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HYPERLIPIDEMIA (HYPERLIPOPROTEINEMIA, DYSLIPIDEMIA)

Dr. J. Frohlich

1.
Why to diagnose and treat dyslipidemia
Based on the epidemiology, pathology and genetics of atherosclerosis, there is no doubt about the causal relationship between plasma cholesterol level (an integral part of plasma lipoproteins) and the development of coronary atherosclerosis (CAD).

The major criticism of the cholesterol hypothesis has been the lack of definitive proof that lowering of high blood cholesterol prevents CAD.  This criticism has been invalidated by a number of studies carried out in the 80's and 90's.

These clinical trials provide a solid base for both primary (before the event) and secondary (to avoid recurrence, or to induce regression of CAD) prevention.

Since almost half of all Canadians die of sequelae of atherosclerosis, control of lipid-related risk factors is clearly justified.

2.
Definition:  What is Dyslipidemia?
The definition of hyperlipidemia has been complicated by the following factors;

a)
our confusion regarding "normal" values for cholesterol and other lipids.  "Normal" result indicates that the value is within 2 SD's of the population mean, e.g. that 95% of people have values within a certain range ‑ denoted as "normal range".  In the case of cholesterol, however, the "normal" values are too high.

What we should aim for are desirable values, i.e. values associated with low risk of disease.  To illustrate this issue:  it may be normal to be mugged in New York City, but it sure is not desirable!  Various expert bodies, including the Canadian Consensus Conference on cholesterol, have suggested desirable adult population values.  These are shown in Table 1.


TABLE 1
For men and women age 18‑29:

A blood cholesterol under 4.5 mmol/L (180 mg/dl) is desirable.

A blood cholesterol over 5.7 mmol/L (220 mg/dl) merits intervention.

A blood cholesterol between 4.6‑5.7 mmol/L (180‑220 mg/dl) merits intervention if:

a)
the LDL cholesterol is over 3.0 mmol/L (115 mg/dl);  or

b)
the HDL cholesterol is below 0.9 mmol/L (35 mg/dl);  or

c)
the triglycerides are above 2.3 mmol/L (200 mg/dl).

For men and women age 30 and over:
A blood cholesterol under 5.2 mmol/L (280 mg/dl) is desirable.

A blood cholesterol over 6.2 mmol/L (240 mg/dl) merits intervention.

A blood cholesterol between 5.2‑6.2 mmol/L (200‑240 mg/dl) merits intervention if:

a)
the LDL cholesterol is over 3.4 mmol/L (130 mg/dl);  or

b)
the HDL cholesterol is below 0.9 mmol/L (35 mg/dl);  or

c) the triglycerides are above 2.3 mmol/L (200 mg/dl).

TABLE 2

Classification of Dyslipidemias
Primary








Secondary*

1.             Familial hypercholesterolemia

1.
Diet ‑ high in saturated fat and 

2.
Familial combined hyperlipidemia





cholesterol, lack of fibre (FCH)

3.            Type III disease (dysbetalipoproteinemia)
 
2.
Disease ‑ diabetes mellitus,


4.            Familial hypertriglyceridemia


liver or renal disorders,


5.
Polygenic hypercholesterolemia


                                               hypothyroidism, obesity

 








               (particularly abdominal), other

6.
Hypoalphalipoproteinemia




                3.
Drugs ‑ alcohol,

 
(isolated HDL‑C deficiency)






hydrochlorothiazide



7.
Hyperapobetalipoproteinemia






chlorthalidone



(Related to 2 above, but may






some beta blockers (non

occur without markedly






selective)


increased lipid values)






Amiodarone



8.
Chylomicronemia dud to LPL,






corticosteroids, some androgens,
apo CII deficiency, or HL deficiency).





and progestins.

*    Can exaggerate lipid disorder if superimposed on a primary form of hyperlipidemia.  Some of the characteristic features of the primary hyperlipidemias are shown in Table 3.   

LPL - lipoprotein lipase; apo CII - apolipoprotein CII; HL - hepatic lipase.

