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Abstract

Although concern regarding the increased risk for new-onset diabetes mellitus (NODM) after statin treatment has been raised, there
has been a lack of evidence in real-world clinical practice, particularly in East Asians. We investigated whether statin use is associated
with risk for NODM in Koreans. We conducted a retrospective cohort study using the clinical research database from electronic health
records. The study cohort consisted of 8265 statin-exposed and 33,060 matched nonexposed patients between January 1996 and
August 2013. Matching at a 1:4 ratio was performed using a propensity score based on age, gender, baseline glucose levels (mg/dL),
and hypertension. The comparative risks for NODM with various statins (atorvastatin, ﬂuvastatin, pitavastatin, pravastatin,
rosuvastatin, and simvastatin) were estimated by both statin exposure versus matched nonexposed and within-class comparisons.
The incidence of NODM among the statin-exposed group (6.000 per 1000 patient-years [PY]) was higher than that of the
nonexposed group (3.244 per 1000 PY). The hazard ratio (HR) of NODM after statin exposure was 1.872 (95% conﬁdence interval
[CI], 1.432–2.445). Male gender (HR, 1.944; 95% CI, 1.497–2.523), baseline glucose per mg/dL (HR, 1.014; 95% CI, 1.013–1.016),
hypertension (HR, 2.232; 95% CI, 1.515–3.288), and thiazide use (HR, 1.337; 95% CI, 1.081–1.655) showed an increased risk for
NODM, while angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker showed a decreased risk (HR, 0.774; 95%
CI, 0.668–0.897). Atorvastatin-exposed patients showed a higher risk for NODM than their matched nonexposed counterparts (HR,
1.939; 95% CI, 1.278–2.943). However, the risk for NODM was not signiﬁcantly different among statins in within-class comparisons.
In conclusion, an increased risk for NODM was observed among statin users in a practical healthcare setting in Korea.
Abbreviations: ACEi = angiotensin-converting enzyme inhibitor, ARB = angiotensin II receptor blocker, BMI = body mass index,

CCI = Charlson comorbidity index, CI = conﬁdence interval, DM = diabetes mellitus, EHR = electronic health record, HR = hazard
ratio, ICD-10 = the International Classiﬁcation of Diseases 10th Revision, NODM = new-onset diabetes mellitus.
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Statins, also known as 3-hydroxy-3-methyl-glutaryl coenzyme-A
reductase inhibitors, are key agents for treating dyslipidemia, a
major cardiovascular disease risk factor.[1] In addition to their
ability to lower cholesterol levels in serum, several beneﬁcial
pleiotropic effects such as improved endothelial function,
stabilization of atherosclerotic plaques, and anti-inﬂammatory
actions have been identiﬁed, and the effectiveness of statins for
the primary and secondary prevention of cardiovascular disease
has been conﬁrmed.[2–4]
Although statins are safe and generally well tolerated by most
patients, several relevant adverse effects, mostly myopathy and
elevated liver enzymes, may occur.[5] Among them, one recently
emerging risk is the increased incidence of new-onset diabetes
mellitus (NODM) associated with statin treatment,[6–8] which
prompted the United States Food and Drug Administration to
add information to statin labels regarding the increased risk for
NODM.[9]
However, current available evidence is mainly based on post
hoc analyses of randomized controlled trials or meta-analytic
results derived from predominantly Western populations; thus,
further investigations on the risk for statin-induced NODM in
unrestricted real-world clinical practice are necessary, particularly in East Asians. Moreover, bodies of evidence on the
comparative safety and risks of NODM between various statins
are conﬂicting.[10–13]
In contrast to clinical trial data, electronic health record (EHR)
data gathered from daily practice can provide real-world evidence
for diverse observational studies. Demographic information and
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mg/dL), abnormal fasting glucose levels (≥126 mg/dL), abnormal hemoglobin A1c (HbA1c) results (≥6.5%), those with
International Statistical Classiﬁcation of Diseases and Related
Health Problems 10th Revision (ICD-10) diagnosis codes
related to diabetes (E10–E14), and those who had received a
prescription for diabetes medication(s) (acarbose, gemigliptin,
glibenclamide, gliclazide, glimepiride, linagliptin, metformin,
mitiglinide, nateglinide, pioglitazone, repaglinide, saxagliptin,
sitagliptin, vildagliptin, and voglibose) including insulin before
the start of observations.
The statin nonexposed group included patients who were never
exposed to a statin in the subject hospital and were followed up
for more than 90 days (Fig. 1). Observations for the nonexposed
group were started at the earliest point meeting the following
conditions: the patient visited the subject hospital more than
twice, regardless of outpatient visits or hospitalization, and had
more than 1 fasting and random glucose measurement, but before
having abnormal random glucose levels (≥200 mg/dL), abnormal
fasting glucose levels (≥126 mg/dL), abnormal HbA1c results,
ICD-10 codes related to diabetes (E10–E14), or prescriptions for
diabetes medication(s) as described above. Patients who had no
observation period deﬁned in this study were excluded.
Observation was ended when the endpoint, NODM, occurred
at the subject hospital. NODM was detected using an existing
NODM-detection algorithm.[16] The original version used ICD9-CM codes, but we modiﬁed it to use ICD-10 codes to apply to
our data (Supplementary ﬁgure S1, http://links.lww.com/MD/
B410). First, the algorithm excludes patients who have type 1 DM
diagnosis codes (ICD-10 E10). If patients have type 2 DM
(T2DM) diagnosis codes (ICD-10 E11), the algorithm checks
whether their medication history met the T2DM treatment
standard. In cases without T2DM diagnosis codes, patients who
received medication(s) for T2DM and had abnormal glucose or
HbA1c results were identiﬁed as T2DM patients. The earliest
time at which patients met the algorithm was considered the time
the event occurred.

