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Background: We evaluated the achievement of low-density lipoprotein cholesterol (LDL-C) targets in patients with type 2 diabe-
tes mellitus (T2DM) according to up-to-date Korean Diabetes Association (KDA), European Society of Cardiology (ESC)/Euro-
pean Atherosclerosis Society (EAS), and American Diabetes Association (ADA) guidelines.
Methods: This retrospective cohort study collected electronic medical record data from patients with T2DM (≥20 years) managed 
by endocrinologists from 15 hospitals in Korea (January to December 2019). Patients were categorized according to guidelines to 
assess LDL-C target achievement. KDA (2019): Very High-I (atherosclerotic cardiovascular disease [ASCVD]) <70 mg/dL; Very 
High-II (target organ damage [TOD], or cardiovascular risk factors [CVRFs]) <70 mg/dL; high (others) <100 mg/dL. ESC/EAS 
(2019): Very High-I (ASCVD): <55 mg/dL; Very High-II (TOD or ≥3-CVRF) <55 mg/dL; high (diabetes ≥10 years without 
TOD plus any CVRF) <70 mg/dL; moderate (diabetes <10 years without CVRF) <100 mg/dL. ADA (2019): Very High-I (AS-
CVD); Very High-II (age ≥40+ TOD, or any CVRF), for high intensity statin or statin combined with ezetimibe. 
Results: Among 2,000 T2DM patients (mean age 62.6 years; male 55.9%; mean glycosylated hemoglobin 7.2%) ASCVD preva-
lence was 24.7%. Of 1,455 (72.8%) patients treated with statins, 73.9% received monotherapy. According to KDA guidelines, LDL-
C target achievement rates were 55.2% in Very High-I and 34.9% in Very High-II patients. With ESC/EAS guidelines, target at-
tainment rates were 26.6% in Very High-I, 15.7% in Very High-II, and 25.9% in high risk patients. Based on ADA guidelines, 
most patients (78.9%) were very-high risk; however, only 15.5% received high-intensity statin or combination therapy. 
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Conclusion: According to current dyslipidemia management guidelines, LDL-C goal achievement remains suboptimal in Korean 
patients with T2DM. 

Keywords: Cholesterol, LDL; Diabetes mellitus, type 2; Dyslipidemias; Guideline; Hydroxymethylglutaryl-CoA reductase inhibi-
tors 

INTRODUCTION

The number of people with diabetes is increasing globally, with 
an estimated 463 million people having diabetes in 2019 [1]. 
The number of patients with diabetes in Korea has also in-
creased continuously; based on an analysis of Korea National 
Health and Nutritional Examination Survey (KNHANES) data 
from 2013 to 2016, approximately 14.4% of Korean adults aged 
30 years and older had diabetes mellitus [2]. Shaw et al. [3] es-
timated the number of people worldwide with diabetes for 
2010 and 2030, predicting an increase to approximately 4.32 
million (11.4%) individuals in Korea by 2030. However, the es-
timated prevalence in 2016 already surpassed their prediction. 
The prevalence of Korean individuals with type 2 diabetes mel-
litus (T2DM) increased constantly from 5.6% (1.6 million) in 
2006 to 13.8% (4.9 million) in 2018 [4].

According to a report from Statistics Korea, diabetes was the 
6th and 7th leading cause of death in females and males, re-
spectively, in 2018 [5]. The growing burden of diabetes also in-
creases the risk of developing cardiovascular disease (CVD). 
Diabetes itself is a strong risk factor for CVD, which is a com-
mon cause of death in patients with diabetes [6-8]. Although 
the annual mortality rate from CVD in diabetes has been tend-
ing to decrease, it was still two times higher than that in the 
non-diabetes population in 2013 [9]. Low-density lipoprotein 
cholesterol (LDL-C) is also known as a modifiable risk factor 
for CVD and thus should be controlled. 

Established clinical guidelines, including those from the Ko-
rean Diabetes Association (KDA), European Society of Cardi-
ology (ESC)/European Atherosclerosis Society (EAS), and 
American Diabetes Association (ADA), highlight the impor-
tance of primary and secondary prevention of CVD in patients 
with diabetes [6,10]. KDA guidelines suggest specific LDL-C 
target goals based on the risk level of patients with diabetes. 
Target LDL-C level is <100 mg/dL for patients without CVD 
and <70 mg/dL for patients with diabetes and CVD, target or-
gan damage (TOD; albuminuria or glomerular filtration rate 
[GFR] <60 mL/min/1.73 m2) or CVD risk factors (hyperten-

sion, smoking, family history of premature atherosclerotic car-
diovascular disease [ASCVD]). Statin therapy is recommend-
ed for all patients when the therapeutic target is not achieved. 
Recently updated 2019 ESC/EAS guidelines recommend a 
more aggressive treatment strategy on LDL-C according to 
cardiovascular (CV) risk categories in patients with diabetes 
(very-high CV risk <55 mg/dL, high CV risk <70 mg/dL, and 
moderate CV risk <100 mg/dL) [11]. 

