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Purpose: Most patients diagnosed with extrahepatic cholangiocarcinoma (ECCA) exhibit 
cholestasis caused by obstruction of the bile duct. Cholestasis is associated with lipid 
disorders, but studies focused on the changing lipid parameters in patients with ECCA are 
lacking. Here, we observed lipid profiles in patients with ECCA and investigated whether the 
removal of biliary obstruction could correct dyslipidemia.
Patients and Methods: We consecutively included patients admitted to the hepatobiliary 
surgery department at the Affiliated Hospital of Xuzhou Medical University. The patients 
were divided into an ECCA group or a non-ECCA group based on the disease assessment. 
Patients with histological confirmation of ECCA were included in the ECCA group. Blood 
samples were collected on admission as well as five days after treatment. An automatic 
biochemistry analyzer was used to test liver function and serum lipid levels. Serum lipopro-
tein electrophoresis was performed using barbitone sodium buffer and Sudan black B.
Results: A total of 180 patients met inclusion criteria and were enrolled for this study. Of 
these, 76 patients were diagnosed with ECCA; all other patients were enrolled in the non- 
ECCA group. Total cholesterol (TC) and small and dense low-density lipoprotein cholesterol 
(sdLDL-C) levels were significantly elevated in the ECCA group. LDL-C levels were found 
to be slightly lower in the ECCA group. In the ECCA group, serum samples were detained in 
sample wells and lipoproteins failed to be separated. TC and sdLDL-C levels significantly 
decreased after cholestasis relief in the ECCA group. Lipoprotein electrophoresis revealed 
that patients with ECCA showed normal lipoprotein patterns after treatment.
Conclusion: Patients with ECCA exhibited transiently elevated TC and sdLDL-C levels and 
falsely low LDL-C results. TC, sdLDL-C, and LDL-C levels could be restored to normal 
levels after biliary obstruction removal and cholestasis relief.
Keywords: extrahepatic cholangiocarcinoma, cholestasis, dyslipidemia, TC, LDL-C, 
sdLDL-C

Plain Language Summary
Serum lipid tests at the department of laboratory medicine include total cholesterol (TC), 
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C), apolipoprotein A (apoA), apolipoprotein B (apoB), lipoprotein (a) (Lp (a)), 
and small and dense LDL-C (sdLDL-C). Generally, TC values are positively correlated with 
LDL-C values. In addition, LDL-C values should be greater than sdLDL-C values. However, we 
recently noticed a patient with extrahepatic cholangiocarcinoma (ECCA) who exhibited biliary 
obstruction and cholestasis, showed exceptionally high levels of TC (17.14 mmol/L) and sdLDL- 
C (15.262 mmol/L), and abnormally low levels of LDL-C (0.48 mmol/L). Clinicians in the 
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Department of Hepatobiliary Surgery asked whether they should 
prescribe the patient lipid-lowering medicines after reviewing these 
diagnostic results. However, no previous systematic research has 
been performed that surveyed the changes in lipid parameters in 
patients with ECCA. Therefore, this study was designed to explore 
changes in lipid profiles in patients with ECCA and to investigate 
whether biliary obstruction and cholestasis relief could correct 
abnormal serum lipid levels. Our data showed that patients with 
ECCA had transiently elevated levels of TC and sdLDL-C and 
falsely low LDL-C results. TC, sdLDL-C, and LDL-C levels 
could be recovered to normal levels after biliary obstruction and 
cholestasis relief. Therefore, it is not necessary for patients with 
ECCA to control hypercholesterolemia by taking lipid-lowering 
medication.

Introduction
Cholangiocarcinoma (CCA) is the second most common 
primary hepatobiliary malignancy, contributing to nearly 
20% of hepatobiliary cancer deaths.1 CCA is commonly 
classified into two groups, including intrahepatic CCA 
(ICCA), which occurs in the bile duct area inside the 
liver, and extrahepatic CCA (ECCA), which occurs in 
the bile duct area outside the liver.2 ICCA accounts for 
10% to 12% of liver cancers, whereas ECCA accounts for 
approximately 1/3 of all biliary tract cancers.3,4 The inci-
dence rate of ECCA has decreased in most developed 
countries,5 but recent increases in ECC incidence were 
observed in China.6

