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Abstract

Diabetic dyslipidemia is a cluster of lipoprotein abnormalities characterized by
increased triglyceride level, decreased high-density lipoprotein-cholesterol levels
and increase in small dense low-density lipoprotein (LDL) particles. It is
extremely common in type 2 diabetes (T2DM) affecting around 70 % of patients.
Diabetic is a significant risk factor for atherosclerotic cardiovascular disease
(ASCVD) which is the most common cause of death in the United States and
LDL-cholesterol is the number 1 predictor of ASCVD events in T2DM. The
purpose of this review is to discuss the pathophysiology and treatment of
diabetic dyslipidemia. In this review, we have discussed both non-
pharmacological and pharmacological treatment modalities including major
treatment trials which have impacted the cardiovascular outcomes in patients
with diabetes. Statin therapy is the mainstay of treatment to reduce ASCVD by
decreasing LDL-C by 30%-49% or at least 50% depending on risk level. Attractive
adjunctive therapies include Ezetimibe which is more cost effective and PCSK9
inhibitors which display potent LDL-cholesterol lowering and ASCVD event
reduction. For severe hypertriglyceridemia, to avert the risk of pancreatitis, both
fish oil and fenofibrate in concert with diet is the best strategy.

Key words: Diabetes; Dyslipidemia; Statins; Atherosclerosis; Ezetimibe; PCSK9

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Atherosclerotic cardiovascular disease (ASCVD) is the major cause of mortality
in diabetes. Low-density lipoprotein (LDL)-cholesterol lowering with statins reduce
ASCVD and is the mainstay of therapy. Also, both ezetimibe and PCSK9 inhibitors are
useful strategies when statins cannot be tolerated or the LDL-cholesterol goal is not
achieved.
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INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) is the commonest cause of death in
the United States and western world™. It claims around 2300 lives in the United States
every day!. Diabetes is a significant risk factor for ASCVD and it is the leading cause
of mortality. Diabetic patients are 2-4 times more likely to die from ASCVD as
compared to non-diabetic patients. The rapidly increasing burden of diabetes from
108 million in 1980 to 442 million in 2014 poses a significant threat globally'.

Diabetes can cause microvascular complications (retinopathy, neuropathy,
nephropathy) and macrovascular complications (ASCVD) manifesting as coronary
artery disease, stroke and peripheral arterial disease)®. Dyslipidemia in diabetes is
common and is characterized by hypertriglyceridemia (HTG) with decreased levels of
high-density lipoprotein (HDL)-cholesterol. Whilst low-density lipoprotein (LDL)-
cholesterol levels are usually not elevated there is a preponderance of small dense
LDL particles which appear to be more atherogenic‘l. Furthermore, there is an
increase in particle number as evidenced by increased apolipoprotein B levels and
non-HDL-cholesterol levelst™.

The 2 major sequelae of diabetic dyslipidemia are premature ASCVD from the
elevated apolipoprotein B carrying particles and pancreatitis with severe HTG > 1000
mg/dL.

PATHOPHYSIOLOGY

Dyslipidemia is very common in type 2 diabetes (T2DM) mellitus affecting around
72%-85% patients!’l.

The exact mechanism of lipoprotein abnormalities in diabetes is not very well
understood. Insulin resistance, rather than hyperglycemia, has been implicated in the
pathogenesis of diabetic dyslipidemia because lipoprotein changes including an
increase in triglycerides (TG), increase in VLDL particles, small dense LDL particles
and a decrease in HDL level have been shown in patients with impaired fasting
glucose and impaired glucose tolerance and T2DM!**l.

Lipoprotein abnormalities in diabetes can be divided into quantitative and
qualitative. Quantitative changes include an increased triglyceride level and
decreased HDL-C level. Qualitative changes include an increase in small dense LDL
particles and large very-LDL sub fraction (VLDL1) that predisposes to the formation
of small dense LDL particles!’.

HTG occurs due to both increased production and decreased clearance, and it is the
most common abnormality of diabetic dyslipidemia.

Insulin resistance causes increased production of VLDL. VLDL can be further
divided into large VLDLI1 (triglyceride-rich) and small, dense VLDL2.

