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Dyslipidemia in Korea

Crude prevalence of hypercholesterolemia
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Dyslipidemia in adults with hypertensionDyslipidemia in adults with diabetes

Dyslipidemia according to comorbidity status in Korea
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A sequence of cardiovascular events, 
Cardiovascular Disease Continuum

Risk Factors
- Hypertension
- Smoking
- Lipid profile
- Diabetes
- Age

Atherosclerosis,            
Left ventricular 

hypertrophy

Myocardial infarction

Ventricular
dilation remodeling Congestive heart 

failure

End-stage heart 
disease

Death

Ref. Dzau V et al. Am Heart J. 1991;121:1244-1263.
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Isabella Hetherington et al. Molecular Therapy. 2022



PETER LIBBY et al. Nat Med. 2002

Plaque stabilization by lipid lowering therapy
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Life course trajectory of LDL and implications for primordial prevention*

2 strategies to prevent cardiovascular events by keeping low LDL-C    

and other apo B
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Effect of cumulative exposure to LDL on plaque burden and risk of cardiovascular disease*

Effect of cumulative exposure to LDL
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Cumulative effect of LDL on risk of atherosclerotic cardiovascular disease*

Mean age of MI

Ref) Brian A et al. JACC 2018;72:1141-56

Legacy effect (early and intensive control)
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Change in LDL-C and the risk of cardiovascular disease

Magnitude of exposure to lower LDL-C (mmol/L)
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Median follow-up: 52 years

N=194,427

Mendelian randomization studies

Median follow-up: 12 years

N=403,501

Prospective cohort studies

Median follow-up: 5 years

N=196,552

Randomized controlled trials

Lower is Better ➔ Early & Lower for Longer
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High is bad

Average is not good

Lower is better

Even lower is even better

Early & Lower for Longer

Changes in LDL-C Control Concept
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Risk for major CV events by achieved on-trial LDL-C levels

Even below LDL-C target further LDL-C reduction gives additional CV benefit
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European Heart Journal (2021) 42, 243–252
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Major adverse cardiac and cerebrovascular events

LDL-C : Low-density lipoprotein cholesterol, MI : Myocardial infarction, HR : Hazard ratio, CI : Confidence interval

Study design a. A Korean Nationwide Cohort Study was to investigate recurrent ASCVD events in post-MI patients who did or did not achieve LDL-C target goals and evaluate the relationship between LDL-C changes and clinical outcomes. From the Korea Acute 
Myocardial Infarction-National Institutes of Health registry, a total of 5,049 patients with both measurements of plasma LDL-C levels at index admission and at the one-year follow-up visit were identified from November 2011 to December 2015. Patients who achieved 
an LDL-C reduction ≥ 50% from the index MI and an LDL-C level ≤ 70 mg/dL at follow-up were classified as target LDL-C achievers. The primary endpoint was a two-year major adverse cardiac and cerebrovascular event (MACCE), including cardiovascular mortality,
recurrent MI, and ischemic stroke.

1. Kim JH, et al. Target Low-Density Lipoprotein-Cholesterol and Secondary Prevention for Patients with Acute Myocardial Infarction: A Korean Nationwide Cohort Study. J Clin Med. 2022 May 8;11(9):2650.

Achieving both a ≥50% reduction and an LDL-C level ≤ 70 mg/dL for 

secondary prevention is crucial for improving clinical outcomes in post-MI patients.

Number at risk HR [95% CI] p-value

LDL-C ≤ 70 mg/dL; ≥ 50% reduction 1114 1106 1080 1045 762 Reference

LDL-C ≤ 70 mg/dL; < 50% reduction 1189 1180 1153 1102 805 1.49 [0.90-2.49] 0.123

LDL-C > 70 mg/dL; ≥ 50% reduction 324 322 316 307 220 1.86 [0.95-3.65] 0.071

LDL-C > 70 mg/dL; < 50% reduction 2422 2396 2346 2265 1616 1.70 [1.08-2.66] 0.022
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Diabetes patients 

without overt CVD Very high risk pts

More Intensive LDL-C Goals for High-Risk Patients

ATP I

1988

ATP II

1993

ATP III

2001

ATP III Update

2004

2° AHA/ACC

2006 

ADA

2010

ESC/EAS

2011

Goal:

<130 mg/dL1

Goal:

100 mg/dL2

Goal:

<100 mg/dL3

Optional goal:

<70 mg/dL4

Very-high-risk pts

Goal:

<100 mg/dL4

Reasonable goal:

<70 mg/dL5

Goal:

