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Abstract

OBJECTIVES: The aim of this study was to find out the relationship between
unconjugated hyper-bilirubinemia and the occurrence of atherogenic plasma
lipoproteins with the emphasis on the small dense LDL particles, in the individuals
with Gilbert’s syndrome. We used a new electrophoretic method, which enables
to analyze up to 12 lipoprotein subfractions. Atherogenic lipoprotein profile is
characterized by the presence of very low density lipoproteins (VLDL), intermedi-
ate density lipoproteins (IDL) and the presence of small dense LDL lipoproteins.
The presence of LDL1 and LDL2 subfractions, as well as HDL lipoproteins is
considered as a protective factor.

METHODS: Molecular-genetic examination of Gilbert’s syndrome using fragment
analysis method was carried out in collaboration with the Centre for Medical
Genetics, University Hospital in Bratislava. Total cholesterol and triglycerides
in plasma were analyzed from lipid parameters by means of enzymatic CHOD-
PAP method, Roche Diagnostics, Germany. Biochemical parameters — bilirubin
(total, conjugated and unconjugated), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), gamma glutamyl transpep-
tidase (GMT), (Roche Diagnostics, Germany), TSH, FT3, fT'4 (Siemens) were
also examined. Serum lipoproteins and their subfractions were examined using
Lipoprint LDL System Quantimetrix, CA, USA (12).

RESULTS: We found significantly higher levels of total bilirubin and unconjugated
bilirubin in patients with Gilbert’s syndrome. In the control group, probands had
significantly higher triglycerides levels, VLDL cholesterol levels, IDL cholesterol
level, and small dense LDL levels compared to the group with Gilbert’s syndrome.
Probands with Gilbert’s syndrome had significantly lower presence of atherogenic
lipoprotein spectrum than probands in control group (5% vs. 18%). We found
significantly negative correlation between serum unconjugated bilirubin levels
and LDL 3-7 (r = -0.594, p<0.01), as well as between bilirubin and triglycerides
(r = -0.540, p<0.01). Serum bilirubin concentration and LDL 1-2 concentration
correlated significantly positively (r = 0.451, p<0.05).

CONCLUSION: The presence of an atherogenic lipoprotein spectrum is determined
by the particular representation of small dense LDL. Atherogenic spectrum was
significantly lower in patients with Gilbert’s syndrome compared to the control (5%
vs. 18%). In our study, we did not follow the risk of coronary heart disease or other
manifestations of atherosclerotic arteries disability. However, we found the inverse
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relationship of serum bilirubin levels and atherogenic
small dense LDL. We found out that the protective
antiatherogenic effect of hyperbilirubinemia is potenti-
ated by low occurence of strongly atherogenic small
dense LDL and persons with hyperbilirubinemia (in
our case represented Gilbert’s syndrome), could be
protected against the development of atherosclerosis.

Abbreviaions and units:

ALT - alanine aminotransferase
ALP - alkaline phosphatase

AST - aspartate aminotransferase
BMI - body mass index

CHD - coronary heart disease

GMT - gamma glutamyl transpeptidase
GS - Gilbert’s syndrome

IDL - intermediate density lipoproteins
VLDL - very low density lipoproteins
HDL - High density lipoproteins

LDL - Low density lipoproteins

TA - Tymidin-adenine

UGT1A1 - UDP-glucuronyltransferase

UGT1A1%*28 - Localisation of the gene for UGT1A1 on the allele 28

INTRODUCTION

Atherosclerosis is the leading cause of morbidity and
mortality in developed countries. There are many
mechanisms involved in the pathogenesis of athero-
sclerosis. Among them LDL (low density lipoproteins)
and other lipoproteins play an important role. In 1989,
Steinberg and co-workers presented the hypothesis of
oxidative modification of LDL in atherogenesis (Stein-
berg et al. 1989), which was later completed (replen-
ished) by Stocker and Keaney (Stocker & Keaney
2004). Oxidized LDL can stimulate foam cell forma-
tion, muscle cell apoptosis, enhance release of pro-
inflammatory cytokines and easier penetrate into the
subendothelial space (Oravec et al. 2011). If oxidation
of LDL is an essential part of atherosclerosis, then its
inhibition should limit it. Long-term epidemiological
and clinical studies suggest that increased intake of
certain antioxidants, e.g. vitamins, microelements and
other biologically active compounds can reduce the risk
of cardiovascular diseases, as well as cancer and other
diseases.

In opposite to exogenous antioxidants, we have con-
siderably less information about endogenous antioxi-
dants and their mechanism of protection. Among them
bilirubin is considered as a potent protective factor for
tissues. It exhibits antioxidant, antimutagenic and anti-
complement activity and is considered one of the most
important antioxidants in vitro and in vivo whether it is
unconjugated, conjugated, free or bound to albumin. It
can prevent oxidation of LDL lipoproteins, efficiently
scavenge peroxyl radicals and therefore acts against
atheroma formation and progression of atherosclerosis
(Marilena 1997). Antiatherosclerotic properties of bili-
rubin have been confirmed in several in vitro studies, as
well as in animal experiments.

