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Statin Revolution, “Lower is Better”        
to curtail heart attack  



Lancet 1994;344:1383 
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Placebo 

Simvastatin 

30% 
risk reduction 

p = 0.0003 

4S trial started the revolution of statin 



LDL-C target has been lowered     

100 70 



Rx - Drug group 

Pl - Placebo group 

Adapted from Kastelein JJ. Atherosclerosis 1999;143(Suppl 1):S17–S21 
Heart Protection Study Collaborative Group. Lancet 2002;360:7–22 
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TARGET 100 mg/dL  (2.5) 

Where did the target come from? 

% 
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A 10mg 

Adapted from Kastelein JJ. Atherosclerosis 1999;143(Suppl 1):S17–S21 
Heart Protection Study Collaborative Group. Lancet 2002;360:7–22 
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Target is 70 mg/dl 
 
Would you treat LDL 70 mg/dl or 73 or 68? 
 
Would you cut back dose if LDL 60 mg/dL? 

The problem of LDL–C target  



Lower LDL-C makes better outcome   



2013 ACC/AHA Cholesterol Guideline  



Who benefits from Statins? 

* indicates atherosclerotic cardiovascular disease 

4 Statin Benefit Group 



 

MI 

Stroke 

PAD 

Diabetes 

  Statin Trials 

Jupiter Study 

BP + 3 RF 



Patients (n=17,802) 
Men ≥50 years  
Women ≥60 years 

No history of CVD 

LDL-C< 130 mg/dL  
TG < 500 mg/dL 

hsCRP ≥ 0.2 mg/dL 

Rosuvastatin 20 mg (n=8,901) 

Placebo (n=8,901) 

Ridker PM et al. NEJM 2008; 359: 2195–2207 

JUPITER Study 

Average LDL  108 mg/dL -> 54 mg/dL (-50%) / 2 yrs 

Death, MI, Stroke, Revasc. 



Primary 

Adapted from Ridker PM et al. N Engl J Med 2008;359:2195–207 

* Revascularization 
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-44% 
P<0.00001 

MI Stroke Revasc* Angina Death 

-54% 

-48% 
-46% 

-41% 

-20% 

P=0.0002 

P=0.002 
P<0.0001 

P=0.09 

P=0.02 

1.9 yrs 

JUPITER trial results 



Ridker P et al. N Engl J Med  2008;10.1056/NEJMoa0807646 

JUPITER sub-analysis : high risk vs. low risk 
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 Primary Prevention 

Rx - Statin therapy 
Pl – Placebo 
Pra – pravastatin 
Atv – atorvastatin 
Sim - simvastatin 
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Exp Opin Emerg Drugs 2004;9(2):269–279, N Engl J Med 2005;352:1425–1435. JAMA 2005;294:2437; Lancet 2006;368:1155  

Established evidence of “Lower is Better”  



Use the strength of Statin by RCTs  



Pleiotropic effect of statin 

Am J Cardiol 2005;96[suppl]:24F–33F 



Effects of statins on glucose 
homeostasis & NODM 



Safety profile of statins 

1. Bhatia L, et al. Evidence-Based Med. 2010;15(3):84–85.  

2. Sampson UK, et al. Curr  Opin  Cardiol. 2011;26(4):342–347.  

Generally well-tolerated1 

Low incidence of side-effects, such as 
muscle aches and increase in liver 

enzymes1 

Linked to the development of incident 
diabetes1, but the risk is small and of no 

clear practical evidence2  



 Statin safety – News clipping 



New concern for Statins 

1. Removal of the recommendation for routine 
monitoring of liver enzymes 

2. Reports of increased blood glucose and 
glycosylated hemoglobin (HbA1c) levels 

New contraindications and dose limitations 

http://www.fda.gov/Drugs/DrugSafety/ucm293101.htm 



Naveed Sattar et al., Lancet 2010;375:735-42 

All statins could induce New-Onset DM 



Baseline fasting glucose levels to 
be assessed before using statins 

• Statins have individual effects 
on glycemic control1 

• Statins can increase FPG in 
both diabetes and non-
diabetes patients2  

• Only atorvastatin and not 
pravastatin or pitavastatin 
have negative effect on 
glycemic control1 