<100 mg/dL5

Optional goal: 

<70 mg/dL6

Goal:

<100 mg/dL6

Diabetes patients 

with Overt CVD
High-risk pts

<100 mg/dL7

Goal:

<70 mg/dL7
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Extreme high riskVery-high-risk pts Very high risk pts

• More aggressive lipid-lowering therapy is warranted for both high and very-high 

risk patients

• Ezetimibe add-on therapy is in the spotlight with an evidence from IMPROVE-IT 

study

History of Guidelines on Dyslipidemia since 2004

ACC/AHA8

2014

Intensity

STATIN

ESC/EAS10

2016

Goal:

<70 mg/dL2

or ≥50%10

Intensity 

cholesterol 

lowering

ACC update11

2016

Recommend 

Ezetimibe

NICE12 & ADA13

2016

Recommend 

Ezetimibe or

PCSK9 inhibitor

Improve it9

2015

FOURIER15

2017

AACE/ACE14

2017

Goal:

<55 mg/dL14

ACC/AHA16

2018

For 2nd prevention, 

Consider PCSK 9 I 

after Ezetimibe

ESC/EAS17

2019

For 2nd prevention, 

Consider PCSK 9 I 

after Ezetimibe

Goal:

<55mg/dL

and ≥50% 10

Key Changes after IMPROVE-IT Study

• Patients may be eligible for the second-line lipid lowering therapy with ezetimibe being the 

first-line of choice if,

1. patient’s therapeutic goal is not achieved at the maximal tolerated statin dose* 

2. patients are intolerant to statins  

3. patients who have contraindications to statins

Intensity cholesterol lowering
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Treatment goal for LDL-C

CV RISKLow Moderate High Very High

1.4 mmol/L
(55 mg/dL)

3.0 mmol/L
(116 mg/dL)

2.6 mmol/L
(100 mg/dL)

1.8 mmol/L
(70 mg/dL)

Low

Moderate

High

Very High

& ≥50% reduction

from baseline

Treatment goals for LDL-C across categories of total 

cardiovascular disease risk

• SCORE <1% 

• SCORE ≥1% and <5%

• Young patients (T1DM <35 years T2DM <50 years) with

DM duration <10 years without other risk factors 

• SCORE ≥5% and <10%

• Markedly elevated single risk factors, in particular

TC >8 mmol/L (310 mg/dL) or LDL-C >4.9 mmol/L

(190 mg/dL) or BP ≥180/110 mmHg

• FH without other major risk factors

• Moderate CKD (eGFR 30–59 mL/min)

• DM w/o target organ damage, with DM duration ≥10 years 

or other additional risk factor

• ASCVD (clinical/imaging)

• SCORE ≥10%

• FH with ASCVD or with another major risk factor

• Severe CKD (eGFR <30 mL/min)

• DM & target organ damage: ≥3 major risk factors or early 

onset of T1DM of long duration (>20 years)
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Guidelines for dyslipidemia

Very high risk group

• Coronary artery 

disease

→Target LDL-C: 

< 55 mg/dL(+ 

LDL-C 

reduction ≥ 50% 

from the baseline 

level)

High risk group

• Atherosclerotic stroke 

and transient ischemic 

attack

• Carotid artery disease

• Peripheral artery 

disease

• Abdominal aortic 

aneurysm

→Target LDL-C: < 70 

mg/dL (+ LDL-C 

reduction ≥ 50% 
from the baseline level)

Diabetes mellitus

• Diabetes mellitus with duration <10 

years and no major risk factors

→ Target LDL-C: < 100 mg/dL

• Diabetes mellitus with duration ≥10 

years or with 1-2 major risk factors

→ Target LDL-C: < 70 mg/dL

• Optional: diabetes mellitus with target 

organ damage or major risk factors ≥ 3.

→ LDL-C: < 55 mg/dL

Moderate risk group

• Major risk factors ≥ 2

→ Target LDL-C: < 130 

mg/dL

Low risk group

• Major risk factors ≤ 1

→ Target LDL-C: < 160 

mg/dL

Add ezetimibe

Add PCSK9 inhibitor

(in very high or high risk group)

Yes No

Target LDL-C not reached

Target LDL-C not reached
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LDL-C goal achievement rates among patients with dyslipidemia (based 
on the 2015 Korean guidelines)

47.6%

17.6%

47.2%

66.9%

82.4%
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Total cardiovascular events† rates
based on LDL-C goal achievement

LDL-C goal achievement among patients with very high or 

high CV risk was suboptimal in Korea

* P-values for differences between rates of LDL-C goal achievers and non-achievers. † Total CV events included all-cause death, acute coronary syndrome, ischemic stroke, and peripheral artery disease.

