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Circulatory system: Dyslipidemias
Definition:
-

The term dyslipidemia is often used interchangeably with hyperlipidemia, lipid
disorders, apoprotein disorders and hypercholesterolemia. There are differences in
meaning however:
o Dyslipidemia: disorders of lipids that lead to disease and require treatment.
o Hyperlipidemia: elevation of triglyceride or cholesterol
o Lipid disorders: also includes lipid storage diseases and lipodystrophies
o Apoprotein disorders: mostly refers to the hereditary disorders of the
apoproteins such as Apo C-II deficiency in familial chylomicronemia.
o Hypercholesterolemia: elevated cholesterol was the first risk factor connected to
disease and may be used to broadly infer, “and all the rest of the dyslipidemias”.
Context matters. Usually the subfraction, such as LDL cholesterol is given.

Epidemiology
-

-

-

Even though there is a well-established log relationship between LDL-cholesterol and
coronary artery disease, there is no study showing that population screening has a
health benefit.
There are 2 schools of thought about cholesterol screening:
o It should not start before age 40-50 years, when disease manifests.
o It should start at a young age so that the natural history can be interrupted.
> 50% of Americans have an elevated LDL cholesterol

Lipid metabolism
-

Lipids are insoluble in water and so are transported in lipoproteins
Colloid versus suspension
-

1

Colloids are particle systems in which the particles are so small that they do
not settle out but too large to pass through a ultrafiltrate membrane.
Suspensions have larger particles that do settle over time.
Suspension are turbid while colloids are clear to the eye.
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-

Lipoproteins are spheres composed of a single layer of
phospholipids (compared to a cell membrane that has a bilayer of phospholipids).
o Like cell membranes, lipoproteins have structural
blocks of cholesterol.
o Proteins, called apolipoproteins are embedded in the
wall. They have both structural and signaling
functions.

-

Classification of lipoproteins:
o Lipoproteins are classified by density and then subclassified by physicochemical
properties.
 Subclassification is beyond the scope of this discussion.
o The 5 major lipoproteins HDL, LDL, IDL, VLDL and chylomicrons:

-

Note that chylomicrons have a density <1.00, the density of water. This means that they float.
After meals, they can form a supernatant in blood tubes. They also form a supernatant in
familial chylomicronemia.
Higher density lipoproteins are smaller. IDL is the VLDL remnant of VLDL and is small enough to
fit into the space of Disse in the liver. This is the site of hepatic lipase action that converts IDL
into LDL.
Higher density lipoproteins have less lipid content.
o HDL is 50% lipid; chylomicrons are 90% lipid
The proteins built into the wall of lipoproteins, called apolipoproteins, perform essential
signaling in addition to structural support.

-

-

2
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o
o

Apoprotein CII activates lipoprotein lipase in those cells that store triglycerides (i.e.
muscle and fat). This allows for triglyceride release in those tissues that use it.
Apoproteins B and E activate the LDL receptor (also called the B/E receptor) for
pinocytosis of the lipoprotein.

The exogenous pathway (fat absorption)

1.

3

1
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a. Triglycerides (TG) cannot be absorbed intact and must be broken down into
monoglyceride and free fatty acid by lipase. They are passively absorbed into the cell
and reconstituted into TG by acyltransferases.
b. Cholesterol is absorbed through the Niemann-Pick C1-like channel (NPC-1), which is an
inhibition target for Ezetimibe.
c. Nascent chylomicrons are assembled in the small intestine. The triglycerides are in the
endoplasmic reticulum as the apolipoprotein B48 is being assembled (called lipidation).
i. ApoB-48 is 48% of the length of apoB-100 apoprotein made in the liver.
ii. Synthesis of apoB-48 from RNA is inhibited by Mipomersen.
iii. The assembly of the chylomicron is regulated by the microsomal triglyceridetransfer protein (MTP), a target of Lomitapide.
d. ApoB-48 is a necessary signal for the exocytosis of chylomicrons into the intestinal
lymphatics.
i. Abetalipoproteinemia is caused by mutations in the MTP protein. It has
neurologic defects due to the malabsorption of Vitamin E and failure to thrive
due to malabsorption. Small bowel biopsy shows lipid-laden enterocytes.

