
Risks, Benefits, and Current Management  –

Strategies of  Statin Therapy  



Statins Markedly Reduce Cardiovascular Risk  

Lancet 2010; 376: 1670–81 

進一步降低 LDL-C 可以進一步降低  heart attack，revascularization 和 ischemic stroke 的發生率， 

 每降低 1.0 mmol / L，主要血管事件的年發生率就會降低 20% 以上。  

 膽固醇範圍內沒有任何閾值的證據，LDLC降低 2-3mmol / L 將使風險降低約 40-50％ 



使用 Statin 降低心血管風險

(包含初級與次級預防)  

所帶來的好處遠超出副作用

的 4 大族群 





    Abstract : Statin therapy is generally well tolerated and very effective in the prevention and  

    treatment of cardiovascular disease, regardless of cholesterol levels; however, it can be associated with  

    various adverse events (myalgia, myopathy, rhabdomyolysis, and diabetes mellitus, among others).  

    Patients frequently  discontinue statin therapy without medical advice because of perceived side effects 

    and consequently increase their risk for cardiovascular events. In patients with statin intolerance, it may be  

    advisable to change the dose, switch to a different statin, or try an alternate-day regimen.  

    If intolerance is associated with all statins—even at the lowest dose—non-statin drugs and certain  

    nutraceuticals can be considered.  

    This review focuses on the definition of statin intolerance and on the development of clinical and therapeutic  

    strategies for its management, including emerging alternative therapies. 
  各種不良事件（肌痛，肌病變，橫紋肌溶解症和糖尿病等）。 患者經常停止 Statin 類藥物治療因為 

  有明顯的副作用。   Statin intolerance 患者中，可能建議改變劑量，換不同的 Statin 類藥物 



• In real-world practice, persistence drops off rapidly; after 3 years,  

   < 40% of p’ts persist in taking statins for primary prevention 
Eur J Clin Pharmacol. 2005;61:667–674. 

• For secondary prevention, only 45% are persistent at 3 years. 
Br J Clin Pharmacol. 2005;59:564–573. 

• Even in high-risk p’ts such as diabetics, persistence is only 50% at  

  2 years 
Am J Manag Care. 2011;17:746–752. 

Drug Saf. 2012;21:61–69. 

In Real-world Practice, As Opposed to Clinical Trials, 

Persistence Drops Off Rapidly 

實際臨床，持久性迅速下降;  3年後， < 40％的患者 



43％的患者,  6  個月內停用 Statin , 
    
 
平均持續使用 11 個月  



Zhang et al. Ann Intern Med. 2013;158:526–534. 

Based on data from 107 835 patients in routine care from Zhang et al. 



J Manag Care Spec Pharm. 2016;22(6):685-98 

美國密西根州商業和醫療保險資料 2007~2013 

Statin 廣泛使用, 仍有相當部分患者處於 

心血管（CV）事件風險之中 

分析真實臨床藥物治療高膽固醇血症的強度 

和持續時間治療模式，尤其 CV 事件高危患者 





台灣健保資料庫進行的回顧性研究                     成功大學 
 

Use of moderate-intensity statins increased from 49.0% in 2002 to 71.0% in 2011, while high-intensity statins 
remained low. Prescribing of higher intensity statins was not greater among people with diabetes compared 
with those without during 2007–2011.  



 Benefits    Risks   



中華民國心臟學會 
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15 Lancet 2010; 375. 



Diabetes Care 32:1924–1929, 2009 

  研 究指出，使用Statin可能影響糖尿病發生以及糖尿病病人血糖控制。 

  WOSCOPS 研究發現使 用 pravastatin 可減少 30% 的糖尿病發生， 

  而 HPS 和 ASCOT-LLA 團隊分別研究 simvastatin 和 atorvastatin，兩種藥物對糖尿病新生的影響並無統計意義。 

  JUPITOR 研究則指出使用 rosuvastatin 可能增加新診斷糖尿病之機會 

 





JAMA. 2011;305(24):2556-2564 

 As compared with moderate-dose statin therapy,  the number needed to harm per year for   

 intensive-dose statin therapy was 498 for new-onset diabetes while the number needed to 

treat per year for intensive-dose statin therapy was 155 for cardiovascular events. 



更高效力的 Statin 和新發生糖尿病的風險 

 
比較較高效力  Statin 使用者和低效力  Statin 使用者的糖尿病發生率 
 
 



Rosuvastatin ≥10 mg, atorvastatin ≥20 mg, and simvastatin ≥40 mg as 

higher potency statins, and all other statins were defined as lower potency 

statins. 

