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Background: There has been evidences of ethnic differences in the low density lipoprotein cholesterol (LDL-C) lowering effect of 
statin. We aimed to evaluate the efficacy of moderate-intensity statins in the treatment of dyslipidemia among Korean patients 
with type 2 diabetes mellitus (T2DM).
Methods: We analyzed a retrospective cohort that consisted of Korean patients with T2DM aged 40 to 75 years who had been 
prescribed any of the moderate-intensity statins (atorvastatin 10 or 20 mg, rosuvastatin 5 or 10 mg, pitavastatin 2 mg, or pravas-
tatin 40 mg). Among them, only patients with baseline lipid profiles before starting statin treatment were selected, and changes in 
their lipid profiles before and 6 months after statin therapy were analyzed. 
Results: Following the first 6 months of therapy, the overall LDL-C reduction was −47.4% (interquartile range, −56.6% to 
−34.1%). In total, 92.1% of the participants achieved an LDL-C level of <100 mg/dL, 38.3% had a 30% to 50% reduction in their 
LDL-C levels, and 42.3% had a reduction in their LDL-C levels greater than 50%. The response rates of each drug for achieving a 
LDL-C level <100 mg/dL were 81.7%, 93.1%, 95.0%, 95.0%, 96.5%, and 91.7% for treatment with atorvastatin doses of 10 or 20 
mg, rosuvastatin 5 or 10 mg, pitavastatin 2 mg, and pravastatin 40 mg, respectively.
Conclusion: In conclusion, the use of moderate-intensity statins reduced LDL-C levels less than 100 mg/dL in most of the Korean 
patients studied with T2DM. The efficacies of those statins were higher than expected in about 42% of Korean patients with 
T2DM.
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INTRODUCTION

Statins are a mainstay treatment for reducing cardiovascular 
risk in type 2 diabetes mellitus (T2DM) patients. The current 
treatment objectives for dyslipidemia in T2DM patients have 
been based on the third report from the National Cholesterol 
Education Program-Adult Treatment Panel; that is, targeted at 
reducing low density lipoprotein cholesterol (LDL-C) levels to 
below 100 mg/dL as a primary prevention, and below 70 mg/dL 

as a secondary prevention [1]. However, the 2013 American 
College of Cardiology/American Heart Association (ACC/
AHA) guidelines on the treatment of blood cholesterol to re-
duce atherosclerotic cardiovascular risk in adults did not rec-
ommend specific treatment targets since most of the trials re-
garding statins and cardiovascular outcomes did not test for 
specific LDL-C goals [2]. In addition, ACC/AHA recommend-
ed a specific dose of statin based on lipid-lowering efficacy [2] 
from previous clinical trials [3-7]. In contrast, the current 

Original Article
Clinical Care/Education

https://doi.org/10.4093/dmj.2017.41.1.23
pISSN 2233-6079 · eISSN 2233-6087

Diabetes Metab J 2017;41:23-30

http://crossmark.crossref.org/dialog/?doi=10.4093/dmj.2017.41.1.23&domain=pdf&date_stamp=2017-02-16


Kong SH, et al.

24 Diabetes Metab J 2017;41:23-30 http://e-dmj.org

treatment guidelines for dyslipidemia recommended by the 
Korean Society of Lipidology and Atherosclerosis, the Korean 
Academy of Medical Sciences, or the Korean Diabetes Associa-
tion, provide actual LDL-C target levels [8-10]. The discrepan-
cies among the treatment guidelines for dyslipidemia have 
evoked many debates, one of which pertains to statin efficacy. 
The 2013 ACC/AHA guideline recommended that patients 
with T2DM aged between 40 and 75 years should be pre-
scribed a moderate-intensity or high-intensity statin [2]. Spe-
cifically, they divided the statins by LDL-C lowering efficacy 
and defined a moderate-intensity statin as a statin that results 
in lowering the LDL-C level by 30% to 50%, and a high-inten-
sity statin as a statin that results in lowering the LDL-C level by 
more than 50%. 

Some reports have found that the LDL-C lowering effect of 
statins in Asians can be more prominent than in Caucasians 
[11,12]; however, these results were not consistent [13]. There 
have been few studies that have compared the effects of several 
different statins among Korean patients. We found only one 
Korean study that compared the LDL-C lowering effects of six 
different statins [14]. This study suggested that the LDL-C low-
ering effects of the statins were greater in Korean patients than 
in Caucasians and concluded that using a low dose of statin 
was enough to manage dyslipidemia in most Korean patients 
with low-to-moderate cardiovascular risks. However, less than 
10% of the patients enrolled in this study had T2DM and the 
percentage of LDL-C reduction was in the range of previously 
reported results. 

