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Different diabetogenic effect

of statins according to intensity
and dose in patients with acute
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Statin is crucial for acute myocardial infarction (AMI) patients. However, the risk of new-onset
diabetes mellitus (NODM) associated with statin is a concern. This study aimed to determine the
incremental diabetogenic effects of statins according to their intensity and dose in AMI patients
undergoing percutaneous coronary intervention (PCl). Among 13,104 patients enrolled in the Korea
AMI Registry between 2011 and 2015, 6152 patients without diabetes mellitus (DM) who underwent
PCl and received moderate-to-high-intensity atorvastatin and rosuvastatin were selected for the
study. The endpoints were NODM and major adverse cardiovascular events (MACE), composite of
all-cause mortality, recurrent Ml, and revascularization up to 3 years. Among the participants, 3747
and 2405 received moderate- and high-intensity statins, respectively. The Kaplan—-Meier curves
demonstrated a higher incidence of NODM in patients with high-intensity statins than those with
moderate-intensity. High-intensity statin was a significant predictor of NODM after adjusting for
other co-variables (HR=1.316, 95% Cl 1.024-1.692; P <0.032). Higher dose of rosuvastatin was
associated with a higher cumulative incidence of NODM, but this dose-dependency was not apparent
with atorvastatin. Cumulative incidence of MACE decreased dose-dependently only with atorvastatin.
High-intensity statin was associated with a higher cumulative incidence of NODM in AMI patients, and
this association was more evident in rosuvastatin. The different diabetogenic effects of the two statins
provide supporting evidence for understanding the nuanced nature of statin treatment in relation to
NODM.
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KAMIR Korea Acute Myocardial Infarction Registry
MACE  Major adverse cardiac events

BMI Body Mass Index
HR Hazard ratio
CI Confidence interval

Statins are must-have agents used in patients with acute myocardial infarction (AMI), particularly following
percutaneous coronary intervention (PCI) with contemporary drug-eluting stents (DESs). The risk of cardiovas-
cular events can be reduced not only by lowering the low-density lipoprotein (LDL) cholesterol levels but also
multiple pleiotropic effects beyond lipid lowering effect with statin treatment. Statins inhibit the pathways of
atherosclerosis by inhibiting HMG-CoA reductase inside of endothelial cells and vascular smooth muscle cells'.
Clinical studies have shown multiple benefits of statins which are LDL-cholesterol-independent (or pleiotropic)*
Statin treatments have shown to significantly reduce not only LDL cholesterol levels but also CRP levels?, and also
reduced degree of inflammation in other systemic diseases such as periodontal disease or rheumatoid arthritis*.
Finally, statin treatments have significantly reduced cardiovascular mortality and morbidity in numerous previous
studies®”’. The clinical efficacy of statins in primary and secondary prevention of atherosclerotic cardiovascular
disease (ASCVD) has been proven by numerous studies®. Further, the current guidelines recommend high-
intensity statins for patients with AMI>!°.

However, since the JUPITER (Justification for the Use of Statins in Prevention: an Intervention Trial Evaluat-
ing Rosuvastatin) trial first raised the issue of an increased risk of new-onset diabetes mellitus (NODM) associ-
ated with statin treatment?, this has been a major concern when treating AMI patients with statins. A meta-anal-
ysis of randomized trials has shown that statin therapy is associated with an approximately 10% increased risk of
NODM!".. Moreover, it revealed that intensive-dose statin therapy is associated with an increased risk of NODM
compared with moderate-dose statin treatment'2. Observational studies have also supported this finding"**.

Although statins play a crucial role in the secondary prevention of AMI, the increasing concern for NODM
associated with statin treatment is understandable due to DM being a potent risk factor for ASCVD. However,
there are still unresolved questions regarding this issue. It remains uncertain whether statins genuinely contrib-
ute to the development of DM, or if patients who are subscribed statins merely belong to a high-risk group for
NODM due to factors such as advanced age and numerous comorbidities, including hypertension, dyslipidemia,
or obesity.

