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Bilirubin: From a Disease Predictor to a Potential Therapeutic in Stroke
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Stroke is one of the main reasons for death and 
the principal cause of longstanding incapability 
worldwide. The most common type of stroke 

is ischemic stroke, which arises after embolism, 
thrombolysis, or cryptogenic mechanisms in which blood 
flow to the brain is damaged.1 Early prediction of the 
outcome in patients with ischemic stroke is significant. 
Reliable prognostic markers existing during the initial 
phase after acute stroke could help clinical decision-
making. Many of the blood markers are related to poor 
outcomes after ischemic stroke.2 Higher levels of serum 
bilirubin were common in acute ischemic stroke, which 
developed against oxidative stress (OS) and could 
indicate OS intensity. Acute stroke signifies a prospect to 
additional study the role of bilirubin in the cerebral injury 
pathophysiology for the reason that primary cerebral 
ischemia includes OS.3,4

Bilirubin as a heme oxygenase-1 metabolite, after 
being gathered in high concentrations in tissues, is a 
highly toxic substance. Currently, it is known as one of 
the most powerful anti-inflammatory, antioxidant, and 
neuroprotective mediators in the body. These attributes 
enable the anti-atherogenic effects of bilirubin to inhibit 
thrombus formation in ischemic stroke.5 

Bilirubin levels in the serum are deliberated as 
an antioxidant that can influence stroke prognosis. 
According to various studies, an increase in bilirubin leads 
to an elevation in stroke intensity, longer hospitalization, 
and poor prognosis.6 There is still a difference of opinion 
on this issue. Perlstein et al revealed that an increase in 
the total bilirubin (TBIL) of 1.71 µmol/L can decrease 
the ischemic stroke incidence to approximately 9%.7 In 
contrast to the results of Kurzepa et al, indicating that 
there is a poor relationship between the risk of ischemic 
stroke and serum TBIL.8 The findings of a meta-analysis 
study exhibited that serum bilirubin levels may be a useful 
biomarker for acute stroke prediction.9 The results of 
a research study conducted in Korea represented that 
bilirubin levels in the serum were not a risk factor for 
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stroke.10 Likewise, the findings of a meta-analysis study 
in prospective studies by Kunutsor et al,11 examining the 
circulating TBIL association with the risk of cardiovascular 
disease incidents, revealed no important evidence of 
a correlation among TBIL levels and the risk of stroke. 
Thus, the bilirubin role as a prognostic or risk factor for 
stroke is unclear due to possible confusing factors. 

The results of a cross-sectional prospective study 
performed by Sagheb Asl et al showed that TBIL, direct 
bilirubin (DBIL), and indirect bilirubin (IBIL) levels were 
considerably related to mortality in the acute phase of 
patients with ischemic stroke.12 The results of a recent 
meta-analysis in 11 observational studies demonstrated 
that serum bilirubin levels have a negative correlation 
with the risk for ischemic stroke. Further, the association 
between the serum TBIL level and the occurrence of 
ischemic stroke in men was statistically significant 
but not in women.13 Furthermore, the findings of one 
study revealed that plasma bilirubin concentration may 
be a useful marker in patients who are suffering from 
hemorrhagic stroke. Based on the findings of another 
study, elevated TBIL serum levels on admission were 
independently related to a high risk of hemorrhagic 
transformation (HT) after acute ischemic stroke. The 
baseline TBIL level was considerably higher in HT patients 
than in non-HT patients. Additionally, the severity of HT 
elevates with increasing the TBIL level. 14 In acute ischemic 
stroke, a prevalent occurrence is early neurological 
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deterioration (END) which has been related to a decrease 
in neurological function and disability and mortality rate. 
The lower levels of TBIL were independently associated 
with END, indicating that TBIL is significant in acute 
ischemic stroke.15 The elevated levels of TBIL and DBIL 
48 hours after the beginning of symptoms can be an 
independent marker for stroke intensity at admission 
and discharge for all acute ischemic stroke patients. 
Elevated bilirubin levels following acute ischemic stroke 
recommend a good prognosis for patients with mild 
stroke.16 In patients with type 2 diabetes mellitus, low 
TBIL levels were related to an enhancement in stroke 
risk. The bilirubin level is a significant biological marker 
for depression risk in patients who suffer from ischemic 
stroke. A high bilirubin level is related to the prediction of 
post-stroke depression. 