CV : Cardiovascular, LDL-C : Low-density lipoprotein cholesterol, PY : Person-year

Study design a. This retrospective cohort study was to examine the low-density lipoprotein cholesterol (LDL-C) goal achievement among patients with dyslipidemia in Korea, the rates of CV events based on LDL-C goal achievement, and the factors associated with LDL-C 
goal achievement by using that utilizes nationwide health screening data from January 1, 2006 to December 31, 2013. This data was provided information on laboratory results, health behaviors, medical treatment, death, and demographics over an 8-year period. The 
LDL-C goal achievement was assessed by comparing the LDL-C value on the index date with the LDL-C goal defined based on the 2015 Korean guidelines. 69,942 patients were eligible for the study and 33,270 of these patients achieved LDL-C. The main outcome was to 
examine the LDL-C goal achievement among patients with dyslipidemia in South Korea against the 2015 Korean guidelines, the crude rates of CV events based on LDL-C goal achievement, and the factors associated with LDL-C goal achievement.

1. Kim S, et al. Achievement of the low-density lipoprotein cholesterol goal among patients with dyslipidemia in South Korea. PLoS One. 2020 Jan 30;15(1):e0228472.
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Patients who achieved the 2011 ESC/EAS LDL-C goals,
according to physician-estimated or calculated cardiovascular risk level (calculated using SCORE)

Achievement of LDL-C goals is suboptimal in outside Western Europe
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DYSIS II: Enrollment by region (18 country)

Global 18 country1 (n=10,661)

Asia South Korea

Hong Kong

India

The Philippines

Singapore

Thailand

Taiwan

Vietnam

Europe France

Greece

Germany

Ireland

Italy

The Middle East Egypt

Jordan

Lebanon

Saudi Arabia

The United Arab Emirates

Global1
Asia + Europe + Middle East

18 Country (n=10,661)

AP2

Asia-Pacific

9 Country (n=4,592)

Korea3

(n=808)

Data Publish: 

2017

Data Publish: 

2018

Data Publish: 

2019
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DYSIS II: Study design

Dyslipidemia International Study II (DYSIS II)

Subjects

10,661 patients(≥18 y) with stable CHD(n=6,794) and ACS(n=3,867)

from 18 countries

Objective

Determining of lipid profiles, lipid target value attainment, use 

of lipid lowering therapy, cardiovascular outcomes

Data collection

[ACS group] Admission (baseline) → Discharge → 120 days later (F/U)

[CHD group] Physician visit (baseline)

Multinational, multicenter, prospective observational study

DYSIS II
(N=10,661)

120 days

* Including Target attainment rate
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DYSIS II: LDL-C goal attainment rate

LDL-C goal (<70 mg/dL) attainment rate

CHD patients ACS patients

LDL-C at goal

29.4%
(N=1,994)

LDL-C at goal

18.9%
(N=731)

LDL-C at goal

37.0%

Baseline Baseline* Follow-Up*
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LDL-C goal attainment rate 

LDL-C at goal

18.9%
(N=731)

LDL-C at goal

23.0%
(N=414)

LDL-C at goal

23.7%
(N=73)

Global1,a AP2,b Korea3,c

LDL-C goal (<70 mg/dL) attainment rate (Baseline) Global, AP and South Korea
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Percentage of patients experiencing major coronary events, according to several large outcomes studies1-5

Majority of residual risk for CV events remains despite LDL lowering 

Therapy 
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Treatment goal for LDL-C

CV RISKLow Moderate High Very High

1.4 mmol/L
(55 mg/dL)

3.0 mmol/L
(116 mg/dL)

2.6 mmol/L
(100 mg/dL)

1.8 mmol/L
(70 mg/dL)

Low

Moderate

High

Very High

& ≥50% reduction

from baseline

Treatment goals for LDL-C across categories of total 

cardiovascular disease risk

• SCORE <1% 

• SCORE ≥1% and <5%

• Young patients (T1DM <35 years T2DM <50 years) with

DM duration <10 years without other risk factors 

• SCORE ≥5% and <10%

• Markedly elevated single risk factors, in particular

TC >8 mmol/L (310 mg/dL) or LDL-C >4.9 mmol/L

(190 mg/dL) or BP ≥180/110 mmHg

• FH without other major risk factors

• Moderate CKD (eGFR 30–59 mL/min)

• DM w/o target organ damage, with DM duration ≥10 years 

or other additional risk factor

• ASCVD (clinical/imaging)

