
disease risk, while other therapy are showing less evidence. The 
current review highlights the evidence related to non-statins in the 
reduction of CV outcomes.
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INTRODUCTION 
The cardiovascular (CV) benefit of non-statin lipid-modifying 
therapies vary significantly according to the class of the medication. 
Evidence is available in terms of a reduction of atherosclerotic 
cardiovascular disease (ASCVD) morbidity with some non-statins 
such as ezetimibe and proprotein convertase subtilisin kexin type 
9 inhibitor (PSCK9 inhibitors)[1]. The reduction is linear with low-
density lipoprotein (LDL) reduction, however, whether this effect is 
the same with the new therapeutic modalities, is not clear yet. The 
context is a situation where a statin cannot be used or the LDL target 
was not achieved, and an alternative option must be considered. 
Some of the newer modalities are weak LDL reducers, with others 
achieving a significant LDL reduction.

DISCUSSION
Why we need a non-statin?
Although statins has a high safety profile, some patients cannot 
tolerate a statin-based regimen at any dosage, or the target reduction 
of LDL was not achieved. Recent guidelines created a category of 
Very High Risk ASCVD, which include recurrent acute coronary 
syndrome, as well as a patient who had an additional event, for 
example a stroke, peripheral arterial disease or severe chronic kidney 
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ABSTRACT
All major studies generated evidence that validated the association 
between hyperlipidemia and cardiovascular disease. Low-Density 
Lipoprotein (LDL) has always been the target for risk reduction 
and the most frequently used therapeutic option. Statins reduce the 
LDL and improves the cardiovascular (CV) outcomes. However, in 
specific clinical cases where statins cannot be used, the therapy must 
include non-statin drugs. There are many options available, but the 
not all improve the CV outcome. Ezetimibe and PCSK9 inhibitors 
had clear evidence of benefit to reduce atherosclerotic cardiovascular 
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disease (CKD). Such patients will require a much lower target that 
may not be achieved with a statin[1]. It is important to consider a non-
statin in cases where the ApoB analysis used for risk assessment, 
indicated a high TG, DM, or metabolic syndrome. It is also important 
to consider a non-statin if the patient has a high total risk estimation 
using the SCORE or another risk assessment tool, or if the arterial 
ultrasonography plaque burden measured in the carotid or femoral 
artery or the CAC score assessment with a CT, shifted the patient to a 
higher risk category[1].
    Human genetic data directed scientists to the discovery of 
many lipid-lowering drugs, for example the statin inhibitors GCR 
gene, evolocumab and alirocumab inhibit PSCK9 and ezetimibe 
inhibit NPC1L1[2]. In addition, evidence from genetic, Mendelian 
randomization studies, epidemiological and randomized control trials 
of LDL reducing drugs, indicated a log-linear relation between the 
LDL level and the risk of ASCVD.
    All the guidelines are consistent in prescribing the first step 
as ensuring the healthy lifestyle through modifying the patient’s 
practices. Modifying such practice will reduce the ASCVD risk in all 
ages. It might be useful to consider the patient’s social and religious 
background to modify the lifestyle and diet[1]. The Messenger of 
Allah said, “The son of Adam cannot fill a vessel worse than his 
stomach, as it is enough for him to take a few bites to straighten his 
back. If he cannot do it, then he may fill it with a third of his food, a 
third of his drink, and a third of his breath.”[3] Subsequent to lifestyle 
modification, is the addition of different groups of drugs to increase 
LDL reduction from 30-50% to 65-85%[4]. Table 1 summarize the 
effect of these non-statin drugs on the lipid profile.

Ezetimibe
Simvastatin and ezetimibe in the Aortic Stenosis (SEAS) trial and the 
Study of Heart and Renal Protection (SHARP) trial investigated the 
potential benefit related to cardiovascular morbidity and mortality. 
The therapy reduced the incidence of ischemic cardiovascular 
events but not events that occurred due to a stenotic aortic valve[5,6]. 
The LDL was reduced with 25%. The combination with the statin 
in acute coronary syndrome showed a significant reduction of 170 
events compared to a statin alone in the Improved Reduction of 
Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT). The 
combination reduced the primary outcome by 1.8% over 7 years with 
56 patients needing to be treated and a significant lower incidence 
of ischaemic stroke by 21%. The absolute CV benefit due to the 
addition of ezetimibe was small[7]. The beneficial effect of ezetimibe 
is also supported by genetic studies with mutations in NPC1L1. This 
is a naturally occurring mutation and its inactivation is associated 
with a reduction in plasma LDL and the risk for CAD[2].

