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ABSTRACT: Hemorrhagic stroke is a highly fatal yet understudied cerebrovascular disorder. While genetic and proteomic
factors have been widely studied as contributors to hemorrhagic stroke, recent research emphasizes the human gut microbiota as
an important factor in the causation and progression of the disease. This literature review was conducted to highlight evidence
surrounding microbiome composition’s influence on hemorrhagic stroke risk and outcomes, addressing the knowledge gap on
this topic. This review finds that Mendelian randomization, DNA sequencing, and case-control studies are the most frequently
utilized methods in hemorrhagic stroke studies with a focus on the gut microbiome. These methods are used in collecting and
interpreting the genomic and metabolomic data from various gut flora. In addition, these studies consistently revealed that specific
pro-inflammatory bacteria taxa, such as Proteobacteria and Escherichia-Shigella, were elevated in stroke patients and influenced
stroke outcome, as well as how metabolites such as trimethylamine N-oxide (TMAOQ) are linked to increased platelet reactivity,
promoting vascular stress. The influence of gut microbiota on the risk and prognosis of hemorrhagic stroke suggests that certain
gut bacteria may trigger inflammation and produce metabolites like TMAO that can stress blood vessels and increase the risk of
clotting. Collectively, these findings suggest that the gut-brain connection may influence both the occurrence and prognosis of
hemorrhagic stroke through metabolic and vascular pathways.
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With regard to finding relationships between the microbi- antibodies, D-dimers, and RNA expression, to name a few.?
ome and cerebrovascular disease, there is a lack of unification Conversely, there is a relative paucity of research honing in on
among the various findings and concepts illustrated by current the specific impact on ICH and SAH of an unlikely source that
research. Additionally, given that hemorrhagic stroke is a com- all humans share: the gut microbiota.
paratively rare condition, research tends to focus on the more While seemingly extraneous to ruptured blood vessels with-
common ischemic stroke variety. This review aims to unify in the skull, the bacteria present in the human gut may play
the findings of current research surrounding the microbiome’s a role in vascular inflammation and blood pressure, as well as
effects on hemorrhagic stroke and increase awareness of this possess a connection to the central nervous system through the
condition in general. microbiota-gut-brain axis. This literature review highlights

Not to be conflated with ischemic stroke, hemorrhagic and discusses the methods used in collecting and analyzing
stroke is a medical emergency identified by a ruptured blood the data, as well as contextualizes and provides an overview of
vessel in the brain. Within the category of hemorrhagic stroke, the literature related to the effect of human gut microbiota on
there are intracerebral hemorrhage (ICH) and subarachnoid the brain. These findings could help illustrate the factors that
hemorrhage (SAH), which differ based on the locality of the contribute to rare hemorrhagic strokes as well as provide com-
bleeding site.! By comparison to its ischemic counterpart, mentary on how to conduct further research based on analysis
hemorrhagic stroke typically entails a higher mortality rate and of the most effective methods.
a more adverse prognosis, while simultaneously constituting a
smaller percentage of the total worldwide documented cases of B Methodology
stroke. Indeed, in 2021, ICH constituted 28.8% (28.3 to 28.8) This literature review aims to highlight the comparatively
of incident strokes globally, and SAH constituted 5.8% (5.7 to under-researched microbiotic aspect of hemorrhagic stroke
6.0) of incident strokes globally.? The mortality rate for ICH using related peer-reviewed papers and honing in on the
is 42 (38 to 46) per 100,000 cases per year, and the mortality fundamental results that stem from them. The studies being
rate for SAH is 4 (4 to 5) per 100,000 cases per year.2 On ac- reviewed in this paper were sourced through online databases
count of its high mortality rate and comparative rarity, research PubMed and Google Scholar. Searches were conducted using
on not only its effects but also its causality must be explored. the following Boolean keyword combinations: “gut microbiota”
Among contemporary research surrounding the causality of or “intestinal flora” or “microbiome,” and “hemorrhagic stroke”
ICH and SAH, there is a primary focus on proteomic and ge- or “intracerebral hemorrhage” or “subarachnoid hemorrhage” or
netic biomarkers, namely glial fibrillary acid protein (GFAP), “cerebrovascular rupture.” Search filters were applied to include
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studies published between 2020 and 2025, and to ensure com-
prehensiveness, manual searching through reference lists was
conducted in order to manually identify eligible publications
not included in the database searches. Studies were evaluated
according to predefined inclusion and exclusion criteria. Em-
pirical research and reviews examining the gut microbiome’s
role in cerebrovascular conditions, studies addressing microbi-
al metabolites, and peer-reviewed articles published between
2020 and 2025 were all eligible for review. Non-peer-reviewed
literature, studies focusing exclusively on stroke or unrelated
neurological issues, papers not available in English, and studies
published before 2020 were not eligible for this review. In to-
tal, 105 studies were initially retrieved. After duplicate removal
and screening, 30 studies were found suitable (24 empirical) for
inclusion in the final review. All of these sources are secondary
in nature to this review. From these sources, the data collected
includes methods of data analysis, methods of data collection,
various studies’ findings on microbiome composition, trime-
thylamine-N-oxide production, and trimethylamine-N-oxide
effects. This study relied on previously published literature, and
no new data were collected, no ethical approval was required.
All reviewed studies followed the ethical research guidelines as
stated in their original publications.