• SCORE ≥10%

• FH with ASCVD or with another major risk factor

• Severe CKD (eGFR <30 mL/min)

• DM & target organ damage: ≥3 major risk factors or early 

onset of T1DM of long duration (>20 years)



Intensity of lipid lowering therapy

2019 Guidelines on Dyslipidaemias (Management of) ESC Clinical Practice Guidelines



2013 ACC/AHA Blood Cholesterol Guideline

Focus on ASCVD Risk Reduction : Statin Therapy Intensity

* Specific statins and doses are noted in bold that were evaluated in RCTs demonstrated a reduction in major cardiovascular events.    
Statins and doses that are approved by the U.S. FDA but were not tested in the RCTs reviewed are listed in italics. 
ACC : American College of Cardiology, AHA : American Heart Association, ASCVD : Atherosclerotic cardiovascular disease, LDL-C : Low-density lipoprotein cholesterol, FDA : Food and Drug Adminstration.
1. Stone NJ, et al. 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 Association Task Force on 
Practice Guidelines. Circulation 2013;1-84.
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Ezetimibe and statins have complementary mechanisms of action.1
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Cholesterol absorption is increased during statin treatment

T A Miettinen et al Eur J Clin Invest. 2003

Type II DM Men atorvastatin 80mg for 6 month
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Ezetrol™ add-on therapy was comparable to 3-step statin up-titration 

in % LDL-C reduction
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Starting Atozet provided significantly greater LDL-C reduction compared 

with corresponding Atorvastatin doses

CARD-1159815-0111  06/2018

• This 12 weeks double-blind study was conducted with 628 primary hypercholesterolemia patients 

without diabetes mellitus.1
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Change in LDL-C and TG from baseline to final assessment1,*

Starting Atozet (Atorvastatin+ezetimibe) provided significantly greater LDL-C 

and TG reduction compared with corresponding Atorvastatin dose
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IMProved Reduction of Outcomes: Vytorin Efficacy International Trial
Compared to Simvastatin alone, Ezetimibe add-on therapy reduced LDL-C in 24% with NNT of 50
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Background and aims

Currently, less than 20% of patients at very high-risk achieve ESC/EAS dyslipidemia guideline recommended LDL-C target levels in Europe. 

“Jena auf Ziel—JaZ” is a prospective cohort study in which early combination therapy with atorvastatin 80 mg and ezetimibe 10 mg was 

initiated on admission in patients with ST-elevation myocardial infarction (STEMI)

Results

A total of 85 consecutive patients were enrolled in the study. On discharge, 32.9% achieved LDL-C targets on

atorvastatin 80 mg and ezetimibe 10 mg. After 4–6 weeks, 80% of all patients on atorvastatin 80 mg and ezetimibe started at the index 

event were on ESC/EAS LDL-C targets. In 20%, combined lipid-lowering therapy was escalated with either bempedoic acid or PCSK9 

inhibitors. All patients achieved LDL-C levels of or below 55 mg/dL during follow-up on triple lipid-lowering therapy. 

Combined lipid-lowering therapy was well-tolerated with rare side effects.

Conclusions

Early combination therapy with a high-intensity statin and ezetimibe and escalation of lipid-lowering therapy with either bempedoic acid or 

PCSK9 inhibitors gets potentially all patients with STEMI on recommended ESC/EAS LDL-C targets without significant side effects.

1. Makhmudova U, et al. Intensive lipid-lowering therapy for early achievement of guideline-recommended LDL-cholesterol levels in patients with ST-elevation myocardial infarction ("Jena auf Ziel"). Clin Res Cardiol. 2
023 Jan 5. doi: 10.1007/s00392-022-02147-3. Epub ahead of print.
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Combination lipid lowering therapy as first line therapy in STEMI patients

Early initiation of combined lipid-lowering therapy to achieve 

LDL-C goals as early as possible

STEMI : ST-elevation myocardial infarction, LDL-C : Low-density lipoprotein cholesterol, PCSK9i : Proprotein convertase subtilisin/kexin type 9 inhibitor

Study design a. This prospective cohort study (Jena auf Ziel) was conducted at Jena University Hospital from January 1st to December 31st, 2021 to evaluate the effectiveness of early combination therapy with a high-intensity statin and ezetimibe and escalation of lipid-
lowering therapy with either bempedoic acid or PCSK9 inhibitors to achieve recommended low-density lipoprotein (LDL-C) targets in patients with ST-elevation myocardial infarction (STEMI). The study was enrolled 85 consecutive patients with STEMI who were started 
on atorvastatin 80 mg and ezetimibe 10 mg on admission. LDL-C levels were assessed upon admission, during the hospital stay, and discharge. The primary endpoint was LDL-C target achievement (LDL-C < 1.4 mmol/L, or < 55 mg/dL).

