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Abstract

Serum bilirubin has been shown to be inversely related to cardiovascular disease (CVD) in both retrospective and prospective studies.
Meta-analysis of existing studies has also confirmed that serum bilirubin concentrations are inversely related to CVD. Less information is
known about the protective effects of slightly elevated serum bilirubin concentrations. In this review, we will focus primarily on the association
of serum bilirubin and CVD and the possible protective roles of bilirubin, heme oxygenase (HO), and bilirubin UDP-glucuronosyltransferase
(UGT1A1). HO and biliverdin reductase control the formation of bilirubin, whereas UGT1A1 controls bilirubin conjugation and clearance.
Because of the health and therapeutic implications of slightly elevated serum bilirubin concentrations, we will discuss the recent prospective
studies on cardiovascular risk in individuals with Gilbert syndrome (GS) as well as those with the UGT1A1%#28 allele. Such individuals have
decreased hepatic bilirubin UDP-glucuronosyltransferase activity, decreased bilirubin clearance, and increased serum bilirubin concentrations.
Lastly, we will discuss some of the therapeutic approaches that could be used to increase serum bilirubin concentrations to prevent CVD and
other oxidative and inflammatory diseases.
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1. Heme-bilirubin-carbon monoxide metabolic
pathway

In recent years, a considerable amount of attention has
been focused on the role of heme oxygenase-1 (HO-1) and
the heme-bilirubin-carbon monoxide pathway in the devel-
opment of atherosclerosis [1-9]. As shown in Fig. 1, heme
oxygenase (HO) removes heme which has pro-oxidative
and pro-atherosclerotic properties, and it produces biliverdin
and carbon monoxide (CO) which appear to have anti-
atherosclerotic properties [1-9]. HO therefore plays an
important role not only in heme metabolism but also in the
production of biliverdin, bilirubin, and carbon monoxide.

Bilirubin concentrations in serum are controlled by three
keys enzymes: HO, biliverdin reductase, and bilirubin uri-
dine diphosphate-glucuronosyltransferase (UGT1A1). HO
and bilirubin reductase govern the formation of bilirubin
whereas UGT1A1 regulates the clearance of bilirubin by the
liver and bile. In addition, there is some evidence to suggest
that bilirubin reductase has the ability to regenerate bilirubin
from biliverdin by the biliverdin reductase antioxidant cycle
[10].

Most of the emphasis of previous review articles has been
on the possible protective role of HO-1 in in vitro studies and
in animal models [1-9]. In this review, we will focus primar-
ily on human studies and on the association of serum bilirubin
and CVD. We also will discuss the possible protective role
of slightly elevated serum bilirubin concentrations such as
found in individuals with GS and the UGT1A1%*28 allele. In
addition, we will discuss the possible role that bilirubin, the
HO pathway, and the UGT1A1 genes could have on the pre-
vention of CVD as well as other oxidative and inflammatory
diseases and vascular complications.

2. Protective properties of bilirubin

There has been a considerable amount of research on the
factors that cause CVD; however, much less research has been
performed on substances that might prevent CVD and other
oxidative and inflammatory related diseases. One substance
that has been shown to be protective is high density lipopro-
tein cholesterol (HDL-cholesterol). Bilirubin may be another
protective factor in that it has both antioxidant [11,12] and
anti-inflammatory properties [13,14]. The antioxidant and
anti-atherogenic properties of bilirubin are thought to result
from its ability to inhibit the oxidation of LDL and other
lipids [15,16], scavenge oxygen radicals [11], and counteract
oxidative stress [17,18]. The anti-atherosclerotic properties
of biliverdin and bilirubin have been found in several in
vitro studies [11,15,16] as well as in animal studies [19-21].
Bilirubin also has been shown to be directly related to the
serum total antioxidant capacity in humans [18,22] and to be
a more effective protector of human ventricular monocytes
than either vitamin C or vitamin E [16]. In addition, bilirubin
appears to have anti-proliferative properties [19,20,23].