However, LDL-C target levels in patients with diabetes are 
often not reached. The rate for an adequately controlled level, 
defined as LDL-C <100 mg/dL, was only 44.2% according to 
the Korean Diabetes Fact Sheet 2018 [2]. In the past, it was rec-
ommended to lower LDL-C to <70 mg/dL for patients with 
diabetes and ASCVD and <100 mg/dL for patients with diabe-
tes without ASCVD; however, recent guidelines suggest more 
intensive treatment to achieve lower than <70 or even <55 
mg/dL according to specific conditions such as ASCVD, TOD, 
CV risk factors, or long duration of diabetes [6,10,11]. Howev-
er, there is still a lack of evidence on the current status of dys-
lipidemia management in patients with T2DM in the real-
world setting.

Therefore, this study aims to evaluate the status of LDL-C 
management in patients with T2DM and investigate whether 
current real-world treatment practices at referral hospitals 
comply with updated clinical guidelines for strict control of 
LDL-C. This could lead to a better understanding of dyslipid-
emia management, which may consequently yield more favor-
able CV outcomes in T2DM.

METHODS

Study design
This was a retrospective, observational study using electronic 
medical record (EMR) data. Data were derived from a large 
hospital cohort of patients with T2DM followed by endocri-
nologists at 15 major hospitals in Korea. Research data were 
collected with the approval of each Institutional Review Board 
from all participating centers (IRB# KHNMC 2020-02-033 et 
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al.) (Supplementary Table 1).
All adult patients with T2DM who had a recorded cholester-

ol level from January 1, 2019 to December 31, 2019 were eligi-
ble for data collection and inclusion in the study. Exclusion cri-
teria were patients: (1) who were participating in other inter-
ventional study using medication or (2) who were in a critical 
or unstable medical condition. Patients who met inclusion cri-
teria were selected from each hospital using a random sam-
pling method. 

The randomization protocol was as follows: the site investi-
gator in each hospital assigned consecutive screening numbers 
(e.g., a series of numbers such as 1, 2, 3) for all adult T2DM pa-
tients who visited and had results of serum lipid levels at the 
participating hospitals between January 1, 2019 and December 
31, 2019. Subsequently, only screening numbers were trans-
ferred to the study biostatistician. A total of 52,248 screening 
numbers were collected from 15 hospitals, after which the 
study biostatistician performed random sampling for each 
hospital. At this stage, sufficient random numbers (e.g., more 
than 1.5 to 2 times the number of samples assigned to each 
hospital) were sampled. The sampled random numbers were 
then transferred back to each site investigator. Patients who 
matched with the sampled random numbers and satisfied the 
inclusion criteria were enrolled to obtain data from their medi-
cal records (Fig. 1). EMR data (including demographics, clini-
cal features, and lipid-lowering treatment patterns) were ex-
tracted from 15 hospitals from May to June 2020. We collected 
data over a 2-year look-back period from patients who visited 
between January 2019 and December 2019.

The site investigators carefully examined each patient's med-
ical records and identified the patient's medical history and ac-
companying illness. Investigators entered the patient’s data into 
the electronic case report form (eCRF, Procuratio, Seoul, Ko-

rea). Patients who were diagnosed with, or treated for, unstable 
angina, myocardial infarction, stroke, or peripheral arterial 
disease were defined as being established ASCVD patients. 
TOD was defined as albuminuria, GFR <60 mL/min/1.73 m2, 
or retinopathy. Albuminuria was defined as a urine albumin 
creatinine ratio higher than 30 mg/g. Left ventricular hyper-
trophy (LVH) was confirmed by electrocardiogram, and the 
presence of retinopathy was confirmed by medical and exami-
nation records. The most recent results were used for laborato-
ry test data. The average interval between the test day and 
medical appointment day was 12 days.

LDL-C treatment criteria according to dyslipidemia 
guidelines for patients with diabetes 
Study populations were risk-stratified according to recent guide-
lines to assess LDL-C target goal achievement as shown in Table 
1. TOD and CV risk factors were also applied by the definition 
which is specifically described in each guideline. We divided the 
very-high risk group into Very High-I (with established AS-
CVD) and Very High-II (with TOD or CV risk factors). 

