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Abstract

Lipid-lowering therapy is used very commonly nowadays not
only for the optimization of the lipid profile but also to reduce
cardiovascular risk. However, some studies have linked the

use of certain lipid-lowering agents with an increased risk for
impaired glycemic control and new-onset diabetes mellitus,

a condition well established as an important risk factor for
cardiovascular disease. On the other hand, some other lipid-
lowering agents have been shown to have a beneficial effect on
glucose metabolism. Profound knowledge of these differences
would enable the clinician to choose the right lipid-lowering
medication for each individual patient, so that the benefits

would outweigh the risk of side effects. This review aims to
present and discuss the clinical and scientific data pertaining to
the impact of lipid-lowering therapy on glycemic control and
the risk for new-onset diabetes mellitus.
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Introduction Bile acid sequestrants

Lipid-lowering therapy is used very commonly nowadays not
only for the optimization of the lipid profile but also to reduce
cardiovascular risk.'-3 However, some studies have linked

the use of certain lipid-lowering agents with an increased

risk for impaired glycemic control and new-onset diabetes
mellitus, a condition well established as an important risk
factor for cardiovascular disease.*> On the other hand, certain
other lipid-lowering agents may actually improve glucose
metabolism.

This review aims to present and discuss the clinical and
scientific data pertaining to the impact of lipid-lowering
therapy on glycemic control and the risk for new-onset
diabetes mellitus. Thus, we conducted a PubMed search until
September 2018 through the English literature using the
search terms referring to the different classes of the lipid-
lowering agents (‘Bile acid sequestrants’, ‘Fibrates’, ‘Niacin’,
‘Ezetimibe’, ‘statins’, ‘PCSK9 inhibitors’) in combination with
the search term ‘Diabetes’. We also included references
from the articles identified and publications available in the
authors’ libraries.

Bile acids are endogenous molecules synthesized in the

liver from cholesterol and constitute the major pathway for
fecal excretion of cholesterol. These molecules facilitate
glucose metabolism, lipid homeostasis, lipid-soluble vitamin
absorption, and energy metabolism through the activation of
bile acid receptors in the gut, peripheral tissues, and liver. The
two main bile acid receptors associated with the regulation of
metabolism are the nuclear farnesoid X receptor (FXR) and the
membrane-bound Takeda G protein coupled receptor 5 (TGR5).
Both receptors play an important role in the development of
metabolic disorders, such as diabetes and obesity.5”

Bile acid sequestrants (BAS), such as colesevelam, cholestyramine,
and colestipol, constitute a class of drugs that bind negatively
charged bile acids in the intestinal lumen, leading to the
formation of a nonabsorbable complex, which disrupts the
enterohepatic circulation of bile acids, resulting in increased fecal
excretion. The increased fecal excretion of bile acids promotes an
increase in bile acid synthesis, resulting in the upregulation of low-
density lipoprotein (LDL) receptors in the liver and, subsequently,
decreased circulating levels of LDL cholesterol (LDL-C).8°
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BAS were initially developed with the purpose of treating
hypercholesterolemia; however, current studies have shown
improved glycemic control when used in diabetic patients."®
Colesevelam, added to the antidiabetic regimen of patients
with diabetes mellitus, demonstrated statistically significant
reductions in glycosylated hemoglobin (HbA1c) by 0.5% and
fasting plasma glucose (FPG) by an average of 15 mg/dL.
Furthermore, colesevelam treatment was associated with
reductions in the circulating levels of postprandial glucose and
fructosamine.12

Even though the exact mechanism by which BAS improve
glycemic control is not well understood, these lipid-lowering
medications have been shown to increase circulating incretin
hormones and to improve tissue glucose metabolism.!

Fibrates

These fenofibric acid derivatives exert their hypolipidemic
effects primarily via the activation of peroxisome proliferator-
activated receptor alpha (PPAR-a), a ligand-activated
transcription factor that belongs to the steroid hormone
receptors, which plays a central role in lipid and lipoprotein
metabolism, resulting in a reduction of plasma triglyceride (TG)
levels and an increase in high-density lipoprotein cholesterol
(HDL-C) levels.141>

In addition to their hypolipidemic effects, fibrates may
contribute to the reduction of atherosclerosis progression and
cardiovascular events and appear to have beneficial effects on
diabetes-related microvascular diseases.'®

Fibrates have not been associated with an increased risk of
new onset diabetes mellitus. On the contrary, even though
the mechanism is not well understood, fibrate therapy has
been linked to a better glycemic control and improved insulin
sensitivity.'6"7

Niacin

Nicotinic acid (Niacin, Vitamin B3) is a water-soluble vitamin.
It serves as a precursor for two essential coenzymes,
nicotinamide adenine dinucleotide (NAD), and nicotinamide
adenine dinucleotide phosphate (NADP), which participate
in oxidation-reduction reactions and are essential in several
metabolic processes.'8

With regard to its use in the management of dyslipidemia,
niacin decreases apo-B containing lipoproteins (LDL and
very low-density lipoprotein [VLDL]) and increases apo A-1
containing lipoproteins (HDL). Studies also have shown
that niacin directly inhibits hepatocyte diacylglycerol
acyltransferase-2, an essential enzyme for the synthesis

of TGs, and also has antioxidative, anti-inflammatory, and
antiatherogenic properties.'*-2!