2.

2
a. Intravascular metabolism first requires the addition of apoC-II and apoE from
HDL.
b. In tissues that store triglyceride (TG) )i.e. fat and muscle cells, including heart),
insulin induces the release of lipoprotein lipase in the surrounding interstitium. It
is transported and anchored on the endothelial cell surface.
c. ApoC-II activates lipoprotein lipase on the endothelial cell surface. This breaks
down TG into FFA and monoglyceride which diffuses through the vessel wall into
the underlying muscle cells or lipocytes. They are reconstituted into TG once in
the cells.
i. The muscles cell is an end-user cell and retains the TG until it is
metabolized for energy.
ii. The fat cell is a storage cell. In the fasting state, there is a decrease in
insulin and an increase in glucagon and the other counter-regulatory
hormones (i.e. GH, cortisol and catecholamines). These activate
hormone-sensitive lipase in the lipocyte, which breaks the TG down into
FFA and monoglycerides that are released into the blood.
iii. The FFAs and monoglycerides are picked up by the liver, reformed into
TG and released as VLDL.

Lipases

4
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Hormone
Pancreatic lipase
Lipoprotein lipase
Hepatic lipase
Hormone-sensitive lipase

3.

Production
Exocrine pancreas
Lipocytes, myocytes (insulin)
Hepatocytes
Glucose-regulatory hormones

Triglyceride target
Dietary micelles in small bowel
Chylomicrons and VLDL
Chylomicron and VLDL remnants
Lipocyte release of storage TG

3
a. When about 50% of the TG is hydrolyzed from the chylomicron, it detaches from
the LPL on the endothelial surface.
b. ApoC-II is exchanged for apo-E from HDL
c. The chylomicron remnants have to be small enough to enter the space of Disse
where they are taken up by pinocytosis with the B/E receptor (aka LDL receptor).
d. Unlike the LDL remnants, chylomicrons are completely cleared from the blood,
within <30 minutes.

Clinical correlation of fat absorption

5
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Lipid distribution (endogenous pathway) and cholesterol reabsorption
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-

1.

-

2.

-

-

7

1
o VLDLs are 50% TG and 25% cholesterol. TGs are synthesized in the liver from FFA
from lipocytes or synthesized de novo. For this reason, distribution of TG and
cholesterol through VLDL is called the endogenous pathway.
o Similar to chylomicrons, VLDL is assembled with MTP in the endoplasmic
reticulum by lipidation of apoB-100 to form nascent VLDL particles.
o VLDL is synthesized in response to FFA flux in the blood, itself in response to
fasting.
 FFAs are released from lipocyte TG after activation of hormone-sensitive
lipase in the lipocyte by ↓insulin and ↑glucagon and the other
counterregulatory hormones.
o When released into the blood, VLDL acquires apoC-II and apoE from HDL
2

o Similar to chylomicrons, LPL is produced and released by insulin stimulation of
myocytes and lipocytes. LPL diffuse to and is exposed on the endothelial cells
surfaces of capillaries in these tissues. LPL is activated by apoC-II and releases
the TG of VLDL as FFA and monoglycerides, which can be taken up by the muscle
cells and lipocytes.
o When about 50% of the TG has been hydrolyzed, the VLDL releases from the LPL.
The remnant VLDLs return apoC-II to HDL and about 50% are taken up by the
hepatocyte through the B/E receptor (aka LDL receptor).
o
3
3.
o The VLDL particles that are not eliminated by the hepatocytes undergo
modification by interaction with HDL, forming intermediate dense particles (IDL).
IDL still has apo-E and so 50% of IDL is cleared by the hepatocytes.
o IDL particles not cleared are modified by hepatic lipase to LDL with 30% TG and
30% cholesterol.
o LDL has no apoE and can only be cleared by the LDL receptor.
 This gives LDL a long T1/2 of 2-3 days, which is why LDL composes 70% of
serum cholesterol.
 High serum LDL levels promote insudation of LDL into the
blood vessel wall, a key step in atherosclerosis.
 70% of LDL receptors are found on hepatocytes. Other cells
include gonads (for sex hormone production) and
macrophages. Macrophages accumulate LDL through
scavenger receptors (SR-A & B), forming foamy
macrophages.