KDA guidelines (2019) suggest the goals for treating dyslip-
idemia for three categories. If patients with diabetes have no 
CVD history or risk factor, the target LDL-C level is <100 mg/
dL. For patients with diabetes and established ASCVD (Very 
High-I group), the target LDL-C level is <70 mg/dL. For pa-
tients with diabetes and TOD (albuminuria, GFR <60 mL/
min/1.73 m2, or retinopathy) or any CV risk factor (hyperten-
sion, smoking, family history of premature ASCVD) (Very 
High-II group), the target LDL-C level is also <70 mg/dL. For 
others, the LDL-C target is <100 mg/dL [6].

According to ESC guidelines (2019), treating dyslipidemia 
in patients with diabetes was further specified and intensified. 
More stringent treatment is recommended for patients with 

Enrollment period

Last visit dateJan 1, 2017 Jan 1, 2019 Dec 31, 2019

2-Year look-back period (sub-group analysis)

Figure 1 

Fig. 1. Study design.
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diabetes and established ASCVD to lower the LDL-C level to 
<55 mg/dL (Very High-I group). Patients with diabetes who 
have TOD (microalbuminuria, estimated glomerular filtration 
rate [eGFR] <30 mL/min/1.73 m2, retinopathy, or LVH) or 
with ≥3 CV risk factors (age ≥50 years, hypertension, smok-
ing, body mass index [BMI] ≥25 kg/m2, dyslipidemia) are also 
recommended to lower the LDL-C level to <55 mg/dL (Very 
High-II group). Also, patients with diabetes whose disease du-
ration is over 10 years without TOD plus any CV risk factor 
should adjust their LDL-C target to <70 mg/dL. Others with 
disease duration no longer than 10 years without any CV risk 
factor are recommended to keep their LDL-C target <100 mg/
dL [11].

The 2019 ADA guideline recommends that patients with di-
abetes who have a history of ASCVD or aged >40 years with 
TOD or an additional CV risk factor, are managed with high-
intensity statins or ezetimibe add-on to statin combination 
therapy [10]. Daily atorvastatin doses of 40 to 80 mg and rosu-
vastatin doses of 20 to 40 mg are defined as high-intensity 
statin. Moderate-intensity statins are defined as daily atorvas-
tatin 10 to 20 mg, rosuvastatin 5 to 10 mg, pitavastatin 40 to 80 

mg, and simvastatin 20 to 40 mg, according to the American 
College of Cardiology/American Heart Association (ACC/
AHA) guidelines [12]. We investigated the treatment groups 
described in Table 1.

Statistical analysis 
Descriptive statistical analyses were conducted to evaluate the 
distribution of patient characteristics. Categorical variables 
were described using number of observation (N), number and 
percent (%) within each category and number of missing ob-
servations. Numeric variables were described with number of 
observations, mean±standard deviation (SD). LDL-C target 
goal achievement was compared by statin dose using Mantel-
Haenszel chi-square test within the same statin therapy groups, 
and Cochran-Mantel-Haenszel chi-square test between mono-
therapy and combination therapy groups. All tabulations of 
summary statistics and all statistical analyses were performed 
using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) or 
higher. When statistical tests are performed, a two-tailed P< 
0.05 is considered as statistically significant.

Table 1. Summary of several guidelines for the management of dyslipidemia in patients with type 2 diabetes mellitus

Guideline CVD risk classification in T2DM Target goal or 
management

Korea Diabetes  
Association 2019a

Very High-I: established ASCVD
Very High-II: target organ damage (albuminuria, eGFR <60 mL/min/1.73 m2 or retinopathy), 

or any CV risk factor (hypertension, smoking, family history of premature CAD, or HDL  
<40 mg/dL)

High: others

LDL-C <70 mg/dL 

LDL-C <100 mg/dL

European Society of 
Cardiology/European 
Atherosclerosis  
Society 2019b

Very High-I: established ASCVD 
Very High-II: target organ damage (albuminuria, eGFR <30 mL/min/1.73 m2, retinopathy, or 

left ventricular hypertrophy) or ≥3 CV risk factors (age ≥50 years, hypertension, smoking, 
BMI ≥25 kg/m2, dyslipidemia)

High: diabetes duration ≥10 years without target organ damage plus any CV risk factor 
Moderate: diabetes duration <10 years without other CV risk factor

LDL-C <55 mg/dL

LDL-C <70 mg/dL
LDL-C <100 mg/dL

American Diabetes  
Association 2019c

Very High-I: established ASCVD
Very High-II: age ≥40 years plus target organ damage (albuminuria, eGFR <60 mL/min/ 

