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Abstract

Total serum lipids, as well as apolipoproteins A-I (apo A-I) and B (apo
B), were determined in 74 patients with chronic liver failure without
cholestasis and in 82 normal subjects. The VLDL, LDL and HDL lipid
fractions were reduced in the liver failure group by 36%, 24% and
46%, respectively (P<0.001). Apolipoproteins A-I and B were also
reduced by 26% and 25%, respectively (P<0.001). However, the
reduction of HDL cholesterol (HDLc) was more pronounced than that
of apo A-I and the HDLc:apo A-I ratio was significantly lower in the
liver failure group. After separating these patients into groups with
plasma albumin lower than 3.0, between 3.0 and 3.5, and higher than
3.5 g/dl, the HDLc:apo A-I ratio was proportional to plasma albumin,
but the correlation was not statistically significant. When these pa-
tients were separated by the Child classification of liver function, there
was a correlation between the HDLc:apo A-I ratio and liver function.
The differences in the HDLc:apo A-I ratio between the Child groups
B and C, and A and C were statistically significant (P<0.05). We
conclude that there is a more pronounced reduction in HDL choles-
terol than in apo A-I in liver failure patients. Therefore, the HDLc:apo
A-I ratio is a marker of liver function, probably because there is a
decreased lecithin-cholesterol acyltransferase production by the dis-
eased liver.
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Introduction

Patients with non-cholestatic parenchy-
mal liver disease with hepatic dysfunction
have abnormal plasma lipid, apolipoprotein
and lipoprotein structure and metabolism (1-
6). These abnormalities are related to apoli-
poprotein, enzyme and lipid production.
Therefore, a decrease in plasma apolipopro-
tein and lipid levels is positively correlated
with the severity of liver failure (3,7). Previ-
ous studies have compared the reduction of
apolipoproteins (apo) A, C-II, C-III and E (1-
4,7). The reduction in apo A-II is more pro-
nounced than that in apo A-I, suggesting the
existence of HDL with abnormal apolipo-

protein composition or a more marked de-
crease in HDL3 than in HDL2 (1). The activ-
ity of lecithin-cholesterol acyltransferase
(LCAT), the most important plasma choles-
terol esterification enzyme, is directly re-
lated to plasma albumin and inversely re-
lated to liver dysfunction (5). Through its
reduction, there is a low ester:free choles-
terol ratio with cholesterol ester-poor lipo-
proteins (5,6). In these patients, the lipopro-
tein composition is related to protein produc-
tion and lipid metabolism.

In the present study, lipid and apolipo-
protein profiles were compared between nor-
mal individuals and liver failure patients
waiting for transplantation. The primary aim
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was to compare lipid and apolipoprotein
reduction and to investigate their relation in
normal and liver failure subjects.

Patients and Methods

We studied 74 consecutive patients with
total bilirubin of less than 3 mg/dl, admitted
to the Instituto do Coração for admissional
cardiac evaluation for liver transplantation,
from January 1994 to June 1995. There were
54 men and 20 women, mean age 48 ± 8
years, and the etiologies were B and C virus,
and alcoholic and idiopathic disease. The
control subjects included 82 individuals (42
men), mean age 57 ± 10 years, who had been
referred to our hospital in 1994/1995 for
cardiac catheterization for differential diag-
nosis of chest pain, but had no signs of
coronary lesions (Table 1).

Subjects were admitted after a 12-h over-
night fast, and blood was collected from a
forearm vein. Blood samples were allowed
to clot at room temperature and serum was
separated by centrifugation at 1500 g for 10
min and submitted to lipid and apolipopro-
tein determinations.

Cholesterol and triglyceride assays

Plasma cholesterol and triglycerides were
determined by the method of Roschlau (7)
and Bercolo and David (8), respectively.
HDL cholesterol (HDLc) was determined by

the same method used for total cholesterol
after LDL and VLDL precipitation by the
method of Warnick et al. (9). VLDL choles-
terol (VLDLc) and LDL cholesterol (LDLc)
were calculated by the formula of Friedwald
et al. (10).

Apolipoprotein assays

Plasma apolipoproteins A-I and B were
assayed by radial immunodiffusion on Lipo-
Partigen R-Apo A-I and Nor-Partigen R-
Apo B plates (Hoechst-Behring, Rucil-
Malmaison, France).

In order to determine the change in cho-
lesterol content of HDL lipoprotein, the
HDLc:apo A-I ratio was compared between
groups. The VLDLc and LDLc were corre-
lated with apo B and HDLc with apo A-I in
both groups.

Statistical analysis

Data were analyzed by the Student t-test
and Mann-Whitney test for parametric and
non-parametric data, respectively. The cor-
relations were calculated by the Pearson Prod-
uct Moment Correlation test and the level of
significance was set at P<0.05. The data are
reported as means ± standard deviation.

Results

All lipid profiles were significantly lower
in the patients with liver failure (LF) than in
the control group (Table 2). However, HDLc
was more reduced in the LF group (-46%)
than in the control group. Since apolipopro-
tein A-I was also 26% lower in the LF group,
the HDLc:apo A-I ratio was lower in this
group (P<0.0001). LDLc was 24% lower
and apo B 25% lower in the LF group. Fur-
thermore, VLDLc was 36% lower in this
group.

There was a positive correlation between
HDLc and apo A-I in the LF group (correla-
tion coefficient = 0.38 and P<0.001), but this

Table 1 - Characteristics of the patients.

The liver failure patients were classified accord-
ing to the Child classification (11).

Liver failure Control

Number 74 82

Gender (male/female) 54/20 42/40

Mean age (years) 48 ± 8 57 ± 10

Child A 9 (12.2%) -

Child B 33 (44.6%) -

Child C 32 (43.2%) -
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was not the case for VLDLc and apo B, and
LDLc and apo B in the two groups, and
HDLc and apo A-I in the control group.

