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Abstract

Purpose of Review—Current preventive and treatment guidelines for type 2 diabetes have
failed to decrease the incidence of comorbidities, such as dyslipidemia and ultimately heart
disease. The goal of this review is to describe the physiological and metabolic lipid alterations that
develop in patients with type 2 diabetes mellitus. Questions addressed include the differences in
lipid and lipoprotein metabolism that characterize the dyslipidemia of insulin resistance and type 2
diabetes mellitus. We also examine the relevance of the new AHA/ADA treatment guidelines to
dyslipidemic individuals.

Recent Findings—In this review, we provide an update on the pathophysiology of diabetic
dyslipidemia, including the role of several apolipoproteins such as apoC-111. We also point to new
studies and new agents for the treatment of individuals with type 2 diabetes mellitus who need
lipid therapies.

Summary—Type 2 diabetes mellitus causes cardiovascular disease via several pathways,
including dyslipidemia characterized by increased plasma levels of apoB-lipoproteins and
triglycerides, and low plasma concentrations of HDL cholesterol. Treatments to normalize the
dyslipidemia and reduce the risk for cardiovascular events include the following: lifestyle and
medication, particularly statins, and if necessary, ezetimibe, to significantly lower LDL
cholesterol. Other treatments, more focused on triglycerides and HDL cholesterol, are less well
supported by randomized clinical trials and should be used on an individual basis. Newer agents,
particularly the PCSKQ inhibitors, show a great promise for even greater lowering of LDL
cholesterol, but we await the results of ongoing clinical trials.
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Introduction

Despite current treatment guidelines and prevention campaigns, the incidence and
prevalence of type 2 diabetes mellitus (T2DM) doubled between 1980 and 2012 with further
rises noted in minorities such as Hispanics and African Americans [1]. In the USA in 2014,
the number of newly diagnosed cases of T2DM was approximately 1.4 million [2].

Atherosclerotic cardiovascular disease (ASCVD) is the number one cause of death globally
and accounts for 37% (out of 16 million deaths) of the deaths due to noncommunicable
diseases in those individuals under the age of 70 [3]. ASCVD is the major cause of
morbidity and mortality in people with T2DM [4]; therefore, reducing ASCVD should be a
top priority to reduce mortality and morbidity, improve quality of life, and lessen lifestyle
and economic burdens in individuals with T2DM. Although numerous processes contribute
to ASCVD in diabetes mellitus, this review will mainly focus on the pathophysiology of
dyslipidemia in T2DM, guidelines for the reduction of ASCVD in people with T2DM, and
current treatments to achieve the goals of those guidelines.

Lipoprotein Metabolism and Type 2 Diabetes Mellitus

Understanding normal lipid and lipoprotein metabolism is crucial for the development of
treatment guidelines and pharmaceutical agents that target the dyslipidemia of T2DM.
Lipoproteins are macromolecular complexes consisting of core lipids [mainly triglycerides
(TG) and cholesteryl esters (CESs)], surface phospholipids, free cholesterol, and one or more
apolipoproteins. There are five distinct major classes of lipoproteins: chylomicrons, very-
low-density lipoproteins (VLDL), intermediate-density lipoproteins (IDL may be referred to
as VLDL remnants), low-density lipoproteins (LDL), and high-density lipoproteins (HDL);
these have been defined based on physical characteristics, molecular weight, diameter, and
chemical composition. In addition, surface apolipoproteins provide structural stability and
are important in defining the functions of each class of lipoprotein particles [5, 6]. Although
a detailed description of lipoprotein metabolism is beyond the scope of this manuscript, a
brief overview, together with the abnormalities present in T2DM, is in order (more detailed
reviews of lipid metabolism have been recently published [7, 8]).

