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AsstracT: Bilirubin is a potent antioxidant and an important anti-inflammatory factor. Therefore, there has
been an increasing focus on serum bilirubin as a negative risk factor of cardiovascular mortality in men and
an indicator of improved survival in both sexes, but the direct mechanisms of these links and the causes
of sex differences are not well understood. Moreover, the evidence from longitudinal studies on effects of
bilirubin on longevity is limited. In this study, we retrospectively analyzed two groups of older adults to
explore age-dependent changes in serum bilirubin levels and their associations with long-term survival
in both sexes. Longitudinal data from 142 individuals (68 men and 74 women) aged 45 to 70 years were
compared with cross-sectional data from 225 individuals (113 men and 112 women). The latter group was
divided into four categories of survival, i.e. 53, 63, 68, and 76+ based on data on lifespan. ANOVA, t-test,
and regression analysis were run. The analysis of the longitudinal data showed an increase in serum total
bilirubin levels in men (0.3038¢%*, R? = 0.667) and women (0.1838¢%1¥7%, R? = 0.950), while the analysis
of cross-sectional data revealed a U-shaped pattern of age-related changes in men (0.001x2 - 0.1263x +
4.4524, R?* = 0.999) but an inverted U-shaped pattern in women (0.0006x? + 0.072x — 1.6924, R? = 0.195).
On balance, these results suggest that elevated but normal bilirubin levels might confer a survival advan-
tage in older men but not women. Alternatively, the positive relationship between serum total bilirubin
and lifespan was not causal but coincidental. Further studies are needed to elucidate the direct mechanisms
of the association between serum bilirubin levels and longevity in elderly people of both sexes.

KEey worbs: aging, antioxidant, bilirubin, inflammation, longevity, longitudinal study, sex differences

Original Research Article Received: August 1, 2017; Accepted for publication: October 5, 2017
DOI: 10.1515/anre-2017-0024
© 2017 Polish Anthropological Society


https://doi.org/10.1515/anre-2017-0024

336

Piotr Chmielewski et al.

Introduction

Bilirubin is a potent antioxidant that can
help protect the cells against oxidative
stress elicited by various types of reac-
tive oxygen species (ROS). Apart from
its antioxidant activity, serum bilirubin
exerts anti-inflammatory effects on the
cells of the vasculature and the mononu-
clear phagocyte system (MPS), thereby
protecting against atherosclerosis (Idel-
man et al. 2015; Kundur et al. 2015) and
lowering the overall risk of cardiovascu-
lar disease (CVD). Serum total bilirubin
(STB), which represents the equilibrium
between several concurrent processes in-
volved in the production and metabolism
of this bile pigment, is considered to be
a major contributor to the total antioxi-
dant capacity of the plasma (Sedlak et al.
2009). In a healthy adult, approximately
250-350 mg of bilirubin is produced daily
in the liver, spleen, and other parts of the
MPS, deriving mainly from heme catab-
olism but also from ineffective erythro-
poiesis and certain proteins (Rodwell et
al. 2015). Thus, any physiologic or patho-
logic process that increases breakdown of
erythrocytes, such as toxins, infections,
immune reactions, and genetic defects in
erythrocyte plasma membranes, can lead
to hyperbilirubinemia (i.e. raised plasma
bilirubin levels) and jaundice.

For a long time, there has been an in-
creasing focus on STB as a negative risk
factor of cardiovascular mortality and an
indicator of improved survival in both
sexes, but especially in men (Djousse et
al. 2001; Temme et al. 2001; Vitek et al.
2002; Perlstein et al. 2008; Kimm et al.
2009; Lin et al. 2009; Tanaka et al. 2009;
Lin et al. 2010; Li et al. 2013; Ong et al.
2014; Kunutsor 2015; Li et al. 2015).
According to the oxidation-inflamma-
tion theory of aging (De la Fuente and

Miquel 2009; Franceschi and Campisi
2014; Chmielewski and Strzelec 2017),
elevated serum bilirubin levels that pro-
tect against oxidative damage, athero-
sclerosis, CVD, tissue inflammation, etc.
should be associated with improved sur-
vival among healthy older individuals, i.e.
when hyperbilirubinemia is not caused
by any serious disease. However, some
studies have shown that elevated STB
levels do not confer any survival advan-
tage in older adults (Boland et al. 2014).
Long-term analyses of these associations
at the population level are extraordinarily
rare and such data are scarce. In addition,
longitudinal studies of aging usually do
not explore the links between total bili-
rubin and longevity. Therefore, there is a
paucity of information on the association
between STB and long-term survival in
the Polish population.

We have overcome these difficulties
by collecting extensive data, both longi-
tudinal and cross-sectional, that include
numerous physiological and biochemi-
cal parameters from older adults of both
sexes who were studied longitudinally
for at least 25 years (between the ages
of 45 and 70), which means that this
could be an introduction to the Polish
Longitudinal Study of Aging (PLSA)
or at least useful data for meta-analy-
sis (Chmielewski et al. 2015a; 2015b;
2016a; 2016¢; 2017). Based on these
data, we aim to explore the association
between STB and long-term survival in
older adults of both sexes from the same
population that was studied longitudi-
nally for a very long time.

Materials and methods

Of 3500 patients who resided at the
Regional Specialist Hospital in Cibdrz,
Lubuskie Province, Poland, in the years
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1960-2000, longitudinal data were avail-
able for 142 individuals aged 45 to 70
years (including 68 men and 74 women)
and cross-sectional data were available
for 225 individuals (including 113 men
and 112 women) who differed in lifespan.
Therefore, the latter sample was divid-
ed into four categories of survival using
both individual (ILS) and mean lifespan
(MLS), i.e. 53, 63, 68, and 76+ years of
age. The limit of ILS for the first category
of survival from the cross-sectional data
was 57.5 years of age. This subgroup
consisted of 34 individuals, including
22 men and 12 women, and MLS was 53
and 52 years of age, respectively, which
means that this category comprised only
short-lived subjects. The limit of ILS for
the second category of survival was 65
years and this subgroup was made up of
57 individuals, including 27 men and 30
women; MLS was 63 years for both sex-
es, which means that these subjects lived
longer compared to the first subgroup of
inmates. The limit of ILS for the third cat-
egory was 72.5 years and this subgroup
consisted of 89 individuals, including 49
men and 40 women; MLS was 67.6 years
for men and 68 years for women. The last
category of survival (76+) consisted of
45 individuals, including 15 men and 30
women, all aged 76 years and over, which
means that this subgroups comprised
only long-lived subjects (Chmielewski et
al. 2016a).