The clinical presentation of ICCA is often subtle and 
may manifest as non-specific symptoms such as weight 
loss, vomiting, and loss of appetite.7 In contrast, ECCA is 
usually accompanied by jaundice due to biliary tract 
obstruction.8 Increased water-soluble conjugated bilirubin 
levels can be filtered by the kidney, resulting in darker 
colored urine.9 Moreover, bilirubin does not pass into the 
duodenum in cases of an obstructed biliary tract, and 
ECCA patient feces are usually white or white-yellowish 
of color.10 After relieving cholestasis using surgical resec-
tion or palliative treatment in patients with ECCA, symp-
toms including yellow pigmentation of the skin, mucous 
membranes and sclera, dark urine, and acholic/pale stools 
may disappear.11,12

Cholestasis caused by the bile duct’s obstruction is 
mainly responsible for the signs and symptoms mentioned 
above.13 Moreover, cholestasis may lead to an increase of 
some laboratory indices such as total bile acid (TBA), alka-
line phosphatase (ALP), and gamma-glutamyltranspeptidase 
(GGT).8 Lipid metabolic disorders are also reported in some 

patients with cholestasis, in whom hypercholesterolemia and 
abnormal levels of low-density lipoprotein cholesterol (LDL- 
C) are observed.14,15 Recently, we found similar lipometa-
bolic disturbances in sporadic cases with ECCA. Of particu-
lar concern is whether such patients should be treated with 
lipid-lowering medication. However, no systematic research 
has been performed to assess changes in lipid parameters in 
patients with ECCA.

Therefore, this prospective study was designed to 
explore serum the change of lipid indices in patients with 
ECCA and investigate whether removal of biliary obstruc-
tion could alleviate the lipid disorder.

Methods
Participants and Study Design
We prospectively included consecutive patients admitted 
to the hepatobiliary surgery department of the Affiliated 
Hospital of Xuzhou Medical University from 
October 2019 to May 2020. The patients received 
a clinical evaluation on admission, including medical his-
tory, physical examination, blood tests, and imaging 
exams. Based on the disease assessment, patients were 
divided into an ECCA group or a non-ECCA group for 
further diagnosis. ECCA was defined as a tumor originat-
ing in the bile duct outside the liver. Patients with histo-
logical confirmation by endoscopic or surgical specimen 
were finally included in the ECCA group. Patients with 
hemolytic jaundice, hepatocellular jaundice, pancreatitis, 
diabetes mellitus, arterial hypertension, and coronary heart 
disease were excluded. Specific criteria for obstructive 
jaundice were as follows: (1) clinical signs of icterus 
(yellow-stained skin, mucosa, and sclera, yellow urine or 
clay-colored stools), (2) increased serum total bilirubin 
concentrations (cut-off value=34.2 μmol/L), and (3) bile 
duct dilatation confirmed by imaging examination (ultra-
sonography, CT or MRCP).

Specimen Collection and Biochemical 
Tests
Blood samples were collected from peripheral veins on 
admission and five days after treatment. After overnight 
fasting, 5 mL of blood was collected into serum-separating 
tubes for liver function and serum lipid detection. An 
automatic biochemistry analyzer (Roche® Cobas 8000, 
Roche Diagnostics, Indianapolis, IN, USA) was used to 
test liver function and measure serum lipid levels using 
spectrophotometry. Alanine aminotransferase (ALT), 
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aspartate aminotransferase (AST), gamma-glutamyl trans-
peptidase (GGT), alkaline phosphatase (ALP), prealbumin 
(PA), total protein (TP), albumin (ALB), total bilirubin 
(TBIL), bilirubin direct (DBIL), total bile acid (TBA), 
total cholesterol (TC), triglycerides (TG) and cholinester-
ase (CHE) were detected using commercial kits (Roche 
Diagnostic, Indianapolis, IN, USA). High-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), apolipoprotein A (apoA), apolipoprotein 
B (apoB), and lipoprotein (a) (Lp (a)) were tested using 
commercial kits (Zhicheng Biological Technology Co., 
Ltd., Shanghai, China). Small and dense low-density lipo-
protein cholesterol (sdLDL-C) was measured using a kit 
produced by Yipunuokang Biotechnology Co., Ltd. 
(Anhui, China).