 

高效力  Statin 比低效力  Statin 使用者的糖尿病發生率高  1.15  倍 

尤其前 1 ~ 4 個月 

 



以 Statin 減少低密度脂蛋白膽固醇和新發生糖尿病的風險之間的關聯 



LDL-C 降低為新發生糖尿病提供動態風險評估參數，LDL-C 減少與新發生糖尿病的風險正相關 





Statin 藥物對新發生糖尿病風險的影響：使用韓國國民健康保險數據庫的研究 





School of Pharmacy, College of Medicine, National Taiwan University, Taipei, Taiwan 



使用人纇胰島和大鼠分泌胰島素的 INS-1 細胞; 探討親脂性和親水性 statin 類藥物對 β 細胞功能的影響 

focus 線粒體和氧化應激。 



闡明 β 細胞功能受損的構成潛在的機制。 

研究首次證實 Atorvastatin（親脂性）而不是 Pravastatin（親水性）抑制胰島 β 細胞抗氧化防禦系統和 

誘導 ROS 產生, 影響胰島素釋放和由此引起的線粒體代謝 



Figure 1. Effect of atorvastatin and pravastatin on glucose-induced insulin release in human pancreatic islets. 
Absolute glucose-induced insulin secretion 



 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Effect of atorvastatin and pravastatin on glucose-
induced insulin release in INS-1 cells.  
Panel A: acute glucose-induced insulin secretion in control 
cells and in cells pre-exposed to 10 or 100 ng/mL of 
atorvastatin for 24 or 48 h (baseline secretory rate at 2.8 mM 
glucose: 32.3 ± 3.5 ng/mg of protein in 1 h); Panel B: acute 
insulin secretion in INS-1 cells pre-exposed to 10 or 100 ng/mL 
of pravastatin for 24 or 48 h (baseline secretory rate at 2.8 
mM glucose: 37.1 ± 4.8 ng/mg of protein in 1 h). *P < 0.05, 
**P < 0.01, ***P < 0.001 vs. control at 2.8 mM 
glucose; #P < 0.05, ##P < 0.01 vs. control at 22.2 mM glucose; 
n.s. not significant (1-way ANOVA followed by 
Bonferroni test, n = 4). 



Figure 3. Effect of atorvastatin and pravastatin on glucose-
induced ATP synthesis in INS-1 cells. Panel A: acute 
glucose-induced ATP production in control cells and in cells 
pre-exposed to 10 or 100 ng/mL of atorvastatin for 24 or 48 
h; Panel B: acute glucose-induced ATP production in INS-1 
cells pre-exposed to 10 or 100 ng/ mL of pravastatin for 24 
or 48 h. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control at 
2.8 mM glucose; #P < 0.05,  ##P < 0.01 vs. control at 22.2 
mM glucose; n.s. not significant (1-way ANOVA followed by 
Bonferroni test, n = 4). 



World J Diabetes 2015 March 15; 6(2): 352-357 



輔酶  



European Journal of Internal Medicine 25 (2014) 401–406 

HR for incident T2DM increased in parallel with the score 
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• The most common causally related adverse effect of statins is myopathy.  

• Even without myopathic symptoms, simvastatin 40 mg daily impaired  

   adaptation to exercise training and muscle mitochondrial content in  

   participants with metabolic syndrome.              J Am Coll Cardiol.2013;62:709–714. 

  即使沒有肌病症狀， 適應運動訓練和肌肉線粒體含量受損 

• In real-world practice, myalgias and cramps are more common than  

   estimated from clinical trials;    肌痛和痙攣更常見 

   - a cardiology clinic in the Netherlands, one-third of p’ts reported such  

     problems.                                                         Curr Med Res Opin. 2012;28:1247–1252. 

Statin Myopathy 



Muscular Symptoms are severer than expected… 



Keith B. Hoffman et. al., PLOS ONE 7(8): e42866. doi:10.1371/journal.pone.0042866 



CLEVELAND CLINIC JOURNAL OF MEDICINE 2005. 



Prevalence of potentially severe drug-drug 

interactions in ambulatory patients with 

dyslipidaemia receiving HMG-CoA reductase 

inhibitor therapy. 

(Drug Saf. 2005;28(3):263-75.) 

2005年 Drug Safety發表的一篇有關 Statin-Drug interaction的paper,  

探討了市場上主要的 Statin 臨床上發生藥物交互作用的情形, 



Result 

190 p’ts (6.9%) had a total of 198 potentially harmful drug-statin 

interactions from 2742 ambulatory statin-treated patients  

Drug Saf. 2005. 
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Drug-statin Interaction 

2742 個長期使用 Statin 的病人, 其中有 

190 個病人發生了嚴重的藥物交互作用,  

將近有 7%,  CYP 3A4 抑制劑是最容易與 

Statin 發生交互作用, 有 70% 



Conclusion 

• As the risk for developing rhabdomyolysis is increased in patients 

with drug-statin interactions 

• CYP3A4 inhibitors are the most frequent cause of potential drug 

interactions with statins. 