In the postprandial state, TG and CE derived from the diet are carried into and through the
circulation on intestinally derived chylomicrons. These very large and buoyant lipoproteins
are assembled in enterocytes in response to absorption of TG and cholesterol and require
apolipoprotein B48 (apoB48), which is a truncated form of apoB100. Active microsomal
triglyceride transfer protein (MTP) to package apoB48 with the neutral core lipids, TG and
CE. The role of chylomicron is to deliver dietary energy, in the form of TG-derived fatty
acids (FA) to adipose tissue and muscles, a process that is mediated by lipoprotein lipase
(LpL). Lipolysis is modulated by apoCll, a required activator, and apoClIl, an inhibitor of
LpL-mediated lipolysis. Other players in this process are apoA5, which can stimulate LpL,
and the angiopoietin-like proteins (angptl3 and angptl4), which can interfere with LpL
activity. After majority of TG is delivered to the adipose tissue and muscle via lipolysis, the
chylomicron remnants that are generated acquire apolipoprotein E (apoE) from HDL
particles. Through the actions of cholesteryl ester transfer protein (CETP), remnants are also
enriched in CEs derived from exchange of core lipids with LDL and HDL. Ultimately,
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chylomicron remnant particles are cleared by the liver through the interactions of apoE with
the hepatic LDL receptors, the LDL receptor-related protein (LRP), and/or cell-surface
heparan sulfate proteoglycans. ApoClIl and CIlI can each modulate chylomicron clearance
into the liver by interfering with the binding of apoE to its receptors [6, 9, 10, 11, 12, 13].
Further lipolysis of chylomicron remnant TG by hepatic lipase (HL) may augment uptake of
the particles by the liver.

In T2DM, which has insulin resistance (IR) as a core abnormality, postprandial lipid and
lipoprotein metabolism are altered. Studies in diabetic animal models have demonstrated
increased intestinal secretion of apoB48-containing lipoproteins, accompanied by increased
expression, mass, and activity of intestinal (MTP) [14] [15, 16, 17]. Similar findings have
been reported in humans with IR/T2DM and seems to be driven both by increased FA levels
in the plasma that are taken up by enterocytes and the insulin-resistant state itself [18, 19].
Thus, there are more possibly smaller chylomicrons entering the circulation after
consumption of a fatty meal by individuals with T2DM, raising the possibility of
competition amongst chylomicron (and VLDL) for LpL [20]. The chance for decreased
efficiency of LpL-mediated lipolysis due to increased numbers of chylomicron T2DM is
exacerbated by modestly decreased LpL activity in IR states and an increase in apoCll|
relative to apoClI levels. Increased apoClIl secretion into the plasma has been demonstrated
in patients with diabetes and hypertriglyceridemia [21, 22], and this may also reduce hepatic
uptake of chylomicron remnants. There have also been reports of alterations in hepatic
heparin sulfate proteoglycans in mouse models of diabetes, potentially further negatively
affecting remnant removal by the liver.

Throughout the day, during both fasting and postprandial states, the liver assembles and
secretes VLDL. The driving force for VLDL secretion is mainly the maintenance of normal
hepatic TG levels, although hepatic cholesterol metabolism also can affect VLDL
production. Three major sources of hepatic TG-FAs can be involved in VLDL assembly:
circulating FAs derived from adipose tissue and taken up by the liver, FAs derived from
chylomicron and VLDL remnants uptake by the liver, and FAs produced from glucose by
hepatic de novo lipogenesis (DNL). Of these three, circulating FAs are by far the major
source of TG-FAs in the liver [23]. IR, with or without T2DM, increases hepatic FA flux to
the liver from the adipose tissue by reducing insulin’s antilipolytic effects on adipocytes.
The importance of FA uptake by the liver for VLDL secretion has been demonstrated in
mice infused with oleic acid bound to albumin [22] and in both mice and humans receiving
lipid emulsions and heparin [24, 25]. Uptake of TG-containing chylomicrons and VLDL can
also stimulate assembly and secretion of VLDL [26, 27]. Finally, in animal models,
increased hepatic DNL stimulates VLDL-TG secretion but, unlike increased uptake of FA or
remnants from the circulation, which stimulates secretion of both apoB and TG, increases in
DNL are associated with secretion of the same number of larger, more TG-rich particles [28,
29]. These findings are consistent with increased rates of DNL in people with T2DM [30]
and increased secretion of the more buoyant and TG-rich VLDL1 subclass in the same group
[31]. In fact, the major factors correlating with secretion of VLDL1 are hepatic fat and
glycemia [32, 33]. Importantly, however, IR/T2DM is also associated with assembly and
secretion of VLDL particles as measured by the secretion rates of apoB100 [31].
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The major role of VLDL is to deliver energy from the liver to the peripheral tissues. It is not
surprising, therefore, that the metabolism of VLDL particles initially parallels that of
chylomicrons (apoB48-containing lipoproteins). Hydrolysis of VLDL TG by LpL is key for
the delivery of VLDL TG-FA to the adipose tissue and muscle, and this process can be
modulated by all the factors that affect chylomicron lipolysis: apoCll, apoClIl, apoA5, and
the angptl proteins [34, 35]. Lipolysis yields smaller, denser VLDL remnants, IDL, and
chylomicrons; the efficiency of lipolysis is, however, impaired in type 2 DM. Hepatic uptake
of VLDL remnants and chylomicron share similar pathways and these are also affected in
insulin-resistant states. HL can further catabolize VLDL-remnant TG, yielding LDL [36].

