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ABSTRACT

Background: Lipoprotein abnormalities are commonly
found in chronic liver diseases (CLDs), particularly hyper-
cholesterolemia in primary biliary cirrhosis (PBC). However,
affected patients may not be at increased risk of coronary
heart disease. Cirrhotic patients display impaired methionine
clearance, and an increased level of homocysteine, a methi-
onine metabolite, is an independent risk factor for coronary
heart disease. Thus, we hypothesized that the low risk of
coronary heart disease in patients with CLD may be related
to low serum levels of homocysteine. The aim of this study
was to test this hypothesis after methionine load and to
describe the serum lipoprotein profile in patients with PBC
and in patients with hepatocellular liver disease.

Methods: Fifteen female patients (mean age, 58.2+11.7
years) with PBC, 15 female patients (mean age, 54% 9.6
years) with other causes of CLD, and 15 healthy sex- and
age-matched controls were given L-methionine (50 mg/kg of
ideal body weight). Basal fasting serum homocysteine level
and 2, 4, and 6 hours of post-methionine load were deter-
mined using high-performance liquid chromatography with
a fluorometric detector. Levels of fasting serum cholesterol,
triglycerides, high-density lipoprotein (HDL), low-density li-
poprotein (LDL), lipoprotein (a) (Lp(a)), and apoprotein B

were also determined.

Results:Results showed that mean basal and post—-methi-
onine load (6 hours) serum homocysteine levels were statis-
tically significantly higher in the patients with PBC and with
CLD than in the control group (P=0.04) and that levels of
serum cholesterol, LDL, HDL, and apoprotein B were sig-
nificantly higher in the PBC patients than in the other two
groups (P=0.05). There was no correlation between any of
these parameters and the severity of liver disease. Serum
HDL was significantly lower in the CLD group (P=0.05) and
correlated with severity of liver disease. There was no signif-
icant difference in serum cholesterol, LDL, or apoprotein B
between the CLD group and the controls. Serum triglyceride
and Lp(a) levels were similar for all three groups.

Conclusions:In contrast to previous reports, the site of the
methionine metabolic impairment was found to be below the
homocysteine synthesis level. For most patients with CLD,
factors other than serum homocysteine or Lp(a) are respon-
sible for the reduction in the risk of coronary heart disease.
Further studies with larger samples are needed. (J Investig
Med 2001;49:325-329) Key Words: homocysteine lipopro-
tein e chronic liver disease

INTRODUCTION tion of serum lipoproteins is commonly found in patients

with chronic liver disease (CLD). However, primary bili-
The liver plays a key role in serum lipoprotein synthesisary cirrhosis (PBC), a chronic slowly progressive choles-

and metabolism. Changed lipid and apoprotein compositatic liver diseasé,is often associated, for reasons not well

understood, with lipoprotein abnormalities, particularly
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marked elevations in serum cholesterol levels, and is difeach patient, and the study protocol conformed to the
ferent from parenchymal disease8.Nevertheless, al- ethical guidelines of the 1975 Declaration of Helsinki.

though elevated serum cholesterol is an important risk
factor for atherosclerosis in the general population, pa;

tients with PBC do not have higher than normal rates o . L :
atherosclerosis-related de@athand, apparently, patients All study participants were maintained on an isoener-
' ’ etic diet containing 40 g of protein. The caloric intake

with hepatic cirrhosis seem less liable to develop coronana/as calculated from the Harris and Benedict equatfon,

heart (_Jllseasé. . I which adjusts for height, present weight, and age. On day
A high serum level of homocysteine, a methionine me- .

L2 . X . 4, after an overnight fast, venous plasma samples were

tabolite, is an independent risk factor for vascular disease

. . . . Obtained for the determination of homocysteine, and an
thrombosis, and atherosclerosis, including coronary dis-

B S . o .~ ~oral dose of L-methionine 50 mg/kg of ideal body weight
ease-11 Methionine is an essential sulfur-containing amino L .
; . . : . was administered at 0800 hours. A protein-free breakfast
acid that is catabolized mainly via the transsulfur-

. o ; . . was given 30 minutes after the methionine load. Carbo-
ation pathway, located principally in the liver, according to : .
) ) 2 - hydrate and fat sources were substituted for protein calo-
the following sequence: methionineS adenosylmethi-

onine—S-adenosylhomocysteirehomocysteine? ries during lunch (150 kcal). Blood samples were obtained