3. Protective effects of HO-1

Several studies have shown that HO induction and up-
regulation decreases experimental atherosclerosis in the
Watanabe heritable hyperlipidemic rabbits and in LDL-
receptor knockout mice whereas HO-1 inhibition increases
atherosclerosis [19,20]. HO-1 induction and up-regulation
have also been shown to decrease intimal thickening in
experimental restenosis [23] and to protect against experi-
mental ischemia and reperfusion injury [24]. HO-1 inhibition
and down-regulation, on the other hand, has been shown to
increase experimental atherosclerosis [19,20] and to increase
intimal thickening [23]. The proposed mechanisms by which
HO-1 exerts its cytoprotective effects are not known, how-
ever, bilirubin and biliverdin treatment have been shown to
prevent restenosis in rats with balloon-induced injury [21].
The protective effects of HO-1 might also result from the
formation of carbon monoxide (CO) which has vasodilatory
and antiproliferative properties [23,24], and from the degra-
dation of heme which is capable of oxidizing low density
lipoproteins [25]. Because of their low antioxidant content,
the small dense low density lipoprotein fractions are known
to be particularly susceptible to oxidation [26,27].

Recent studies on the pharmacologic up-regulation of HO-
1 with cobalt protoporhyrin IX in mice with non-autoimmune
arthritis also have shown that up-regulation of HO-1 pro-
duces both protective anti-oxidative and anti-inflammatory
responses in this mouse model [28]. Likewise, inhibition of
HO-1 by in vivo injection of anti-HO-1 siRNA was found
to be effective in suppressing the protective effects of HO-1
[28]. It remains to be established if the protective effects of
HO-1 are due to the production of biliverdin, bilirubin, and
CO, the removal of heme, or to a combination of these or other
factors. Serum bilirubin concentrations were not analyzed in
most of the studies involving HO-1 up-regulation or down-
regulation. Such information is needed in order to determine
if the protective effects are due to bilirubin or some other
factors. Likewise, CO or some surrogate of CO like carbonyl-
hemoglobin could provide more detailed information on the
causative factors involved in atherosclerosis. Additional clin-
ical and experimental studies which support a protective role
of HO-1 in atherosclerosis and related diseases have been
described in more detail in the recent reviews of Vitek and
Schwertner, Stocker and Perella, and Morita [1-3].

4. Serum bilirubin and CVD risk

A possible role of bilirubin and HO in atherosclerotic vas-
cular disease was first suggested in 1994 in studies showing
an inverse relationship of serum total bilirubin concentrations
and risk of coronary artery disease (CAD) [29]. In those stud-
ies, low serum total bilirubin concentrations were found to be
related to an increased risk of coronary artery disease (CAD)
whereas higher serum bilirubin concentrations were related
to a decreased risk of CAD. The strength of the association
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Fig. 1. Heme-bilirubin catabolic pathway.

between serum bilirubin and CAD was found to be simi-
lar to that of smoking, elevated systolic blood pressure, and
HDL-cholesterol [17,29,30]. The results also indicated that a
50% decrease in serum bilirubin was associated with a 47%
increase in the odds of having a more severe disease [29].
Hopkins et al. [30] confirmed that serum bilirubin concentra-
tions were inversely related to the severity of CAD in both
men and women. They also found that individuals with serum
bilirubin concentrations in the top quintile had an 80% reduc-
tion in CAD risk compared to those in the lowest quintile.
Similar inverse associations have now been shown between
serum bilirubin concentrations and CVD, peripheral vascular
disease (PVD), carotid intimal-medial thickening, and stroke
([29-47], Table 1).

The inverse association between serum bilirubin concen-
trations and CVD has been found in seven prospective studies
([48-53], Table 1). Such findings are important in that they
suggest that bilirubin or some other factor or factors asso-
ciated with bilirubin prevents future CVD. In addition, such

studies provide more direct support that bilirubin may have
a causal role in CVD prevention. Breimer et al. performed
a prospective study on 7685 middle-aged British men and
found a U-shaped relationship [48]. The cause of the U-
shaped relations is not known, however, it could be due to
underlying liver disease since the investigators did not prop-
erly adjust for possible liver disease. In recent prospective
studies, Vitek et al. found a significantly lower 3-year inci-
dence of coronary heart disease (CHD) in individuals with
GS than that predicted based on multifactorial analysis of
standard risk factors for CHD [18]. Similar inverse relation-
ships between serum bilirubin and early and late onset CHD
were found by Hunt et al. [49].