medical records including information such as diagnoses,
prescribed drugs, laboratory test results, and inpatient or
outpatient visits are available in EHR data. Although using data
recorded as free text (radiology reports and nursing records) is
technically challenging, coded data (diagnoses, prescriptions, and
laboratory test results) are precise and objective and have been
widely used for observational studies.[14,15] Furthermore, EHRs
contain large amount of data that can afford sufﬁcient statistical
power in many cases that clinical trials cannot, due to the limitation
of sample size.
We investigated the risk for NODM with statin treatment in
real-world clinical settings using a large amount of observational
data from EHRs in Korea. First, we evaluated the comparative
risk of NODM between statin-exposed patients versus matched
nonexposed patients as the primary endpoint. Second, to evaluate
the risk of NODM with various statins as a secondary endpoint,
we compared patients exposed to a statin with their matched
nonexposed counterparts and those exposed to other statins
(within-class comparison analysis).

2. Methods
2.1. Data source
We used a clinical research database containing basic information on patient demographics, diagnoses, drug prescriptions, and
laboratory test results originating from the EHRs of a tertiary
teaching hospital in Korea (Ajou University Hospital) between
January 1996 and August 2013. The database included
116,621,303 prescriptions and 158,122,528 laboratory test
results from 1980,385 patients. This study was approved by the
local Institutional Review Board, and informed consent was
waived (MED-MDB-14-201).
2.2. Patient selection and cohort deﬁnition
The study cohort consisted of statin-exposed patients and
nonexposed patients who were 18 years of age or older in the
subject hospital (Fig. 1). Statin-exposed patients were patients
exposed to statins for more than 90 consecutive days. Continuous
exposure was deﬁned as follows: if repeated prescription of the
drug was followed within a 30-day window, 2 prescriptions were
considered continuous administration. For the selection of
nonexposed patients, those followed up for more than 90 days
and not exposed to any statins were selected. The exposure
patients were divided into 6 subgroups according to the type of
statin: atorvastatin, ﬂuvastatin, pitavastatin, pravastatin, rosuvastatin, and simvastatin. Each subgroup included patients who
took each statin continuously for more than 90 days. To include
only incident users, when a patient had more than 2 continuous
administration periods, only the ﬁrst one was included in the
study. Patients with a proportion of days covering <60% were
excluded. Patients who had a psychiatric disorder or received
organ transplant(s) were excluded due to the established high risk
for NODM in these groups.
Observation for statin exposure began at day 91 from the ﬁrst
exposure to evaluate the long-term effects of statins on NODM.
At the observation start point, patients who already had
diabetes mellitus (DM) were excluded (Fig. 1). To exclude DM
patients, we only included patients who visited the subject
hospital more than once, regardless of outpatient visits or
hospitalization, and patients who had more than 1 fasting
glucose measurement before the start of observation. We also
excluded patients with abnormal random glucose levels (≥200