Moreover, there is ongoing argument regarding whether the diabetogenic effect of statins is a class effect.
Furthermore, considering that patients with AMI need higher intensity statin treatment than the rest of the popu-
lation, it is important to identify whether higher intensity statin treatment has a higher incremental diabetogenic
effect. However, comprehensive understanding of this association is yet to be achieved.

To address this knowledge gap, we used the national AMI registry data and investigated the dose-dependent
diabetogenic effects of atorvastatin and rosuvastatin, both of which offer various moderate- and high-intensity
dosages as per the 2018 American Heart Association (AHA) guideline on the management of blood cholesterol'°.

Methods

Study population

The Korea Acute Myocardial Infarction Registry (KAMIR) is a prospective multicenter national database sup-
ported by the Korean Society of Cardiology. Data on patients with AMI from 20 PCI capable tertiary or com-
munity hospitals in Korea were registered online. Patient data were gathered by well-trained study coordinators
using a standardized case report form. The KAMIR registry was approved by the medical ethics committee of
each participating center, and all study participants provided written informed consent. This study was conducted
in accordance with the ethical principles of the Declaration of Helsinki.

A total of 13,104 patients with AMI enrolled in the KAMIR between November 2011 and May 2015 were
reviewed. Among the AMI patients without DM at enrollment and those who had undergone successful PCI
with DESs, individuals taking either atorvastatin or rosuvastatin, which are available in various doses ranging
from moderate to high intensity, were included in the analysis. Patients who had experienced in-hospital major
adverse cardiac events (MACE) and those lacking information about statin intensity were excluded. Ultimately,
a total of 6152 patients were considered in the final analysis. We investigated the cumulative incidence of NODM
and MACE based on the intensity of statins, as well as the individual doses within atorvastatin and rosuvastatin
group (Fig. 1).

Study endpoints
The primary endpoint of this study was the cumulative incidence of NODM according to statin intensity during
3 years of follow-up. NODM was defined as glycated hemoglobin (HbAlc) levels>6.5% or newly treated with
oral hypoglycemic agents or insulin during follow-up. The secondary endpoint was MACE which was defined
as a composite of all-cause mortality, myocardial infarction (MI), and any revascularization according to statin
intensity during 3 years of follow-up.

Patient clinical data were obtained through chart reviews, face-to-face interviews at the outpatient clinic, or
telephone interviews.

Statistical analysis

Continuous variables are presented as mean + standard deviation. Student’s t-test was used to analyze the differ-
ences between the two groups. Dichotomous variables are presented as percentages, and the chi-square test or
Fisher’s exact test was used to analyze the differences.
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Figure 1. Study schema. A total of 6152 AMI patients who were treated with moderate-to-high intensity
atorvastatin and rosuvastatin were included in the final analysis. AMI acute myocardial infarction, KAMIR
Korea Acute Myocardial Infarction Registry, PCI percutaneous coronary intervention; MACE major adverse
cardiac events.

The Kaplan-Meier method with log-rank test was used to compare the cumulative incidence of NODM and
MACE between the two groups. Cox proportional hazard models were used to identify potential prognostic fac-
tors for NODM and MACE, and the results were presented as hazard ratios (HR) and 95% confidence intervals
(CI). For multivariate analysis, variables with P-values (<0.05) in the univariate analysis were included.

All analyses were performed using the SPSS software (version 22.0, Inc. Chicago, IL, USA). Statistical sig-
nificance was set at a P-value of < 0.05.

Ethics approval and consent to participate

The KAMIR registry was approved by the medical ethics committee (Institutional Review Board) of each par-
ticipating center, and all study participants provided written informed consent. This study was conducted in
accordance with the ethical principles of the Declaration of Helsinki.