4.

4
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o While all cells can make cholesterol, only liver can eliminate cholesterol, by
excreting it in bile or by converting it into bile acids.
o HDL plays a key role in removing excess cholesterol from cells and transporting it
to the liver. This process is called reverse cholesterol transport.
o HDL is mostly produced in the liver, with a small contribution from the
enterocyte. ApoA-1 is excreted by the hepatocyte and in the space of Disse
incorporates phospholipids and unesterified cholesterol to form nascent apoA-1.
o HDL matures by
 binding to a plasma protein LCAT (lecithin: cholesterol acyltransferase)
which forms a hydrophobic core
 accepting the excess membrane phospholipid from the apo-B particles as
they shrink from TG loss.
o When mature HDL particles interact with the SR-BI receptor on hepatocytes.
When HDL binds to the SR-BI, it releases cholesterol, which is taken up in the
liver.

8

5

-

5.

-

Clinical correlation of lipid distribution and cholesterol recovery:

o Cholesterol ester transfer protein (CETP) facilitates the transfer of cholesterol to
VLDL particles in exchange for triglycerides. This decreases the number of HDL
particles and increases the cholesterol content of VLDL.
 The clinical significance of CETP is unclear. It is established that HDL
clears peripheral cholesterol and that low levels of HDL are associated
with atherosclerotic cardiovascular disease (ASCVD).
 Medications that inhibit CETP and elevate HDL have not been effective in
preventing ASCVD.
 The probable explanation lies in the fact that hypertriglyceridemia from
increased VLDL is associated with increased triglyceride-rich lipoprotein
remnants (TRLR). It is the TRLR that are atherogenic and not CETP and
low HDL levels (see 2 below).
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Dyslipidemias
Classification (there is no consensus)
-

There are 3 general approaches to classifying the dyslipidemias:
o Frederickson classification: type of lipoprotein accumulated
o Genetic: single gene mutations (1° disease)
o Pharmacologic: hypertriglyceridemia, hypercholesterolemia, mixed
Type
I
IIa
IIb
III
IV
V

-

Lipids
Chol & TG
Chol
Chol & TG
Chol & TG
TG
Chol & TG

Lipoprotein
Chylomicron
LDL
LDL, VLDL
IDL
VLDL
VLDL, chylomicrons

Protein
LPL, apoC-II
LDL-R
LDL-R
apoE
Unknown
Unknown

Most hyperlipidemias are polygenic or secondary (e.g. obesity, diabetes mellitus,
alcohol etc.)

Abetalipoproteinemia
-

-

10

Overview: a rare autosomal recessive disease due to defects in the MTP gene.
Presentation:
o Malabsorption: children present within several months with failure to thrive and
steatorrhea
o Neurologic defects: spinocerebellar ataxia and other neurologic defects are
mostly due to Vitamin E deficiency.
o Routine testing:
 PBS: acanthosis of red blood cells
 Small bowel biopsy: lipid-laden enterocytes
 Lipids: low triglyceride and cholesterol levels
Pathophysiology:
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-

o The microsomal transfer protein (MTP) is necessary for the production of the
apoB apolipoproteins.
 ApoB-48 is necessary for chylomicron formation. MTP is necessary for the
lipidation process in chylomicron formation
• Lack of chylomicron formation leads to triglyceride accumulation
in enterocytes and malabsorption of fat soluble vitamins.
 ApoB-100 is necessary for VLDL formation. MTP is necessary for the
lipidation process of VLDL synthesis.
• Lack of VLDL leads to lack of triglyceride and cholesterol transport
and failure to thrive.
Natural history:
o Homozygotes now live into their 30’s
o Treatment:
 Restriction of long chain lipids for steatorrhea.
 Fat soluble vitamin supplements, especially vitamin E