In the Polish People’s Republic, these
individuals resided continuously at this
institution that provided care for older
and chronically ill people from the lowest
socioeconomic strata. These inmates and
residents lived there until their death or,
in the case of long-lived subjects, until
the 2000 reform of the healthcare system
in Poland. During that time, they under-
went routine medical check-ups. Thus,

their health status was constantly eval-
uated by medical staff at this institution.
The hospital staff had their consent to
take all these measurements as well as to
set up the database for medical and sci-
entific purposes. After the 1989 systemic
transformation in Poland, many of these
residents stayed at this institution until
the year 2000, when the system of health
care was reformed and reorganized.

The study was carried out in accord-
ance with the principles of the Declara-
tion of Helsinki. The process of exploring
the medical records and collecting the
data was performed with permission and
consent of both local and hospital au-
thorities in the years 2005-2007. For the
purpose of this study, we have used only
data from those subjects who were phys-
ically healthy and who did not take any
psychoactive drugs. Hyperbilirubinemic
subjects were excluded from the study
sample, and data from individuals who
had clinically significant liver dysfunc-
tions (e.g. cirrhosis, cancer, and other
serious diseases) were not used for the
analysis. Noteworthy, ill and treated sub-
jects were thus excluded from the study
sample and this was the only selection
criterion, which means that the sample
is random because no other selection cri-
teria were applied. Further details of the
study population and data collection are
described elsewhere (Chmielewski et al.
2015a; 2015b; 2016a; 2016¢; 2017).

In the Polish Longitudinal Study of
Aging (PLSA), age-related changes in
numerous anthropometric, physiologi-
cal, and biochemical characteristics were
analyzed. All measurements were per-
formed in accordance with international-
ly accepted standards and requirements.
Blood samples from the median cubital
vein were drawn by a nurse. During the
25-year study period, blood tests were
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performed from 10 up to 18 times within
each five-year period for a very long time,
i.e. 25 years in the case of the longitudinal
sample. STB levels were estimated in ac-
cordance with the modified Malloy-Eve-
lyn procedure for total serum bilirubin
assay. On the basis of such frequently
repeated measurements, we were able to
calculate arithmetic means, standard de-
viations (SD), standard errors, and other
statistics for each five-year interval. Thus,
an arithmetic mean for a given age cate-
gory in both longitudinal and cross-sec-
tional sample was always calculated on
the basis of frequently repeated measure-
ments in the studied individuals.
Normality of the data distribution was
tested with the K-S test. To determine
and compare the rate and patterns of
changes with age in the analyzed param-
eters in the compared groups of subjects
as well as derive mathematical formulae
describing these changes and differenc-
es, analysis of variance (ANOVA), t-test,
and regression analysis were performed.
To find the best approximation of the
function, the standard method of least
squares was used. A given function of re-
gression was confirmed as the best fitting
model only when a coefficient of determi-
nation (R?) reached the highest value and
an unknown parameter () along with a
coefficient of regression (B,) were statis-
tically significant at p<0.05. Five types of

regression models were tested: (1) linear
function, i.e. B, x + B, (2) logarithmic
function, i.e. B, Ln(x) + B, (3) polyno-
mial function, i.e. B, x>+ B,x+ B, (4)
exponential function type I, i.e. B, x%, and
(5) exponential function type II, i.e. B,
e*®, where x is age (an independent vari-
able), y is a value of an analyzed biochem-
ical characteristic (a dependent variable),
B, stands for the second coefficient of re-
gression, a represents the exponent, and e
denotes the base of the natural logarithm.

Results

In the two samples, data on STB were
normally distributed (K-S test). The sta-
tistical characteristics pertinent to longi-
tudinal and cross-section changes with
age in STB in the individuals from the
PLSA over the period under study are
presented in Tables 1 and 2.

The regression analysis of the lon-
gitudinal data revealed that in the ana-
lyzed group of patients STB levels were
positively correlated with age in both
sexes (Fig. 1). The best fitting regression
model was exponential type II in men
(0.3038¢%%%3 R? = 0.667) and in women
(0.1838¢%0187x R2 = (0.950). No statisti-
cally significant differences between STB
levels in the consecutive age categories in
the analyzed individuals were observed
(t-test, p>0.05). In men, the trough oc-

Table 1. Longitudinal changes with aging in STB levels (in mg/dL) in men and women (N = 142) aged 45

to 70 years in the six consecutive age categories

Men (N = 68) Women (N = 74)
Age t-test p
Mean SD Mean SD
45 0.486 0.445 0.456 0.448 0.40 0.691
50 0.501 0.415 0.437 0.243 1.13 0.259
55 0.460 0.292 0.503 0.334 -0.82 0.416
60 0.499 0.343 0.582 0.570 -1.04 0.301
65 0.583 0.382 0.614 0.536 -0.40 0.692
70 0.593 0.263 0.686 0.343 -1.80 0.074
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Table 2. Cross-sectional changes with age in STB levels (in mg/dL) in men and women (N = 225) from four

categories of mean lifespan

Age category Men (N=113) Women (N=112) rtest p
Mean SD Mean SD
53 0.582 0.340 0.465 0.238 1.00 0.328
63 0.487 0.264 0.655 0.625 -1.27 0.208
68 0.505 0.442 0.396 0.154 1.47 0.145
76+ 0.660 0.909 0.463 0.504 0.87 0.389

curred at the age of 55, while in wom-
en the lowest level of STB was observed
five years earlier, i.e. at the age of 50. In
both sexes, the peak occurred at the age
of 70 and a steady increase was observed
throughout the period under study (Ta-
ble 1).

