was not
significantly different between rosuvastatin and atorvastatin. However, a drug effect of the statin type on NODM was

observed when the achieved LDL-C level was <70 mg/dL.

Trial registration ClinicalTrials.gov, Identifier: NCT02579499.
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Introduction

For patients with coronary artery disease (CAD), inten-
sive reduction of low-density lipoprotein cholesterol
(LDL-C) levels via 3-hydroxy-3-methylglutarylcoenzyme
A (HMG-CoA) reductase inhibitor (statin) therapy
is recommended [1, 2]. However, statin use has been
associated with increased risk for new-onset diabetes
mellitus (NODM) [3-6]. An increased risk of NODM
was more frequently observed in patients with higher-
intensity statin therapy than in those with lower-inten-
sity statin therapy [7]. While high-intensity statins are
generally used as the initial choice for LDL-C lower-
ing therapy in the secondary prevention of cardiovas-
cular disease, only rosuvastatin and atorvastatin can
provide high-intensity statin therapy [1, 2]. However,
it remains uncertain whether the risk of NODM differs
between rosuvastatin and atorvastatin. Recently, a safety
endpoint in the LODESTAR (Low-density lipoprotein
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cholesterol-targeting statin therapy versus intensity-
based statin therapy in patients with coronary artery
disease) trial identified a higher incidence of NODM in
patients receiving rosuvastatin than in those on ator-
vastatin [8, 9]. In the previous report, the NODM was
only evaluated according to the population randomized
(intention-to-treat population), rather than by what each
patient actually received (as-treated population). In addi-
tion, questions may arise as to whether these findings are
dependent on the lipid-lowering efficacy of the medica-
tion, as a significantly lower LDL-C level was observed in
the rosuvastatin group than in the atorvastatin group.
Therefore, in this post-hoc analysis of the LODESTAR
trial, we evaluated whether there is a difference in the
incidence of NODM between rosuvastatin and atorvas-
tatin in a head-to-head comparison with consideration
of the type of statin that was actually given, particularly
in patients treated with high-intensity statin therapy. We
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also assessed the comparative effect of rosuvastatin ver-
sus atorvastatin according to the achieved LDL-C levels.

Methods

Study design and participants

The LODESTAR trial was an investigator-initiated, multi-
center, randomized trial conducted at 12 centers in South
Korea. The protocol was approved by the institutional
review board at each participating center. The study
was performed according to the principles of the Dec-
laration of Helsinki. The main outcomes of the LODE-
STAR trial were previously reported [8, 9]. Briefly, in
the LODESTAR trial, patients with clinically diagnosed
CAD underwent 2-by-2 factorial randomization accord-
ing to: (1) the type of statin (rosuvastatin versus atorvas-
tatin), and (2) the statin intensity maintenance strategy
(treat-to-target strategy with target goal LDL-C levels
versus high-intensity statin therapy without a target) [8,
9]. Details about the inclusion and exclusion criteria are
provided in Additional file 1: Table S1. All participants
provided written informed consent. In this post-hoc
analysis evaluating the development of NODM during
statin therapy, only participants without DM at baseline
were included.

Randomization and study procedures

Eligible patients were randomized in a 1:1 manner to
receive either rosuvastatin or atorvastatin. In addition,
as a factorial randomization, these participants were also
randomized to receive a statin using either the targeted
strategy of titrated-intensity statin therapy (treat-to-tar-
get strategy group) or the fixed strategy using high-inten-
sity statin therapy (high-intensity statin strategy group).
Web-response permuted-block randomization (mixed
blocks of 4 or 6) was used at each participating site to
allocate the patients. The patients were stratified by the
presence of DM, baseline LDL-C levels =100 mg/dL, and
acute coronary syndrome. The allocation sequence was
computer-generated by an external programmer who
was not involved in the trial. The physicians and research
coordinators were able to access the web-response
system.