An inverse relationship between serum bilirubin and risk
of myocardial infarction, coronary disease death, and PVD
risk was recently found in a Framingham Offspring Study
involving 4276 men and women [50]. In this study, Djousse
et al. evaluated the association between serum bilirubin and
myocardial infarction (MI), coronary death, and any cardio-



Table 1

Bilirubin and atherosclerosis, human studies

Study characteristics

Type Population Outcome Reference
Bilirubin and atherosclerosis Prevalence study on men with angiographically proven CHD 50% decrease in serum bilirubin associated with increased odds for [29]
Retrospective studies (n=877) CHD by 47%
Prevalence study of PVD (n=31) and serum bilirubin Cases had significantly lower serum bilirubin levels as compared to [31]
population mean
Case-control study patients with early CHD (n=161) compared to 75% reduction in CHD risk associated with increase of 17 uM in [30]
controls (n=155) serum bilirubin level
Prevalence study in men who underwent coronary angiography Inverse relationship between serum bilirubin and coronary artery [32]
(n=171) stenoses
Case-control study on the association between serum bilirubin Lowest serum bilirubin levels detected in PVD as compared to [33]
levels and both CHD and PVD (n=111) CHD and controls (6.0 vs. 8.0 vs. 12.0 uM, respectively)
Prevalence study in men and women with early CHD (n=328) 7% increase of CHD prevalence for each 1 wM decrease in serum [34]
bilirubin
Prevalence analysis of the relationship between serum bilirubin Significantly lower serum bilirubin levels in subjects with carotid [35]
levels and carotid intimo-medial thickness (IMT) (n=1741, 330 plaques
cases)
Prevalence study of serum bilirubin levels and both CHD and PVD Inverse relationship between serum bilirubin levels and PVD, the [36]
in men and women (n=456) same, but non-significant trend demonstrated also for CHD
Prevalence study comparing prevalence of CHD in Significantly lower prevalence of CHD in GS subjects (2% vs. [18]
hyperbilirubinemic Gilbert syndrome subjects (n=50) and 12.1%, p <0.05)
aged-matched general population
Analysis of serum bilirubin levels between male CHD patients Inverse relationship between serum bilirubin levels and CHD risk [37]
(n=161) and healthy controls (n=322) in males, however, this relationship not observed in females
Analysis of serum bilirubin levels between CHD (n = 544) and As in previous study, inverse relationship between serum bilirubin [38]
non-CHD patients (n=359) levels and CHD demonstrated only in males
Analysis of association between echocardiographic signs of Inverse relationship between serum bilirubin levels and coronary [39]
coronary atherosclerosis and serum bilirubin levels in healthy flow reserve impairment and coronary microvascular dysfunction
subjects (n=160)
Analysis of relationship between carotid IMT and serum bilirubin Inverse relationship between carotid IMT and serum bilirubin levels [40]
levels in healthy men (n=111)
Prevalence study in both men and women with angiographically Significantly lower serum bilirubin levels in cases sompared to [41]
proven CHD (n=312), compared to healthy controls (rn =50) controls (9.4 £6.7 vs. 13.9£5.5, p<0.01)
Analysis of endothelial dysfunction and carotid IMT in healthy Inverse relationship between serum bilirubin levels and both [42]
subjects (n=91) endothelial dysfunction and carotid IMT
Analysis of serum bilirubin levels between CHD patients (n=262) Substantially lower serum bilirubin levels in CHD patients [43]
and healthy controls (rn=50)
Analysis of PVD in US adults (n=7,074) 1 mg/dL increase in serum bilirubin associated with 48% reduced [44]
risk of PAD (OR 0.52; 0.33-0.83). In categorized analysis, subjects
with serum bilirubin >1 mg/dL (consistent with GS diagnosis) had
reduced risk of PAD by 51% (OR 0.49; 0.32-0.76).
Analysis of stroke history in US adults (n=13,223) 1 mg/dL increase in serum bilirubin associated with 63% reduced [45]

risk of stroke (OR 0.37; 0.21-0.63). Adjustment for liver disease
further strenghtened this relationship (OR 0.30; 0.18-0.49). In
categorized analysis, subjects with serum bilirubin >1 mg/dL
(consistent with GS diagnosis) had reduced risk of stroke by 48%.
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Bilirubin and atherosclerosis
Prospective studies

Bilirubin and atherosclerosis
Meta-analysis

UGT1A1%*28 and
atherosclerosis

Prevalence study of vascular complications in diabetics
(n=96) with and without GS (n=426)

Retrospective study on subjects with dyslipidemia without
overt vascular disease (n=376)
Prospective study on middle-aged British men (n="7,685)

Prospective study of men and women with familial CHD
(n=1,240)

Framingham Offspring Study (both men and women) on the
relationship between serum bilirubin and risk of CHD
(n=4,276)