Lipoprotein electrophoresis was performed to deter-
mine the distribution of lipoprotein components. Serum 
lipoproteins were stained with Sudan black B (volume 
ratio 1:1) for 30 min at room temperature. Mixed samples 
(15μL) were separated using a 5% agarose gel and barbi-
tone sodium buffer (ph=8.6) at 180V for 20 min.

Data Collection
Both personal and clinical data were collected from 
patients included in the study. Personal data included sex 
and age. Clinical data included diagnosis, treatment, signs 
of jaundice, and imaging evidence.

Statistical Analysis
Statistical analysis was performed using SPSS (version 
23.0, SPSS Inc., Chicago, IL, USA). Continuous variables 
with normal distributions were expressed as mean ± stan-
dard deviation and analyzed using independent sample 
t-tests, while those with skewed distribution were shown 
as the median (Q1, Q3) and analyzed using Mann– 
Whitney tests or Wilcoxon tests.

Results
Patient Characteristics
One hundred and eighty patients met the inclusion criteria 
and were enrolled in the study. A total of 76 patients were 
diagnosed with ECCA after histological evaluation. 
Among these patients, 41 (54.0%) were diagnosed with 
proximal cholangiocarcinoma, 9 (11.8%) with middle cho-
langiocarcinoma, and 26 (34.2%) with distant cholangio-
carcinoma. In the ECCA group, 69 patients underwent 
radical resection, including 1 (1.3%) in stage 0, 6 (7.9%) 

in stage I, 11 (14.5%) in stage II, and 51 (67.1%) in stage 
III. The other seven patients were in stage IV, and under-
went percutaneous transhepatic biliary drainage and stent-
ing for palliative treatment. We enrolled 104 patients in the 
non-ECCA group. Among these patients, 37 were diag-
nosed with choledocholithiasis, 3 with cholangitis, 53 with 
cholecystolithiasis, 9 with cholecystitis, and 2 with chole-
cystic polypus. In the non-ECCA group, 64 patients under-
went cholecystectomy, and 40 underwent common bile 
duct exploration and T-tube drainage. Significant differ-
ences were identified in the number of jaundice cases 
(P <0.01) between the two groups. There was no signifi-
cant difference in gender or age between the two groups 
(P > 0.05). Details are shown in Table 1.

Serum Lipid Levels Differences in the 
ECCA versus Non-ECCA Groups Before 
Treatment
We collected 360 blood samples, of which 180 samples were 
obtained before treatment and 180 samples after treatment. 
Before treatment, GGT, ALP, TBIL, DBIL, and TBA levels 
were significantly higher in the ECCA group than in the non- 

Table 1 Demographics and Clinical Characteristics of the Study 
Population

ECCA 
(n=76)

Non-ECCA 
(n=104)

P value

Age (year) 63.09±12.31 59.41±15.10 0.08

Sex
Male 31 (40.8%) 57 (59.2%) 0.06

Site
Proximal 41 (54.0%) –

Middle 9 (11.8%) –

Distal 26 (34.2%) –

Stage
0 1 (1.3%) –
I 6 (7.9%) –

II 11 (14.5%) –

III 51 (67.1%) –
IV 7 (9.2%)

Jaundice 74 (97.4%) 29 (27.9%) < 0.01
Skin and 

mucous

65 (85.5%) 23 (22.1%) < 0.01

Sclera 63 (82.9%) 22 (21.2%) < 0.01
Urine 62 (81.6%) 28 (26.9%) < 0.01

Stool 15 (19.7%) 1 (9.6%) < 0.01

Note: Age is showed as mean ± standard deviation. 
Abbreviation: ECCA, extrahepatic cholangiocarcinoma.
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ECCA group (P <0.01) (Table 2). TC levels were significantly 
higher in the ECCA group than in the non-ECCA group (5.70 
[4.82, 7.40] mmol/L vs 4.17 [3.53, 5.06] mmol/L, P <0.01) 
(Table 2, Figure 1A). Correspondingly, the ECCA group 
showed significantly higher levels of sdLDL-C compared 
with the non-ECCA group (1.633 [1.043, 3.072] mmol/L vs 
0.980 [0.641, 1.329] mmol/L, P <0.01) (Table 2, Figure 1E). 
Unexpectedly, the levels of LDL-C were slightly lower in the 
ECCA group than in the non-ECCA group. (1.97 [0.92, 2.84] 
mmol/L vs 2.13 [1.69, 2.85] mmol/L, P = 0.04) (Table 2, 
Figure 1C). Almost all patients in the ECCA group exhibited 
obstructive jaundice. In the non-ECCA group, 28 patients 
showed biliary obstruction, including 26 with choledocho-
lithiasis, 2 with cholecystolithiasis, and 1 with cholecystitis. 
Higher TC levels (P <0.01) and sdLDL-C levels (P <0.01) 
were observed in the ECCA group than in the biliary obstruc-
tion cases in the non-ECCA group (Figure 1B and F). No 
significant difference was observed in LDL-C levels (P = 
0.13) between the two groups (Figure 1D). The agreements 