In this study, we aimed to evaluate the efficacy of the moder-
ate-intensity statins suggested by the 2013 ACC/AHA guide-
lines for use in the treatment of dyslipidemia among Korean 
patients with T2DM. Furthermore, we evaluated the propor-
tion of patients who achieved a LDL-C level <100 mg/dL after 
treatment with moderate-intensity statins for 6 months. 

METHODS

Study population
This was a single-center retrospective study with the primary 
objective of determining the effect of moderate-intensity 
statins on LDL-C levels in Korean patients with T2DM. Patient 
inclusion criteria was as follows: (1) diagnosed with T2DM 
and of Korean ethnicity; (2) aged 40 to 75 years; (3) began 
moderate-intensity statin therapy between January 2014 and 
May 2015; (4) did not have a history of cardiovascular disease; 

and (5) had an available baseline lipid profile before starting 
statin therapy. Moderate-intensity statins were defined follow-
ing 2013 ACC/AHA guidelines [2]: atorvastatin 10 or 20 mg, 
rosuvastatin 5 or 10 mg, pitavastatin 2 mg, or pravastatin 40 
mg. This study was approved by the Institutional Review Board 
of Seoul Metropolitan Government Seoul National University 
Boramae Medical Center.

Efficacy assessments
Pharmacological efficacy was evaluated by a retrospective 
analysis of the medical records of patients who were treated 
with atorvastatin 10 or 20 mg, rosuvastatin 5 or 10 mg, pitavas-
tatin 2 mg, or pravastatin 40 mg for 6 months. The primary 
end-point was the percentage of patients who achieved a LDL-
C level <100 mg/dL. The secondary end points were as follows: 
the percentage of patients whose LDL-C levels decreased from 
their baseline values by 30% to 50%, or by more than 50%, the 
absolute change and percentage of the change of LDL-C levels 
before and after treatment, and the percentage change of total 
cholesterol (TC), high density lipoprotein cholesterol (HDL-
C), and triglyceride (TG) levels before and after treatment.

Safety assessments 
Safety was assessed by retrospective analysis of the medical re-
cords of patients who were treated with the aforementioned 
moderate-intensity statins for 6 months. The safety variables 
were musculoskeletal and hepatic adverse events, and the per-
centage change in glycosylated hemoglobin (HbA1c) levels. 
Musculoskeletal adverse events were defined as a musculoskel-
etal symptom described in the patient’s electrical health record 
during the study. Hepatic adverse events were defined as an el-
evation in the levels of alanine aminotransferase (ALT) or as-
partate aminotransferase (AST) over three times of the pa-
tient’s baseline levels. 

Laboratory and cardiovascular risk assessments
All participants fasted for 12 hours before blood samples were 
taken. Fasting TC, HDL-C, LDL-C, and TG levels were mea-
sured using an enzymatic colorimetric method (Toshiba Medi-
cal System Co. Ltd., Tokyo, Japan). HbA1c level was deter-
mined using high-performance liquid chromatography (SST; 
Becton, Dickinson and Company, Franklin Lakes, NJ, USA). 
Ten-year atherosclerotic cardiovascular disease (ASCVD) risk 
was assessed based on 2013 ACC/AHA guidelines on the as-
sessment of cardiovascular risk [15].
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Statistics
The continuous parameters were presented as mean±standard 
deviation. The categorical data were shown as proportions. 
Within group comparisons (treatment effects) were evaluated 
by paired t-test. Comparisons across the statin groups were 
calculated by analysis of variance with the use of P for the con-
tinuous parameter with normal distribution, Kruskal-Wallis 
analysis for the continuous parameter with non-normality dis-
tribution, and chi-square test with P for the linear-by-linear 
test for the categorical variables. A P<0.05 was considered sig-
nificant. Statistical analyses were carried out using the SPSS 
version 22.0 statistical package (IBM Co., Armonk, NY, USA).

RESULTS

Baseline characteristics of study participants
A total of 355 participants were evaluated for the efficacy and 
safety of their statin treatment. The characteristics of the study 
subjects according to the various statins are shown in Table 1. 
The mean age was 64±10 years, and the number of female par-
ticipants was 197 (55.5%). The average duration of T2DM was 

11±8 years, and the median HbA1c level was 7.4% with an in-
terquartile range (IQR) of 1.4%. The baseline characteristics 
were not significantly different among the groups with regard 
to sex, body mass index (BMI), diabetes duration, serum AST, 
ALT, creatinine level, hypertension, tobacco use, and con-
sumption of alcohol. The mean age of the participants in the 
rosuvastatin 5 mg group was 59±10 years, which was lower 
than that of the atorvastatin 10 mg group (67±8 years, P< 
0.001); however, the mean age was not significantly different 
among the other groups. In addition, serum HbA1c level was 
significantly higher in the atorvastatin 20 mg group than in the 
other groups (8.0%; IQR 1.2%; P<0.001). The 10-year ASCVD 
risk was relatively lower in the rosuvastatin 5 mg group than in 
the pravastatin 40 mg group (12%; IQR 16%). Baseline LDL-C 
levels were significantly higher in the atorvastatin 20 mg and 
the rosuvastatin 10 mg group than in the pitavastatin 2 mg 
group. 