Proprotein convertase subtilisin kexin type 9 Inhibitor (PCSK9 
Inhibitor)
The Cardiovascular Outcomes Research with PCSK9 Inhibition 
in participants with Elevated Risk (FOURIER) and the Evaluation 
of Cardiovascular Outcomes After an Acute Coronary Syndrome 
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During Treatment with Alirocumab (ODYSSEY Outcomes) trials 
showed a significant reduction in CV events that was proportionate 
to the reduction in LDL[8,9]. The result was a 15-20% reduction 
in the risk of the primary endpoints (composite of CV death, 
MI, stroke, hospitalization for unstable angina, or coronary 
revascularization) [hazard ratio (HR) 0.85, 95% CI 0.790.92]. In 
total, 67 patients needed treatment over 2 years, and the primary 
outcome decreased by 1.5%. In patients using statins, the LDL 
reduced up to 60%.

Homozygous familial hypercholesterolemia (HoFH) specific drug: 
Lomitapide 
Lomitapide is a microsomal triglyceride transfer protein (MTP) 
inhibitor, prescribed orally as a once daily treatment for HoFH that 
reduces the LDL-C and TG. MTPI is usually used with statins, and 
with apheresis, the reduction of LDL was 50% at 26 weeks and by 
44% at 56 weeks. Although Lomitapide reduces the frequency of 
apheresis, the CV outcome has yet to be determined[10].

Mipomersen
Mipomersen is an anti-apolipoprotein B, antisense oligonucleotide, 
which triggers the selective degradation of mRNA molecules, the 
drug reduce LDL with 25-33%. The CV outcomes data are still 
pending[11].

Inclisiran 
Inclisiran is an anti-PCSK9 small RNA, antisense oligonucleotide 
that reduces LDL in heterozygous FH and uncontrolled LDL. It has 
the major advantage of being taken as a biannual dose. A small study 
showed a LDL reduction of 40% with two doses 3 months apart. The 
CV outcomes data are still pending[12].

Bempedoic acid derivative: Nexletol and Nexlizet 
The oral adenosine triphosphate citrate lyase (ACL) inhibitor reduces 
LDL in a patient at risk for ASCVD, FH, and statin intolerance by 
13% to 43%. If added with ezetimibe, the LDL is reduced by 48%[13].

Bile acid sequestrants 
The benefit of bile acid sequestrants is proportional to the LDL 
reduction, varying from 15-25%. The drug was investigated before 
many of the current options were available[14,15].

Fibrates 
Fibrates are agonists of peroxisome proliferator-activated receptor-a 
(PPAR-a), acting via the regulation of transcription factors, 
and result in a < 20% reduction of the LDL compared to a 50% 
reduction in TGs and TG-rich lipoprotein remnant particles. The 
Fenofibrate Intervention and Event Lowering in Diabetes (FIELD), 
Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
in the (fenofibrate +statin), Lower Extremity Arterial Disease 
Event Reduction (LEADER) trials did not show a reduction in the 
total CVD outcomes. The Helsinki Heart Study (HHS) reported a 

Table 1 Summary of Statin/Non-statin drug effect on the lipid profile.

ype LDL Triglyceride HDL Non-HDL Apolipo-protein B Lp-a

Statin ↓↓ ±↓ ↑ ↓ ↓ ±

Ezetimibe ↓↓ ↓ ↑ ↓ ↓ ±

PCSK9I ↓↓ ↓ ↑ ↓ ↓ ↓

Bempedoic acid ↓↓ ± ↓ ↓ ±

Bile acid sequestrants ↓ ±↑ ↑ ↓ ↓ ±



significant reduction in CVD outcomes with gemfibrozil. The risk 
reduction appeared to be proportional to the degree of non-HDL-C 
lowering in the context of elevated TG/low HDL-C levels. No overall 
benefit was reported in two recent meta-analyses. The CV benefits of 
fibrates require further confirmation[16-19].