Previousstudies have shown that cirrhotic livers are char-fﬂjlt 2, 4, and 6 hours after methionine loading, placed on

acterized by a markedly reduced activity of S-adenasyl- ice, and centrifuged for 10 minutes. These specific time

S . . . oints were chosen according to the study of Horowitz et
methionine synthetase, leading to impaired clearance . -

- .~ "all3wherein peak plasma methionine level was reached at
methioniné3.14 and, consequently, low homocysteine

levels 30 minutes after methionine load in patients with cirrhosis
) and control subjects. Thereafter, the decline in plasma

The aim of the present study was to determine whether . , .
. . . . . . ._concentration followed first-order kinetics, and at 6 hours
the low risk of cardiac disease in patients with CLD is

. : fafter methionine load, plasma methionine did not change
attributable to the concomitant presence of low levels of . .. . !
significantly’” The plasma was separated and immedi-

serum homocysteine. We also sought to investigate the A : .
. : . . . ately frozen at-80°C until analysis. Plasma samples were
serum lipoprotein changes in patients with PBC (a chole- : . L
S . ; : . nalyzed for homocysteine by high-performance liquid
static liver disease) and in patients with other causes of . . .
CLD (a hepatocellular liver disease) chroma_tography with a fluorometrlc detector, as Qescrl_bed
’ by Ubbink et alt® The method is based on reduction with
tri-n-butyl-phosphine and derivatization with SBD-F (am-
monium 7-fluorobenzo-2-oxa-1,3, diazole-4-sulfonate).

Hyperhomocystinemia was diagnosed when fasting

The study population included 15 women of mean ageElasma homocysteine levels or absolute increments of
58.2+11.7 years with a diagnosis of PBC based on clin, omocysteine after methionine load exceeded the upper

ical, biochemical, immunological, and histological crite- limit of the normal range (meanSD) of the control group.

ria.l5 Histological staging was performed according to

Scheuet (stage 1, n=4; stage 2, n=3; stage 3, n=3; stage.ipoprotein Measurements

4, n=5). All patients were treated with ursodeoxycholic Blood samples were collected in plain tubes after an
acid (URSO) 10 mg/kg/d; none was receiving any otherovernight fast (14 hours) and centrifuged within 1 hour.
cholesterol or lipid-altering medication. None of the pa- Aliquots of serum were stored at20°C before lipopro-
tients had clinical evidence of coronary artery diseasetein (a) (Lp(a)) and apolipoprotein B (apoB) analysis. All
Findings were compared with those in 15 patients withother tests were performed on fresh samples. Serum total
CLD resulting from other causes (chronic hepatitis Ccholesterol was measured with a cholesterol oxidase
infection, n=9; chronic hepatitis B infection=8; alco- method kit (Reagents Applications, Inc, San Diego, Calif),
hol-induced hepatitis, 82; and autoimmune hepatitis, and serum triglyceride (TG) with the lipase-glycerol ki-
n=1), who were matched for sex (all females), age (meamase end point reaction method (kit supplied by Raichen,
54.5+9.6 years), and severity of disease (by Child-PugltSan Diego, Calif). Serum high-density lipoprotein (HDL)-
criteria: A, n=6; B, n=3; C, n=6}7 The control group cholesterol level was assayed with the heparin-manganese
consisted of 15 healthy, drug-free, sex- and aged-matchegrecipitation method. Serum low-density lipoprotein
volunteers (mean age, 56:31.1 years) with normal liver (LDL) was calculated with Friedewald’s formutaSerum
function tests. None of the women received hormone_p(a) was determined with a cardio-check Lp(a) kit (Al-
replacement therapy. Informed consent was obtained frorarchek, Inc, Portland, Me), and serum apoB was measured

ethionine Load

PATIENTS AND METHODS
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according to our local protocék Serum folate and vita- cholesterol, LDL, and apoB than either the CLD or the

min B,, levels were also measured. control group, which were similalP=0.05). They also
had a significantly higher serum HDL level than the CLD
Statistical Analysis group (P=0.05). Serum HDL level was significantly

Results are given as meaBD. The Pearson correla- lower in the CLD group compared with the control group
tion coefficient (r) and the significance for it (P) were (P=0.05). There was no significant statistical difference in
calculated between the variables. Analysis of varianceserum cholesterol, LDL, or apoB between the CLD group
with the Duncan multiple comparison option was per-and the controls. No between-group differences were
formed to determine significant differences in mean con-noted on serum TG and Lp(a). Serum HDL level de-
tinuous variables (cholesterol, TG, HDL, LDL, Lp(a), creased with increasing severity of disease in the CLD
homocysteine) among the three groups of patients and bgroup (r=-0.63,P=0.01), but not in the PBC group.
severity of disease (Child-Pugh for CLD, staging for None of the other parameters (cholesterol, LDL, apoB,
PBC).P=0.05 was considered statistically significant. TG, Lp(a)) correlated with severity of liver disease. All

patients and controls had normal serum levels of vitamin
RESULTS B,, and folic acid (data not shown).