between TC and sdLDL-C were good in both groups (P <0.01) 
(Figure 2A and C). The correlations between TC and LDL-C 
in the non-ECCA group were strong (Figure 2D), but no 
significant correlations were observed between TC and 
LDL-C in the ECCA group (P =0.16) (Figure 2B).

Serum Lipoprotein Electrophoresis
Lipoprotein electrophoresis was performed to investigate 
the reasons for relatively low LDL-C levels in the ECCA 
group. Lipoproteins in normal serum can mainly be sepa-
rated into two parts: LDL and HDL particles (Figure 3A– 
H). In the ECCA group, serum samples were detained in 
the sample wells and lipoproteins failed to separate, sug-
gesting these lipoprotein particles were abnormal (Figure 
3A–H). Therefore, cholestasis caused by jaundice may be 
attributed to the formation of abnormal lipoproteins, which 
then affect LDL-C detection in biochemistry tests.

Serum Lipid Levels in the ECCA Group 
After Treatment
The levels of GGT, ALP, TBIL, DBIL, and TBA dramatically 
decreased in the ECCA group after treatment (P <0.01) (Table 
3), suggesting that cholestasis was relieved. Significant differ-
ences remained in liver function indices between the ECCA 
group and the non-ECCA group after treatment (P <0.01) 
(Table 3). The levels of TC and sdLDL-C significantly 
decreased after treatment in the ECCA group (Table 3, 
Figure 4A, C, and E). The median TC levels in the ECCA 
group before treatment and after treatment were 5.70 (4.82, 
7.40) and 3.81 (2.88, 4.57), respectively (P <0.01). The med-
ian sdLDL-C levels in the two group were 1.633 (1.043, 
3.072) and 0.830 (0.551, 1.231), respectively (P <0.01). 
Most patients in the ECCA group showed normal levels of 
TC and sdLDL-C after treatment, and there were no significant 
differences in TC and sdLDL-C levels between the ECCA and 
the non-ECCA groups after treatment (Table 3, Figure 4B, D, 
and F). Lipoprotein electrophoresis results revealed that 
patients with ECCA who had serum LDL particles that did 
not separate showed a normal lipoprotein pattern after treat-
ment (Figure 3A–H).

Discussion
Serum lipid is the general name of lipids in the blood, 
mainly including triglycerides (TG), cholesterol (CH), and 
phospholipids (PL). CH includes free cholesterol and cho-
lesterol esters, which are collectively called total choles-
terol (TC). Since TG and TC are hydrophobic substances, 