• Clinicians should be aware of the most frequently observed drug-

statin interactions and how these interactions can be avoided. 



Atorvastatin 

Cerivastatin 

Lovastatin 

Simvastatin 

Azole antifungal       

Erythromycin       

Diltiazem 

Amiodarone  

Fluoxetine 

cyclosporin 

Grapefruit Juice 

Others 

* 1. Lees RS et al. N Engl J Med 1995;333:664-665. 2. Ballantyne CM et al. J Am Coll 

Cardiol 1992; 19:1315-21. 3. Corpier CL. JAMA 1988;260(2):239-241. 4. Ahmad S. Am 

Heart J 1993;126:1494-1495. 5. Meier C et al. Schweiz Med Wochen 1995;125:1342-1346. 

6. Jacobson RH et al. JAMA 1997;277:296.      7. Jody DN. JAMA 1997;277:296-297. 8. 

Segaert MF et al. Reactions 1996;622:10-11. 9. FDA report 1997. 

CYP3-A4 Mediated Drug Interactions with Statins 

當必須經由 3A4 途徑代謝的 Atorva, Lova, simva 和 CYP 3A4  

抑制劑同時使用時, Statin 的代謝會受到抑制, 使得血中濃度上升 

CYP 450 

 

3A4 

Plasma levels 

of Statins 

 

Rhabdomyolysis  

Reported with 

Lovastatin & 

Simvastatin* 

FDA Drug Safety News letter 2008. 



CYP2-C9 Mediated Drug Interactions 

Fluvastatin 

Rosuvastatin 

Diclofenac    

Warfarin 

Phenytoin      

Tolbutamide 

 

*Transon et al. Clin Pharmacol Ther 1995;58:412-7.  *Transon et al. Eur J Clin Pharmacol 

1996;50:209-15.  *Rosuvasatin 仿單 

 

Fluvastatin 經由 2C9 代謝, 而且會抑制 CYP 2C9 的活性, 是一種 

CYP 2C9 inhibitor, 當同時和需要 2C9 代謝的 Diclofenac, Warfarin, 

Phenytoin 服用時,  會增加 Diclofenac, Warfarin, Phenytoin 的血中濃度,  

增加病人出血的危險 

LIVER 

 

CYP 450 

2C9 

Plasma levels of  

Diclofenac, Phenytoin,  

Tolbutamide and Warfarin* 



Acta Cardiol Sin 2016;32:631639 



Statin-Drug Interaction 

 Pharmacokinetic properties vary among the statins 

 Medications that increase the likelihood of drug interactions are 

often co-prescribed during the course of statin therapy 

 Pravastatin has a low potential for drug interactions with  

   commonly prescribed drugs 

 As with other drug therapy decisions, the potential for clinically 

significant drug interactions must be considered when 

selecting long-term statin therapy 
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 Am Fam Physician. 2011;83(6):711-716.  



HEPATOLOGY 2014;60:679-686. 
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New Clinical Evidence  

  --Primary prevention in Asian 

 
在亞洲所進行的大型 Primary prevention, MEGA study,  

第一個針對亞洲人種所做的研究, 

MEGA = Management of Elevated cholesterol in the primary prevention Group of 

Adult Japanese. 

H. Nakamura, Lancet 2006 . 



Entry Criteria 

 Inclusion Criteria: 

        TC        220-270 mg/dL 

    Age       Men 40-70 yrs 

                  Women  postmenopause - 70 yrs 

    Weight   40 kg (88 pounds) 

 Major Exclusion Criteria: 

        Familial hypercholesterolemia 

    History of CHD, stroke, TIA and ASO 

    History of cancer 

    History of serious liver or kidney disease 

    Secondary hypercholesterolemia 

H. Nakamura, Lancet 2006 . 

MEGA study 收的病人血脂較低  

primary prevention 的研究,  

有任何心血管腦血管病史的病人也排除 

 

 

對輕度升高膽固醇沒有動脈粥樣硬化的日本患者,  

評估以 Pravastatin降低膽固醇對心血管疾病的發病率 



Flowchart 

8,214 randomized 

Diet  

(N=4,146) 

Diet + pravastatin (10-20mg/day) 

(N=4,068) 

3,966 included in analysis  3,866 included in analysis  

180 excluded* 202 excluded* 

2,853 completed f/u @ 5 yrs 

1,113 consented to continue  

2,756 completed f/u @ 5 yrs 

1,110 consented to continue  

Average follow-up: 5.3 yrs (Feb 1994 – Mar 2004) 

*Excluded patients were selected under blinding, based on information of pre-randomization by data reviewing 

committee before end of study.  