10 year follow-up on cardivascular mortality in relation to
serum bilirubin levels in men (n =5,460) and women
(n=4,843)

Analysis of 3-year incidence of CHD in GS subjects (n =50)

Framingham Offspring Study as described above, focus on
interrelation between serum bilirubin and albumin levels to
risk of CHD

Comparison of patients who developed CHD at 5-year
follow-up (n=216) to matched controls (n=434)

Meta-analysis of all studies published up to 2002 on the
relationship between serum bilirubin levels and
atherosclerosis

Retrospective, case-control study on association between
UGT1A1%28 allele and risk for myocardial infarction in
men and women (185 cases, 255 controls)

Retrospective, case-control study on association between
UGT1A1%28 allele and risk for myocardial infarction in
men (n=680)

Lower prevalence of CHD, cerebrovascular diseases,
arterial hypertension and diabetic retinopathy in diabetic
patients with GS

Inverse relationship between serum bilirubin levels and
CHD risk

U-shaped relationship between serum bilirubin levels
and CHD, however, proper adjustment for underlying
liver disease was not performed

Significant inverse relationship between serum bilirubin
levels and both early- and late-onset CHD

Inverse relationship between serum bilirubin levels and
risk of myocardial infarction, coronary disease death
and cardiovascular disease risk

Lower, but non-significant cardiovascular mortality
associated with higher serum bilirubin levels

Significantly lower 3-year incidence of CHD in
hyperbilirubinemic GS subjects

Highest CHD risk demonstrated in low bilirubin/low
albumin group, risk the most pronounced in males

Significantly lower serum bilirubin in cases as compared
to controls, hyperbilirubinemic subjects which lacked
protection were not adjusted for underlying liver disease
Inverse relationship between serum bilirubin and both
CHD and PVD, 10 uM serum bilirubin cut-off level
discriminating cardiovascular risk. Confounding effect
of underlying liver disease demonstrated.

Association between UGT1A1%#28 allele homozygocity
and risk for myocardial infarction detected. However,
serum bilirubin levels in UGT1A1#28 homozygotes
were substantially lower than expected, probably due to
high proportion of normobilirubinemic homozygotes.
Association between UGT1A1#28 allele homozygocity
and risk of myocardial infarction detected. However,
serum bilirubin levels and other confounding factors
were not determined.

[46]

[47]

(48]

[49]

[50]

(511

(18]

[52]

[53]

[54] (in this paper following
studies were meta-analyzed:
[18,29-32,35,43-45,48,75%]

[56]

[59]
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Table 1(Continued).

Study characteristics

Type Population Outcome Reference
Study on the association of UGT1A1%28 allele, serum bilirubin and UGT1A1#28 allele homozygocity associated with 1/3 the risk for [57]
risk for CHD and cardivascular diseases performed in Framingham both CHD and cardiovascular diseases as compared to wild type
Offspring cohort (n=1,780) followed up for 24 years genotype

Bilirubin and risk factors for Retrospective study on association of cardiovascular risk factors Inverse relationship between serum bilirubin levels and glycated [60]

atherosclerosis and serum bilirubin levels in Hong Kong Chinese (n=1,508) hemoglobin, triglycerides and VLDL cholesterol
Cross-sectional study in children and young adults focused on Inverse relationship between serum bilirubin levels and adiposity, [61]
assesment of cardiovascular risk factors and serum bilirubin levels triglycerides, LDL and VLDL cholesterol, insulin, glucose, systolic
(n=4,156) blood pressure and parental histoty of heart attack or hypertension
Retrospective study on relationship between serum bilirubin levels Significantly lower serum bilirubin levels detected in untreated [62]
and arterial hypertension in dyslipidemic men and women (n=491) hypertensive patients as compared to normotensive subjects
Study on the association of serum bilirubin levels and advanced Inverse relationship between serum levels of bilirubin and both [63]
glycation-end products (AGEs) in GS (n=23) and control subjects pentosidine and carboxy-methyllysine
(n=21)

Study on aortic function in healthy hypobilirubinemic (n=42) Impairment of aortic elastic properties in subjects with lower serum [64]
subjects and healthy subjects with hyperbilirubinemia (n =40) bilirubin levels

Study comparing the effect of serum bilirubin levels on total Positive relationship between serum bilirubin levels and total serum [18]
antixidant capacity in GS (n=50), CHD (n=38) and control antioxidant capacity

subjects (n=38)