Unfortunately, niacin use has been associated with a rise in
glucose levels, not only among patients with diabetes but

also on normoglycemic individuals.2>23 This effect is more
prominent when niacin therapy is initiated or the dose is
increased. Therefore, glucose control should be monitored
very closely on initiating or increasing the dosage of niacin,
especially in patients with diabetes.?*

However, despite initial favorable results in patients with
coronary artery disease (CAD),?> in more recent trials, niacin,
coadministered with statins, not only failed to reduce
cardiovascular risk but was also associated with an increased
risk of adverse events.2527 This led to a significant decrease in
the use of niacin in current clinical practice.

Ezetimibe

Ezetimibe selectively reduces dietary and biliary cholesterol
absorption by targeting the Niemann-Pick C1-like 1 (NPC1L1)
protein at the hepatocytes and at the brush-border membrane
of enterocytes. NPC1L1 mediates intestinal cholesterol
absorption and hepatic biliary cholesterol secretion.?82°

Ezetimibe decreases LDL-C by approximately 18% and may

also provide a modest reduction of TGs and a modest increase
in HDL-C levels. It can be used as a monotherapy for the
management of hypercholesterolemia but is more frequently
used as an adjunct to statin therapy in high-risk patients who do
not achieve the desired LDL-C goal with statin monotherapy.3°

When added to statin therapy, ezetimibe resulted in
incremental lowering of LDL-C levels and improved
cardiovascular outcomes.?'

Ezetimibe does not increase fasting glucose levels,3? and its use
has been associated with an improved glucose metabolism in
patients with insulin resistance.3?

Statins

Statins act by inhibiting 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase, an essential enzyme in the cholesterol
synthesis. Statins are the standard of care in the management
of hypercholesterolemia in current clinical practice. Their
effectiveness in LDL-C-lowering and in the reduction of
cardiovascular risk in both primary and secondary prevention
is indisputable.34-3°

Besides their LDL-C-lowering properties, statins are now widely
accepted to have anti-inflammatory effects, which significantly
contribute to the reduction of cardiovascular risk.*%4' However,
the use of statins has been linked to an increased incidence of
new-onset diabetes mellitus.

In a randomized, double-blind, placebo-controlled, multicenter
trial (JUPITER trial), treatment with rosuvastatin was associated
with a 25% increase in the incidence of physician-reported
newly diagnosed diabetes.*' In a meta-analysis, which included
57,593 patients with a mean follow-up of 3.9 years, statin use
led to a 13% increase in the risk of diabetes.*? In another large
meta-analysis, which included 91,140 participants from 13
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incorporated statin trials, statin therapy was associated with a 9%
increase in the risk of incident diabetes.** A very large network
meta-analysis, which included 29 trials with 163,039 participants,
showed that statin use was associated with a 12% increase in

the likelihood of developing diabetes. Atorvastatin 80 mg was
associated with the highest increase in the risk of diabetes (34%
increased risk), followed by rosuvastatin (17% increased risk).**

In another meta-analysis, which included 20 studies of 1000
subjects, followed up for >1 year, statin use was associated

with a 44% increase in the incidence of new-onset-diabetes
mellitus. Estimates for all single statins showed a class effect,
from rosuvastatin (61% increase in the incidence of new-onset-
diabetes mellitus) to simvastatin (38% increase in the incidence
of new-onset-diabetes mellitus).** In an analysis conducted to
assess the association of statin use with diabetes mellitus using
data from the Diabetes Prevention Program (DPP), it was shown
that statin therapy raised the risk of incident diabetes by 36%

in a cohort of overweight and obese individuals at high risk for
diabetes, followed specifically for incident diabetes.*® In a large
study, which included 8749 nondiabetic subjects with a follow-
up period of 5.9 years, after adjustment for confounding factors,
it was shown that both simvastatin and atorvastatin increased
the risk of type 2 diabetes mellitus by 49 and 21%, respectively,
compared with no statin treatment. Furthermore, the effect of
both simvastatin and atorvastatin on the risk of diabetes was
dose-dependent.’ In addition, there is also evidence suggesting
that the positive association between statin use and diabetes
was more pronounced with longer duration of statin therapy.*®

The effect of statin therapy on glycemic control and the
incidence of new-onset diabetes may differ depending on the
specific statin used. In a very recent systematic review, which
included 27,966 subjects from 37 clinical studies, rosuvastatin
was shown to adversely affect glycemic control, and atorvastatin
and simvastatin were also shown to negatively impact glycemic
control in a dose-dependent manner. Furthermore, a time-
dependent effect was also observed with atorvastatin use, which
may also be present among other statins. Pitavastatin was also
reported to be associated with a worsening of glycemic control,
though to a lesser degree as compared with atorvastatin. On
the other hand, pravastatin and fluvastatin appeared to exert

a neutral or possibly favorable effect on glycemic control,
although further studies are required to confirm this.*

