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INHERITED CAUSES OF VERY LOW LEVELS OF HDL-C
Mutations in genes encoding proteins that play critical roles in HDL
synthesis and catabolism can result in reductions in plasma levels of
HDL-C. Unlike the genetic forms of hypercholesterolemia, which are
invariably associated with premature coronary atherosclerosis, genetic
forms of hypoalphalipoproteinemia (low HDL-C) are often not associated with clearly increased risk of ASCVD.
Gene Deletions in the APOA5-A1-C3-A4 Locus and Coding Mutations in
APOA1 Complete genetic deficiency of apoA-I due to a complete
deletion of the APOA1 gene results in the virtual absence of circulating
HDL and appears to increase the risk of premature ASCVD. The genes
encoding APOA5, APOA1, APOC3, and APOA4 are clustered together
on chromosome 11. Some patients with no apoA-I have genomic
deletions that include other genes in the cluster. ApoA-I is required
for LCAT activity. In the absence of LCAT, free cholesterol levels
increase in both plasma (not HDL) and in tissues. The free cholesterol
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Tangier Disease (ABCA1 Deficiency) Tangier disease is a rare autosomal
co-dominant form of extremely low plasma HDL-C levels that is
caused by mutations in the gene encoding ABCA1, a cellular transporter that facilitates efflux of unesterified cholesterol and phospholipids from cells to apoA-I (Fig. 421-3). ABCA1 in the liver and intestine
rapidly lipidates the apoA-I secreted from the basolateral membranes
of these tissues. In the absence of ABCA1, the nascent, poorly lipidated
apoA-I is immediately cleared from the circulation. Thus, patients
with Tangier disease have extremely low circulating plasma levels of
HDL-C (<5 mg/dL) and apoA-I (<5 mg/dL). Cholesterol accumulates in the reticuloendothelial system of these patients, resulting in
hepatosplenomegaly and pathognomonic enlarged, grayish yellow or
orange tonsils. An intermittent peripheral neuropathy (mononeuritis multiplex) or a sphingomyelia-like neurologic disorder can also
be seen in this disorder. Tangier disease is probably associated with
some increased risk of premature atherosclerotic disease, although the
association is not as robust as might be anticipated, given the very low
levels of HDL-C and apoA-I in these patients. Patients with Tangier
disease also have low plasma levels of LDL-C, which may attenuate
the atherosclerotic risk. Obligate heterozygotes for ABCA1 mutations
have moderately reduced plasma HDL-C levels (15–30 mg/dL), and
their risk of premature CHD remains uncertain.
Familial LCAT Deficiency This rare autosomal recessive disorder is
caused by mutations in LCAT, an enzyme synthesized in the liver
and secreted into the plasma, where it circulates associated with lipoproteins (Fig. 421-3). As reviewed above, the enzyme is activated by
apoA-I and mediates the esterification of cholesterol to form cholesteryl esters. Consequently, in familial LCAT deficiency, the proportion
of free cholesterol in circulating lipoproteins is greatly increased (from
~25% to >70% of total plasma cholesterol). Deficiency in this enzyme
interferes with the maturation of HDL particles and results in rapid
catabolism of circulating apoA-I.
Two genetic forms of familial LCAT deficiency have been described
in humans: complete deficiency (also called classic LCAT deficiency)
and partial deficiency (also called fish-eye disease). Progressive corneal
opacification due to the deposition of free cholesterol in the cornea,
very low plasma levels of HDL-C (usually <10 mg/dL), and variable
hypertriglyceridemia are characteristic of both disorders. In partial
LCAT deficiency, there are no other known clinical sequelae. In contrast, patients with complete LCAT deficiency have hemolytic anemia
and progressive renal insufficiency that eventually leads to end-stage
renal disease. Remarkably, despite the extremely low plasma levels of
HDL-C and apoA-I, premature ASCVD is not a consistent feature of
either LCAT deficiency or fish eye disease. The diagnosis can be confirmed in a specialized laboratory by assaying plasma LCAT activity or
by sequencing the LCAT gene.
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Low levels of HDL-C are very commonly encountered in clinical practice. Low HDL-C is an important independent predictor of increased
cardiovascular risk and has been used regularly in standardized risk
calculators, including the most recent one from the American Heart
Association (AHA)/American College of Cardiology (ACC). However,
it remains very uncertain whether low HDL-C is directly causal for the
development of ASCVD. HDL metabolism is strongly influenced by
TRLs, insulin resistance, and inflammation, among other environmental and medical factors. Thus the HDL-C measurement integrates a
number of cardiovascular risk factors, potentially explaining its strong
inverse association with ASCVD.
The majority of patients with low HDL-C have some combination
of genetic predisposition and secondary factors. Variants in dozens of
genes have been shown to influence HDL-C levels. Even more important quantitatively, obesity and insulin resistance have strong suppressive effects on HDL-C, and low HDL-C in these conditions is widely
observed. Furthermore, the vast majority of patients with elevated
TGs have reduced levels of HDL-C. Most patients with low HDL-C
who have been studied in detail have accelerated catabolism of HDL
and its associated apoA-I as the physiologic basis for the low HDLC. Importantly, although HDL-C remains an important biomarker
for assessing cardiovascular risk, it is not currently a direct target of
intervention for raising the level in order to reduce cardiovascular
risk. Certain therapeutic approaches in clinical development, such
as inhibitors of CETP (see below), have the potential to change this
paradigm.
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opacities and planar xanthomas. Premature CHD is associated with
apoA-I deficiency.
Missense and nonsense mutations in the apoA-I gene are present
in some patients with low plasma levels of HDL-C (usually 15–30 mg/
dL), but are a rare cause of low plasma HDL-C levels. Most individuals
with low plasma HDL-C levels due to missense mutations in apoA-I
do not appear to have premature CHD. Patients who are heterozygous
for an Arg173Cys substitution in apoA-I (so-called apoA-IMilano) have
very low plasma levels of HDL-C due to impaired LCAT activation and
accelerated clearance of the HDL particles containing the abnormal
apoA-I. Despite having very low plasma levels of HDL-C, these individuals do not have an increased risk of premature CHD.
A few selected missense mutations in apoA-I and apoA-II promote
the formation of amyloid fibrils, which can cause systemic amyloidosis.

Primary Hypoalphalipoproteinemia The condition of low plasma levels
of HDL-C (the “alpha lipoprotein”) is referred to as hypoalphalipoproteinemia. Primary hypoalphalipoproteinemia is defined as a plasma
HDL-C level below the tenth percentile in the setting of relatively
normal cholesterol and TG levels, no apparent secondary causes of low
plasma HDL-C, and no clinical signs of LCAT deficiency or Tangier
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