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Drugs used to treat Hyperlipidemia I & II 
 
Date:  Tuesday, September 30th, 2014 – 8:30 am – 10:30am 
  
Relevant reading: Pharmacology: Examination & Board Review. A.J. Trevor, 9th 
Edition, p307-314 
Basic and Clinical Pharmacology. B.G. Katzung, 12th Edition, p605-617 
 
 
Key Concepts and Learning Objectives 
At the end of the lecture the learner will be able to: 
 
1. List the presently accepted values for desirable, borderline and high serum LDL-
cholesterol, HDL and triglyceride levels. 
 
2. List the therapeutic serum lipoprotein goals for patients with varying degrees of 
cardiovascular risk 
 
3. List the principal indications, clinical uses and contraindications for each of the major 
classes of hypolipidemic drug agents 
 
4. Describe the mechanism of action for each of the major classes of hypolipidemic drug 
agents and their principal therapeutic effects on the serum levels of LDL, HDL and 
triglycerides 
 
5. List the major adverse effects for each of the major classes of hypolipidemic drug 
agents 
 
6. Describe the effects of clinically relevant drug interactions on the serum concentration 
of the statin class of hypolipidemic drug agents and their subsequent clinical 
consequences. 
 
7. Identify which of the major classes of hypolipidemic drug agents would be most 
effective for the treatment of: hypercholesterolemia, hypertriglyceridemia, and combined 
hyperlipidemia. 
 
8. Discuss how hypolipidemic drug agents can be combined effectively in the treatment 
of dyslipidemia. 
 
9. Apply your knowledge of the pharmacology of the major classes of hypolipidemic drug 
agents to select the most appropriate medication for the pharmacotherapy of a specific 
patient based upon patient-specific criteria. 
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Drugs to be covered in this lecture: 
 
1. The STATINS 
Atorvastatin (Lipitor®) 
Fluvastatin (Lescol®) 
Lovastatin (Mevacor®) 
Simvastatin (Zocor®) 
Pravastatin (Pravachol®) 
Rosuvastatin (Crestor®) 
 
2. Bile Acid-binding resins 
Cholestyramine (Questran®) 
Colestipol (Colestid®) 
Colesevelam (Welchol®) 
 
3. Cholesterol Absorption Inhibitor 
Ezetimibe (Zetia®) 
 
4. Niacin 
 
5. The Fibrates 
Fenofibrate (Tricor®, Lofibra®) 
Gemfibrozil (Lopid®) 
 
6. omega-3 fatty acids 
Eicosapentaenoic acid: Docosahexaenoic acid (Lorvaza®) 
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Classification of serum lipid levels by ATP III of NCEP

Optimal/desirable

Near/above optimal

Borderline high

High

Very high

LDL-C

< 100 mg/dL

100-129 mg/dL

130-159 mg/dL

160-189 mg/dL

> 190 mg/dL

HDL-C

>40 mg/dL

Modified from the NCEP ATP III panel guidelines by N.A.C

Triglyceride

< 150 mg/dL

150-199 mg/dL

200-499 mg/dL

>500 mg/dL

Drugs in the treatment of hyperlipidemia I& II 
 (A) Background 
A1. ATHEROSCLEROSIS & HYPERLIPIDEMIA/HYPERLIPOPROTEINEMIA  

 
a) Atherosclerosis is strongly associated with hyperlipidemia: the presence of 

elevated/abnormal levels of lipids (i.e. cholesterol and triglycerides) and/or 
lipoproteins (e.g. LDL & VLDL) in the blood 

 
b) The most important risk factor in the development of atherosclerosis is an 

elevated level of Low Density Lipoproteins (LDL)-a class of lipoprotein that is 
rich in cholesterol- the so called “bad cholesterol”. 

 
c) Elevated serum triglycerides levels 

are an independent risk factor for 
atherosclerosis and cardiovascular 
disease, as well as being a risk 
factor for pancreatitis 

 
d) Decreased levels of HDL-

cholesterol (“good cholesterol”) is 
an independent risk factor for the 
development of cardiovascular 
disease 

 
A2. Causes of Hyperlipoproteinemia 

a) Genetics: Either Monogenic (e.g. defective LDL receptor in Familial 
Hypercholesterolemia) or polygenic (e.g. Familial Combined 
Hyperlipoproteinemia) 

 
b) Lifestyle (e.g. high fat diet) and other secondary causes (e.g. type-2 diabetes, 

lipodystrophy & hypothyroidism) 
 

c) Combination of genetics, lifestyle and secondary causes. 
 