The intensity of statin treatment was divided into three
categories according to the 2018 American College of
Cardiology/American Heart Association guidelines for
the treatment of blood cholesterol [1]. In the treat-to-
target strategy group, the target LDL-C level was below
70 mg/dL, and the statin intensity was titrated as fol-
lows. For statin-naive patients, moderate-intensity statin
therapy was initiated. For those who were already taking
a statin, an equivalent intensity was maintained when
LDL-C was below 70 mg/dL at randomization, and the
intensity was up-titrated when LDL-C was =70 mg/dL.
During follow-up, there was up-titration for those with
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LDL-C=70 mg/dL, maintenance of the same intensity
for those with LDL-C>50 mg/dL to <70 mg/dL, and
down-titration for those with LDL-C<50 mg/dL. In the
high-intensity statin strategy group, high-intensity statin
therapy was maintained without adjustment. In the
LODESTAR trial, patients were treated with rosuvastatin
10 mg or atorvastatin 20 mg for moderate-intensity statin
therapy, and rosuvastatin 20 mg or atorvastatin 40 mg
for high-intensity statin therapy. For other medical treat-
ments, guideline-directed medical therapy was strongly
recommended.

Clinical and laboratory findings were assessed at base-
line. All patients were scheduled for follow-up visits at
6 weeks and 3, 6, 12, 24, and 36 months. General health
status, use of drugs, and the occurrence of clinical end-
points or adverse events were assessed at baseline and
during each follow-up visit. The following results were
followed serially at 6 weeks and 12, 24, and 36 months:
lipid profiles, including total cholesterol, LDL-C, high-
density lipoprotein cholesterol, and triglyceride levels.
When the dose or type of study medication was changed
during follow-up, patients were recommended to pres-
ent for a laboratory test within 4 to 6 weeks. To moni-
tor adverse effects related to the statin therapy, plasma
glucose, hemoglobin Alc, aspartate aminotransferase,
alanine aminotransferase, creatinine, and creatine kinase
levels were assessed.

Study endpoint

The primary endpoint of this study was the NODM,
which was defined as a fasting plasma glucose
level>126 mg/dL or new initiation of an antidiabetic
drug according to the protocol [10, 11]. Firstly, the inci-
dence of NODM was compared between rosuvastatin
and atorvastatin in the intention-to-treat population.
Secondly, the incidence of NODM was compared in the
as-treated population, particularly with high-intensity
statin therapy as the principal population of interest.

Statistical analyses

Categorical data are presented as numbers (percentages).
Continuous data are presented as mean+standard devia-
tion and median (interquartile range) for normal and
skewed distribution, respectively. In the intention-to-
treat population, all participants were included as ran-
domly assigned to a treatment group. In the as-treated
population, the participants who received ezetimibe in
addition to statin therapy were excluded, as were those
who received statins other than rosuvastatin or atorvas-
tatin were excluded. Finally, the participants who actu-
ally received rosuvastatin monotherapy were termed
the rosuvastatin group, and those who actually received
atorvastatin monotherapy were termed the atorvastatin
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group. The intensities of the statin were also considered
based on what the patients actually received.

The cumulative incidence of the primary endpoint at
3 years was estimated using Kaplan-Meier curves for a
time-to-event analysis from the time of randomization
to the occurrence of NODM development during fol-
low-up. Hazard ratios (HRs) with 95% confidence inter-
vals (Cls) were calculated using Cox regression analysis.
Cox regression analyses with interaction tests were used
to assess the differential therapy effects by the achieved
LDL-C groups. A proportional hazard model, using
restricted cubic splines with three knots, was developed
to explore the association between NODM and achieved
LDL-C levels as a continuous variable. The model was
depicted graphically. Statistical analyses were conducted
using R, version 4.3.1 (R Foundation). All tests were two-
sided and statistical significance was set at P<0.05.