The mechanisms in which bilirubin affects ischemic 
stroke differ before and after the stroke onset. Several 
studies confirmed that a high serum bilirubin level in 
the normal range is associated with a reduced risk of 
ischemic stroke by anti-oxidation defense mechanisms 
in pre-stroke situations. After the occurrence of stroke, 
the negative effect of high serum bilirubin levels on the 
outcome of patients probably reveals the strength of early 
OS. Ischemic stroke patients with high serum bilirubin 
levels had more brain infarcts, larger noticeable cerebral 
edema, and higher intense reperfusion injury with minor 
functional outcomes.17

Previous studies suggested that bilirubin acts via a 
direct antioxidation pathway and an indirect pathway 
complemented by the inhibition of the nicotinamide 
adenine dinucleotide phosphate oxidase activity with 
tetrapyrroles. The negative association between bilirubin 
levels in the serum and ischemic stroke incidence was 
clarified through the anti-oxidative capacity of the 
bilirubin, the prevention of oxidation of low-density 
lipoprotein by bilirubin, the vascular structure, and 
reactive pathways. The available evidence represents 
that bilirubin in the serum acts as a physiological lipid 
antagonist and can increase cholesterol transport from 
blood vessels to the plasma, motivating lipolysis and 
bile clearance.18 The anti-peroxidative role of bilirubin 
is important in the deceleration and inhibition of 
atherogenesis in ischemic stroke patients.

In conclusion, bilirubin could be used as an efficacious 
marker of OS and is a potent scavenger of free radicals that 
can effectually inhibit ischemia-induced nerve damage 
and may be a potential treatment for ischemic stroke. It is 
commonly recognized to have neuroprotective effects on 
stroke, thus it could impact the incidence and prognosis 
of ischemic stroke. However, more research is required to 
provide evidence, supporting the existing studies in this 
regard.

Acknowledgements
I would like to appreciate the cooperation of the Clinical Research 
Development Unit, Imam Reza General Hospital, Tabriz, Iran in 
conducting this research.

Conflict of interests 
The author declares that he has no competing interests.

Consent for Publication
Not applicable.

Data Availability Statement
All data generated or analyzed during this study are included in this 
published article.

Ethical Approval
Not applicable.

Funding 
Not applicable.

References
1.	 Nikbakht HA, Shojaie L, Niknejad N, Hassanipour S, 

Soleimanpour H, Heidari S, et al. Mortality rate of acute stroke 
in Iran: a systematic review and meta-analysis. Caspian J 
Neurol Sci. 2022;8(4):252-67. doi: 10.32598/cjns.4.31.338.1.

2.	 Ayromlou H, Soleimanpour H, Farhoudi M, Sadeghi-
Hokmabadi E, Rajaei Ghafouri R, Sharifipour E, et al. What 
are the most important barriers for thrombolytic therapy 
in ischemic stroke patients? Int J Stroke. 2013;8(4):E7. doi: 
10.1111/ijs.12093.

3.	 Soleimanpour H, Pashapour A, Mohammadi N, Golzari SE, 
Khodaverdizadeh H. Juvenile ischemic stroke secondary to 
cardiogenic embolism: a rare case report. Int J Prev Med. 
2014;5(1):117-22.

4.	 Ayromlou H, Soleimanpour H, Farhoudi M, Taheraghdam 
A, Sadeghi Hokmabadi E, Rajaei Ghafouri R, et al. 
Eligibility assessment for intravenous thrombolytic therapy 
in acute ischemic stroke patients; evaluating barriers for 
implementation. Iran Red Crescent Med J. 2014;16(5):e11284. 
doi: 10.5812/ircmj.11284.

5.	 Wang X, Wu D, Zhong P. Serum bilirubin and ischaemic stroke: 
a review of literature. Stroke Vasc Neurol. 2020;5(2):198-204. 
doi: 10.1136/svn-2019-000289.

6.	 Ghojazadeh M, Sagheb Asl E, Vahed N, Hassanpour R, Sanaie 
S, Mahmoodpoor A, et al. Determination of the predictive 
value of serum bilirubin in patients with ischemic stroke: a 
systematic review. Arch Neurosci. 2020;7(2):e99302. doi: 
10.5812/ans.99302.