A3. The Primary Hyperlipoproteinemias (The Fredricskon Classification) 
 
 

Type I

Type IIa

Type III

Type IV

Type V

Familial Hyperchylomicronemia

Familial Hypercholesterolemia

Polygenic Hypercholesterolemia

Type IIb Familial Combined Hyperlipidemia

Synonyms Frequency Defect
Effects on

Lipoproteins

Familial Dysbetalipoproteinemia

Familial Hypertriglyceridemia

Familial Mixed Hypertriglyceridemia

0.5%

0.02%

1%

Rare
1/1,000,000

Very
rare

0.2%

Relatively
common

LPL deficiency/
ApoCII deficiency

LDL receptor defect

Unknown (polygenic):
Overproduction of B100 &

 triglycerides (VLDL)
and decreased clearance

of LDL

Mutant ApoE:
Increased production/

decreased clearance of VLDL
remnants

Unknown:
Overproduction/decreased

clearance of VLDL

chylomicrons

LDL

VLDL
+

LDL

IDL

VLDL

VLDL
+

Chylomicrons

Unknown:
Overproduction/decreased

clearance of VLDL
& chylomicrons

Unknown defects result in
impaired clearance of LDLs

Familial apoB100 defect Binding of LDL to LDLR0.1%

Athero-
sclerois

-

+++

+++

+++

-/+

-/+

Obesity
Insulin resistance

often present
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LDL Goal
Initiate lifestyle

change if LDL is:
Consider drug 

therapy if LDL is:

High Risk
<100 mg/dl

(optional <70)
>100
mg/dl

>100
mg/dl

a) Previous CHD
b) Diabetes
c) > 2 risk factors

Very High 
Risk

<70 mg/dl >100
mg/dl

<100
mg/dl

Current CHD
+ other factors

Moderately
 High Risk

<130 mg/dl
(optional <100)

>130
mg/dl

>130
mg/dl

>2 risk factors
10-20% 10yr risk

Moderate
Risk <130 mg/dl

>130
mg/dl

>160
mg/dl

>2 risk factors
<10% 10yr risk

Lower
Risk

<160mg/dl >160
mg/dl

>190
mg/dl

0-1 risk factors

Cardiovascular
Risk FactorsRisk

Modified from the 2004 NCEP ATP III panel guidelines

2004 NCEP Treatment Goals

A4. Secondary causes of hyperlipoproteinemias    
 

 
A5. Treatment options for Hyperliproteinemia 

A5.1 Hypercholesterolemia (elevated LDL-C) 
The treatment for hypercholesterolemia is dependent upon the degree of LDL-
cholesterol elevation and the calculated cardiovascular risk (see Table).  
 

a) For moderate hyperlipidemia with low cardiovascular risk factors lifestyle 
changes maybe sufficient to normalize lipoprotein levels.   

(i) Dietary reduction of cholesterol intake 
    (ii) Exercise- improves lipoprotein metabolism 

       (iii) Weight reduction- improves lipoprotein metabolism 
 

b) For patients with more severe hypercholesterolemia and/or with a high 
cardiovascular risk, drug therapy should be initiated. The initial drug of 
choice is a STATIN (see below). 

 
A5.2 Hypertriglyceridemia (elevated triglycerides) 

a) Lifestyle change: very low fat diet and exercise 
b) If necessary (i.e. TG> 500mg/ml), triglyceride-lowering drugs such as a 

fibrate or niacin can be initiated (see below). 
 

N.B. Drug therapy needs to be continued indefinitely as withdrawal of drug will 
result in rebound of abnormal lipid profile 

 
(B) Drugs used in the treatment of Hypercholesterolemia 
B1. HMG-CoA reductase inhibitors (“STATINS”) 
Atorvastatin (Lipitor®), Fluvastatin (Lescol®), Lovastatin (Mevacor®), Simvastatin 
(Zocor®), Pravastatin (Pravachol®), & Rosuvastatin (Crestor®) 
 

B1.1 Primary clinical effect 
 Significant reduction in LDLs (20-60%- dose and drug specific) 
 Modest reduction in triglycerides (10-20%) 
 Modest 5-10% increase in HDLs  
 
B1.2 Mechanism of Action 
a) Inhibition of HMG-CoA reductase 

Hypertriglyceridemia Hypercholesterolemia
Obesity & overweight
Physical inactivity
Cigarette smoking
Excess alcohol intake
High carbohydrate diet (>60%)
Stress 
Pregnancy 
Certain Diseases:
   type-2 diabetes
   Nephrosis
   Hypopituitarism
   Lipodystrophy
Certain Drugs:
   Estrogens
   Corticosteroid excess
   Oral contraceptives
   Antiviral protease therapy

Dietary excess: Cholesterol & sat. Fats
Nephrotic syndrome
Hypothyroidism
Hypopituitarism
Type-2 diabetes
Anorexia Nervosa
Acute intermittent porphyria
Biliary cirrhosis
Corticosteroid treatment
Antiviral protease therapy
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 The statins are analogs of 3 hydroxy-3 methylglutarate, a key metabolite of 
cholesterol biosynthesis and inhibit HMG-CoA reductase- the rate limiting 
step in cholesterol biosynthesis, thereby inhibiting endogenous cholesterol 
synthesis and the production of VLDLs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
b) Increased expression of LDL receptors 

 Inhibition of HMG-CoA reductase results in the depletion of intracellular 
cholesterol, which activates the SREBP transcription factor resulting in the 
increased transcription of the gene encoding the LDL receptor. 