Results

Participants

Between September 2016 and November 2019, a total
of 4400 patients were enrolled in the LODESTAR trial.
Of these patients, 725 patients in the rosuvastatin group
and 743 patients in the atorvastatin group were excluded
because they had DM at baseline (Fig. 1). A total of 1479
patients in the rosuvastatin group and 1453 patients in
the atorvastatin group were included in the intention-
to-treat population. In the as-treated population, 544
patients who received ezetimibe in combination with
statin therapy, and 11 patients who received other types
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of statins were excluded (Fig. 1). Finally, 2377 patients
were analyzed in an as-treated population: 1259 (1176
plus 83) patients in the rosuvastatin group and 1118
(1048 plus 70) patients in the atorvastatin group. The
baseline characteristics in the as-treated populations are
shown in Additional file 1: Table S2. The baseline charac-
teristics in the as-treated population with high-intensity
statin therapy are presented in Table 1. The two groups
were well balanced except the fasting glucose, and lipid
lowering therapy before randomization.

Achieved LDL-C levels

A mean achieved LDL-C level for 3 years was signifi-
cantly lower in the rosuvastatin group than it was in the
atorvastatin group in the intention-to-treat population
(70.2120.8 versus 71.9+18.7 mg/dL; P=0.019) and in the
as-treated population (68.2+19.7 versus 71.6+18.0 mg/
dL; P<0.001). The mean LDL-C levels and other lipid
profiles during the follow-up in the as-treated popu-
lation receiving high-intensity statin therapy are pre-
sented in Additional file 1: Table S3. In the as-treated
population with high-intensity statin therapy, a mean
achieved LDL-C level was also significantly lower in the
rosuvastatin group than it was in the atorvastatin group
(69.8£19.6 versus 72.4£18.0 mg/dL, P=0.004).

Development of NODM

In the intention-to-treat population, NODM developed
in 152 patients among 1479 patients in the rosuvastatin
group (10.4%) and in 119 patients among 1453 patients

‘ 4400 adults with coronary artery disease recruited ‘

4400 underwent randomization

‘ 2204 were assigned to receive rosuvastatin ‘

——{ 725 had diabetes mellitus at baseline ‘

A\
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Y
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Table 1 Baseline characteristics in the as-treated population
with high-intensity statins
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Table 2 New-onset diabetes mellitus (NODM) between
rosuvastatin and atorvastatin treatment