Analysis of total antioxidant capacity according to serum bilirubin Positive relationship between serum bilirubin levels and total serum [22]2
levels in healthy men and women (n=224) antioxidant capacity

Study comparing the effect of serum bilirubin levels on urinary Inverse relationship between serum bilirubin levels and urinary [65]
excretion of biopyrrins in GS (n=33) and control subjects (n=25) excretion of biopyrrins, a known predictor of CHD

Analysis of hsCRP levels according to serum bilirubin levels in Subjects in the lowest bilirubin quartile had the highest hsCRP [22]2
healthy men and women (n =288) levels as compared to higher bilirubin quartiles

Study on diabetic patients with (n=96) and without GS (n=426) Lower serum levels of HbA ., LDL and total cholesterol, [46]

triglycerides, hsCRP, lower urinary excretion of
8-hydroxy-2'-deoxyguanosine (a marker of oxidative stress), and
higher levels of HDL cholesterol in diabetics with GS

4 Abstract.

[1=1 (8002) 861 SIS012]25042Y1  YOUA T “42U12MYDS "V H



H.A. Schwertner, L. Vitek / Atherosclerosis 198 (2008) 1-11 7

vascular event (any clinical form of CHD, congestive heart
failure, intermittent claudication, or stroke). A higher total
serum bilirubin concentration was found to be associated with
a lower risk of MI, CHD, and any CVD event in men; how-
ever, the bilirubin-CHD relationships were only suggestive in
women. The authors concluded that the limited number of MI
and CHD cases and the relatively young age of the women at
baseline (39.5 years) might have accounted for the differences
in men and women. In separate studies, Temme et al. [51]
found lower, but non-significant, cardiovascular mortality to
be associated with a higher serum bilirubin concentration
and Djousse et al. [52] found an inverse relationship between
serum bilirubin and albumin and MI. In other studies, lower
serum bilirubin concentrations were found in individuals with
CHD compared to controls, however, the hyperbilirubine-
mia did not protect against CHD possibly due to the lack of
adjustment for underlying liver disease [53].

5. Meta-analysis of studies on serum bilirubin and
CVD risk

A meta-analysis study of eleven studies has shown that
serum bilirubin concentrations are inversely related to the
severity of atherosclerosis in men (r=-—0.31, p<0.0001)
([54], Table 1). Women were not included in the study
because of the limited number of studies involving women.
Non-parametric, regression, and stratified analyses all
showed an inverse and dose-dependent relationship between
serum bilirubin concentrations and different types and sever-
ities of CVD. Based on these studies, each 1.0 umol/L
increase in serum bilirubin was found to be associated with
a 6.5% decrease in CVD [54]. The studies also found that
a serum bilirubin concentration of 10.0 wmol/L was the cut-
point for discrimination of cardiovascular risk.

6. Gilbert syndrome and CVD risk

While itis clear that low serum bilirubin concentrations are
associated with an increased risk of CVD, less information is
available on the role of moderately elevated serum bilirubin
concentrations such as found in individuals with GS. Such
information is important because approximately 5-10% of
the population worldwide has GS [55]. Such elevations in
serum bilirubin would have significant implications for CVD
prevention in this rather large population. Secondly, if moder-
ately elevated levels of serum bilirubin are found to reduce the
risk of CVD, then bilirubin synthesis, clearance, and trans-
port mechanisms might serve as potential therapeutic target
sites for new drug development initiatives.

Most studies of serum bilirubin and atherosclerosis have
been performed on individuals with normal serum biliru-
bin concentrations (<1.0 mg/dL, i.e. <17.1 pwmol/L). Several
studies, however, have included individuals with slightly
elevated bilirubin concentrations. For example, we found
a protective effect for angiographically documented CAD

in individuals with slightly elevated serum bilirubin con-
centrations [29]. Similarly, Ishizaka et al. found protective
effects between slightly elevated serum bilirubin and carotid
atherosclerosis [35].

The first study on CHD risk in individuals with GS was
performed by Vitek et al. [18]. As mentioned above, individ-
uals with GS were found to have mild elevations in fasting
serum unconjugated bilirubin concentrations and a marked
reduction in CHD risk. Individuals for the study were selected
on the basis of chronic unconjugated hyperbilirubinemia in
the absence of any hemolytic or altered hepatic function.
Approximately, 2% of the individuals with GS were found to
have CHD compared to 12.1% in the general population and
the significantly low incidence rate was found also in a 3-year
follow-up of these subjects. The individuals with GS also had
higher serum bilirubin and HDL-cholesterol concentrations
and higher total antioxidant capacities than did the controls.
In addition, elevated bilirubin levels were found to be equal
to HDL cholesterol in protecting individuals from CHD. The
results provide important new evidence that mildly elevated
levels of bilirubin (33 & 14 wmol/L) are associated with a
lower prevalence of CHD and that mildly elevated levels of
bilirubin appear to protect against the development of future
heart disease.