Basal and Post—Methionine Load Serum
Homocysteine Level DISCUSSION

Mean basal serum homocysteine levels (Figure) were
statistically significantly higher in the PBC group com-  Our findings failed to support our hypothesis. Mean
pared with the controls (16% increa$&s0.04) and in the basal and peak (6 hours) post-methionine load serum
CLD group compared with the controls (27% increase homocysteine levels were significantly highB=0.05) in
P=0.04) (Figure); there was no significant difference be-both patient groups (PBC and CLD) than in the control
tween the PBC and CLD groups. These findings weregroup. Mild to moderate hyperhomocystinemia either on
sustained at 6 hours after methionine loading: 17.5% infasting or after oral methionine loading has been found to
crease for PBC group versus contrdk<(0.05) and 20% be an independent risk factor for coronary dise€eaide.
increase for CLD group versus controB<€0.05). Levels  Nevertheless, as previously reported, patients with PBC
at 6 hours were higher than the 2- and 4-hour levels, buand hepatic cirrhostsare apparently less liable to develop
these differences did not reach statistical significance (Figeoronary heart disease. Moreover, in contrast to previous
ure). There was no statistically significant correlation be-studies wherein the site of impairment in the hepatic
tween serum homocysteine level and severity of livertranssulfuration pathway was reported to be upstream of
disease in the PBC (r=—0.36=0.19) or CLD group homocysteine synthest&14our findings suggest that the

(r=0.05,P=0.8). site is downstream. The present study is limited by its
small sample size, which decreases its statistical power.
Lipoprotein Measurements This is also true of prior studies of the risk of cardiovas-

The lipid and lipoprotein results are given in the Table.cular events in PBC patients. Furthermore, PBC patients
The PBC group had significantly higher levels of serumare mostly women, who have a lower risk of coronary
heart disease than the average population, which also

[+PBC ~CLD =CONTROL | includes men. Therefore, further large-scale, case-control
30 studies are needed to confirm these results.
25 | Patients with cholestatic liver disease show differences

in serum lipids and lipoprotein patterns from patients with
hepatocellular disease and healthy conttotslahn et &
noted that PBC patients show a significant increase in
mean cholesterol and LDL levels with disease progression,
in mean serum TG level in stages 1, 2, and 4 disease, and
in mean serum HDL in stages 1 and 2 disease (but signif-
icantly decreased in stage 4). However, no control group
HOURS was included in that study. In the study by Crippin ét al

Mean basal and peak (6 hours) post-methionine load serum homocysQf a larger group of PBC pfitlents and normal _Contro!s'
teine levels were significantly higher (P=0.05) in both patient groups S€rum cholesterol and LDL increased progressively with
(PBC and CLD) than in the control group. increasing histological stage, whereas serum HDL was

Homocysteine
Lol
o [4,] o
' 1

o
I

o
o
N
P
o J

Serum Homocysteine and Lipoproteins in CLD/Ben-Ari et al 327

BuAdos Aqg padaloid 1sanb Ag 120z ‘8z I11dy Uo /:3]1) WOl papeojumod ‘STOZ Jaquiadad 0T Uo L68EE T00Z 0S99/0TEZ 0T Se paysiiand 1s1y :paN Busanu| ¢



Serum lipid and lipoprotein levels (mg/dL) in the three disease groups.