Unconjugated hyperbilirubinemia and lipoprotein spectrum

In 1994, Schwertner et al. found that reduction of
serum bilirubin levels on half the benchmarks led to
a 47% increase in the likelihood of developing more
severe forms of coronary heart disease (CHD) (Schw-
ertner ef al. 1994). Hopkins et al. confirmed inverse
relationship of serum bilirubin concentration and
cardiovascular disease in men and women. There was
an 80% reduction in the risk of CHD in subjects with
bilirubin levels at the upper limit of normal compared
to those in the lower limit of reference interval. Simi-
lar association has also been found with other conse-
quences of atherosclerosis such as peripheral arterial
disease and stroke (Hopkins et al. 1996). Inverse rela-
tionship between serum bilirubin and risk of myocar-
dial infarction, coronary heart disease and peripheral
artery disease has also been confirmed in the Framing-
ham Offspring Study which included 4276 people, men
and women. Djousse et al. studied the dependence of
serum bilirubin and any expression of coronary heart
disease. Positive correlation was found mainly in men,
while in women this relationship was not clearly proven
(Djoussé et al. 2001). Meta-analysis of eleven studies
confirmed that the serum bilirubin concentration is
inversely related to the severity of atherosclerosis in
men. Based on these studies, an increase in serum bili-
rubin level of 1 umol/l led to a 6.5% reduction in CHD
(Lin et al. 2006; Novotny & Vitek 2003).

The first study, which followed the risk of CHD in
individuals with Gilbert’s syndrome (GS), was per-
formed by Vitek and co-workers. The subjects in this
study had chronic unconjugated hyperbilirubinemia
in the absence of liver disease and hemolysis. Approxi-
mately 2% of these individuals had CHD compared to
12.1% in other populations and significantly reduced
risk was also observed for another 3 years of observa-
tion. Individuals with GS had also higher levels of HDL
cholesterol and higher total serum antioxidant capac-
ity than the control group. As a result we found that
slightly elevated serum bilirubin level (33 +14 pmol/l)
is associated with lower prevalence of coronary heart
disease and lower risk of atherosclerosis development
(Vitek et al. 2002; Schwertner & Vitek 2008).

The aim of this study was to analyze the serum bili-
rubin level, lipid and lipoprotein parameters with the
emphasis on the presence of atherogenic small dense
LDL in patients with Gilbert’s syndrome, in order to
confirm the multiplication of the protective effect of
hyperbilirubinemia and low concentration of athero-
genic lipoproteins in case that low concentration of
these will be present.

PATIENTS AND METHODS

Patients

In our study 150 volunteers were examined of which
100 persons according to exclusion criteria were
selected (Table 1).
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Tab. 1. Exclusion criteria.

Exclusion criteria

- thyroid disease

- liver disease

- diagnosis of arterial hypertension, ischemic heart disease,
diabetes mellitus

- alcohol and other drug abuse

- kidney disease

- malabsorption syndrome

Tab. 2. Basic characteristics of groups.

Group 1 Group 2
n =40 n =60
Age (mean £ SD) 29.7 £6.57 31.1£9.06
Age range 19-47 17-62
Body mass index +SD 24.5+3.63 246 +2.52
Smokers 15 (37.5%) 32(53.3%)
Non-smokers 25 (62.5%) 28 (46.7%)
Tab. 3. Summary table.
Group 1 Group 2
(Gilbert’s (control  Signif.
syndrome) group)

Number of probands 40 60 NS
Total bilirubin (umol/1) 2591+ 1280 9.73+4.60 p<0.001
Conjugated bilirubin (umol/l) 6.98+144  8.84+3.11 NS
Unconjugated bilirubin (umol/l) 16.23+10.05 4.89+8.26 p<0.001
Total cholesterol (mmol/I) 4.49+0.82 484+1.19 NS
VLDL cholesterol (mmol/l) 0.51+0.19  0.66+0.24 p<0.01
IDL cholesterol (mmol/l) 0.93+0.25 1.11+£040 p<0.01
LDL cholesterol (mmol/1) 266+0.60  2.92+0.98 NS
LDL 1-2 subfractions (mmol/l) 1.72+£047  1.74£0.70 NS