LDL comprises a heterogenous family of several subclasses defined by differences in their
density, size, chemical composition, and electrical charge [37, 38]. The basis of this
heterogeneity is not completely understood, although hypertriglyceridemia and prolonged
residence time in the plasma of VLDL and IDL appear to lead to a broader spectrum of LDL
particles. CETP-mediated exchange of LDL CE for VLDL or chylomicron TG, resulting in a
TG-enriched and CE-depleted LDL particle that can then undergo lipolysis by LpL or HL,
produces the small, dense, and CE-poor LDL (sdLDL). Thus, in the dyslipidemia of T2DM,
there is an increase in sdLDL, which has been the focus of many epidemiologic studies
indicating its increased association with cardiovascular disease (CVD) risk [39]. However,
since sdLDL is associated with all the other abnormalities of the diabetic dyslipidemia, as
well as the CVD risk factors of IR, including hypertension and obesity, any specific
atherogenic characteristic of sdLDL can be questioned. It is important to note, however, that
for any level of circulating LDL cholesterol, there are more LDL particles (and a higher
apoB concentration) in people with the dyslipidemia of IR/T2DM than in normal subjects,
and all apoB particles are atherogenic [40].

The HDL class is considerably different in structure and function from apoB-containing
lipoproteins. The formation of HDL begins with the ATP-binding cassette transporter Al
(ABCAL) transferring intracellular and plasma membrane free (unesterified) cholesterol to
phospholipid disks with apolipoprotein Al on its surface. This first step in the generation of
mature HDL occurs in both the liver and the intestine, which is the source of about 75% of
circulating HDL [40]. The maturation of HDL results from the conversion of free cholesterol
to CE by the enzyme lecithin:cholesterol acyltransferase (LCAT), which is activated by
apoA-1. CEs move from the surface to the core of the maturing HDL particle, allowing
addition of more free cholesterol to the surface, followed by more CE generation. As HDL
matures, additional free cholesterol can also be added via ATP-binding cassette transporter
G1 (ABCGL1) and scavenger receptor B1 (SRB1), giving rise to mature, CE-rich HDL.
Mature HDL particles can deliver both free and esterified cholesterol to the liver via
interaction with SRB1 [41, 42]. This process has been called reverse cholesterol transport
(RCT); it has yet to be proven, however, that RCT is critical for “clearing” cholesterol from
peripheral tissues, including foam cells in arterial plaques to the liver [42, 43]. Attempts to
alter RCT have, to date, failed in humans.