Table 2 Liver Function and Serum Lipid Indices of the Patients 
Before Treatment

ECCA (n=76) Non-ECCA (n=104) P value

Liver function indices

ALT, U/L 154 (85, 226) 45 (23, 120) < 0.01

AST, U/L 123 (63, 189) 34 (21, 58) < 0.01

GGT, U/L 718 (333, 1068) 70 (42, 488) < 0.01

ALP, U/L 462 (288, 719) 89 (47, 264) < 0.01

PA, g/L 0.213±0.077 0.120±0.065 0.18

TP, g/L 63.1±8.3 67.2±6.0 < 0.01

ALB, g/L 37.3 (34.0, 41.9) 39.8 (35.6, 43.6) 0.02

TBIL, μmol/L 227.5 (133.1, 334.5) 18.8 (12.1, 36.0) < 0.01

DBIL, μmol/L 204.1 (114.2, 275.9) 8.2 (5.5, 28.5) < 0.01

TBA, μmol/L 81.2 (25.4, 174.8) 7.0 (4.2, 13.5) < 0.01

CHE, IU/L 5680 (4291, 7061) 6771 (5626, 8087) 0.03

Serum lipid indices

TC, mmol/L 5.70 (4.82, 7.40) 4.17 (3.53, 5.06) < 0.01

TG, mmol/L 2.30 (1.72, 2.97) 1.46 (1.16, 2.04) < 0.01

HDL-C, mmol/L 0.47 (0.20, 0.85) 1.00 (0.76, 1.25) < 0.01

LDL-C, mmol/L 1.97 (0.92, 2.85) 2.13 (1.69, 2.85) 0.04

sdLDL-C, mmol/L 1.633 (1.043, 3.072) 0.980 (0.641, 1.329) < 0.01

apo AI, g/L 0.7±0.5 1.2±0.4 < 0.01

apo B, g/L 1.2±0.4 1.0±0.3 < 0.01

Lp (a), mg/L 125 (73, 171) 159 (109, 223) < 0.01

Note: Relatively important indices for the study are shown in bold text. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; PA, prealbumin; 
TP, total protein; ALB, albumin; TBIL, bilirubin total; DBIL, bilirubin direct; TBA, 
total bile acid; TC, total cholesterol; TG, triglyceride; CHE, cholinesterase; HDL-C 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
sdLDL-C, small and dense low-density lipoprotein cholesterol; apo AI, apolipopro-
tein AI; apo B, apolipoprotein B; Lp (a), lipoprotein (a).
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Figure 1 The levels of TC, LDL-C and sdLDL-C in patients before treatment. 
Notes: (A) Comparison of levels of TC between the ECCA group and the non-ECCA group. (B) Comparison of levels of TC between the ECCA group and biliary 
obstruction cases the non-ECCA group. (C) Comparison of levels of LDL-C between the ECCA group and the non-ECCA group. (D) Comparison of levels of LDL-C 
between the ECCA group and biliary obstruction cases the non-ECCA group. (E) Comparison of levels of sdLDL-C between the ECCA group and the non-ECCA group. (F) 
Comparison of levels of sdLDL-C between the ECCA group and biliary obstruction cases the non-ECCA group. 
Abbreviations: ECCA, extrahepatic cholangiocarcinoma; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small and dense low-density 
lipoprotein cholesterol.
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they must form hydrophilic spherical particles with parti-
cular proteins and phospholipids, called lipoproteins, to 
allow transport in the blood.16 Due to the different struc-
tures and various compositions, lipoproteins can be 
divided into chylomicron, very-low-density lipoprotein 
(VLDL), low-density lipoprotein (LDL), and high-density 
lipoprotein (HDL) by ultracentrifugation. In agarose gel 
electrophoresis, it can be separated as chylomicron, β- 
lipoprotein, which corresponds to LDL in ultracentrifuga-
tion, and α-lipoprotein, which corresponds to HDL, from 
cathode to anode. LDL’s primary function is to transport 
the endogenous cholesterol synthesized by the liver to the 
extrahepatic tissue.17 Therefore, the level of cholesterol in 
LDL (LDL-C) usually is positively correlated with the 

level of TC. LDL can be further segmented into many 
subtypes via ultracentrifugation, such as small and dense 
LDL (sdLDL). Therefore, the level of sdLDL-C would 
typically be lower than the level of LDL-C. In this study, 
we found that patients with ECCA had elevated TC and 
sdLDL-C levels, and falsely presented with decreased 
LDL-C levels at admission. We also firstly demonstrated 
that the TC, sdLDL-C, and LDL-C levels return to normal 
levels after biliary obstruction removal and cholestasis 
relief.

Several studies have shown that lipid metabolic disor-
ders are a common complication of cholestasis.14,18 

Basaranoglu et al reported that patients with intrahepatic 
cholestasis had a significantly higher TC level than healthy 