The curve of regression representing
cross-sectional changes with age in STB
assumed a U-shaped pattern in men but
an inverted U-shaped pattern in women
(Fig. 2). The best fitting regression mod-
el in both sexes was polynomial (for men
0.001x2 - 0.1263x + 4.4524, R? = 0.999;
for women -0.0006x? + 0.072x — 1.6924,
R? = 0.195). In men, the lowest level of
STB was observed at the age of 63, and in
women the trough occurred at the age of
68. The peak in total bilirubin occurred
at the age of 76+ in men. Thus, the high-
est age at death was associated with ele-

Yen) = 0.30380-0093x

Y(women)=0.1838e001e7
R=0.667 Y 0.950

STB [mg/dL], mean + SD
ocoo0oOo0OoOo
=Nwso

T
1

mMen OWomen

Age category (years)

Fig. 1. Longitudinal changes in serum total biliru-
bin (STB) with aging (bilirubin levels versus
age), N =142, in six consecutive age categories,
arithmetic means = standard deviations (SD);
models of regression with coefficients of deter-
mination (R?) are shown

vated yet normal bilirubin levels among
men (p<0.05 for the trend). By contrast,
in women the peak occurred at the age of
63, i.e. when in men the trough in STB
was noted (Table 2). No significant sex
differences in STB levels were found.
Starting from the age of 63 years onward,
a steady increase in total bilirubin level
was observed in men. However, starting
from the age of 68 years onward, a grad-
ual increase in total bilirubin level was
observed in both sexes. Nevertheless,
considering the observed associations
between STB levels and mean lifespan in
the compared types of data, i.e. longitu-
dinal vs. cross-sectional, as well as on the
basis of general tendencies after the age
of 68 in the cross-sectional assessment,
elevated level of STB seems to be a pre-
dictor of longer life expectancy in older
men but not necessarily in older women.

Yowomen =—0.0006x2+ 0.072x — 1.6924
R*=0.195

Yoeny=0.001x% - 0.1263x + 4.4524
R2=0.999

STB [mg/dL], mean + SD
oy Yy Y [N WEVEVENINEN
ORNWR DN =W

53 63

mMen OWomen Age at death (years)

Fig. 2. Cross-sectional changes in serum total bil-
irubin (STB) with age (bilirubin levels versus
age at death), N = 225, in four categories of
survival: arithmetic means = standard devia-
tions (SD); models of regression with coeffi-
cients of determination (R?) are shown
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Discussion

The results revealed a statistically signifi-
cant trend toward higher serum bilirubin
levels in men who had the highest age
at death, which suggests that elevated
but normal bilirubin levels are associated
with greater longevity, especially among
older men. Interestingly, the highest age
at death was not related to elevated bili-
rubin levels in older women. These find-
ings may have implications for our un-
derstanding of the links between serum
bilirubin levels, overall health, and long-
term survival in older adults, and espe-
cially the observed sex differences need
further examination.

For many decades, bilirubin has been
considered to be only a toxic byproduct
of heme catabolism and a yellowish pig-
ment whose significantly increased lev-
els in the blood are associated with poor
health and decreased survival. Never-
theless, in numerous studies moderate-
ly elevated STB levels have been shown
to be linked to increased survival and a
decreased risk of cardiovascular events
(Djousse et al. 2001; Vitek et al. 2002;
Tanaka et al. 2009; Li et al. 2013; Vitek
2012; Oda 2014; Tatami et al. 2014;
Agrawal and Sharma 2015; Kundur et al.
2015). Although the characteristics, me-
tabolism, and various effects of this pig-
ment has been of abiding interest to both
clinicians and researchers, there is still
no general consensus with respect to the
association between STB levels and lon-
gevity in the elderly (cf. Kapitulnik and
Maines 2012; Boland et al. 2014; Kundur
et al. 2015).

Moreover, there are several method-
ological issues surrounding these inves-
tigations. First, comparatively little at-
tention has been paid to longitudinal and
cross-sectional associations between STB

levels and longevity in physically healthy
individuals, and there is a paucity of such
data. Second, the results of some large
and seminal studies on the beneficial ef-
fects of elevated serum bilirubin levels
on survival in both patients and healthy
individuals are mixed (Chen et al. 2008;
Perlstein et al. 2008; Boland et al. 2014;
Jorgensen et al. 2014; Ong et al. 2014; Li
et al. 2015). Further, the predictive value
of STB with respect to longevity seems
to decrease with age as some prospective
longitudinal studies have found that in
older adults slightly elevated STB lev-
els do not confer any survival advantage
(Boland et al. 2014). Furthermore, other
protective effects of bilirubin have been
demonstrated mainly in vitro or in pe-
ripheral tissues, where the well-known
effect of neurotoxicity of bilirubin is
eliminated. Findings from in vivo studies
show that higher than normal STB levels
are strongly associated with liver-related
mortality. On the other hand, a growing
body of evidence suggests now that bil-
irubin is an important antioxidant that
has several protective functions and STB
levels were reported to be inversely as-
sociated with the risk of CVD (Djousse
et al. 2001; Vitek et al. 2002; Lin et al.
2006; Vitek 2012; Agrawal and Sharma
2015), arterial calcification and stiffness
(Tanaka et al. 2009; Zhang et al. 2012;
Li et al. 2013), atherosclerosis (Novotny
and Vitek 2003; Oda 2014; 2016; Tatami
etal. 2014), inflammation (Erdogan et al.
2006; Vitek and Schwertner 2007; Maru-
hashi et al. 2012; Wallner et al. 2013),
insulin resistance (Lin et al. 2009), and
cancer mortality (Temme et al. 2001; Li
et al. 2015). Some authors suggest that
increased bilirubin levels in healthy sub-
jects are linked to low cancer mortality,
especially among older men, probably
because the antioxidant activity of this
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pigment can help protect against ROS
and cancer, which means that measure-
ments of serum bilirubin concentrations
might contribute to cancer risk estima-
tion (Temme et al. 2001). Interestingly,
some earlier studies have demonstrated
that cigarette smoking is associated with
both decreased serum bilirubin concen-
trations and increased risk of coronary
heart disease (Schwertner 1998). Moreo-
ver, it has been established that patients
with Gilbert’s syndrome have relatively
low presence of CVD, including coronary
heart disease (Vitek et al. 2002; Vitek
2012), presumably because hyperbiliru-
binemia protects against atherosclerosis
and myocardial infarction (Boon et al.
2014).

