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Abstract
Dysbetalipoproteinemia is a rare familial dyslipidemia 
characterized by approximately equally elevated serum 
cholesterol and triglyceride levels due to accumulated 
remnant lipoproteins in apolipoprotein E2/E2 homozygotes. 

It is associated with an increased risk for premature 
cardiovascular disease. Thus, making a diagnosis of 
dysbetalipoproteinemia aids in assessing cardiovascular 
risk correctly and allows for genetic counseling. However, 
the diagnostic work-up can be challenging. Diagnosis of 
dysbetalipoproteinemia should be considered in patients 
mixed dyslipidemia when the apolipoprotein B concentration 
is relatively low in relation to the total cholesterol concen
tration or when there is significant disparity between 
the calculated low density lipoprotein (LDL) and directly 
measured LDL cholesterol concentrations. Other indices 
are also informative in the diagnostic process. We present 
herein two phenotypically different cases (a 44-year-old 
man with severe hypertriglyceridemia and a 49-year-old 
woman with mixed dyslipidemia) of genotypically proven 
familial dysbetalipoproteinemia and a diagnostic algorithm 
of the disease.
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Core tip: Dysbetalipoproteinemia is associated with an 
increased risk for premature cardiovascular disease and 
its diagnosis may be challenging since its phenotype 
may significantly vary when specific environmental, 
hormonal and genetic factors that affect triglyceride 
(TG) metabolism co-exist. An algorithm with a number 
of dysbetalipoproteinemia indices may be helpful for the 
diagnosis of the disease and roughly equally elevated 
levels of both total cholesterol (TC) and TG and a low 
apolipoprotein B to TC ratio seem to comprise the two 
most helpful indices.
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INTRODUCTION
Apolipoprotein E (apoE) in plasma is mainly carried 
by chylomicrons, very-low-density lipoproteins (VLDL) 
and high-density lipoproteins (HDL). When associated 
with these lipoproteins, apoE serves as the ligand for 
the low density lipoprotein (LDL) receptor and the 
LDL-receptor related protein on the surface of hepatic 
cells[1]. In humans, three common apoE isoforms 
have been described, designated E2, E3, and E4[2,3]. 
ApoE2 and apoE4 differ from the more frequent apoE3 
isoform by a single amino-acid substitution due to a 
single point mutation, conferring a more acidic or more 
basic charge to the protein. When compared with 
the apoE3 isoform, apoE2 has a markedly reduced 
affinity (< 1%) for the LDL receptor. Only a modest 
accumulation of cholesterol-enriched lipoprotein 
remnants of both hepatic and intestinal origin, or 
β-VLDL is observed in most apoE2/E2 homozygotes, 
which is not sufficient to cause an elevation of plasma 
cholesterol and triglyceride (TG) levels above normal. 
However, in individuals with predisposing genetic, 
hormonal, or environmental factors, this phenotype is 
associated with dysbetalipoproteinemia, also known as 
hyperlipoproteinemia type 3[2,4]. 

We present herein two phenotypically different cases 
of genotypically proven familial dysbetalipoproteinemia.

Methods
Blood samples for laboratory tests were obtained after a 
12 h overnight fast. All serum laboratory measurements 
including fasting plasma glucose, creatinine, thyroid 
hormones, total cholesterol (TC), HDL cholesterol 
(HDL-C), and TG were determined enzymatically in the 
laboratory of the University Hospital of Ioannina using an 
Olympus AU 600 analyzer (Olympus Diagnostica GmbH, 
Hamburg, Germany). LDL cholesterol (LDL-C) was 
calculated using the Friedewald equation (provided that 
TGs were < 350 mg/dL (3.95 mmol/L). Apolipoproteins, 
serum and urinary proteins were measured with a 
Behring Nephelometer BN100 with reagents (antibodies 
and calibrators) from Dade Behring Holding GmbH 
(Liederbach, Germany). Antinuclear antibodies (MB 
Laboratories, Sidney, BC, Canada) were assessed by 
immunofluorescence. A commercial enzyme-linked 
immunosorbent assay was used to evaluate the levels 
of anti-extractable nuclear antigen (AESKU Diagnostics, 
Wendelsheim, Germany), while levels of serum globulins, 
C3 and C4 fractions of complement and rheumatoid 
factor were evaluated using nephelometry (Siemens 
Healthcare Diagnostics, Erlangen, Germany).