 
 Increased LDL receptor expression at the plasma membrane results in the 

uptake of additional LDL from the circulation and the overall reduction of 
plasma LDL-cholesterol levels 

 
c) Other properties of Statins that contribute towards their beneficial effects in the 
treatment of atherosclerosis 

(i) Inhibit the adhesion of monocytes to the endothelium 
and migration to the aterial wall 

(ii) Inhibit monocyte proliferation 
(iii) Inhibit the expression of adhesion molecules 

expressed on the endothelium 
(iv) Inhibit the oxidation of LDL to ox-LDL 
(v) Inhibit SMC proliferation 
(vi) Inhibit immune and inflammatory responses  
(vii) Stabilize the endothelium making atherosclerotic 

plaques less likely to rupture 
 
B1.3 Therapeutic Uses 
a) Drug of choice for treating patients with increased plasma LDL-C levels in all 

types of hyperlipidemia 
 

Acetyl-CoA + Acetoacetyl-CoA

HMG-CoA

Mevolonate

Cholesterol

HMG-CoA
reductase

STATINs

SREBP
active

2. Decreased cholesterol levels
trigger the activation of the 
SREBP transcription factor

LDL receptor gene

VLDL

SREBP
inactive

1. Statins inhibit HMG-CoA
reductase leading to decreased

production of cellular cholesterol

3. SREBP activation 
increases the transcription
 of the LDL receptor gene

4. Increased expression of
the LDL receptor increases

the clearance of LDLs 
from the serum

5. Low intracellular cholesterol
levels decreases the synthesis 

and secretion of VLDLs

NAC 2006

LDLR

LDL

apoB100
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b) The dose response relationship of STATIN drugs is non-linear: Doubling the 
STATIN dose only results in a 5-6% further decrease in LDL-C, while increasing 
potential toxicity. 

 
c) Patients with Familial hypercholesterolemia benefit much less because of defect 

in LDL receptor.  
 
d) Drug of choice for patients with high risk of cardiovascular disease irrespective of 

plasma cholesterol levels.  
 

Numerous clinical trials have demonstrated that the use of either Atorvastatin 
(Lipitor®) or Simvastatin (Zocor®) in patients with a high cardiovascular risk (i.e. 
previous history of coronary heart disease, high blood pressure + smoking or 
type-2 diabetes) can significantly decrease (25-30%) their risk of future 
cardiovascular events (i.e. heart attack and stroke) and death due to CHD no 
matter what their initial baseline serum LDL-cholesterol levels. 

 
B1.4 Pharmacokinetics 
a) Statins are directly taken up into the liver by a specific anion transporter OATP2 
b) There is extensive 1st pass extraction in the liver- consequently these drugs 

primarily exhibit their dominant effect in the liver 
c) Lovastatin (Mevacor®), Simvastatin (Zocor®) & Atorvastatin (Lipitor®) are 

metabolized by CYP3A4 mechanisms 
d) Fluvastatin (Lescol®) and Rosuvastatin (Crestor®) are metabolized by CYP2C9 

mechanisms  
e) Pravastatin (Pravachol®) is not metabolized via the cytochrome P450 pathway 
f) Half-lives for Lovastatin (Mevacor®), Simvastatin (Zocor®), Pravastatin 

(Pravachol®) & Fluvastatin (Lescol®) are ~ 1.5- 2hrs 
g) Half-life for Atorvastatin (Lipitor®) is 14hrs and for Rosuvastatin (Crestor®) is 19 

hrs 
h) All Statin drugs are glucoronidated in the liver: enhances metabolism and 

secretion 
 

B1.5 Adverse Effects 
a) Generally well tolerated- patients that can tolerate one statin can generally 

tolerate another- mild GI disturbances, headache or rash may occur 
 

b) Biochemical abnormalities in liver function have also been reported (1-2%) 
 

c) Small risk in type-2 diabetes, although benefit clearly outweighs the risk 
 

d) Myalgia (muscle pain; 2-11%) and Myopathy (muscle weakness) are common 
and increase with increasing dose of drug 

 
e) Rhabdomyolysis (muscle disintegration), although reported, is rare and occurs 

primarily at high doses of drug – can lead to renal failure and even death (8% of 
cases) 
 