Nicotinic acid
Nicotinic acid inhibits the Liver diacylglycerol acyltransferase-2 
secretion of VLDL, and primarily raises HDL and ApoA1 by 
stimulating ApoA1 production in the liver. Two large randomized 
trials with extended-release niacin and with niacin plus laropiprant 
showed no beneficial effect and an increased frequency of adverse 
effects[20]. 

Extracorporeal removal of lipoproteins
Extracorporeal removal of lipoproteins are done through 
plasmapheresis or nonspecific plasma exchange to remove LDL 
or Lp(a). However, randomized ASCVD outcome trials are still 
lacking[21-23].

CONCLUSION
In a systematic review of the evidence for adding non-statin lipid-
modifying therapies to statins to reduce ASCVD risk, we found 
evidence of benefit for ezetimibe and PCSK9 inhibitors but not 
for niacin or cholesterol-ester transfer protein inhibitors. However, 
new therapeutic options are being developed. Future therapy will 
investigate monoclonal antibodies or anti-PCSK9 vaccines and 
targeted gene editing.
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4 Wilson PWF, Polonsky TS, Miedema MD, Khera A, Kosinski 

AS, Kuvin JT. Systematic Review for the 2018 AHA/ACC/
AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/
PCNA Guideline on the Management of Blood Cholesterol: A 
Report of the American College of Cardiology/American Heart 
Association Task Force on Clinical Practice Guidelines. Cir-
culation. 2019 Jun 18; 139(25): e1144-e1161. [DOI: 10.1161/
CIR.0000000000000626]. Epub 2018 Nov 10. Erratum in: Circu-
lation. 2019 Jun 18; 139(25): e1187. [PMID: 30586775].

5 Greve AM, Bang CN, Boman K, Egstrup K, Forman JL, Kesänie-
mi YA, Ray S, Pedersen TR, Best P, Rajamannan NM, Wachtell K. 
Effect Modifications of Lipid-Lowering Therapy on Progression 
of Aortic Stenosis (from the Simvastatin and Ezetimibe in Aortic 
Stenosis [SEAS] Study). Am J Cardiol. 2018 Mar 15; 121(6): 739-
745. [DOI: 10.1016/j.amjcard.2017.12.011]. Epub 2017 Dec 25. 
[PMID: 29361285].

6 Baigent C, Landray MJ, Reith C, Emberson J, Wheeler DC, Tom-
son C, Wanner C, Krane V, Cass A, Craig J, Neal B, Jiang L, Hooi 
LS, Levin A, Agodoa L, Gaziano M, Kasiske B, Walker R, Massy 
ZA, Feldt-Rasmussen B, Krairittichai U, Ophascharoensuk V, 
Fellström B, Holdaas H, Tesar V, Wiecek A, Grobbee D, de Zeeuw 
D, Grönhagen-Riska C, Dasgupta T, Lewis D, Herrington W, Maf-
ham M, Majoni W, Wallendszus K, Grimm R, Pedersen T, Tobert 
J, Armitage J, Baxter A, Bray C, Chen Y, Chen Z, Hill M, Knott C, 
Parish S, Simpson D, Sleight P, Young A, Collins R; SHARP In-
vestigators. The effects of lowering LDL cholesterol with simvas-
tatin plus ezetimibe in patients with chronic kidney disease (Study 
of Heart and Renal Protection): a randomised placebo-controlled 
trial. Lancet. 2011 Jun 25; 377(9784): 2181-92. [DOI: 10.1016/
S0140-6736(11)60739-3]. Epub 2011 Jun 12. [PMID: 21663949]; 
[PMCID: PMC3145073].

7 Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, 
Theroux P, Darius H, Lewis BS, Ophuis TO, Jukema JW, De Fer-
rari GM, Ruzyllo W, De Lucca P, Im K, Bohula EA, Reist C, Wiv-
iott SD, Tershakovec AM, Musliner TA, Braunwald E, Califf RM; 
IMPROVE-IT Investigators. Ezetimibe Added to Statin Therapy 
after Acute Coronary Syndromes. N Engl J Med. 2015 Jun 18; 
372(25): 2387-97. [DOI: 10.1056/NEJMoa1410489]. Epub 2015 
Jun 3. [PMID: 26039521].