Insulin resistance causes an increase in VLDL1 levels which worsens HTGI1.

In addition to increased secretion of VLDL, there is decreased clearance of VLDL
due to decreased hepatic uptake and impaired activity of lipoprotein lipasel””'.

HTG increases the activity of cholesterol ester transfer protein which leads to
transfer of triglyceride to HDL and LDL from triglyceride-rich lipoprotein!"!l. This
causes an increase in the TG content of HDL and LDL.

Small dense LDL particles are more prone to post-secretory modifications such as
glycation and oxidation and permeate the intima more easily where they are trapped
by proteoglycans!®’l. Thus whilst the LDL-cholesterol level is not overly increased
there is an increase in the more atherogenic small dense LDL particles. In addition
there is an increase in chylomicron and VLDL remnant particles in T2DM which are
also atherogenicl’'?l.

DIABETIC DYSLIPIDEMIA AND CARDIOVASCULAR
DISEASE
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Epidemiological studies have shown a correlation between increased TG level and
cardiovascular disease (CVD), and recent studies have established a cause and effect
relationship between TG rich lipoproteins and CVD wvia mutations in apolipoprotein
C3[H,J ]].

The role of HDL in CVD is unclear. Studies have shown an inverse relationship
between HDL and CVDI"”l. However as will be discussed under therapy there is no
benefit to raising HDL-cholesterol in T2DM with niacin therapy!"l.

LDL-cholesterol has been the primary predictor of CVD. Multiple studies have
shown a strong relationship between LDL and CVD. In diabetes, LDL concentration
may or may not be increased, but there is an increase in the concentration of small
dense LDL particles which are considered more atherogenic than large LDL
particles®”'7l. Also, in the UKPDS study, Turner et all'® showed that LDL-cholesterol
was the number 1 predictor of ASCVD risk in T2DM following adjustment for both
age and sex['’l.

TREATMENT TARGETS BASED ON GUIDELINES

Treatment strategy has significantly changed over the last two decades, but LDL-
cholesterol has remained the cornerstone of treatment.

In 2013 the American College of Cardiology (ACC)/American Heart Association
(AHA) published guidelines for the management of cholesterol to reduce ASCVD.
These guidelines recommended using high, moderate or low-intensity statins
depending upon the 10-year CV risk score and presence or absence of ASCVD. These
guidelines did not recommend specific cholesterol targets. The ACC/AHA
recommended that any patient with diabetes mellitus type 1 or 2 aged 40-75 should be
treated with moderate intensity statins with a goal reduction in LDL-C of 30%-49%.
High-intensity statins were recommended if the 10- year CV risk score is 2 7.5% or if
ASCVD was present with a target LDL-C reduction of > or equal to 50%!""\.

In 2017 American Association of Clinical Endocrinologists guidelines categorized
diabetic patients as high, very high and extreme risk patients for CVD. It
recommended that patients with high risk [> 2 risk factors and 10 year risk 10%-20%,
or chronic kidney disease (CKD) stage 3-4 with no other risk factors], very high risk
[established acute coronary syndrome (ACS) or recent hospitalization for ACS,
peripheral arterial disease, carotid, coronary artery disease, 10-year risk > 20%, CKD
stage 3-4 with 1 or more risk factors, heterozygous familial hypercholesterolemia],
extremely high risk (progressive ASCVD, coronary artery disease with CKD stage 3-4,
diabetes or heterozygous familial hypercholesterolemia, history of premature ASCVD
in female with age < 65 or males with age < 55 years) should be treated for LDL
targets of <100, <70 and < 55 mg/dL respectively®.

The American Diabetes Association 2019 guidelines recommend that all diabetic
patients with ASCVD or patients with a 10-year atherosclerotic cardiovascular risk >
20% should be treated with high-intensity statins (goal of 50% reduction in LDL-
cholesterol) in addition to lifestyle modification”'l. Diabetic patients aged < 40 with
additional atherosclerotic cardiovascular risk factors (LDL-C = 100 mg/dL,
hypertension, CKD, smoking, albuminuria and FH of premature ASCVD) , diabetic
patients age 40-75 years without ASCVD or 10 year ASCVD risk < 20% and diabetic
patients > 75 years old should be treated with moderate intensity statins with a goal of
30%-49% LDL-C reduction!™.