Symptoms: fever, malaise, diffuse myalgia and/or tenderness, marked elevation 
of serum creatine kinase and myoglobin present in the urine 
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- More common in patients with either acute/chronic renal failure,   
obstructive liver disease, or hypothyroidism  

- Can be observed with drug interaction especially inhibitors of CYP3A4 
e.g. cyclosporin, tacrolimus, ketoconazole/itraconazole, HIV Protease 
inhibitors (see below) and gemfibrozil 

- Fewer muscle effects are observed with Pravastatin (Pravachol®) 
 
B1.6 Drug interactions. 
a) All statins with the exception of Pravastatin (Pravachol®) are metabolized in 

the liver by the cytochrome P450 system 
 
b) Drugs that inhibit cytochrome P450 enzymes will increase the concentrations of 

statins leading to increased risk of adverse effects such as myopathy and 
Rhabdomyolysis 

 
 CYP3A4 inhibitors lead to elevated levels of Lovastatin (Mevacor®), 

Simvastatin (Zocor®) & Atorvastatin (Lipitor®)   
 
CYP3A4 inhibitors associated with increased risk of Rhabdomyolysis 
Immunosuppressants:   cyclosporin & tacroliminus 
Macrolide antibiotics:   erythromycin, clarithromycin  
Calcium channel blockers:  diltiazem, verapamil  
Anti-arrhthymia drugs:  amiodrone 
Azole anti-fungal agents:   itraconazole, ketoconazole  
HIV anti-retrovirals:   amprenavir, indinavir, neflinavir & ritonavir  
Anti-coagulants:    warfarin 

 
 Inhibitors of CYP2C9 increase the plasma concentration of Fluvastatin 

(Lescol®) and Rosuvastatin (Crestor®) 
e.g. ketoconazole, itraconazole, metronidazole, sulfinpyrazone,  

 
c) Grapefruit juice in large amounts (>1 liter/day) may also increase the plasma 

concentrations of Lovastatin, Simvastatin & Atorvastatin via inhibition of CYP3A 
 
d) Drugs such as phenytoin, griseofulvin, barbiturates, rifampin and 

thiazolidnediones that increase expression of CYP3A4 can reduce plasma 
concentrations of Lovastatin (Mevacor®), Simvastatin (Zocor®) & Atorvastatin 
(Lipitor®). 

 
e) Pravastatin (Pravachol®) is not metabolized by the cytochrome P450 system 

and is therefore the drug of choice for use with verapamil, the ketoconazole 
group of fungal agents and macrolide antibiotics. 

 
f) Gemfibrozil (a fibrate -see below) inhibits the metabolism of ALL statin drugs 

(including pravastatin) by inhibiting statin glucoronidation, which is involved in the 
metabolism of all Statin drugs, thereby acting to increase statin drug 
concentrations and increasing the risk of myopathy and rhabdomyolysis. 
Gemfibrozil also affect Statin drug concentrations by inhibiting the OATP2 
transporter-mediated uptake of Statins into the liver.  

 
B1.7 Contraindications. 
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a) Pregnancy and Nursing Mothers- statins have been shown to induce birth 
defects 

b) Patients with Liver disease 
c) Patients taking Gemfibrozil have an increased risk of myopathy and 

rhabdomyolysis.  
 
B2. Bile acid-binding resins 
Cholestyramine (Questran®), colestipol (Colestid®), colesevelam (Welchol®) 
 

B2.1 Primary clinical effect     
 Modest 10-25% reduction in LDLs (less effective than statins) 
 can potentially cause a small increase in serum triglycerides 

  
B2.2 Mechanism of Action. 
a) Bile acid-binding resins are cationic polymers that act as anion exchangers that 

bind to negatively charged bile acids/salts and prevent their reabsorption in the 
small intestine 

 
b) Resin/Bile acid complexes are excreted in the feces (~10-fold increase in 

excretion) 
 

c) The decreased concentration of re-circulating bile acids up regulates the 
expression of cholesterol 7- hydroxylase (rate limiting enzyme in the synthesis 
of bile acids) thereby promoting the enhanced hepatic conversion of cholesterol 
into additional bile acids, this lowers the concentration of hepatic cholesterol 
thereby increasing expression of LDL receptors (via activation of SREBP-see 
above), which promotes the hepatic uptake of LDL from the plasma, resulting in 
an overall decrease in the plasma LDL concentration 

 
d) N.B. the decrease in hepatic cholesterol can also lead to the increased 

expression of HMG-CoA reductase, resulting in increased hepatic cholesterol 
synthesis and the generation of additional VLDLs- this can actually increase 
serum triglyceride levels in patients with type III dyslipoproteinemia. 
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B2.3 Therapeutic Use. 
a) Because of the clinical efficacy of statins, bile acid-binding resins have largely 

been relegated to second line drugs that are mainly used for the treatment of 
primary hyperlipidemias in the young (<25 yrs) and in patients for whom statins 
do not effectively lower plasma LDL-cholesterol 

 
b) Resins can be used together with low dose STATIN in combination therapy to 

aggressively reduce serum LDL-C concentrations (~50% lower than a statin 
alone)- allows aggressive reduction of LDL-C without increasing STATIN dose 
where toxicity may occur. 