Results
Baseline characteristics
The baseline characteristics of the study participants are presented in Table 1. Among the 6152 study partici-
pants, 3747 and 2405 received moderate- and high-intensity statins, respectively. The mean age was significantly
higher in the moderate-intensity statin group than in the high-intensity statin group (63.7 £ 12.8 vs. 60.5 + 12.6;
P<0.001). The high-intensity statin group had a higher prevalence of male sex and current smokers, higher
systolic and diastolic blood pressure, higher body mass index (BMI) (P <0.001), and larger abdominal circum-
ference (P=0.011). The levels of total and LDL cholesterol were significantly higher in the high-intensity statin
group (195.5+44.6 vs. 178.2+41.3; P<0.001 and 127.8 £38.7 vs. 112.0 + 38.3; P<0.001, respectively); however,
the levels of triglycerides were significantly higher in the moderate-intensity statin group (145.7 £126.5 vs.
123.8+109.2; P<0.001). There were no statistically significant intergroup differences in ST-segment elevation MI,
non-ST segment elevation MI, high-density lipoprotein cholesterol, random blood glucose, and creatinine levels.
More than 99% of the study population was taking aspirin. The prescription rate of ticagrelor was significantly
higher in the high-intensity statin group, whereas those of clopidogrel and cilostazol were higher in the moderate-
intensity statin group. Prescription of B-blockers and renin-angiotensin-aldosterone system inhibitors was more
frequent in the moderate-intensity group. The total number of implanted coronary stents was similar between
the two groups. However, the high-intensity statin group had a slightly higher number of coronary stents than
the moderate-intensity statin group, and this difference was statistically significant.

Clinical outcomes

The Kaplan-Meier curve for the cumulative incidence of NODM are presented in Figs. 2 and 3, and Supplemental
Table S1. The high-intensity statin group had a significantly higher cumulative incidence of NODM than the
moderate-intensity statin group (7.8% vs. 5.8%; log-rank P=0.002) (Fig. 2). Figure 3 presents the cumulative inci-
dence of NODM according to the intensity and dose for atorvastatin and rosuvastatin. Regarding groups treated
with atorvastatin, study population treated with high-intensity atorvastatin showed a significantly higher cumu-
lative incidence of NODM than the moderate-intensity atorvastatin group (7.2% vs. 5.8%, P=0.002) (Fig. 3A).
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Variables Moderate intensity(n=3747) | High intensity (n=2405) | P-value
Men 2841 (75.8%) 1966 (81.7%) <0.001
Age (years) 63.7+12.8 60.5+12.6 <0.001
Systolic BP 130.3£26.8 133.7£26.6 <0.001
Diastolic BP 79.4+15.9 81.6+17.0 <0.001
BMI 23.7+3.2 245+3.3 <0.001
Abdominal circumstance 86.5+8.6 87.5+84 0.011
Smoking 2240 (59.8%) 1580 (65.7%) <0.001
Current smoker 1564 (41.7%) 1119 (46.5%) <0.001
Ex-smoker 676 (18.0%) 461 (19.2%) 0.266
Pack year 30.8+23.8 27.6+18.4 <0.001
LV ejection fraction (%) 52.5+10.3 54.1+9.8 <0.001
LVEDD 49.5+6.1 49.8+5.5 0.054
LVESD 34777 34.8+9.8 0.959
Myocardial infarction
ST-segment elevation 1979 (52.8%) 1284 (53.4%) 0.660
Non-ST-segment elevation 1768 (47.2%) 1121 (46.6%) 0.660
Laboratory findings
Total cholesterol (mg/dl) 178.2+41.3 195.5+44.6 <0.001
Triglyceride (mg/dl) 145.7 £126.5 123.8+109.2 <0.001
HDL-cholesterol (mg/dl) 43.5+11.9 44.0+11.5 0.138
LDL-cholesterol (mg/dl) 112.0+£38.3 127.8+38.7 <0.001
Glucose (mg/dl) 139.3+45.9 137.6+37.8 0.121
Creatinine (mg/dl) 0.98+0.93 0.96+0.81 0.429
Medication
Aspirin 3731 (99.6%) 2391 (99.4%) 0.394
Clopidogrel 2705 (72.2%) 1443 (60.0%) <0.001
Prasugrel 409 (10.9%) 267 (11.1%) 0.819
Ticagrelor 595 (15.9%) 680 (28.3%) <0.001
Cilostazol 373 (10.0%) 95 (4.0%) <0.001
Calcium channel blockers 210 (5.6%) 123 (5.1%) 0.407
B blockers 3264 (87.1%) 2049 (85.2%) 0.033
RAAS inhibitor 3157 (84.3%) 1907 (79.3%) <0.001
ACEi 2172 (58.0%) 1096 (45.6%) <0.001
ARB 1003 (26.8%) 825 (34.3%) <0.001
Atorvastatin 2135 (57.0%) 1461 (60.7%) <0.001