Most recently, the new ACC/AHA guidelines were published”. Diabetes was
defined as a high risk condition for ASCVD. In addition they provided diabetes
specific Risk Enhancers which included: Diabetes duration of >10 years in T2DM and
>20 years duration for TIDM, Albuminuria > 30 mg/G creatinine, an estimated GFR
< 60 mL/min /1.73m? retinopathy, neuropathy and an ankle-brachial index (ABI) <
0.9. In adults 40-75 years with diabetes regardless of 10-year risk initiate moderate
intensity statin. In adults with diabetes with ASCVD or multiple ASCVD risk factors it
is reasonable to prescribe high intensity statin to lower LDL-C by 50% or more. In
adults > 75 years on a statin it is reasonable to continue statin therapy. In adults 40-75
years old with LDL-C between 70-189 mg/dL without ASCVD the 10-year risk should
be assessed using the age and race based robust pooled cohort equation (PCE) which
uses age, smoking, hypertension, serum cholesterol, HDL-C, and presence or absence
of diabetes to compute the 10-year risk”. If the risk is 20% or higher, then therapy
should aim for an LDL-C reduction of 50% or greater. In diabetics between 20-39
years of age it is reasonable to institute moderate intensity statin therapy if the
following are present: T2DM with duration > or equal to 10 years, TIDM with
duration > or equal to 20 years, albuminuria > 30 mg/G creatinine, e-GFR < 60
mL/min, retinopathy, neuropathy, ABI < 0.9,
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Since the occurrence of a first ASCVD event in diabetic patients 40-75 years old is
associated with increased morbidity and mortality compared to non-diabetic patients
high intensity statin therapy is reasonable as they age ( men > 50 and women > 60
years) or develop the risk modifiers including T2DM with duration > or equal to 10
years, TIDM with duration > or equal to 20 years, albuminuria > 30mg/G creatinine ,
e-GFR < 60 mL/min, retinopathy, neuropathy, ABI < 0.9%?. Also, it is prudent to
consider statin therapy in diabetic patients > 75 years taking into account side effects
and co-morbidities and the life span of the patient.

THERAPEUTIC STRATEGIES

Diabetic dyslipidemia treatments can be divided into non-pharmacological and
pharmacological. Non-pharmacological treatment includes medical nutrition therapy,
weight loss, and physical activity.

Diabetic patients should increase the intake of plant stanols/sterols, viscous fiber
(legumes, citrus, oats), n-3 fatty acids and decrease the intake of saturated and trans-
fatty acids. American Diabetes Association recommends the Mediterranean diet or
DASH (Dietary Approaches to Stop Hypertension) diet!**.

Tree nuts, peanuts, grains are a good source of unsaturated fat, and decrease
cholesterol, blood pressure and risk of CVD and diabetes.

Consumption of a walnut-rich diet in a randomized study showed improvement of
non-HDL cholesterol and apolipoprotein B*l. An epidemiological association
between nut consumption and decrease death due to CVD and overall mortality has
been shown but randomized clinical trial data is still lacking!*!.

Around a 5% reduction in body weight is associated with improvement in lipid
profile, insulin resistance and glycemic control™!. Weight loss decreases triglyceride
level, raises HDL-C levels and can also improve blood pressure!”l. Even though
weight loss was shown to improve multiple risk factors, such as hemoglobin A1C and
blood pressure, the Look AHEAD study did not show improvement in the
cardiovascular events (CVE) after long term weight loss with intensive lifestyle
changel™, indicating the need for pharmacotherapy along with lifestyle modification
to reduce ASCVD™L,

Pharmacological therapy includes statins, cholesterol absorption inhibitors, niacin,
fibrates, bile acid sequestrants (BAS), PCSK9 inhibitors and omega-3 fatty acids®’. The
drugs that effectively and safely lower LDL-cholesterol are depicted in Table 1.