Rosuvas- Atorvas- P- Rosuvastatin  Atorvastatin  HR(95% P-
tatin tatin val- Cl) val-
N=948 N=856 ue ue
Age, mean (SD), years 65+9 65+10 0.623 Intention-to- 152/1479 (104) 119/1453(84) 1.26(0.99 0.058
Male 675(71)  621(73) 0526 treat population t0 1.60)
Female 273(29)  235(28) 0526 As-treated population*
Weight, mean (SD), kg 66+10 67+10 0.500 Overall patients  127/1259(10.2)  91/1118(8.3)  1.24(095 0.115
Height, mean (SD), cm 16448  165+8 0418 t01.63)
Body-mass index, mean (SD), kg/m?  246(29)  246(28) 0953 Low to mod- 21/290(69)  18/244(70) 098(052 0948
) . erate-intensity to 1.84)
Past medical history statin
Hypertension 600(63)  535(63) 0728 High-intensity ~ 106/948 (114)  73/856(88) 1.32(098 0071
Chronic kidney disease 34 (4) 37 (4) 0422 statin to 1.77)
End-stage kidney disease on dialysis 1 (< 1) 1(<1) 0.942 Achieved LDL-C levels™
Previous PCI 511(54)  443(52) 0361 <70 mg/dL 71/517.(139)  31/398(80) 1.79(1.18 0007
Previous CABG 55 (6) 46 (5) 0.693 t0 2.73)
Previous stroke 39 (4) 38 (4) 0.733 >70 mg/dL 35/431(83)  42/458(94) 087(056 0549
Current smoker 135 (14) 1119(14) 0836 to 1.37)
Estimated GFR, mean (SD), ml/ 90+15 90+15 0.989 Data are number of patients/total number of patients (%). Cl=confidence
min/1.73 m?2 interval; HR=hazard ratio; LDL-C=low-density lipoprotein cholesterol
Lipids, mean (SD), mg/dL * As-treated population was defined according to the actually received type of
' S . the statin after exclusion of those who received ezetimibe or a statin other than
Low-density lipoprotein cholesterol 91+31 92+3 0.582 rosuvastatin or atorvastatin
High-density lipoprotein cholesterol 4812 48+11 0656 tFromthe cubic spline analysis plotting, anincrease of NODMin the rosuvastatin
Total cholesterol 163+38 162+36 0462 group versus the atorvastatin group began below an achieved LDL-C level of
Triglvcerides 132472 132479 0.787 70 mg/dL, which was determined as a cut-off value. An interaction test was
g.y - B ’ performed between the type of statin (rosuvastatin versus atorvastatin) and
Fasting glucose, mg/dL* 0.031 the achieved LDL-C levels (<70 versus =70 mg/dL). The P value for interaction
<99 381 (41) 306 (37) was 0.022
100-125 472 (51) 435 (52)
>126 75 (8 94 (11 . .
Clinical ation at randomizat ® an 0,090 in the atorvastatin group (8.4%) (HR=1.26, 95% CI=0.99
INICal presentation at randomization .
Acute :: ocardial infarction within 58 (6) 78.() to 1.60, P=0.058) (Table 2). In the as-treated popula-
1 year y tion, it was observed in 10.2% (127/1259) of the rosuvas-
> 1 year after myocardial infarction 121 (13) 118 (14) tatin group and 8.3% (91/1118) of the atorvastatin group
Unstable angina or revascularization 182 (19) 148 (17) (HR=1.24, 95% CI=0.95 to 1.63, P=0.115) (Table 2).
within 1 year When the patients were classified according to statin
>1 year after unstable angina or 395 (42)  329(38) intensity in the as-treated population, the incidence of
revascularization NODM was not different between the two groups receiv-
Detection of CAD at screening with-  192/(20) 183 (21) ing low to moderate-intensity statins (6.9% versus 7.0%,
out symptoms HR=0.98, 95% CI1=0.52 to 1.84, P=0.948) (Table 2).
L‘p'j ‘Owert"ng therapy before In the subset of those who received high-intensity
randomization . . . .
s statin therapy, the incidence of NODM was not different
Statin 0.004 , .
o . . between those who received rosuvastatin and those who
High-intensity statin 206 (22) 245 (29) ) .
) . ) received atorvastatin (11.4% versus 8.8%, HR 1.32, 95%
Moderate-intensity statin 549 (58) 465 (54) .
) ) ; CI=0.98 to 1.77, P=0.071) (Table 2 and Fig. 2A). Because
Low-intensity statin 16 (2) 8(1) h hi d LDL-C 1 ) ionifi v 1
None 177 (19) 138 (16) t e achieve mefm - eV(? was §1gn1 cantly Oerr
Ezetimibe 79@®) 58(7) 0212 in the rosuvastatin group than it was in the atorvastatin

CABG=coronary-artery bypass grafting; CAD=coronary artery disease;
GFR=glomerular filtration rate; PCl=percutaneous coronary intervention

*20 patients in the rosuvastatin group and 21 patients in the atorvastatin group
did not measure fasting glucose at baseline

1 The intensity of statin treatment was divided according to the 2018 American
College of Cardiology/American Heart Association guideline for the treatment
of blood cholesterol

group, their effects on NODM were assessed accord-
ing to the achieved LDL-C levels. Although the effect
of rosuvastatin versus atorvastatin on NODM was con-
sistent when the LDL-C was >70 mg/dL, an increase of
NODM in the rosuvastatin group versus the atorvastatin
group began below an achieved LDL-C level of 70 mg/
dL (P-interaction=0.026) (Fig. 2B). The risk of NODM
was significantly higher in patients on rosuvastatin than
in those on atorvastatin among patients who achieved
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P-interaction = 0.026
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Fig. 2 New-onset diabetes mellitus (NODM) among the patients who received a high-intensity statin according to the statin type. (A) The incidence of
NODM in overall patients receiving high-intensity statin therapy. (B) Cubic spline analysis of the risk of NODM in the rosuvastatin group versus atorvastatin
group according to the achieved LDL-C levels. (C) The incidence of NODM in the patients with achieved LDL-C levels < 70 mg/dL. (D) The incidence of
NODM in the patients with achieved LDL-C levels > 70 mg/dL. From the cubic spline analysis plotting (B), an increase of NODM in the rosuvastatin group
versus atorvastatin group began below an achieved LDL-C level of 70 mg/dL (red arrow), which was determined as a cut-off value. Cl=confidence inter-