Changes and goal achievement of LDL-C levels
After treatment with moderate-intensity statins for 6 months, 
the LDL-C levels were significantly decreased in all statin treat-

Table 1. Baseline characteristics according to types of statin 

Characteristic
Atorvastatin Rosuvastatin Pitavastatin 

2 mg
Pravastatin 

40 mg10 mg 20 mg 5 mg 10 mg

Male sex 60 (35.0) 58 (34.5) 60 (50.0) 60 (48.3) 57 (49.1) 60 (50.0)

Age, yr 67±8 65±9 59±10 61±11 64±9 66±10

BMI, kg/m2 25.3±2.7 24.6±3.5 24.8±3.1 26.2±3.6 24.9±3.1 24.3±2.4

DM duration, yr 12±8 10±7 9±7 12±9 11±8 12±8

HbA1c, %a 7.0 (1.2) 8.0 (1.2) 7.0 (1.1) 7.7 (1.2) 7.3 (1.2) 7.0 (1.2)

AST, mg/dLa 23.6 (1.5) 21.9 (1.9) 23.7 (1.5) 21.9 (1.6) 22.2 (1.7) 21.8 (1.7)

ALT, mg/dLa 22.5 (1.9) 23.1 (1.6) 23.1 (1.6) 21.9 (1.6) 22.2 (1.7) 21.8 (1.7)

Creatinine, mg/dLa 0.9 (1.3) 0.9 (1.5) 0.9 (1.2) 0.8 (1.2) 1.0 (1.2) 0.9 (1.2)

Hypertension 27 (45.0) 24 (41.4) 17 (28.3) 32 (53.3) 26 (45.6) 22 (36.7)

Ever smoker 15 (25.0) 20 (33.3) 16 (26.7) 16 (26.7) 17 (29.8) 18 (30.0)

Current alcohol intake 8 (26.7) 9 (26.5) 15 (37.5) 10 (30.3) 6 (18.8) 12 (34.3)

10-Year ASCVD risk, %a 23 (26) 19 (23) 12 (16) 15 (25) 20 (21) 27 (29)

LDL-C baseline, mg/dL 134.0±28.2 142.3±33.0 136.3±31.0 143.8±35.6 121.6±20.8 130.1±18.5

HDL-C baseline, mg/dL 43.0 (16.8) 40.0 (14.5) 45.9 (15.0) 44.0 (11.0) 44.0 (11.5) 43.0 (12.8)

TG baseline, mg/dLa 130.5 (77.5) 166.5 (107.0) 135.5 (104.3) 141.5 (86.3) 125.0 (70.0) 128.5 (75.0)

Values are presented as number (%) or mean±standard deviation. 
BMI, body mass index; DM, diabetes mellitus; HbA1c, glycosylated hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransfer-
ase; ASCVD, atherosclerotic cardiovascular disease; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; 
TG, triglyceride.
aLog-transformed before analysis.



Kong SH, et al.

26 Diabetes Metab J 2017;41:23-30 http://e-dmj.org

ment groups (Table 2). The median changes in LDL-C levels 
over 6 months were −63.0 mg/dL (−47.4%) in total, and −61.5 
mg/dL (−44.1%), −67.0 mg/dL (−48.2%), −73.0 mg/dL 
(−51.6%), −84.0 mg/dL (−56.0%), −51.0 mg/dL (−41.7%), 
−56.0 mg/dL (−42.4%) in the atorvastatin 10, 20 mg, rosuvas-
tatin 5, 10 mg, pitavastatin 2 mg, and pravastatin 40 mg 
groups, respectively (Table 2).

Overall, a total of 92.1% of the participants achieved LDL-C 
level <100 mg/dL after 6 months, where 38.3% of the patients 
had reduction in their LDL-C levels between 30% and 50%, 
and 42.3% of the patients had reduction in their LDL-C levels 
greater than 50% from their baseline levels. The percentages of 
patients who achieved LDL-C level of <100 mg/dL were 
81.7%, 93.1%, 95.0%, 95.0%, 96.5%, 91.7%, and the percentag-
es of patients who achieved LDL-C level reduction of 30% to 
50% from their baseline values were 46.7%, 31.0%, 36.7%, 
16.7%, 50.9%, 48.3% in the atorvastatin 10, 20 mg, rosuvastatin 
5, 10 mg, pitavastatin 2 mg, and pravastatin 40 mg groups, re-
spectively. The percentages of patients who had LDL-C level 
reduction greater than 50% from their baseline values were, 
33.3%, 48.3%, 55.5%, 70.0%, 19.3%, and 26.7% in the atorvas-
tatin 10, 20 mg, rosuvastatin 5, 10 mg, pitavastatin 2 mg, and 
pravastatin 40 mg groups, respectively. 