Of all the above categories of dyslipidemia, the secondary forms (which only occur in individuals with a particular genetic background) are the most common.  Dyslipidemia related to (abdominal) obesity, insulin insensitivity, glucose intolerance and hypertension (syndrome X, insulin resistance syndrome) is common in our society.

Of the primary dyslipidemias, FCH is the most common, with a frequency in B.C. population of up to 1 in 150.  The recently described hyperapobetalipoproteinemia (increase in serum apo B that is out of proportion to the increase in serum LDL‑cholesterol) is probably one important variant of this disorder.  

Familial hypercholesterolemia has a frequency of about 1 in 500 for heterozygotes and one in a million for homozygotes.  Familial type III disease (broad beta disease) has a low frequency of about 1 in 10,000.  Familial hypoalphalipoproteinemia (isolated decrease in HDL‑cholesterol) is probably less common than previously thought.  This pattern may occasionally occur with other familial dyslipidemias.  Familial hypertriglyceridemia has a frequency of about 1 in 250 and its relationship to atherosclerosis is not quite understood.  Chylomicronemia (a marked increase in triglycerides characterized by the presence of chylomicron particles in fasting serum) is also less common, about 1 in 6,000 and its major complication is acute hemorrhagic pancreatitis.

TABLE 3- Familial Hyperlipoproteinemias
Disorder
History (family and personal)/Physical examination
Increased

Risk of
Frequency (North America)
MI survivors age 50 who have the disorder

(%)
Laboratory Findings

Special Marker(s)
Inheritance






Patient
Affected Relatives



Familial

hyperchol-

esterolemia   
xanthoma1, vascular disease, 

 cholesterol in affected relatives
atherosclerosis
1:5002
5
 chol
 chol at birth
LDL-C apo B

LDL-receptor
Autosomal dominant

Familial combined hyperlipo-proteinemia
() incidence of atherosclerosis,

 in either cholesterol or TG or both in affected relatives
atherosclerosis (IHD)
1:100-200
10-15
 chol or TG or chol and TG
 in lipids not manifest till late 20's, early 30's
 apo B, composition of VLDL
Probably autosomal dominant

Familial dysbetalipo-proteinemia
()atherosclerosis, peripheral vascular disease, tuberous, tuberoeruptive xanthomas, planar xanthomas
atherosclerosis ( PVD, IHD)
1:10,000-20,000
1
 chol and TG (usual ratio C:TG close to 1:0) absence of apo E3
 chol  TG absent E3; only exceptionally manifested before age 20
apo E2/E2 phenotype + hyper-lipidemia "beta VLDL"
Autosomal recessive

Familial hypertriglycer-idemia
in some families  incidence of atherosclerosis
?atherosclerosis
1:250
5
 TG; composition of VLDL different from patients with FCH, dysbeta
 TG manifest usually in late 20's
 ratio of TG:apo B in VLDL
Probably autosomal dominant

Familial hypoalphalipo-proteinemia
 incidence of atherosclerosis
atherosclerosis (CVA, IHD)
1:400?
?
 HDL-C  A-I
 HDL-C
HDL-C Apo A-I
Autosomal dominant

Chylomicro-nemia
abdominal pain, pancreatitis, abdominal operations, eruptive xanthomas, DM, ?erythema palmaris, hepatosplenomegaly lipemia retinalis
pancreatitis 

? memory defects, DM neuritis, arthritis
1:6000
?
TG (over 1000 mg/dl) C:TG ratio usually 0.1 or less
TG usually after puberty
Fasting chylomicro-nemia;  in some cases absent LPL or apo CII
Usually autosomal recessive

 = increased             = decreased            C = cholesterol          TG = triglycerides

1   Both the incidence of findings on physical examination and plasma concentration of cholesterol and apo B are age dependent.

2  Heterozygotes for FH









TABLE 4

Laboratory Tests in the Diagnosis of Hyperlipidemia
A.
To rule out secondary cause of hyperlipidemia and to establish a baseline for treatment.
‑
Fasting plasma glucose



to rule out diabetes.

‑              SCOT (or SGPT), bilirubin
to rule out liver disease (also useful if drug treatment is considered).

‑
TSH or T4




to rule out hypothyroidism.