 
c) Drug of choice for treating hypercholesterolemia in children and women of child 

bearing age who are lactating, pregnant, or could become pregnant. 
 
OTHER NON-HYPOLIPIDEMIC INDICATIONS 

d) Resins can also be used to relieve pruritus (itching) caused by accumulation of 
bile acids in patients with biliary obstruction 
 

e) To prevent diarrhea in Crohn’s Disease by preventing build up of bile acids in the 
large intestine of those that have undergone an ileal resection 

 
f) Treatment of C. difficile infections- where they are used to prevent diarrhea by 

promoting the absorption of the C. diff A and B toxins 
 

g) Treatment of drug overdose with digoxin, leflunomide & levothyroxine- form 
resin-drug complexes thereby preventing drug absorption and promting 
elimination. 

 
 

B2.4 Pharmacokinetics 
a) Not absorbed or metabolically altered by the intestine 
b) Totally excreted in the feces 
 
B2.5 Adverse Effects 
a) Since these agents are not absorbed or metabolized they are very safe with few 

side effects 
b) GI disturbances are the most common side effects e.g. constipation, bloating, 

nausea and flatulence 
c) At high concentrations Cholestyramine (Questran®) and colestipol (Colestid®), 

but not colesevelam (Welchol®) can impair the absorbtion of the fat soluble 
vitamins A, D, E and K – decreased Vitamin K can result in bleeding. 

 
B2.6 Drug interactions. 
a) Cholestyramine (Questran®) and colestipol (Colestid®), but not colesevelam 

(Welchol®), interferes with the intestinal absorption of many drugs e.g. 
tetracycline, Phenobarbital, digoxin, warfarin, paravatatin, fluvastatin, aspirin and 
thiazide diuretics. - These Drugs should be taken either 1-2 hrs before or 4-6 hrs 
after bile acid-binding resins 
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B2.7 Contraindications 
a) Dysbetalipoproteineimia and Raised Triglycerides (>400 mg/dL) due to risk of 

further increasing triglyceride levels 
 

B3. Inhibitors of intestinal sterol absorption. 
Ezetimibe (Zetia®) 
 

B3.1 Primary clinical effect 
 Reduces LDL levels by ~18%   
 Minimal effect on HDL and triglycerides 

 
B3.2 Mechanism of action 
a) Ezetimibe (Zetia®) inhibits the action of the Niemann-Pick C1-like protein 

(NPC1L1) involved in the absorption of both dietary and biliary cholesterol in the 
small intestine  

 
b) This 

decreases 
the delivery 
of dietary 
cholesterol to 
the liver, 
thereby 
reducing the 
production of 
VLDLs. Since VLDLs are the precursors of LDLs, this also leads to a reduction in 
the serum concentration of LDL-cholesterol. 

 
c) In addition, the reduction in hepatic cholesterol will also result in an increase in 

the expression of LDL receptors, thereby promoting increased LDL clearance. 
 
B3.3 Therapeutic uses. 
a) Reduces LDL levels in patients with primary hypercholesterolemia 
b) Significant LDL lowering effects when combined with a STATIN- a further 25% 

decrease in LDL versus  STATIN-treatment alone. 
c) The combination of Ezetimibe (Zetia®) together with a STATIN allows the use of 

a lower dose of the STATIN drug, thereby avoiding potential STATIN-associated 
adverse effects (e.g. Rhabdomyolysis). 

 
B3.4 Pharmacokinetics 
a) Rapidly absorbed by the enterocytes 
b) Recirculates enterohepatically several time/day. This acts to continuously re-

circulate the drug back to its site of action and limits systemic exposure. 
 

