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Biochemistry of lipids and basic
concepts

The lipid transport system is responsible for car-
rying hydrophobic molecules (fat) from sites of
origin to sites of utilization through the aqueous
milieu of plasma. Complex molecules, called
lipoproteins, are the main stem in this transport-
ing system and that is why we use the term dys-
lipoproteinemia for lipid disorders. Plasma
lipoprotein composition is listed in Table 1.

The major types of lipids that circulate in
plasma via this transporting system include:
• cholesterol and cholesterol esters,
• phospholipids and
• triglycerides.

Lipoprotein disorders and
atherosclerosis
The association between elevated serum choles-
terol and coronary heart disease (CHD) was first
reported in the 1930s and subsequent large epi-
demiologic studies confirmed the strong rela-
tionship between the two. These studies formed
the basis of the “cholesterol hypothesis,” which
states that the relationship between serum cho-
lesterol and atherosclerosis is causal and that
reduction of serum cholesterol would reduce
atherosclerotic disease. Over the last three
decades, multiple trials have been designed to
test this hypothesis.

The subfractionation of serum cholesterol into
cholesterol contained within specific lipoproteins
such as LDL, HDL and IDL was a major clinical
advance. In general, cardiovascular (CV) risk was
found to be positively associated with LDL-C lev-
els and inversely with HDL-C levels. The relation-
ship between fasting serum triglycerides and CV
risk has been confounded by the inverse associa-
tion between triglycerides and HDL, as well as by
the association of triglycerides with other risk
factors, such as diabetes and body mass (obesi-
ty). However, triglyceride levels are now consid-
ered an important independent predictor of CV
risk.

Lipid-modifying therapy trials

Early clinical trials,with niacin, bile acid sequestrants
and partial ileal bypass showed modest benefit.
However, large numbers of studies with statins

Lipid Disorders:
Modifying the Cardiovascular Risk
Lipid disorders are a common and modifiable cardiovascular risk factor. In this review, Dr. Chan
and Dr. Ranjbar discuss the various trials dealing with lipid disorders, as well as diagnosis,
classification, management and targets which should be considered when treating patients.

• Cardiovascular disease is the leading cause of
death in North America

• Lipid disorders are a common and important
modifiable risk factor for all types of
atherosclerotic vascular disease (ASCVD)

• There are many different disorders and drugs
which can cause secondary dyslipidemia

• Screening is important since atherosclerois
develops insidiously over many years and is
usually advanced by the time symptoms occur

Important to know that...
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have proven the cholesterol hypothesis. Statin tri-
als can be classified into different categories
(Table 2).

Fibrate trials

Compared to statins, there have been fewer end-
point trials with fibrates. The Veterans Affairs
High-Density Lipoprotein Cholesterol Interv-
ention Trial (VA-HIT), the Helsinki Heart Study
(HHS) and the Bezafibrate Infarction Prevention
(BIP) trial are the most important fibrate trials. A
reasonable conclusion might be that fibrates are
effective as monotherapy in reducing CHD events
in secondary prevention if the LDL-C is low, but
not if it is elevated, or in primary prevention.

Diagnosis and classification

Most patients with dyslipidemia have a genetic
(polygenic) factor contributing to their lipid dis-
order. However, the clinician should always con-
sider whether a secondary medical disorder
could be causing or contributing to the dyslipi-
demia (Table 3). Obviously, treatment of the
underlying condition can often result in substan-
tial improvement in lipid disorder and may obvi-
ate the need for therapy directed at the lipids

themselves. Lipid disorders usually manifest by
their underlying disorder’s symptoms and signs
or end-organ damage (e.g., CHD, stroke,
hepatosplenomegaly, etc.). However some familial
(primary genetic) lipid disorders have special cuta-
neous manifestations (e.g., xanthomas).

There are different classifications based on
categorizing parameters, but the basic manage-
ment is the same.

Management of patients with
dyslipidemia
The management of patients with dyslipidemia
consists of both general non-pharmacological
issues and pharmacologic lipid modifying aspects.
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Table 1

Plasma lipoprotein composition

Origin Density Size Cholesterol Triglycerides Major
(gm/ml) (nm) in plasma in fasting plasma apo

Chylomicrons Intestine < 0.95 100 to 1000 0.0 0.0 B48

VLDL Liver < 1.006 40 to 50 0.1 to 0.4 0.2 to 1.2 B100

IDL VLDL 1.006 to 1.019 25 to 30 0.1 to 0.3 0.1 to 0.3 B100, E

LDL-C IDL 1.019 to 1.063 20 to 25 1.5 to 3.5 0.2 to 0.4 B100

HDL-C Tissues 1.063 to 1.210 6 to 10 0.9 to 1.6 0.1 to 0.2 AI

Lipoprotein (a) Liver 1.051 to 1.082 25 B100

apo: Apolipoprotein IDL: Intermediate density lipoprotein

Dr. Ranjbar is a Cardiology Fellow,
Royal Alexandra Hospital, Edmonton,
Alberta.
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General non-pharmacologic management would
include:
• Looking for and treating secondary

dyslipidemia
• Identifying the patient’s risk of CV events. To

calculate the Framingham risk score (FRS)
simply log on http://www.nhlbi.nih.gov/
guidelines/cholesterol/index.htm

• Modifying other risk factors (if applicable)
• Dietary modification
• Encouraging regular aerobic exercise

programs
• Encouraging patients to achieve and maintain

appropriate weight

Lipid-modifying drug therapy

There are three major questions regarding drug
therapy in patients with dyslipidemia:
1. When to start?
2. What are the targets?
3. What drug(s) should be used?

