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Abstract

Background: Oxidation processes play an important role in atherogenesis. Bilirubin IX� is recognised as a potent antioxidant.
In the present study, we assessed the role of elevated serum bilirubin levels in the prevention of ischemic heart disease (IHD).
Methods: The occurrence of IHD was determined in Gilbert syndrome (GS) patients above 40 years (n=50). The diagnosis was
based on past medical history and ECG criteria. The occurrence was related to that of the comparable general population
(n=2296). Serum biochemistry, including the total antioxidant status was evaluated in the GS subjects, IHD patients (n=38) and
control subjects (n=38). Results: The prevalence of IHD in GS subjects (aged 49.7�9.0 years) was 2% (0.05–10.7%, 95%
confidence interval), compared to 12.1% in a general population (P�0.05). Bilirubin, total antioxidant capacity and high density
lipoprotein (HDL) cholesterol were found to be significantly higher in GS subjects compared to control groups (P�0.05).
According to linear discriminant analysis, hyperbilirubinemia rather than elevation of HDL cholesterol levels seemed to be more
important in protection from IHD. Conclusions: In the present study, low prevalence of IHD in GS subjects was detected. It may
be presumed that chronic hyperbilirubinemia prevent the development of IHD by increasing the serum antioxidant capacity.
© 2002 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Cardiovascular disease is the most common cause of
death and is responsible for 50% of all mortality in
developed countries [1]. A large number of risk factors
have been described to be involved in the process of
atherogenesis [1]. Among them, elevated levels of low
density lipoprotein (LDL) cholesterol is the most im-

portant and its oxidative modification in the process of
atherogenesis seems to be crucial [2]. LDL can be
oxidatively modified by transition metals and by all
major cells of the arterial wall [3]. Since oxidative
modification of LDL results from lipid peroxidation,
water- and lipid-soluble antioxidants should have a
prominent effect in preventing this modification. This
suggestion has been confirmed in numerous studies with
a variety of natural or synthetic antioxidants such as
vitamins A, C and E [4], probucol, phenothiazines,
calcium antagonists, agents complexing copper and
iron ions, and others [5].

Free radicals occur ubiquitously in the body and can
disrupt the function of many cells and molecules. Natu-
ral antioxidant defences have evolved to protect hu-
mans against deleterious effects of free radicals. The
primary enzymatic defences are intracellular, but other
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antioxidant defences are largely extracellular, including
antioxidative substrates such as transferrin, ceruloplas-
min, albumin, uric acid [6,7], and unconjugated biliru-
bin (UCB), the predominant bile pigment in the
intravascular compartment [8]. Its formation is medi-
ated by heme-oxygenase (HO), the rate-limiting enzyme
of the heme catabolism. Three distinct isoforms of HO
have been identified; one is inducible (HO-1) belonging
to the family of heat-shock protein [8], whereas the
other forms are constitutive (HO-2 [9], and HO-3 [10]).
The inducible form of HO is affected by numerous
factors including oxidised hemoglobin, heavy metal
ions, hydrogen peroxide, ultraviolet A radiation, nitric
oxide, and free oxygen radicals [9,11]. In this respect,
bilirubin seems to represent an important endogenous
agent with cytoprotective activity against oxidative
stress, because of its potent antioxidant properties
which were demonstrated in in vitro [8,12–16], animal
[17,18] and human studies [19–25]. In addition to being
a potent antioxidant, bilirubin is considered to play a
role in tissue protection against inflammatory damage
by its anticomplement action [26]. It has been reported
that albumin, which appears in inflammatory exudate,
carries bilirubin across the vascular wall into the sites of
potential oxyradical damage by phagocytic cells [27].
Furthermore, bilirubin may reduce oxidative stress in-
duced by hypertension [28].