7.	 Perlstein TS, Pande RL, Creager MA, Weuve J, Beckman 
JA. Serum total bilirubin level, prevalent stroke, and stroke 
outcomes: NHANES 1999-2004. Am J Med. 2008;121(9):781-
8.e1. doi: 10.1016/j.amjmed.2008.03.045.

8.	 Kurzepa J, Bielewicz J, Stelmasiak Z, Bartosik-Psujek H. Serum 
bilirubin and uric acid levels as the bad prognostic factors in 
the ischemic stroke. Int J Neurosci. 2009;119(12):2243-9. doi: 
10.3109/00207450903223939.

9.	 Li H, Dai B, Shen G, Liu W, Fu R, He M. Serum bilirubin levels 
in acute stroke in Chinese population: a meta-analysis. Int J 
Clin Exp Med. 2017;10(1):905-12.

10.	 Lee SJ, Jee YH, Jung KJ, Hong S, Shin ES, Jee SH. Bilirubin and 
stroke risk using a Mendelian randomization design. Stroke. 
2017;48(5):1154-60. doi: 10.1161/strokeaha.116.015083.

11.	 Kunutsor SK, Bakker SJ, Gansevoort RT, Chowdhury R, 
Dullaart RP. Circulating total bilirubin and risk of incident 
cardiovascular disease in the general population. Arterioscler 
Thromb Vasc Biol. 2015;35(3):716-24. doi: 10.1161/
atvbaha.114.304929.

12.	 Sagheb Asl E, Taheraghdam A, Rahmani F, Javadrashid 
R, Golzari SE, Ghaemian N, et al. Determination of the 
predictive value of serum bilirubin in patients with ischemic 
stroke: a prospective descriptive analytical study. Adv Pharm 
Bull. 2018;8(4):715-9. doi: 10.15171/apb.2018.080.

https://doi.org/10.32598/cjns.4.31.338.1
https://doi.org/10.1111/ijs.12093
https://doi.org/10.5812/ircmj.11284
https://doi.org/10.1136/svn-2019-000289
https://doi.org/10.5812/ans.99302
https://doi.org/10.1016/j.amjmed.2008.03.045
https://doi.org/10.3109/00207450903223939
https://doi.org/10.1161/strokeaha.116.015083
https://doi.org/10.1161/atvbaha.114.304929
https://doi.org/10.1161/atvbaha.114.304929


Bilirubin and Stroke

International Journal of Aging, 2023, Volume 1 3

13.	 Zhong P, Wu D, Ye X, Wang X, Zhou Y, Zhu X, et al. 
Association of circulating total bilirubin level with ischemic 
stroke: a systemic review and meta-analysis of observational 
evidence. Ann Transl Med. 2019;7(14):335. doi: 10.21037/
atm.2019.06.71.

14.	 Huang GQ, He JC. Increased total bilirubin levels are 
associated with hemorrhagic transformation in patients 
with acute ischemic stroke (2097). Neurology. 2020;94(15 
Suppl):2097.

15.	 Sheng X, Du H, Tang Y. Decreased serum total bilirubin level 
predicts early neurological deterioration in patients with acute 
ischemic stroke. Neuropsychiatr Dis Treat. 2021;17:1977-82. 
doi: 10.2147/ndt.s315330.

16.	 Duan H, Cheng Z, Yun HJ, Cai L, Tong Y, Han Z, et 
al. Serum bilirubin associated with stroke severity and 
prognosis: preliminary findings on liver function after 
acute ischemic stroke. Neurol Res. 2023;45(1):62-9. doi: 
10.1080/01616412.2022.2119724.

17.	 Wang Y, Xu S, Pan S, Ouyang H, Zang Z, Tan J. Association 
of serum neuron-specific enolase and bilirubin levels 
with cerebral dysfunction and prognosis in large-artery 
atherosclerotic strokes. J Cell Biochem. 2018;119(12):9685-
93. doi: 10.1002/jcb.27281.

18.	 Mancuso C. Bilirubin and brain: a pharmacological approach. 
Neuropharmacology. 2017;118:113-23. doi: 10.1016/j.
neuropharm.2017.03.013.

https://doi.org/10.21037/atm.2019.06.71
https://doi.org/10.21037/atm.2019.06.71
https://doi.org/10.2147/ndt.s315330
https://doi.org/10.1002/jcb.27281
https://doi.org/10.1016/j.neuropharm.2017.03.013
https://doi.org/10.1016/j.neuropharm.2017.03.013