VLDL was isolated from plasma by two sequential 
ultracentrifugations according to the method of Gaw et 
al[5]. In brief, chylomicrons-deficient plasma firstly was 
prepared by plasma ultracentrifugation in a Beckman 

SW41 Ti rotor at 20000 rpm for 70 min at 23 ℃. The 
chylomicrons fraction was carefully removed from the 
top of the tube and the chylomicrons-deficient fraction 
was next submitted to ultracentrifugation at density 
of d = 1.019 g/mL at 45000 rpm for 8 h at 14 ℃. 
The VLDL fraction floating to the top of the tube was 
carefully collected.

DNA was extracted from the whole blood specimen 
according to standard procedures. ApoE genotyping 
was performed as described by Hixson and Vernier[6]. 
Polymerase chain reaction (PCR) was used to amplify a 
244-bp sequence of the apoE gene, including the two 
polymorphic sites. The PCR product was then digested 
with the restriction enzyme Hha I and the different 
genotypes were detected after electrophoresis on 6% 
NuSieve agarose gel.

CASE REPORT
Case 1
Two years earlier a 44-year-old Caucasian man had 
received the diagnosis of mixed dyslipidemia based 
on the following lipid profile; TC: 420 mg/dL, TG: 
580 mg/dL, HDL-C: 36 mg/dL. He had no family 
history of dyslipidemia or established cardiovascular 
disease, while physical examination was unremarkable. 
Secondary causes of dyslipidemia were excluded by 
evaluation of thyroid and renal function, urinary protein 
excretion, serum protein electrophoresis, erythrocyte 
sedimentation rate and autoantibodies. A low-fat diet 
was recommended and patient was given gemfibrozil, 
600 mg, twice a day. His lipid profile improved after 
2 mo, but he stopped taking the drug and was lost 
to follow-up. At age 46, the patient had consulted a 
dermatologist because of the lesions shown at Figure 
1 and was referred for serum lipid assessment. He 
consumed small amount of alcoholic beverages and 
had stopped smoking 5 years earlier. For the past 
6 mo, he experienced symptoms that suggested 
intermittent claudication. A Doppler ultrasonic study 
revealed mild stenosis of left femoral artery.

Seen at Figure 1 are the characteristic for dysbetali
poproteinemia tuberous xanthomas over the patient’s 
elbows (they were also present on his knees) and the 
pathognomonic striated palmar xanthomas, while skin 
lesions typically associated with chylomicronemia, 
namely eruptive xanthomas, on his buttocks were also 
present (Figure 1). Laboratory assessment revealed: 
fasting plasma glucose: 300 mg/dL, TC: 1055 mg/
dL, TG: 2900 mg/dL, HDL-C: 18 mg/dL, VLDL-C: 
316 mg/dL, VLDL-TG: 831 mg/dL. The diagnosis of 
dysbetalipoproteinemia was verified by apoE2/E2 
homozygosity genotype.

We suggested the patient to stop fat and alcohol 
consumption. He received metformin 850 mg twice 
a day and ciprofibrate 100 mg/d. Four weeks later 
the patient’s skin lesions had regressed significantly 
and serum laboratory parameters improved (fasting 
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plasma glucose: 150 mg/dL, TC: 412 mg/dL, TG: 754 
mg/dL, HDL-C: 27 mg/dL). The dosage of ciprofibrate 
was increased to 100 mg, twice a day and glimepiride 
2 mg/d was added.

Case 2
A 49-year-old Caucasian woman was referred to the 
Outpatient Lipid and Obesity Clinic of the University 
Hospital of Ioannina, Greece by her family doctor due 
to increased TC and TG levels. The patient denied 
any symptoms indicative of cardiovascular disease 
but her mother had been diagnosed with peripheral 
artery disease at the age of 40. In addition the patient 
had been diagnosed with breast cancer 2 years ago 
and her body mass index (BMI) was 28 kg/m2. She 
was on tamoxifen 20 mg/d and there had been no 
changes in her medication for the last 11 mo. Clinical 
examination revealed no pathologic findings, while 
her electrocardiogram was normal. Treatment naïve 
lipid profile analysis revealed elevated TC (325 mg/
dL), TG (321 mg/dL), LDL-C (214 mg/dL), apoE (147 
mg/dL) and lipoprotein a [Lp(a), 47.5 mg/dL] levels, 
while HDL-C (47 mg/dL), apoA1 (178 mg/dL) and 
apoB (77 mg/dL) levels were within normal range. 
Other secondary causes of hyperlipoproteinemia were 
excluded as in case 1 patient. Dysbetalipoproteinemia 
was suspected by the equally elevated levels of 
both TC and TG (TC/TG is approximately 1), before 
treatment initiation and the low apoB to TC ratio 
(< 0.33) (Figure 2).We first assessed a number of 

dysbetalipoproteinemia indices, while the apoE2/
E2 homozygosity genotype verified the speculated 
diagnosis (Table 1, Figure 2).