Three major clinical studies regarding the possible
influence of bilirubin levels on ischemic heart disease
(IHD) have been published. In 1994, Schwertner et al.
[21] described an inverse relationship between serum
bilirubin concentrations and the risk of coronary artery
disease. Breimer et al. [22] demonstrated in a prospec-
tive study of 7685 middle-aged British men an enhanced
risk of IHD in patients with low bilirubin levels, al-
though a similar tendency was also observed in the
hyperbilirubinemic subjects, making the relationship U-
shaped. In another study done by Hopkins et al. [23]
significantly lower bilirubin levels in patients with coro-
nary artery disease as compared to control subjects
were documented. The relevance of serum bilirubin as a
risk factor inversely related to the coronary artery
disease was suggested also in other studies [24,25].

In our study, we focused on the occurrence of IHD
in a group of patients with confirmed diagnosis of

Gilbert syndrome (GS) characterised by sustained un-
conjugated hyperbilirubinemia. GS is due to a partial
deficiency of bilirubin UDP-glucuronosyltransferase in
the liver tissue with �6% prevalence [29]. Mild uncon-
jugated hyperbilirubinemia in the range of 20–100
�mol/l represents a typical clinical picture.

2. Materials and methods

Five groups of subjects were studied. Informed con-
sent was obtained from all of the subjects prior to
enrolment. The study was approved by the Ethics Com-
mittee of the Teaching Hospital, 1st Medical Faculty,
Charles University, Prague.

A group of 50 patients with GS (Group A, consisting
of 35 men and 15 women) was enrolled from the
Hepatology Outpatient Medical Centre, Faculty Hospi-
tal of the Charles University in Prague. The patients
were selected on the basis of chronic unconjugated
hyperbilirubinemia in the absence of any hemolytic
disease and/or any other hepatic function alteration;
the second criterion was an age of 40 years or more. A
diagnostic liver biopsy was performed in six patients in
whom laboratory findings at the onset of follow-up
were not completely diagnostic for GS; normal histol-
ogy was found in all cases. At least five determinations
of serum bilirubin concentration were performed in
every patient within the last 3 years prior enrolment.
Serum bilirubin levels were within the range of 20–70
�mol/l. The diagnosis of IHD was based on past medi-
cal history of symptomatic IHD (occurrence of steno-
cardia, positive effect of nitrate therapy) and ECG
criteria (specific changes of ST segment, presence of Q
wave, incidental left bundle branch block). When
screening for IHD, identical criteria were applied to all
the subjects of the screened groups. In one patient with
suspect IHD cyclo-ergometry, selective coronary arteri-
ography, carotid ultrasonography and dobutamine
stress echocardiography were performed to assess the
extent and significance of possible atherosclerosis. Dur-
ing the 3-year follow-up of IHD 12 patients were lost
from the study due to personal reasons.

Groups B and C were used to compare biochemical
parameters of Group A subjects (Table 1). Group B

Table 1
Characteristics of groups involved in the study

Group Sex distribution (male/female) Age (years, mean�S.D.)Number of subjects

50 35/15 49.7�9.0GS (A)
50.5�7.233/5IHD (B) 38
47.3�4.6Controls (C) 38 14/24

2296 50.5�6.31520/776Controls (D)
316Controls (E) 184/132 51.8�7.6

GS, Gilbert syndrome patients; IHD, patients with ischemic heart disease; Controls, control groups.
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consisted of 38 patients with an apparent IHD (33 men
and 5 women), 40–60 years old. These patients were
consecutively seen, and consisted either of those with a
confirmed diagnosis of an acute myocardial infarction,
or a severe unstable angina pectoris requiring intra-
venous nitrate therapy. A small part (n=7) consisted
of patients admitted for a selective coronarography.

Group C consisted of 38 consecutive healthy blood
donors (14 men and 24 women) of over 40 years
recruited from the blood transfusion unit. These sub-
jects were selected on the basis of the absence of any
major disease at the time of enrolment to the blood
donation program and, therefore, this group does not
represent a sample of a general population. Groups B
and C individuals were subjected to the same tests as
the population with GS. In Group C, neither symptoms
of IHD nor ECG findings indicative of IHD (as defined
above) were observed. All the electrocardiograms were
assessed by the same cardiologist.