8 Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott SD, 
Murphy SA, Kuder JF, Wang H, Liu T, Wasserman SM, Sever PS, 
Pedersen TR; FOURIER Steering Committee and Investigators. 
Evolocumab and Clinical Outcomes in Patients with Cardiovas-
cular Disease. N Engl J Med. 2017 May 4; 376(18): 1713-1722. 
[DOI: 10.1056/NEJMoa1615664]. Epub 2017 Mar 17. [PMID: 
28304224].

9 Ray KK, Colhoun HM, Szarek M, Baccara-Dinet M, Bhatt DL, 
Bittner VA, Budaj AJ, Diaz R, Goodman SG, Hanotin C, Har-
rington RA, Jukema JW, Loizeau V, Lopes RD, Moryusef A, 
Murin J, Pordy R, Ristic AD, Roe MT, Tuñón J, White HD, Zeiher 
AM, Schwartz GG, Steg PG; ODYSSEY OUTCOMES Commit-
tees and Investigators. Effects of alirocumab on cardiovascular 
and metabolic outcomes after acute coronary syndrome in patients 
with or without diabetes: a prespecified analysis of the ODYS-
SEY OUTCOMES randomised controlled trial. Lancet Diabetes 
Endocrinol. 2019 Aug; 7(8): 618-628. [DOI: 10.1016/S2213-
8587(19)30158-5]. Epub 2019 Jul 1. Erratum in: Lancet Diabetes 
Endocrinol. 2019 Jul 8; Erratum in: Lancet Diabetes Endocrinol. 
2019 Sep; 7(9): e21. [PMID: 31272931].

10 Berberich AJ, Hegele RA. Lomitapide for the treatment of hyper-
cholesterolemia. Expert Opin Pharmacother. 2017 Aug; 18(12): 
1261-1268. [DOI: 10.1080/14656566.2017.1340941]. Epub 2017 
Jul 30. [PMID: 28598687].

11 Thomas GS, Cromwell WC, Ali S, Chin W, Flaim JD, Davidson 

Kinsara AJ et al . Non-statin drugs

969



Kinsara AJ et al . Non-statin drugs

970

M. Mipomersen, an apolipoprotein B synthesis inhibitor, reduces 
atherogenic lipoproteins in patients with severe hypercholester-
olemia at high cardiovascular risk: a randomized, double-blind, 
placebo-controlled trial. J Am Coll Cardiol. 2013 Dec 10; 62(23): 
2178-84. [DOI: 10.1016/j.jacc.2013.07.081]. Epub 2013 Sep 4. 
[PMID: 24013058].

12 Ray KK, Landmesser U, Leiter LA, Kallend D, Dufour R, Kara-
kas M, Hall T, Troquay RP, Turner T, Visseren FL, Wijngaard P, 
Wright RS, Kastelein JJ. Inclisiran in Patients at High Cardiovas-
cular Risk with Elevated LDL Cholesterol. N Engl J Med. 2017 
Apr 13; 376(15): 1430-1440. [DOI: 10.1056/NEJMoa1615758]. 
Epub 2017 Mar 17. [PMID: 28306389].

13 Ray KK, Bays HE, Catapano AL, Lalwani ND, Bloedon LT, Ster-
ling LR, Robinson PL, Ballantyne CM; CLEAR Harmony Trial. 
Safety and Efficacy of Bempedoic Acid to Reduce LDL Choles-
terol. N Engl J Med. 2019 Mar 14; 380(11): 1022-1032. [DOI: 
10.1056/NEJMoa1803917]. [PMID: 30865796].

14  Silverman MG, Ference BA, Im K, Wiviott SD, Giugliano RP, 
Grundy SM, Braunwald E, Sabatine MS. Association Between 
Lowering LDL-C and Cardiovascular Risk Reduction Among 
Different Therapeutic Interventions: A Systematic Review and 
Meta-analysis. JAMA. 2016 Sep 27; 316(12): 1289-97. [DOI: 
10.1001/jama.2016.13985]; [PMID: 27673306].