B3.5 Adverse effects 
a) Generally well tolerated 
b) Flatulence is most common effect 
c) Diarrhea and myalgia can occur 
d) Low incidence of impaired liver function (reversible) 

 
 

VLDL LDL 

Small Intestine 

Liver 

Chylomicrons/ 
remnants 

NPC1L1 

Cholesterol 
Absorption 

EZETIMIBE Dietary Cholesterol 

Cholesterol 

LDLR 
LDL  

clearance 
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B3.6 Drug interactions. 
a) Cyclosporin increases concentration of Ezetimibe (Zetia®) 
b) Bile acid resins interfere with the absorption of Ezetimibe (Zetia®), and if used 

concurrently should be taken several hours apart 
 

B3.7 Contraindications. 
a) Hypersensitivity to Ezetimibe (Zetia®) 
b)  Patients with mild to severe hepatitis 
c) Pregnant women 

 
(C) Drugs used in the treatment of Hypertriglyceridemia 
Treatment Options for hypertriglyceridemia 
1. When serum triglyceride levels are borderline high (150-199 mg/dL) a lifestyle change is 
indicated including a low fat diet, exercise and cessation of smoking/alcohol 
 
2. When serum triglyceride levels are high (200-499 mg/dL) initial emphasis should be on 
reducing non-HDL cholesterol (i.e. LDL-C and VLDL) using a LDL-C lowering drug such as a 
STATIN or the addition of niacin or a fibrate- ie. To reduce the risk of atherosclerosis 
 
3. When serum triglyceride levels are very high (>500 mg/dL) the initial goal should be to reduce 
triglyceride levels with either niacin or a fibrate to reduce the risk of pancreatitis. Once triglyceride 
levels are below 500 mg/dL then LDL-C goals should be addressed 
 
C1. Niacin  
Niacin (nicotinic acid/vitamin B3) is a water-soluble vitamin that, at physiological 
concentrations is used in the synthesis of NAD & NADP, both important co-factors in 
intermediary metabolism. The pharmacological effects of niacin require large doses 
(1,500- 3,000 mg/day) and are independent of conversion to NAD & NADP. 
 

C1.1 Primary clinical effect 
 30-80% reduction in triglycerides   
 10-20% reduction in LDLs 
 10-30% increase in HDLs-most effective drug at reducing HDL 

 
C1.2 Therapeutic Uses 
a) Lowers both plasma cholesterol and triglycerides 
b) Particularly useful in the treatment of familial combined hyperlipidemias and 

familial dysbetalipoproteinemia (elevation of both triglycerides and cholesterol) 
c) Most effective agent at elevating HDL levels.  
d) Often combined with another lipid lowering drug such as a statin or a resin 
e) Niacin has been shown to reduce the incidence of myocardial reinfarctions and 

overall mortality in patients with a history of previous MI  
f) The use of Niacin is often limited by poor tolerability (see below). 

 
C1.2 Mechanism of Action 
a) Niacin improves virtually all lipid parameters resulting in decreased free fatty 

acids (FFA), VLDL & LDL and increased HDL 
b) Niacin acts via its Gi-coupled GPCR (GPR109A) expressed in adipose tissue to 

inhibit cAMP-induced lipolysis (stimulated via the Gs-coupled beta-adrenergic 
receptor. 

c) The reduced levels of lipolysis reduce the release of free FFA to the liver 
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d) Decreased FFA to the liver causes a reduction in the synthesis of triglycerides 
that in turn reduces production of VLDLs 

e) Reduced VLDLs in turn reduce the production of LDL-C 
f) Niacin inhibits DGAT2 (Diacylglycerol acyltransferase)- the rate limiting step in 

hepatic triglyceride synthesis, thereby decreasing hepatic VLDL production 
g) Niacin decreases the expression of apoCIII (secreted inhibitor of Lipoprotein 

Lipase) resulting in increased LPL activity and a corresponding increase in VLDL 
clearance 
 

h) Niacin acts to decrease macrophage recruitement to atherosclerotic plaques 
i) Niacin also increases the half-life of apoAI, the major apolipoprotein present in 

HDL, which in turn increases the plasma concentration of HDL and promotes 
reverse cholesterol transport (the HDL-mediated transport of cholesterol from the 
peripheral tissues to the liver where it can be excreted). 

j) Niacin also significantly reduces the levels of Lp(a) lipoprotein, which is a 
modified form of LDL that is covalently coupled to the Lp(a) protein. The Lp(a) 
protein is homologous to 
plasminogen and is found in 
atherosclerotic plaques, where it 
is thought to contribute towards 
atherosclerosis by antagonizing 
the activation of plasminogene 
thereby inhibiting thrombolysis. 
Niacin is the only lipid lowering 
drug to significantly reduce the 
levels of Lp(a) lipoprotein. 