• Baseline fasting glucose levels 
are to be assessed before 
using statins2 

1. Yamakawa T, et al. J Atheroscler Thromb. 2008;15:269–275. 

2. Sukhija R, et al. J Investigative Med. 2009;57(3):495–499. 



Age, independent risk factor  
for statin-induced New-Onset DM  

Meta-regression  

  Age, p = 0.019 

  BMI, p = 0.177   

  ΔLDL-C, p = 0.102  

Age BMI 

Δ LDLc 

Naveed Sattar et al., Lancet 2010;375:735-42 



Intensive-dose vs. moderate-dose 
statin Tx 

Preiss et al. JAMA 2011;305:2556-64 



High-risk subgroups are more 
prone to new-onset T2DM 

1. Waters DD, et al. JACC. 2011;57:1535–1545. 

High-risk group of patients 
 

• Old age 

• Baseline fasting glucose >100 mg/dL 

• Fasting triglycerides >150 mg/dL 

• BMI >30 kg/m2 

• History of hypertension  

Number of risk factors=risk severity 



Taiwan Data 

J Am Coll Cardiol 2012; 60:1231-1238 



Diabetes 

MACE 

In-hospital death 

15% 9% 

39% 
Risk of diabetes was increased 

after statins, but outcomes 

were favorable 
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nonStatin 

DM 

nonStatin 

DM 

Statin 
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Secondary 
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Impact of low dose atorvastatin on development of 
new-onset diabetes mellitus in Asian population 

: Three-year clinical outcomes 

Variables, n (%) LDA (n=409) Control (n=409) P-value 

Cumulative incidence of NODM 24 (5.9) 13 (3.2) 0.064  

Follow up days,mean±SD 962 ± 291 956 ± 295 0.802  

Clinical outcomes up to 3 years 

 Mortality 3 (0.7) 4 (1.0) 1.000 

 Cardiac death 1 (0.2) 1 (0.2) 1.000 

 Myocardial infarction 1 (0.2) 1 (0.2) 1.000 

 Cerebrovascular accidents 1 (0.2) 4 (1.0) 0.373 

 MACCE 5 (1.2) 6 (1.5) 1.000 

Park JY, Rha SW et al. Int J Cardiol 2015 

N=3566, PSM; 409 pairs 

LDA; 10-20mg 



Kaplan-Meier curves for the cumulative 
probabilities of NODM  
 

Park JY, Rha SW et al. Int J Cardiol 2015 



Impact of Statin Use on 
Development of New-onset 
Diabetes Mellitus in Asian 

Population 
 

Rha SW et al, Submitted 2015 (Circ) 



Cumulative Clinical Outcomes up to 3-year 

Overall Patients After Propensity Score Matched 

Variable, N (%) 
All Patients 

(n=10994) 

Statin Use 

(n=2324) 

No Use 

(n=8670) 
P Value 

  

All Patients 

(n=3398) 

Statin Use 

(n=1699) 

No Use 

(n=1699) 
P Value 

New-onset diabetes 
227 (2•0) 116 (4•9) 111 (1•2) < 0•001 121 (3•5) 80 (4•7) 41 (2•4) < 0•001 

Mortality 
66 (0•6) 18 (0•7) 48 (0•5) 0•221 31 (0•9) 8 (0•4) 23 (1•3) 0•007 

 Cardiac death 
21 (0•1) 10 (0•4) 11 (0•1) 0•006 10 (0•2) 3 (0•1) 7 (0•4) 0•205 

Myocardial 

infarction 

22 (0•3) 14 (1•0) 8 (0•1) < 0•001 10 (0•5) 4 (0•4) 6 (0•6) 0•755 

Cerebrovascular 

accidents 

37 (0•3) 11 (0•4) 26 (0•2) 0•200 21 (0•6) 6 (0•3) 15 (0•8) 0•049 

MACCEs 
98 (0•8) 34 (1•4) 64 (0•7) 0•001 46 (1•3) 15 (0•8) 31 (1•8) 0•018 

Rha SW et al. 



Risk of NODM and MACCEs by Statin Use 

NODM MACCEs 

Description 
Patients. 

No. 
HR (95% CI) P Value   HR (95% CI) P Value 

Unadjusted HR 10 994 4•05 (3•10-5•27) < 0•001 1•99 (1•31-3•03) 0•001  

Adjusted HR (95% CI) 

 Multivariate 10 994 2•70 (1•99-3•67) < 0•001 0•70 (0•42-1•18) 0•191  

 Propensity score 10 994 2•71 (1•94-3•79) < 0•001 0•50 (0•29-0•87) 0•015  

 Propensity score 

matched 
3 398 1•99 (1•36-2•92) < 0•001 0•47 (0•25-0•89) 0•020  

Rha SW et al. 



Cumulative Incidence of NODM, MACCEs 
and NODM related MACCEs up to 3-year. 

 

Rha SW et al. 



