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A B S T R A C T

We described the case of a 33-year-old patient who presented to the emergency department with non-febrile 
jaundice associated with epigastric pain. He suffered from acute non-severe alcoholic hepatitis and chole
stasis. Biochemical investigations highlighted a huge elevation of the alpha-1-globulins fraction with an unex
pected peak in the alpha-1-globulins area in serum protein electrophoresis, a severe hypercholesterolemia 
without xanthelasmas nor cholesterolomas. Investigations revealed an abnormal lipoprotein, Lipoprotein X (LpX) 
that can be responsible for the hypercholesterolemia, but also interferes with biochemical tests like direct low- 
density lipoprotein cholesterol, albumin, and serum electrolytes assays. LpX is an abnormal lipoprotein, which 
can be present in patients with liver dysfunction, notably in cholestasis-related conditions where the metabolism 
of plasma lipoproteins is altered. Cholestasis prevents the normal formation of bile acids, leading to the for
mation of LpX, which is rich in phospholipids and unesterified cholesterol, but poor in esterified cholesterol, 
triglycerides and proteins. The accumulation of LpX can lead to severe hypercholesterolemia, but this remains 
uncommon and data regarding the pathophysiology and incidence of this disease is scarce. The laboratory 
investigation of patients with suspected Lpx can be challenging, due to the lack of available methods for mea
surement of LpX. In conclusion, LpX-induced hyperlipidemia must be identified to prevent interference in results 
for a number of biochemical tests, and additionally to improve patient care.

1. Case description

A 33-year-old male of Polish origin, with a body mass index of 27.27 
kg/m2, presented to the emergency department with non-febrile jaun
dice, moderate-intensity epigastric pain, dark urine, and pruritus. The 
pain had begun seven days earlier and has recently intensified without 
vomiting nor fever. His medical history and his family history were 
without particularities nor treatment. The patient had not taken any 
medicines, herbal remedies, mushrooms, or toxic substances. However, 
he had increased his alcohol consumption over the last three months. On 
clinical examination, the clinician reported a patient who was apyretic, 
hemodynamically stable and neurologically normal. The patient had 
mucocutaneous jaundice, with a mild pruritus, but no cutaneous signs of 
hypercholesterolemia or hypertriglyceridemia. There were no 

cutaneous signs of hepatocellular failure or ascites. There were no re
ports of oedema of the lower limbs. Cardiopulmonary auscultation was 
normal. Magnetic resonance cholangio-pancreatography and abdomi
nopelvic computed tomography revealed significant hepatic steatosis 
with hepatomegaly. The bile ducts were unobstructed; there was no 
lithiasis in the gallbladder, nor acute pancreatitis but there was intra
vesicular sludge.

Biological examination revealed cholestasis, icterus and hepatic 
cytolysis (Table 1). Wilson disease, autoimmune hepatitis, and viral 
hepatitis were excluded (Table 1). A serum protein capillary electro
phoresis highlighted a particular profile [Fig. 1A] with an unexpected 
peak in the alpha-1-globulins fraction and a discrepancy with albumin 
measured by turbidimetry. Thus, acute non-severe alcoholic hepatitis 
was first suspected.
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For publication, the physician obtained patient’s informed consent.

2. Case discussion

2.1. Biological explorations

The electrophoretic profile at diagnosis highlighted the presence of a 
double peak in the alpha-1-globulins fraction, composed of two quan
titatively equivalent, completely symmetrical peaks. The proteins usu
ally present in the alpha-1-globulin fraction were normal (alpha-1- 
antitrypsin and orosomucoid, Table 1). Knowing that low density lipo
protein (LDL)-type lipoproteins can migrate in this area, a lipid profile 
was ordered, highlighting a hypercholesterolemia with hyper
triglyceridemia (Fig. 2A, Table 1). Then, in order to distinguish LDL- 
cholesterol (containing apolipoprotein B [ApoB]) from non LDL- 
cholesterol, we measured the ApoB and apolipoprotein A1 (ApoA1): 
ApoB was increased (increased LDL-cholesterol, consequently) while 
ApoA1 was decreased (decreased high density lipoprotein [HDL]- 
cholesterol, consequently) (Table 1). We completed the investigations 
with lipoprotein electrophoresis using agarose gel, highlighting the 
presence of chylomicrons (sampling in fasting state), increased LDL- 
cholesterol, decreased HDL-cholesterol, and the presence of lipopro
tein with a cathodic migration. In this context of cholestasis combined 
with a disturbed lipid profile, this lipoprotein could be lipoprotein X 
(LpX) and could explain this second peak [1–3]. So, one of the two peaks 
could be linked to LDL-cholesterol, the other one to LpX, since these two 
lipoproteins can migrate between the albumin and alpha-1 globulins 
fractions on serum protein capillary electrophoresis [2]. As previously 
reported, LpX falsely elevated cholesterolemia, especially LDL- 
cholesterol [4,5] and discriminating dyslipidemia due to the presence 
of LpX versus LDL-cholesterol is essential.