B Discussion

Frequency of Data Collection Methods among the Studies:

The 24 empirical studies, despite focusing on a similar topic,
used a diverse array of statistical analyses and data collection
methods. The following table (Table 1) covers the collection
and analysis methods explicitly stated by the papers and states
the number of occurrences for each. The table is ranked from
the highest frequency at the top to the lowest frequency de-
scending, and Mendelian randomization, DNA sequencing,
and case-control studies were the most frequently used (5, 4,
and 3 uses, respectively).

Table 1: Frequency of Methods.

Collection and Analysis Methods (As Explicitly
Stated)

Frequency among 24 Empirical Papers

Mendelian randomization (MR) 5
DNA sequencing (DNA-S) 4
Case-control study (CCS) 3
Metabolomics (MBO) 2

Bioinformatic analysis (BIA) 1

RNA sequencing (RNA-S) 1

Metagenomics (MGN) 1

Meta-analysis (ME-A) 1

Alpha-diversity analysis (AD-A) 1

Beta-diversity analysis (BD-A) 1

Random forest (RF) 1

Receiver operating character analysis (ROC-A) 1

Inverse variance weighting (IVW) 1

Statistical Analysis (ST-A) 1

Among the studies in Table 1, the MR approach proved to
be the most prevalent data analysis method. MR is reliant on
the principle of random allocation, or how, at birth, people
are given genetic variants that affect their physical and be-
havioral traits.* MR is a tool for inferring causal relationships

between risk factors and illnesses, helping bridge the gap be-
tween observational epidemiology and randomized controlled
trials (RCTs). MR relies on three factors: relevance, or how a
genetic variant affects a potential cause (exposure); indepen-
dence, or how the variant is independent from confounders;
and an exclusion restriction, or how the variant influences an
outcome solely through the exposure, and not through oth-
er pathways.* This approach is extremely useful for inferring
causation between gut microbiota composition and the risk
for hemorrhagic stroke due to a central scientific dogma:
correlation does not equal causation. Lots of evidence comes
from observational studies, comparing gut flora composition
in stroke-risk patients vs. controls. But, observational stud-
ies cannot tell whether gut flora composition causes stroke,
stroke alters the gut microbiota (reverse causation), or even if
both are affected by a third factor (diet, medicine, other con-
ditions, etc.). Because so many confounding variables, such as
diet, medications, or living conditions, exist, it is difficult to
know whether changes in gut bacteria lead to stroke risk or
just occur alongside it. This is where MR offers a workaround.
In this case, it would use genetic variants that influence gut
microbiota composition or microbial metabolites, and because
these variants are randomly assigned at birth, they are not al-
tered by lifestyle or environment.* If people who genetically
have higher levels of a certain metabolite, for example, also
show higher rates of hemorrhagic stroke, that suggests a causal
relationship. Additionally, given the rarity and high mortality
of hemorrhagic stroke, conducting large-scale RC'Ts could be
impractical or even unethical, making MR a much more fea-
sible method.