The associations between STB levels
and mortality have been investigated in
both patients and healthy individuals.
However, we know of no studies that
have analyzed the links between STB
levels and longevity in healthy older indi-
viduals studied longitudinally for several
decades. The beneficial effects of elevat-
ed but normal serum bilirubin levels on
long-term survival have been described
in the medical literature and the longevi-
ty benefits of greater antioxidant capacity
of the plasma due to higher STB levels
are supported by compelling evidence
and a variety of studies. For example,
it has been shown that mild to moder-
ately elevated levels of circulating bili-
rubin are associated with reduced risks
of cardiovascular mortality, metabolic
syndrome, and type 2 diabetes (Schw-
ertner et al. 1994; Hopkins et al. 1996;
Djousse et al. 2001; Ohnaka et al. 2010;
Ajja et al. 2011; Choi et al. 2013; Boon
et al. 2014; Bossard et al. 2014; Jung et
al. 2014; Nano et al. 2016). Moreover,
the results of some earlier comparative
studies have suggested that smoking is

associated with decreased serum biliru-
bin levels and increased risk of CVD due
to lower antioxidant concentrations and
higher levels of oxidized blood lipid and
lipoprotein concentrations (Schwertner
1998).

Currently, several independent mech-
anisms through which higher but nor-
mal bilirubin levels may reduce the risk
of CVD and premature death are recog-
nized. For example, high arterial blood
pressure, which is associated with in-
creased oxidative stress (Baradaran et al.
2014), is a strong predictor of increased
mortality and shortened life expectan-
cy (Chobanian et al. 2003; Franco et
al. 2005). Hypertension is a major risk
factor of atherosclerosis, stroke, chron-
ic kidney failure (CKF), heart failure,
CHD, and myocardial infarction. Several
studies have shown that bilirubin may
decrease the level of oxidative stress,
protect against atherosclerosis, amelio-
rate renal hemodyncamics, thereby pro-
tecting against hypertension (Stec et al.
2012; Kundur et al. 2015). As regards
STB levels in hypertensive patients, some
investigations have shown that subjects
with non-dipper hypertension had signif-
icantly lower STB levels and higher leu-
kocyte count compared to patients with
dipper hypertension (Demir et al. 2014).
The lack of studies on longitudinal and
cross-sectional associations between STB
levels and longevity in physically healthy
individuals presumably results from the
fact that such longitudinal data remain
scarce. As regards the links with dys-
lipidemia, bilirubin inhibits the process
of oxidation of low-density lipoproteins
(LDL) and reduces the formation of oxi-
dized LDL (Boon et al. 2014; Oda 2014;
2016). Individuals with elevated STB
levels tend to have lower levels of total
cholesterol, LDL, and triglycerides but
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higher levels of HDL, and HDL-choles-
terol is an independent negative risk fac-
tor for cardiovascular mortality (Bulmer
et al. 2013). Serum bilirubin level with-
in the normal range has been shown to
be inversely related to the ApoB/ApoA-
1 ratio (Wallner et al. 2013), which is
considered to be a superior parameter
for predicting the risk of cardiovascular
events as it reflects the cholesterol trans-
port and has been shown to be strongly
related to some CVD risk factors and car-
diovascular events such as myocardial in-
farction and stroke (Walldius et al. 2004;
Sniderman et al. 2006; Lima et al. 2007).
Furthermore, some authors suggest that
elevated serum bilirubin levels in hy-
perbilirubinemic subjects are associated
increased activity of endothelial nitric
oxide synthase (eNOS), which stimu-
lates vasodilatation and is a fundamental
determinant of cardiovascular homeosta-
sis (Kundur et al. 2015). Bilirubin also
suppresses the formation of advanced
glycation-end products, inhibits the pro-
liferation and migration of endothelial
cells, and decreases platelet hyperactivity
through several independent mechanisms
(Peyton et al. 2012). Thus, it ameliorates
endothelial function, decreases the risk
of dyslipidemia and atherosclerosis, and
therefore protects against CVD. Recent
investigations have also shown that STB
affects some important factors involved
in the inflammatory response such as
the transcription factor NF-«xB, IL-2, IL-
6, TNF-o, INF-y, and CRP (Kundur et al.
2015). Other studies suggest that biliru-
bin inhibits the toll-like receptor 4-me-
diated up regulation of inducible nitric
oxide synthase (iNOS) by preventing ac-
tivation of HIF-1a through scavenging of
Nox-derived ROS (Idelman et al. 2015).
Moreover, bilirubin has been shown to
suppress INF-p release via a ROS-inde-