Statins

Statins inhibit 3-hydroxymethylglutaryl coenzyme A which is a rate-limiting step in
the synthesis of cholesterol in the liver. Statins are used for primary and secondary
prevention of CVD and stroke. Decreased cholesterol level in the liver leads to an
upregulation of LDL receptors which leads to a decrease in plasma LDL cholesterol®.
In addition to the decrease in LDL cholesterol, statins lower the level of TG and
increase the level of HDL-cholesterol™.

Statins also have pleiotropic effects and have been shown reduction of hsCRP and
other markers of inflammation that help to stabilize plaque, improve endothelial
function and decrease vascular inflammation and oxidative stress”’’!l. Statins are
divided into high-intensity (atorvastatin 40-80 mg, rosuvastatin 20-40 mg) which can
decrease LDL- C by approximately 50% or more; moderate-intensity (Atorvastatin 10-
20 mg, rosuvastatin 5-10 mg, simvastatin 20-40 mg, pravastatin 40 mg, lovastatin 40
mg, Fluvastatin 80 mg, pitavastatin 2-4 mg) which can decrease LDL-C by
approximately 30%-50% ; and low-intensity (Simvastatin 10mg, Pravastatin 10-20 mg,
Lovastatin 20 mg, Fluvastatin 20-40 mg, Pitavastatin 1 mg) which decrease LDL-C by
<30%!",

Trials have shown a reduction of CVE in diabetic patients with use of statins
including the Heart Protection Study which reported a 22% reduction in CVE
including ischemic stroke”” and The Collaborative Atorvastatin Diabetes Study!*
which reported a 37% reduction in the primary end point of CVE also including
ischemic stroke. Meta-analysis of 14 randomized clinical trials including over 18000
patients showed statin therapy reduced CVE by 21% and vascular mortality by 13%
for every 39 mg/dL decrease in LDL-C during an average follow up of 4.3 years* .

Statins can cause side effects but are well tolerated in general. Myalgia is the most
common side effect, affecting 5%-10% patients*’l. Statin-induced necrotizing
autoimmune myopathy and rhabdomyolysis are rarel*. Risk factors for myopathy
include age, female sex, low BMI, high risk medications such as azole antifungals,
macrolides, protease inhibitors, cyclosporine, fibrates, nicotinic acid, renal disease,
Asian descent, excess alcohol intake, traumal'**’. Statins can also cause new onset

Raishidengs  WJD | https://www.wjgnet.com 283 May 15, 2019 | Volume10 | Issue5 |



Jialal I et al. Treating diabetic dyslipidemia

Table 1 Summary of low-density lipoprotein-cholesterol lowering medications

Drug class Mechanism of action Clinical eficacy Adverse reactions
Statins Inhibition of HMG coenzyme A Highly effective Myalgia, myositis, rhabdomyolysis,
Reductase elevation in liver enzymes, new onset
diabetes
Ezetimibe Decrease intestinal cholesterol Moderately effective; Safe addition to Worsening of liver function,
absorption by binding to Niemann- statin therapy myopathy or rhabdomyolysis if
Pick Cl-like 1 protein added to statins; Nasopharyngitis,
diarrhea, upper respiratory tract
infection
PCSK9 inhibitors Inhibition of Proprotein Convertase  Very highly effective in combination Injection site reaction including
Subtilisin/Kexin Type 9 with statin therapy itching, swelling, erythema and pain
Bile acid sequestrants Bind bile acids in the small intestine Moderately effective, safe addition to Constipation, abdominal pain,
and prevent reabsorption statin therapy, not desirable if bloating, drug malabsorption

triglycerides are > 300 mg/dL

HMG: Hydroxymethylglutaryl; PCSK9: Proprotein convertase subtilisin/kexin type 9.

diabetes; the exact underlying mechanism is not clear. The JUPITER (Justification for
the use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin) trial
was the first trial to show an increased risk of diabetes. In this trial the risk of diabetes
in the rosuvastatin group was increased by 0.6% compared to placebo group!”. The
risk is higher with higher doses and in patients with Metabolic syndrome, BMI > 30
and Alc > 6% The benefits of reducing CVE far outweigh the low risk for diabetes
which can be prevented with diet and exercise.