The second most utilized technique in contemporary re-
search is DNA sequencing. In the most current method of
DNA sequencing, Next-Generation Sequencing (NGS),
DNA fragments are mapped in parallel, allowing for faster
and more efficient analysis.” This technique is more effica-
cious than previous methods, including Sanger sequencing,
where analysis is restricted to only substitutions, insertions,
and deletions.” Another advantage of NGS is that, unlike oth-
er methods of sequencing, it does not require prior knowledge
about the genes in question and therefore can identify novel
genetic mutations. NGS can identify genetic mutations occur-
ring post-fertilization as well, which highlights its sensitivity
in identifying even the most uncommon mutations.’ The main
drawback to this approach, however, is accessibility, as it re-
quires specialized hardware and personnel expertise. The cost
itself does not factor into these disadvantages, though, as a
top-of-the-line NGS system can produce around 150,000,000
reads for approximately £1000 (about $1332 U.S.).° Despite
this disadvantage, NGS remains a widespread DNA sequenc-
ing method among state-of-the-art institutions and is one of
the most effective methods in use.

The CCS approach was the third most prevalent statistical
method for collecting and analyzing data. Case control studies
determine whether an exposure is associated with an outcome,
beginning with individuals who already have the outcome
(cases) and comparing them to those who do not (controls),
looking retrospectively to identify possible exposures.® An

DOI: 10.36838/IJHSR813.76

77



ijhighschoolresearch.org

advantage of this approach is its efficiency in producing re-
sults. Using the gut-stroke relationship as an example, unlike
an approach that utilizes a pool of healthy people and waits
to see who develops stroke, CCS would start with a pool of
stroke patients and then look back in time to obtain exposure
data. This leads to rapid results that are relatively inexpensive
to obtain. Though some may say that this approach is much
more susceptible to confounding factors due to its temporal
relationship, they can be mitigated through matching the cas-
es with their controls.® The temporal relationship CCS has,
however, does posit an alternate issue. Unlike MR, which looks
at set genetic factors that strongly suggest causation, the ret-
rospective nature of CCS may support an association but not
prove causation.® Once again, an example using the gut-stroke
relationship helps illustrate this idea. In a CCS intended to
support a relationship between gut flora and ICH, one may
come to the conclusion that a change in microbiome compo-
sition could result in the occurrence of a stroke. On the other
hand, it may also be the case that the occurrence of a stroke
leads to a change in microbiome composition; using CCS is
not a viable method to identify an exactly ordered cause-and-
effect relationship.

While not as prevalent as some of the other methods,
metabolomics plays an integral role in understanding how
metabolites produced by gut bacteria can have an effect on
the brain. Metabolomics is the systematic approach to iden-
tifying and quantifying an organism’s metabolites (molecules
or substances produced as a result of metabolic processes) us-
ing statistical methods for data extraction, interpretation, and
pattern recognition.” As metabolites are a direct result of an
organism’s metabolism, an analysis of these substances would
generate a “snapshot” of that organism’s internal state, which is
very important when it comes to identifying how an organism
affects its environment. Within metabolomics, there are a few
techniques used to achieve different results. For example, an
approach called target analysis quantifies only a small set of
specific compounds of interest, while the technique of meta-
bolic profiling analyzes a larger set of compounds, both known
and unknown, to quantify a larger number of metabolites.”
Metabolomics, used in congruence with DNA and RNA se-
quencing, can generate a comprehensive picture of biological
processes within specific organisms that have the potential to
affect their environment, including metabolites of the gut mi-
crobiome affecting the human body.