Risk stratification is important, so after calcu-
lating the Framingham 10-year CHD event risk
score (Canadian guidelines recommend that
when calculating the risk, if the patient has a pos-
itive family history, multiply the score by two)
the patient will fall in one of the three categories:
a. High risk* with 10-year CHD event risk ≥ 20%,
b. Moderate risk, with 10 year CHD risk of

10% to ≤20%,
c. Low risk with 10 year CHD risk < 10%.

Table 2

Statin trials categories

Statin trials category Name of major related studies

Secondary Prevention The Scandinavian Simvastatin Survival Study (4S),
Cholesterol and Recurrent Events Trial (CARE), The Long-term
Intervention with Pravastatin in Ischaemic Disease (LIPID)

Primary Prevention West of Scotland Coronary Prevention Study (WOSCOPS), Air
Force/Texas Coronary Atherosclerosis Prevention Study
(AFCAPS/TexCAPS)

Defined groups based on Heart Protection Study (HPS), Prospective Study of Pravastatin in
their future risk of CV events the Elderly at Risk (PROSPER), Antihypertensive and Lipid-

Lowering Treatment to Prevent Heart Attack Trial (ALLHAT),
Collaborative Atorvastatin Diabetes Study (CARDS), Anglo-
Scandinavian Cardiac Outcomes Trial – Lipid Lowering Arm (ASCOTT-LLA)

Same agent with two Treating to New Targets trial (TNT)
different dosage

In the setting of acute Myocardial Ischemia Reduction with Acute Cholesterol Lowering
coronary syndrome (MIRACL), PRavastatin Or atorVastatin Evaluation and Infection

Therapy trial (PROVE-IT), A to Z

Trials looking for A Study To Evaluate the effect of Rosuvastatin On Intravascular
plaque regression ultrasound-Derived coronary atheroma burden (ASTEROID),

Reversal of Atherosclerosis with Aggressive Lipid Lowering Therapy
(REVERSAL), Measuring Effects on intima media Thickness: an
Evaluation Of Rosuvastatin (METEOR)



Tips

*Patients with established CHD or CHD equiva-
lent (diabetes mellitus, or other form of athero-
sclerotic vascular disease [ASCVD]) are consid-
ered high-risk. According to 2006 Canadian
guidelines, young (< 40-years-old) diabetic
patients with no other risk factors are not high-
risk. On the other hand most patients with chronic
renal failure (Glomerular filtration rate [GFR] <
30 mL/minute/1.73 m2) are considered high-risk.

Current Canadian guidelines recommend
starting drug therapy simultaneously along with
non-pharmacological measures for patients in
the high-risk group to reach the primary target
(LDL-C < 2.0 mmol/L). In the intermediate risk
group, start medication for persistent LDL-C
≥ 3.5 mmol/L or TC/HDL-C ≥ 5 mmol/L despite
non-pharmacological interventions. For patients
in the low risk category, if LDL-C is still ≥ 5.0
mmol/L or total cholesterol (TC)/HDL-C

≥ 6 mmol/L, drug therapy is recommended.
As a general rule, the primary target is LDL-C.

TC/HDL-C is the secondary target.The only excep-
tion is when triglyceride (TG) is > 11 mmol/L
(because of the increased risk of acute pancre-
atitis) in which case reducing the TG level
becomes the primary goal.

Choice of drug

Once the decision has been made to initiate drug
therapy, the next decision will be the choice of drug.
Table 5 illustrates different classes of lipid drugs.