7. UGT1A1%*28 allele and CVD risk

Since individuals with GS were found to have a lower risk
of CHD, studies were performed to determine if individuals
with the homozygous form of the UGT1A1%*28 allele (geno-
type (TA)7/(TA)7) might also have a lower risk of CVD.
This polymorphism occurs in 10-16% of the population
and is known to have a significant role in regulating biliru-
bin glucuronidation, bilirubin clearance, and serum bilirubin
concentrations [55]. Bosmaet al. [56] examined the risk of M1
in individuals with the UGT1A1%*28 allele, however, they did
not find a protective effect in individuals homozygous for the
UGT1A1%*28 allele even though such individuals had signif-
icantly elevated serum bilirubin concentrations [55]. While
there might not be an association between UGT1A1%28 and
this specific endpoint (MI), the association might have been
missed because of the relatively advanced population age at
entry into the study, the lack of adjustment for liver disease,
the use of non-standardized blood collection procedures, lack
of sub-stratification of individual genotypes according to
serum bilirubin levels, survival bias, low number of cases
and controls, or population substructure influences [56-58].
In their study, low serum bilirubin concentrations also were
not found to be associated with an increased risk of MI
and no information was presented on the concentrations of
other risk factors such as cholesterol, LDL-cholesterol, HDL-
cholesterol, or blood pressure or on their association with risk
of MI. The same criticism might also apply to arecent Spanish
study where no correlation between genotype and phenotype
was found [59].
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The most comprehensive study to date has been the recent
study of Lin et al. [57]. In that study, the UGT1A1%28 allele
status, serum bilirubin concentrations, and CVD was fol-
lowed for 24 years in 1,780 individuals participating in the
Framingham Offspring Study [57]. Individuals with liver
disease were excluded from the study. The CVD category
consisted of men and women with CHD, stroke, transient
ischemic attack, intermittent claudication, congestive heart
failure, or CHD death and the CHD category consisted of
fatal and nonfatal MI, angina pectoris, or coronary insuf-
ficiency. Individuals with the genotype (TA)7/(TA); had
approximately one third the risk of CVD and CHD as the
carriers of the wild type allele and were found to have signif-
icantly higher serum bilirubin concentrations (mean =+ S.D.
1.14 £ 0.44 mg/dL) than those with genotypes (TA)e/(TA)g
and (TA)e/(TA)7 (mean + S.D. 0.69 £ 0.27 mg/dL, p <0.01).
The association of the UGT1A I polymorphism with MI, how-
ever, was of borderline significance. Bilirubin was found to
be highly protective in that each 0.1 mg/dL increase in serum
bilirubin was found to be decrease CVD, CHD, and MI risks
by 10%, 13%, and 13%, respectively, when the genotype was
not included in the Cox regression model. When the UGTIA1
polymorphism and bilirubin levels were both included only
the bilirubin effect remained in the model. This means that
serum bilirubin is probably more closely associated with
CVD than the (TA);/(TA); genotype most likely due to its
incomplete penetrance.

The study is important in that it is the first well-designed
study to show that individuals with the genotype (TA)7/(TA);
have both a higher serum bilirubin concentration and a lower
risk of developing future CVD and CHD than individuals
with the wild ((TA)g/(TA)g) and heterozygous genotypes
((TA)6/(TA)7). The study is also important because the pro-
tective effects of bilirubin were found in both men and
women. In addition, approximately 11% of the study popu-
lation had the genotype (TA)7/(TA)7, 43% had the genotype
(TA)6/(TA)7, and 46% had the genotype (TA)g/(TA)g. In the
study, smoking status did not have an effect on the associa-
tion between the polymorphism and any of the CVD events.
It would be very interesting to see the results for each geno-
type after sub-clustering the subjects with serum bilirubin
concentrations above 1.0 mg/mL. If mild hyperbilirubinemia
is a protective factor, this analysis should reveal a further
decrease of CVD risk in this subset of “true” GS individuals.