Changes in levels of HDL-C, TG, TC, and 10-year ASCVD 
risk
After treatment with moderate-intensity statins for 6 months, 
TC levels, LDL-C/HDL-C ratios, and 10-year ASCVD risks 
were decreased in all statin treatment groups. TG levels were 
decreased only in the atorvastatin 20 mg and rosuvastatin 10 
mg groups. HDL-C levels were not significantly changed in all 
groups (Table 3). 

Overall, the median percentage change over 6 months was 
0% for HDL-C levels, −12.9% for TG levels, and −25.6% for TC 
levels. The percentage changes for each of the drug groups in 
regards to HDL-C levels were 0%, −2.8%, −2.1%, 2.9%, −1.6%, 
and 2.6%, and the percentage changes in TG levels over 6 
months were −15.5%, −22.3%, −8.9%, −12.6%, −15.9%, and 
−9.4% in the atorvastatin 10, 20 mg, rosuvastatin 5, 10 mg, 
pitavastatin 2 mg, and pravastatin 40 mg groups, respectively. 
The percentage changes in TC levels were −24.7%, −33.1%, 
−29.9%, −25.7%, −15.2%, and −24.8% in the atorvastatin 10, 20 
mg, rosuvastatin 5, 10 mg, pitavastatin 2 mg, and pravastatin 
40 mg groups, respectively. 

The number of participants who achieved levels of LDL-C 
<100 mg/dL, HDL-C ≥50 mg/dL, TG <150 mg/dL [16] after 
6 months was 18 (30.0%), 12 (20.7%), 18 (30.0%), 19 (31.7%), 
20 (35.1%), 14 (23.3%) in the atorvastatin 10, 20 mg, rosuvas-

Table 2. The change of LDL-C levels after 6 months of statin treatment

Variable
Atorvastatin Rosuvastatin Pitavastatin 

2 mg
Pravastatin 

40 mg Total
10 mg 20 mg 5 mg 10 mg

LDL-C baseline, 
mg/dL

134.0±28.2 142.3±33.0 136.3±31.0 143.8±35.6 121.6±20.8 130.1±18.5 134.8±29.4

LDL-C after 6 
months, mg/dL

   84.0±26.9a    75.4±18.3a    71.7±17.3a    69.4±24.0a    74.7±16.0a    79.0±20.9a    75.9±21.3a

LDL-C change after 
6 months, mg/dL

–61.5 
(–77.0 to –37.8)

–67.0 
(–94.0 to –37.0)

–73.0 
(–90.5 to –50.0)

–84.0 
(–97.5 to –65.0)

–51.0 
(–64.0 to –35.0)

–56.0 
(–67.0 to –38.0)

–63.0 
(–83.0 to –40.0)

LDL-C change after 
6 months, %

–44.1 
(–52.6 to –36.6)

–48.2 
(–56.6 to –35.5)

–51.6 
(–59.5 to –37.3)

–56.0 
(–62.5 to –45.2)

–41.7 
(–49.1 to –29.2)

–42.4 
(–50.7 to –31.0)

–47.4 
(–56.6 to –34.1)

30%–50% LDL-C 
decreased

28 (46.7) 18 (31.0) 22 (36.7) 10 (16.7) 29 (50.9) 29 (48.3) 136 (38.3)

LDL-C decreased 
>50%

20 (33.3) 28 (48.3) 33 (55.0) 42 (70.0) 11 (19.3) 16 (26.7) 150 (42.3)

 LDL-C <100 mg/
dL

49 (81.7) 54 (93.1) 57 (95.0) 57 (95.0) 55 (96.5) 55 (91.7) 327 (92.1)

Values are presented as mean±standard deviation, median (interquartile range), or number (%).
LDL-C, low density lipoprotein cholesterol. 
aFor P<0.05 with paired t-test between data of baseline and after 6 months.
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tatin 5, 10 mg, pitavastatin 2 mg, and pravastatin 40 mg 
groups, respectively. The percentages of each group showed no 
significant difference among the groups (P=0.526).