Figure 2 Correlation of serum lipid indices in patients before treatment. 
Notes: (A) Correlation of sdLDL-C values and TC values in the ECCA group. (B) Correlation of LDL-C values and TC values in the ECCA group. (C) Correlation of 
sdLDL-C values and TC values in the non-ECCA group. (D) Correlation of LDL-C values and TC values in the non-ECCA group. 
Abbreviations: ECCA, extrahepatic cholangiocarcinoma; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small and dense low-density 
lipoprotein cholesterol.
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Figure 3 The serum lipoprotein electrophoresis results of 8 ECCA patients who had typically abnormal LDL-C values. 
Note: (A–H) Comparison of serum lipoprotein electrophoresis between non-ECCA patients (control) and ECCA patients before and after treatment.
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controls (P <0.01),19 similar to our results. The TC and 
sdLDL-C levels were significantly increased in patients 
with ECCA, who usually show more obvious biliary 
obstruction and cholestasis. It has also been demonstrated 
that cholestasis, caused by the injection of sodium tauro-
lithocholate, leads to increased amounts of cholesterol 
particles in the hepatocytic cytoplasm and the biliary 
canaliculi of a mouse model.20 Compared with patients 
with acute cholestasis caused by benign diseases, patients 
with ECCA had higher levels of TC and sdLDL-C, sug-
gesting that hypercholesterolemia is more apparent and 
severe in chronic cholestasis. Hypercholesterolemia 
observed in cholestasis is mainly related to the presence 
of an anomalous lipoprotein named lipoprotein-X (Lp-X). 
In the obstructive biliary tract, a lipoprotein may reflux 
into the blood vessels with bile, integrate with TC, apo-C, 
and esterified cholesterol, to become “mature” Lp-X.21 

This lipoprotein could increase the activity of 3-hydroxy- 
3-methylglutaryl-coenzyme A (HMG-CoA) reductase, and 
enhance hepatic cholesterol synthesis.18

Surprisingly, we found that LDL-C levels were signifi-
cantly decreased in the ECCA patient group compared with 
the control group. We noticed that some patients with 
ECCA showed abnormal LDL-C levels, which may be 
the reason for the unexpected results. The Friedewald for-
mula [(LDL-C) = TC - (HDL-C) -TG/2.2 mmol/L] was 
used to estimate LDL-C values.22 However, the LDL-C 
values directly quantified by the automatic biochemical 
analyzer and those calculated according to the Friedewald 
formula did not match in some patients with ECCA. 
Another discrepancy was that LDL-C values in these 
patients were lower than the sdLDL-C values. Since 
sdLDL is a subtype of LDL, LDL-C values should be 
greater than sdLDL-C values. Generally, LDL-C is mea-
sured using homogeneous methods, where membranes of 
LDL particles should be firstly dissolved by a specific 
surfactant, after which cholesterol released from LDL par-
ticles can be quantified using coupling reaction of choles-
terol esterase, cholesterol oxidase, and peroxidase.15 

Normal LDL particles should move forward in the electro-
phoresis, but lipoproteins in patients with ECCA remained 
in the sampling wells.23 These results suggest that physi-
cochemical properties of LDL particles were altered, pre-
venting the surfactant from dissolving the particle 
membranes, resulting in large amounts of LDL-C failed to 
be detected. Together with the strong correlation between 
TC and sdLDL-C, we considered the abnormal LDL-C 
levels observed in patients with ECCA to be falsely low. 
Garcia-Hejl et al22 also considered a case of low LDL-C in 
a 69-year-old male with type IIa dyslipidemia as false. That 
study found a discrepancy between the TC value (9.18 
mmol/L) and the sum of the direct LDL-C (3.55 mmol/L) 
and HDL-C values (0.27 mmol/L). Lp-X present in choles-
tasis may interfere with homogenous assays for LDL-C 
measurements, leading to misinterpretation of the lipid 
status in patients with ECCA.24

Fortunately, dyslipidemia in patients with ECCA can be 
corrected. We detected no significant differences in TC and 
sdLDL-C observed between the ECCA and the control 
groups after relieving obstructions. In contrast, indicators 
of bile duct obstruction (such as GGT and ALP) did not 
quickly decrease, since GGT and ALP levels may dramati-
cally increase in patients suffering from malignant biliary 
obstruction. This increase is usually found to be ten times 
higher than the upper limits of the reference ranges. The 
abnormal electrophoresis results disappeared after treat-
ment. Other studies have also reported that anomalous 
LDL-C rapidly decreases after surgical removal of biliary 