10 mg 822 (21.9%) 0 (0.0%)

20 mg 1313 (35.0%) 0 (0.0%)

40 mg 0 (0.0%) 1319 (54.8%)

80 mg 0 (0.0%) 142 (5.9%)
Rosuvastatin 1612 (43.0%) 944 (39.3%) <0.001

5mg 109 (2.9%) 0 (0.0%)

10 mg 1503 (41.1%) 0 (0.0%)

20 mg 0 (0.0%) 944 (39.3%)
Procedural characteristics
Total stent length (mm) 28.5+12.4 28.4+12.7 0.748
Total stent number 1.08+£0.48 1.11£0.49 0.018

Table 1. Baseline patient clinical and medical characteristics. Values are mean + SD, %, or n (%), unless noted
otherwise. ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, BMI body

mass index, BP blood pressure, HDL high-density lipoprotein, LDL low-density lipoprotein, LV left ventricle,
LVEDD left ventricular end diastolic diameter, LVESD left ventricular end systolic diameter, RAAS renin-
angiotensin-aldosterone system.

Further, the study population treated with the highest dose (80 mg) of atorvastatin showed the highest cumulative
incidence of NODM (7.7%), followed by the second highest dose (40 mg) (7.1%). On the other hand, the other
two groups, treated with lower doses (20 mg and 10 mg) of atorvastatin showed a relatively lower cumulative
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Figure 2. Cumulative incidence of NODM according to the statin intensity. The Kaplan-Meier curve showed
the high-intensity statin group had a significantly higher cumulative incidence of NODM than the moderate-
intensity statin group (7.8% vs. 5.8%; log-rank P =0.002). NODM new-onset diabetes mellitus.

incidence of NODM (5.8% and 5.7%), even though the association was statistically insignificant (P=0.484)
(Fig. 3B). In terms of rosuvastatin, the high-intensity rosuvastatin group showed a significantly higher cumulative
incidence of NODM than moderate-intensity rosuvastatin group (8.3% vs. 5.8%, P=0.004) (Fig. 3C). The dose
dependency of diabetogenicity of rosuvastatin was more prominent than that of atorvastatin. A higher dose of
rosuvastatin was significantly associated with higher cumulative incidence of NODM, which was statistically
significant (20 mg vs. 10 mg vs. 5 mg: 8.3% vs. 5.5% vs. 2.8%, P=0.008) (Fig. 3D).

The results of the Cox regression analysis of NODM showing the potential prognostic factors are presented
in Table 2. Body mass index (BMI) and abdominal circumference were positively associated with the incidence
of NODM in a univariate model. Plasma glucose and triglyceride levels were also positively associated with the
incidence of NODM in a univariate model, whereas the association with the amount of smoking was not statis-
tically significant. In the multivariate model, BMI (HR 1.071; 95% CI 1.040-1.103; P<0.001), plasma glucose
level (HR 1.007; 95% CI 1.005-1.008; P<0.001) and triglyceride (HR 1.001; 95% CI 1.000-1.001; P=0.035) were
positively associated with the incidence of NODM. When we compared the incidence of NODM between the
high- and moderate-intensity statin groups, the hazard ratios were significantly higher in the high-intensity statin
group than in the moderate-intensity statin group in both univariate (HR 1.360; 95% CI 1.115-1.659; P=0.002)
and multivariate (HR 1.306; 95% CI 1.056-1.617; P=0.014) analyses. Regarding specific statins, atorvastatin at
different doses did not show a significant impact on NODM (P=0.486). In contrast, rosuvastatin demonstrated a
significant difference in NODM occurrence (P=0.009). When comparing different doses of rosuvastatin, several
dose-dependent effects were observed, with some being statistically significant in the univariable model (e.g.,
10 mg vs. 20 mg with a HR 1.514; 95% CI 1.111-2.062; P=0.009) and one remaining significant in the multivari-
able model (e.g., 10 mg vs. 20 mg with a HR 1.430; 95% CI 1.020-2.004; P=0.038).