Intensive-dose statin therapy increases risk for incident diabetes mellitus but 

reduces cardiovascular events compared with moderate-dose therapy 

Preiss et al. JAMA 2011;305:2556-2564  

CV benefit of intensive-dose therapy   
outweigh moderate-dose therapy  



Statin risk summary 
: CV benefits outweigh risk 

1. Bhatia  L, et al. Evidence-Based Med. 2010;15(3):84–85.  

2. Sampson  UK, et al. Curr Opin Cardiol. 2011;26(4):342–347.  

• 8 times more likely to prevent CV events 
than cause one case of diabetes1 

• 34% CV risk reduction in patients with 
IFG2 

Statin use is encouraged but with vigilance, particularly in high-risk patients 
 
 
 



Statins are all the same?  
: Efficacy & Safety profile on NODM  
 



Statins are all the same? 

Furberg CD. Circulation. 1999;99:185-188. 
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의약품의 안전성프로파일과 관련한 상세한 정보는 각 의약품 국내 허가사항을 참고하시기 바랍니다.  
크레스토의 국내 최고 허가용량은 20 mg이며 한국아스트라제네카는 40 mg 처방을 권장하지 않습니다. 

H. Bryan Brewer, Jr., MD. Am J Cardiol 2003;92(suppl):23K-29K 

Good efficacy & Safety profile on Rosuvastatin 



Hydrophilic statins are preferred 
over lipophilic statins 

1. Kostapanos MS, et al. Curr Vasc Pharmacol. 2010;8(5):612–631. 

•  Hypotriglyceridemic capacity 
• Endothelial-dependent increase in 

pancreatic islet blood flow 
•  Anti-inflammatory properties  
• Capacity to alter circulating levels of 

adipokines 

 
Adversely 

affect 
carbohydra

te 
metabolism  

 
Positively 

alter 
glycemic 

control with 
traits such as 

Hydrophilic statins (such as rosuvastatin, pravastatin and pitavastatin) have 
preferable effect over lipophilic statins (such as atorvastatin and 

simvastatin). 



1. Statins inhibited glucose induced calcium (Ca2+) signaling in pancreatic islet β-cells by directly 

blocking L-type Ca2+ channels, result in impaired insulin secretion.  

2. Within the cell, insulin signaling and via glucose transporter 4 (GLUT4) transport 

can be altered by changes in IRS-1, Akt, Rab4, Ras, phosphorylation of the IR β-

subunit, or membrane fraction of RhoA, all of which have been shown to be 

inhibited by statin therapy.  

3. The lipophilic statins inhibit the synthesis of isoprenoid and suppressing 

ubiquinone (CoQ10) biosynthesis and thus delaying formation of ATP by pancreatic 

β-cells leading to impaired insulin secretion, inhibiting glucose-induced insulin 

secretion from pancreatic islets, reducing sensitivity to insulin, altering glycemic 

control by decreasing various isoprenoids that enhance glucose uptake via GLUT4 

in adipocytes.  

4. Activation of the NOD-like receptor family, pyrin domain containing 

(NLRP)3/caspase-1 inflammasome promotes insulin resistance, and statins activate 

the NLRP3 inflammasome in various immune and metabolic cells of adipose tissue, 

independently of potency or lipophilic properties.  

5. Other mechanisms exists for decreased adipocyte differentiation, dolichol 

reductions, adiponectin and leptin decreases, as well as new avenues, such as 

UCP3 changes and miRNA inhibition.  

Proposed Mechanism of NODM by Statins 

Brault M et al. Metabolism: clinical and experimental 2014. 

Koh KK. et al. Circulation 2013;127:e837. 

Henriksbo BD et al. Diabetes, 2014;63:3742-7. 



Study Design 
Atorvastatin 10mg/day 

Rosuvastatin 5mg/day 
Atorvastatin 10mg/day 

At least 4weeks 

Eligibility assessment 

Informed consent 
0 week                                         8 week 

Randomization 

SUBARU Study - Japan 
( Atorvastatin 10mg Vs Switching to Rosuvastatin 5mg)       

Kurabayashi et al. J Atherosler Thromb, 2008; 15:314-323. 



Achievement of JAS2002 GL LDL-C goals at 8 weeks 

LDL-C goal: Category B3(<120mg/dL): B4(<120mg/dL);C(<100mg/Dl) 

Fisher’s exact test 

P values show differences between the rosuvastatin and atorvastatin groups 
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LDL–C Reduction Efficacy 
( Atorvastatin 10mg Vs Switching to Rosuvastatin 5mg)       

Kurabayashi et al. J Atherosler Thromb, 2008; 15:314-323. 



Percent Change of Lipid Parameter  
& Fasting Plasma Glucose Level  

(당뇨 진단 기준 3가지 FACTOR : 공복혈당, 식후혈당, 당화혈색소-HbA1c)  

Percent changes of lipids and other parameters from baseline to 8 weeks 

Kurabayashi et al. J Atherosler Thromb, 2008; 15:314-323. 