Table 3 Liver Function and Serum Lipid Indices of the Patients 
After Treatment

ECCA (n=76) Non-ECCA (n=104) P value

Liver function indices

ALT, U/L 47 (28, 84) 33 (20, 64) < 0.01

AST, U/L 45 (24, 73) 24 (15, 38) < 0.01

GGT, U/L 168 (99, 300) 115 (53, 215) < 0.01

ALP, U/L 170 (120, 289) 98 (65, 164) < 0.01

PA, g/L 0.185±0.084 0.188±0.067 0.80

TP, g/L 59.9±7.1 65.2±6.6 < 0.01

ALB, g/L 34.9 (31.3, 39.2) 37.8 (33.8, 41.3) 0.77

TBIL, μmol/L 58.5 (23.7, 135.6) 15.3 (10.4, 29.3) < 0.01

DBIL, μmol/L 46.8 (15.7, 103.4) 6.8 (4.5, 15.6) < 0.01

TBA, μmol/L 7.4 (3.2, 14.1) 3.7 (2.4, 6.4) < 0.01

CHE, IU/L 4505 (3676, 5741) 6424 (5117, 7706) < 0.01

Serum lipid indices

TC, mmol/L 3.81 (2.88, 4.57) 3.98 (3.47, 4.48) 0.20

TG, mmol/L 1.45 (1.10, 2.10) 1.42 (1.15, 1.57) 0.15

HDL-C, mmol/L 0.76 (0.61, 0.95) 0.97 (0.75, 1.21) < 0.01

LDL-C, mmol/L 1.87 (1.10, 2.44) 1.96 (1.57, 2.51) 0.12

sdLDL-C, mmol/L 0.830 (0.551, 1.231) 0.980 (0.642, 1.320) 0.15

apo AI, g/L 0.7±0.3 1.2±0.3 < 0.01

apo B, g/L 1.0±0.5 1.0±0.3 0.31

Lp (a), mg/L 113 (78, 200) 165 (118, 235) < 0.01

Note: Relatively important indices for the study are shown in bold text. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; PA, prealbumin; 
TP, total protein; ALB, albumin; TBIL, bilirubin total; DBIL, bilirubin direct; TBA, 
total bile acid; TC, total cholesterol; TG, triglyceride; CHE, cholinesterase; HDL-C 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
sdLDL-C, small and dense low-density lipoprotein cholesterol; apo AI, apolipopro-
tein AI; apo B, apolipoprotein B; Lp (a), lipoprotein (a).
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Figure 4 The levels of TC, LDL-C and sdLDL-C in patients after treatment. 
Notes: (A) Comparison of levels of TC in the ECCA group between before and after treatment. (B) Comparison of levels of TC between the ECCA group and the non- 
ECCA group after treatment. (C) Comparison of levels of LDL-C in the ECCA group between before and after treatment. (D) Comparison of levels of LDL-C between the 
ECCA group and the non-ECCA group. (E) Comparison of levels of sdLDL-C in the ECCA group between before and after treatment. (F) Comparison of levels of sdLDL-C 
between the ECCA group and the non-ECCA group after treatment.
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obstruction, and hypercholesterolemia caused by cholesta-
sis has not been found associated with vascular risk.25,26 

These results suggest that patients with ECCA do not need 
to take lipid-lowering medicines, such as statins, for 
hypercholesterolemia. Therefore, our study holds the poten-
tial for avoiding excessive treatments, reducing drug depen-
dence and decreasing medical expenses.

Since Lp-X plays an essential role in the occurrence 
and development of hypercholesterolemia of cholestasis, 
the research interests in this area in the next five years 
should focus on identifying the structures and composi-
tions of the abnormal lipoprotein particle. Based on such 
data, commercial kits for testing Lp-X can then be devel-
oped. The Lp-X test may be useful to infer cholestasis in 
patients with liver abnormalities of uncertain origin, and 
may indicate the therapeutic effects and prognosis of 
patients with malignant biliary obstruction.

Despite our findings and promising prospects, the study 
did have some limitations. First, the abnormal lipoprotein in 
patients with ECCA has not been identified in the clinical 
assay since it could not be separated using electrophoresis. 
Second, dyslipidemia may not be an exclusive feature for 
ECCA; other diseases involved in the chronic bile duct 
obstruction may also present as lipid disorders. Third, the 
relevance between cholestasis relief and dyslipidemia cor-
rections needs to be further validated with a larger sample 
size, for this study only included an Asian population.

Conclusion
ECCA patients showed transiently elevated sdLDL-C and 
TC levels and falsely presented with low LDL-C results. TC, 
sdLDL-C, and LDL-C levels were restored to normal levels 
after biliary obstruction removal and cholestasis relief.
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