The Kaplan-Meier curve for the cumulative incidence of NODM are presented in Fig. 4 and Supplemental
Fig. S1, and Supplemental Table S1. The cumulative incidence of MACE was significantly lower in the high-
intensity statin group than in the moderate-intensity group (P=0.004) (Fig. 4A). Among patients treated with
atorvastatin, the study population treated with the highest dose (80 mg) showed the lowest cumulative incidence
of MACE, followed by those treated with the second (40 mg) and third (20 mg) highest doses (Fig. 4B). The study
population treated with the lowest dose (10 mg) of atorvastatin had the highest cumulative incidence of MACE
among all groups. In patients treated with 5, 10, and 20 mg rosuvastatin, there was no dose-dependent association
between the cumulative incidence of MACE and rosuvastatin (P=0.503) (Supplemental Fig. S1). Supplemental
Table S2 presents the results of the Cox regression analysis of MACE in univariate and multivariate models.
When compared with the moderate-intensity statin group, the high-intensity statin group was associated with
lower MACE (HR 0.809; 95% CI 0.700-0.935; P=0.004). The multivariate model showed a similar tendency;
however, the difference was not statistically significant (P=0.252).
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Figure 3. Cumulative incidence of NODM according to the statin intensity and dose. (A) Cumulative incidence
of NODM according to the atorvastatin intensity. Patients treated with high-intensity atorvastatin showed a
significantly higher cumulative incidence of NODM compared to the moderate-intensity atorvastatin group
(7.2% vs. 5.8%, P=0.002). (B) Cumulative incidence of NODM according to the atorvastatin dose. Patients
treated with the 80 mg of atorvastatin had the highest cumulative incidence of NODM, followed by those on

40 mg, 20 mg and 10 mg of atorvastatin (7.7% vs. 7.1% vs. 5.8% vs. 5.7%, respectively, P =0.484) (C) Cumulative
incidence of NODM according to the rosuvastatin intensity. Patients treated with high-intensity rosuvastatin
had a significantly higher cumulative incidence of NODM compared to the moderate-intensity rosuvastatin
group (8.3% vs. 5.8%, P=0.004). (D) Cumulative incidence of NODM according to the rosuvastatin Dose.
Patients treated with the 20 mg of rosuvastatin showed the highest cumulative incidence of NODM, followed by
10 mg, 5 mg of rosuvastatin (8.3% vs. 5.5% vs. 2.8%, P=0.008). NODM new-onset diabetes mellitus.

Discussion

In this prospective and multicenter study based on a national database, higher-intensity statin therapy was
associated with a higher cumulative incidence of NODM and a lower cumulative incidence of MACE in patients
with AMI underwent PCI with DES up to 3 years follow up. To the best of our knowledge, the current study is
the first to demonstrate the dose-dependency of the diabetogenic effect of statins, especially in AMI patients
with rosuvastatin.