The precise mechanisms for statin-induced diabetes mellitus
remain unclear; however, several mechanisms have been
proposed, including impaired insulin sensitivity, impaired
insulin secretion, and compromised {3 cell function via
enhanced intracellular cholesterol uptake due to inhibition of
intracellular cholesterol synthesis by statins.#>0

Notwithstanding, it has to be stressed here that the
cardiovascular benefits of statins far outweigh diabetes risk.
In an analysis from the JUPITER trial, it was shown that in
subjects with diabetes risk factors treated with rosuvastatin, a
total of 134 vascular events or deaths were avoided for every
54 new cases of diabetes diagnosed. On the other hand, in

rosuvastatin-treated trial participants with no major diabetes
risk factors, a total of 86 vascular events or deaths were avoided
with no new cases of diabetes diagnosed.'

Proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors

PCSK9 is a serine protease, which promotes the degradation
of LDL receptors by targeting the receptors for lysosomal
destruction. This results in a decreased rate of LDL-C clearance
from circulation with subsequent elevation in serum LDL-C
levels. Therefore, PCSK9 inhibitors, by preventing the
degradation of LDL receptors by the enzyme PCSK9, induce a
significant reduction in serum LDL-C concentration.>?

When added to statin therapy, PCKS9 inhibitors have been shown
to provide an incremental LDL-C reduction of approximately 60%
and to significantly improve cardiovascular outcomes.>>3

With regard to glucose metabolism and risk of new-onset
diabetes mellitus, there is some evidence from a mendelian
randomization study indicating that certain genetic PCSK9
variants linked to lower LDL-C levels were also associated
with higher FPG levels, bodyweight, and waist-to-hip ratio.
In addition, these variants were also associated with a 29%
increase in the risk of type 2 diabetes mellitus.>*>>

However, in a prespecified analysis of the FOURIER trial,>®
which was conducted to investigate the efficacy and safety

of evolocumab by diabetes status at baseline and the effect

of evolocumab on glycemia and risk of developing diabetes,
evolocumab did not increase the risk of new-onset diabetes in
patients without diabetes at baseline (HR, 1.05; 95% Cl: 0.94-1.17),
including those with prediabetes (HR, 1.00; 95% Cl: 0.89-1.13).
Levels of HbAlc and FPG did not differ significantly over time
between the evolocumab and placebo groups in patients with
diabetes, prediabetes, or normoglycemia.>>>¢ Furthermore,

it was clearly shown that evolocumab significantly reduced
cardiovascular risk in patients with and without diabetes at
baseline.>>>¢ In addition, there is also evidence from the Open-
Label Study of Long-term Evaluation Against LDL-C (OSLER-1)
Extension Study that even longer use of evolocumab, up to 4
years, does not lead to an increase in the annualized incidence
of new-onset diabetes mellitus after adjusting for duration of
evolocumab exposure (4 versus 2.8% in the standard-of-care
therapy alone group versus the evolocumab plus standard-of-
care therapy group, respectively).?’

On the other hand, in the ODYSSEY OUTCOMES trial, alirocumab
did not also increase the risk of new-onset diabetes mellitus, nor
did it worsen diabetic status in patients with pre-existing diabetes
mellitus. More specifically, the incidence of new-onset diabetes
mellitus was 9.6% in the alirocumab group versus 10.1% in the
placebo group, whereas the incidence of diabetes worsening

or diabetic complications in patients with pre-existing diabetes
mellitus was 18.8% in the alirocumab group versus 21.2% in the
placebo group.3
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Given the above, the use of PCSK9 inhibitors appears to be
associated with a substantial clinical benefit without adversely
affecting glucose metabolism and without increasing the
incidence of new-onset diabetes mellitus. However, further large
studies with a long follow-up period will have to be conducted to
confirm these findings before expanding the use of these agents.>®

effects on glucose metabolism and affect differently the risk
of new-onset diabetes mellitus. Some lipid-lowering agents
(e.g. statins) provide potent LDL-C-lowering but may increase
the risk for new-onset diabetes mellitus. On the other hand,
some other lipid-lowering agents (e.g. BAS) may provide an
LDL-C reduction of a lesser magnitude but have a beneficial

effect on glucose metabolism and cause a decrease in HbAlc.
Profound knowledge of these differences would enable the
clinician to choose the right lipid-lowering medication for each
individual patient, so that the benefits would outweigh the risk
of side effects.

Conclusions

From the above clinical and scientific data, it becomes evident
that the various classes of lipid-lowering agents have diverse

Contributions: Conceived the concepts: CEK; analyzed the data: CEK; wrote the first draft of the manuscript: DS and CEK; contributed to the
writing of the manuscript: AS, FG, PDM, EG; agreed with manuscript results and conclusions: CEK, DS, AS, FG, PDM, EG; jointly developed the
structure and arguments for the paper: CEK; made critical revisions and approved final version: CEK; all authors reviewed and approved the final
manuscript.