H. Nakamura, Lancet 2006. 

15,210 consented  

(Feb 1994 – Mar 1999)  



Primary Endpoint 

即使只使用 10-20 mg 的 Mevalotin 

就可以降低  33% 的相對危險 

H. Nakamura, Lancet 2006 . 

       First occurrence of CHD : 

       Fatal and Non-fatal MI 

       Angina  

       Cardiac / sudden death  

       Cardiac or vascular intervention 



Side Effects 

Diet 
Diet+

pravastatin
(N=3,966) (N=3,866)

      Serious

      Adverse Events
395 (10.0) 404 (10.5)

      ALT >100 IU 107 (2.8) 104 (2.8)

      CK > 500 IU 98 (2.6) 111 (3.1)

      Rhabdomyolysis 0 0

No. (%)

H. Nakamura, Lancet 2006 . 

嚴重的副作用, 肝功能, 肌肉問題, Mevalotin 都呈現和安慰季一樣的安全, 

在橫紋肌溶解症也完全沒有病例 



Lipoproteins and CHD Risk in 

Primary Prevention Trials 

* Post /Pre LDL-C and HDL-C values was calculated by % change. 

† To convert mmol/L into mg/dL , 38.7 was multiplied in LDL-C and HDL-C values.   

† 

† 

* 

Pre Post Pre Post 

  WOSCOPS 192 142 (-26) 44 46 (+5)  -31 

  AFCAPS/TexCAPS 150 115 (-25)  36 39 (+6)  -37 

     ASCOT-LLA 133   87 (-35)  51 50 ( 0)  -36 

  

  CARDS 118   71 (-40)  54 55 ( 1)  -37 

  MEGA 157 128 (-18)  58 60 (+6)  -33 

  Trials 

CHD  
relative risk  
reduction 

(RRR) mg/dL, (% change )  

LDL-C HDL-C 

H. Nakamura, Lancet 2006 . 

 

MEGA使用10-20mg 的 mevalotin, 大部分病人只有使用 10mg 的劑量,  

降血脂的能力較低世,   但 33% 的 CV event 下降, 和其他的研究結果差不多,  

降血脂的多寡, 和心血管事件的預防, 並不是呈現絕對正比的關係,  

 









(A) all causes (B) cardiovascular 

disease 

(C) coronary heart 

disease 

(D) noncardiovascular 

disease 

HR 0.87 (0.80-0.94) HR 0.79 (0.69-0.90) 

HR 0.73 (0.62-0.86) 
HR 0.92 (0.83-1.02) 



(A) cardiovascular disease (B) myocardial infarction 

(C) Heart failure (D) coronary revascularization 



• Statins are the cornerstone of lipid-lowering therapy with beneficial  

   effects for both primary and secondary cardiovascular (CV) disease  

   prevention  

• Although statin treatment is essential for CV event prevention, statin  

   intolerance remains a problem in clinical practice 

• MEGA study: even in this lower risk population, primary prevention with  

  low-dose statin therapy can be effective in reducing cardiac events,  

  with a modest reduction in lipid parameters 



• Considering statin adherence of p’ts is inversely correlated with the intensity  

   of statins , and “high intensity-like” effect of namely moderate intensity  

   statins among Koreans, to resettle the evidence-based Korean dyslipidemia  

   treatment guidelines for patients with diabetes. 

• If a patient reports adverse effects when taking high intensity statin,  

   can consider  to change to a moderate intensity statin or consider a water  

   soluble statin 



http://www.veeqi.com/img/userup/0903/12150634RX.jpg






Statins inhibit hydroxy-methylglutaryl-

coenzyme A (HMG-CoA) reductase, 

leading to reduced production of 

mevalonate pathway metabolites, 

including ubiquinone or CoQ10. 

Ubiquinone is an essential 

coenzyme in the process of 

mitochondrial respiration, facilitating 

the transfer of electrons between 

complex I and II of the respiratory 

chain. Consequently, depletion of 

ubiquinone may impair 

mitochondrial respiration and 

cellular energy production within 

skeletal muscle. ADP indicates 

adenosine diphosphate; ATP, 

adenosine triphosphate; NAD1, 

nicotinamide adenine dinucleotide 

(reduced form); NADH, nicotinamide 

adenine dinucleotide (oxidized form); 

P, phosphate. Reproduced by 

permission of the publisher from 

Parker et al. 