Familial chylomicronemia
-

-

-

Pathophysiology:
o An autosomal dominant disease usually due to lipoprotein
lipase (LPL) deficiency.
 Rarely it can be due to apoC-II deficiency, which has the
same phenotype.
o The protein defects leads to an inability to extract TG from
chylomicrons in the fat storing tissues (i.e. lipocytes, myocytes).
Presentation:
o Symptoms: pancreatitis, xanthomas in childhood
o Signs: xanthomas, hepatosplenomegaly (due to fat
accumulation)
o Testing:
 Gross: turbid serum with creamy supernatant
 Very high TG, low IDL and LDL
Natural history
o Treatment: low fat diet
o No significant atherosclerotic risk.

Familial hypertriglyceridemia
-

11

Pathophysiology:
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-

-

o Autosomal dominant disease with increased production of VLDL
 Unknown mechanism of disease.
 Some patients are heterozygote for LPL deficiency
Presentation:
o Usually identified by screening for lipid disorders
o May present with pancreatitis
Natural history:
o Not highly associated with atherosclerosis
o Treatment is by lifestyle alteration.
 Very high TG levels can be treated with fibrates

Familial hypercholesterolemia
-

Pathophysiology:
The LDL receptor: 3 key concepts it introduced in biochemistry
-

-

-

12

Receptor endocytosis: LDL binds to the receptor via the apoB protein and
the complex is internalized by endocytosis of a clathrin-coated pit.
Receptor recycling: after the cholesterol is separated from the receptor in
the acidic lysosome, the receptor returns to the cell surface. A round trip
takes about 10 minutes.
Receptor regulation: when there is abundant cholesterol in a cell, there is
decreased synthesis of the LDL-R. In addition, PCSK9 protein prevents the
return of the LDL-R to the surface.

o An autosomal dominant disease due to defects in the LDL receptor (aka B/E
receptor)
 Increased risk starts with LDL-R function of <50%
 Rare other causes include:
• Apolipoprotein B defects with decreased affinity to the LDL-R.
• PCSK9 gain-of-function mutations
o Marked elevated cholesterol levels result in increased risk for atherosclerotic
cardiovascular disease (ASCVD).
o It has a prevalence of 1 in 250 in the US, making it a common missed diagnosis
Presentation:
o Homozygotes:
 >1600 different defects in the LDL-R have been described, with a wide
spectrum of clinical severity.
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Most severe disease is not a true homozygote state but rather
“compound heterozygotes”, with 2 different inherited defects.
 Patients have very high cholesterol levels (>700 mg/dL) and ASCVD
before age 20 years.
o Heterozygotes states:
 Suspect with ASCVD event <60 years old.
 Positive family history.
 70% have xanthomas of the Achilles tendon
• Usually the xanthoma cannot be identified visually but can be
palpated as a thickening in the tendon.
 Serum LDL cholesterol (LDL-C) > 200 mg/dL
Natural history
o High risk for ASCVD (i.e. >10% likelihood of an event within 10 years).
 Untreated, 50% of males will have a myocardial infarction by age 50
years; 30% of females by age 60 years.
o Aggressive treatment for lowering LDL-C.
 High-intensity statin + non-statin.
Polygenic familial hypercholesterolemia
o This is the commonest type of inherited hypercholesterolemia, seen in 5-10% of
the population.
o As its name implies, multiple abnormalities of LDL-C metabolism are present.
o Patients have lower elevations of LDL-C and develop atherosclerosis at an older
age than monogenic hypercholesterolemia.
o This is a clinical diagnosis that starts with a (+) family history.