1. Makhmudova U, et al. Intensive lipid-lowering therapy for early achievement of guideline-recommended LDL-cholesterol levels in patients with ST-elevation myocardial infarction ("Jena auf Ziel"). Clin Res Cardiol. 2023 Jan 5. doi: 10.1007/s00392-022-02147-3. Epub a
head of print.

Jena on target: LDL-C < 55 mg/dL (< 1.4 mmol/L)

STEMI

patients
n=85

Atorvastatin 

80 mg

Ezetimibe

10 mg

Atorvastatin 

80 mg
Ezetimibe

10 mg

Bempedoic

acid

PCSK9i

OR +

Patients on target (n=33) Patients on target (n=68) Patients on target (n=85)

38.8%

Day 1

80% 100%

Discharge

after index event

First follow up 

after discharge

Last follow up

12 month after index event

+



Mechanisms of LDL Lowering Therapies
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(evidence) From the Treat Stroke to Target study, LDL-C goal 

achievement was 3 times higher in Statin/Ezetimibe combination 

therapy group.

Recommendations for upfront Statin+Ezetimibe
combination therapy in baseline LDL-C ≥ 100 mg/dL

1. Avoiding repeated follow-up

2. Able to reach target as early as possible

3. Favorable impact on CV outcomes

The need for upfront Statin+Ezetimibe combination

Practical guidance for combination lipid-modifying therapy  

in high- and very-high-risk patients
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2023 ESC Guidelines for the Management of ACS 
- Lipid-lowering therapy in ACS patients (During Admission)



Statin, ezetimibe combination therapy in chronic phase

ASCVD(previous MI, ACS, history of coronary revascularisation or 

other arterial revascularisation procedures, ischaemic stroke, or

PAD)

Primary endpoint: 3-year composite of CV death, major CV events, 

or non-fatal stroke, in the intention-to-treat population with a non-

inferiority margin of 2.0%

Rosuvastatin 10mg with ezetimibe vs rosuvastatin 20mg

1,894 combination therapy vs 1,886 monotherapy

Byeong-Keuk Kim et al Lancet 2022



Byeong-Keuk Kim et al Lancet 2022

Moderate intensity statin+EZ vs High intensity statin

Moderate-intensity statin with ezetimibe combination therapy was 

non-inferior to high-intensity statin monotherapy for the 3-year 

composite outcomes



Byeong-Keuk Kim et al Lancet 2022

Higher target LDL goal achievement & higher adherence rate

DC or dose reduction due to adverse events or intolerance lower in

88 pts (4∙8%) in the combination group & 150 pts (8∙2%) in monotherapy group (p<0∙0001)



Statin Intolerance and Risk of Coronary Heart Events

1. Statin discontinuation with the initiation of ezetimibe therapy;

2. Initiation of ezetimibe therapy within 7 days before or any time after downtitrating statin dose;

3. An inpatient or outpatient claim for rhabdomyolysis (defined by ICD-9-CM code 728.88 in any position), 

followed by statin down-titration or discontinuation;

4. An inpatient or outpatient claim for “adverse effect of an antihyperlipidemic agent” (defined by ICD-9-CM 

diagnostic code E942.2 in any position), followed by statin down-titration or discontinuation; and

5. Fills for ≥ 3 types of statins.

Statin intolerance

High adherence

Statin intolerance

CHD events Recurrent MI All-cause mortality

Maria-Corina Serban. et al. J Am Coll Cardiol. 2017
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Estimated number of people with dyslipidemia by treatment strategy

Changes in dual therapy regimen for dyslipidemia in Korea 
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Cardiovascular Disease Continuum in Lipitor 
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Conclusion

Many epidemiological studies have shown that LDL-C is the biggest risk factor for coronary artery disease and that there is a 
linear correlation with it. It has been proven that actively lowering LDL-C early and maintaining it for a long time is an effective 
strategy to prevent cardiovascular disease

In particular,  although strong LDL-C control is recommended through guidelines to prevent cardiovascular disease in high-risk 
patients, a treatment gap exists due to the limitations of high-dose single statin therapy.

To reduce residual risk, combined use of ezetimibe may be helpful in reaching the LDL-C goal. Additionally, research continues to 
show that it can be positive for reducing CV events
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