val; HR=Hazard ratio; LDL-C=low-density lipoprotein cholesterol

an LDL-C<70 mg/dL (13.9% versus 8.0%, HR=1.79,
95% CI=1.18 to 2.73, P=0.007). In contrast, the risk of
NODM was not different between the two groups among
patients who achieved LDL-C>70 mg/dL (8.3% versus
9.4%, HR=0.87, 95% CI=0.56 to 1.37, P=0.549) (Fig. 2C
and D, and Table 2). A significant interaction between the
type of statin and the LDL-C level (<70 versus 270 mg/
dL) was also observed (P-interaction=0.022).

Discussion

In this post-hoc analysis from the LODESTAR trial,
the incidence of NODM was not significantly different
between rosuvastatin and atorvastatin when consider-
ing which high-intensity statin type was actually given
(as-treated population). However, the risk of NODM
according to the statin type appears to be dependent on
the achieved LDL-C levelsWhen the achieved LDL-C
level was <70 mg/dL, the risk of NODM was higher in
the rosuvastatin group than it was in the atorvastatin

group, suggesting that there may be a drug effect related
to statin type.

Although intensive reduction of LDL-C levels with
statin therapy is recommended [1, 2], the increased risk
of NODM with statin therapy has been a major concern
for both physicians and patients. According to a meta-
analyses of 13 statin trials, statin therapy was associated
with a 9% increased risk for NODM [6]. In the LODE-
STAR trial, we previously reported a significantly higher
incidence of NODM with rosuvastatin treatment com-
pared to that with atorvastatin treatment as a safety
endpoint [8]. However, this finding was observed in all
patients without exclusion of those with DM at base-
line. In addition, the incidence of NODM was evaluated
according to the population as randomized. In this post-
hoc analysis, NODM was assessed in the as-treated pop-
ulation, according to the type of statin that was actually
given. The incidence of NODM was numerically higher
in the rosuvastatin group than it was in the atorvastatin
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group, but it did not achieve statistical significance.
Because the achieved LDL-C level was significantly lower
in the rosuvastatin group than it was in the atorvastatin
group, we also assessed the risk of NODM by the statin
type according to the achieved LDL-C levels. We found
that there is a significant interaction between the statin
type and the achieved LDL-C levels for NODM. This
result suggests that the risk of NODM by statin type
may be partly attributed to the LDL-C lowering effi-
cacy of the statin therapy. Although the mechanisms of
statin therapy and NODM are not yet fully understood,
a meta-analysis of genetic data from 43 studies revealed
that the association could be related to the reduced activ-
ity of HMG-CoA reductase, which is the target of statin
therapy [12]. Two single-nucleotide polymorphisms,
rs17238484-G and rs12916-T, in the HMG-CoA reduc-
tase gene were found to lower LDL-C levels by 2.3 mg/
dL and increase the risk of NODM by 2% and 6%, respec-
tively [12]. To the extent that the risk of NODM is associ-
ated with the level of inhibition of HMG-CoA reductase
activity, lower LDL-C levels—indicating stronger inhibi-
tion of HMG-CoA reductase—may also contribute to
the higher incidence of NODM with rosuvastatin, which
has a greater binding affinity for HMG-CoA reductase
than atorvastatin. [3, 13]. However, it is unclear whether
NODM is purely a statin-associated side effect or is sim-
ply associated with lowering LDL-C and would be pres-
ent with the use of other lipid-lowering agents [14]. A
meta-analysis of randomized clinical trials with statins
and statin/proprotein convertase subtilisin-kexin type 9
(PCSK9) inhibitors use in 163,688 nondiabetic patients
showed no significant association between LDL-C reduc-
tion and NODM incidence [15] However, a sub-study of
JUPITER (Justification for the Use of Statins in Preven-
tion: an Intervention Trial Evaluating Rosuvastatin) trial
demonstrated that rosuvastatin-treated patients attaining
LDL-C<30 mg/dL were at increased risk for developing
NODM than did those with LDL-C>30 mg/dL [16]. A
Mendelian randomization study also demonstrated that
variants in PCSK9 and HMG-CoA reductase genes were
correlated with higher diabetes risk per unit decrease in
LDL-C [17].