8. Protective role of HO, UGT1A1%*28 allele, and
bilirubin in other diseases and medical conditions

Even though CVD is a very complicated disease involv-
ing many risk factors, HO-1, UGT1A1%*28, and bilirubin
appear to have a protective effect in the prevention of CVD.
HO-1, UGT1A1*28 allele, and bilirubin might also confer
protection in other oxidative stress and inflammatory-related
diseases such as in certain cancers, rheumatological and neu-
ropsychiatric diseases, diabetes, as well as in other medical

conditions. Most of the studies to date have been on the
association of HO-1, UGT1A1%*28, and bilirubin in chronic
diseases such as CVD. Less is known about their protec-
tive effects in acute medical conditions such as sepsis and
oxidative stress after surgery. There is some evidence in
animal models that bilirubin and biliverdin prevent vascu-
lar complications associated with coronary artery bypass
surgery and percutaneous transluminal angioplasty such as
vein graft surgery failure and restenosis [22]. Further stud-
ies also need to examine the association between the HO-1,
UGT1A1 polymorphism, serum bilirubin concentrations, and
CVD mortality and all-cause mortality.

9. Bilirubin and other risk factors for CVD disease

Serum bilirubin has been shown to be independently
related to many of the existing risk factors as well as to
other compounds ([22,46,60-65], Table 1). Serum bilirubin
has been shown to be directly related to HDL-cholesterol
[17,29,30] and total serum antioxidant capacities [18,22]
concentrations and to be inversely related to LDL- and
VLDL-cholesterol, triglycerides, hsCRP, systolic blood pres-
sure, parental history of heart attack or hypertension, insulin,
and glucose [61]. In addition low serum bilirubin has been
shown to be related to impairment of aortic elastic proper-
ties [64], increased urinary excretion of biopyrrins, a known
predictor of CHD [65], pentosidine and carboxy-methylysine
belonging to the group of advanced glycation end products
(AGE’s) [63], and glycated hemoglobin [60].

10. Serum bilirubin as a predictor of CVD

Serum bilirubin and UGT1A1%28 analyses may improve
our ability to diagnose individuals at risk for CVD and
possibly other diseases. Since serum bilirubin concentra-
tions appear to be related to those of HDL-C and both
bilirubin and HDL-cholesterol are decreased with CAD,
various cholesterol, LDL-cholesterol, HDL-cholesterol and
bilirubin ratios were tested as possible predictors of CAD.
Stepwise logistic regression analysis performed in a retro-
spective study of 644 middle aged males who had undergone
coronary angiography indicated that serum bilirubin was
more closely associated with CAD than HDL-cholesterol
and of the laboratory risk factors was second only to
total cholesterol and LDL-cholesterol as a risk predic-
tor [66]. Further evaluations of risk factor combinations
indicated that the cholesterol/(HDL-C + bilirubin) and LDL-
cholesterol/(HDL-C + bilirubin) ratios were more accurate in
identifying severe CAD than either cholesterol/HDL-C or
LDL-C/HDL-C ratios alone.

Studies were also performed to determine if information
on serum bilirubin improves the predictive ability of the
Framingham risk factors (cholesterol, HDL-cholesterol, sys-
tolic blood pressure, smoking, and age). The results indicated
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that the addition of serum bilirubin improved the prediction
of CAD over that achieved with the Framingham formula
alone [66]. If confirmed in other studies, algorithms of serum
bilirubin and other risk factor combinations may improve
our ability to predict existing and future CAD. It should be
mentioned that studies comparing the diagnostic sensitivity
and specificity of serum bilirubin have not been determined
in women. In addition, studies using the Framingham Off-
spring study group have shown that the relationship of serum
bilirubin and CHD is only suggestive in women [50]. Lin et
al. [57], however, found elevated serum bilirubin levels to be
protective in both men and women.

These data are perfectly in line with very recent study by
Japanese authors showing that both male and female diabetic
patients with GS have much lower prevalence of vascular
complications as well as reduced markers of oxidative stress
and inflammation [46].