 
 

Mechanism of Action of Niacin 
Adipose tissue Liver 

Hormone-sensitive 
Lipase 

release of FFA 
flow of FFA to liver 
hepatic TG synthesis 

VLDL 
production 

cAMP 

Gi 

GPR109A 
(GPCR) 

Niacin receptor 

N.A.C 

FFA+ acyl CoA 

Triglyceride 
Synthesis 

DGAT2 

apoCIII 
(LPL inhib) 

VLDL 
clearance 

LPL 
activity 

TG FFA 

Lp(a) 

risk of 
thrombosis 

apoAI 

HDL 

recruitment 
of macrophages 

to atherosclerotic 
lesion 

Niacin 

Niacin antagonizes 
AR-induced lipolysis 

Gs 
AR 

Receptor 
agonist 

Enzyme 
inhibitor 
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C1.4 Pharmacokinetics 
a) Administered orally 
b) Is converted in the body to nicotinamide and is incorporated into NAD+ 
c) Excreted in the urine unmodified and as several metabolites 

 
C1.5 Adverse effects. 
a) Most patients experience skin flushing, itching (pruritis) and a sensation of 

warmth – this prostaglandin-mediated effect can be diminished by prior treatment 
with Aspirin or Ibuprofen 

 
b) Some patients experience GI distress, nausea and abdominal pain. 
 
c) Niacin inhibits tubular secretion of uric acid and therefore predisposes to 

hyperuricemia and gout (20% of patients) 
 
d) Can cause insulin resistance (generally reversible) and hyperglycemia may be 

worsened in susceptible patients i.e. Type-2 diabetes 
 

e) Hepatic toxicity has been reported 
 
f) Niacin can exacerbate peptic ulcer and is therefore contraindicated in patients 

with severe peptic disease 
 

g) Poor tolerability often limits the use of the drug 
 

C1.6 Contraindications 
a) Peptic Ulcer disease 
b) Patients with a history of Gout 
c) Caution should be observed in diabetics 
d) Caution should be observed in patients with impaired liver function 

 
C2. Fibrates. 
Fenofibrate (Tricor®, Lofibra®), Gemfibrozil (Lopid®) 

C2.1 Primary clinical effect    
 40-60% reduction in triglycerides 
 mild (10-20%) reduction in LDL 
 10-20% increase in HDL 

 
C2.2 Mechanism of action 
a) Fibrates are derivatives of fibric acid and act as ligands for the nuclear hormone 

transcription factor peroxisome proliferator-activated receptors alpha (PPAR) 
 

PPAR RXR 

Fibrate 

Hormone 
Binding 
domain 

apoAI, apoAII, LPL 
Genes involved in fatty acid oxidation/transport 

VLDL 
+ 

HDL 
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b) Fibrates activate PPAR, which then binds to its responsive element in the 
promoters of numerous genes involved in lipoprotein structure and function 

 
c) PPAR activation acts to decrease plasma triglyceride concentrations by: 

(i) increasing the expression of lipoprotein lipase in muscle, thereby 
resulting in increased muscle lipolysis leading to enhanced uptake 
and catabolism of triglyceride-rich lipoproteins.  

 
(ii) decreasing the hepatic expression of apolipoprotein CIII (a known 

inhibitor of lipoprotein lipase), which acts to enhance overall 
lipoprotein lipase activity, thereby increasing the catabolism of 
triglyceride-rich lipoproteins. 

 
(iii) increasing the expression of genes involved in fatty acid transport and 

fatty acid oxidation in hepatocytes, which results in increased fatty 
acid catabolism, thereby reducing hepatocyte triglyceride synthesis 
and decreasing the hepatic production of VLDLs 

 
Overall effect: Increased peripheral VLDL clearance and decreased hepatic TG 
production = serum [VLDL] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d) PPAR activation increases the plasma concentration of HDLs by increasing the 
synthesis of apoAI and apoAII, the major apolipoproteins found in HDL. This 
promotes reverse cholesterol transport. 

 
e) PPAR activation also induces the upregulation of the SR-B1 scavenger receptor 

in hepatocytes, which binds to HDL and promotes increased transfer of 
cholesterol from HDLs to hepatocytes, thereby leading to increased secretion of 
cholesterol into the bile duct. This can lead to increased risk of gallstone 
formation (see below). 
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C2.3 Therapeutic Uses 
a) Effective at decreasing serum triglyceride levels 
b) Useful for increasing concentration of serum HDL-C levels 
c) Used in the treatment of hypertriglyceridemias, especially in patients with severe 

hypertriglyceridemia at risk of pancreatitis and in hypertriglyceridemia with low 
HDL-C 

d) Therapy of choice for patients with Familial dysbetaliporoteinemia (Type III 
hyperlipoproteinemia: increased plasma triglycerides and lipoprotein remnants) 

e) Long-term fibrate usage has been clinically proven to reduce the incidence of 
coronary events (22%), stroke (25%), and transient ischemia events (59%). 