2.3. Observational variables
We obtained information on age, gender, baseline glucose, the
Charlson comorbidity index (CCI), and all concomitant drugs,
including thiazide-type diuretics, beta-blockers, angiotensinconverting enzyme inhibitor (ACEi), and angiotensin II receptor
blocker (ARB). The age-adjusted CCI is an index of comorbidity.
It is calculated using age and the presence of diverse medical
conditions. Many studies have used the CCI to select subject
groups, minimize group variability, and relay the risk of
morbidity. Patients exposed to a ﬁxed-dose combination of
ACEi or ARB and thiazide were considered exposed to both
ACEi/ARB and thiazide-type diuretics. For each observed drug,
the level of exposure was categorized into 3 levels: 0 for
nonexposed, 1 for exposure to the drug but the prescribed drug
count was less than the median value among the patients exposed
to the drug, and 2 for the prescribed drug count equal to or
greater than the median value.
2.4. Risk evaluation of NODM after statin exposure
Three models of comparison were used to evaluate the risk for
NODM after statin exposure and exposure to individual statins
(Fig. 1). In the ﬁrst model, we compared the risk for NODM
between statin-exposed patients and their matched nonexposed
counterparts using propensity score matching (1:4 ratio),
2
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Figure 1. Overview of the study design. To evaluate the risk for new-onset diabetes mellitus (NODM) after exposure to statins, statin-exposed patients were
compared to matched nonexposed patients (comparison 1). To evaluate the risks associated with 6 different statins (atorvastatin, ﬂuvastatin, pitavastatin,
pravastatin, rosuvastatin, and simvastatin), comparison 2 (comparison between patients exposed to each statin and the matched nonexposed patients) and
comparison 3 (within-class analysis) were conducted.

tages for categorical variables. Differences in the characteristics
between the exposure and comparison groups were compared
using chi-square tests and t tests. To determine the incidence of
NODM, we used events per 1000 patient-years (PY) during the
observation period. The risk for NODM was compared using
Kaplan–Meier analysis with the log-rank test. The adjusted
hazard ratios (HRs) of statin exposure were estimated using Cox
proportional hazards regression analysis after adjusting for age,
gender, baseline glucose levels (per mg/dL); CCI at the start of
observation; whether hypertension was present at the start of
observation; and level of exposure to ACEi, ARB, beta-blockers,
and thiazide-type diuretics during the observation period. Based
on the results of the JUPITER trial,[6] we adopted the predicted
diabetes incidence rate as 3.0% among statin-exposed patients
and 2.4% among controls for the statistical power analysis. The
estimated numbers of statin-exposed patients and 1:4 matched

including the observation period, age, gender, baseline glucose
levels, CCI, and hypertension.
In comparisons 2 and 3, we evaluated the risk for NODM after
exposure to atorvastatin, ﬂuvastatin, pitavastatin, pravastatin,
rosuvastatin, and simvastatin. In comparison 2, the risk for
NODM was compared between patients exposed to a statin and
matched nonexposed counterparts. The matching method and
variables used for matching were the same as in comparison 1. In
comparison 3, a within-class comparison was performed to
compare the risk for NODM in patients exposed to 1 of the 6
statins with patients exposed to other statins.
2.5. Statistical analysis
For descriptive analyses, we report means with standard
deviations for continuous variables and numbers with percen3
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controls to be included in the study were 6967 and 27,868,
respectively, with 80% power and a 5% 2-sided signiﬁcance
level. The numbers consider the planned sampling process used in
our study. We used MS-SQL 2012 (Microsoft, Redmond, WA) as
the database-management system. The R package (R Development Core Team, Vienna, Austria) was used for statistical
analyses. A P value <0.05 was considered to indicate statistical
signiﬁcance.

Table 2
Incidence of NODM according to statin exposure.
Drug
Atorvastatin
Fluvastatin
Pitavastatin
Pravastatin
Rosuvastatin
Simvastatin
Statin-exposed
Matched nonexposed

3. Results
3.1. Study group

Incidence, per 1000 PY

Study population, PY

4.196
4.176
1.321
4.716
4.770
6.131
6.000
3.244

8342
718
757
3181
2935
2773
13,669
55,183

NODM = new-onset diabetes mellitus, PY = patient-years.