1.73 m2 or retinopathy) or any CV risk factor (hypertension, smoking, family history of  
premature CAD, or HDL <40 mg/dL)

High intensity statind 
or statin combined 
with ezetimibe 

CVD, cardiovascular disease; T2DM, type 2 diabetes mellitus; ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular fil-
tration rate; CV, cardiovascular; CAD, coronary artery disease; HDL, high-density lipoprotein; LDL-C, low-density lipoprotein cholesterol. 
a2019 Clinical practice guidelines for type 2 diabetes in Korea, b2019 ESC guidelines on diabetes, pre-diabetes, and cardiovascular disease devel-
oped in collaboration with the European Foundation for the Study of Diabetes (EASD), cCardiovascular disease and risk management standards 
of medical care in diabetes 2019, dStatin dose was determined by 2018 American Heart Association (AHA)/American College of Cardiology 
(ACC)/American Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR)/American Association Academy of Physician As-
sistants (AAPA)/Association of Black Cardiologists (ABC)/American College of Preventive Medicine (ACPM)/American Diabetes Association 
(ADA)/American Geriatrics Society (AGS)/American Pharmacists Association (APhA)/American Society for Preventive Cardiology (ASPC)/
National Lipid Association (NLA)/and Preventive Cardiovascular Nurses Association (PCNA) .
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RESULTS

Baseline characteristics of study subjects 
A total of 2,000 patients with DM were enrolled in the study 
(mean age 62.6 years, 55.9% men, mean BMI 25.4 kg/m2). Over 
80% of study subjects were diagnosed with, or receiving medi-
cation for, dyslipidemia. The mean glycosylated hemoglobin 
level was 7.2% ±1.3%, and mean diabetes duration was 
9.80±8.09 years. Overall, 24.7% of patients had established AS-
CVD, and 25.5% of patients had TODs such as proteinuria, 
LVH, or diabetic retinopathy. Mean systolic and diastolic blood 
pressure were 128±14.7 and 74±10.9 mm Hg. Mean±SD lev-
els of total cholesterol, direct or calculated LDL-C, high-density 
lipoprotein cholesterol (HDL-C), and triglyceride (TG) were 
149.7±34.4, 80.3±28.2, 49.5±13.3, and 141.9±97.4 mg/dL, re-
spectively (Table 2). According to the LDL-C distribution of 
subjects, 78.9% of subjects had LDL-C <100 mg/dL and only 
38.7% of subjects had LDL-C <70 mg/dL (Supplementary Fig. 1).

A total of 82% (n=1,640) of subjects were diagnosed with 
dyslipidemia and undergoing lifestyle modification or medical 
treatment, 72.8% (n=1,455) were taking lipid-lowering agents 
including statins, and 3.7% (n=73) were taking lipid-lowering 
agents other than statins. Among those taking lipid-lowering 
agents including statins, 73.9% took statin monotherapy, and 
26.1% received combination therapy. The most common drugs 
in combination therapy were ezetimibe, followed by fibrate 
and omega-3 fatty acids. For the 73 (3.7%) patients not using 
statins, treatment included omega-3 fatty acids, fibrate, and 
ezetimibe (Table 3).

LDL-C target achievement rates according to recent 
guidelines 
Based on KDA guideline risk categories, the mean LDL-C level 
in the established ASCVD group (Very High-I group) was 
70.4±23.9 mg/dL, and 55.2% reached the LDL-C target of <70 
mg/dL. The average LDL-C level was 82.4±28.8 mg/dL among 
those with TOD or CV risk factors (Very High-II group), and 
34.9% of patients reached <70 mg/dL. The average LDL-C of 
the high risk group was 87.0±28.2 mg/dL and the target 
achievement rate was 72.6% (Fig. 2A).

According to 2019 ESC/EAS guidelines, target LDL for pa-
tients with established ASCVD history (Very High-I), or TOD 
or ≥3 CV risk factors (Very High-II), is recommended to be 
<55 mg/dL. For the Very High-I group with ASCVD, 26.6% 
reached the LDL-C target, while only 15.7% of the Very High-

Table 2. Baseline characteristics of the subjects

Variable Total (n=2,000)

Age, yr 62.6±12.0

Male sex 1,117 (55.90)

Body mass index, kg/m2 25.4±3.8

Dyslipidemiaa

   Yes 1,640 (82.00)

   No 360 (18.00)

Family history of premature CAD

   Yes 49 (2.45)

   No 850 (42.50)

   Unknown 1,101 (55.05)

Smoking history

   Current smoker 285 (14.25)

   Ex-smoker 277 (13.85)

   Non-smoker 880 (44.00)

   Unknown 558 (27.90)