Safety assessment of the various statins
Musculoskeletal adverse events were not detected among all 
participants. Hepatic adverse events were found in a total of 
two subjects, one in the rosuvastatin 5 mg group and one in 
the rosuvastatin 10 mg group. The change in HbA1c levels was 
evaluated in 190 of the patients (53.5%) who did not change 
their oral hypoglycemic agents. The HbA1c levels did not 
change significantly after statin treatment, with the changes 
being 0.00% (IQR, −0.30% to 0.50%) in total, 0.05% (IQR, 
−0.35% to 0.30%), −0.10% (IQR, −1.20% to 0.50%), −0.30% 

(IQR, −0.20% to 0.60%), −0.05% (IQR, −0.60% to 0.40%), 
0.00% (IQR, −0.45% to 0.35%), and 0.00% (IQR, −0.10% to 
0.70%) in the atorvastatin 10, 20 mg, rosuvastatin 5, 10 mg, 
pitavastatin 2 mg, and pravastatin 40 mg groups, respectively. 
The number of participants whose statin treatment was started 
at the same time with new hypoglycemic agents was 57 
(16.1%); the number of participants whose hypoglycemic 
agents were reduced during statin treatment was 39 (10.9%), 
and those whose hypoglycemic agents were added or increased 
was 69 (19.4%). The proportion of patients whose hypoglyce-
mic agents reduced or increased during the 6 months of statin 
treatment did not show a significant difference among the 
statin treatment groups (P=0.832).

 

Table 3. The change of HDL-C, TG, TC levels, and 10-year ASCVD risks after 6 months of statin treatment

Variable
Atorvastatin Rosuvastatin Pitavastatin 

2 mg
Pravastatin 

40 mg Total
10 mg 20 mg 5 mg 10 mg

HDL-C baseline,  
mg/dL

42.5 
(35.0 to 50.0)

39.0 
(35.0 to 49.0)

45.0 
(38.5 to 53.5)

43.5 
(38.5 to 51.5)

44.0 
(38.0 to 48.0)

43.0 
(37.0 to 50.0)

43.0 
(37.0 to 50.0)

HDL-C after 6 months, 
mg/dL

42.5 
(35.0 to 50.0)

40.0 
(35.5 to 46.5)

45.0 
(38.0 to 53.0)

44.5 
(38.0 to 48.5)

45.0 
(39.0 to 51.0)

45.0 
(39.0 to 55.0)

43.0 
(37.0 to 51.0)

HDL-C change after  
6 months, %

0.0 
(–7.7 to 14.3)

–2.8 
(–10.6 to 8.5)

–2.1 
(–11.1 to 7.1)

2.9 
(–8.7 to 12.7)

–1.6 
(–10.4 to 6.4)

2.6 
(0.0 to 13.6)

0.0 
(–8.8 to 10.4)

TG baseline, mg/dLa 134.0 
(93.0 to 177.0)

166.0 
(112.0 to 212.5)

130.0 
(101.0 to 192.5)

137.5 
(100.5 to 188.5)

126.0 
(95.0 to 169.0)

126.0 
(107.0 to 185.0)

134.0 
(100.0 to 189.0)

TG after 6 months,  
mg/dLa

113.0 
(86.0 to 155.0)

126.0 
(82.0 to 158.5)b

120.0 
(89.5 to 179.5)

128.0 
(91.5 to 162.5)b

104.0 
(80.0 to 142.0)

111.0 
(79.0 to 158.0)

120.0 
(83.0 to 159.0)

TG change after  
6 months, %

–15.5 
(–31.1 to 7.5)

–22.3 
(–40.1 to 10.7)

–8.9 
(–32.9 to 23.6)

–12.6 
(–29.1 to 9.0)

–15.9 
(–33.2 to 13.6)

–9.4 
(–30.2 to 9.1)

–12.9 
(–34.2 to 11.0)

TC baseline, mg/dL 202.4±31.8 213.9±33.7 203.1±34.3 207.9±45.0 182.6±31.7 197.3±25.6 201.3±35.3

TC after 6 months,  
mg/dL

 153.2±32.4b  139.7±21.2b  140.3±20.2b  136.0±25.5b  136.9±28.9b  147.8±25.4b  142.4±26.4b

TC change after  
6 months, %

–24.7±13.4 –33.1±13.2 –29.9±12.7 –25.7±6.1 –15.2±7.9 –24.8±10.1 –25.6±14.2

LDL-C/HDL-C ratio 
baseline

  3.3±1.1   3.5±1.1   3.2±1.1   3.3±1.2   2.8±0.8   3.1±0.8   3.2±1.0

LDL-C/HDL-C ratio 
after 6 months, %

   2.0±0.8b    1.9±0.5b    1.7±0.6b    1.6±0.6b    1.8±0.6b    1.8±0.5b    1.8±0.6b

10-Year ASCVD  
baseline, %

 26.7±16.7  22.1±15.1  15.7±12.9  20.7±17.6  24.2±15.2  28.4±16.3  22.9±16.1

10-Year ASCVD after  
6 months, %

  21.9±15.7b   17.0±13.8b   11.6±11.4b   16.3±15.8b   19.8±14.2b   23.8±15.6b   18.4±14.9b

Values are presented as median (interquartile range) or mean±standard deviation.
HDL-C, high density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; ASCVD, ath-
erosclerotic cardiovascular disease.
aLog-transformed before analysis, bfor P<0.05 with paired t-test between data of baseline and after 6 months. 
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DISCUSSION

In this study, treatment with a moderate-intensity statin in Ko-
rean patients with T2DM achieved the LDL-C target goal 
(<100 mg/dL) in 92.1% of the participants, and the LDL-C 
levels were reduced by 63.0 mg/dL (−47.4% from baseline). 
Among all participants, 38.3% achieved LDL-C reduction of 
30% to 50% from baseline, and 42.3% achieved reduction in 
their LDL-C levels of more than 50%. The HDL-C and TG lev-
els did not significantly change after 6 months of statin therapy. 

