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ABSTRACT

Background: Diabetes mellitus is a major risk factor for ischemic stroke and is often
undiagnosed until complications arise. Early identification of previously
unrecognized diabetes in stroke patients is essential for improving clinical outcomes
and preventing recurrence. Objective: To determine the frequency of newly
diagnosed diabetes mellitus in patients presenting with acute ischemic stroke.
Methodology: The study was a cross-sectional research undertaken in the
Department of Medicine, Lady Reading Hospital, Peshawar in July 22, 2024-January
22,2025. Non-probability consecutive sampling was used to enroll 150 patients with
the established acute ischemic stroke. Patients who had a history of diabetes were
not included. Fasting blood glucose levels and HbAlc levels were measured and
blood samples were collected. New diagnosis of diabetes mellitus was fasting plasma
glucose 126mg/dL or HbAlc 6.5%. Data analysis was done through the SPSS version
26. Results: The mean age of patients was 61.4 + 11.2 years, with 61.3% males and
38.7% females. Also, 46 (30.7) patients and 104 (69.3) patients were non-diabetic
and newly diagnosed with diabetes mellitus, respectively. Males and patients aged
260 years had a higher rate; but the relationships were not statistically significant.
Conclusion: Acute ischemic stroke patients with pre-existing diabetes mellitus is
found in a significant population. Regular examination of diabetes amongst stroke
patients is highly encouraged to enhance correct diagnosis, proper management, and
better clinical results

INTRODUCTION

Stroke is a significant global cause of morbidity and
mortality and is a significant determinant of health,
especially in developing nations (Pandian et al, 2020;
Owolabi et al., 2022; Aguirre et al., 2023). Ischemic stroke,
which is a form of stroke, is estimated to make up 70-85%
of all strokes, and is caused by a blood flow blockage to the
brain leading to the death of brain cells and loss of
neurological abilities (Barthels, 2020; Murphy, 2020;
Salaudeen, 2024). Stroke is the second cause of death and
a major cause of long term disability in the world globally
according to the world health organization, which poses a
huge burden on healthcare systems and economies (Feigin
etal, 2022; Khandelwal and Gupta, 2023).

Diabetes mellitus is known to be a high-risk factor
predisposing ischemic stroke and it is linked to a worse
prognosis (Maida et al., 2022; Mosenzon et al,, 2023). It is
a chronic metabolic condition when insulin secretion, or
insulin action or both are defective and cause the
persistent hyperglycemia (Jadon et al., 2024). Diabetes
worldwide has increased tremendously in the recent
decades. According to the International Diabetes
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Federation estimates, hundreds of millions of adults are
living with diabetes now, and a large fractions of these
adults have not been diagnosed with this illness, including
in the developing world, like Pakistan(Ogurtsova et al.,
2022). The population not diagnosed is at a high risk of
contracting complications, such as cardiovascular and
cerebrovascular illnesses.

There are complex and multifactorial links between
diabetes and ischemic stroke (Zhao et al., 2024; Wolf et al,,
2022; Sacco et al,, 2024). Chronic hyperglycemia causes
endothelial dysfunction, oxidative stress, inflammation,
and accelerated atherosclerosis and contributes to
vascular damage and vulnerability to ischemic events
(Gonzzaetal, 2023; An etal., 2023; Janjusevic et al.,, 2022).
Research, like that of the Emerging Risk Factors
Collaboration, has shown that diabetic persons are about
twice as likely to suffer ischemic stroke compared to non-
diabetic persons(Kvitkina et al, 2023). Moreover,
hyperglycemia during stroke has been revealed to
exacerbate results by enhancing the size of infarcts,
facilitating blood-brain barrier injury, and affecting
reperfusion (Ferrari et al., 2022).
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The most relevant but less frequently addressed one is
the occurrence of an undiagnosed diabetes in the patients
submitted with an acute ischemic stroke (Johansen, 2023;
Saceleanu et al., 2023). A significant portion of the people
are not symptomatic until the later stages of diabetes and
are only identified at the stage when they become
comorbid (Mekala & Bertoni, 2020). An acute disease, like
stroke, can reveal previously undiagnosed hyperglycemia,
in which case it is considered a form of undiagnosed
diabetes or in which case it is stress-related hyperglycemia
(Yao et al., 2023). According to a study by Lindsberg and
Roine, a high percentage of patients with stroke who has
never experienced diabetes prior to the stroke have higher
glucose levels in their blood at admission, and this can
indicate underlying disturbances in the metabolism (Yoon
etal,, 2021).