-

-

Secondary hyperlipidemias
Metabolic syndrome
-

13

Pathophysiology:
o This is classified as a mixed hyperlipidemia as it
typically consists of ↑TG, ↑total cholesterol and
↓HDL.
o Metabolic syndrome is characterized by:
 Insulin resistance (hyperglycemia)
 Centripetal fat (aka ↑abdominal girth)
 Hypertension
 Dyslipidemia (↑TG and ↓HDL)
o Molecular mechanism is not settled, but it is thought
that the insulin resistance leads to ↑FFA from
lipocytes, resulting in ↑VLDL from liver.
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The ↓HDL is due to the exchange of TG and cholesterol between HDL
and VLDL through CETP.
o The increased risk of ASCVD is not apparently due to the ↓HDL, as improving
HDL levels and inhibiting CETP has not shown clinical benefit. It is now thought
that the atherosclerotic risk is due to the cholesterol in the triglyceride-rich
lipoprotein remnant (TRLR) (see image).
Presentation:
o Metabolic syndrome is asymptomatic. It is diagnosed by the constellation of
physical findings and lipid profile.
Natural history:
o The increased risk of ASCVD is no greater than the risk for each of the
components of the syndrome (although risk is closest to that of diabetes).
o Treatment:
 Aggressive alteration of lifestyle
 Treatment for each component is the same as if it was present alone.


-

-

2° hypertriglyceridemia
-

-

While there is clear epidemiologic correlation between hypertriglyceridemia and ASCVD,
direct causal relationship has not been established.
o Atherosclerosis may be due to triglyceride-rich lipoprotein remnants (TRLR) or
↓HDL
Important diseases include:
o Obesity
o Diabetes mellitus
o Alcohol
o Nephrotic syndrome
o Hypothyroidism

2° hypercholesterolemia
-

-

The 2 most important causes of 2° hypercholesterolemia are:
o Hypothyroidism
o Nephrotic syndrome
The molecular basis of these dyslipidemias is not well established.

Principles of treatment of hyperlipidemias
-
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The decision to treat dyslipidemia is mostly based on the ASCVD risk calculation.
Different societies have developed therapy guideline algorithms.
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There is no lower limit to the optimal LDL-C. Recent studies using PSCK9 inhibiters has
shown that LDL-C levels <70 mg/dL have better outcomes. Lower is better.
The key to lowering cholesterol is to increase the LDL-C clearance by increasing the LDLR on the hepatocyte. This can be achieved by lowering intracellular cholesterol level.
Statins not only decrease LDL-C levels, but also stabilize plaques, including a decrease in
inflammation.
Omega-3 fatty acids (aka fish oils) decrease TG but are protective only when taken in
large doses (i.e. >4 gm/day). They appear to decrease TGRLs.
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Circulatory system: Dyslipidemias
Do You Know It?
1. Classify the lipoproteins by density, lipid composition and apolipoprotein.
a. Which lipoprotein floats?

2. What is the function of the following apolipoproteins?
a. ApoA-1
b. ApoB-48
c. ApoB-100
d. ApoC-II
e. ApoE

3. Draw the lipid absorption pathway.
a. Show the site of:
i. Abetalipoproteinemia
ii. Familial chylomicronemia
iii. Ezetimibe

4. Draw the lipid distribution and cholesterol recovery pathways.
a. Show the site of:
i. Metabolic syndrome
ii. Familial hypercholesterolemia
iii. Familial hypertriglyceridemia

5. Describe the following dyslipidemias (presentation, pathophysiology & natural history).
a. Abetalipoproteinemia
b. Familial chylomicronemia
c. Familial hypertriglyceridemia
d. Familial hypercholesterolemia
e. Metabolic syndrome

6. What is the commonest cause of 2 hypercholesterolemia?
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