In this study, most of the T2DM patients treated with a 
moderate-intensity statin suggested by the 2013 ACC/AHA 
treatment guidelines had achieved the target LDL-C level out-
lined by the Korean guidelines for dyslipidemia. However, 
42.3% of the patients achieved greater than a 50% reduction in 
their LDL-C levels, and this result was as effective as treatment 
with a high-intensity statin. On the other hand, 19.4% of the 
participants achieved less than a 30% reduction in their LDL-
C levels, despite being treated with a moderate-intensity statin. 
It has been suggested that the LDL-C lowering effect of statins 
could be more prominent in Asians than in Caucasians, and 
that a relatively low-dose statin could be used to manage dys-
lipidemia in Korean patients with low-to-moderate risks 
[11,14]. The reported LDL-C level reduction rates in represen-
tative Caucasian studies were −35.7%±7.1% [3], −42.6%± 
10.5% [4], −39.1%±9.0% [5], −52.1%±7.5% [4], −37.9%± 
14.0% [6], and −26.0%±8.8% [7] for atorvastatin 10, 20 mg, 
rosuvastatin 5, 10 mg, pitavastatin 2 mg, and pravastatin 40 
mg, respectively. A meta-analysis of randomized, double-blind 
statin trials showed similar findings with regard to the LDL-C 
level reduction rates such as 36.8% in patients treated with 10 
mg of atorvastatin, 29.7% in patients treated with 40 mg of 
pravastatin, and 45.8% in patients treated with 10 mg of rosuv-
astatin [17]. Although a direct comparison could not be made 
owing to the lack of actual LDL-C level data, the LDL-C reduc-
tion rates found in our study were higher than the previous re-
ported ranges of Caucasians. These findings suggest that some 
moderate-intensity statins could be prescribed for Korean pa-
tients with T2DM resulting in higher efficacies than we expect 
for Caucasian patients. In particular, rosuvastatin had a con-
siderably higher LDL-C lowering effect than other statins in 
this study. The reason for this high efficacy could be explained 
by the different pharmacokinetics of rosuvastatin in Asian 
populations. Plasma levels of rosuvastatin and its metabolites 
such as N-desmethyl rosuvastatin and rosuvastatin-lactone 

were significantly higher in Asians than in Caucasians. This 
difference could be partly explained by an increased preva-
lence of polymorphisms in the SLCO1B1 and ABCG2 genes in 
Asian populations, which could influence hepatic clearance of 
the enzyme CYP2C9 [12,18]. Further studies are needed to 
discover other genetic or epigenetic changes which could cause 
ethnic differences after administration of rosuvastatin.

Comparing the cholesterol-lowering effects of low-dose 
statins with one Korean study, the efficacies of atorvastatin 10 
mg, rosuvastatin 5 mg, and pitavastatin 2 mg were similar to 
those of our study [14]. Another Korean study including 
T2DM patients treated with atorvastatin also showed a similar 
result to that of our study [19]. Since these data consistently 
show higher treatment efficacies than those of Caucasians us-
ing moderate-intensity statins, redefining moderate-intensity 
statins for the Korean population is needed in further research 
and official discussions.

Considering the interindividual variation in statin efficacy 
and a recent study that has demonstrated the progression of 
atheroma in hyporesponders to statin therapy [8], it is impor-
tant to monitor LDL-C levels during and after statin treatment.

During statin therapy, the 2013 ACC/AHA guidelines rec-
ommend that the measurement of hepatic function is needed 
only when hepatotoxicity symptoms are suspected [2]. In this 
study, treatment with a moderate-intensity statin did not result 
in patients presenting with hepatotoxicity, which was statisti-
cally significant, in all the groups. Also, musculoskeletal ad-
verse events were not reported, although these events were 
based on self-reported symptoms in the chart reviews. More-
over, recent studies suggest that statin treatment increases the 
risk of diabetes [20]. In this study, changes in the HbA1c levels 
were not significant after statin treatment in participants who 
did not change their diabetic medications during the study pe-
riods. Among participants who changed their diabetic medica-
tions, there was no significant difference between the propor-
tion of participants who reduced or increased diabetic medica-
tions during 6 months of statin treatment (P=0.832). However, 
due to the retrospective design of this study, it would be diffi-
cult to evaluate the exact effect of statins on HbA1c levels in 
those who changed their hypoglycemic agents during the 
statin therapy.