HbA1c, % 7.2±1.3

Diabetes duration, yr 9.80±8.09b

Atherosclerotic cardiovascular disease 493 (24.70)

Target organ damage

   Yes 510 (25.50)

   Proteinuria 341 (17.10)

   Left ventricular hypertrophy 25 (1.30)

   Retinopathy 257 (12.90)

Renal function

   eGFR ≥60 mL/min/1.73 m2 1,710 (85.50)

   eGFR 30–59 mL/min/1.73 m2 246 (12.30)

   eGFR <30 mL/min/1.73 m2 44 (2.20)

Blood pressure, mm Hg

   Systolic 128.2±14.7

   Diastolic 74.0±10.9

Lipid profile

   Total cholesterol, mg/dL 149.7±34.4

   LDL-C, mg/dL 80.3±28.2

   HDL-C, mg/dL 49.5±13.3

   Triglyceride, mg/dL 141.9±97.4

Values are presented as mean±standard deviation or number (%).
CAD, coronary artery disease; HbA1c, glycosylated hemoglobin; 
eGFR, estimated glomerular filtration rate; LDL-C, low-density lipo-
protein cholesterol; HDL-C, high-density lipoprotein cholesterol.
aPatients with a diagnosis of dyslipidemia or receiving any lipid-low-
ering medications, bDiabetes duration was analyzed with data from 
1,893 patients.
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II group reached the target. The LDL target for the high risk 
group with diabetes duration of more than 10 years and with-
out TOD or CV risk factors is <70 mg/dL, with 25.9% of pa-
tients reaching this target. For patients with diabetes duration 
less than 10 years, the LDL target goal is <100 mg/dL for the 
Moderate risk group without other CV risk factors; 60.0% of 
patients reached this target (Fig. 2B).

Based on ADA 2019 guidelines, high-intensity statin or 
statin plus ezetimibe combination therapy is recommended for 
use in patients with established ASCVD (Very High-I), or pa-
tients over 40 years with TOD or any CV risk factor (Very 
High-II). The mean LDL-C for 493 patients in the Very High-I 
group was 70.4 mg/dL; mean LDL-C for 1,084 patients in the 
Very High-II group was 82.0 mg/dL. Only 25.0% of Very 
High-I group and 11.3% of Very High-II group patients were 
treated with high-intensity statins or statins plus ezetimibe 
therapy (Fig. 2C).

Fig. 2. Low-density lipoprotein cholesterol (LDL-C) target achievement rates according to recent guidelines. (A) LDL-C target 
achievement rates according to Korean Diabetes Association (KDA) 2019 guidelines. (B) LDL-C target achievement according to 
European Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) 2019 guidelines. (C) Lipid-lowering treatment 
pattern according to American Diabetes Association (ADA) 2019 guidelines. (A, B) ‘Yes’ indicates the portion of patients who 
meet the target goal and (C) ‘Yes’ denotes the portion of patients who received recommended lipid-lowering treatment, high-in-
tensity statin or statin combined with ezetimibe. a101 patients out of the total 1,899 subjects were excluded since their cardiovas-
cular (CV) risk was not clearly determined due to missing body mass index data, bThe treatment pattern for patient groups with 
very-high CV risk was reported selectively. Others are heterogeneous and are reported in Supplementary Table 1. 
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Table 3. Treatment pattern for dyslipidemia 

Variable Total (n=2,000)

Lifestyle modification 472 (23.5)

Statin treatment 1,455 (72.8)

   Statin monotherapy 1,075 (73.9)

   Statin combined with other drugs 380 (26.1)

      Statin-ezetimibea 231

      Statin-fibratea 101

      Statin-omega-3 fatty acidsa 70

      Othersa 7

Lipid-lowering treatment other than statin 73 (3.7)

   Ezetimibea 21

   Fibratea 35

   Omega-3 fatty acidsa 36

Values are presented as number (%).
aMultiple response items.
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For patients aged over 40 years without ASCVD, TOD, or 
CV risk factors who did not meet Very High-I or Very High-II 
group criteria according to the ADA guideline, 48.0% were 
prescribed moderate-intensity statin, 11.8% received high-in-
tensity statin or statin plus ezetimibe add-on therapy, and 
34.8% received no treatment. For patients aged under 40 years 
with TOD or CV risk factors, but without ASCVD patients, 
47.1% were prescribed moderate-intensity statin; high-intensi-
ty or statin plus ezetimibe therapy was used by 15.7% of pa-
tients, and 29.4% of patients were prescribed no statin. For pa-
tients aged under 40 years without ASCVD, TOD, or CV risk 
factors, only 56.3% were treated with moderate- to high-inten-
sity statins, and no statin was prescribed for 43.8% of patients 
(Supplementary Table 2). 

