familial dySBetalipoproteinemia (fdBl) FDBL (also known as type III
hyperlipoproteinemia) is usually a recessive disorder characterized
by a mixed hyperlipidemia (elevated cholesterol and TGs) due to the
accumulation of remnant lipoprotein particles (chylomicron remnants
and VLDL remnants, or IDL). ApoE is present in multiple copies
on chylomicron remnants and IDL, and mediates their removal via
hepatic lipoprotein receptors (Fig. 421-2). FDBL is due to genetic variants of apoE, most commonly apoE2, that result in an apoE protein
with reduced ability to bind lipoprotein receptors. The APOE gene is
polymorphic in sequence, resulting in the expression of three common
isoforms: apoE3, which is the most common; and apoE2 and apoE4,
which both differ from apoE3 by a single amino acid. Although associated with slightly higher LDL-C levels and increased CHD risk, the
apoE4 allele is not associated with FDBL. Individuals who carry one or
two apoE4 alleles have an increased risk of Alzheimer’s disease. ApoE2
has a lower affinity for the LDL receptor; therefore, chylomicron remnants and IDL containing apoE2 are removed from plasma at a slower
rate. Individuals who are homozygous for the E2 allele (the E2/E2
genotype) comprise the most common subset of patients with FDBL.
Approximately 0.5% of the general population are apoE2/E2 homozygotes, but only a small minority of these individuals actually develop
hyperlipidemia characteristic of FDBL. In most cases, an additional,
sometimes identifiable, factor precipitates the development of hyperlipoproteinemia. The most common precipitating factors are a high-fat
diet, diabetes mellitus, obesity, hypothyroidism, renal disease, HIV
infection, estrogen deficiency, alcohol use, or certain drugs. The disease seldom presents in women before menopause. Other mutations
in apoE can cause a dominant form of FDBL where the hyperlipidemia
is fully manifest in the heterozygous state, but these mutations are
very rare.
Patients with FDBL usually present in adulthood with hyperlipidemia, xanthomas, or premature coronary or peripheral vascular disease.
In FDBL, in contrast to other disorders of elevated TGs, the plasma
levels of cholesterol and TG are often elevated to a similar degree, and
the level of HDL-C is usually normal or reduced. Two distinctive types
of xanthomas, tuberoeruptive and palmar, are seen in FDBL patients.
Tuberoeruptive xanthomas begin as clusters of small papules on the
elbows, knees, or buttocks and can grow to the size of small grapes.
Palmar xanthomas (alternatively called xanthomata striata palmaris)
are orange-yellow discolorations of the creases in the palms and wrists.
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Both of these xanthoma types are virtually pathognomonic for FDBL. 2443
Subjects with FDBL have premature ASCVD and tend to have more
peripheral vascular disease than is typically seen in FH.
The definitive diagnosis of FDBL can be made either by the documentation of very high levels of remnant lipoproteins or by identification of the apoE2/E2 genotype. A variety of methods are used to identify remnant lipoproteins in the plasma, including “β-quantification” by
ultracentrifugation (ratio of directly measured VLDL-C to total plasma
TG >0.30), lipoprotein electrophoresis (broad β band), or nuclear magnetic resonance lipoprotein profiling. The Friedewald formula for calculation of LDL-C is not valid in FDBL because the VLDL particles are
depleted in TG and enriched in cholesterol. The plasma levels of LDL-C
are actually low in this disorder due to defective metabolism of VLDL
to LDL. DNA-based methods (apoE genotyping) can be performed to
confirm homozygosity for apoE2. However, absence of the apoE2/E2
genotype does not strictly rule out the diagnosis of FDBL, because other
mutations in apoE can (rarely) cause this condition.
Because FDBL is associated with increased risk of premature ASCVD,
it should be treated aggressively. Other metabolic conditions that can
worsen the hyperlipidemia (see above) should be managed. Patients with
FDBL are typically diet-responsive and can respond favorably to weight
reduction and to low-cholesterol, low-fat diets. Alcohol intake should be
curtailed. Pharmacologic therapy is often required, and statins are the
first line in management. In the event of statin intolerance or insufficient
control of hyperlipidemia, cholesterol absorption inhibitors, fibrates,
and niacin are also effective in the treatment of FDBL.