 
C2.4 Pharmacokinetics 
a) Both drugs are completely absorbed after oral administration 
b) Drugs are distributed widely and are bound to serum proteins 
c) Both drugs undergo extrahepatic circulation  
d) Half-life for gemfibrozil is 1.5 hrs and for fenofibrate is 20 hrs 

 
C2.5 Adverse effects 
a) Generally well tolerated 
b) most common side effects are mild GI disturbances 
c) Predisposition to gallstone formation due to increased cholesterol excretion in the 

bile. Fibrates inhibit expression of cholesterol 7alpha-hydroxylase (the rate-
limiting enzyme in Bile acid production), thereby decreasing Bile acid production 
resulting in increased secretion of free cholesterol, which can result in the 
formation of gallstones 

d) Myopathy and rhabdomyolysis have been reported (esp. Gemfibrozil: increased 
risk when given with a STATIN) 

e) Hepatitis 
 

C2.6 Drug interactions 
a) Both drugs are strong protein binders and can therefore displace other protein-

bound drugs from albumin resulting in an increased serum drug concentration.  
 

 potentiates the effects of oral anti-coagulants (e.g. warfarin) 
leading to increased risk of bleeding. Anticoagulant drug 
concentrations should be reduced by 30% when given together 
with a STATIN 

 
 enhances hypoglycemic effects of sulfonylureas 

 
b) Gemfibrozil increases the serum concentration of STATINS leading to increased 

risk of STATIN-induced adverse effects such as myopathy and rhabdomyolysis 
 

 Gemfibrozil inhibits the transporter responsible for hepatic uptake 
of STATINs 

 
 Gemfibrozil inhibits STATIN glucoronidation that is involved in the 

metabolism and excretion of all STATINs  
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c) Fenofibrate does not affect STATIN metabolism and is therefore the drug of 
choice for use with a STATIN in combination therapy. 

 
d) Because both drugs are renally excreted, drug concentrations are elevated in 

patients with renal insufficiency, thereby increasing the risk of drug interactions. 
 

C2.7 Contraindications 
a) Pregnant/lactating women 
 
b) Patients with severe hepatic dysfunction-due to increased risk of hepatic damage 
 
c) Patients with severe renal dysfunction-since both drugs renally secreted 
 
d) Patients with pre-existing gallbladder disease 
 
e) Caution should be observed in patients taking a STATIN because of increased 

risk of Rhabdomyolysis 
 
 
C3. Fish Oils: Omega-3 long chain polyunsaturated fatty acids 
A mixture of Eicosapentaenoic acid  and Docosahexanoic acis (Omacor/Lorvaza) 
 

C3.1. Primary clinical effect 
 Lowers serum triglyceride levels by 50% 
 Minor increase in HDL 
 Can increase LDLs in some individuals 

 
C3.2. Mechanism of Action. 

 Unclear, but appears to involve the inhibition of hepatic triglyceride 
synthesis and the increased triglyceride clearance  

 
C3.3. Therapeutic Uses 

 Currently approved only as an adjunct to diet and lifestyle interventions in 
the treatment of hypertryglyceridemia in patients with TG levels >500 
mg/dl 

 
C3.4. Adverse Effects 

a) Fishy after taste 
b) GI: nausea, bloating, diarrhea, flatulence 
c) reduces serum concentrations of vitamin E 

 
C3.5. Drug Interactions 

a) None 
b) Unlike fibrates, fish oils are not associate with an increased risk of 

Rhabdomyolysis when given together with a STATIN 
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D. Combination drug therapy. 
Combined drug therapy is useful when: 
 

a) LDL-cholesterol levels are not sufficiently reduced in high-risk patients even with 
the highest dose of STATIN 

- A STATIN + either a Resin, Ezetimibe or Niacin 
Synergistic reduction of LDL-cholesterol with drug combination 
 

b) Both LDL and VLDL levels are elevated (e.g. combined hyperlipoproteinemia) 
- STATIN + Niacin – more effective than either agent alone 
- STATIN + fibrate - in cases where TG and LDL are very high- however  

should be used with caution as increased risk of myopathy especially with 
Gemfibrozil (Fenofibrate is preferred drug in this case) 

 
c) When LDL or VLDL levels are not normalized with a single drug regime 
 
d) When HDL deficiency co-exists with other hyperlipidemias  

- Either Niacin or a fibrate is added to increase HDL 
 

e) When VLDL levels are increased during treatment of hypercholesterolemia with a 
bile acid-binding resin 

- Niacin is added to control elevated VLDL levels 

Statins

Bile acid
Binding
resins

Niacin

Fibrates

Cholesterol
Absorption
inhibitors

Effect on LDL Effect on Triglycerides Effect on HDL

Minimal/
slight increase

Drug

N.A.C. 2006

Minimal
Effect

Minimal
Effect

Review of lipid-lowering drug effects
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