Serum lipid profile, total antioxidant status (TAS)
and bilirubin concentrations were determined on auto-
matic analyser (model 717; Hitachi, Tokyo, Japan).
Total cholesterol was measured enzymatically by the
cholesterol oxidase assay and high density lipoprotein
(HDL) cholesterol was measured by the same proce-
dure after precipitation of LDL and VLDL with mag-
nesium sulphate and phosphotungstic acid. Bilirubin
was analysed by the diazo reaction according to Jen-
drassik and Gróf.

The TAS was determined spectrophotometrically us-
ing kit TAS, Randox Laboratories Ltd., Antrim, UK.
In this assay 2,2�-azino-di-[3-ethylbenzthiazoline
sulphonate] (ABTS®) is incubated with a peroxidase
(metmyoglobin) and H2O2 to produce the radical cation
ABTS®*. This has a relatively stable blue-green colour,
which is measured kinetically at 600 nm. Antioxidants
in the added sample cause suppression of the colour
production to a degree, which is proportional to their
concentration.

The influence of UCB (Sigma, St. Louis, MO) artifi-
cially added to the serum on the TAS was determined
as follows. UCB was dissolved in 0.1 M NaOH to get
the final concentration of 1 mmol/l. Appropriate
amounts of the solution were added to the standard
serum (Randox Laboratories Ltd.) in order to increase
bilirubin concentration by 6.25, 12.5, 25, 50 and 100
�mol/l.

Group D (Table 1) was used to assess the prevalence
of manifesting IHD in a general population in order to
compare it with that of GS patients. This group com-
prised 2296 subjects derived from the outpatient clinic
taking care of employees of a large administrative
institution in Prague. These individuals were selected
according to age and sex criteria to meet population
characteristics of GS patients. The presence of IHD was
assessed according to the same criteria, i.e. symptoms
or ECG findings indicative of IHD, as defined above.

Group E (Table 1), comprising 316 healthy subjects
with comparable age and sex distribution to that of GS
group, was used to compare predicted probability of
IHD based on the evaluation of multiple standard risk
factors for IHD between these two groups (see below).
These subjects were recruited from a pending popula-
tion study focused on the evaluation of risk factors for
IHD.

2.1. Statistical analysis

The one way analysis of variance (ANOVA) was
used to compare means of measured variables in exam-
ined Groups A–C. In case of statistically significant
difference at the 5% level, the Scheffe method of multi-
ple comparisons was used to reveal which difference
between compared groups was responsible for this
result.

The mean bilirubin concentrations were compared
after logarithmic transformation in order to meet re-
quirements for ANOVA application and fulfil the
equality of variances assumption. A Kolmogorov–
Smirnov test was performed on the logarithm of biliru-
bin concentration for all groups separately to check
possible departure from normality; all these results were
non-significant.

Fisher linear discriminant function based on bilirubin
and HDL cholesterol levels was performed to discrimi-
nate between the groups of GS and IHD [30].

The calculation of the 95% confidence interval (CI)
was used in order to determine the predicted prevalence
in GS population. The prevalence of IHD was seen as
a binomial distribution parameter (n, p, where n=50
and p=1/50).

Comparison of proportions using �2 test was carried
out to compare the prevalence of IHD in Groups A
and D.

Probability equations [31] based on the evaluation of
multiple standard risk factors for IHD (including age,
sex, systolic blood pressure, total cholesterol, HDL
cholesterol, smoking, diabetes mellitus and ECG signs
for left ventricular hypertrophy) were used to predict
probability of IHD in Groups A and E.

Poisson distribution probability test was performed
to compare observed and predicted incidence of IHD
among patients with GS.

3. Results

The mean age of subjects in examined groups was
comparable (Table 1) (P�0.05). One out of 50 exam-
ined patients with GS was found to suffer from symp-
tomatic IHD. The patient was 60-year-old female, her
IHD was diagnosed at the age of 57 years by the
appearance of exercise-induced angina pectoris. She
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Table 2
Serum bilirubin and total antioxidant status in Gilbert syndrome,
ischemic heart disease patients and control subjects (mean�S.D.)