We identiﬁed 14,607 patients as the statin-exposed group and
70,474 patients as their matched nonexposed counterparts
(Fig. 1). During the observation period, 4328 patients were
exposed to atorvastatin, 359 to ﬂuvastatin, 403 to pitavastatin,
1357 to pravastatin, 1429 to rosuvastatin, 1148 to simvastatin,
and 5583 to 2 or more types of statins. Based on propensity score
matching, 8265 and 33,060 patients were assigned to the exposed
and nonexposed groups, respectively. The matched baseline
characteristics are presented in Table 1. Major risk factors for the
occurrence of DM were well balanced between the exposed and
nonexposed groups. In the exposed group, beta-blockers, ACEi/
ARB, and thiazide-type diuretics were more frequently used and
total cholesterol, low-density lipoprotein cholesterol, highdensity lipoprotein cholesterol, and triglyceride levels were
higher compared to the nonexposed group.

the risk for NODM, whereas having taken ACEi or ARB
signiﬁcantly decreased the risk.
In comparison 2, among the various statins, only the
atorvastatin-exposed group had a signiﬁcantly higher risk for
NODM than their matched nonexposed counterparts. In
comparisons 2 and 3, pitavastatin tended to have the lowest
HR among the 6 statins but without statistical signiﬁcance.
In addition, the body mass index (BMI), which was suggested
to be a risk factor for statin-induced NODM, was available in
3392 statin-exposed patients with their 13,568 matched
nonexposed counterparts. In this subgroup of patients, a
signiﬁcant association between statin exposure and NODM
was observed after adjusting for age, gender, baseline glucose
levels, hypertension, and BMI when using Cox proportional
hazards regression analysis (Supplementary table S1, http://links.
lww.com/MD/B410). The HR of statin exposure was 1.641
(1.095–2.458). Higher levels of baseline glucose, hypertension,
and BMI ≥ 25 were the factors that signiﬁcantly increased the risk
for NODM. Among the various statins, atorvastatin and
simvastatin had a signiﬁcantly higher risk for NODM than their
matched nonexposed counterparts, while pitavastatin tended to
have the lowest HR among the 6 individual statins but without
statistical signiﬁcance in comparisons 2 and 3 (refer to
Supplementary table S1, http://links.lww.com/MD/B410, Supplemental Content, which illustrates HR of statins and observed
variables including BMI for NODM).

3.2. Incidence of NODM
The incidence of NODM in the exposed group was 6.000 per
1000 PY and 3.244 in the matched nonexposed group (Table 2).
The incidence rates according to the type of statin were as
follows: 4.196 for atorvastatin, 4.176 for ﬂuvastatin, 1.321 for
pitavastatin, 4.716 for pravastatin, 4.770 for rosuvastatin, and
6.131 for simvastatin per 1000 PY.
3.3. Risk for NODM due to statins
NODM-free survival curves of each group are shown in Fig. 2.
Kaplan–Meier survival curves showed a signiﬁcantly higher
occurrence rate of the primary endpoint NODM in the exposed
group (P < 0.001, log-rank test). A signiﬁcant relationship
between statin exposure and NODM was consistently shown
even after adjusting for age, gender, baseline glucose levels, CCI,
hypertension, ACEi/ARB, beta-blockers, and thiazide when using
Cox proportional hazard regression analysis (Table 3). The HR
of statin exposure was 1.872 (1.432–2.445). Older age, being
male, having higher levels of baseline glucose, hypertension, and
exposure to thiazide were the factors that signiﬁcantly increased

4. Discussion
We observed that statin treatment increases the risk for NODM
in Korean patients. By providing evidence from real-world
practice using a large-scale clinical database through an EHR
processing algorithm, the results of the present study support and
extend previous reports on the increased risk for incidental
diabetes with statin treatment.[6–8,10]

Table 1
Baseline characteristics of the statin-exposed and matched nonexposed groups.
Variables
Observation period, d; mean (SD)
Age, y; mean (SD)
Gender (male), n (%)
Baseline glucose level, mg/dL; mean (SD)
Charlson comorbidity index, mean (SD)
Hypertension, n (%)

Exposure (n = 8265)
603.7
54.3
4148
108.9
2.6
5193

(644.0)
(12.3)
(50.2)
(22.5)
(1.5)
(62.8)

Nonexposed (n = 33,060)
609.3
54.1
16,802
108.7
2.6
20,760

The chi-square test was used for categorical variables and a t test was used for continuous variables. SD = standard deviation.
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(731.0)
(14.0)
(50.8)
(22.7)
(1.7)
(62.8)