Disclosure and potential conflicts of interest: Constantine E Kosmas and Eliscer Guzman are members of the Dyslipidemia Speaker
Bureau of Amgen, Inc. The International Committee of Medical Journal Editors (ICMJE) Potential Conflicts of Interests form for the authors are
available for download at http://www.drugsincontext.com/wp-content/uploads/2018/11/dic.212562-COl.pdf

Acknowledgments: None.
Funding declaration: There was no funding associated with the preparation of this article.

Copyright: Copyright © 2018 Kosmas CE, Silverio D, Sourlas A, Garcia F, Montan PD, Guzman E. Published by Drugs in Context under Creative
Commons License Deed CC BY NC ND 4.0 which allows anyone to copy, distribute, and transmit the article provided it is properly attributed in
the manner specified below. No commercial use without permission.

Correct attribution: Copyright © 2018 Kosmas CE, Silverio D, Sourlas A, Garcia F, Montan PD, Guzman E. https://doi.org/10.7573/dic.212562.
Published by Drugs in Context under Creative Commons License Deed CC BY NC ND 4.0.

Article URL: https://www.drugsincontext.com/impact-lipid-lowering-therapy-on-glycemic-control-risk-new-onset-diabetes
Correspondence: Constantine E. Kosmas, MD, PhD, 168-24 Powells Cove Blvd., Beechhurst, NY 11357, USA. cekosmasT@gmail.com
Provenance: invited; externally peer reviewed.

Submitted: 24 September 2018; Peer review comments to author: 2 November 2018; Revised manuscript received: 4 November 2018;
Accepted: 6 November 2018; Publication date: 28 November 2018.

Drugs in Context is published by BioExcel Publishing Ltd. Registered office: Plaza Building, Lee High Road, London, England, SE13 5PT.
BioExcel Publishing Limited is registered in England Number 10038393. VAT GB 252 7720 07.
For all manuscript and submissions enquiries, contact the Editor-in-Chief gordon.mallarkey@bioexcelpublishing.com

For all permissions, rights and reprints, contact David Hughes david.hughes@bioexcelpublishing.com

References

1. Lardizabal JA, Deedwania P. Lipid-lowering therapy with statins for the primary and secondary prevention of cardiovascular
disease. Cardiol Clin. 2011;29(1):87-103. PubMed PMID: 21257102

2. Koskinas KC, Siontis GCM, Piccolo R, et al. Effect of statins and non-statin LDL-lowering medications on cardiovascular outcomes
in secondary prevention: a meta-analysis of randomized trials. Eur Heart J. 2018;39(14):1172-1180.
http://dx.doi.org/10.1093/eurheartj/ehx566

3. Sabatine MS, Giugliano RP, Keech AC, et al. FOURIER Steering Committee and Investigators. Evolocumab and clinical outcomes in
patients with cardiovascular disease. N Engl J Med. 2017;376(18):1713-1722. http://dx.doi.org/10.1056/NEJMoa1615664

4. Leon BM, Maddox TM. Diabetes and cardiovascular disease: epidemiology, biological mechanisms, treatment recommendations
and future research. World J Diabetes. 2015;6(13):1246-1258. http://dx.doi.org/10.4239/wjd.v6.i13.1246

5. Bertoluci MC, Rocha VZ. Cardiovascular risk assessment in patients with diabetes. Diabetol Metab Syndr. 2017;9:25.
http://dx.doi.org/10.1186/513098-017-0225-1

Kosmas CE, Silverio D, Sourlas A, Garcia F, Montan PD, Guzman E. Drugs in Context 2018; 7: 212562. DOI: 10.7573/dic.212562 40f7
ISSN: 1740-4398


https://doi.org/10.7573/dic.212562
http://drugsincontext.com
http://www.drugsincontext.com/wp-content/uploads/2018/11/dic.212562-COI.pdf
https://doi.org/10.7573/dic.212562
https://www.drugsincontext.com/impact-lipid-lowering-therapy-on-glycemic-control-risk-new-onset-diabetes
mailto:cekosmas1@gmail.com
mailto:gordon.mallarkey@bioexcelpublishing.com
mailto:david.hughes@bioexcelpublishing.com
http://dx.doi.org/10.1093/eurheartj/ehx566
http://dx.doi.org/10.1056/NEJMoa1615664
http://dx.doi.org/10.4239/wjd.v6.i13.1246
http://dx.doi.org/10.1186/s13098-017-0225-1

REVIEW - Impact of lipid-lowering therapy on glycemic control and risk for new-onset diabetes mellitus drugsincontext.com

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Schaap FG, Trauner M, Jansen PL. Bile acids receptors as targets for drug development. Nat Rev Gastroenterol Hepatol.
2014;11(1):55-67. http://dx.doi.org/10.1038/nrgastro.2013.151