Prescribing pattern of lipid-lowering agents according to 
KDA guideline risk category and LDL-C target 
achievement 
In patients with T2DM and established ASCVD (Very High-
I), the prescribing pattern of lipid-lowering agents was: 47.3% 
statin monotherapy, 20.0% combination treatments including 
statin, and 10.1% no medication. The target LDL-C level ac-
cording to the KDA 2019 guidelines is <70 mg/dL, and the 
achievement rate of this goal was 57.4% for statin monothera-
py and 56.4% for statin combination therapy (Fig. 3A). Since 
this study was retrospective, it was not clear exactly whether a 
patient in the Very High-I group was previously medicated 
and stopped, or was treated at another medical institution. This 
group consisted of 64 individuals, with a mean age of 67.3 
years, 68.8% males, all having ASCVD. LDL-C was 76±28.5 
mg/dL, with a median of 71 mg/dL (interquartile range [IQR], 
54 to 97), all below LDL-C 100 mg/dL.

In patients with T2DM who had TOD such as albuminuria, 
CKD, or diabetic retinopathy, or any CV risk factor (Very High- 
II), the prescribing pattern was: 45% statin monotherapy, 15% 
combination therapy including stain, and 20% no medication. 
The target LDL-C level according to KDA 2019 guidelines is 
<70 mg/dL; the achievement rate of this goal was 39.8% for 
statin monotherapy and 44.6% for statin combination therapy 
(Fig. 3A). In the Very high-II group, it was not known exactly 
whether a patient was previously medicated and stopped, or 
was prescribed by another medical institution. This group con-
sisted of 277 individuals, mean age 62.9 years, 66.4% male. 
There was no ASCVD, but 26.4% of individuals had TOD and 
14.3% of patients had eGFR <60 mL/min/1.73 m2, all of whom 

had accompanying hypertension. LDL-C was 92.5±30.4 mg/dL, 
and median was 91 mg/dL (IQR, 74 to 109), so most of them 
were <100 mg/dL, and thought to have not been administered 
medication.

In the high risk group of patients with T2DM, the prescrib-
ing pattern was 40.8% for statin monotherapy, 12.2% for com-
bination therapy including stain, and 30.7% for no medication. 
The target LDL-C level in the high risk group of patients with 
T2DM was less than 100 mg/dL. The achievement rate of this 
goal was 83.3% for statin monotherapy and 73.1% for statin 
combination therapy (Fig. 3A).

Prescribing pattern of lipid-lowering agents according to 
ESC/EAS guideline risk category and LDL-C target 
achievement 
In the Very High-I group, monotherapy was used by 47.3% of 
patients, combination therapy was used by 20.0%, and 10.1% 
of patients received no treatment; respective target LDL 
achievement was 25.7%, 30.4%, and 25.4%. In the Very High-
II group with TOD or ≥3 CV risk factors, 49.8% of patients re-
ceived monotherapy, 15.7% received combination therapy, and 
13.8% were not treated, with respective LDL target attainment 
of 17%, 15.2%, and 12.6%. 

In the high risk group, 32.5% of patients were prescribed 
monotherapy, 8.6% combination therapy, and 45.1% were pre-
scribed no treatment; respective target LDL achievement was 
39.4%, 33.3%, and 14.7% (Fig. 3B).

Prescribing pattern of lipid-lowering agents according to 
ADA guideline risk category 
In the Very High-I group, 60.1% of patients were prescribed 
monotherapy, 25.4% combination therapy, and 13% were un-
treated. Overall, 10.1% of monotherapy and 74.4% of combi-
nation therapy recipients were prescribed high-intensity statin 
or statin plus ezetimibe, which was the recommended treat-
ment regimen. 

In the Very High-II group, 54.2% of patients were prescribed 
monotherapy, 17.8% combination therapy, and 24.2% were 
untreated. High-intensity statin or statin combined with ezeti-
mibe was prescribed in 2.9% of monotherapy and 56.5% of 
combination therapy recipients (Fig. 3C).

Change of prescription during the observation period
This study also identified whether any lipid-lowering agent 
prescription changes occurred during the 2-year observation 
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period. Only 6.5% of statin prescriptions were changed. A total 
of 1.4% involved changing the type of statins at the same inten-
sity, 0.9% were for increasing the statin dosage, 1.4% were for 
reducing the statin dosage, and 0.6% were for discontinuing 
and restarting statin. The addition of other lipid-lowering 
agents to statins accounted for 2.2% of prescription changes, of 
which ezetimibe was the most common, followed by fibrate 
and omega-3 fatty acids. 