Many patients with dyslipidemia require
more than one lipid-modifying drug. There are
several common reasons in which combination
therapy is recommended:
• Inability to achieve targets
• Combined hyperlipidemia, particularly with

severe hypertriglyceridemia
• Low HDL-C

Lipid Disorders
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Table 3

Secondary medical disorders and their potential effect on dyslipidemia

Cholesterol Triglycerides HDL-C

Metabolic/endocrine:
• Hypothyroidism ++ N N
• Type 2 diabetes + ++ -
• Cushing syndrome + ++ -

Renal:
• Chronic kidney disease + + -
• Nephritic syndrome ++ ++ -

Hepatic:
• Obstructive liver disease ++ N -
• Primary biliary cirrhosis ++ N +

Drugs:
• Alcohol N ++ +
• Thiazide diuretics N + -
• ß-blockers N + -
• Cyclosporine ++ N N
• Isotretinon ++ -

HIV-protease inhibitors N ++ -

N: not affected +/++: increased -: decreased
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Safety issues regarding statins
Statins are generally well tolerated by most
patients. Significant increases in hepatic
transaminase levels, defined as alanine amino-
transferase (ALT) levels more than three times
the upper limit of normal, occur in up to 2% of
patients and are dose-related. It is not prudent to
use statins in patients with underlying liver dis-
ease. Statin-induced myopathy is a well-known
but rare side-effect. The incidence of myalgia
(muscle discomfort without significant increases
in creatine kinase [CK]) is approximately 4% in
statin-treated patients. Myositis (muscle pain
accompanied by plasma CK levels > 10 times)
occurs one in 1000. Statins should be discontinued
promptly because of increased rhabdomyolysis

incidence. Risk factors for myositis include:
• age,
• diabetes,
• female gender,
• renal failure,
• drugs and
• occult hypothyroidism.

Screening

A recent meta-analysis of 35 trials and 74,102
patients showed that, compared to placebo,
statins were not associated with increased side-
effects.1 The 2006 Canadian guidelines recom-
mend the following screening:
• All men aged ≥40 years and all women who

are post-menopausal and/or ≥ 50 years
should be monitored with a full lipid profile
(12 hour fasting) every one to three years

• Children should be investigated with a fasting
lipid profile if there is a family history of a
lipid disorder

• Adult patients with the following additional
risk factors should be screened at any age:
- Diabetes mellitus
- Current or recent (within the previous

year) smokers
- Hypertension
- Abdominal obesity
- Family history of premature CAD
- Any evidence of ASCVD (e.g., angina

pectoris, dyspnea, TIA, erectile
dysfunction, etc.)

- Chronic kidney disease or systemic lupus
erythematous

- Manifestations of dyslipidemia
(e.g., xanthomas, xanthelasma, etc.)

- At the discretion of the physician,
particularly when lifestyle changes are
indicated

For reference and resources, please contact cardio@sta.ca

Table 4

Treatment targets

Goal LDL-C Optimal goal
(mmol/L) (mmol/L)

High-risk group < 2.0 --

Intermediate-risk < 3.5 < 2.5
group

Low-risk group < 4.0 --

PCard

• Statins are effective in reducing coronary heart
disease events and mortality in both primary
and secondary prevention setting

• Statins are effective in secondary prevention
over a very wide range of baseline LDL-C
levels, so “average” is not necessarily “normal”

• The higher the risk, the greater the benefit,
regardless of baseline cholesterol level

• “Lower LDL-C is better”
• Starting a statin in hospital prior to discharge

in patients admitted for acute coronary
syndrome is now the standard practice

• Early screening strategies are important since
ASCVD is process that starts early in life

Take-home message
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Table 5

Classification of lipid drugs

Drug class Major Mechanism Recommended Adverse
and name indication(s) of action daily dosage events

range

Statins To reduce LDL- Inhibit cholesterol Myalgias,
(HMG-CoA cholesterol (C) synthesis and arthralgias,
reductase inhibitors) upregulate LDL elevated LFTs

receptors in liver

Lovastatin 20 mg to 80 mg
Pravastatin 10 mg to 40 mg
Simvastatin 10 mg to 80 mg
Fluvastatin 20 mg to 80 mg
Atorvastatin 10 mg to 80 mg
Rosuvastatin 5 mg to 40 mg

Cholesterol To reduce LDL-C Inhibit intestinal Elevated LFTs
absorption cholesterol when given
inhibitors absorption with a statin
Ezetimibe 10 mg

Bile acid To reduce LDL-C Inhibit intestinal bile Bloating,
sequestrant acid reabsorption and constipation,

upregulate LDL elevated
triglycerides

Cholestyramine 2 g to 24 g
Colestipol 5 g to 30 g

Fibric acid To reduce TG Stimulate lipoprotein GI upset,
derivatives lipase, reduce myalgias,

apoC-III, increase gallstones
VLDL/LDL uptake

Gemfibrozil 600 mg to 1200 mg
Fenofibrate (micronized) 100 mg to 200 mg

Niacins To reduce LDL-C Inhibit adipocyte Cutaneous
TG and to lipolysis, decrease flushing,
increase HDL-C VLDL synthesis GI upset,

decrease HDL elevated
catabolism LFTs, glucose,

Generic crystalline uric acid
Niacin 1 g to 3 g
Niaspan 0.5 g to 2 g

Fish oils To reduce TG Decrease chylomicron GI upset,
and VLDL production, fishy taste
increase TG and smell
catabolism

Dietary supplement 2 g to 4 g
Prescription 2 g to 6 g

TG: Triglyceride LFTs: Liver function tests


