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Abstract

Background. Bilirubin is a byproduct of the breakdown of erythrocytes. Bilirubin
levels can potentially serve as a biomarker for cardiovascular risk assessment. In this
study, we would be investigating most recent manuscripts, published in the last 5 years,
that studied association of serum bilirubin level to atherosclerosis progression to elicit
how strongly low level of total bilirubin can prognose the disease progression.

Methods. Using Pubmed search engine, all articles that included keywords “bili-
rubin” and “atherosclerosis” were retrieved. In total 67 search results emerged for the
2019-2023 timeline, the last 5 years.6 population-based studies that studied association
between total bilirubin concentration and atherosclerosis development were used for
the meta-analysis.

Results. Increasing blood total bilirubin level seems to decrease the odds of de-
veloping atherosclerosis, meaning that there is an inverse correlation between total
bilirubin level and arterial plaque formation or stenosis. Pooled odds ratio was found to
be 0.86 (95% CI1 0.83-0.9), suggesting that there is 14% decreased chance of developing
atherosclerosis for each mmol/L increase in bilirubin levels. Overall, higher total serum
bilirubin levels were associated with a significantly decreased risk of progression to
atherosclerosis.

Conclusion. The meta-analysis indicates a significant inverse association between
low total bilirubin levels and the risk of developing atherosclerosis, suggesting that
higher bilirubin levels may be protective against the progression of this disease.
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daictepi. PubMed i3gey xyineciHiH kemeriMeH “6unupybuH” >xaHe “aTepocknepo3s”-
KinTTiK ce3nepi bap bapnbik Makananap Tabbingbl. 2019-2023 xbingap Ke3eHiHae, CoH-
fbl D Xbinga bapnbiFbl 67 i3gey HaTuxKenepi nanpa bongbl. MeTa-Tangay YWiH >anmbl
BMnnpyBbUH KOHLEHTPALMSACH MEH aTEPOCKIEPO3ablH AaMybl apacbiHAafbl 6annaHbICTbI
3epTTENTiH 6 NoNyNAUUSbIK 3epTTey KoaLaHbUIAbI.

HaTtmxxenep. KaHaarbl xannbl 6unupybuH feHreniHiy >Korapblfiiaybl aTepoCcKiepos-
OblH LaMy bIKTUManAblfblH TOMeHAeTeni, SFHU Xannbl 6unupybuH peHreni mMeH apTe-
pusanbik bnawkanapabiH nanga bonybl HeMece CTeHO03 apacbiHAa kepi bannaHbic bap.
Bipiktipinren kosbdbuument 0.86 (95% CW 0.83-0.9) 6onabl, 6y1 MMonb/n yiwiH 6unm-
pyobuH peHrewniHiH apbip XofapblnaybiMeH aTepockiepo3ablH Agamy bikTuManabifbl 14%
TOMeHIEeNTiHIH KepceTepdi. XKannbl, capbicyaarbl >kannbl OUAMpyOUHHIH >KoFapbl LeHreni
aTepockepo3ablH AaMy KayniHiH anTapabikTan TeMeHaeyiMeH bannaHbiCTbl 6Honabl.

KopbITbIHAbI. MeTa-Tangay >kannbl 6UNuMpybuUHHIH TeMeH OeHreni MeH aTepockie-
po34blH AaMy Kayni apacbiHAafbl anTapabikTan Kepi banaHbicTbl KepceTteni, byn bunu-
PYOUHHIH Xofapbl AeHrei aypyablH LaMyblHaH KopFal anagbl fen bonxanmbl.
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AbcTpakT

BeBepeHune. BunupybuH aensetcd nobouHbIM MPoOAyKTOM pacnaja 3pUTPOLMTOB.
YpoBHU bunupybrHa noTeHuManbHO MOryT CAy>XUTb BMOMapkepoMm [ANf OLEeHKW cep-
LEeYHO-COCyamncToro pucka. B atom nccnegosaHum Mol Bynem nccnepoBath camble Mo-
cnepHue pykonucu, onybamMkoBaHHble 3@ NocaefHue S NeT, B KOTOPbIX M3y4Yanacb CBA3b
YPOBHS CbIBOPOTOYHOMO bunmpybrHa ¢ NnporpeccMpoBaHWMeEM aTepockieposa, YTobbl Bbi-
SCHWUTb, HAaCKONIbKO CUJIbHO HU3KWI ypoBeHb obLiero bunmpybrHa MoXeT NporHo3mpo-
BaTb NporpeccupoBaHune 3aboneBaHus.