DISCUSSION

In this study, the LDL-C target achievement rate was investi-
gated using real-world data from patients with diabetes cur-
rently under treatment following the recent publication of 
three major guidelines for treating dyslipidemia in patients 
with diabetes. First, we compared the LDL-C target attainment 
rate by assigning patients into a Very High-I risk group with 
established ASCVD history, a Very High-II risk group with 
CVD risk factors or TOD without ASCVD history, and the re-
maining patients into a high risk group.

Patients with ASCVD history accounted for 24.7% of all 
study subjects with diabetes. This ratio actually reflects the re-
al-world results of patients with diabetes we encounter in the 
outpatient clinic [13]. Since previous guidelines recommended 
patients with diabetes and ASCVD history to lower target 
LDL-C to <70 mg/dL [14-16], this study showed a 55% achiev-
ement rate for a level of <70 mg/dL in the Very High-I group 
and an average LDL-C of 70.4±23.9 mg/dL (Fig. 2A).

Previous studies showed that the LDL-C target goal attain-
ment rate for Korean patients with T2DM was less than 50% 
[17-20]. Compared to previous studies with low LDL-C target 
goal achievement of 17.6% for very-high risk and 47.2% for 
high risk groups, the recent LDL-C target goal attainment rate 
has improved. This is likely the result of recent studies high-
lighting the importance of statin use [21,22].

According to the KDA 2019 guideline, 55.3% of Very High-I 
groups were under LDL-C of 70 mg/dL and 88.0% were under 
100 mg/dL (Supplementary Fig. 2). For the Very High-II 
group, 34.9% had LDL-C below 70 mg/dL and 77.2% had 
LDL-C below 100 mg/dL (Supplementary Fig. 3). A recent 
change in the KDA guidelines is that a stricter treatment target 
for T2DM patients with TOD or ASCVD risk factors has been 
recommended, aiming at achieving LDL-C <70 mg/dL, unlike 
previous guidelines in which it was <100 mg/dL. Nevertheless, 
Fig. 2 shows that the average LDL-C in the Very High-II group 

is 82.4±28.8 mg/dL, indicating that most physicians still treat 
these groups using treatment targets of <100 mg/dL, rather 
than 70 mg/dL. Because this study was conducted shortly after 
the announcement of the 2019 KDA guideline, many doctors 
followed the previous guideline for lipid management in 
T2DM. When we applied the previous KDA guideline (LDL-C 
target goal less than 100 mg/dL, 77% of patients reached the 
target LDL-C of <100 mg/dL (Fig. 2).

It has already been reported that in T2DM patients with mi-
croalbuminuria, the risk of CVD is higher than in those with-
out [23]. Also, in patients with diabetes, the higher the number 
of ASCVD risk factors such as hypertension, smoking, and 
family history of early CVD, the higher the risk of CVD than 
in those who do not have risk factors [24]. Therefore, recent 
guidelines should be widely known and it should be accepted 
that T2DM patients with TOD or ASCVD risk factors need 
more aggressive LDL-C treatment.

An analysis of drug prescription patterns and LDL-C target 
goal achievement rate according to KDA guidelines shows that 
47% of patients were prescribed statin monotherapy in the 
Very High-I group and only 57.4% of them reached the target 
LDL-C level (Fig. 3A). 

Patients who do not reach the target goal may first be 
checked for drug compliance and, if they do not reach the tar-
get goal despite taking their medication regularly, should be 
considered for additional administration of high-intensity 
statins or ezetimibe add-on therapy. In the high risk group in 
our analysis, 40% of patients were prescribed statin monother-
apy, and this is a remarkable result because 83.3% of patients in 
this group reached their target LDL-C level. 

LDL-C is an important modifiable CV risk factor [25], and 
the recent trend has been for lower LDL targets to prevent 
CVD. A characteristic of dyslipidemia in patients with diabetes 
is atherogenic dyslipidemia with features such as small dense 
LDL, high TG, and low HDL-C levels [26]. Thus, more aggres-
sive LDL-C level control is recommended for patients with di-
abetes than in those without diabetes.

The 2019 ESC/EAS guidelines on diabetes and CVD are 
much stricter than the KDA guidelines. Unlike most previous 
guidelines which recommended <70 mg/dL for patients with 
diabetes and ASCVD history, ESC/EAS guidelines recom-
mend 55 mg/dL. This is concordant with the American Asso-
ciation of Clinical Endocrinologists and American College of 
Endocrinology guidelines published in 2017 [27]. Based on the 
results of the IMPROVE-IT (Improved Reduction of Out-
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comes: Vytorin Efficacy International Trial) study, the addition 
of ezetimibe 10 mg to simvastatin 80 mg, compared to 80 mg 
of simvastatin alone, lowered LDL-C levels below 55 mg/dL 
and the risk of CVD was reduced significantly [28].