In the presence of T2DM, multiple factors acting in concert result to lower levels of HDL-C
and apoAl. CETP-mediated exchange of TG for CE in both the fasting and postprandial
states clearly plays an important role. TG enrichment of HDL is followed by lipolysis of TG
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leading to generation of smaller HDL particles from which apoA-I can dissociate [44, 45¢].
The free apoA-I can be filtered through the glomerulus and then taken up and degraded by
renal tubular cells [44]; this increased clearance of apoA-I from the plasma, confirmed by
HDL turnover studies demonstrating increased apoA-1 fractional removal rates, is the
hallmark of low levels of the protein and HDL-C in states of IR and low HDL [44, 46].
Thus, CETP-mediated mechanisms result to less CE in HDL and fewer HDL particles.
However, IR itself lowers HDL levels by pathways that are not fully understood. Recent
studies demonstrated that when hepatic insulin signaling is reduced, apoA-I gene expression
and protein synthesis is decreased by a mechanism involving type 1 deiodinase in the liver
[47]. Increased hydrolysis of HDL phospholipids by HL activity, which is increased in IR/
T2DM, results in disruption of particles with loss of CE and apoA-I. The decrease in HDL
particles available for participation in RCT may be important to the atherogenicity of the
dyslipidemia associated with T2DM [23, 42, 43, 48, 49].

Current Treatment Guidelines

In the setting of multifactorial risk reduction with statins and other lipid-lowering agents,
antihypertensive therapies, and antihyperglycemic treatment strategies, cardiovascular
disease rates are falling, yet remain higher for patients with diabetes mellitus than for those
without [50¢]. Most guidelines have recognized the significantly increased risk of ASCVD
in people with diabetes mellitus, although not necessarily considering them to have CHD
equivalence. In the 2013 American College of Cardiology/American Heart Association
(ACC/AHA) guidelines on the Treatment of Blood Cholesterol to Reduce Atherosclerotic
Cardiovascular Risk in Adults, which markedly altered approaches to lowering LDL-C in
people at risk for CVD in the USA [51], diabetes was considered to be a high-risk category
and treatment with high doses of potent statins recommended for secondary prevention and
moderate- to high-dose treatments for those who have not had an event yet, depending on
overall risk. The recently released 2015 ACC/AHA report [52] suggested that individuals
with diabetes receive moderate-intensity statin therapy for adults 40-75 years, with high-
intensity statin therapy considered for such individuals with a >7.5% estimated 10-year
ASCVD risk or a prior CVD event. In adults with diabetes, who are <40 years of age or >75
years of age or who have a LDL of <70 mg/dL, it was recommended that health providers
evaluate the potential for ASCVD benefits and for adverse effects and drug—drug
interactions and to consider patient preferences when deciding to initiate, continue, or
intensify statin therapy [51]. Similar recommendations have been issued by the European
Atherosclerotic Society (EAS), European Society of Cardiology (ESC) [53], and the
European Association for the Study of Diabetes (EASD) [54]. Based on a recent European
population study, ACC/AHA and ESC prevention guidelines often do not align at the
individual level [55].

Preventive Measures

The development of T2DM is impacted significantly by diet, exercise habits, and weight
control. Therefore, lifestyle interventions are key to any successful treatment program.
Studies such as the Diabetes Prevention Program [56] showed that dietary interventions to
reduce body weight by 6%, together with increased physical activity, can reduce the
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incidence of T2DM in groups with impaired glucose tolerance by up to 58%. There is still
much debate in the field regarding which diet strategy is most effective for both weight loss
and reductions in CV risk, but caloric restriction should be part of any comprehensive
nutritional plan for patients with T2DM. During active weight loss, exact compaosition, other
than reductions in saturated fats, is less important than caloric restriction. During weight
maintenance, people with diabetes need to restrict simple and low-fiber carbohydrates and
should follow a balanced diet with low-sugar fruits, vegetables, fish, and poultry as the
major sources of calories [57]. Salt restriction is also important in this population, where
hypertension is common.

T2DM exert a greater negative impact on several CVD risk factors in women compared to
men and this must be taken into account when treating each gender. This may, at least in
part, account for the greater relative increase in coronary heart disease (CHD) risk observed
in women with T2DM compared with their male counterparts [58, 59, 60, 61].