Patient was advised to switch to a diet low in saturated 
fats and carbohydrates. She received rosuvastatin  
40 mg/d, ezetimibe 10 mg/d and fenofibrate 145 mg/
d. Four weeks later patient’s lipid profile significantly 
improved (TC: 238 mg/dL, TG: 160 mg/dL, HDL-C:  
50 mg/dL, LDL: 156 mg/dL). 

DISCUSSION
Only untreated dysbetalipoproteinemia patients > 
30-year-old, like case 1 patient, suffer from diagnostic 
skin lesions, including tuberous or tuberoeruptive 
xanthomas on the extensor surfaces of extremities 
(elbow, knees and buttocks)[7,8]. Striated palmar 
xanthomas are considered pathognomonic of dysbetali
poproteinemia, but they are not present in all patients 
(case 2 patient)[8]. 

Dysbetalipoproteinemia is characterized by increased 
serum TG and cholesterol rich lipoprotein remnants [mostly 
intermediate density lipoprotein (IDL) and chylomicron 
remnants], also known as b-VLDL particles[7,8]. As 
dysbetalipoproteinemia is associated with increased 
premature cardiovascular disease demanding aggressive 
therapeutic management, it is important for the physician 
to suspect the disease when a mixed dyslipidemia is 
further characterized by approximately equally elevated 
levels of both TC and TG (TC is approximately 250-450 

April 16, 2015|Volume 3|Issue 4|WJCC|www.wjgnet.com 373

Figure 1  Tuberous xanthomas over the patient’s elbows, striated palmar xanthomas and eruptive xanthomas on his buttocks. A: Eruptive xanthomas; B: 
Tuberous xanthomas; C: Striated palmar xanthomas.

A B

C
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mg/dL, TG is approximately 250-900 mg/dL) and a low 
apoB to TC ratio (< 0.33) (as it was the case with our 
second patient)[7,8]. The apoB to TC ratio represents the 
cholesterol in the circulating lipoproteins, but it does not 
include the cholesterol that circulates in HDL and other 
non-apoB-containing lipoproteins[9]. However, the apoB 
to non-HDL-C ratio was proven to be a less specific 
dysbetalipoproteinemia index compared with apoB to 
TC ratio[9]. When available, directly measured LDL-C is 
lower compared to that of calculated due to impaired 
conversion of VLDL to LDL[7,8,10]. In addition, an elevated 
VLDL cholesterol to total TG ratio (> 0.3) is indicative 
of dysbetalipoproteinemia and was also found in case 
2 patient (Table 1)[7,8,10]. However, this ratio should not 
be used in normolipidemic subjects as they may have 
elevated ratios. Falsely low ratios, on the other hand, can 

be found in some dysbetalipoproteinemia patients who 
additionally have marked chylomicronemia and typical 
eruptive xanthomas (in the buttocks) as it was with case 
1 patient. In this case, patient should be reassessed after 
several days on a low fat diet. In such cases another 
point distinguishing dysbetalipoproteinemia from type 
5 hyperlipidemia is that the VLDL from a patient with 
dysbetalipoproteinemia is colored brown, whereas normal 
VLDL and that from type 2b and type 5 hyperlipidemia is 
white. Other dysbetalipoproteinemia indices have been 
also reported including elevated VLDL-C to VLDL-TG (> 
0.96) as it represents high levels of cholesterol-enriched 
VLDL. In addition, elevated apoE to apoB has also been 
associated with dysbetalipoproteinemia and this index was 
elevated in our patient (Table 1)[9]. Last, the presence of a 
broad β band in electrophoresis is diagnostic but it is found 
in < 50% of cases[11]. 

Dysbetalipoproteinemia is observed in apoE2 homo
zygous persons when also a genetic or environmental 
risk factor for dyslipidemia is also present[7,8]. The 
disease generally presents after adulthood in men and 
menopause in women[7,8]. 