Molinaro A, Wahlstrom A, Marschall HU. Role of bile acids in metabolic control. Trends Endocrinol Metab. 2018;29(1):31-41.
http://dx.doi.org/10.1016/j.tem.2017.11.002

Insull W Jr. Clinical utility of bile acid sequestrants in the treatment of dyslipidaemia: a scientific review. South Med J.
2006;99(3):257-273. http://dx.doi.org/10.1097/01.smj.0000208120.73327.db

Hofmann AF, Hagey LR. Bile acids: chemistry, pathochemistry, biology, pathobiology, and therapeutics. Cell Mol Life Sci.
2008;65(16):2461-2483. http://dx.doi.org/10.1007/s00018-008-7568-6

Hansen M, Sonne DP, Knop FK. Bile acid sequestrants: glucose-lowering mechanisms and efficacy in type 2 diabetes. Curr Diab
Rep. 2014;14(5):482. http://dx.doi.org/10.1007/s11892-014-0482-4

Zieve FJ, Kalin MF, Schwartz SL, Jones MR, Bailey WL. Results of the glucose-lowering effect of WelChol study (GLOWS): a
randomized, double-blind, placebo-controlled pilot study evaluating the effect of colesevelam hydrochloride on glycemic
control in subjects with type 2 diabetes. Clin Ther. 2007;29(1):74-83. http://dx.doi.org/10.1016/j.clinthera.2007.01.003

Ooi CP, Loke SC. Colesevelam for type 2 diabetes mellitus. Cochrane Database Syst Rev. 2012;12:CD009361.
http://dx.doi.org/10.1002/14651858.CD009361.pub2

Beysen C, Murphy EJ, Deines K, et al. Effect of bile acid sequestrants on glucose metabolism, hepatic de novo lipogenesis, and
cholesterol and bile acid kinetics in type 2 diabetes: a randomised controlled study. Diabetologia. 2012;55(2):432-442.
http://dx.doi.org/10.1007/s00125-011-2382-3

Barbier O, Torra IP, Duguay Y, et al. Pleiotropic actions of peroxisome proliferator-activated receptors in lipid metabolism and
atherosclerosis. Arterioscler Thromb Vasc Biol. 2002;22(5):717-726. http://dx.doi.org/10.1161/01.ATV.0000015598.86369.04

Jay MA, Ren J. Peroxisome proliferator-activated receptor (PPAR) in metabolic syndrome and type 2 diabetes mellitus. Curr
Diabetes Rev. 2007;3(1):33-39. http://dx.doi.org/10.2174/157339907779802067

Rosenson RS. Fenofibrate: treatment of hyperlipidemia and beyond. Expert Rev Cardiovasc Ther. 2008;6(10):1319-1330.
http://dx.doi.org/10.1586/14779072.6.10.1319

Damci T, Tatliagac S, Osar Z, llkova H. Fenofibrate treatment is associated with better glycemic control and lower serum leptin
and insulin levels in type 2 diabetic patients with hypertriglyceridemia. Eur J Intern Med. 2003;14(6):357-360.
http://dx.doi.org/10.1016/50953-6205(03)90001-X

Canté C, Menzies KJ, Auwerx J. NAD(+) metabolism and the control of energy homeostasis: a balancing act between
mitochondria and the nucleus. Cell Metab. 2015;22(1):31-53. http://dx.doi.org/10.1016/j.cmet.2015.05.023

Kamanna VS, Kashyap ML. Mechanism of action of niacin. Am J Cardiol. 2008;101(8A):20B-26B.
http://dx.doi.org/10.1016/j.amjcard.2008.02.029

Ganji SH, Kamanna VS, Kashyap ML. Niacin and cholesterol: role in cardiovascular disease (review). J Nutr Biochem. 2003;
14(6):298-305. http://dx.doi.org/10.1016/50955-2863(02)00284-X

Holzhauser E, Albrecht C, Zhou Q, et al. Nicotinic acid has anti-atherogenic and anti-inflammatory properties on advanced
atherosclerotic lesions independent of its lipid-modifying capabilities. J Cardiovasc Pharmacol. 2011;57(4):447-454.
http://dx.doi.org/10.1097/FJC.0b013e31820dc1db

Sazonov V, Maccubbin D, Sisk CM, Canner PL. Effects of niacin on the incidence of new onset diabetes and cardiovascular events
in patients with normoglycaemia and impaired fasting glucose. Int J Clin Pract. 2013;67(4):297-302.
http://dx.doi.org/10.1111/ijcp.12089

Goldie C, Taylor AJ, Nguyen P, McCoy C, Zhao XQ, Preiss D. Niacin therapy and the risk of new-onset diabetes: a meta-analysis of
randomized controlled trials. Heart. 2016;102(3):198-203. http://dx.doi.org/10.1136/heartjnl-2015-308055