In our study, the identification of LpX was made by a lipoproteino
gram (or lipidogram), that consists of an electrophoretic separation of 
the main classes of serum lipoproteins. Separation was done in agarose 
gel using the Sebia Hydragel Lipo + Lp(a)® kit and based on the charge 
and the molecular weight of the lipoproteins, in an SDS-agarose gel 
including density and pH gradients. After separation, the lipoproteins 
are visualized by staining with Sudan Black.

Table 1 
Laboratory results during and after diagnosis.

Laboratory 
results at 
diagnosis

Laboratory 
results 44 days 
after diagnosis

Reference 
values

Sodium (Na+) (mmol/L) 
(indirect potentiometry)

133 ​ 136–145

Potassium (K+) (mmol/L) 3.9 ​ 3.4–4.5
Chloride (Cl-) (mmol/L) 98 ​ 98–107
Copper (µmol/L) 15.71 ​ 12–50-24.00
Relative exchangeable 
copper (%)

4.90 ​ <8.00

Albumin g/L 
(turbidimetry)

37.1 44.9 35–52

Gamma 
glutamyltransferase (IU/ 
L)

8199 137 11–55

Alkaline phosphatase 
(IU/L)

376 73 N < 135

Total bilirubin (µmol/L) 117.9 14 N < 24
Conjugated bilirubin 
(µmol/L)

100 7 N < 5

ASAT (IU/L) 307 35 N < 35
ALAT (IU/L) 493 46 N < 45
Lipase (IU/L) 27 ​ 13–60
Alpha-1-antitrypsin (g/L) 1.89 ​ 0.90–1.20
Orosomucoid (g/L) 1.13 ​ 0.50–1.20 g/
Ferritin (µg/L) 4 825 477 N < 345
Cholesterol total (mmol/ 
L)

20.40 5.70 3.75–6.20

Triglycerides (mmol/L) 5.59 1.15 0.60–1.70
HDL-cholesterol (mmol/ 
L)

0.46 1.65 1.04–2.07

LDL-cholesterol 
(Friedewald formula) 
(mmol/l)

Not calculated 3.53 <4.9

Non HDL-cholesterol 
(mmol/L)

19.9 ​ ​

Apolipoprotein A1 (g/L) 0.67 ​ 1.04–2.02
Apolipoprotein B (g/L) 3.79 ​ 0.66–1.33

Wilson disease 
investigations

​ ​ ​

urinary copper (µmol/ 
L)

0.7 ​ <0.38

exchangeable plasma 
copper (µmol/L)

15.71 ​ 12–50-24.00

relative plasma 
exchangeable copper (%)

4.90 ​ <8.00

Viral hepatitis 
explorations

​ ​ ​

Hepatitis C serology ​ ​ ​
anti-HCV antibodies 0.052 negative ​ positivity 

threshold ≥ 1
Hepatitis B serology ​ ​ ​

HBsAg 0.4 negative ​ positivity 
threshold ≥ 1

Total antibody to 
hepatitis B core antigen

2.1 negative ​ positivity 
threshold ≤ 1

Anti-HBs antibody 
(UI/L)

988 positive ​ positivity 
threshold v10

Hepatitis A serology ​ ​ ​
Anti-HVA IgM 0.26 negative ​ positivity 

threshold ≥ 1
VZV serology ​ ​ ​

Anti-VZV IgG (mUI/ 
mL)

992 positive ​ positivity 
threshold >
150

Hepatitis E serology ​ ​ ​
Anti-HVE IgM <0.10 negative ​ positivity 

threshold > 1
HSV serology ​ ​ ​

Anti HSV IgG >30 negative ​ positivity 
threshold ≥
1.1

Table 1 (continued )

Laboratory 
results at 
diagnosis 

Laboratory 
results 44 days 
after diagnosis 

Reference 
values

Epstein Barr Virus 
serology

​ ​ ​

Anti-VCA IgM 0.444 negative ​ positivity 
threshold ≥ 1

Anti-VCA IgG 862 positive ​ positivity 
threshold ≥ 1

Anti-EBNA IgG 187 positive ​ positivity 
threshold ≥ 1

Cytomegalovirus 
serology

​ ​ ​

Anti-CMV IgM (U/ 
mL)

0.1 negative ​ positivity 
threshold ≥ 1

Anti-CMV IgG (U/ 
mL)

<0.2 negative ​ positivity 
threshold ≥ 1

Auto-immune hepatitis 
investigations

​ ​ ​

anti-smooth muscle 
antibody

negative ​ ​

anti-mitochondrial 
antibody

negative ​ ​

anti-LKM1 antibody negative ​ ​
anti-LC1 antibody negative ​ ​
anti-SLA antibody negative ​ ​
anti gastric parietal cell 

antibody
negative ​ ​
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Other direct available methods for the detection of LpX include ul
tracentrifugation, and nuclear magnetic resonance spectroscopy (NMR). 
The identification of LpX by ultracentrifugation is difficult since LpX’s 
density and size are similar to LDL and VLDL (very low density lipo
protein). So, the separation must be done by sequential ultracentrifu
gation of the 1.020–1.063 g/mL lipoprotein fraction, and subsequently 
analyzed by Fast Protein Liquid Chromatography.