Group TAS* (mmol/l)Bilirubin* (�mol/l)

32.6�13.5GS 1.433�0.14
1.296�0.149.0�2.7IHD
1.323�0.13Controls 9.1�2.7

Total, total antioxidant status; GS, Gilbert syndrome patients; IHD,
patients with ischemic heart disease; Controls, control healthy blood
donors.

* GS vs. IHD and controls: P�0.05.

development of IHD. As expected, significantly higher
serum bilirubin levels were found in the group of GS
patients as compared to patients with IHD and control
subjects (P�0.05; Table 2). Similarly, a significant
difference in the TAS was detected between the group
of GS patients, and IHD patients and control subjects
(P�0.05; Table 2). No significant difference was found
between the groups of IHD patients and control sub-
jects. The total and LDL cholesterol concentrations did
not differ significantly among all three groups (P�
0.05; Table 3). However, the concentration of HDL
cholesterol was significantly different in ischemic pa-
tients as compared to a hyperbilirubinemic group (P�
0.05; Table 3).

Other risk factors for IHD evaluated in GS patients
such as body mass index, alcohol consumption and
physical activity, were either within a normal range or
did not differ from the general population. Prevalence
of smoking was significantly lower in GS subjects as
compared to the general population (4 vs. 24%, P�
0.05). However, low prevalence of smoking in GS sub-
jects did not significantly influence predicted probability
of IHD, as proved by analysis of multiple standard risk
factors (see above). Moderate arterial hypertension was
diagnosed in one GS patient, all other patients were
completely healthy. Linear discriminant analysis used
as a technique to assess the preventive role of UCB and
HDL levels on the development of IHD revealed a
positive correlation between elevated bilirubin levels
and a lower incidence of IHD. Linear discriminant
function for logarithms of values of bilirubin and HDL
cholesterol concentrations separated the patients with
GS from those with IHD quite well (Fig. 1). The
reclassification results of the same data showed only
two misclassified observations of the estimated linear
discriminant functions.

The effect of UCB artificially added to the serum was
evaluated with respect to the differences in bilirubin
levels between GS patients and control subjects. An
addition of UCB to the serum with a defined total
antioxidant capacity led to an elevation of this parame-
ter from 1.37 to 1.76 mmol/l (P�0.05) in response to a
progressive increase of the bilirubin concentration
(Table 4).

had a positive cyclo-ergometry test, but selective coro-
nary arteriography did not reveal any coronary steno-
sis. It has been concluded that she had ischemic disease
of small coronary vessels. Dobutamine stress echocar-
diography did not reveal any pathological finding, and
carotid ultrasonography with a measurement of intimal
thickness was completely within normal range. No ap-
parent risk factors for IHD were found to be present in
this patient. In all remaining hyperbilirubinemic sub-
jects symptoms of IHD were absent.

On the basis of this finding the prevalence of IHD in
the population of GS patients was predicted to range
between 0.05 and 10.7% (95% CI). In comparison, the
prevalence of symptomatic IHD in a general unselected
population of comparable age and sex distribution was
found to reach 12.1% (P�0.05). During the 3-year
follow-up, no patient with GS (Group A) developed
symptomatic IHD. Based on multivariable analysis of
standard risk factors (see above) [31] the predicted
3-year incidence of IHD in patients with GS (Group A)
was 3.1% for males and 0.5% for females. This was
comparable to the predicted incidence of IHD in
healthy comparable population (Group E; 3.2% for
males, 1.1% for females). Poisson distribution probabil-
ity test of observed and predicted 3-year incidence of
IHD in male GS subjects (0 vs. 3.1%) revealed statisti-
cally significant difference between compared parame-
ters (P�0.05). Due to a limited number of patients,
this test could not be used in females.

The standard biochemical parameters were compared
among Groups A, B and C in order to find out a factor
responsible for beneficial effect on the prevention of

Table 3
Lipid profile in Gilbert syndrome and ischemic heart disease patients, and control subjects (mean�S.D.)