Goldberg RB, Jacobson TA. Effects of niacin on glucose control in patients with dyslipidaemia. Mayo Clin Proc. 2008;83(4):470-478.
http://dx.doi.org/10.4065/83.4.470

Canner PL, Berge KG, Wenger NK, et al. Fifteen year mortality in Coronary Drug Project patients: long-term benefit with niacin.
JAm Coll Cardiol. 1986;8(6):1245-1255. PubMed PMID: 3782631

AIM-HIGH Investigators, Boden WE, Probstfield JL, et al. Niacin in patients with low HDL cholesterol levels receiving intensive
statin therapy. N EnglJ Med. 2011;365(24):2255-2267. http://dx.doi.org/10.1056/NEJMoa1107579

HPS2-THRIVE Collaborative Group, Landray MJ, Haynes R, et al. Effects of extended-release niacin with laropiprant in high-risk
patients. N Engl J Med. 2014;371(3):203-212. http://dx.doi.org/10.1056/NEJM0a1300955

Park SW. Intestinal and Hepatic Niemann-Pick C1-Like 1. Diabetes Metab J. 2013;37(4): 240-248.
http://dx.doi.org/10.4093/dmj.2013.37.4.240

Phan BA, Dayspring TD, Toth PP. Ezetimibe therapy: mechanism of action and clinical update. Vasc Health Risk Manag.
2012;8:415-427. http://dx.doi.org/10.2147/VHRM.S33664

Miura S, Saku K. Beneficial effects of ezetimibe-based therapy in patients with dyslipidaemia. J Cardiol. 2008;52(1):1-6.
http://dx.doi.org/10.1016/j.jjcc.2008.05.001

Kosmas CE, Silverio D, Sourlas A, Garcia F, Montan PD, Guzman E. Drugs in Context 2018; 7: 212562. DOI: 10.7573/dic.212562 50f7
ISSN: 1740-4398


https://doi.org/10.7573/dic.212562
http://drugsincontext.com
http://dx.doi.org/10.1038/nrgastro.2013.151
http://dx.doi.org/10.1016/j.tem.2017.11.002
http://dx.doi.org/10.1097/01.smj.0000208120.73327.db
http://dx.doi.org/10.1007/s00018-008-7568-6
http://dx.doi.org/10.1007/s11892-014-0482-4
http://dx.doi.org/10.1016/j.clinthera.2007.01.003
http://dx.doi.org/10.1002/14651858.CD009361.pub2
http://dx.doi.org/10.1007/s00125-011-2382-3
http://dx.doi.org/10.1161/01.ATV.0000015598.86369.04
http://dx.doi.org/10.2174/157339907779802067
http://dx.doi.org/10.1586/14779072.6.10.1319
http://dx.doi.org/10.1016/S0953-6205(03)90001-X
http://dx.doi.org/10.1016/j.cmet.2015.05.023
http://dx.doi.org/10.1016/j.amjcard.2008.02.029
http://dx.doi.org/10.1016/S0955-2863(02)00284-X
http://dx.doi.org/10.1097/FJC.0b013e31820dc1db
http://dx.doi.org/10.1111/ijcp.12089
http://dx.doi.org/10.1136/heartjnl-2015-308055
http://dx.doi.org/10.4065/83.4.470
http://dx.doi.org/10.1056/NEJMoa1107579
http://dx.doi.org/10.1056/NEJMoa1300955
http://dx.doi.org/10.4093/dmj.2013.37.4.240
http://dx.doi.org/10.2147/VHRM.S33664
http://dx.doi.org/10.1016/j.jjcc.2008.05.001

REVIEW - Impact of lipid-lowering therapy on glycemic control and risk for new-onset diabetes mellitus drugsincontext.com

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

409,

50.

51.

52.

53.

54,

Cannon CP, Blazing MA, Giugliano RP, et al. IMPROVE-IT Investigators. Ezetimibe added to statin therapy after acute coronary
syndromes. N Engl J Med. 2015;372(25):2387-2397. http://dx.doi.org/10.1056/NEJMoa1410489

Toth PP, Catapano AL, Farnier M, et al. Effect on fasting serum glucose levels of adding ezetimibe to statins in patients with
nondiabetic hypercholesterolemia. Am J Cardiol. 2016;118(12):1812-1820. http://dx.doi.org/10.1016/j.amjcard.2016.08.071

Nozue T, Michishita I, Mizuguchi I. Effects of ezetimibe on glucose metabolism in patients with type 2 diabetes: a

12-week, open-label, uncontrolled, pilot study. Curr Ther Res Clin Exp. 2010;71(4):252-258.
http://dx.doi.org/10.1016/j.curtheres.2010.08.002

O’Keefe JH Jr, Cordain L, Harris WH, Moe RM, Vogel R. Optimal low-density lipoprotein is 50 to 70 mg/dl: lower is better and
physiologically normal. JAm Coll Cardiol. 2004;43(11):2142-2146. http://dx.doi.org/10.1016/j.jacc.2004.03.046