In most cases secondary factors are required for the 
expression of dysbetalipoproteinemia. These include 
additional genetic susceptibility variants, or other 
hormonal or environmental factors, such as obesity, 
type 2 diabetes, female gender, drugs affecting the 
metabolism of TG-rich lipoproteins, alcohol consumption 
or hypothyroidism (Table 2)[8,12]. Of note, case 1 patient 
was a diabetic man who consumed alcohol, while case 
2 patient was an overweight woman who also received 
tamoxifen, which has been associated with disturbed 
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Exclude secondary causes: 
Multiple myeloma
Paraproteinemia 
Systemic lupus erythematous
Assess predisposing factors: 
Drugs affecting TG-rich lipoprotein metabolism
Alcohol consumption
Hypothyroidism
Pregnancy
Diabetes, insulin resistance
Obesity
Diet rich in saturated fats and carbohydrates
Assess other genetic disorders: 
Familial hypercholesterolemia
Familial combined hyperlipoproteinemia
Familial hypertriglyceridemia

Mixed dyslipidemia

Clinical findings indicative of 
dysbetalipoprotenemia (striated 
palmar xanthomas)

No clinical findings
 BUT 
TCHOL/TRG ≈ 1

Direct LDL measurement
ApoB/TC, mg/dL< 0.33 and 
Non-HDL-C/ApoB, mg/dL >2.6

Calcute other indices:
VLDL-C/PLASMA TG, mg/dL > 0.3 
VLDL-C/VLDL-TG, mg/dL > 0.96
TG/ApoB, mg/dL > 4.29
ApoE/ApoB, mg/dL > 0.15

If low

Genotype: apoE2E2

Dysbetalipoproteinemia

Figure 2  Diagnostic algorithm of dysbetalipoproteinemia. TC: Total cholesterol; TG: Triglycerides; ApoB: Apolipoprotein B; VLDL-C: Very low density lipoprotein 
cholesterol; VLDL-TG: Very low density lipoprotein triglycerides; ApoE: Apolipoprotein E; Non-HDL-C: Non high density lipoprotein cholesterol.

Table 1  Dysbetalipoproteinemia indices

Index Patient’s 
2 values

Indicative for dysbetali-
poproteinemia values

TC/TG (mg/dL) 1.01 Approximately 1 
ApoB/TC (mg/dL) 0.23 < 0.33
ApoB/non-HDL-C (mg/dL) 0.27 < 0.38
VLDL-C/PLASMA TG (mg/dL) 0.35 > 0.3 
VLDL-C/VLDL-TG (mg/dL) 1.06 > 0.96
TG/ApoB (mg/dL) 4.40 > 4.29
ApoE/ApoB (mg/dL) 0.20 > 0.15

TC: Total cholesterol; TG: Triglycerides; ApoB: Apolipoprotein B; VLDL-C: 
Very low density lipoprotein cholesterol; VLDL-TG: Very low density 
lipoprotein triglycerides; ApoE: Apolipoprotein E; Non-HDL-C: Non high 
density lipoprotein cholesterol.
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TG metabolism. In fact tamoxifen, like estrogens, 
stimulates the synthesis and secretion from the liver 
of VLDL, which is the main circulating carrier of TGs, 
while it decreases VLDL and IDL catabolism as a result 
of decreasing lipoprotein and hepatic lipase activities. 
However, the drug can induce only modest elevations 
in serum TG levels in patients who have a normal 
lipoprotein metabolism, while it can cause marked 
hypertriglyceridemia in patients who have a defective 
TG-rich lipoproteins metabolism[13-15]. Moreover, some 
patients may possess additional genetic variants or 
mutations disturbing the metabolic role of apoE[7,8]. On 
the other hand, less than 5% of dysbetalipoproteinemia 
patients have dominant mutations in apoE, which per 
se induce mixed dyslipidemia[7,16]. These mutations 
impair both the chylomicron remnants and IDL particles 
uptake by liver and the conversion of VLDL and 
IDL to LDL particles[7]. Of note, patients with dys
betalipoproteinemia show a marked interindividual 
variation in the serum concentrations of cholesterol 
and TG, clinically presented as mixed dyslipidemia 
(case 2 patient) or chylomicromenia (case 1 patient).
Furthermore a combination of the apoE2/2 phenotype 
and additional genetic factors associated with diseases 
like familial hypercholesterolemia, familial combined 
hyperlipoproteinemia, or familial hypertriglyceridemia, can 
determine the expression of dysbetalipoproteinemia[17]. 
According to the Dutch Lipid Clinic Network criteria 
proposed by the European Atherosclerosis Society, 
the diagnosis of familial hypercholesterolemia was not 
probable in both our patients[18]. 

Noteworthy, it is important to exclude secondary 
causes of dysbetalipoproteinemia, including multiple 
myeloma, paraproteinemia and systemic lupus ery
thematous can mimic the disease, including the presence of 
typical xanthomas and the ultracentrifuge findings[19,20]. 
Thus, a detailed clinical and laboratory assessment is 
always required.