Martepuanbl u Metogbl. C nomollblo noMckoBon cnuctembl Pubmed 6bin HaligeHsbl
BCe CTaTbM, cofiepxalliMe KnoyeBble cioBa «bunnpybuH» n «atepocknepos». Bcero no-
ABunock 67 pesynbtaTtoB noucka 3a nepuog 2019-2023 rr., 3a nocnegHue 5 net. [ina me-
Ta-aHanm3sa bblIn UCcnonb3oBaHbl 6 NMONYNALMOHHBIX UCCIef0BaHUI, U3yYaBLUMX CBA3b
MeXay KOHLeHTpauunen obuero bunupybuHa n pasBuTneM aTepockieposa.

Pesynbtathbl. [loBbileHne ypoBHSA obuiero bunupybuHa B KpoBM, MO-BUAUMOMY,
CHUW>KaeT BEpPOATHOCTb Pa3BUTUS aTEPOCKIIEPO3a, @ 3TO 03HAYAET, YTO CyLLecTByeT obpaT-
Has Koppenauus Mexay ypoBHS obuiero bunupybrHa n obpasoBaHueM apTepmanbHbixX
Bnswek nnm cteHo3oM. bbino obHapy>keHo, 4To 0bbeMHEHHOE OTHOLLEHME LLAHCOB CO-
crasusio 0.86 (95% W 0.83-0.9), uto mo3BonseT NPeanonoXuTh, YTO BEPOATHOCTL pas-
BMTWUS aTepockiepo3a cHuaeTcs Ha 14% npu KaxnoM yBennyeHnmn ypoBHS brunupybuHa
Ha MMosib/ni. B LienioM, Gonee BbicokMe ypoBHYM 06uLero bunupybrHa B CbiBOpoTKe Bbiin
CBSI3aHbl CO 3HAYUTENIbHO CHUXKEHHBIM PUCKOM MPOrpeCcCUpPOBaHNS aTepoCKiepo3a.

3akntoyeHme. MeTa-aHann3 ykasbiBaeT Ha 3HAUYUTESNbHYIO 06paTHYO CBA3b MeXay
HW3KUM ypoBHEM 0bLiero bunmupybrHa u puckom pa3BUTUSA aTepockyiepo3a, npeanosa-
rasi, 4to bonee BbicOKMEe YpOBHU BMAMpybMHa MOryT 3alimLaTh OT NMPOrpeccUpoBaHMS
3Toro 3abosieBaHus.
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Introduction

Bilirubin is a byproduct of the break-
down of erythrocytes. It is generally rec-
ognized as a marker of liver function,
however antioxidant and anti-inflamma-
tory effects of bilirubin were extensively
described in modern scientific litera-
ture. Naturally, bilirubin has been inves-
tigated for its role in different pathologic
states. It was not until 1994, when the
first clinical data showed that low bil-
irubin level can be an independent risk
factor for atherosclerotic disease.

The relationship between bilirubin
levels and atherosclerosis is complex
and may involve different mechanisms.
It has been widely described how total
bilirubin (Thil) level effect progression of
atherosclerosis in patients with certain
comorbidities. For instance, Duman et al.
showed that low total bilirubin level and
elevated high-sensitive C-reactive pro-
tein is associated with subclinical ath-
erosclerosis. Lee et al. and Hamur et al.
described that high total bilirubin level is
associated with atherosclerosis in T2DM
and prediabetes, respectively.”®

Bilirubin levels can potentially serve
as a biomarker for cardiovascular risk
assessment. Protective role of total bil-
irubin was analyzed in meta-analysis
by Lan et al, higher total bilirubin was

significantly negatively correlated with
cardiovascular disease, pooled HR=0.83
(95% CI 0.73-0.94, P=.003). However,
there is a lack of reviews that cover the
research past 2019.4%

In this study, we would be investi-
gating most recent manuscripts, pub-
lished in the last 5 years, that studied
association of serum bilirubin level to
atherosclerosis progression to elicit how
strongly low level of Thil can prognose
the disease progression.