Cholesterol absorption inhibitors (Ezetimibe)

Ezetimibe decreases cholesterol level by inhibiting intestinal absorption of cholesterol.
It is used in combination with statins to achieve significant LDL-C reduction, or in
patients who are not able to tolerate the required dose of statins.

In the IMPROVE-IT trial, 18144 patients with the ACS and LDL cholesterol between
50-125 mg/dL were randomized to simvastatin 40 mg with ezetimibe 10 mg or
simvastatin 40 mg with placebo. During a median follow up of 6 years, patients who
received simvastatin and ezetimibe had a significant reduction in LDL cholesterol
compared to the simvastatin only group, 54 mg/dL vs 70 mg/dL respectively™*.
There was 6.4% reduction in the primary composite endpoint (myocardial infarction,
cardiovascular death, coronary revascularization in 30 d, hospitalization for unstable
angina, and stroke) demonstrating the additional benefit of adding ezetimibe to a
statin™l. More importantly in the patients with diabetes (27% of patients) there was a
greater benefit on the primary end point with a 14% risk reduction. The combination
of ezetimibe and simvastatin has been showed to decrease the risk of recurrent
ischemic stroke when compared with simvastatin in patients with T2DM!!
underscoring the importance of ezetimibe in diabetic patients with CVD.

Fibrates

Fibrates include bezafibrate, gemfibrozil, ciprofibrate, and fenofibrate. Fibrates
activate nuclear peroxisome proliferator-activated receptor alpha which causes a
reduction in triglyceride level by stimulating lipoprotein lipase activity. Fibrates can
decrease fasting plasma triglyceride level by 30%-50% and can also decrease
postprandial lipemia by decreasing the synthesis of fatty acids. Fibrates increase HDL
level by upregulation of apoA-1 and A-II'". Fibrates have also been shown to decrease
small dense LDL level in some studies!*!l.

In the Veterans Affairs High-Density Lipoprotein Cholesterol Intervention trial,
gemfibrozil compared to placebo resulted in a 31% reduction in TG, 4% reduction in
cholesterol and a 6 % increase in HDL-cholesterol. Nonfatal myocardial infarction or
death from coronary artery disease was decreased by 4.4%!"” in these patients with
ASCVD and low HDL-cholesterol. However, these patients did not have a high-risk
LDL-C and did not appear to receive statin therapy.

The Fenofibrate Intervention and Even Lowering in Diabetes (FIELD) study
evaluated the effect of treatment with fenofibrate in reducing macrovascular and
microvascular complications in 9795 patients with T2DM. After 5-year follow-up
period, treatment with fenofibrate was associated with no significant reduction in the
primary end point!*l.

Also, in the ACCORD trial, a combination of simvastatin and fenofibrate in 5518
patients with T2DM, did not decrease the rate of nonfatal myocardial infarction, fatal
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CVE or nonfatal stroke compared to simvastatin only groupt.

Fibrates are metabolized in the kidney and should be avoided or used with caution
in patients with CKD. The combination of gemfibrozil and statin predisposes to a
greater risk for myopathy as is essentially contra-indicated.

The major indication of fibrates is to reduce TG in patients with very high TG at
risk for pancreatitis. This diabetic HTG has been reviewed by the principal author!*.
Briefly, in patients with severe HTG > 1000 mg/dL, secondary causes such as excess
alcohol intake, drugs (steroids, oral estrogen, protease inhibitors etc.,) and kidney
disease should be ruled out. In these patients in addition to good glycemic control and
reduction in fat and total calories in the diet, fibrates and or fish oils 4 g/d therapy
needs to be initiated to lower TG levels < 500 mg/dL to avert the risk of pancreatitis.

Niacin

Niacin is a very potent drug for increasing HDL-cholesterol levels. Niacin also lower
TG and LDL-cholesterol. However, the combination of statin and niacin did not show
any additional cardiovascular benefit when compared with statin alone.