In this study, when the LDL-C was lowered to <70 mg/
dL with rosuvastatin, the risk of NODM increased more
than when the same was achieved with atorvastatin.
Recent pairwise, network, and dose-response meta-
analyses aimed to evaluate how the associations vary by
statin type and adverse events; however, these analyses
only included patients being treated for primary pre-
vention of cardiovascular disease, and also only indi-
rect comparisons were possible [18]. For comparisons
between the different statin type, atorvastatin (HR=1.49,
95% CI=1.08 to 2.05) and rosuvastatin (HR=1.50, 95%
CI=1.16 to 1.94) had a higher risk of NODM than did
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pitavastatin, although there were no other significant
differences between the types of statins, including in
the comparison of rosuvastatin and atorvastatin [18].
In both primary and secondary prevention, it is impor-
tant to understand the adverse effects of statin therapy.
This is particularly true regarding NODM, as it is depen-
dent on the dosage or intensity of the statin therapy. In a
meta-analysis of 5 trials, NODM more frequently devel-
oped in patients receiving higher-intensity statin therapy
than it did in those on lower-intensity statin therapy [7].
Another meta-analyses also assessed NODM develop-
ment according to different types and doses of statins
[19]. There was a gradient for NODM risk across dif-
ferent statin types and doses. Pravastatin 40 mg was
associated with the lowest rate of NODM (odds ratio
[OR]=1.07; 95% CI=0.86 to 1.30), whereas rosuvastatin
20 mg was associated with the highest numeric incidence
of NODM (OR=1.25; 95% CI=0.82 to 1.90), and atorvas-
tatin 80 mg was intermediate (OR=1.15; 95% CI=0.90 to
1.50) [19]. However, in that analysis, there was no direct
comparison between rosuvastatin and atorvastatin. On
the other hand, this post-hoc analysis of the LODESTAR
trial directly compared the incidence of NODM between
rosuvastatin and atorvastatin in patients requiring high-
intensity statin therapy for secondary prevention. We
suggest that the choice of the statin type should be deter-
mined considering the achieved LDL-C levels, especially
when individuals are at increased risk of NODM, such
as prediabetes. However, the exact mechanism by which
NODM varies by statin type remains unclear. Therefore,
our results should be interpreted cautiously.

This study has several limitations. First, this was a post-
hoc analysis, although NODM was the main secondary
safety endpoint in the LODESTAR trial. Second, the defi-
nition of NODM did not include oral glucose tolerance
tests, random plasma glucose measurements, or hemo-
globin Alc levels. However, the definition was pre-spec-
ified in the protocol. Third, the follow-up duration may
have been too short to reflect the long-term effects of the
two statin types, particularly regarding NODM devel-
opment. Fourth, the total duration of statin treatment
before randomization was not considered. Therefore, our
findings need to be considered only as hypothesis-gen-
erating, and further dedicated investigation with longer
follow-up is warranted.

Conclusions

In this post-hoc analysis of the LODESTAR trial, the inci-
dence of NODM was not significantly different between
rosuvastatin and atorvastatin among CAD patients on
high-intensity statin therapy. However, it appears that
the risk of NODM according to the statin types may be
affected by the efficacy of LDL-C lowering. The risk of
NODM was significantly higher in the rosuvastatin group
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than in the atorvastatin group when the achieved LDL-C
level was <70 mg/dL. However, the risk of NODM did
not differ between the two groups when the achieved
LDL-C level was LDL-C>70 mg/dL.

Abbreviations

CAD Coronary artery disease

@] Confidence interval

HMG-CoA  3-hydroxy-3-methylglutarylcoenzyme A
HR Hazard ratio

LDL-C Low-density lipoprotein cholesterol
NODM New-onset diabetes mellitus

OR Odds ratio

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512933-024-02386-w.