Methods

Using Pubmed search engine, all arti-
cles that included keywords “bilirubin” and
“atherosclerosis” were retrieved. In total
67 search results emerged for the 2019-
2023 timeline, the last 5 years (Figure 1).
Inclusion criteria were: original studies on
the adult population of patients that stud-
ied the effect of bilirubin level on athero-
sclerosis. Exclusion criteria were studies
that did not report on association between
bilirubin and atherosclerosis develop-
ment; studies that did not include human
subjects (animal studies); review articles,
meta-analysis, letters, abstracts, and ar-
ticles that did report statistical results on
effect estimate of OR and 95%CI. Among
the eligible studies, only the category of
subjects with atherosclerotic disease was
used for calculations.

Figure 1.
Flow chart showing selection
of studies for meta-analysis.

|dentification of studies on Pubmed database

Records removed before screening:
Duplicate records removed
and only articles with
full text included (n =291)

Records identified from:
Pubmed databases
(n=317)

Identification

Timeline
Timeline considered
2019-2023 (n = 67)

Records screened
(n=291)

Screening

Reports excluded:
Original research paper (n=12)
Not including human
subjects (n = 14)

Not containing required statistical
information (n = 35)

Reports assessed
for eligibility
(n=467)

Included

Studies included

in review
(n=6)
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Furthermore, forest plot was calcu-
lated along with the pooled odds ratio for
the extracted odds ratio and 95% ClI in-
tervals. All data were analyzed using the
Excel and STATA 18.0 program. P < 0.05
was considered statistically significant.

Results

6 population-based studies that
studied association between total bil-
irubin concentration and atheroscle-
rosis development were used for the
meta-analysis (Table 1]). All odds ratios
were found to be less than 1, and 95%
confidence interval did not include 1,
except for the Su et al. study, depicting

no statistical difference.® (Figure 1) In-
creasing blood total bilirubin (Thil) level
seems to decrease the odds of devel-
oping atherosclerosis, meaning that
there is an inverse correlation between
Tbil and arterial plaque formation or
stenosis. Pooled odds ratio was found
to be 0.86 (95% Cl 0.83-0.9], suggest-
ing that there is 14% decreased chance
of developing atherosclerosis for each
mmol/L increase in bilirubin levels.
Overall, higher total serum bilirubin
levels were associated with a signifi-
cantly decreased risk of progression to
atherosclerosis.

Authors F_'ubllca- Sar_nple Sex (M) Median Stu_dy Events
(etal.) | tionyear size age design
Zhon Popula- Intracrani-
79 2020 NA NA 57.59 tion-based | al athero-
etal .
study sclerosis
Lan Retrospec- Perip_heral
5 2020 78/543 287/543 NA . arterial
etal tive ;
disease
Carotid
Lee 12020 599/1381 | 277/599 | °7-6%9-2 |Retrospec- | o occle-
etal tive .
rosis
. Peripheral
Vitek 15092 69/466 | 35/69 62 Retrospec- | e rial
etal tive ;
disease
Femoral
‘ Cross sec- | and carotid
Suetals |2023 1711274 | NA 65 :
tional atheroscle-
rosis
Zhao7 2023 5281/7284 | 3726/5281 60.2+12 C_ross sec- | Lower limb
etal tional plaque
Effect %
Study (95% Cl) Weight
1 —05'— 0.83 (0.74, 0.95) 11.13
2 —~— 0.85 (0.66, 1.10) 2.51
3 -~ 0.86 (0.81, 0.92) 40.17
4 —o—t 0.58 (0.39, 0.87) 213
5 §"' 0.91 (0.86, 0.96) 41.67
6 —-— 0.50 (0.42, 0.87) 2.40
Overall, IV (12 = 72.7%, p = 0.003) (} 0.86 (0.83, 0.90) 100.00
T T

-1 0

1

1-Zhaoetal7,2-Suetalé, 3-Viteketal8 4-Leeetal2 5-Lanetalb, é-Zhongetal7
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Table 1.
Characteristics of studies
included to meta-analysis

Figure 2.