Something that all of these methods have in common is their
reliance on statistics, more specifically statistical data, and de-
spite only being mentioned by name once among the reviewed
studies, inverse variance weighting (IVW) is necessary for all
of these approaches to function. IVW analyzes effect sizes (the
significance of a phenomenon/relationship between variables)
by calculating the weighted mean of the effect sizes using the
inverse variance of the individual studies as weights.® Inverse
variance in this approach means assigning more importance
(weight) to data points with less uncertainty (smaller variance)
when combining them, resulting in giving more precise data
points more importance in the weighted average. The model

for IVW can be shown as:

— ZWEX ;
oW,
where W, represents the weight where i = 1,2,... and X; is the
observed effect.® The observed effect X; can be written as:

Xi=u+ei

where u is the true effect size, and e; (the deviation of X;
from p) is the observation error.® Advantages of IVW include
maximizing precision due to the inverse variance weight and
being widely applicable, as shown through its use in Mende-
lian randomization, DNA sequencing, and more. However, it
is sensitive to incorrect variance estimates, assumes indepen-
dence of estimates, and is primarily optimized for normally
distributed error.
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Figure 1: Frequency of Collection/Analysis Methods. This horizontal bar
plot, created with Google Sheets, visually displays the relative frequencies of
the methods used in the reviewed studies. MR, DNA-S, and CCS are shown
to be the most frequent.

In Figure 1, MR is shown as the most used, which aligns
with its importance in statistics and data analysis. Despite this,
the other methods ranking lower are not a measure of their
unimportance, but rather how often they are utilized by them-
selves. These methods are quite interdependent and frequently
used together, so it would be unfair to categorize one as being
the best.

Microbiome Composition of Stroke Patients:

Despite utilizing a wide net of data collection and analy-
sis methods, many of the studies agree upon specific bacterial
families, genera, species, and phyla that possess a link to stroke
patients, with only a few differences here and there. Ac-
cording to one CCS study that consisted of a hemorrhagic
transformation (HT) group, a non-HT group, and a healthy
control (HC) group, the largest phyla among all three groups
were Firmicutes, Proteobacteria, and Bacteroidetes, and the
most abundant families were Pseudomonadaceae, Lachnospira-
ceae, and Enterobacteriaceae’ A further analysis in the study
showed that the species Profeobacteria, Enterobacteriaceae, and
Escherichia-Shigella were relatively more prevalent in the HT
group than the non-HT and HC groups.” The study also
notes that among the HT group was a relative decrease in
the abundances of the phyla Bacteroidota (P = 0.021) and Ac-
tinobacteriota (P = 0.024). In the HC group, the subjects had
higher levels of anti-inflammatory microbiome taxa than the
HT group, including Ruminococcaceae, Acidobacteriota, Faecal-
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ibacterium, and Clostridiales’ Another study comprised of an
ischemic stroke (IS) group, a hemorrhagic stroke (HS) group,
and an HC group, using a comparative analysis, found that
the dominant phyla among all three groups were Bacteroide-
tes, Firmicutes, Proteobacteria, Fusobacteria, Actinobacteria, and
Tenericutes, comprising 58.53%, 25.60%, 8.77%, 5.99%, 0.33%,
and 0.58%, respectively in the IS group.’ In the HS group,
the percentages were 58.37%, 24.95%, 7.88%, 8.24%, 0.24%,
and 0.12%, and the HC group consisted of 64.63%, 26.73%,
5.33%, 3.02%, 0.17%, and 0.03%, respectively. The HS group
possessed significantly higher levels of Aropobium, Hungatella,
Eisenbergiella, Butyricimonas, Odoribacter, Lachnoclostridium,
Alistipes, Parabacteroides, and Fusobacterium in comparison to
the HC group.® Conversely, Ruminococcus and Coprococcus
were found to be more prevalent in the HC group vs. the HS
group.'’ All of the studies honing in on microbiome composi-
tion echo these papers’findings, with only minor discrepancies
which can be attributed to natural diversity.