The AIM- HIGH trial did not show any cardiovascular benefit after adding niacin
in high-risk patients who were already receiving simvastatin and ezetimibel'’l. Heart
Protection Study 2- Treatment of HDL to Reduce the Incidence of Vascular Events
(HPS2-THRIVE) randomized 25673 patients with atherosclerotic vascular disease to
receive niacin/laropiprant versus placebo. The treatment group did not show any
cardiovascular benefit but there was a significant increase in new onset diabetes,
bleeding and infections*! No guidelines recommend niacin-statin combination
therapy in patients with diabetes and patients with ASCVD since there is the potential
for harm with no benefit.

Proprotein Convertase Subtilisin/Kexin Type 9 inhibitors

Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK 9) inhibitors Alirocumab and
Evolocumab are very potent drugs and can decrease LDL-C significantly when used
as monotherapy or in combination with statins. PCSK9 inhibitors by binding PCSK9
prevents PCSK9 from binding LDL receptors and targeting them for intrahepatic
lysosomal degradation. The leads to increased expression of LDL receptors causing a
reduction in LDL-C level™l. These are given as subcutaneous injections every 2-4 wk.

PCSKO9 inhibitors are indicated in patients with ASCVD who are on maximum
tolerated statin therapy with or without ezetimibe but have LDL-C = 70 mg/dL or
non-HDC = 100mg/dL. They are also indicated in patients with LDL > 190 mg/dL
with underlying homozygous familial hypercholesterolemia or heterozygous familial
hypercholesterolemial’l.

In 2015, ODYSSEY long term trial enrolled 2341 adults who were at high risk for
CVE due to history of established coronary artery disease or had presence of
Heterozygous Familial Hypercholesterolemia, or coronary risk equivalent states
(ischemic stroke, peripheral arterial disease, moderate CKD with GFR 30-59 or
diabetes mellitus with two additional risk factors). These subjects had LDL-C level >
70 mg/dL despite being on maximum tolerated dose of statin and were randomized
to receive alirocumab 150 mg or placebo. Alirocumab therapy decreased LDL-C from
122.8 mg/dL to 53 mg/dL at 48 mo*l.

In ODYSSEY outcomes trial, use of alirocumab was studied in patients who have
had ACS. This was a randomized, multicenter, double blind, placebo control trial of
18924 patients who had an episode of ACS with in last 1-12 mo. These patients had an
LDL-Cholesterol level of at least 70 mg/dL, an apolipoprotein B level of at least 80
mg/dL or a non-HDL cholesterol level of at least 100 mg/dL. These patients were
already receiving maximum tolerated dose of statin or high intensity statin and were
randomized to receive alirocumab 75 mg subcutaneously or placebo. After follow up
2.8 years there was a 15% reduction in the primary end point (composite of death
from coronary heart disease, fatal or nonfatal ischemic stroke, nonfatal myocardial
infarction or unstable angina requiring hospitalization), P < 0.0011*). Diabetic patients
comprised 29% of the cohort and appear to have accrued a benefit but this was not
detailed.

OSLER-1 and OSLER-2 evaluated the PCSK9 inhibitor Evolocumab. 4465 patients
were randomly assigned in a 2:1 ratio to receive Evolocumab with standard therapy
or standard therapy alone. Evolocumab decreased LDL-C from a median of 120
mg/dL to 48 mg/dL (61% reduction) as compared to standard therapy alone.

PCSK9 inhibitors induce atheroma regression and decrease atheroma volume. In
the Glagov randomized clinical trial, 968 patients were randomized to receive
Evolocumab 420 mg subcutaneous injection monthly or placebo. Evolocumab
decreased percent atheroma volume by 0.95% and total atheroma volume decreased
by 5.8 mm[!l.