Total cholesterol* (mmol/l) HDL cholesterol** (mmol/l)Group LDL cholesterol* (mmol/l)

GS 1.5�0.53.5�0.95.6�0.9
3.7�1.05.9�1.5IHD 1.1�0.2
3.3�0.6 1.3�0.35.2�0.8Controls

GS, Gilbert syndrome patients; IHD, patients with ischemic heart disease; Controls, control healthy blood donors.
* GS vs. IHD and controls: P�0.05; ** GS vs. IHD: P�0.05.
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Fig. 1. Linear discriminant analysis of logarithmic values of serum
bilirubin and HDL cholesterol levels.

selective coronary arteriography. Also, results of dobu-
tamine stress echocardiography, used as a tool for
prediction of the prognosis of IHD in patients with
suspect atherosclerosis of small coronary vessels [35],
and ultrasonography of carotid arteries with measure-
ment of intimal thickness were completely, physiologi-
cal, suggesting perhaps a mild form of atherosclerosis in
our patient.

During a 3-year follow-up no GS patient out of 38
followed developed symptoms or ECG changes indica-
tive of IHD. Although the size of the GS population is
not very large, the difference between observed and
predicted 3-year incidence of IHD reached statistical
significance (P�0.05).

Elevated bilirubin and HDL cholesterol levels were
the only different standard serum parameters among
subjects with GS, those with IHD, and controls. Con-
sidering potent antioxidant effects reported previously
[19–25], elevated concentrations of UCB may indeed
serve as a protective factor in the development of IHD.
This conclusion is further substantiated by the results
of the linear discriminant analysis, suggesting that ele-
vated serum bilirubin levels may play an even more
important role in the prevention of development of
IHD than an elevation of serum HDL cholesterol con-
centrations (Fig. 1). In addition, the predicted probabil-
ity of IHD based on standard risk factors (including
HDL cholesterol and smoking) was comparable be-
tween male GS subjects and control Group E male
subjects. This suggests that neither elevated HDL
cholesterol nor low smoking prevalence, but other fac-
tors not used in the equation (such as bilirubin as the
only other different standard serum parameter) must be
responsible for lower 3-year incidence of IHD observed
in male GS subjects. In fact, an inverse relationship
between dietary intake of antioxidant substances such
as vitamins A, C, and E and the risk of IHD was shown
in several studies [36–39], indicating that plasma an-
tioxidants are essential for prevention of IHD.

Interestingly, compared to IHD patients HDL
cholesterol was elevated only in GS patients and not in
a control group of healthy blood donors. It has been
demonstrated that the majority of oxidised lipids in
human plasma are associated with HDL [40]. Because
of that, it is tempting to speculate whether elevated
bilirubin levels might protect HDL apoproteins and
lipids from being oxidised, thus reducing the catabolic
rate mediated by HDL receptor SRBI [41].

A number of assays have been introduced to deter-
mine the antioxidant activity of body fluids [42]. Mea-
surement of TAS by ferrylmyoglobin-ABTS assay
represents one of the common method [42]. In our
study, TAS was significantly higher in patients with GS
as compared with that of patients with IHD and con-
trol subjects (P�0.05). Bilirubin was the only en-
hanced standard antioxidant parameter in examined

4. Discussion

IHD is the most common cause of morbidity and
mortality in developed countries [1]. The prevalence of
symptomatic IHD in a 40–60-year-old Slavonic popu-
lation ranges between 10 and 20%, as was shown in
previous epidemiological studies from Czech Republic,
Poland and Russia [32–34]. These data are consistent
with our findings showing 12.1% prevalence of symp-
tomatic IHD among 40–60-year-old subjects represen-
tative of the general population (Group D).