Bacterial Metabolites:

While some studies focused on identifying the relative per-
centage makeup of subjects’ gut flora, others examined the
effects of certain metabolites produced by the microbiome,
the most well-known of which is trimethylamine N-oxide
(TMAQ), a compound released from the digestion of choline,
lecithin, and L-carnitine, among others, and commonly found
in dairy, eggs, fish, and meat.! According to a study discuss-
ing the proposed role of TMAOQ in stroke patients, once foods
rich in choline, lecithin, and L-carnitine are absorbed by the
gut, various enzymes, including choline trimethylamine-ly-
sase (CutC/D), YeaW/X, and carnitine oxygenase (CntA/B),
catalyze the compounds into trimethylamine (TMA)."" Once
in the liver, TMA is converted into TMAOQO by the liver’s fla-
vin-containing monooxygenase 3 enzyme (FMO)."' TMAO is
associated with increased platelet response to agonists, contrib-
uting to increased stroke risk and vascular stress.'> A study that
isolated platelet-rich plasma from healthy volunteers found an
association between TMAOQ and platelet hyperresponsiveness
through how TMAO releases Ca2+ from intracellular stores.'
When dormant, platelets keep a steady level of cytosolic cal-
cium when passing through undamaged vessels. However,
mobilization of the calcium occurs when a stimulus is present,
such as a site of vessel injury."? This mobilization is a precursor
to thrombus formation. To establish an association, they used
a calcium-sensitive dye to monitor Ca2+ levels before and af-
ter platelet activation, and found that physiological levels of
TMAO significantly increased stimulus-dependent calcium
release within 10 minutes of exposure when exposed to throm-
bin and adenosine diphosphate (ADP).*2

In sum, for the methodologies used in the studies, Men-
delian randomization, DNA sequencing, and case-control
studies were the most commonly utilized, with Mendelian
randomization being the most common method due to its in-
dependence from confounding factors. In terms of microbiome
composition and bacterial metabolites, elevated levels of Esch-
erichia, Enterobacteriaceae, Proteobacteria, and Lachnospiraceae
are present in experimental groups with hemorrhagic trans-

formation. These bacteria are associated with inflammation,
and some produce the TMAQO metabolite, which influences
platelet hyperreactivity.

B Conclusion

The current body of research surrounding the link between
the gut microbiome and occurrence of hemorrhagic stroke rely
on a few methods of data analysis, with the most prevalent be-
ing mendelian randomization, an approach involving random
genetic variants assigned at birth that can suggest causation,
and case-control studies, which are relatively quick and in-
expensive methods of collecting data, but lack the ability to
support causation. Additionally, the research underscores the
influence of the gut microbiome on cerebrovascular health, with
evidence increasingly pointing to specific bacterial phyla and
species such as Escherichia, Enterobacteriaceae, Proteobacteria,
and Lachnospiraceae as pro-inflammatory factors. Metabolites
of these bacteria may be at fault, with research suggesting that
gut-derived metabolites such as TMAQO may cause platelet hy-
perreactivity to stimuli, leading to increased vascular stress and
thrombosis. With all this in mind, future studies should prior-
itize strengthening the knowledge surrounding the gut-brain
axis, as certain pathways used by gut bacteria affecting the brain
are not completely understood. Clinically, this research could
provide a promising preventative measure for stroke through
diet modification, probiotics, or enzyme inhibition (ie, TMAO
synthesis reduction). Ultimately, understanding and manipu-
lating the gut-brain axis may offer novel therapeutic strategies
to mitigate the incidence and severity of hemorrhagic stroke.

m Acknowledgments

I would like to express my gratitude to Prof. Virgel Torre-
mocha of the University of Southeastern Philippines for his
invaluable guidance throughout this research project. I am also
thankful to Dr. Kate Wilwohl of the University of Mississippi
for her guidance in my research and for providing access to
research materials and databases that made this study possible.

B References

. Unnithan, A. K. A;; Mehta, P; Das, ]. M. Hemorrhagic Stroke. Na-
tional Library of Medicine. https://www.ncbi.nlm.nih.gov/books/
NBK559173/.