11. Therapeutic approaches for HO-1
induction/up-regulation or UGT1A1
inhibition/down-regulation

The low prevalence of CVD in individuals with GS [18]
and in individuals with the UGT1A1*28 [57] suggests a
possible protective role for HO-1, bilirubin, and CO. A
rather large number of drugs are known to induce HO-
1 and they include heme, metalloporphyrins, inflammatory
cytokines, prostaglandins, ultraviolet light, heat shock, bacte-
rial lipopolysaccharides, phorbol esters, and thiol scavengers
[2,6]. In addition, aspirin [67] and statins [68,69], which
are widely prescribed for CVD prevention and treatment are
known to induce HO-1. Studies, however, have not been per-
formed to determine if the beneficial effects of aspirin and
statins are due to their effects on HO-1 leading to increased
production of CO and increased serum bilirubin concen-
trations, or due to their effects on inflammation. Similar
HO-1 inducing effects have been described for probucol,
rapamycin, ethanol, nitric oxide, CO, dopamine, diclofenac,
COX-2 inhibitors, PPAR vy activators, resveratrol, curcumin,
and polyphenolic chalcones (rosolic acid) [1-9].

Recent experimental studies of rat models have shown that
bilirubin and biliverdin are effective in preventing restenosis
in balloon-induced injury [21]. Other interesting studies have
shown that protoporphyrin IX induction of HO-1 resulted in
decreases in IL-1B, IL-6, and TNFa levels, joint swelling,
cartilage degradation, and proliferation of inflammatory tis-
sue in joints of mice with non-immune arthritis [28]. A recent
study performed by Brydun et al. [70] also indicated that
patients with coronary atherosclerosis have a reduced expres-
sion of HO-1. If confirmed in other studies, this finding
provides critical support for the role of HO-1 in coronary
atherosclerosis.

Substances which inhibit bilirubin UDP-glucuronosyl
transferase or which prevent bilirubin oxidation might be
effective in increasing serum bilirubin concentrations [71].

Inhibition of UDP-glucuronosyl transferase activity, how-
ever, would need to be evaluated for safety effects since such
inhibition may adversely impact the conjugation and clear-
ance of drugs, toxins, and carcinogens. Several studies have
reported on the effectiveness of gene therapy with HO-1 in
inhibiting inflammation and oxidative stress in animals [7].
Plant derived phycobilins might be also be effective and might
be a readily available source of compounds with properties
similar to bilirubin [71].

Even though the above-mentioned drugs might be able to
increase serum bilirubin concentrations, hepatoxicity needs
to be ruled out as a possible cause for the increases in serum
bilirubin concentrations. A number of studies have shown
that abnormal liver function tests are associated with an
increased risk of CVD [1]. Abnormal liver function tests are
also known predictors of atherosclerotic diseases [72—74].
As a result, liver function tests should always be included
in the atherosclerosis risk assessment of an individual and
when evaluating new drugs for their ability to increase serum
bilirubin concentrations.

12. Summary

The recent retrospective and prospective studies indicate
that high normal and moderately elevated serum bilirubin
concentrations protect against CVD. Prospective studies also
show that individuals with GS and the UGT1A1%#28 allele
who have moderate elevations in serum bilirubin concen-
trations have a lower risk of CHD and CVD. A protective
role of elevated bilirubin levels is less clear for women. It
remains to be seen if bilirubin is responsible for the protec-
tion or if it is acting in concert with other protective factors
such as HO-1 and CO. Further prospective studies need to be
performed to determine if elevated serum bilirubin concen-
trations are associated with decreased CVD mortality. There
is, however, some evidence that individuals with moderately
elevated serum bilirubin levels have a lower CVD mortality
than those with low serum bilirubin concentrations [57,75].

Most of the human studies have involved the association
of serum bilirubin and risk of CVD. Human studies on the
association between bilirubin and other diseases have been
limited only on certain forms of cancer and to certain rheuma-
tological and neuropsychiatric diseases (for review see Ref.
[1]). In addition, most of the human studies have examined the
role of bilirubin in chronic diseases [1]. Very few studies have
been performed to determine if bilirubin or HO-1 induction
might alleviate some of the acute complications associated
with coronary artery bypass and other surgical procedures.
Bilirubin has been found to protect against sepsis and sev-
eral other acute medical conditions in neonates [1]. Drugs,
diet, and exercise also might be effective in increasing serum
bilirubin concentrations. While some studies have been per-
formed on drugs which induce HO-1, there have not been
any studies on the effects of the drugs on CVD prevention in
animal models. Even though aspirin, statins, and probucol all
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appear to induce HO-1, more detailed studies will need to be
performed to determine if such HO-1 up-regulation increases
serum bilirubin concentrations and prevents CVD. Such stud-
ies offer great promise and could have an impact on the health
of individuals with low serum bilirubin concentrations and in
individuals at risk for CVD and possibly other diseases.
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