‑
Urinalysis, serum urea or creatinine


to rule out renal disease.

‑               Serum protein electrophoresis 
to rule out monoclonal band and circulating antibodies as a (rare) cause of hyperlipidemia.

‑
Other tests 




to rule out rare causes of hyperlipidemia: 








porphyrins, steroid assays, drug assays.


Laboratory Tests in the Diagnosis of Hyperlipidemia
B.
To diagnose a specific lipoprotein disorder
‑
Total serum cholesterol



non‑fasting specimen can be used.

‑               Serum triglycerides
more sensitive to diet and alcohol, up to 25% biological variability;  fasting specimen needed.

‑               Serum HDL‑cholesterol
fasting specimen;  important prognostic parameter.

‑               Apolipoprotein B
reflects the number of LDL particles;

helpful in the diagnosis of FH and FCH;

high LDL apo B/LDL‑C ratio in FCH, low in FH.

‑               Apolipoprotein A‑I
reflects the number of HDL particles.

‑
Lipoprotein lipase, apolipoprotein CII


Diagnosis of rare causes of chylomicronemia.

‑               apo E isoforms (or genotype)
deficiency of apo E3 (E2/E2 genotype)

confirms type III disease in patients with hyperlipidemia.

Approach to the Diagnosis of Lipoprotein Disorders
A.
The clinical assessment includes:

I)
Personal and family history of vascular disease with emphasis on symptoms of cardiovascular disease and presence or absence of the other major factors for atherosclerosis, such as smoking, hypertension, diabetes, renal disease.

ii)
Physical examination:  signs of hyperlipidemia are skin, palmar or tendon xanthomas, presence of arcus cornealis and bruits over the major blood vessels or other signs of vascular disease (such as unequal pulses).

Typical signs of dyslipidemia are usually seen only in the severe genetic disorders of longer duration, e.g. in the older individuals.  Young persons, even with the most severe hyperlipidemias, may have few or no signs of the disease.

Some dyslipidemias, such as FCH, familial hypertriglyceridemia, and hypoalphalipoproteinemia are not associated with any typical physical signs.  Family and personal history of atherosclerosis and characteristic laboratory findings are the clues to the diagnosis of these disorders.

B.
Laboratory Tests:

These are essential to confirm diagnosis of lipoprotein disorder.  Table 4 summarizes the currently used tests.  The usefulness of these tests is limited by their accuracy (closeness to true value) and precision (reproducibility of the test).  The diagnosis (or treatment) should not be based on a single measurement.

Apolipoprotein assays, especially that of apo B, play an important role in the diagnosis:  in general, high apo B associated with hypertriglyceridemia or mixed hyperlipidemia reflects an increased concentration of atherogenic lipoproteins and suggests an increased risk.

4.
Manifestations and consequences of hyperlipidemias in various groups
I)
Men vs. women
While there is no difference in the frequency of monogenic or polygenic hyperlipidemias in men and women (there is no sex‑linked plasma lipoprotein disorder), the consequences of dyslipidemia and the underlying specific risk factors differ.  Pre‑menopausal women are significantly more resistant to atherosclerosis than men.  Even in severe monogenic hyperlipidemias, such as familial hypercholesterolemia, the clinical manifestations of atherosclerosis appear about 10 years later in affected women than in men.

Increased serum triglycerides appear to be an independent risk factor for coronary artery disease in women (including women with primary hypercholesterolemia and with diabetes), while the connection is not as strong in men.

ii)
Ethnic background.

Some of the monogenic disorders are more common in specific ethnic groups.  For example, familial hypercholesterolemia is frequent (up to 1:150) among people of South African and French Canadian descent.  FCH appears to be quite common in individuals of East Indian origin; these individuals are generally at a higher risk of atherosclerosis.

iii)
Younger vs. older population groups.

In the Western civilizations, serum lipid concentrations may increase throughout life.  This is not the case in populations with low fat, low cholesterol intake.

The question of desirable values for the older population is not quite resolved.  Most experts believe that the value of less than 5.2 mmol/L of cholesterol is valid for all age groups.  Serum HDL‑cholesterol may be a better predictor of risk of CAD in older individuals.  However, the cholesterol (LDL – and HDL -) concentrations have to be viewed in the context of “global” (overall/risk of CAD)

iv)
Special groups at risk.