pendent mechanism. Thus, it is clear that
bilirubin may exert anti-inflammatory ef-
fects on the cells of the vasculature and
the MPS, which might confer a longevity
advantage because it ameliorates chron-
ic systemic inflammation, a process that
contributes to organismal senescence.
Furthermore, recent studies show that
it scavenges chloramines and inhibits
myeloperoxidase-induced protein/lipid
oxidation in hyperbilirubinemic serum
(Boon et al. 2015). Remarkably, endog-
enously elevated bilirubin levels protect
from myocardial infarction, which could
explain why hyperbilirubinemic individ-
uals who are healthy have low cardio-
vascular mortality (Bakrania et al. 2014;
2017). Moreover, it has been established
that an increase in total bilirubin corre-
lates negatively with the development
of hyper-LDL cholesterolemia, and this
protective effects of higher bilirubin
levels can contribute to the beneficial
effects on CVD in addition to the well-
known role as a potent antioxidant (Wu
et al. 1994; 1996; Sedlak et al. 2009; Oda
2014; 2016). Furthermore, the protec-
tive role of bilirubin is not confined to
these effects as it was earlier demonstrat-
ed that bilirubin displays also antiviral
activity (Santangelo et al. 2012; Schmidt
et al. 2012), improves renal hemody-
namics and blood pressure in an animal
model of hypertension (Stec et al. 2012),
and has some beneficial effects in cardi-
ovascular, inflammatory, and pulmonary
diseases (Erdogan et al. 2006; Vitek and
Schwertner 2007; Kapitulnik and Maines
2012; Maruhashi et al. 2012; Ryter 2012;
Wegiel and Otterbein 2012; Wallner et
al. 2013).

In regards to sex differences, our
results support previous research sug-
gesting that older men with higher but
normal STB levels have a longevity ad-
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vantage over those with lower but nor-
mal levels. It is well known that men
are more susceptible to atherosclerosis
and CVD compared to women and they
are more likely to develop these condi-
tions at a relatively younger age, where-
as women’s risk increases significantly
following menopause. It is well known
that women have other protective mech-
anisms ensuring their survival in adult-
hood and making them less dependent
on serum bilirubin (e.g. the mechanisms
associated with gender gap in longevity
such as the genetic and molecular bene-
fits from the homogametic state, higher
levels of estrogens, lower levels of tes-
tosterone, the cessation of reproduction,
etc.). Therefore, the beneficial effects of
elevated STB levels on long-term surviv-
al are more pronounced and perspicuous
in older men since their survival is more
dependent on such a single factor com-
pared to women whose longer lifespan is
ensured by other adaptive mechanisms
linked to the gender gap in longevity,
including the molecular mechanisms
of ROS production and scavenging, the
insulin/IGF-1 signaling pathway, hyper-
function of mTOR, the hormonal mi-
lieu, telomere length and attrition, and
other processes that are responsible for
longer life expectancy in women (for a
review, see Rincon et al. 2005; Jiang et al.
2007; Kirkwood 2010; Borystawski and
Chmielewski 2012; Chmielewski 2012;
2016; 2017; Regan and Partridge 2013;
Chmielewski and Borystawski 2016;
Chmielewski et al. 2016b).

This study has certain limitations that
should be acknowledged. By design, it
cannot prove that elevated bilirubin lev-
els confer a longevity advantage. Based on
findings from other studies, we discuss
the protective role of higher serum bili-
rubin levels with regard to CVD, athero-

sclerosis, hypertension, systemic inflam-
mation, etc., but the present study does
not permit causal conclusions. Howev-
er, it does provide an insight into what
might be beneficial in terms of long-term
survival and it suggests that there are sex
differences that need further examina-
tion. It should be remembered that the
study sample is a fairly specific group of
subjects. They lived for many years at the
medical institution that provided care for
older and ill people and some of them
had mental problems. Therefore, the re-
sults should be interpreted with the ut-
most caution. More research on serum
bilirubin level as a negative risk factor for
CVD and a predictor of long-term surviv-
al in older adults needs to be performed.

Conclusions

The results of the present study are in
line with previous investigations and
suggest that elevated but normal STB
might confer a survival advantage, espe-
cially among older men. However, it is
also possible that the positive relation-
ship between STB and age at death in the
studied population was not causal but
coincidental. Further studies are need-
ed to elucidate the direct mechanisms
that link higher but normal STB levels to
greater longevity in older adults as well
as to unravel the mystery of sex differ-
ences in the protective function of serum
bilirubin against CHD and other cardio-
vascular events.

Acknowledgments

We are grateful to local and hospital au-
thorities for making the data available to
us. We also thank the reviewers for their
helpful comments and constructive sug-
gestions.



344

Piotr Chmielewski et al.

Authors’ contributions

PC conceived the study, performed bib-
liographic search, conducted the statis-
tical analysis, interpreted the results,
wrote the manuscript, revised it and was
a proofreader. BS helped analyze and in-
terpret the data, provided comments and
advice on the overall study and critically
revised the article. JC, KC and KB collect-
ed the data and supervised the research.
All authors take responsibility for integ-
rity of the work, including data analysis.

Conflict of interest

The authors declare that there is no con-
flict of interests.

Corresponding Author

Piotr Chmielewski, Division of Anatomy,
Department of Human Morphology and
Embryology, Faculty of Medicine, Wro-
claw Medical University, 6a Chatubinsk-
iego Street, 50-368 Wroctaw, Poland

e-mail: piotr.chmielewski@umed.wroc.pl

References

Agrawal VV, Sharma R. 2015. To study in-
verse relationship between serum total
bilirubin levels and severity of diseases
in patients with stable coronary artery
disease as assessed by coronary angiog-
raphy and syntax score. J Ind Coll Cariol
5:209-13.

AjjaR, Lee DC, Sui X, Church TS, Steven NB.
2011. Usefulness of serum bilirubin and
cardiorespiratory fitness as predictors of
mortality in men. Am J Cardiol 108:1438-
42.

Bakrania B, Du Toit EF, Ashton KJ, Kiess-
ling CJ, Wagner KH, Headrick JP, Bulmer
AC. 2014. Hyperbilirubinemia modulates
myocardial function, aortic ejection, and

ischemic stress resistance in the Gunn
rat. Am ] Physiol Heart Circ Physiol
307:H1142-9.

Bakrania B, Du Toit EF, Ashton KJ, Wag-
ner KH, Headrick JP, Bulmer AC. 2017.
Chronically elevated bilirubin protects
from cardiac reperfusion injury in the
male Gunn rat. Acta Physiol 220:461-70.

Baradaran A, Nasri H, Rafieian-Kopaei M.
2014. Oxidative stress and hypertension:
possibility of hypertension therapy with
antioxidants. J Res Med Sci 19:358-67.