P
0.492
0.314
0.561
0.437
0.320
0.985
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analyses,[6,7,10,19,20] and additional evidence based on real-world
clinical settings is needed, particularly in East Asians, due to the
lack of studies in those populations. Although a prospective,
large-scale clinical trial would be warranted to resolve these
remaining issues, due to the amount of time, cost, and workforce
that it would require, such a study will probably not be conducted
in the near future. Given this context, the usefulness of the present
study is enhanced. We identiﬁed occurrences of NODM using an
EHR-based algorithm (Supplementary ﬁgure S1, http://links.
lww.com/MD/B410), and this was deemed a reliable method for
the surveillance of NODM.[16] This algorithm provided stricter
and more accurate criteria for detecting occurrences of DM than
those used in previous studies that deﬁned NODM mainly based
on blood glucose, HbA1c levels, and the use of antidiabetic
medications. In addition, by using EHR data, including a large
number of patients, we were able to minimize selection bias and
reﬂect real-world clinical settings properly despite the retrospective nature of our research.
The HR of 1.87 obtained in this study is a slightly higher value
than the results from previous studies. However, this result parallels
recent research conducted on Korean patients, in which the relative
risk for NODM after statin treatment was high at 1.99, compared
to a control group, even though the study included patients who
used low-dose atorvastatin.[21] Accordingly, our results suggest
that the risk for NODM related to statins might be higher in East
Asians, including Koreans, than in Westerners and that, under realworld conditions, the risk for NODM occurrence might be higher
than that in a well controlled prospective clinical trial.
One plausible explanation about the relatively higher HR for
statin-induced NODM is the possibility that not only patients
with simple dyslipidemia but patients with comorbid cardiovascular diseases might be included relatively more in the present
study because it was conducted with patients treated at a tertiary

Figure 2. Kaplan–Meier plot for new-onset diabetes mellitus (NODM)-free
survival in the statin-exposed group and matched nonexposed group.
Kaplan–Meier survival curves showed a signiﬁcantly higher occurrence rate
of the primary endpoint NODM in the statin-exposed group compared with that
in the matched nonexposed group (P < 0.001, log-rank test).

Statins are an important medication for the primary and
secondary prevention of atherosclerotic cardiovascular diseases
and are the most widely used drug prescription due to their well
proven beneﬁts and level of safety.[1,2,4,17] However, after a
concern was raised in 2009 that statins increase the risk for
NODM, various follow-up studies have been performed, urging
treatment guidelines to include labeling on the risk for NODM
associated with statins.[6–9,18]
Statins not only have therapeutic value for hyperlipidemia but
also various pleiotropic effects and are considered essential
medications for the prevention and treatment of cardiovascular
diseases.[2,4,17] However, because the risk for NODM is a serious
adverse effect, reassessing the risks and beneﬁts of statins is
important to have balanced insight for treatment.
Most results from previous studies, however, have been based
on post hoc analyses from large clinical studies or meta-

Table 3
HR of statins and observed variables in NODM.
Comparison
Comparison 1 (statin-exposed group vs
∗
matched statin nonexposed group)

Comparison 2 (individual statin-exposed
∗
group vs matched nonexposed group)

Comparison 3 (within-class comparison)

∗

Variables

HR

95% CI

P

Exposure to statin

1.872

1.432–2.445

<0.001

Age
Gender (male)
Baseline glucose
CCI
Hypertension
ACEi or ARB
Beta-blocker
Thiazide
Atorvastatin

1.012
1.944
1.014
0.975
2.232
0.774
0.924
1.337
1.939

0.996–1.027
1.497–2.523
1.013–1.016
0.859–1.106
1.515–3.288
0.668–0.897
0.789–1.082
1.081–1.655
1.278–2.943

0.134
<0.001
<0.001
0.691
<0.001
<0.001
0.324
0.008
0.002

Fluvastatin
Pitavastatin
Pravastatin
Rosuvastatin
Simvastatin
Atorvastatin
Fluvastatin
Pitavastatin
Pravastatin
Rosuvastatin
Simvastatin

1.702
0.514
1.642
1.025
1.706
1.030
1.119
0.368
0.867
1.008
1.108

0.433–6.696
0.055–4.843
0.888–3.038
0.558–1.883
0.957–3.042
0.701–1.514
0.355–3.527
0.051–2.636
0.493–1.525
0.579–1.756
0.663–1.851