2. Parry-Jones, A. R.; Krishnamurthi, R.; Ziai, W. C.; Shoamanesh,
A.; Wy, S.; Martins, S. O.; Anderson, C. S. World Stroke Organi-
zation (WSO): Global Intracerebral Hemorrhage Factsheet 2025.
International Journal of Stroke 2025, 20 (2), 145-150. https://doi.
org/10.1177/17474930241307876.

3. Kamtchum-Tatuene, J.; Jickling, G. C. Blood Biomarkers for Stroke
Diagnosis and Management. NeuroMolecular Medicine 2019, 21 (4),
344-368. https://doi.org/10.1007/s12017-019-08530-0.

4. Zhao, S. S.; Mackie, S. L.; Zheng, ]. Why Clinicians Should Know
about Mendelian Randomization. Lara D. Veeken 2021, 60 (4),
1577-1579. https://doi.org/10.1093/rheumatology’/keab007.

5. Behjati, S.; Tarpey, P. S. What is Next Generation Sequencing? Ar-
chives of Disease in Childhood - Education & Practice Edition 2013, 98
(6),236-238. https://doi.org/10.1136/archdischild-2013-304340.

6. Lewallen, S.; Courtright, P. Epidemiology in Practice: Case-Con-
trol Studies. Community Eye Health 1998, 11 (28), 57.

[y

DOI: 10.36838/IJHSR813.76

79



ijhighschoolresearch.org

7.Roessner, U.; Bowne,]. What Is Metabolomics All About? BioTech-
nigues 2009, 46 (5), 363-365. https://doi.org/10.2144/000113133.

8. Lee, C. H.; Cook, S; Lee, J. S.; Han, B. Comparison of Two Me-
ta-Analysis Methods: Inverse-Variance-Weighted Average and
Weighted Sum of Z-Scores. Genomics & Informatics 2016, 14 (4),
173. https://doi.org/10.5808/g1.2016.14.4.173.

9. Huang, Q.; Wei, M; Feng, X.; Luo, Y.; Liu, Y.; Xia, ]. Hemorrhag-
ic Transformation in Patients with Large-Artery Atherosclerotic
Stroke Is Associated with the Gut Microbiota and Lipopolysac-
charide. Neural Regeneration Research 2023, 19 (7), 1532-1540.
https://doi.org/10.4103/1673-5374.385846.

10. Chen, Y.-Z.; Huang, Z.-Y.; Zhou, W.-W,; Li, Z.-Y,; Li, X.-P;
Chen, S.-S.; Ma, J.-K. Uncovering the Characteristics of the Gut
Microbiota in Patients with Ischemic Stroke and Hemorrhag-
ic Stroke. Scientific Reports 2024, 14 (1). https://doi.org/10.1038/
541598-024-62606-x.

11. Peh, A.; O’'Donnell, J. A.; Broughton, B. R. S.; Marques, F. Z. Gut
Microbiota and Their Metabolites in Stroke: A Double-Edged
Sword. Stroke 2022, 53 (5), 1788-1801. https://doi.org/10.1161/
strokeaha.121.036800.

12. Zhu, W.; Gregory, ]. C; Org, E.; Buffa, J. A.; Gupta, N.; Wang,
Z.; Li, L.; Fu, X.; Wu, Y.; Mehrabian, M.; Sartor, R. B.; Mclntyre,
T. M.; Silverstein, R. L.; Tang, W. H. W; DiDonato, J. A.; Brown,
J. M.; Lusis, A. J.; Hazen, S. L. Gut Microbial Metabolite TMAO
Enhances Platelet Hyperreactivity and Thrombosis Risk. Ce//2016,
165 (1), 111-124. https://doi.org/10.1016/j.cell.2016.02.011.