Boland BS, Dong MH, Bettencourt R, Bar-
rett-Connor E, Loomba R. 2014. Associ-
ation of serum bilirubin with aging and
mortality. J Clin Exp Hepatol 4:1-7.

Boon AC, Bulmer AC, Coombes JS, Fassett
RG. 2014. Circulating bilirubin and de-
fense against kidney disease and cardio-
vascular mortality: mechanisms contribut-
ing to protection in clinical investigations.
Am ] Physiol Renal Physiol 307:F123-36.

Boon AC, Hawkins CL, Coombes ]S, Wagner
KH, Bulmer AC. 2015. Bilirubin scaveng-
es chloramines and inhibits myeloperox-
idase-induces protein/lipid oxidation in
physiologically relevant hyperbilirubine-
mic serum. Free Radic Biol Med 86:259-
68.

Borystawski K, Chmielewski P. 2012. Jak
zdrowo sie starze¢? In: ] Gulanowski,
editor. Uniwersytety Trzeciego Wieku.
Wroctaw: Agencja Wydawnicza ,Argi”.
69-80.

Bossard M, Aeschbacher S, Schoen T, Hoch-
gruber T, von Rotz M, Blum ], Risch
M, Risch L, Conen D. 2014. Serum bili-
rubin levels and risk or prediabetes in
young and healthy adults. Int J Cardiol
171:e24-5.

Bulmer AC, Verkade HJ, Wagner KH. 2013.
Bilirubin and beyond: a review of lipid
status in Gilbert’s syndrome and its rel-
evance to cardiovascular disease protec-
tion. Prog Lipid Res 52:193-205.

Chen YH, Chau LY, Chen JW, Lin SJ. 2008.
Serum bilirubin and ferritin levels link
heme oxygenase-1 gene promoter poly-
morphism and susceptibility to coronary



Serum total bilirubin and survival in older adults

345

artery disease in diabetic patients. Diabe-
tes Care 31:1615-20.

Chmielewski P. 2012. Pochodzenie rodziny u
Homo sapiens. Kosmos 61:351-62.

Chmielewski P. 2016. Teoria sezonowego
programowania dtugowiecznosci. Kosmos
65:323-37.

Chmielewski P. 2017. Rethinking modern
theories of ageing and their classification:
the proximate mechanisms and the ulti-
mate explanations. Anthropol Rev 80:
259-272.

Chmielewski P, Borystawski K, Chmielowiec
K, Chmielowiec]. 2015a. Height loss with
advancing age in a hospitalized population
of Polish men and women: magnitude,
pattern and associations with mortality.
Anthropol Rev 78:157-68.

Chmielewski P, Borystawski K, Chmielowiec
K, Chmielowiec J. 2015b. Longitudinal
and cross-sectional changes with age in
selected anthropometric and physiologi-
cal traits in hospitalized adults: an insight
from the Polish Longitudinal Study of Ag-
ing (PLSA). Anthropol Rev 78:317-36.

Chmielewski P, Borystawski K. 2016. Proksy-
malne przyczyny starzenia sie czlowieka:
przypadkowe uszkodzenia molekularne
czy hiperfunkcja programdéw rozwo-
jowych? Kosmos 65:339-49.

Chmielewski PP, Borystawski K, Chmielowiec
K, Chmielowiec ], Strzelec B. 2016a. The
association between total leukocyte count
and longevity: Evidence from longitudi-
nal and cross-sectional data. Ann Anat
204:1-10.

Chmielewski P, Borystawski K, Strzelec
B. 2016b. Contemporary views on hu-
man aging and longevity. Anthropol Rev
79:115-42.

Chmielewski P, Strzelec B, Borystawski
K, Chmielowiec K, Chmielowiec ],
Dabrowski P. 2016c. Effects of aging on
the function of the urinary system: longi-
tudinal changes with age in selected urine
parameters in a hospitalized population of
older adults. Anthropol Rev 79:331-45.

Chmielewski P, Strzelec B, Chmielowiec ],
Chmielowiec K, Borystawski K. 2017.

Association between body size and select-
ed hematological parameters in men and
women aged 45 and above from a hospi-
talized population of older adults: an in-
sight from the Polish Longitudinal Study
of Aging (1960-2000). Anthropol Rev
80:171-90.

Chmielewski PP, Strzelec B. 2017. Elevated
leukocyte count as a harbinger of system-
ic inflammation, disease progression, and
poor prognosis: a review. Folia Morphol
available at: https://journals.viamedica.
pl/folia_morphologica.

Chobanian AV, Bakris GL, Black HR, Cush-
man WC, Green LA, Izzo JL Jr., Jones
DW, Materson BJ, Oparil S, Wright JT
Jr., Roccella EJ. 2003. Seventh report of
the Joint National Committee on preven-
tion, detection, evaluation, and treatment
of high blood pressure. Hypertension
42:1206-52.

Choi SH, Yun KE, Choi HJ. 2013. Relation-
ships between serum total bilirubin levels
and metabolic syndrome in Korean adults.
Nutr Metab Cardiovasc Dis 23:31-7.

De la Fuente M, Miquel J. 2009. An update
of the oxidation-inflammation theory of
aging: the involvement of the immune
system in oxi-inflamme-aging. Curr Pharm
Des 15: 3003-26.

Demir M, Demir C, Kegeoglu S .2014. Rela-
tionship between serum bilirubin concen-
tration and nondipper hypertension. Int J
Clin Exp Med 7:1454-8.

Djousse L, Levy D, Cupples LA, Evans
JC, D’Agostino RB, Ellison RC. 2001. To-
tal serum bilirubin and risk of cardiovas-
cular disease in the Framingham offspring
study. Am J Cardiol 87:1196-200.

Erdogan D, Gullu H, Yildirim E, Tok D, Kirbs
I, Ciftci O, Baycan ST, Muderrisoglu H.
2006. Low serum bilirubin levels are in-
dependently and inversely related to im-
paired flow-mediated vasodilation and
increased carotid intima-media thickness
in both men and women. Atherosclerosis
184:431-7.