LaRosa JC, Grundy SM, Waters DD, et al. Treating to New Targets (TNT) Investigators. Intensive lipid lowering with

atorvastatin in patients with stable coronary disease. N Engl J Med. 2005;352(14):1425-1435.
http://dx.doi.org/10.1056/NEJM0a050461

Waters DD. What the statin trials have taught us. AmJ Cardiol. 2006;98(1):129-134. http://dx.doi.org/10.1016/j.amjcard.2006.01.066
Grundy SM, Cleeman JI, Merz CN, et al. National Heart, Lung, and Blood Institute; American College of Cardiology Foundation;
American Heart Association. Implications of recent clinical trials for the National Cholesterol Education Program Adult Treatment
Panel lll guidelines. Circulation. 2004;110(2):227-239. http://dx.doi.org/10.1161/01.CIR.0000133317.49796.0E

Nunes JP. Statins in primary prevention: impact on mortality. A meta-analysis study. Minerva Cardioangiol. 2017;65(5):531-538.
http://dx.doi.org/10.23736/50026-4725.17.04323-7

Rodriguez F, Maron DJ, Knowles JW, Virani SS, Lin S, Heidenreich PA. Association between intensity of statin therapy and
mortality in patients with atherosclerotic cardiovascular disease. JAMA Cardiol. 2017;2(1):47-54.
http://dx.doi.org/10.1001/jamacardio.2016.4052

Rezaie-Majd A, Maca T, Bucek RA, et al. Simvastatin reduces expression of cytokines interleukin-6, interleukin-8, and monocyte
chemoattractant protein-1 in circulating monocytes from hypercholesterolemic patients. Arterioscler Thromb Vasc Biol.
2002;22(7):1194-1199. http://dx.doi.org/10.1161/01.ATV.0000022694.16328.CC

Ridker PM, Danielson E, Fonseca FA, et al. JUPITER Study Group. Rosuvastatin to prevent vascular events in men and women with
elevated C-reactive protein. N Engl J Med. 2008;359(21):2195-2207. http://dx.doi.org/10.1056/NEJM0a0807646

Rajpathak SN, Kumbhani DJ, Crandall J, Barzilai N, Alderman M, Ridker PM. Statin therapy and risk of developing type 2 diabetes:
a meta-analysis. Diabetes Care. 2009;32(10):1924-1929. http://dx.doi.org/10.2337/dc09-0738

Sattar N, Preiss D, Murray HM, et al. Statins and risk of incident diabetes: a collaborative meta-analysis of randomised statin trials.
Lancet. 2010;375(9716):735-742. http://dx.doi.org/10.1016/S0140-6736(09)61965-6

Thakker D, Nair S, Pagada A, Jamdade V, Malik A. Statin use and the risk of developing diabetes: a network meta-analysis.
Pharmacoepidemiol Drug Saf. 2016;25(10):1131-1149. http://dx.doi.org/10.1002/pds.4020

Casula M, Mozzanica F, Scotti L, et al. Statin use and risk of new-onset diabetes: a meta-analysis of observational studies. Nutr
Metab Cardiovasc Dis. 2017;27(5):396-406. http://dx.doi.org/10.1016/j.numecd.2017.03.001

Crandall JP, Mather K, Rajpathak SN, et al. Statin use and risk of developing diabetes: results from the Diabetes Prevention
Program. BMJ Open Diabetes Res Care. 2017;5(1):e000438. http://dx.doi.org/10.1136/bmjdrc-2017-000438

Cederberg H, Stan¢akova A, Yaluri N, Modi S, Kuusisto J, Laakso M. Increased risk of diabetes with statin treatment is

associated with impaired insulin sensitivity and insulin secretion: a 6 year follow-up study of the METSIM cohort. Diabetologia.
2015;58(5):1109-1117. http://dx.doi.org/10.1007/s00125-015-3528-5

Wang DD, Li Y, Pan A, et al. Duration and types of statin use and long-term risk of type 2 diabetes among men and women with
hypercholesterolemia: findings from 3 prospective cohorts. Circulation. 2015;131:AP151.

Sunjaya AP, Sunjaya AF, Halim S, Ferdinal F. Risk and benefits of statins in glucose control management of type Il diabetes. Int J
Angiol. 2018;27(3):121-131. http://dx.doi.org/10.1055/s-0036-1572523

Ganda OP. Statin-induced diabetes: incidence, mechanisms, and implications. F1000Res. 2016;5. pii: F1000 Faculty Rev-1499.
http://dx.doi.org/10.12688/f1000research.8629.1

Ridker PM, Pradhan A, MacFadyen JG, Libby P, Glynn RJ. Cardiovascular benefits and diabetes risks of statin therapy in primary
prevention: an analysis from the JUPITER trial. Lancet. 2012;380(9841):565-571. http://dx.doi.org/10.1016/50140-6736(12)61190-8
Kosmas CE, DeJesus E, Morcelo R, Garcia F, Montan PD, Guzman E. Lipid-lowering interventions targeting proprotein convertase
subtilisin/kexin type 9 (PCSK9): an emerging chapter in lipid-lowering therapy. Drugs Context. 2017;6:212511.
http://dx.doi.org/10.7573/dic.212511

Schwartz GG, Steg PG, Szarek M, et al. ODYSSEY OUTCOMES Committees and Investigators. Alirocumab and cardiovascular
outcomes after acute coronary syndrome. N Engl J Med. 2018 Nov 7. http://dx.doi.org/10.1056/NEJMoa1801174

[Epub ahead of print].