13. Lazzaro di Biase; Bonura, A.; Pasquale Maria Pecoraro; Simo-
na Paola Carbone; Vincenzo Di Lazzaro. Unlocking the Potential
of Stroke Blood Biomarkers: Early Diagnosis, Ischemic vs. Hae-
morrhagic Differentiation and Haemorrhagic Transformation
Risk: A Comprehensive Review. International Journal of Molecu-
lar Sciences 2023, 24 (14), 11545-11545. https://doi.org/10.3390/
1jms241411545.

14. Rizzatti, G.; Lopetuso, L. R.; Gibiino, G.; Binda, C.; Gas-
barrini, A. Proteobacteria: A Common Factor in Human
Diseases. BioMed Research International 2017, 2017, 1-7. https://
doi.org/10.1155/2017/9351507.

15. Pluta, R.; Januszewski, S.; Czuczwar, S. J. The Role of Gut Mi-
crobiota in an Ischemic Stroke. International Journal of Molecular
Sciences 2021, 22 (2), 915. https://doi.org/10.3390/ijms22020915.

16. Wang, Y.; Bing, H.; Jiang, C.; Wang, J.; Wang, X.; Xia, Z.; Chu,
Q. Gut Microbiota Dysbiosis and Neurological Function Recovery
after Intracerebral Hemorrhage: An Analysis of Clinical Samples.
Microbiology Spectrum 2024,12 (11). https://doi.org/10.1128/spec-
trum.01178-24.

17. Zhang, Y.; Yu, W,; Flynn, C.; Chang, W.; Zhang, L.; Wang, M.;
Zheng, W.; Li, P. Interplay between Gut Microbiota and NLRP3
Inflammasome in Intracerebral Hemorrhage. Nutrients 2022, 14
(24), 5251-5251. https://doi.org/10.3390/nu14245251.

18. Li, T; Sun, Q.; Feng, L.; Yan, D.; Wang, B.; Li, M.; Xiong, X.;
Ma, D.; Gao, Y. Uncovering the Characteristics of the Gut Micro-
biota in Patients with Acute Ischemic Stroke and Phlegm-Heat
Syndrome. PLOS ONE 2022, 17 (11), €0276598. https://doi.
org/10.1371/journal.pone.0276598.

19. Battaglini, D.; Pimentel-Coelho, P. M.; Robba, C.; dos Santos, C.
C.; Cruz, . F,; Pelosi, P.; Rocco, P. R. M. Gut Microbiota in Acute
Ischemic Stroke: From Pathophysiology to Therapeutic Implica-
tions. Frontiers in Neurology 2020, 11. https://doi.org/10.3389/
fneur.2020.00598.

20.Bao, Z.; Zhang, Z.; Zhou, G.; Zhang, A.; Shao, A.; Zhou, F. Novel
Mechanisms and Therapeutic Targets for Ischemic Stroke: A Fo-
cus on Gut Microbiota. Frontiers in Cellular Neuroscience 2022, 16.
https://doi.org/10.3389/fncel.2022.871720.

21. Banerjee, A.; Mohapatra, S.; McCullough, L. D. Stroke and the
Microbiome. Stroke (1970) 2024, 55 (3), 762-764. https://doi.
org/10.1161/strokeaha.123.044249.

22. Meng, C.; Deng, P; Miao, R.; Tang, H.; Li, Y.; Wang, J.; Wu,
J.; Wang, W,; Liu, S.; Xia, J.; Lu, Y. Gut Microbiome and Risk of
Ischaemic Stroke: A Comprehensive Mendelian Randomization
Study. European Journal of Preventive Cardiology 2023. https://do.
org/10.1093/eurjpc/zwad052.

23. Clottes, P;; Benech, N.; Chloé Dumot; Jarraud, S.; Vidal, H,;
Mechtouft, L. Gut Microbiota and Stroke: New Avenues to Im-
prove Prevention and Outcome. European journal of neurology 2023,
30 (11), 3595-3604. https://doi.org/10.1111/ene.15770.

24. Panther, E. J.; Dodd, W.; Clark, A.; Lucke-Wold, B. Gastrointes-
tinal Microbiome and Neurologic Injury. Biomedicines 2022, 10 (2),
500. https://doi.org/10.3390/biomedicines10020500.