Statins are critical agents for cardiovascular risk reduction, and their effect has been shown to be positively
associated with statin intensity'*!>. Therefore, current guidelines strongly recommend high-intensity or maxi-
mally tolerated-intensity statins for patients with AMI°. However, the association between statin therapy and an
increased risk of NODM has always been a significant concern. As shown in the review article by Newman et al.,
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Univariable Multivariable? Multivariable®
Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value
Age 0.994 (0.986-1.001) 0.113
Male gender 1.183 (0.918-1.523) 0.193
BMI 1.082 (1.052-1.114) <0.001 1.071 (1.040-1.103) <0.001 1.096 (1.046-1.148) <0.001
Abdominal circumference 1.036 (1.016-1.056) <0.001
Smoking (PY) 1.004 (1.000-1.007) 0.059
Glucose 1.007 (1.006-1.008) <0.001 1.007 (1.005-1.008) <0.001 1.009 (1.007-1.011) <0.001
Triglyceride 1.001 (1.000-1.001) 0.001 1.001 (1.000-1.001) 0.035 1.001 (1.000-1.002) 0.261
B blockers 0.917 (0.691-1.217) 0.550
Statin intensity
Moderate vs. High 1.360 (1.115-1.659) 0.002 1.306 (1.056-1.617) 0.014
Atorvastatin 0.486
10 mg vs. 20 mg 1.001 (0.696-1.441) 0.994
10 mg vs. 40 mg 1.222 (0.861-1.735) 0.261
10 mg vs. 80 mg 1.295 (0.672-2.497) 0.440
20 mg vs. 40 mg 1.221 (0.902-1.652) 0.196
20 mg vs. 80 mg 1.294 (0.687-2.434) 0.425
40 mg vs. 80 mg 1.061 (0.568-1.981) 0.854
Rosuvastatin 0.009 0.066
5mgvs. 10 mg 2.046 (0.646-6.472) 0.223 1.625 (0.512-5.162) 0.410
5mgvs. 20 mg 3.097 (0.977-9.811) 0.055 2.313(0.725-7.373) 0.156
10 mg vs. 20 mg 1.514 (1.111-2.062) 0.009 1.430 (1.020-2.004) 0.038

Table 2. Cox regression of new-onset diabetes mellitus. BMI body mass index, CI confidence interval, PY pack
years. *Analysis was done in total patients by adjusting variables with P<0.05 in the univariate analysis and
imputing statin intensity as a categorical variable. ® Analysis was done in the rosuvastatin group by adjusting
variables with P<0.05 in the univariate analysis and imputing rosuvastatin dose as a categorical variable.
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Figure 4. Cumulative incidence of MACE according to the statin intensity and dose. (A) Cumulative incidence
of MACE according to the statin intensity. Patients treated with high-intensity statin showed a significantly
lower cumulative incidence of MACE compared to the moderate-intensity statin group (11.6% vs. 14.1%,
P=0.004). (B) Cumulative incidence of MACE according to the atorvastatin dose. A higher dose was associated
with a lower cumulative incidence of MACE (80 mg vs. 40 mg vs. 20 mg vs. 10 mg: 8.5% vs. 15.0% vs. 12.0% vs.
8.5%, respectively, P<0.001). MACE major adverse cardiac events.
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the absolute risk of NODM with statin therapy in major trials is around 0.2% per year'®. Several randomized
controlled trials have suggested that the risk of NODM increases by 10% with statin therapy''”.

Although previous studies have demonstrated the association between statin treatment and incident DM, the
exact underlying mechanisms are still unclear. The hyperglycemic state associated with statins can be induced
by increased insulin resistance, possibly associated with changes in free fatty acids'®, harmful effects on beta cell
function, or possibly a combination of the two'**. One genetic study suggested that statin therapy is associated
with an increased risk of NODM and body weight via the inhibition of 3-hydroxy-3-methylglutaryl-coenzyme
A reductase?.

Whether statins have a genuine diabetogenic effect is controversial because patients prescribed statins may
already be a high-risk population for NODM because of their old age and several comorbidities. As these patients
have more components of metabolic syndrome, including hypertension, dyslipidemia, or obesity, the risk of
developing DM in association with statin use escalates, as demonstrated in various studies®>?. The relatively
higher cumulative incidence of NODM of our study compared to other major trials'® could be attributed to the
patient demographics; those with AMI are more likely to have comorbidities that inherently pose risk factors of
NODM. In our study, high-intensity statin treatment exhibited a greater cumulative incidence of NODM than
moderate-intensity statin treatment among patients with AMI and many comorbidities, and was a significant
predictive value for NODM after adjusting other covariables. Furthermore, rosuvastatin exhibited a clear trend
of dose-dependent increases in HRs compared to atorvastatin which might elucidate their diabetogenic effect.
However, the lack of statistical significance can be attributed to the limited sample size of rosuvastatin 5 mg
(n=109), which may have affected the ability to detect significant associations.