Glucose-lowering Agents

The effects of glucose-lowering agents on dyslipidemia are beyond the scope of the current
review. Briefly, various treatments have been shown to have modest but positive lipid effects,
including metformin, GLP1 receptor agonists, DPP-4 inhibitors, alfa-glucosidase inhibitors,
colesevelam, and insulin [62¢, 63, 64, 65, 66, 67, 68, 69]. Pioglitazone also has TG-lowering
effects while rosiglitazone can increase TG levels [70]. Sulfonylureas can also have negative
lipid effects [71, 72, 73, 74]. The SGLT2 inhibitors can lower TG and raise HDL but may
also raise LDL-C levels slightly; in the case of empagliflozin, this has been shown to be
mainly due to hemoconcentration [75, 76]. Importantly, recent studies have demonstrated
positive CV outcomes with several antidiabetic agents, including pioglitazone [77],
empagliflozin [78], liraglutide [79], and semaglutide [80] without a clear relationship to
effects on lipid levels.

Lipid-lowering Agents

Statins—Statin therapy is the cornerstone of cardiovascular risk reduction in patients with
T2DM [81] and is considered the first-line treatment for hyperlipidemia in all patients,
including those with diabetes [82]. In a meta-analysis of 14 RCTs which included 18,686
patients with T2DM, statin monotherapy resulted in a 9% reduction in all-cause mortality
and a 21% reduction in the incidence of major cardiovascular incidents per millimole per
liter of LDL lowered [83]. It must be noted that the 2013 AHA/ACC guidelines for the
treatment of cholesterol support the use of statins in several high-risk groups but do not
support additional medications in combination with statins [51]. All other guidelines support
the use of statins to reach targets and/or a 50% reduction in LDL-C, with addition of
nonstatin agents varying by specific guidelines [52]. Statins lower LDL-C by inhibiting
cholesterol biosynthesis, which by reducing hepatic cholesterol concentrations, leads to
upregulation of hepatic LDL receptors and increased LDL particle clearance. In insulin-
resistant individuals with dyslipidemia, statins may also reduce VLDL secretion and may
reduce the hepatic assembly and secretion of apoB-containing lipoproteins. And may also
increase LDL clearance [84, 85, 86].
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There are several agents available for clinical use: lovastatin, fluvastatin, pravastatin,
simvastatin, atorvastatin, rosuvastatin, and pitavastatin. These agents lower LDL-C by 18—
55%, increase HDL-C by 5-15%, and reduce TG levels by 7-30% [84, 86].

A recent joint statement from the American Heart Association and the American Diabetes
Association provided guidelines for those individuals with baseline T2DM and LDL-C
levels less than 100 mg/dL. In these patients, the initiation of statins should be based on risk
and clinical judgment. The committee suggested that in patients over the age of 40 years
with the presence of at least one major CVD risk factor, a statin may be adequate [87].

The MRC/BHF HPS provided strong evidence supporting the benefit of statins in reducing
the risk of CVD in individuals with T2DM and pre-existing occlusive arterial disease [88¢].
In all statin trials, the diabetic subgroup had the most events and the most absolute benefit.

Ezetimibe: This was most recently demonstrated once again in the Improved Reduction of
Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT) [89¢]. This trial supported
the hypothesis that lower LDL cholesterol targets may be important to reduce residual
ASCVD risk in patients with diabetes mellitus and that additional benefit can be achieved
with nonstatin drugs.

Fibrates: Fibrates have been used to lower elevated levels of TG and raise HDL-C levels for
the past four decades. Early studies of fibrate monotherapy to reduce CVD events gave
variable results [90] [91, 92]; there were varying numbers of people with T2DM in those
trials. The two most recent trials with fenofibrate both focused on patients with T2DM. In
the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) trial [93e¢], 9975
individuals with type 2 diabetes mellitus not on statin therapy were randomized to
micronized fenofibrate vs placebo for 5 years. No effect of fenofibrate was seen on the
primary outcome of coronary heart disease death or nonfatal myocardial infarction. In a post
hoc analysis of participants with HDL-C <40 and TG >200 mg/dL, there was a 27%
reduction in the primary endpoint in the group receiving fenofibrate. This group comprised
approximately 20% of the FIELD population of the entire study population [94].

The Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial was a double 2 x 2
design to test standard vs intensive glycemic control [95], standard vs intensive blood
pressure control [96], and fenofibrate vs placebo on a background of simvastatin therapy
[97]. None of the three studies were positive; fenofibrate plus simvastatin did not lower the
annual rate of the primary composite outcome of major adverse cardiovascular events
(nonfatal myocardial infarction, nonfatal stroke, or death from cardiovascular causes)
compared to placebo plus simvastatin. However, a prespecified subgroup analysis [97] of
patients defined as having dyslipidemia with TG levels in the upper tertile (>204 mg/dL) and
HDL-C levels in the lower tertile (<34 mg/dL) had 29% fewer events than those without
dyslipidemia. The dyslipidemic group comprised 17% of the total participants.

Importantly, post hoc analyses of the Helsinki Heart Study and the Bezafibrate Infarction
Prevention Trial both showed marked benefits in groups with baseline TG levels greater than
200 mg/dL with or without low HDL-C levels. A study with a new fibrate, permafibrate, is
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just starting and will enroll 10,000 participants all with TG levels >200 mg/dL and HDL-C
<40 mg/dL. It will take several years to see the results.

Niacin: The discovery that niacin lowered cholesterol occurred over 60 years ago and in the
1970s, the Coronary Drug Project Niacin Arm showed a significant reduction in CVD events
in men who had already survived events. In the ensuing years, niacin was used for treatment
of hypertriglyceridemia and low HDL-C; in fact, it was the most potent HDL-raising drug
available. 1t was also a mainstay of the treatment of patients with familial
hypercholesterolemia in the prestatin era. Niacin has many side effects that are annoying but
harmless (flushing, itching) but can also be hepatotoxic and can worsen pre-existing diabetes
or convert individuals with prediabetes to full diabetes. Two recent studies, in which niacin
was added to statin therapy, failed to show benefit over statin alone and confirmed the
diabetogenic effects of niacin.

Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/High Triglycerides
and Impact on Global Health Outcomes (AIM-HIGH) [4] evaluated addition of niacin to
intensive statin therapy (simvastatin plus ezetimibe if needed to maintain LDL of 40-80
mg/dL) in 3414 patients with established cardiovascular disease and low HDL cholesterol
(median baseline HDL cholesterol of 35 mg/dL [0.91 mmol/L]). One third of the patients
enrolled in the study had diabetes mellitus. No difference in the primary composite endpoint
was observed despite increased mean HDL cholesterol from 35 to 42 mg/dL (0.91-1.09
mmol/L), lowering triglycerides from 164 to 122 mg/dL (1.85 to 1.38 mmol/L), and
lowering LDL cholesterol from 74 to 62 mg/dL (1.92 to 1.61 mmol/L). The trial was
stopped 18 months early, after a mean follow-up period of 3 years, for a lack of efficacy and
an unexpected higher rate of ischemic strokes in the niacin group.

In the Heart Protection Study 2—Treatment of HDL to Reduce the Incidence of Vascular
Events (HPS2-THRIVE) [98], investigators included >8000 patients with diabetes mellitus
(32.3% of the total study population) and compared extended-release niacin vs placebo on a
background of statin therapy in high-risk patients with a previous vascular disease. No
clinical benefit with niacin was observed in this population; likewise, the study was stopped
early because of a significant increase in diabetes.