A variety of methods based on 31P, 13C, and 1H NMR spectroscopy 
have been described for detecting LP-X. Recently, a new method to 
detect and quantify LP-X via a modified version of the NMR LipoProfile® 
test analysis used for routine clinical measurement of VLDL, LDL, and 
HDL particles and their different-size subclasses was published [6]].

Because of a discrepancy between the albumin dosage measured by 
turbidimetry (37.1 g/L) and the evaluation by electrophoresis (30.7 g/L) 
[7,8], congenital bisalbuminemia was excluded. The normal level of 
lipase was not in favor of an acquired bisalbuminemia. Serum albumin 
was also measured with a colorimetric method assay (bromocresol 
green) at 38.1 g/L, and given that the colorimetric assay slightly over
estimates the albumin value compared with the turbidimetric assay, the 
colorimetric assay seems to confirm the turbidimetric assay. This 
discordance could be related to LpX composition including albumin [3]. 
Consequently, the albumin in the LpX could be measured by turbidim
etry, but may have undergone abnormal migration on electrophoresis. 
This could contribute to the appearance of an abnormal peak corre
sponding to LpX.

2.2. LpX pathophysiology

During cholestasis, the metabolism of plasma lipoproteins is altered, 
and an anomalous lipoprotein (LpX) can appear, leading to hypercho
lesterolemia. LpX is present in the plasma of patients affected by extra- 
and intra-hepatic cholestasis, but also potentially in lecithin-cholesterol- 
acyl-transferase (LCAT) deficiency and after lipid infusion [9]. In 
cholestasis, the accumulation of toxic bile acids in the liver leads to 
various negative feedback controls [3]. For example, bile acids can bind 
to farnesinoid X receptors (FXR) in the liver, which reduces the 
expression of the cholesterol 7α-hydroxylase gene [3]. Since the for
mation of bile acids is an important excretion pathway for free choles
terol, this cholesterol also accumulates in the liver. The association of 
unesterified cholesterol with phospholipids and albumin in the bile 

ducts forms a “biliary lipoprotein”. Because of cholestasis, this lipo
protein passes into the bloodstream and incorporates more albumin and 
a small amount of triglycerides, ApoC and esterified cholesterol to form 
“mature” LpX [3,10]. Finally, “mature” LpX is composed of approxi
mately 66 % phospholipids, 22 % free cholesterol, and 6 % proteins, 
including albumin, ApoC and ApoE [10,11]. This is a low-density lipo
protein subfraction with a structure close to a lamellar vesicle with a 
diameter of 30 to 70 nm [4] and a density close to VLDL-cholesterol and 
LDL-cholesterol. As LpX does not contain ApoB, LpX is consequently 
unable to bind to hepatic ApoB receptors. Consequently, LpX provides a 
long half-life in general circulation and does not participate in the 
negative feedback control of endogenous cholesterol synthesis. Finally, 
LpX is cleared by the reticuloendothelial system and eliminated by the 
kidneys [3].

2.3. Clinical implications of LpX

LpX is a large lipoprotein, whose accumulation for long term can lead 
to skin xanthomas, hypercholesterolemia, thrombotic events, and 
hyperviscosity syndrome. However, cardiovascular and atherogenesis 
events are rare in LpX-induced hyperlipidemia and some authors 
emphasize the protective role of LpX: some studies even suggest that it is 
anti-atherogenic, reducing LDL-cholesterol oxidation [1]. However, LpX 
could also form deposits in renal glomeruli, which could be nephrotoxic 
[9]. Resolution of hypercholesterolemia can require treatment of the 
cause of the cholestasis, such as LDL-apheresis or plasma exchange [12]. 
The use of statins can be dangerous, as in cholestasis they may accu
mulate to toxic concentrations because of their deficient bile elimination 
[1].

For the present patient, hypercholesterolemia was not associated 
with subclinical atherosclerosis. During follow-up, the patient showed 
no signs of atheroma, lameness on exertion, stroke or chest pain. The 
observed dyslipidemia was characterized by high VLDL- and LDL- 
cholesterol levels and reduced HDL-cholesterol in the presence of LpX. 
The increased ApoB level raised the question of the real cardiovascular 
risk for this patient, and a full lipid exploration was carried out well after 
this acute episode, revealing no significant lipid abnormalities (Table 1) 
and excluding atherosclerosis risk.