JUPITER design 

Patients (n=17,802) 
Men ≥50 years  
Women ≥60 years 

No history of CVD 

LDL-C< 130 mg/dL  
TG < 500 mg/dL 

hsCRP ≥2 mg/L 

Rosuvastatin 20 mg (n=8,901) 

Placebo (n=8,901) 

Ridker PM et al. NEJM 2008; 359: 2195–2207 

Average LDL  108 mg/dL 

Death, MI, Stroke, Bypass 



JUPITER : Primary CV outcome benefit 

Rosuvastatin 

20mg  

Placebo 

HR 0.56, 95%CI 0.46-0.69 

P < 0.00001 
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HR 0.80, 95%CI 0.67-0.97 
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20%  

JUPITER study –  

Primary Endpoint 
JUPITER study –  

Any death 

Ridker P et al. N Eng J Med 2008;359: 2195-2207 



JUPITER 
Tolerability and safety data  

Adverse Events, (%)      

 Any serious adverse event 15.5  15.2    0.60 

 Muscle weakness, stiffness, pain 15.4  16.0    0.34 

 Myopathy 0.1                0.1    0.82 

 Rhabdomyolysis                                0.0                      <0.1*                  ---- 

Newly diagnosed cancer 3.5  3.4    0.51 

Death from cancer 0.7  0.4    0.02 

Gastrointestinal disorders 19.2  19.7    0.43 

Renal disorders 5.4  6.0    0.08 

Bleeding 3.1  2.9    0.45 

Hepatic disorders 2.1  2.4    0.13 
 

Other events, (%) 

Newly diagnosed diabetes** 2.4  3.0    0.01 

Haemorrhagic stroke            0.1  0.1    0.44 

  

   Placebo      Rosuvastatin            p-value  
[n=8901]                     [n=8901]    

*Occurred after trial completion; **physician reported newly diagnosed diabetes 

Ridker P et al. N Eng J Med 2008;359: 2195-2207 



Ridker et al. Lancet. 2012;380:565–571. 

CV benefit of Rosuvastatin exceeds  
the diabetes risk  



Ridker et al. Lancet 2012;380:565-71 

JUPITER paradox interpretation 



Henna et al. Diabetologia DOI 10.1007/s00125-015-3528-5 

Diabetes risk by different statins  
- 6 years METSIM cohort study in Finland 



Atorvastatin 

Simvastatin 

Other Statins 
Rosuva/Fluva/Prava 

Non-Statin 

Diabetes risk by different statins  
- 6 years METSIM cohort study in Finland 

Henna et al. Diabetologia DOI 10.1007/s00125-015-3528-5 



- Study Groups 
      a total of 3,260 consecutive patients  
      who did not have DM were enrolled 

Rosuvastatin = 260 pts 

No Rosuvastatin = 3,000 pts 

 

- Study Endpoint 

The primary end-point was the cumulative incidence of  

new-onset DM (HbA1C level > 6.5% or fasting glucose level > 
126 mg/dL) 

Rha SW et al. Circulation. 2013; 128: A13425 

Korean Cardiology Related-Societies Joint Scientific Congress 2014 Presentation 

Risk of diabetes with Rosuvastatin in Koreans 



Risk of diabetes with Rosuvastatin in Koreans 

Rha SW et al. Circulation. 2013; 128: A13425 

Korean Cardiology Related-Societies Joint Scientific Congress 2014 Presentation 



Ref) 1. 보건복지부 고시 제2014-33호, 약제 급여 목록 및 급여 상한금액표 일부 개정(크레스토 10. 20mg).  
 보건복지부 고시 제2014-42호, 약제 급여 목록 및 급여 상한금액표 일부 개정(크레스토 5mg) 
      2. 2015년 3월 1일 현재 약제 급여목록 기준  
      3. Stone NJ, et al. J Am Coll Cardiol. 2013: 가이드라인 기반으로 스타틴을 분류하였습니다.   

Competitive price for patients  

High-Intensity 
Statin therapy 3 

Moderate 
-Intensity 

Statin therapy 3 

20 mg/686원 

5 mg/346원 

10 mg/612원 

80mg/1,591원 

40mg/1,391원 

20mg/712원 

10mg/663원 

80mg/1,352원 

40mg/1,261원 

20mg/712원 

10mg/663원 



Conclusion 

1. Statin revolution has been on the progress to define          
how much we lower LDL-C to curtail more heat attack.  

   
2.    JUPITER shows that usual dosage of Rosuvastatin could be a 

treatment option for patients to curtail heart attack(48%)  
by lowering 50% LDL-C. 

 
3. Statins are not all the same based on pharmacokinetics 

which could reflect efficacy and safety profile on each statin.  
 

4. When it comes to New Onset DM induced by statin, statins 
might be different based on some cohort trials. However,   
CV benefit of statin treatment outweighs the diabetes risk.  
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