Franceschi C, Campisi J. 2014. Chronic in-
flammation (inflammaging) and its poten-



346

Piotr Chmielewski et al.

tial contribution to age-associated diseas-
es. ] Gerontol A Biol Sci Med Sci 69:54-9.

Franco OH, Peeters A, Bonneux L, de Laet C.
2005. Blood pressure in adulthood and life
expectancy with cardiovascular disease in
men and women. Hypertension 46:280-6.

Hopkins PN, Wu LL, Hunt SC, James
BC, Vincent GM, Williams RR. 1996.
Higher serum bilirubin is associated with
decreased risk for early familial coronary
artery disease. Arterioscler Thromb Vasc
Biol 16:250-5.

Idelman G, Smith DL, Zucker SD. 2015. Bili-
rubin inhibits the up-regulation of induc-
ible nitric oxide synthase by scavenging
reactive oxygen species generated by the
toll-like receptor 4-dependent activation of
NADPH oxidase. Redox Biol 5:398-408.

Jiang H, Ju Z, Rudolph KL. 2007. Telomere
shortening and ageing. Z Gerontol Geriatr
40:314-24.

Jorgensen ME, Torp-Pedersen C, Finer N,
Caterson I, James WP, Legler UF, Anders-
son C. 2014. Association between serum
bilirubin and cardiovascular disease in an
overweight high risk population from the
SCOUT trial. Nutr Metab Cardiovasc Dis
24:656-62.

Jung CH, Lee MJ, Kang YM, Hwang JY, Jang
JE, Leem J, Park JY, Kim HK, Lee WJ.
2014. Higher serum bilirubin level as a
protective factor for the development of
diabetes in healthy Korean men: A 4 year
retrospective longitudinal study. Metabo-
lism 63:87-93.

Kapitulnik J, Maines MD. 2012. The role of
bile pigments in health and disease: Ef-
fects on cell signaling, cytotoxicity, and
cytoprotection. Front Pharmacol 3:136.

Kimm H, Yun JE, Jo J, Jee SH. 2009. Low se-
rum bilirubin level as an independent pre-
dictor of stroke incidence: a prospective
study in Korean men and women. Stroke
40:3422-7.

Kirkwood T. 2010. Why women live longer.
Stress alone does not explain the longevi-
ty gap. Sci Am 303:34-5.

Kundur AR, Singh I, Bulmer AC. 2015. Biliru-
bin, platelet activation and heart disease:

A missing link to cardiovascular protec-
tion in Gilbert’s syndrome? Atherosclero-
sis 239:73-84.

Kunutsor SK. 2015. Serum total bilirubin lev-
els and coronary heart disease — Causal
association or epiphenomenon? Exp Ger-
ontol 72:63-6.

Li Y, Meng SY, Meng CC, Yu WG, Wang RT.
2013. Decreased serum bilirubin is asso-
ciated with arterial stiffness in men. Nutr
Metab Cardiovasc Dis 23:375-81.

Li N, Xu M, Cai MY, Zhou F, Li CF, Wang
BX, Ou W, Wang SY. 2015. Elevated se-
rum bilirubin levels are associated with
improved survival in patients with cura-
tively resected non-small-cell lung cancer.
Cancer Epidemiol 39:763-8.

Lima LM, Carvalho MG, Sousa MO. 2007.
Apo B/apo A-I ratio and cardiovascular
risk prediction. Arq Bras Cardiol 88:e187-
90.

Lin JP, O’Donnell CJ, Schwaiger JP, Cupples
LA, Lingenhel A, Hunt SC, Yang S, Kro-
nenberg F. 2006. Association between the
UGT1A1*28 allele, bilirubin levels, and
coronary heart disease in the Framingham
Heart Study. Circulation 114:1476-81.

Lin LY, Kuo HK, Hwang JJ, Lai LP, Chiang
FT, Tseng CD, Lin JL. 2009. Serum biliru-
bin is inversely associated with insulin re-
sistance and metabolic syndrome among
children and adolescents. Atherosclerosis
203:563-8.

Lin JP, Vitek L, Schwertner HA. 2010. Serum
bilirubin and genes controlling bilirubin
concentrations as biomarkers for cardio-
vascular disease. Clin Chem 56:1535-43.

Maruhashi T, Soga J, Fujimura N, Idei N,
Mikami S, Iwamoto Y, Kajikawa M, Mat-
sumoto T, Kihara Y, Chayama K, Noma
K, Nakashima A, Tomiyama H, Takase
B, Yamashina A, Higashi Y. 2012. Hyper-
bilirubinemia, augmentation of endothe-
lial function, and decrease in oxidative
stress in Gilbert syndrome. Circulation
126:598-603.

Nano J, Muka T, Cepeda M, Voortman T,
Dhana K, Brahimaj A, Dehghan A, Franco
OH. 2016. Associations of circulating to-



Serum total bilirubin and survival in older adults 347

tal bilirubin with the metabolic syndrome
and type 2 diabetes: A systematic review
and meta-analysis of observational evi-
dence. Diabetes Metab 42:389-97.

Novotny L, Vitek L. 2003. Inverse relation-
ship between serum bilirubin and ather-
osclerosis in men: a meta-analysis of pub-
lished studies. Exp Biol Med 228:568-71.

Oda E. 2014. A decrease in total bilirubin
predicted hyper-LDL cholesterolemia in a
health screening population. Atheroscle-
rosis 235:334-8.

Oda E. 2016. Cross-sectional and longitudi-
nal associations between serum bilirubin
and prediabetes in a health screening pop-
ulation. Can J Diabetes 40:270-5.

Ohnaka K, Kono S, Inoguchi T, Yin G, Mori-
ta M, Adachi M, Kawate H, Takayanagi R.
2010. Inverse associations of serum bili-
rubin with high sensitivity C-reactive pro-
tein, glycated hemoglobin, and prevalence
of type 2 diabetes in middle-aged and el-
derly Japanese men and women. Diabetes
Res Clin Pract 88:103-10.