0.439
0.576
0.160
0.941
0.061
0.879
0.848
0.319
0.620
0.977
0.695

95% CI = 95% conﬁdence interval, ACEi = angiotensin-converting enzyme inhibitor, ARB = angiotensin II receptor blocker, CCI = Charlson comorbidity index, HR = hazard ratio, NODM = new-onset diabetes
mellitus.
∗
Age, gender, baseline glucose, Charlson comorbidity index, hypertension, ACEi or ARB, beta-blocker and thiazide use were adjusted.
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suggested by a recent paper showing an increased risk for NODM
even with a low dose of statins in Asian populations,[21] remains
controversial. Previous studies have reported that the mere use of
a statin is important for NODM development itself, regardless of
the dosage.[8,19,21] Second, the comparative risk for NODM
between various statins was analyzed as a secondary endpoint;
therefore, it was underpowered, and further studies are needed.
Third, BMI was not available for all of the patients and was not
included in the main analysis, and BMI ≥ 25 was used in
propensity matching and Cox regression analysis in the subgroup
of patients. However, considering that the association between
BMI and statin-induced diabetes remains controversial[7,21] and
that BMI may exhibit ethnic differences (only 4.7% of the Korean
population has a BMI > 30, the level at which it is considered a
risk factor for DM[8,38]), a different criteria regarding BMI might
be appropriate to apply to East Asians, and these ﬁndings need to
be prospectively veriﬁed in further studies.

hospital. However, although our results may not be generalizable
to every patient in need of statin treatment, considering that
patients with comorbid cardiovascular diseases (in whom strict
secondary prevention is essential[22]) need more active statin
treatment, our results may hold important clinical implications.
The methodology that we used allowed us to evaluate the
comparative risk for NODM according to the different types of
statins. The results suggested that atorvastatin, one of the most
lipophilic statins, signiﬁcantly increased the risk for NODM.
Although the mechanisms associated with an increased risk for
DM and exposure to statins have not yet been fully revealed,
lipophilic statins might be more diabetogenic via several harmful
effects, they may have on glucose intolerance, because they
penetrate the cell membrane easier and thus are likely to have
more extrahepatic effects than hydrophilic statins. Lipophilic
statins such as atorvastatin and simvastatin can reduce insulin
secretion by inhibiting L-type Ca2+ channels and exocytosis in
pancreatic beta-cells.[23] In addition, they decrease the expression
of glucose transporter 4 in adipocytes and aggravate insulin
sensitivity.[24,25] However, these differences between lipophilic
and hydrophilic statins need to be clariﬁed further.[26]
On the other hand, although not statistically signiﬁcant,
pitavastatin tended to lower the risk for NODM in the present
study. Similarly, in recent Japanese studies, it had a positive
impact on glucose metabolism.[9,27,28] A decrease in coenzyme
Q10 due to statins lowers the inﬂow of Ca2+, which is associated
with insulin secretion, leading to abnormal glucose metabolism.[29] However, pitavastatin has been suggested to have
minimal effects on coenzyme Q10 via a unique pharmacological
mechanism.[30,31] In addition, it has been argued that, by
increasing adiponectin and high-density lipoprotein cholesterol,
pitavastatin favorably affects glucose metabolism.[30,32]
Meanwhile, when comparing HRs between statins, pitavastatin and pravastatin tended to produce a lower risk for NODM.
However, because statistical signiﬁcance was not observed,
caution should be applied when interpreting these results, and
further study is needed to verify this ﬁnding.
In addition, the use of ACEi or ARB reduced the occurrence of
DM, and thiazide-type diuretics increased it. These results are
consistent with previous reports[20,33] and should be considered
by patients at high risk for abnormal glucose metabolism.
The present study does not discredit the proven beneﬁts of
statin treatment or the current guidelines recommending the
active use of statins for patients at high risk for cardiovascular
diseases, including diabetes.[18,34,35] However, our major results
suggest that, for low-risk patients (i.e., those with simple
dyslipidemia and/or subclinical atherosclerosis) or patients at
high risk for developing diabetes, the balance of risks and beneﬁts
should be considered more carefully when determining statin
treatment, including the type and dose. Particularly in East
Asians, there might be a need to be more cautious regarding the
intensity of statin use because relatively less-intensive treatments
could bring sufﬁcient lipid-lowering and even plaque regression
in those populations compared to Western populations.[36,37]
Importantly, the actions that should be taken if diabetes occurs
after using a statin remain unanswered. Additional investigations
on whether reducing or stopping statin treatment or changing the
type of statin being used would restore glucose metabolism and
diabetes are needed.
The present study had several limitations. First, the intensity of
statin was not considered. Despite a report on a higher risk for
NODM after intensive statin treatment,[35] whether there is a
deﬁnite correlation between dosage and risk for NODM, as

5. Conclusion
We conﬁrmed an increased risk for incident diabetes after statin
treatment based on data from real-world clinical practice in
Korea. Among various statins, atorvastatin might be more prone
to increase the risk for DM than their matched nonexposed
counterparts. We need more careful consideration regarding the
balance between the risks and beneﬁts when determining statin
treatment.
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