15 Lloyd-Jones DM, Morris PB, Ballantyne CM, Birtcher KK, Daly 
DD Jr, DePalma SM, Minissian MB, Orringer CE, Smith SC Jr. 
2017 Focused Update of the 2016 ACC Expert Consensus Deci-
sion Pathway on the Role of Non-Statin Therapies for LDL-
Cholesterol Lowering in the Management of Atherosclerotic Car-
diovascular Disease Risk: A Report of the American College of 
Cardiology Task Force on Expert Consensus Decision Pathways. J 
Am Coll Cardiol. 2017 Oct 3; 70(14): 1785-1822. [DOI: 10.1016/
j.jacc.2017.07.745]. Epub 2017 Sep 5. [PMID: 28886926].

16 Keech A, Simes RJ, Barter P, Best J, Scott R, Taskinen MR, 
Forder P, Pillai A, Davis T, Glasziou P, Drury P, Kesäniemi YA, 
Sullivan D, Hunt D, Colman P, d’Emden M, Whiting M, Ehnholm 
C, Laakso M; FIELD study investigators. Effects of long-term 
fenofibrate therapy on cardiovascular events in 9795 people with 
type 2 diabetes mellitus (the FIELD study): randomised controlled 
trial. Lancet. 2005 Nov 26; 366(9500): 1849-61. [DOI: 10.1016/

S0140-6736(05)67667-2]. Erratum in: Lancet. 2006 Oct 21; 
368(9545): 1420. Erratum in: Lancet. 2006 Oct 21; 368(9545): 
1415. [PMID: 16310551].

17 Branch M, German C, Bertoni A, Yeboah J. Incremental risk of 
cardiovascular disease and/or chronic kidney disease for future 
ASCVD and mortality in patients with type 2 diabetes mellitus: 
ACCORD trial. J Diabetes Complications. 2019 Jul; 33(7): 468-
472. [DOI: 10.1016/j.jdiacomp.2019.04.004]. Epub 2019 Apr 15. 
[PMID: 31088728].

18 Ross S, D’Mello M, Anand SS, Eikelboom J, Stewart AF, Samani 
NJ, Roberts R, Paré G; CARDIoGRAMplusC4D Consortium.Ef-
fect of bile acid sequestrants on the risk of cardiovascular events: a 
Mendelian randomization analysis. Circ Cardiovasc Genet.2015; 
8: 618-627. [DOI: 10.1161/CIRCGENETICS.114.000952]

19 Jun M, Foote C, Lv J, Neal B, Patel A, Nicholls SJ, Grobbee 
DE, Cass A, Chalmers J, Perkovic V. Effects of fibrates on car-
diovascular outcomes: a systematic review and meta-analysis. 
Lancet. 2010 May 29; 375(9729): 1875-84. [DOI: 10.1016/S0140-
6736(10)60656-3]. Epub 2010 May 10. [PMID: 20462635].

20 HPS2-THRIVE Collaborative Group, Landray MJ, Haynes R, 
Hopewell JC, Parish S, Aung T, Tomson J, Wallendszus K, Craig 
M, Jiang L, Collins R, Armitage J. Effects of extended-release 
niacin with laropiprant in high-risk patients. N Engl J Med. 2014 
Jul 17; 371(3): 203-12. [DOI: 10.1056/NEJMoa1300955]; [PMID: 
25014686].

21 Stefanutti C. The 1st and the 2nd Italian Consensus Conferences 
on low-density lipoprotein-apheresis. A practical synopsis 
and update. Blood Transfus. 2017 Jan; 15(1): 42-48. [DOI: 
10.2450/2016.0272-15]. Epub 2016 Jul 7. [PMID: 27416576]; 
[PMCID: PMC5269426].

22 Moriarty PM, Hemphill L. Lipoprotein Apheresis. Endocrinol 
Metab Clin North Am. 2016 Mar; 45(1): 39-54. [DOI: 10.1016/
j.ecl.2015.09.003]; [PMID: 26892996].

23 Khan TZ, Hsu LY, Arai AE, Rhodes S, Pottle A, Wage R, Banya 
W, Gatehouse PD, Giri S, Collins P, Pennell DJ, Barbir M. 
Apheresis as novel treatment for refractory angina with raised 
lipoprotein(a): a randomized controlled cross-over trial. Eur Heart 
J. 2017 May 21; 38(20): 1561-1569. [DOI: 10.1093/eurheartj/
ehx178]; [PMID: 28453721]; [PMCID: PMC6075617].