LDL 3-7 subfractions (mmol/l)  0.010+0.023 0.070+0.187 p<0.05

HDL cholesterol (mmol/l) 132+£030  1.25%0.31 NS
Triglycerides (mmol/1) 1.01+£047 1.23+0.48 p<0.05
AST (pkat/I) 0.41+0.14 0.39+0.08 NS
ALT (ukat/I) 0.46+0.27 0.40+0.12 NS
GMT (ukat/I) 0.35+0.19 0.42+0.25 NS
ALP (ukat/l) 0.92+0.26  0.99+0.26 NS
TSH (mIU/1) 1.99+0.86 223+1.14 NS
fT, (pmol/l) 14.67+£291 15.51+2.69 NS
fT3 (pmol/l) 5.09+0.77 5.01+0.75 NS

AST - aspartate aminotransferase, ALT - alanin aminotransferase,
GMT - gama glutamyl transpeptidase, ALP - alkaline phosphatase,
TSH - thyroid stimulating hormone, fT4 - free T4, fT3 - free T3

Based on the molecular-genetic testing for the pres-
ence of mutation in the promoter gene for bilirubin-
UDP-glucuronosyltransferase (UGT1A1) respondents
were divided in two groups. The group 1 consisted of 40
probands confirmed to have Gilbert’s syndrome. In the
group 2 - control group there were 60 subjects in whom
the diagnosis of Gilbert’s syndrome was excluded. The
mean age in the group 1 was 29.7 years (19 to 47 years)
and in the group 2 was 31.1 years (17 to 62 years). Basic
characteristics of both groups are shown in Table 2.

Methods

Respondents completed a short questionnaire. The
questionnaire consisted of name, age, sex, questions
focused on the presence of thyroid disease, hyperten-
sion, diabetes mellitus, malabsorption, renal diseases,
drug history, questions about the abuse of nicotine,
drugs. The anthropometric parameters of weight and
height were measured and body mass index (BMI) was
determined.

Molecular-genetic examination of Gilbert’s syn-
drome using fragment analysis method was carried out
in collaboration with the Centre for Medical Genetics,
University Hospital in Bratislava. Gilbert’s syndrome
(GS) occurs in approximately 10% of the European
population. The most common cause is homozygosity
for UGT1A1*28, which is a TA repeated expression in
the promoter of UGT1A1 (Bosma ef al. 1995).

Total cholesterol and triglycerides in plasma were
analyzed from lipid parameters by means of enzymatic
CHOD-PAP method, Roche Diagnostics, Germany.
Biochemical parameters — bilirubin (total, conjugated
and unconjugated), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase
(ALP), gamma glutamyl transpeptidase (GMT), (Roche
Diagnostics, Germany), TSH, FT3, fT4 (Siemens) were
also examined.

Serum lipoproteins and their subfractions were
examined using Lipoprint LDL System Quantimetrix,
CA, USA (Hoefner et al. 2001). With this method
twelve lipoprotein classes and their subfractions can be
identified: very low density lipoproteins (VLDL), three
subfractions of intermediate density lipoproteins (IDL
1-3), seven subfractions of low density lipoprotein
(LDL 3-7) and high density lipoproteins (HDL). Ath-
erogenic lipoprotein profile is characterized by a pre-
dominant presence of atherogenic lipoproteins: VLDL,
IDL and small dense LDL. The latter ones, represent
highly atherogenic LDL subfractions forming fractions
LDL 3-7. Counterweight to atherogenic lipoproteins
are non-atherogenic lipoproteins: HDL, LDL1 and
LDL2. Non-atherogenic lipoprotein phenotype A and
an atherogenic lipoprotein phenotype B were also
determined by Lipoprint LDL System.

The blood samples were taken from the cubital vein
after 12 hour of fasting. EDTA-K2 plasma was obtained
and used for analyzing the lipid and biochemical
parameters.
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Statistical analysis was performed with the use of
descriptive statistics, Pearson and Spearman correla-
tion, student’s t-test for unpaired observations. Values
of p<0.05 were accepted as statistical significant.

RESULTS

In the group 1 we found significantly higher levels of
total bilirubin and unconjugated bilirubin. In the con-
trol group, probands had significantly higher triglyc-
erides levels, VLDL cholesterol levels, IDL cholesterol
level, and small dense LDL levels compared to the
group with Gilbert’s syndrome (Table 3). Probands in
the group 1 had significantly lower occurence of athero-
genic lipoprotein spectrum (Table 4).

Analysis of bilirubin, lipid and lipoprotein parameters

Correlation analysis between serum bilirubin levels,
lipids and lipoprotein parameters was done separately
for group 1 and 2 (Tables 5 and 6).

In the group 1 we found significantly negative cor-
relation between serum unconjugated bilirubin levels
and LDL 3-7 (r = -0.594, p<0.01), as well as between
bilirubin and triglycerides (r = -540, p<0.01). Serum
bilirubin concentration and LDL 1-2 concentration
correlated significantly positively (r = 0.451, p<0.05).
In the group 2 there was significant negative correla-
tion between serum bilirubin levels and LDL 3-7
(r =-0.652, p<0.05), too.