Fig. 1. Patient’s serum proteins capillary electrophoresis (Capillarys3 Tera®, Sebia). A. at diagnosis; The electrophoresis reveals hypogammaglobulinemia, hypo
albuminemia and double peak in the alpha-1-globulins area. B. 44-days after diagnosis. Normalized serum proteins capillary electrophoresis.

N. Stojkoski et al.                                                                                                                                                                                                                               Clinical Biochemistry 135 (2025) 110852 

3 



2.4. Potential interferences due to LpX in biochemical tests

Laboratory investigation of LpX-induced hyperlipidemia is chal
lenging because there is no available direct method for the measurement 
of LpX and because LpX causes numerous interferences in a number of 
biochemical tests.

As LpX is an additional lipoprotein in the blood, it is not included in 
the Friedewald formula, which can lead to a false increase in calculated 
LDL-cholesterol, because this equation assumes that all cholesterol is 
present in LDL-, HDL- or VLDL-cholesterol, but LpX is not taken into 
account [13]. The Sampson or Martin-Hopkins formulae do not include 
LpX into account either and could give a false LDL-cholesterol value 
[14,15]. The beta quantification method based on ultracentrifugation 
does not allow LDL-cholesterol to be differentiated from LpX because the 
two lipoproteins have the same density and would induce a false in
crease in LDL-cholesterol [2]. Moreover, this method is not routinely 
available. Alternatively, the Roche® LDL-cholesterol II generation test 
using a selective micellar solubilisation technique with a non-ionic 
detergent could solubilize only LDL-cholesterol and not LpX, thus 
eliminating the interference of LpX in the LDL-cholesterol assay [2].

High levels of LpX may also induce hyperviscosity syndrome and 
cause pseudohyponatremia, as well as pseudohypokalemia and pseu
dohypochloridemia if ionogram is measured by indirect potentiometry. 
Indirect potentiometry measures ionic activity in diluted plasma water 
and converts it into concentration in total plasma, according to a theo
retical ratio of 93 % plasma water to 7 % lipid-protein phase. However, 
in the presence of elevated LpX, this lipid-protein phase is significantly 
underestimated [5,13,16]. In the present case, the patient presented 
hyponatremia. Unfortunately, direct potentiometric determination of 
electrolytes was not achieved because the presence of LpX was not 
detected at the time of testing.

2.5. Case follow-up

The patient was hospitalized for one week with simple monitoring of 
alcohol abstinence. Given the gradual improvement in the liver function 
tests and the absence of any signs of worsening, it was decided that the 
patient should be discharged with biological monitoring and addiction 
therapy to wean him from alcohol. No treatment for LpX was intro
duced, as none has been shown to be effective, apart from treating the 
underlying cause, i.e. cholestasis and alcoholism. At the follow-up 
appointment 44-days after hospitalization, the patient had correctly 
followed the alcohol withdrawal advice. He was no longer experiencing 
pain or jaundice. Biologically, transaminases, alkaline phosphatase, and 
conjugated bilirubin had returned to normal (Table 1). Only GGT 

remained lightly elevated but had significantly decreased. The lipid 
profile was also in normal ranges. Serum electrophoresis had returned to 
normal, with no alpha-1-globulin peak and no albumin discrepancy 
[Fig. 1B]. Lipoprotein electrophoresis showed no visible LpX [Fig. 2B]. 
This confirmed the previous hypothesis of secondary dyslipidemia 
caused by LpX linked to liver dysfunction, especially cholestasis-related 
conditions. Hyperlipidemia resolved with adequate treatment of chole
static disease.

3. Conclusion

During cholestasis, both the composition and metabolism of lipo
proteins may be altered with, in rare cases, a hypercholesterolemia due 
to the presence of an anomalous lipoprotein called LpX. It is important to 
distinguish hypercholesterolemia due to LpX from those due to LDL- 
cholesterol, because the associated risks and treatments are different 
and because the presence of LpX may cause numerous interferences in 
biochemical tests. Nevertheless, the presence of hypercholesterolemia 
associated with cholestasis should suggest the presence of LpX, and LpX 
may coexist with a high LDL-cholesterol concentration in hypercholes
terolemia with cholestasis. The simultaneous presence of LpX and 
increased LDL-cholesterol may explain the presence of a double peak in 
the alpha-1-globulin fraction as reported for the first time in our case, as 
well as a discordance in albumin on serum electrophoresis versus 
turbidimetric measurement. LpX may interfere with the calculation and 
direct measurement of LDL-cholesterol, but may also cause pseudohy
ponatremia and pseudohypokalemia. Ongoing dialogue between clini
cians and biologists will enable us to understand discrepancies in 
biological results, or to identify interferences, in order to optimize pa
tient care.
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