According to ESC/EAS guidelines, in the Very High-I group, 
the LDL-C treatment target level is <55 mg/dL and the 
achievement rate was 26.6%, which is far below our expecta-
tions (Fig. 2B). This is not just a problem in Korea. In a French 
study, 59% of patients did not reach LDL-C targets, with 
achievement rates being especially low in the very-high risk 
group with diabetes [29]. In addition, in a Chinese study, 
39.7% of patients in the very-high risk group reached LDL-C 
treatment targets, which were considered to be related to 
knowledge about LDL-C targets, physician specialty and pro-
fessional status such as resident or attending physician [30]. A 
meta-analysis of guideline target attainment for glucose, blood 
pressure, and lipid control in patients with diabetes showed an 
LDL-C treatment target goal achievement of 49.2% (95% con-
fidence interval, 39.0% to 59.4%) of. The study did not analyze 
the LDL-C target attainment rate according to CVD risk. 
However, the meta-analysis reported results from various 
countries according to guidelines from 2006 to 2013. Approxi-
mately 50% of patients reached LDL-C targets [31].

Previous studies have reported the LDL-C target achieve-
ment rate of dyslipidemia patients in Korea [32,33], but our 
study is the first to investigate the treatment status for dyslipid-
emia in diabetic patients in line with recently published strict 
treatment guidelines for LDL-C. 

Moreover, for patients with diabetes who have TOD or ≥3 
CV risk factors (Very High-II group), the LDL-C target of 55 
mg/dL was very low (15.7%), as shown in Fig. 2B. This shows 
that specific recommendations considering the duration of di-
abetes or CV risk factors have not yet been applied to clinical 
sites. In addition, our study showed that statin monotherapy is 
prescribed for about 45% of patients in the Very High-I and -II 
groups (Fig. 3B), but only 25% and 17% of patients reached an 
LDL-C level of 55 mg/dL. High-intensity statins or combina-
tion therapy should be considered for more patients to enable 
them to reach their target LDL-C level.

In Korea, research is still underway to evaluate whether it is 
better to lower the LDL-C treatment target for patients with 
diabetes and ASCVD from 70 to 55 mg/dL. The IMPROVE-IT 
study found that in patients with diabetes, the benefits on CVD 
were significantly higher than in those without diabetes. Since 
no racial differences have been observed in the study, it may 

still be accepted in Asians that lower LDL-C is better, and <55 
mg/dL is likely to have a more significant effect, but more re-
search is still needed on whether to change the lower LDL-C 
treatment target to <55 mg/dL.

Considering the ADA guideline, less than 30% of patients 
with diabetes and ASCVD were prescribed high-intensity 
statin therapy or statin-ezetimibe combination therapy (Fig. 
3C). As Asian individuals have reported better LDL-C treat-
ment with lower doses of statins than Western individuals, it is 
believed that this reflects more use of moderate-intensity 
statins than high-intensity statins [34,35]. 

Even if the treatment target was not reached, less than 5% of 
the treatments were changed to high-intensity statins or added 
ezetimibe. This shows that there is clinical inertia regarding 
doctors’ treatment habits.

One of the limitations of this study was the analysis of results 
for patients with diabetes who were treated by endocrinology 
specialists in university hospitals, which does not reflect the 
status of other patients who were treated in primary care clin-
ics. In the future, analysis of data including primary medical 
institutions is needed. The second is that this was retrospective 
study that reviewed data from the previous 2 years that failed 
to assess drug compliance. Therefore, it is necessary to assess 
patient compliance or adherence through a prospective cohort 
study. Third, in 2019, many new guidelines were published; 
however, it is believed that clinical inertia remained between 
patients and physicians regarding changing previously admin-
istered medication. It is expected that LDL-C target achieve-
ment rates will be improved through more aggressive treat-
ment with education and promotion of the new guidelines. 

In conclusion, despite recent changes in active treatment 
guidelines for dyslipidemia in diabetes, the LDL-C target 
achievement rate remains low. In particular, for diabetic pa-
tients with TOD or CV risk factors, it is recommended that, to 
achieve LDL-C targets equivalent to those for ASCVD pa-
tients, prescriptions need to be strengthened more aggressively. 
Furthermore, drug prescription patterns suggest that ezeti-
mibe add-on therapy or high-intensity statin therapy may be 
helpful, as statin monotherapy is still prescribed for many pa-
tients who do not meet their goals.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found 
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