The strength of this study is that we evaluated the efficacy of 
commonly prescribed statins in Korean patients with T2DM 
and analyzed the actual discrepancy between the policy of the 
2013 ACC/AHA guidelines and the targeted goal approach 
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recommended by the Korean Society of Lipidology and Ath-
erosclerosis, the Korean Academy of Medical Sciences, or the 
Korean Diabetes Association. By providing results demon-
strating a reduction in LDL-C levels in patients previously pre-
scribed various moderate-intensity statins, this study will aid 
physicians in their decision regarding the appropriate intensity 
statin therapy for the treatment of dyslipidemia in patients 
with T2DM. In addition, we tried to solve the bias caused by 
poor adherence to drug therapy by reviewing the charts thor-
oughly and excluding those patients with poor adherence ac-
cording to their prescription-refill records. There are some 
limitations in our study. First, this is a retrospective study that 
depends only on chart reviews; therefore, confounding factors 
could not be fully evaluated or matched. Importantly, in this 
retrospective analysis, factors including sex, BMI, and tobacco 
use from chart reviews did not show significant differences 
among the groups. Remaining confounding factors such as 
diet habits or physical activities must be considered in addi-
tional prospective studies. Second, the number of participants 
may not have been sufficient for comparing the efficacy among 
the different statins. Third, some patients who required a high-
intensity statin were prescribed a moderate-intensity statin by 
the physicians’ decision. According to the 2013 ACC/AHA 
guidelines, it has been suggested that diabetic patients who 
have a 10-year ASCVD risk of more than 7.5% should be treat-
ed with a high-intensity statin. Of note, the average 10-year 
ASCVD risk in our study subjects was more than 20%. How-
ever, whether the 10-year ASCVD risk assessment model fits 
well in the Korean population needs to be discussed in further 
research since the risk calculation model in the 2013 ACC/
AHA guidelines is based on non-Hispanic Caucasian and Af-
rican American population. 

In summary, treatment with a moderate-intensity statin in 
Korean patients with T2DM achieved LDL-C less than 100 
mg/dL in most of the study subjects. This study also showed 
that moderate-intensity statins defined by the 2013 ACC/AHA 
guidelines have higher efficacies than expected in about 42% of 
Korean patients with T2DM. Further research is needed to de-
fine moderate-intensity statins and to recommend an adequate 
statin therapy regimen for the Korean population.

CONFLICTS OF INTEREST 

No potential conflict of interest relevant to this article was re-
ported.

ACKNOWLEDGMENTS 

This study was supported from by grant No. 03-2012-0290 
from the Seoul National University Hospital Research Fund.

REFERENCES

1. 	Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults. Executive summary of the third 
report of the National Cholesterol Education Program (NCEP) 
expert panel on detection, evaluation, and treatment of high 
blood cholesterol in adults (Adult Treatment Panel III). JAMA 
2001;285:2486-97.

2. 	Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, 
Blum CB, Eckel RH, Goldberg AC, Gordon D, Levy D, Lloyd-
Jones DM, McBride P, Schwartz JS, Shero ST, Smith SC Jr, Wat-
son K, Wilson PW, Eddleman KM, Jarrett NM, LaBresh K, 
Nevo L, Wnek J, Anderson JL, Halperin JL, Albert NM, Boz-
kurt B, Brindis RG, Curtis LH, DeMets D, Hochman JS, Ko-
vacs RJ, Ohman EM, Pressler SJ, Sellke FW, Shen WK, Smith 
SC Jr, Tomaselli GF; American College of Cardiology/Ameri-
can Heart Association Task Force on Practice Guidelines. 2013 
ACC/AHA guideline on the treatment of blood cholesterol to 
reduce atherosclerotic cardiovascular risk in adults: a report of 
the American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines. Circulation 2014;129 
(25 Suppl 2):S1-45.

3. 	Sever PS, Dahlof B, Poulter NR, Wedel H, Beevers G, Caulfield 
M, Collins R, Kjeldsen SE, Kristinsson A, McInnes GT, 
Mehlsen J, Nieminen M, O’Brien E, Ostergren J; ASCOT in-
vestigators. Prevention of coronary and stroke events with 
atorvastatin in hypertensive patients who have average or low-
er-than-average cholesterol concentrations, in the Anglo-Scan-
dinavian Cardiac Outcomes Trial-Lipid Lowering Arm (AS-
COT-LLA): a multicentre randomised controlled trial. Lancet 
2003;361:1149-58.

4. 	Jones PH, Davidson MH, Stein EA, Bays HE, McKenney JM, 
Miller E, Cain VA, Blasetto JW; STELLAR Study Group. Com-
parison of the efficacy and safety of rosuvastatin versus atorv-
astatin, simvastatin, and pravastatin across doses (STELLAR* 
Trial). Am J Cardiol 2003;92:152-60.