Hepatic lipaSe deficiency Hepatic lipase (HL; gene name LIPC) is
a member of the same gene family as LPL and hydrolyzes TGs and
phospholipids in remnant lipoproteins and HDL. Hydrolysis of lipids
in remnant particles by HL contributes to their hepatic uptake via an
apoE-mediated process. HL deficiency is a very rare autosomal recessive disorder characterized by elevated plasma levels of cholesterol and
TGs (mixed hyperlipidemia) due to the accumulation of lipoprotein
remnants, accompanied by elevated plasma level of HDL-C. The diagnosis is confirmed by measuring HL activity in postheparin plasma
and/or confirmation of loss-of-function mutations in both alleles of
HL/LIPC. Due to the small number of patients with HL deficiency,
the association of this genetic defect with ASCVD is not entirely clear,
although anecdotally patients with HL deficiency who have premature
CVD have been described. As with FDBL, statin therapy is recommended to reduce remnant lipoproteins and cardiovascular risk.
Additional Secondary Causes of Dyslipidemia Many of the secondary
causes of dyslipidemia (Table 421-4) have been described above.
Additional considerations are discussed here.
liver diSorderS (See also Chap. 357) Because the liver is the principal
site of formation and clearance of lipoproteins, liver disorders can
affect plasma lipid levels in a variety of ways. Hepatitis due to infection,
drugs, or alcohol is often associated with increased VLDL synthesis
and mild to moderate hypertriglyceridemia. Severe hepatitis and liver
failure are associated with dramatic reductions in plasma cholesterol
and TGs due to reduced lipoprotein biosynthetic capacity.
Cholestasis is associated with hypercholesterolemia, which can be
very severe. A major pathway by which cholesterol is excreted from
the body is via secretion into bile, either directly or after conversion
to bile acids, and cholestasis blocks this critical excretory pathway. In
cholestasis, free cholesterol, coupled with phospholipids, is secreted
into the plasma as a constituent of a lamellar particle called LP-X. The
particles can deposit in skinfolds, producing lesions resembling those
seen in patients with FDBL (xanthomata strata palmaris). Planar and
eruptive xanthomas can also be seen in patients with cholestasis.
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cHoleSteryl eSter StoraGe diSeaSe (ceSd) CESD, also known as
lysosomal acid lipase deficiency, is an autosomal recessive disorder
characterized by elevated LDL-C, usually in association with low HDLC, together with progressive fatty liver ultimately leading to hepatic
fibrosis. Plasma TG levels can also be mild to moderately increased
in this disorder. The most severe form of this disorder, Wolman’s
disease, presents in infancy and is rapidly fatal. Both Wolman’s disease and CESD are caused by loss-of-function variants in both alleles
of the gene encoding lysosomal acid lipase (LAL; gene name LIPA).
LAL is responsible for hydrolyzing neutral lipids, particularly TGs
and cholesteryl esters, after delivery to the lysosome by cell-surface
receptors such as the LDL receptor. It is particularly important in the
liver, which clears large amounts of lipoproteins from the circulation.
Genetic deficiency of LAL results in accumulation of neutral lipid in
the hepatocytes, leading to hepatosplenomegaly, microvesicular steatosis, and ultimately fibrosis and end-stage liver disease. The etiology
of the elevated LDL-C levels is uncertain; one study suggested that
VLDL production is increased, but impaired LDL receptor–mediated
clearance of LDL is also likely.
CESD should be particularly suspected in nonobese patients with
elevated LDL-C, low HDL-C, and evidence of fatty liver in the absence
of overt insulin resistance. The diagnosis can be made with a dried
blood spot assay of LAL activity and confirmed by DNA genotyping
for the most common mutation, followed if necessary by sequencing of
the gene to find the second mutation. Liver biopsy is required to assess
the degree of inflammation and fibrosis. It is important to make the
diagnosis because it has implications for liver monitoring and potentially for therapeutic approaches under development.

druGS Many drugs have an impact on lipid metabolism and can
result in significant alterations in the lipoprotein profile (Table 421-4).
Estrogen administration is associated with increased VLDL and HDL
synthesis, resulting in elevated plasma levels of both TGs and HDL-C.
This lipoprotein pattern is distinctive because the levels of plasma TG
and HDL-C are typically inversely related. Plasma TG levels should
be monitored when birth control pills or postmenopausal estrogen
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