Tab. 5. Correlation analysis in group 1 - Gilbert's syndrome.

Unconjugated hyperbilirubinemia and lipoprotein spectrum

Tab. 4. Occurrence of atherogenic vs. non-atherogenic lipoprotein
phenotype (phenotype B vs. phenotype A).

Group 1 Group 2

(n=40) (n=60) Signif.
Non-atherogenic profile 38 (95%) 49 (82%) NS
Atherogenic profile 2 (5%) 11(18%) p<0.05

DISCUSSION

The aim of our study was to analyze the lipoprotein
spectrum in relation to serum levels of unconjugated
bilirubin. We used a new electrophoretic method, which
enables to analyze up to 12 lipoprotein subfractions.
Atherogenic lipoprotein profile is characterized by
the presence of very low density lipoproteins (VLDL),
intermediate density lipoproteins (IDL) and the pres-
ence of small dense LDL lipoproteins. The presence of
LDL1 and LDL2 subfractions, as well as HDL lipopro-
teins is considered as a protective factor.

We found that subject with Gilbert’s syndrome
had significantly lower serum levels of small dense
LDL, VLDL and triglycerides. Our results are consis-
tent with observations of the authors Schwertner and
Hopkins (Schwertner et al. 1994; Hopkins et al. 1996;
Schwertner & Vitek 2008). They observed a negative
correlation between bilirubin and LDL cholesterol. In

Group 1 Bi Chol VLDL IDL LDL LDL1,2 LDL 3-7 HDL TAG

P (pmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l)
Bi - -0.265 -0.349 0.019 -0.348 0.451* -0.594" 0.218 -0.540"
(umol/1)
LDL 3-7 0594"  ~0.104 0.137 0363 -0.026 0.107 - 03220 0486”
(mmol/I)
TAG - - . - -

-0.540 0.294 0.687 0.1 0.317 0.326 0.486 -0.27 -

(mmol/l)

*p<0.05; **p<0.01

Bi - bilirubin, Chol - cholesterol, IDL - intermediate density lipoproteins, LDL - low density lipoproteins, HDL - high density lipoproteins,

TAG - triglycerides

Tab. 6. Correlation analysis in group 2 - control group.

Group 1 Bi Chol VLDL IDL LDL LDL1,2 LDL 3-7 HDL TAG
P (pmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l) (mmol/l)

Bi X -0.284 -0.414 0.563 0.341 0.234 -0.652" 0.223 -0.341
(umol/1)

LDL 3-7 -0.652" 0.158 0.170 -0.095 0.162 0.014 X -0.018 0.038
(mmol/l)

TAG *% *% *% *%

-0.341 0.426 0.701 0.441 0.345 0.237 0.038 -0.061 X

(mmol/1)

*p<0.05; **p<0.01
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our study, persons with Gilbert’s syndrome had signifi-
cantly lower presence of atherogenic lipoprotein spec-
trum. This showed that the anti-atherogenic effect of
hyperbilirubinemia in persons with GS is potentiated
by a presence of non-atherogenic lipoproteins. We also
confirmed a positive correlation between serum biliru-
bin levels and HDL cholesterol. This further underlines
anti-atherogenic properties in plasma in persons with
Gilbert’s syndrome. Other published observations of
Schwertner and Hopkins brought brought an evidence,
that a decrease in serum bilirubin on a half the bench-
marks, led to a 47% increase in the likelihood of devel-
oping more severe forms of coronary heart disease.
These results are consistent with our findings. Vitek
with co-workers also published similar results (Vitek et
al. 2002).

Yet published scientific works, which were focused
on the assessment of the protective properties of
bilirubin and its relation to lipid parameters did not
work with techniques that quantify small dense lipo-
proteins. In the analysis of subfractions of LDL in our
study we observed a significant positive correlation
between serum bilirubin levels and small dense LDL
in both groups. Respondents with Gilbert’s syndrome
had higher levels of unconjugated bilirubin and lower
triglycerides. Higher bilirubin concentrations were
accompanied with higher protective LDL 1-2 levels in
a group of persons with Gilbert’s syndrome.

The presence of atherogenic lipoprotein spectrum
is determined by the particular representation of small
dense LDL. Atherogenic spectrum was presented sig-
nificantly less in patients with Gilbert’s syndrome com-
pared to the control group (5% vs. 18%).

In our study, we have not followed the risk of coro-
nary heart disease or other manifestations of atheroscle-
rotic arteries disability. However, we found the inverse
relationship of serum bilirubin levels and atherogenic
small dense LDL levels. If one of the conditions of
atherogenesis is the presence of small dense LDL, we
can say that healthy persons with hyperbilirubinemia
(in our case represented Gilbert’s syndrome), could be
protected against atherosclerosis. Further studies are
needed to find out the exact mechanism of protective
effect of hyperbilirubinemia in Gilbert’s Syndrome.
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