Dysbetalipoproteinemia patients have increased 
risk of both coronary artery disease and peripheral 
vascular disease, even though the LDL-C concentration 
is low[7,8]. Beta-VLDL is an atherogenic particle that 
rapidly transforms monocyte-macrophage cells to 
foam cells; the histologic hallmark of atherosclerosis 
and xanthomas[21]. Additionally, remnant lipoproteins 
induce endothelial plasminogen activator inhibitor I 
expression and activity in cultured aortic endothelial 
cells contributing to a prothrombotic state[22]. Males 

with homozygosity for the ApoE2 isoform present with 
coronary disease at their 4th or 5th decade of their life and 
there is a predisposition for peripheral vascular disease 
in these patients[23]. Last, lipoprotein glomerulopathy 
and pancreatitis in severe hypertriglyceridemic pati
ents with dysbetalipoproteinemia have also been 
described[24]. 

Treatment of dysbetalipoproteinemia is the same 
as for hypertriglyceridemia. Weight loss, diet fat 
restriction and treatment of secondary factors, such 
as diabetes and hypothyroidism are important for 
all dysbetalipoproteinemia patients[7]. In addition, 
administration of fibrates, statins, omega-3 fatty acids 
and niacin or their combinations is very effective. 
However, it has to be underlined that fibrates, with or 
without statin, seem to comprise the cornerstone of 
dysbetalipoproteinemia treatment[25]. 

In conclusion, physician should keep in mind that 
dysbetalipoproteinemia may present as chylomicronemia 
when other genetic or environmental causes affecting TG 
metabolism co-exist. Moreover, dysbetalipoproteinemia 
has to be suspected in all mixed dyslipidemia cases with 
equally elevated TC and TG levels (TC/TG = 1) (Figure 2).

COMMENTS
Case characteristics
The two patients presented with dissimilar lipid profile; one presented with 
extremely high triglycerides (TG) levels and the other presented with equally 
elevated levels of total cholesterol (TC) and TG.
Clinical diagnosis
The physical signs of the two cases were also dissimilar; one patient presented 
with tuberous and eruptive xanthomas, while the other patient had no skin 
lesions. 
Differential diagnosis
Type 5 dyslipidemia, chylomicronemia, secondary causes of mixed dyslipidemia 
and dysbetalipoproteinemia.
Laboratory diagnosis
The first patient had the following lipid profile: TC: 1055 mg/dL, TG: 2900 mg/
dL, high density lipoprotein cholesterol: 18 mg/dL, while the second patient had 
the following lipid profile; TC: 325 mg/dL, TG: 321 mg/dL, low density lipoprotein 
cholesterol (LDL-C): 214 mg/dL. 
Genetic diagnosis
The diagnosis of dysbetalipoproteinemia was verified by Apolipoprotein E2 
(apoE2)/E2 homozygosity genotype in both patients. 
Treatment
Fibrate with or without statin improved lipid profile in both patients.
Related reports
Dysbetalipoproteinemia is seen in approximately 1 in 10000 people. 
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Table 2  Factors associated with dysbetalipoproteinemia overt expression

Environmental-hormonal Genetic Secondary dysbetalipoproteinemia

Drugs (corticosteroids, tamoxifen, retinoids, antipsychotics) Familial hypercholesterolemia Multiple myeloma
Alcohol consumption Familial combined hypercholesterolemia Paraproteinemia
Hypothyroidism Reduced hepatic lipase activity Systemic lupus erythematous
Pregnancy Decreased lipoprotein lipase activity
Diabetes, insulin resistance
Obesity
Diet rich in saturated fats and carbohydrates

 COMMENTS

Kei A et al . Dysbetalipoproteinemia: Two cases report



Term explanation 
Dysbetalipoproteinemia is a rare familial disease characterized by marked 
elevations of serum cholesterol and triglyceride levels caused by an accumulation 
of remnant lipoproteins in apolipoprotein E2/E2 homozygotes. 
Experiences and lessons
This case report presents the clinical characteristics and lipid profile of 
dysbetalipoproteinemia and also suggests a diagnostic algorithm. The authors 
recommend that diagnosis of dysbetalipoproteinemia should be considered 
in patients mixed dyslipidemia when the apolipoprotein B concentration is 
relatively low in relation to the total cholesterol concentration or when there is 
significant disparity between the calculated low LDL-C and directly measured 
LDL-C concentrations. 
Peer-review
This is a nice article that deserves be published.
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