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LDL
Elevated
Hypothyroidism

Reduced
Severe liver
disease

Nephrotic
syndrome
Cholestasis

Malabsorption
Malnutrition
Gaucher’s disease

Acute intermittent porphyria
Anorexia nervosa
Hepatoma
Drugs: thiazides,
cyclosporin,
carbamazepine

HDL
Elevated
Alcohol

Exercise
Exposure to
chlorinated
hydrocarbons
Chronic infectious Drugs:
disease
estrogen
Hyperthyroidism
Drugs: niacin
toxicity

Chylomicrons
IDL Elevated
Elevated
Multiple myeloma Autoimmune
disease

Reduced
Smoking

VLDL Elevated
Obesity

DM type 2
Obesity
Malnutrition

DM type 2
Glycogen storage
disease

Gaucher’s disease

Nephrotic syndrome Autoimmune
disease
Hepatitis
Alcohol
Renal failure
Hypothyroidism
Sepsis
Stress
Cushing’s syndrome
Pregnancy
Acromegaly
Lipodystrophy
Drugs: estrogen, beta
blockers, glucocorticoids, bile acid binding resins, retinoic
acid

Cholesteryl ester
storage disease
Drugs: anabolic
steroids, beta
blockers

Monoclonal
gammopathy

DM type 2

Lp(a) Elevated
Chronic kidney
disease
Nephrotic syndrome
Inflammation
Menopause
Orchidectomy

Hypothyroidism
Acromegaly
Drugs: growth hormone, isotretinoin

Abbreviations: DM, diabetes mellitus; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; Lp(a), lipoprotein A; VLDL, very-low-density
lipoprotein.
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therapy is initiated to ensure that the increase in VLDL production
does not lead to severe hypertriglyceridemia. Use of low-dose preparations of estrogen or the estrogen patch can minimize the effect of
exogenous estrogen on lipids.
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Inherited Causes of Low Levels of Apob-Containing Lipoproteins
Plasma concentrations of LDL-C <60 mg/dL are unusual. Although in
some cases LDL-C levels in this range may be reflective of malnutrition
or serious chronic illness, LDL-C <60 mg/dL in an otherwise healthy
individual suggests an inherited condition. The major inherited causes
of low LDL-C are reviewed here.
Abetalipoproteinemia The synthesis and secretion of apoB-containing
lipoproteins in the enterocytes of the proximal small bowel and in
the hepatocytes of the liver involve a complex series of events that
coordinate the coupling of various lipids with apoB-48 and apoB100, respectively. Abetalipoproteinemia is a rare autosomal recessive
disease caused by loss-of-function mutations in the gene encoding
microsomal TG transfer protein (MTP; gene name MTTP), a protein that transfers lipids to nascent chylomicrons and VLDLs in the
intestine and liver, respectively. Plasma levels of cholesterol and TG
are extremely low in this disorder, and chylomicrons, VLDLs, LDLs,
and apoB are undetectable in plasma. The parents of patients with
abetalipoproteinemia (obligate heterozygotes) have normal plasma
lipid and apoB levels. Abetalipoproteinemia usually presents in early
childhood with diarrhea and failure to thrive due to fat malabsorption.
The initial neurologic manifestations are loss of deep tendon reflexes,
followed by decreased distal lower extremity vibratory and proprioceptive sense, dysmetria, ataxia, and the development of a spastic gait,
often by the third or fourth decade. Patients with abetalipoproteinemia
also develop a progressive pigmented retinopathy presenting with
decreased night and color vision, followed by reductions in daytime
visual acuity and ultimately progressing to near-blindness. The presence of spinocerebellar degeneration and pigmented retinopathy in
this disease has resulted in some patients with abetalipoproteinemia
being misdiagnosed as having Friedreich’s ataxia.
Most of the clinical manifestations of abetalipoproteinemia result
from defects in the absorption and transport of fat-soluble vitamins.
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Vitamin E and retinyl esters are normally transported from enterocytes
to the liver by chylomicrons, and vitamin E is dependent on VLDL for
transport out of the liver and into the circulation. As a consequence
of the inability of these patients to secrete apoB-containing particles,
patients with abetalipoproteinemia are markedly deficient in vitamin
E and are also mildly to moderately deficient in vitamins A and K.
Patients with abetalipoproteinemia should be referred to specialized
centers for confirmation of the diagnosis and appropriate therapy.
Treatment consists of a low-fat, high-caloric, vitamin-enriched diet
accompanied by large supplemental doses of vitamin E. It is imperative
that treatment be initiated as soon as possible to prevent development
of neurologic sequelae, which can progress even with appropriate
therapy. New therapies for this serious disease are needed.
Familial Hypobetalipoproteinemia (FHBL) FHBL generally refers to a
condition of low total cholesterol, LDL-C, and apoB due to mutations
in apoB. Most of the mutations causing FHBL result in a truncated
apoB protein, resulting in impaired assembly and secretion of chylomicrons from enterocytes and VLDL from the liver. Mutations
that result in VLDL particles containing a truncated apoB protein
are cleared from the circulation at an accelerated rate, which also
contributes to patients with this disorder having low levels of LDL-C
and apoB. Individuals heterozygous for these mutations usually have
LDL-C levels <60–80 mg/dL and also tend to have lower levels of
plasma TG. Many FHBL patients have elevated levels of hepatic fat
(due to reduced VLDL export) and sometimes have increased levels
of liver transaminases, although it appears that these patients infrequently develop associated inflammation and fibrosis.
Mutations in both apoB alleles cause homozygous FHBL, an
extremely rare disorder resembling abetalipoproteinemia with
nearly undetectable LDL-C and apoB. The neurologic defects in
this form of hypobetalipoproteinemia tend to be less severe than
is typically seen in abetalipoproteinemia. Homozygous hypobetalipoproteinemia can be distinguished from abetalipoproteinemia
by examining the inheritance pattern of the plasma LDL-C level.
The levels of LDL-C and apoB are normal in the parents of patients
with abetalipoproteinemia and low in those of patients with homozygous hypobetalipoproteinemia.
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