The patients were divided into three groups
on the basis of plasma albumin levels: lower
than 3.0 g/dl (group 1), between 3.0 and 3.5 g/
dl (group 2), and higher than 3.5 g/dl (group 3),
and the HDLc:apo A-I ratio was calculated for
each group (Table 3). Plasma albumin was
positively correlated with HDLc:apo A-I in all
groups (correlation coefficient = 0.4, 0.06 and
0.3 for the groups 1, 2 and 3, respectively;
P<0.05). There was no statistically significant
difference in the HDLc:apo A-I ratio between
groups.

The patients were also divided by the
Child classification of liver function (11)
into A, B and C groups. There was a positive
correlation between the Child classification
of each group and the respective HDLc:apo
A-I ratio (correlation coefficient = 0.64, 0.3
and 0.27; P<0.05). The differences in the
HDLc:apo A-I ratio were statistically sig-
nificant between the groups A and C, and the
groups B and C (P<0.05) (Table 4).

Discussion

In the present study, lipoproteins, apoli-
poproteins and the HDLc:apo A-I ratio were
compared in liver failure and control groups.
We deliberately chose patients with biliru-
bin levels lower than 3.0 mg/dl to exclude
patients with hyperbilirubinemia which in-
terferes with colorimetric assays of plasma
lipids. We also excluded patients with bil-
iary cholestasis because of the known pres-
ence of large particles rich in free cholesterol
and phospholipids in these patients that re-
semble LDL, the lipoprotein X (5,12).

As also demonstrated by others (5,13,14),
plasma lipoprotein levels were lower in pa-
tients with liver failure than in the normal
subjects. Apolipoproteins A and B were also
about 26% lower in the LF group compared
to the control group.

After a 12-h fast, the apo B lipoprotein

cholesterol represents the VLDL plus LDL
fractions. Plasma LDLc and apo B were
lower in the LF group, showing a propor-
tional reduction, but plasma VLDLc was
36% lower in this group. Although the spe-
cific mechanism is not known, the more
pronounced reduction of VLDLc in the LF
group may be explained by low LCAT activ-
ity. Day et al. (5) found that the VLDL
lipoprotein from low activity LCAT patients

Table 2 - Plasma apolipoproteins (g/l) and lipids (mg/
dl) of patients with chronic liver failure (N = 74) com-
pared with control subjects (N = 82).

∆% = Percent reduction in the liver failure group.
*P<0.0003 compared to control group (Student t-test
and Mann-Whitney test).

Liver failure Control ∆%

Apo A-I 1.4 ± 0.4* 1.9 ± 0.9 -26%

Apo B 0.9 ± 0.4* 1.2 ± 0.3 -25%

Cholesterol 134 ± 38* 194 ± 41 -31%

Triglycerides 80 ± 35* 126 ± 67 -36.5%

HDLc 25 ± 15* 46 ± 12 -46%

LDLc 93 ± 28* 122 ± 36 -24%

VLDLc 16 ± 7* 25 ± 13 -36%

HDLc:apo A-I 19 ± 12* 29 ± 13 -34%

Table 3 - HDLc:apo A-I ratio in patients with chronic
liver failure as a function of serum albumin levels (g/dl).

Albumin groups: 1) <3.0; 2) 3.0-3.5; 3) >3.5.

Group 1 Group 2 Group 3

Number 22 30 22

Albumin 2.7 ± 0.3 3.3 ± 0.1 3.9 ± 0.2

HDLc:apo A-I 15.5 ± 6.8 17.6 ± 12.9 22.3 ± 14.6

Table 4 - HDLc:apo A-I ratio in patients with chronic
liver failure according to the Child classification.

P<0.05 between the Child A and C, and B and C
groups (Student t-test).

Child A Child B Child C

Number 9 33 32

HDLc:apo A-I 22 ± 15 18 ± 8 12 ± 5
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has high protein and triglyceride levels, and
low phospholipid, free cholesterol and
cholesteryl ester concentrations. These in-
vestigators reported a positive correlation
between LCAT activity and total VLDL.

On the other hand, since HDLc was more
markedly reduced than apo A-I in the LF
group, the HDLc:apo A-I ratio was signifi-
cantly lower in these patients than in normal
subjects. Therefore, although apo A-I reduc-
tion was similar to apo B, the cholesterol
content of HDL in the LF group was lower
than in the control group. In contrast, the HDL
lipoprotein of the LF group was poor in cho-
lesterol ester. After the patients were divided
into three groups according to plasma albu-
min, and by the Child classification, the
HDLc:apo A-I ratio was proportional to liver
function. However, there was no statistically
significant difference in the HDLc:apo A-I
ratios for each albumin group or between the
Child B and C groups, perhaps because of the
small number of patients of each subgroup.

Since there is synthesis of apo A-I and
HDL lipoprotein, the presence of choles-
terol-poor particles can be explained by cho-
lesterol esterification. With the reduction of
esterification, the free cholesterol captured
on the surface of HDL was not esterified and
did not return to the tissues. A similar trans-
port of free cholesterol molecules from HDL
to cells has been reported in LCAT defi-
ciency patients (15). The early reduction of
LCAT activity in liver failure as reported by
Simon and Scheig (6) should explain this
ratio of HDLc to apo A-I.

In conclusion, as shown in other reports,
plasma apolipoproteins as well as the lipids
in non-cholestatic parenchymal liver disease
with hepatic failure are below the levels of
normal individuals. The decrease in HDL
cholesterol in these patients was more pro-
nounced than the decrease in apo A. The
reduced production of enzymes such as
LCAT may explain the composition of HDL
and VLDL lipoproteins in these patients.
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