25. He, P; Jiang, C.; Ni, J.; Zhang, X.; Wu, Z.; Chen, G.; Huang, ] ;
Dai, Z.; Ji, W,; Li, L.; Chen, K.; Shi, Y. Identifying Gut Microbi-
ota with High Specificity for Ischemic Stroke with Large Vessel
Occlusion. Scientific Reports 2024, 14 (1). https://doi.org/10.1038/
s41598-024-64819-6.

26.Zou, X.; Wang, L.; Xiao, L.; Wang, S.; Zhang, L. Gut Microbes in
Cerebrovascular Diseases: Gut Flora Imbalance, Potential Impact
Mechanisms and Promising Treatment Strategies. Frontiers in Im-
munology 2022, 13. https://doi.org/10.3389/fimmu.2022.975921.

27.Xu, H; Xu, Z.; Long, S.; Li, Z.; Jiang, J.; Zhou, Q.; Huang, X,;
W, X.; Wei, W,; Li, X. The Role of the Gut Microbiome and Its
Metabolites in Cerebrovascular Diseases. Frontiers in Microbiology
2023, 74. https://doi.org/10.3389/fmicb.2023.1097148.

28. Kawabata, S.; Masatoshi Takagaki; Nakamura, H.; Oki, H.; Dai-
suke Motooka; Nakamura, S.; Nishida, T.; Terada, E.; Nobuyuki
Izutsu; Takenaka, T.; Matsui, Y.; Yamada, S.; Asai, K.; Tateishi, A.;
Toru Umehara; Yano, Y.; Bamba, Y.; Matsumoto, K.; Toshihiro Ki-
shikawa; Okada, Y. Dysbiosis of Gut Microbiome Is Associated
with Rupture of Cerebral Aneurysms. Stroke 2022, 53 (3), 895—
903. https://doi.org/10.1161/strokeaha.121.034792.

29. Song, J.; Chen, W.; Ye, W. Stroke and the Risk of Gastrointes-
tinal Disorders: A Mendelian Randomization Study. Frontiers in
Neurology 2023, 14. https://doi.org/10.3389/fneur.2023.1131250.

30. Li, H.; Zhang, X.; Pan, D.; Liu, Y.; Yan, X; Tang, Y.; Tao, M;
Gong, L.; Zhang, T.; Woods, C. R.; Du, Y.; Gao, R.; Qin, H. Dys-
biosis Characteristics of Gut Microbiota in Cerebral Infarction
Patients. Translational Neuroscience 2020, 11 (1), 124-133. https://
doi.org/10.1515/tnsci-2020-0117.

31. Ma, C,; Zhang, W.; Mao, L.; Zhang, G.; Shen, Y.; Chang, H;
Xu, X,; Jin, H.; Li, Z.; Lu, H. Association of Gut Microbiome
with Risk of Intracranial Aneurysm: A Mendelian Randomiza-
tion Study. BMC Neurology 2023, 23 (1). https://doi.org/10.1186/
$12883-023-03288-2.

32. He, M.; Wang, W.; He, Q.; Dai, H.; Han, J.; Cui, W. Genetic
Causal Association between the Gut Microbiome and Intracranial
Aneurysm and Subarachnoid Hemorrhage: A Two-Sample Men-
delian Randomization Study. Neurology and Therapy 2023, 12 (5),
1695-1707. https://doi.org/10.1007/s40120-023-00525-1.

33.Benakis, C.; Liesz, A. The Gut-Brain Axis in Ischemic Stroke: Its
Relevance in Pathology and as a Therapeutic Target. Neurological
Research and Practice 2022, 4 (1). https://doi.org/10.1186/s42466-
022-00222-8.

® Author

Nihal Thakkar is a current junior in high school with a strong
interest in neuroscience and cardiovascular health. He hopes to
pursue a career in medicine and medical research and contin-
ues to explore research opportunities in health and disease.

80

DOI: 10.36838/IJHSR813.76