Forest plot showing association
between total bilirubin level
and atherosclerosis
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Total bilirubin Conce:?rb;::,; With atherosclerosis No atherosclerosis
values for patients with and Total bilirubin | 95%CI | 95% CI | Total bilirubin | 95%CI | 95% CI
without atherosclerosis (mmol/L) low high (mmol/L) low high
Zhao et al.’ 10.1 8.3 13.0 1.1 9.0 13.9
Suetal® 15.6 12.4 19.9 15.7 12.5 19.8
Vitek et al.? 8.5 6.3 11,2 12.2 9.0 17.5
Lee etal? 13.68+6.84 13.1 14.3 14.88+6.84 14.5 15.2
Lanetal® 10.4+3.8 9.5 11.2 12.7+4.8 12.2 13.1

Total bilirubin level is lower in those
patients that have atherosclerosis in
comparison with patients that do not
have (Table 2).

Discussion

In this meta-analysis, we tried to
elicit the strength of inverse association
between total bilirubin and atheroscle-
rosis development. Our results align
with previously described findings on
this topic.

There are many proposed mecha-
nisms of bilirubin’s protective action in
atherosclerotic patients. One of the pos-
sible mechanisms to target for reducing
incidence of cardiovascular disease in
patients with Gilbert's syndrome accord-
ing to Boon et al. could be the facts that
unconjugated bilirubin at physiologically
normal level protects from protein and
lipid induced MPO-generated hypochlor-
ous acid, HOCL oxidation.™ Bilirubin has
been implicated in improving lipid pro-
files. Higher bilirubin levels were asso-
ciated with lower values of total and LDL
cholesterol, which are major risk factors
for atherosclerosis.”” Moreover, bilirubin
seems to improve endothelial function
by enhancing nitric oxide (NO) availabili-
ty. Thus, it helps maintain vascular tone,
reducing the risk of stenosis and athero-
sclerotic changes,'? showed that biliru-
bin inhibits the proliferation of vascular
smooth muscle cells, thus stabilizing
the plaque. Most recently, showed that
knockout of Bvra gene resulting in low
bilirubin levels leads to proatherogen-
ic changes in mice. Bilirubin deficient
mice had increased systemic oxidative
stress, endothelial dysfunction, thinning
fibrous cap which led to plaque destabi-
lization.™

A recent study in mouse animal

models has revealed another possible
mechanism of action of bilirubin on the
development of atherosclerosis. Wen et
al,, found that bilirubin can inhibit cho-
lesterol synthesis by interfering with
the enzyme 3-hydroxy-3-methylglu-
taryl-CoA reductase, which is involved
in endogenous synthesis of cholesterol,
further contributing to the reduction of
atherosclerosis. They also found that
bilirubin can influence the number of
immune cells such as myeloid-derived
suppressor cells, natural killer cells
and dendritic cells, which are associat-
ed with the formation of plaque, thereby
improving atherosclerosis.™

Strength of the study is that it gives
a glimpse on the association between
bilirubin level and atherosclerosis de-
velopment risk based on the past 5-year
studies. It could be useful for making
clinical decisions to increase the upper
limit for total bilirubin, since mildly el-
evated bilirubin levels in the absence of
underlying liver disease have a protec-
tive effect on the cardiovascular system.
Limitation of the study is that there was
a relatively small number of studies (six)
for the meta-analysis. Small sample size
may restrict the generalizability of the
findings and increase the potential for
bias. Moreover, the heterogeneity among
the included studies in terms of popula-
tion characteristics, study design, and
measurement of bilirubin levels could
introduce variability that impacts the ro-
bustness of the pooled results. Future
research with a larger number of stud-
ies and more standardized methodolo-
gies would be beneficial to confirm and
extend these findings.

What's known? The relationship
between bilirubin levels and athero-
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sclerosis is complex and may involve
different mechanisms. Total bilirubin
level effect progression of atheroscle-
rosis in patients with certain comorbid-
ities. Non-alcoholic fatty liver disease
increases the risk of developing type 2
diabetes. Bilirubin levels can potentially
serve as a biomarker for cardiovascular
risk assessment.

What's new? Significant inverse
association between low total bilirubin
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veloping atherosclerosis, suggesting that
higher bilirubin levels may be protective
against the progression of this disease.
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