Schmidt AF, Swerdlow DI, Holmes MV, et al. PCSK9 genetic variants and risk of type 2 diabetes: a mendelian randomisation study.
Lancet Diabetes Endocrinol. 2017;5(2):97-105. http://dx.doi.org/10.1016/52213-8587(16)30396-5

Kosmas CE, Silverio D, Sourlas A, Garcia F, Montan PD, Guzman E. Drugs in Context 2018; 7: 212562. DOI: 10.7573/dic.212562 60f7
ISSN: 1740-4398


https://doi.org/10.7573/dic.212562
http://drugsincontext.com
http://dx.doi.org/10.1056/NEJMoa1410489
http://dx.doi.org/10.1016/j.amjcard.2016.08.071
http://dx.doi.org/10.1016/j.curtheres.2010.08.002
http://dx.doi.org/10.1016/j.jacc.2004.03.046
http://dx.doi.org/10.1056/NEJMoa050461
http://dx.doi.org/10.1016/j.amjcard.2006.01.066
http://dx.doi.org/10.1161/01.CIR.0000133317.49796.0E
http://dx.doi.org/10.23736/S0026-4725.17.04323-7
http://dx.doi.org/10.1001/jamacardio.2016.4052
http://dx.doi.org/10.1161/01.ATV.0000022694.16328.CC
http://dx.doi.org/10.1056/NEJMoa0807646
http://dx.doi.org/10.2337/dc09-0738
http://dx.doi.org/10.1016/S0140-6736(09)61965-6
http://dx.doi.org/10.1002/pds.4020
http://dx.doi.org/10.1016/j.numecd.2017.03.001
http://dx.doi.org/10.1136/bmjdrc-2017-000438
http://dx.doi.org/10.1007/s00125-015-3528-5
http://dx.doi.org/10.1055/s-0036-1572523
http://dx.doi.org/10.12688/f1000research.8629.1
http://dx.doi.org/10.1016/S0140-6736(12)61190-8
http://dx.doi.org/10.7573/dic.212511
http://dx.doi.org/10.1056/NEJMoa1801174
http://dx.doi.org/10.1016/S2213-8587(16)30396-5

REVIEW - Impact of lipid-lowering therapy on glycemic control and risk for new-onset diabetes mellitus drugsincontext.com

55. Kosmas CE, Sourlas A, Bouza KV, et al. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibition with evolocumab: powerful
low-density lipoprotein cholesterol (LDL-C) lowering and improved cardiovascular outcomes without an increase in the risk of
diabetes mellitus. Ann Transl Med. 2018;6(7):130. http://dx.doi.org/10.21037/atm.2018.02.20

56. Sabatine MS, Leiter LA, Wiviott SD, et al. Cardiovascular safety and efficacy of the PCSK9 inhibitor evolocumab in patients
with and without diabetes and the effect of evolocumab on glycaemia and risk of new-onset diabetes: a prespecified analysis
of the FOURIER randomised controlled trial. Lancet Diabetes Endocrinol. 2017;5(12):941-950.
http://dx.doi.org/10.1016/52213-8587(17)30313-3

57. Koren MJ, Sabatine MS, Giugliano RP, et al. Long-term low-density lipoprotein cholesterol-lowering efficacy, persistence, and
safety of evolocumab in treatment of hypercholesterolemia: results up to 4 years from the open-label OSLER-1 extension study.
JAMA Cardiol. 2017;2(6):598-607. http://dx.doi.org/10.1001/jamacardio.2017.0747

58. Athyros VG, Tziomalos K, Doumas M, Sfikas G, Karagiannis A. The effect of proprotein convertase subtilisin-kexin type 9 and its
inhibition on glucose metabolism and cardiovascular risk. We should do better the second time after statins. Curr Pharm Des.
2017;23(10):1477-1483. http://dx.doi.org/10.2174/1381612823666170125154257

Kosmas CE, Silverio D, Sourlas A, Garcia F, Montan PD, Guzman E. Drugs in Context 2018; 7: 212562. DOI: 10.7573/dic.212562 7 of7
ISSN: 1740-4398


https://doi.org/10.7573/dic.212562
http://drugsincontext.com
http://dx.doi.org/10.21037/atm.2018.02.20
http://dx.doi.org/10.1016/S2213-8587(17)30313-3
http://dx.doi.org/10.1001/jamacardio.2017.0747
http://dx.doi.org/10.2174/1381612823666170125154257