5. 	Brown WV, Bays HE, Hassman DR, McKenney J, Chitra R, 
Hutchinson H, Miller E; Rosuvastatin Study Group. Efficacy 
and safety of rosuvastatin compared with pravastatin and sim-
vastatin in patients with hypercholesterolemia: a randomized, 



Kong SH, et al.

30 Diabetes Metab J 2017;41:23-30 http://e-dmj.org

double-blind, 52-week trial. Am Heart J 2002;144:1036-43.
6. 	Budinski D, Arneson V, Hounslow N, Gratsiansky N. Pitavas-

tatin compared with atorvastatin in primary hypercholesterol-
emia or combined dyslipidemia. Clin Lipidol 2009;4:291-302.

7. 	Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, MacFar-
lane PW, McKillop JH, Packard CJ. Prevention of coronary 
heart disease with pravastatin in men with hypercholesterol-
emia. West of Scotland Coronary Prevention Study Group. N 
Engl J Med 1995;333:1301-7.

8. 	Kataoka Y, St John J, Wolski K, Uno K, Puri R, Tuzcu EM, Nis-
sen SE, Nicholls SJ. Atheroma progression in hyporesponders 
to statin therapy. Arterioscler Thromb Vasc Biol 2015;35:990-5.

9. 	Committee of Clinical Practice Guideline. Treatment guideline 
for diabetes. 5th ed. Seoul: Korean Diabetes Association; 2015.

10. 	Korean Academy of Medical Sciences. Evidence-based recom-
mendations for dsylipidemia in primary care. Seoul: Korean 
Academy of Medical Sciences; 2016.

11. 	Liao JK. Safety and efficacy of statins in Asians. Am J Cardiol 
2007;99:410-4.

12. 	Lee E, Ryan S, Birmingham B, Zalikowski J, March R, Ambrose 
H, Moore R, Lee C, Chen Y, Schneck D. Rosuvastatin pharma-
cokinetics and pharmacogenetics in white and Asian subjects 
residing in the same environment. Clin Pharmacol Ther 2005; 
78:330-41.

13. 	Chapman N, Chang CL, Caulfield M, Dahlof B, Feder G, Sever 
PS, Poulter NR. Ethnic variations in lipid-lowering in response 
to a statin (EVIREST): a substudy of the Anglo-Scandinavian 
Cardiac Outcomes Trial (ASCOT). Ethn Dis 2011;21:150-7.

14. 	Kwon JE, Kim Y, Hyun S, Won H, Shin SY, Lee KJ, Kim SW, 
Kim TH, Kim CJ. Cholesterol lowering effects of low-dose 
statins in Korean patients. J Lipid Atheroscler 2014;3:21-8.

15. 	Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino 
RB Sr, Gibbons R, Greenland P, Lackland DT, Levy D, O’Donnell 
CJ, Robinson JG, Schwartz JS, Shero ST, Smith SC Jr, Sorlie P, 
Stone NJ, Wilson PW; American College of Cardiology/Ameri-
can Heart Association Task Force on Practice Guidelines. 2013 
ACC/AHA guideline on the assessment of cardiovascular risk: a 
report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines. J Am Coll Cardi-
ol 2014;63(25 Pt B):2935-59.

16. 	Committee for Guidelines for Management of Dyslipidemia. 
2015 Korean guidelines for management of dyslipidemia. J 
Lipid Atheroscler 2015;4:61-92.

17. 	Edwards JE, Moore RA. Statins in hypercholesterolaemia: a 
dose-specific meta-analysis of lipid changes in randomised, 
double blind trials. BMC Fam Pract 2003;4:18.

18. 	Birmingham BK, Bujac SR, Elsby R, Azumaya CT, Zalikowski J, 
Chen Y, Kim K, Ambrose HJ. Rosuvastatin pharmacokinetics 
and pharmacogenetics in Caucasian and Asian subjects resid-
ing in the United States. Eur J Clin Pharmacol 2015;71:329-40.

19. 	Son JW, Kim DJ, Lee CB, Oh S, Song KH, Jung CH, Mok JO, 
Kim JH, Moon MK, Choi KM, Cho JH, Choi SH, Kim SK, 
Park KS, Kim HS, Kim IJ, Kim YI, Kim HJ, Kim SY, Kim S. Ef-
fects of patient-tailored atorvastatin therapy on ameliorating 
the levels of atherogenic lipids and inflammation beyond low-
ering low-density lipoprotein cholesterol in patients with type 
2 diabetes. J Diabetes Investig 2013;4:466-74.

20. 	Cederberg H, Stancakova A, Yaluri N, Modi S, Kuusisto J, 
Laakso M. Increased risk of diabetes with statin treatment is 
associated with impaired insulin sensitivity and insulin secre-
tion: a 6 year follow-up study of the METSIM cohort. Diabeto-
logia 2015;58:1109-17.