Ong KL, Allison MA, Cheung BM, Wu BJ,
Barter PJ, Rye KA. 2014. The relation-
ship between total bilirubin levels and
total mortality in older adults: the United
States National Health and Nutrition Ex-
amination Survey (NHANES) 1999-2004.
PLoS One 9:€94479.

Perlstein TS, Pande RL, Creager MA, Weuve
J, Beckman JA. 2008. Serum total biliru-
bin level, prevalent stroke, and stroke out-
comes: NHANES 1999-2004. Am ] Med
121:781-8.

Peyton KJ, Shebib AR, Azam MA, Liu XM,
Tulis DA, Durante W. 2012. Bilirubin in-
hibits neointima formation and vascular
smooth muscle cell proliferation and mi-
gration. Front Pharmacol 3:48.

Regan JC, Partridge L. 2013. Gender and
longevity: why do men die earlier than
women? Comparative and experimental
evidence. Best Pract Res Clin Endocrinol
Metab 27:467-79.

Rincon M, Rudin E, Barzilai N. 2005. The in-
sulin/IGF-1 signaling in mammals and its

relevance to human longevity. Exp Geron-
tol 40:873-7.

Rodwell VW, Bender DA, Botham KM, Ken-
nelly PJ, Weil PA. 2015. Harper’s illus-
trated biochemistry. 30th ed. New York:
McGraw Hill.

Ryter SW. 2012. Bile pigments in pulmonary
and vascular disease. Front Pharmacol
3:39.

Santangelo R, Mancuso C, Marchetti S, Di
Stasio E, Pani G, Fadda G. 2012. Bilirubin:
an endogenous molecule with antiviral ac-
tivity in vitro. Front Pharmacol 3:36.

Schmidt WN, Mathahs MM, Zhu Z. 2012.
Heme and HO-1 inhibition of HCV, HBV,
and HIV. Front Pharmacol 3:129.

Schwertner HA. 1998. Association of smok-
ing and low serum bilirubin antioxidant
concentrations. Atherosclerosis 136:383—
7.

Schwertner HA, Jackson WG, Tolan G. 1994.
Association of low serum concentration of
bilirubin with increased risk of coronary
artery disease. Clin Chem 40:18-23 .

Sedlak TW, Saleh M, Higginson DS, Paul BD,
Juluri KR, Snyder SH. 2009. Bilirubin and
glutathione have complementary antiox-
idant and cytoprotective roles. Proc Natl
Acad Sci USA 106:5171-6.

Sniderman AD, Jungner I, Holme I, Aastve-
it A, Walldius G. 2006. Errors that result
from the TC/HDL C ratio rather than the
apo B/apo A-I ratio to identify the lipo-
protein-related risk of vascular disease. ]
Intern Med 259:455-61.

Stec DE, Hosick PA, Granger JP. 2012. Bil-
irubin, renal hemodynamics, and blood
pressure. Front Pharmacol 3:18.

Tanaka M, Fukui M, Tomiyasu K, Akabame
S, Nakano K, Hasegawa G, Oda Y, Naka-
mura N. 2009. Low serum bilirubin con-
centration is associated with coronary ar-
tery calcification (CAC). Atherosclerosis
206:287-91.

Tatami Y, Suzuki S, Ishii H, Shibata Y, Osugi
N, Ota T, Kawamura Y, Tanaka A, Takesh-
ita S, Murohara T. 2014. Impact of serum
bilirubin levels on carotid atherosclerosis



348 Piotr Chmielewski et al.

in patients with coronary artery disease.
IJC Metab Endocr 5:24-7.

Temme EH, Zhang ], Schouten EG, Keste-
loot H. 2001. Serum bilirubin and 10-year
mortality risk in a Belgian population.
Cancer Causes Control 12:887-94.

Vitek L. 2012. The role of bilirubin in diabe-
tes, metabolic syndrome, and cardiovas-
cular diseases. Front Pharmacol 3:55.

Vitek L, Jirsa M, Brodanovd M, Kalab
M, Marecek Z, Danzig V, Novotny L, Ko-
tal P. 2002. Gilbert syndrome and ischem-
ic heart disease: a protective effect of el-
evated bilirubin levels. Atherosclerosis
160:449-56.

Vitek L, Schwertner HA. 2007. The heme cat-
abolic pathway and its protective effects
on oxidative stress-mediated diseases.
Adv Clin Chem 43:1-57.

Walldius G, Jungner I, Aastveit AH, Holme
I, Furberg CD, Sniderman AD. 2004.
The apoB/apoA-I ratio is better than the
cholesterol rations to estimate the bal-
ance between plasma proatherogenic and
antiatherogenic lipoproteins and to pre-
dict coronary risk. Clin Chem Lab Med
42:1355-63.

Wallner M, Marculescu R, Doberer D, Wolzt
M, Wagner O, Vitek L, Bulmer AC, Wag-
ner KH. 2013. Protection from age-relat-
ed increase in lipid biomarkers and in-
flammation contributes to cardiovascular
protection in Gilbert’s syndrome. Clin Sci
125:257-64.

Wegiel B, Otterbein LE. 2012. Go green: the
anti-inflammatory effects of biliverdin re-
ductase. Front Pharmacol 3:47.

Wu TW, Fung KP, Yang CC. 1994. Uncon-
jugated bilirubin inhibits the oxidation
of human low-density lipoprotein better
than Trolox. Life Sci 54:477-81.

Wu TW, Fung KP, Wu J Yang CC, Weisel
RD. 1996. Antioxidation of human low
density lipoprotein by unconjugated and
conjugated bilirubins. Biochem Pharma-
col 51:859-62.

Zhang ZY, Bian LQ, Kim SJ Zhou CC, Choi
YH. 2012. Inverse relation of total serum
bilirubin to coronary artery calcification
score detected by multidetector comput-
ed tomography in males. Clin Cardiol
35:301-6.