In FOURIER trial 27564 patients with ASCVD and LDL level = 70 mg/dL while
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being on maximally tolerated statin were randomized to evolocumab subcutaneous
injection (140 mg every 2 wk or 420 mg every mo) or placebo. At 48 wk, the mean
percent reduction in LDL-C was 59% in the treatment group compared to placebo
with an achieved LDL-C of 30mg/dL. There was a 15 % relative risk reduction in the
primary end -point (composite of cardiovascular death, stroke, myocardial infarction,
coronary revascularization and hospitalization from unstable angina), P < 0.001F..
There was no increase in new onset diabetes. In a subsequent report in the 11031
diabetic patients they also showed a significant risk reduction in the above composite
primary end point of 17%, P = 0.0008. There was no increase in new onset diabetes or
any deleterious effect on glycaemia. However this was a study in diabetic patients
with ASCVD so the role of PCSK9 inhibitors in primary prevention of ASCVD in
diabetics remains unknown®.

PCSK9 inhibitors are very expensive with the annual cost of > $145000°* which is
more than 100 times higher than generic statin and can be a significant economic
burden even in developed countries. These drugs are well tolerated, but the patient
can develop an injection site reaction.

BAS

Bile acids are the end product of cholesterol catabolism. Cholestyramine, colestipol,
and colesevelam are commonly used BAS. These bind to bile acid in the intestinal
lumen and decrease their enterohepatic circulation which leads to increased
production of bile acid in the liver causing a decrease in cholesterol level.

Use of cholestyramine in men over the long term has been shown to decrease total
cholesterol and LDL cholesterol level by 13.4% and 20.3% respectively and also to
decrease coronary heart disease by 19% when compared to placebo™. Hence, they are
a useful adjunct to statins in reducing LDL-C further. They are contra-indicated if TG
levels are > 400 mg/dL since they can increase the risk of pancreatitis*’l.

Multiple studies have shown improved glycemic control with colesevelam in
T2DM and hence they have the benefit of reducing both LDL-C and HbA1C levels,
however there is no data to support further reduction in CVEP‘.

Omega-3 fatty acids

Omega-3 fatty acids are used as add on therapy to reduce triglyceride level. Omega-3
fatty acid formulations contain eicosapentaenoic acid (EPA) and docosahexaenoic
acid.

Sub-analysis of the Japan EPA Lipid intervention trial showed that treatment with
EPA of patients with impaired glucose metabolism and hypercholesterolemia resulted
in a 22% reduction in coronary artery disease incidence compared to normoglycemic
patientstl. However, in the ORIGIN trial, the use of omega-3 fatty acids (1.0 g/d) did
not show cardiovascular benefit compared to placebo in patients with impaired
glucose tolerance, diabetes or impaired fasting glucose™.

Recently, Cardiovascular Risk Reduction with Icosapent Ethyl for Hy-
pertriglyceridemia (REDUCE-IT), double-blind, randomized multicenter, placebo
control trial of 8179 patients with established CVD or diabetes and other risk factors
was published. In this study, patients were already being treated with statins and had
a fasting TG level of 135-499 mg/dL and LDL- cholesterol level between 41-100
mg/dL. They were randomized to receive either a total daily dose of 4 mg icosapent
ethyl or placebo. The primary endpoint was a composite of cardiovascular death,
nonfatal stroke, nonfatal myocardial infarction, coronary revascularization or unstable
angina with a median follow-up of 4.9 years. There was a 25 % reduction in the
primary end point with icosapent ethyl versus placebo, P < 0.001"l. Diabetics
constituted around 58% of the patients and they appeared to accrue a similar benefit
to non-diabetics. There was also a decrease in total mortality of 13% but an increase in
hospitalizations for atrial fibrillation or flutter. However, before we can make any
serious recommendations for diabetics, we need to see the publication in the diabetic
sub-group but it could emerge as first line therapy for severe HTG and an adjunct to
statins in patients with ASCVD and increased TG. Interestingly in the primary
prevention cohort including diabetics there appears to be no significant benefit:
Hazards Ratio of 0.88 (0.7-1.10).

CONCLUSION

Diabetic dyslipidemia is a prevalent condition and patients with diabetic
dyslipidemia are at particularly high risk for ASCVD. For the majority of patients’
statin therapy in concert with therapeutic life style changes remain first line. There
are, however, many other lipid lowering medications available to treat individuals
who do not attain LDL-C goals on statins such as ezetimibe and PCSK9 inhibitors.
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could also become another adjunctive therapy in diabetics with ASCVD.
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