[ Supplementary Material 1 ]

Acknowledgements
We thank and acknowledge the contribution of all patients and trial team
members at each study site.

Author contributions

S-JH and Y-JL are joint first authors. S-JH and M-KH designed this study, and
S-JH, Y-JL, and M-KH participated in the final analyses and data interpretation.
All authors participated in the enrollment of patients, performed clinical
follow-up, and revised the draft critically for important intellectual content.
This report was drafted by S-JH, Y-JL, and M-KH. All authors approved the final
version of the manuscript and ensured that the accuracy and integrity of all
parts of the work have been appropriately investigated and resolved. M-KH is
the guarantor of this work and, as such, had full access to all the data in the
study and takes full responsibility for the integrity of the data and accuracy of
the data analysis.

Funding

This study was funded by Sam Jin Pharmaceutical (Seoul, South Korea) and
Chong Kun Dang Pharmaceutical (Seoul, South Korea). No funder/sponsor
had any role in the following: design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review,
or approval of the manuscript; or decision to submit the manuscript for
publication.

Data availability
The data regarding this article will be shared by the corresponding author
upon reasonable request.

Declarations

Ethics approval and consent to participate

The protocol for the LODESTAR trial was approved by the Institutional

Review Board of each participating center (Yonsei University Health System,
Institutional Review Board, 4-2015-0713) and adhered to the ethical principles
of the Declaration of Helsinki. All participants provided written informed
consent before enrolling in the trial.

Consent for publication
Not applicable.

Competing interests

M-KH has received speaker’s fees from Medtronic, Edward Lifesciences, and
Viatris Korea and institutional research grants from Sam Jin Pharmaceutical
and Chong Kun Dang Pharmaceutical. All other authors declare no competing
interests.

Page 8 of 9

Author details

'Severance Hospital, Yonsei University College of Medicine, Seoul, Korea
2Gachon University College of Medicine, Incheon, Korea

3Gangnam Severance Hospital, Seoul, Korea

“Kangbuk Samsung Hospital, Sungkyunkwan University School of
Medicine, Seoul, Korea

Daegu Catholic University Medical Center, Daegu, Korea

6\nje University Busan Paik Hospital, Busan, Korea

"Wonju Severance Christian Hospital, Wonju, Korea

8CHA University College of Medicine, Seongnam, Korea

“Division of Cardiology, Severance Hospital, Yonsei University College of
Medicine, 50-1 Yonsei- ro, Seodaemun-gu, Seoul 03722, South Korea

Received: 24 May 2024 / Accepted: 1 August 2024
Published online: 07 August 2024

References

1. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al.
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
Guideline on the management of blood cholesterol: a report of the American
College of Cardiology/American Heart Association task force on clinical
practice guidelines. Circulation. 2019;139(25):e1082-143.

2. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019
ESC/EAS guidelines for the management of dyslipidaemias: lipid modification
to reduce cardiovascular risk. Eur Heart J. 2020;41(1):111-88.

3. Betteridge DJ, Carmena R. The diabetogenic action of statins - mechanisms
and clinical implications. Nat Rev Endocrinol. 2016;12(2):99-110.

4. Thompson PD, Panza G, Zaleski A, Taylor B. Statin-Associated Side effects. J
Am Coll Cardiol. 2016;67(20):2395-410.

5. Mach F, Ray KK, Wiklund O, Corsini A, Catapano AL, Bruckert E, et al. Adverse
effects of statin therapy: perception vs. the evidence - focus on glucose
homeostasis, cognitive, renal and hepatic function, haemorrhagic stroke and
cataract. Eur Heart J. 2018;39(27):2526-39.

6. Sattar N, Preiss D, Murray HM, Welsh P, Buckley BM, de Craen AJ, et al. Statins
and risk of incident diabetes: a collaborative meta-analysis of randomised
statin trials. Lancet. 2010;375(9716):735-42.

7. Preiss D, Seshasai SR, Welsh P, Murphy SA, Ho JE, Waters DD, et al. Risk of
incident diabetes with intensive-dose compared with moderate-dose statin
therapy: a meta-analysis. JAMA. 2011;305(24):2556-64.