CETP Inhibitors: As described earlier, CETP plays a major role in the regulation of plasma
HDL-C levels. Based on the knowledge that rodents, who lack CETP, have almost all their
cholesterol in HDL and are resistant to atherosclerosis, and a small number of individual
lacking CETP also have very high HDL-C levels, inhibition of (CETP) activity became a
target for the pharmaceutical companies. Blocking the transfer of HDL-C to apoB
lipoproteins was hypothesized to drive RCT more efficiently, avoiding the return of HDL-
derived cholesterol to the arterial plaque by remnants and LDL. This could offer particular
benefit to individuals with the IR/T2DM dyslipidemia, where increased TG-rich apoB
lipoproteins stimulate CETP-mediated transfer of CE out of HDL [99, 100, 101, 102¢¢].
Unfortunately, to date, three trials with CETP inhibitors (Illuminate [103], dal-Outcomes
[104], and Accelerate [105¢¢]) have failed and only one (Reveal; Randomized Evaluation of
the Effects of Anacetrapib through Lipid-modification, ClinicalTrials.gov Identifier:
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NCT01252953) remains active. Thus, it remains to be demonstrated if raising HDL-C by
inhibiting CETP will decrease the risk of CVD events [106].

PCSK9 Inhibitors: Serum proprotein convertase subtilisin kexin type 9 (PCSK?9) binds to

low-density lipoprotein receptors and targets them to the lysosome, along with LDL, instead
of allowing them to recycle efficiently. This results to fewer LDL receptors on the surface of
cells, particularly the liver, increasing serum LDL-C [107]. In response to a rapid series of
preclinical studies (Horton; Seidah review) and population genetics (Cohn NEJM,;
Copenhagen), several companies developed monoclonal antibodies that bind PCSK9 in the
circulation, rendering them unable to bind to the LDL receptor. Two fully human
monoclonal antibodies to PCSK9, evolocumab and alirocumab, have shown the ability to
reduce LDL levels between 50 and 70% in short-term studies [108<+] and were approved by
the FDA and the EMA. Secondary analyses of the OSLER and ODYSSEY LONG TERM
studies published in 2015 demonstrated early evidence of improving patient outcomes by
reducing the rate of major adverse cardiovascular events (MACE) compared to standard
statin therapy [109e, 110¢]. These studies raise optimism regarding several large CVD
outcome studies now under way. Other monoclonal antibodies are being studied as are
siRNAs and antisense molecules. As diabetics remain at the highest risk for having recurrent
events, even on optimal lipid-altering therapies, the potency of the PCSK9 inhibitors may be
a major advance in the treatment of individuals with T2DM.

Possible Future Treatments: Although detailed reviews of drugs in development are
beyond the scope of this report, it is worth mentioning those with special relevance to
individuals with IR/T2DM briefly. An antisense against apoClIl is in Phase 2-3 trials and
has shown promise both in lowering plasma TG levels and in improving insulin sensitivity
[111-]. 8-Hydroxy-2,2,14,14-tetramethylpentadecanedioic acid (ETC-1002) is a small
molecule shown to modulate pathways of cholesterol, fatty acid, and carbohydrate
metabolism in preclinical studies. In a single-center, double-blind, and placebo-controlled
trial in 60 patients with T2DM, ETC-1002 monotherapy reduced total cholesterol, non-
HDL-C, and LDL-C significantly compared with placebo but with no significant effect on
triglyceride concentration or glycemia [112]. Saroglitazar, a dual proliferator-activated
receptor-alpha/gamma agonist, which was approved in India in 2013, reduced plasma
triglycerides, total cholesterol, non-HDL-C, VLDL cholesterol, HbA, and fasting glucose
levels in patients with T2DM [113]. Bariatric surgery may also improve some of the
metabolic disturbances associated with T2DM.

Conclusions

Although several very recent studies indicate that glucose control, at least with some agents
(repeat the four NEJM refs above) can provide protection from cardiovascular disease in
patients with T2DM, these patients are still at increased risk. This population should have a
comprehensive plan that includes lifestyle modifications and management of dyslipidemia
with the goal of decreasing plasma LDL-C and apoB with statins and possibly ezetimibe
[114ee]. There are residual risks that remain after optimal statin therapy that may be
addressed by adding treatments that elevate HDL and reduce TG levels such as fibrates and
niacin, although proof that these agents reduce CVD is limited. Novel treatments are on the
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horizon; we await the outcome data of the ongoing studies on the effects of CETP and
PCSKQ inhibition [115].
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