In patients with diabetes mellitus, renal failure, transplants (renal or other, especially cardiac transplants), hypertension and with symptomatic cardiovascular disease, dyslipidemia drastically increases the CAD risk.

In addition, smoking, male sex, male (abdominal) pattern of obesity, or generalized severe obesity also constitute serious risks for development of atherosclerosis.

5.
Evidence for beneficial effect of lipid lowering treatment
Both the dietary and drug studies of lipid lowering came to the same conclusion:  lowering of serum cholesterol by 1% decreases, over the period of 2‑3 years, the likelihood of coronary disease by about 2%.  The relationship of risk to changes in HDL cholesterol was even stronger:  for every 1% increase in HDL cholesterol, there was 3‑5% decrease in the risk in the Helsinki Heart Study.  Numerous metanalyses of the studies suggest that both lowering of LDL and increase in HDL cholesterol plays a significant role in the reduction of coronary artery disease mortality and morbidity.  Recently, four major studies also demonstrated convincingly that lipid lowering treatment will slow down, or even reverse, coronary atherosclerosis (angiography studies), Scandinavian simvastatin study, familial atherosclerosis study – fats- , or pravastatin studies – CARE, Lipid).  Some doubts remain about the effects of lipid lowering treatment on overall survival in some primary prevention studies, although a recent (1995) Scottish study showed both a decrease in cardiovascular and overall mortality in a group of asymptomatic men on cholesterol lowering treatment.

The principles of treatment of hyperlipidemia:

A.
Treatment of underlying disorders in the "secondary" hyperlipidemias is essential.  Thus, one should not treat hyperlipidemia of diabetes without first controlling the plasma glucose levels.  Similarly, it is a fallacy to treat hypercholesterolemia of hypothyroidism without correcting the underlying hormone deficiency.

B.
Diet, weight loss and exercise.  These are the cornerstones of management in the vast majority of individuals with hyperlipidemia.  The dietary principles include:

I)
Decrease in total caloric intake (or alternatively increase caloric output by regular exercise), if weight loss is desirable.

ii)
Limitation of fat intake to 30% or less of total caloric intake (don't forget that 20% fat content as weight in a food item means 40% calories as fat), approximately 10% total fat ingested should be in the form of polyunsaturated, 10% monounsaturated (canola oil or olive oil), and 10% as saturated fat.

iii)
Add soluble fibre to the diet.

Exercise has a definite role in the management;  numerous studies that followed the classical investigation of London double‑decker bus conductors and drivers (the physically active conductors had significantly less coronary artery disease than the sedentary drivers) confirmed that moderate exercise, e.g. walking 2 miles a day at a brisk pace, decreases the likelihood of coronary artery disease.  This type of exercise will also decrease slightly total cholesterol and triglycerides (mostly by decreasing body adipose stores) and increase HDL cholesterol.  Weight loss, particularly the loss of intra abdominal fat, also improves glucose tolerance and may decrease blood pressure.

C.
Medications.

To start a long‑term treatment with drugs is a serious decision that should only be taken when all other possibilities of lowering lipids have been exhausted.  In general, most experts are unwilling to treat an individual whose only risk factor for coronary atherosclerosis is moderately increased cholesterol or triglyceride level.  Presence or absence of several risk factors, or the severity of the particular hyperlipidemia will dictate whether medications should be used.  The commonly used drugs are listed in Table 5.  Dry combinations are most effective in decreasing the total /HDL = C ratio and preventing cardiac events.

A frequent question is whether the patient has to be on a life‑long treatment.  At least one recent study follow‑up suggested that long‑lasting benefits may be obtained from treating patients for a limited period of time, e.g. 5‑10 years (niacin study).  However, in individuals with severe hyperlipidemia or numerous risk factors, or those in whom a recurrence of the disease is being prevented, life‑long treatment is the most likely course.

Other forms of treatment of hyperlipidemias include (in most severe cases) plasmapheresis, or selective LDL removal, portocaval shunt or gene therapy (in homozygous FH).