8. LeeYJ,Hong SJ, Kang WC, Hong BK, Lee JY, Lee JB, et al. Rosuvastatin versus
atorvastatin treatment in adults with coronary artery disease: secondary
analysis of the randomised LODESTAR trial. BMJ. 2023;383:e075837.

9. HongSJ, Lee YJ, Lee SJ, Hong BK, Kang WC, Lee JY, et al. Treat-to-target or
high-intensity statin in patients with coronary artery disease: a Randomized
Clinical Trial. JAMA. 2023,329(13):1078-87.

10.  American Diabetes Association. (2) Classification and diagnosis of diabetes.
Diabetes Care. 2015;38(Suppl):S8-16.

11. Dormuth CR, Filion KB, Paterson JM, James MT, Teare GF, Raymond CB, et al.
Higher potency statins and the risk of new diabetes: multicentre, observa-
tional study of administrative databases. BMJ. 2014;348:g3244.

12. Swerdlow DI, Preiss D, Kuchenbaecker KB, Holmes MV, Engmann JE, Shah
T, et al. HMG-coenzyme A reductase inhibition, type 2 diabetes, and
bodyweight: evidence from genetic analysis and randomised trials. Lancet.
2015;85(9965):351-61.

13. Istvan ES, Deisenhofer J. Structural mechanism for statin inhibition of HMG-
CoA reductase. Science. 2001;292(5519):1160-4.

14. Karagiannis AD, Mehta A, Dhindsa DS, Virani SS, Orringer CE, Blumenthal RS,
et al. How low is safe? The frontier of very low (< 30 mg/dL) LDL cholesterol.
Eur Heart J. 2021;42(22):2154-69.

15. Khan SU, Rahman H, Okunrintemi V, Riaz H, Khan MS, Sattur S, et al. Associa-
tion of lowering low-density lipoprotein cholesterol with contemporary
lipid-lowering therapies and risk of diabetes mellitus: a systematic review and
meta-analysis. J Am Heart Assoc. 2019,8(7):e011581.

16.  Everett BM, Mora S, Glynn RJ, MacFadyen J, Ridker PM. Safety profile of
subjects treated to very low low-density lipoprotein cholesterol levels
(<30 mg/dl) with rosuvastatin 20 mg daily (from JUPITER). Am J Cardiol.
2014;114(11):1682-9.

17.  Ference BA, Robinson JG, Brook RD, Catapano AL, Chapman MJ, Neff DR,
et al. Variation in PCSK9 and HMGCR and risk of cardiovascular disease and
diabetes. N Engl J Med. 2016,375(22):2144-53.


https://doi.org/10.1186/s12933-024-02386-w
https://doi.org/10.1186/s12933-024-02386-w

Hong et al. Cardiovascular Diabetology (2024) 23:287 Page 9 of 9

18. CaiT, Abel L, Langford O, Monaghan G, Aronson JK, Stevens RJ, et al. Associa-

H V)
tions between statins and adverse events in primary prevention of cardiovas- quHSher s Note ) o o
cular disease: systematic review with pairwise, network, and dose-response Springer Nature remains neutral with regard to jurisdictional claims in
meta-analyses. BMJ. 2021,374:n1537. published maps and institutional affiliations.

19. Navarese EP, Buffon A, Andreotti F, Kozinski M, Welton N, Fabiszak T, et al.
Meta-analysis of impact of different types and doses of statins on new-onset
diabetes mellitus. Am J Cardiol. 2013;111(8):1123-30.



	﻿Effect of rosuvastatin versus atorvastatin on new-onset diabetes mellitus in patients treated with high-intensity statin therapy for coronary artery disease: a post-hoc analysis from the LODESTAR randomized clinical trial
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and participants
	﻿Randomization and study procedures
	﻿Study endpoint
	﻿Statistical analyses

	﻿Results
	﻿Participants
	﻿Achieved LDL-C levels
	﻿Development of NODM

	﻿Discussion
	﻿Conclusions
	﻿References