In the present study, we describe a low cross-sec-
tional prevalence of IHD in the subset of patients with
GS. Despite the limited number of patients with GS,
highest predicted prevalence (95% CI) of IHD in a
population of GS subjects is significantly lower than
that of the general population (10.7 vs. 12.1%, P�
0.05). Moreover, the patient with diagnosed IHD has
suffered from a mild form of the disease, as evidenced
by the clinical picture as well as normal findings of

Table 4
The influence of addition of unconjugated bilirubin to the serum with
defined TAS activity

Added UCB TAS (mmol/l)Total bilirubin (�mol/l)
(�mol/l)

0a 24.5 1.368
6.25 1.41831.9

40.6 1.46212.50
25.00 55.8 1.505

79.6 1.57050.00
133.0100.00 1.764

TAS, total antioxidant status.
a Serum with defined TAS capacity.
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sera (including albumin, ceruloplasmin, transferrin and
uric acid, data not shown). No significant difference in
TAS (and also in serum bilirubin and HDL cholesterol)
was found between the groups of patients with IHD
and control subjects indicating involvement of other
contributing factors such as arterial hypertension, dia-
betes mellitus, obesity, smoking and possible genetic or
other factors in the atherogenesis of our patients with
IHD. It is apparent that differences in these parameters
must be present to account for the absence of IHD in
our subset of blood donors. The progressive increase of
TAS was related to the increase of bilirubin concentra-
tion, as was proved in the in vitro assay (Table 4). This
finding is consistent with an increased plasma antioxi-
dant capacity found in jaundiced new-born infants [43]
and patients with hyperbilirubinemia due to sickle cell
disease [44].

Up to now the effects of bilirubin on development of
IHD have been studied only under conditions of physi-
ological concentrations of bilirubin [19–21,23–25]. In
only one study [22], a subset of hyperbilirubinemic
subjects was examined and these patients were not
protected from development of IHD. However, this
subgroup was not well defined and involved also sub-
jects with raised liver enzymes. Correction of this sub-
group only to hyperbilirubinemic patients without
elevated liver enzyme reveals that these subjects had
surprisingly the lowest incidence rate of IHD among all
the other groups examined [22]. This fact, although not
noted by the authors, is consistent with our results.

According to our data the protective antiatherogenic
effect rises with an increase of the serum bilirubin level.
This is supported by Dennery et al. [18], who reported
reduced oxidative injury in neonatal hyperbilirubinemic
rats, and also by Benaron et al. [20], who observed
significantly lower incidence of neonatal complications
in hyperbilirubinemic infants. An evidence of potential
antiatherogenic effects of elevated bilirubin levels was
also added in the recent clinical studies [21–23]. These
findings are consistent with experimental animal data
showing protective effects of hyperbilirubinemia in-
duced by up-regulation of HO-1 on postischemic my-
ocardial dysfunction [45]. HO-1 was also reported to be
induced in heart by hemodynamic stress such as from
right-sided heart failure [46], heart and renal ischemia
and reperfusion [47,48], and hypertension [49]. Further-
more, HO-1 overexpression in mouse cardiac allografts
was shown to protect from transplant atherosclerosis
due to possible anticomplement and antioxidant effects
of bilirubin [50]. This is consistent with significant
elevation of UCB levels described in patients with acute
myocardial infarction [51], suggesting that under in
vivo conditions HO up-regulation may indeed be impli-
cated in the protection against oxidative stress. These
data indicate that bilirubin generated via HO-1 up-reg-
ulation may have a cytoprotective role in the cardiovas-

cular system and these effects may account for a low
incidence of IHD in hyperbilirubinemic subjects ob-
served in this study.

In conclusion, significantly lower occurrence of IHD
in hyperbilirubinemic subjects is reported. It seems that
elevated levels of serum bilirubin may play an impor-
tant role in the prevention of IHD by inhibition of
deleterious effects of oxidative stress. It is possible that
the beneficiary effect of UCB on the prevention of IHD
may be additive or synergistic to that of HDL choles-
terol. In fact, low serum bilirubin levels have recently
been proposed as a factor predicting severity of coro-
nary artery disease independently of HDL cholesterol
concentrations [52].
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for her help with the examination of healthy blood
donors, and Monika Pacltová, MSc. for the determina-
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