6.
Primary vs. Secondary prevention of CAD.

Primary prevention is an attempt to modify patients' risk factors, e.g. hyperlipidemia, hypertension, smoking, etc., before atherosclerosis becomes clinically apparent (symptomatic).

The "high risk" strategy is aimed at patients with multiple risk factors, or those with severe risk factors, while the population strategy advocates lowering the populations' mean serum cholesterol (and dealing with the other risk factors), in an effort to delay the onset of atherosclerosis.  Medical politicians and epidemiologists are still debating the merits of these two strategies:  the consensus appears to be that the population strategy has a better payoff than the high risk strategy.  

While this discussion is important, it should not obscure the fact that individuals with genetic hyperlipidemias, those with multiple risk factors and those in the special groups at risk have to be diagnosed and treated aggressively.  Recent studies showed that the recurrence of coronary artery disease can be prevented and that regression of atherosclerosis occurs in many patients treated with lipid lowering drugs.  Thus, aggressive treatment of patients with clinical (symptomatic) vascular disease is beneficial.  Recent U.S. consensus recommends lowering of LDL‑cholesterol to below 2.6 mmol/L in patients with CAD.

CONCLUSION
It has been proven beyond reasonable doubt that specific groups of individuals with hyperlipidemia benefit from treatment.  It is the role of the primary physicians to diagnose and treat these individuals appropriately.


TABLE 5


DRUGS USED FOR TREATMENT OF HYPERLIPIDEMIAS
LEGEND TO TABLE:

1.
None of these drugs, with the possible exception of the bile acid binding resins, has been shown to be safe in pregnancy, or in the treatment of children.

2.
This table is intended to serve only as an overview of the medications available.  The proper choice of a medication requires careful consideration.  More detailed information on these medications and the indications for their use should be consulted prior to instituting therapy.

3.
Combination of these drugs are generally more effective than mono-therapy.  However, the frequency of side effects with some of them increases - I refer to the drug monograph before using combination Rx.

GENERIC NAME
EFFECTIVE DOSE
EXPECTED EFFECT
COMMON

SIDE EFFECTS
IMPORTANT

PRACTICAL

POINTS

Niacin

Cholestyramine

Cholestipol

Gemfibrozil

Fenofibrate

Probucol

Lovastatin

Pravastatin

Simvastatin

Fluvastatin

Atorvastatin

Lerivastatin


1.0-5.0 g/d

4-24 g/d

4-20 g/d

600-1,200 mg/d

300 mg/d

500-1,000 mg/d

5-80 mg/d

20-40 mg/d

5-40 mg/d

20-40 mg/d

10-80 mg/d

0.2-0.8 mg/d
TC(10-30%),

TG(30-50%),

 HDL-C(5-15%)

 TC(10-30%),

 TG(0-30%),

 HDL-C(0-5%)

 TC(5-10%),

 TG(10-50%),

 HDL-C(5-15%)

 TC(10-20%),

 HDL-C(10-20%)

 TC(20-40%),

 TG(10-20%),

 HDL-C(5-10%)

( LDL -  C (50%)
Skin flushing, stomach problems skin dryness.

 glucose,  uric acid,  liver enzymes

Constipation, bloating, stomach pain. Occ. Increases SGOT, SGPT.

Gastrointestinal.  Occ. Increases SGOT, CK SGPT.  May increase LDL-cholesterol in some patients.

Diarrhea.  Occ.

   SGOT, SGPT.

Uncommon flatulence, eructation, myopathy.  Occ. Increased SGOT, SGPT, CPK.


- Increase the dose slowly, e.g. 200-

   300 mg/week.

- Always take on full stomach.

- Use ASA 15-20 min. before use for

    the first week of treatment.

- Prepare according to instruction.

- Use highest well tolerated dose

    only.

- Use an hour before or 4 hours after

   other medications only.

- Generally well tolerated.

- Interferes with catabolism of

    warfarin.

- Decreases HDL, but may be an

    effective antiatherogenic drug.

- Well tolerated.

- One a day (evening

   dose effective.  Check SGOT,

   CPK frequently.
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