PBC CLD Controls pP*
(n=15) (n=15) (n=15)
PBC vs PBC vs CLD vs
Controls CLD Controls
Cholesterol 281.2+161.3 180.4+51.4 201.0x41.2 0.05 0.05 NS
TG 166.2+106.3 137.7+41.1 148.8+89.5 NS NS NS
HDL 49.2+21.0 35.0+10.5 47.7+11.0 NS 0.05 0.05
LDL 198.6+151.4 117.9+43.6 123.5+34.0 0.05 0.05 NS
Lp(a) 19.3+6.4 18.6+6.9 18.1+3.8 NS NS NS
apoB 163.0+£46.7 112.2+32.4 128.2+46.6 0.05 0.05 NS

NOTE. All laboratory values are mean=SD.
Abbreviation: NS, not significant.
* Analysis of variance with Duncan multiple comparison.

elevated and serum TG was either normal or slightly High serum Lp(a) has also been associated with ath-
elevated in all stages. erosclerotic disease and is considered to be a strong inde-

Ours is the first study to compare serum lipoproteinpendent risk factor for cardiovascular dise&sé? How-
levels in PBC with those in age- and disease severity-ever, studies in patients with CLD have reported
matched CLD patients, in addition to healthy controls (allcontroversial results. Gregory etafound that PBC pa-
females). The PBC patients had significantly higher seruntients had lower serum Lp(a) levels than CLD patients and
levels of cholesterol, LDL, and apoB than the CLD pa- controls22 whereas Alessandri et &,who investigated
tients and the control$?=0.05) and a significantly higher only patients with CLD, found that serum Lp(a) levels
serum HDL level than the CLD patients but not than thewere not only reduced, but that this reduction was directly
controls. None of these parameters correlated with diseasmrrelated with the severity of liver disease (Child-Pugh).
stage. There was also no statistically significant differencélhey suggested that the low serum Lp(a) level in patients
in serum cholesterol LDL and apoB levels between thewith cirrhosi$2and PBG2exerts a cardioprotective effect.
CLD patients and the controls. Serum HDL level was signi-In our study, serum Lp(a) levels were not statistically
ficantly lower in the CLD group than the controls, and it different between the three groups, and it did not correlate
correlated with severity of liver disease (Child-Pugh). with severity of disease.

Gregory et &2 found that 14.3% of their PBC patients ~ High serum apoB levels have been implicated in the
and 17.5% of their CLD patients had coronary heart dispathogenesis of myocardial infarctiéhWe found ele-
ease, compared with 4.6% of the control group, whereasated serum apoB levels in the PBC group compared with
Howel and Maniof reported that patients with liver cir- the CLD group and controls, although previous reports
rhosis are less liable to acquire coronary heart disease thdaund lower serum apoB levels in PBC patief#s.
the general population. The latter study was supported by Although ursodeoxycholic acid (URSO) has been
Crippin et af and Propst et a,who claimed that the shown to have cholesterol-lowering effects in patients
hypercholesterolemia associated with PBC did not exposwith PBC34:35 the mean serum cholesterol level in our
these patients to an increased risk of atherosclerotic-restudy group was high (281.2 mg/dL) despite URSO treat-
lated death§, although the reason for this is not yet ment for at least 2 years. However, the mean serum
understood. One explanation is that PBC affects predomeholesterol level before URSO administration was not
inantly middle-aged women, as in our study, a subgroumlways available, so that the drug’s cholesterol-lowering
known to be characterized by approximately one half theeffect could not be determined. There may be a correlation
rate of coronary heart disease as middle-aged ¥h&8ec-  between serum homocysteine level and URSO adminis-
ondly, PBC patients have an elevated level of serum HDL tration, but this needs to be further investigated.
which plays a crucial role in the removal of cholesterol Our findings show that neither serum homocysteine
from peripheral tissue®.25 The decreased hepatic TG level nor serum Lp(a) is responsible for the reduced risk of
lipase levels in patients with PBC may account for theircoronary heart disease in patients with CLD (cholestatic
high serum HDL26 and hepatocellular). Other unknown factors almost cer-
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tainly play an important role in this complex interaction.  16. Scheuer PJ. Liver biopsy interpretation. In: Biliary Disease and
These need to be sought in future studies with |argeﬁholestasis. 3rd ed. London: Bailliere Tindall; 1980:36-59.
samples, and they warrant the assessment of the incidence 17- Pugh RNH, Murray-Lyom IM, Dawson JL. Transaction of oe-

. . . phagus for bleeding oesophagus varices. Br J Surg 1973;60:646—649.
?:rlichauses of atherosclerosis in patients with PBC anao 18. Harris JA, Benedict FG. Standard basal metabolism constants for

physiologists and clinicians: A biometric study of basal metabolism in

man. Philadelphia: JB Lippincott; 1919:223.
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concentrations and angiographically assessed coronary atherosclerosis.
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