Regarding whether the diabetogenic effect of statins is a class effect, unlike other statins, pravastatin and
pitavastatin are not generally considered as having deleterious effects on glycemic control***. In our study, a
dose-dependency of statins in NODM was observed in patients treated with rosuvastatin; however, this tendency
was not evident in atorvastatin. This difference in the pattern of dose dependency between atorvastatin and rosu-
vastatin suggests varying degrees of diabetogenicity for different statins. This tendency of rosuvastatin to have
the highest risk of NODM compared with other statins was also shown in the Irish Health Services Executive
Primary Care Reimbursement Services national pharmacy claims database?. A randomized study also showed
that rosuvastatin was associated with increased fasting insulin and HbA1c levels and decreased insulin sensitivity
and plasma adiponectin levels, whereas pravastatin showed opposite effects?”. It has been suggested that lipophilic
statins like atorvastatin are more likely to adversely affect insulin metabolism compared to hydrophilic statins
like pravastatin by crossing the blood-brain barrier?”’”. However, even though rosuvastatin is less hydrophilic
than pravastatin®’, this hydrophilicity of statins cannot entirely explain rosuvastatin’s apparent dose-dependent
association with NODM, especially considering the fact that atorvastatin is more lipophilic than rosuvastatin.
One possible mechanism for higher diabetogenic effect of rosuvastatin is that it demonstrates a stronger bond-
ing interaction with HMG-CoA reductase than atorvastatin'®?®. Future studies are welcomed to investigate this
subtle nature of different statins.

Even though the high-risk patients have developed NODM, several observational studies have demonstrated
that these patients had fewer macrovascular and microvascular complications of DM while receiving statins®.
Undoubtedly, the net benefit of statins for cardiovascular diseases is irreplaceable, even though DM is a major
cardiovascular risk factor***!. In our study, the cumulative incidence of MACE was significantly lower in the
high-intensity statin group, and the dose-dependency of the cumulative incidence of MACE was apparent in
the atorvastatin group but not the rosuvastatin group. The relatively small number of patients treated with rosu-
vastatin 20 mg might have contributed to this lack of association of the cumulative incidence of MACE with
rosuvastatin treatment.

Study limitations

This study has several limitations. First, although the KAMIR can provide a representation of real-world clini-
cal data due to its enrollment of patients from various hospitals across the country, the presence of selection
bias is inevitable. In addition, given the clinical context of the study population being ACS, it remains unclear
whether the baseline glucose levels were obtained in a fasting state or not. Second, since the study was conducted
between 2011 and 2015, there were relatively small number of patients taking high-intensity statins (n =2405
compared to 3747 patients with moderate-intensity statins). Furthermore, the absence of rosuvastatin 40 mg in
the Korean market prevented the collection of data on this specific dosage, potentially contributing to the lack
of an observable dose-dependent association between MACE and rosuvastatin. In contrast, atorvastatin showed
an apparent dose-dependent effect on MACE, which is consistent of current understanding of statins: the lower
LDL cholesterol, the better MACE outcomes. Nevertheless, the dose-dependency of rosuvastatin in NODM was
still evident, which suggests the diabetogenic effect of rosuvastatin as well as its dose-dependency. The secondary
analysis of LODESTAR trial that compare the rosuvastatin and atorvastatin also demonstrated higher risk of
NODM in rosuvastatin group, which is consistent with our study??.

While our study highlights the relationship between dose-dependency of statins and NODM in patients
with AMLI, it is essential to replicate this dose-dependency effect in lower risk population. Such a demonstration
becomes particularly significant when comparing the risk-benefit profile of statins in this population against
higher-risk groups or patients with established ASCVD.

Conclusions

Treatment with high-intensity atorvastatin and rosuvastatin was associated with a higher incidence of NODM
and a lower incidence of MACE than moderate-intensity treatment in patients with AMI underwent PCI with
DES up to 3 years. In terms of the dose-dependency of each statin, a higher dose of rosuvastatin was significantly
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associated with a higher cumulative incidence of NODM which supports the genuine diabetogenic effect of
rosuvastatin; however, this association was not observed with atorvastatin. The different characteristics of the
two statins could provide supporting evidence to understand the delicate nature of statins, and this might help
physicians further refine statin treatment.

Data availability
The dataset generated and/or analyzed during the current study are available from the corresponding author
on a reasonable request.
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