Learning about new cases of diabetes in stroke
patients early is very important because of a number of
reasons (Maida et al., 2022). To begin with, it enables quick
glycemic regulation, which could enhance neurological
outcome and decrease the likelihood of complications.
Secondly, it gives a chance of the secondary prevention
plans such as lifestyle alteration and pharmacological
solutions, which can diminish recurrent stroke risks (Liu
et al, 2024). Guidelines The American Diabetes
Association suggests screening diabetic hyperglycemic
patients in hospitals regularly, especially in those suffering
cardiovascular incidents, to facilitate a prompt diagnosis
and treatment (Dhatariya & Umpierrez, 2024).

Unlike in the West, where the consequences of non-
communicable pathologies are becoming more
widespread in the world, in Pakistan, the burden of both
stroke and diabetes is rapidly growing due to urbanization,
sedentary lifestyle, and change in diet (Feigin et al.,, 2022;
Mekala & Bertoni, 2020). Nonetheless, scanty local
statistics is available about the incidence of newly
diagnosed diabetes among patients with acute ischemic
stroke. The available studies are mainly done in developed
countries and their results may not be directly applicable
to the local population since they differ in genetics, access
to health care and risk factor profile. Thus, to gain a deeper
insight into the scale of the issue and shape clinical
practice, it is vital to create region-specific data since in
low- and middle-income areas, the cause and
consequences of stroke and diabetes are increasing at an
increased pace (Pandian et al., 2020; Kvitkina et al., 2023).

The given research will establish the prevalence of
newly-diagnosed DM in patients with acute ischemic
stroke in a tertiary care facility in Peshawar. This study
aims to indicate the need to screen patients regularly and
at the earliest opportunity, to facilitate the management of
patients with little to no knowledge about diabetes and to
lessen the impact of complications caused by stroke.

METHODOLOGY

This cross-sectional study in a hospital was carried out in
the Department of Medicine, Lady Reading Hospital,
Peshawar, between January 22, 2024 and July 22, 2025.
The objective of the study was to ascertain the rate of
newly diagnosed diabetes mellitus among patients with
acute ischemic stroke presenting. A non-probability
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consecutive sampling method was used to include a total
of patients who were admitted and had a clinical and
radiological diagnosis of acute ischemic stroke. Both male
and female patients aged 18 years or older were recruited
with the exclusion of patients with a known history of
diabetes mellitus, hemorrhagic stroke or transient
ischemic attacks and severe comorbid conditions.

Upon informed consent, the detailed demographic and
clinical information was documented with the help of a
structured pro forma. The clinical evaluation and
neuroimaging test was done, including CT scan or MR], as
a means of diagnosing the acute ischemic stroke. All the
included patients had blood taken to test the level of
fasting blood glucose and HbAlc. The newly diagnosed
diabetes mellitus criteria were based on normal diagnostic
criteria (fasting plasma glucose 126 mg/dL or of HbAlc
6.5% or higher) in patients who never had diabetes.

All the data collected were analyzed and fed into the
Statistical Package for Social Sciences (SPSS) version 26.
Quantitative variables (like age and blood glucose) were
expressed with mean and standard deviation where as
qualitative variables (like gender and frequency of recent
diagnosis of diabetes mellitus) were presented in terms of
frequencies and percentages. Stratification was
undertaken to correct modifying effects like age, and sex. It
used post-stratification chi -square test and a p-value of
0.05 was declared significant statistically.

RESULTS

In this study, 150 patients with acute ischemic stroke were
used. The average age of the patients was 61.4/11.2 =61.4
years; the patients were between 38 and 85 years old.
Among the participants, 92 (61.3%) were male and 58
(38.7%) were female.

Amongst the entire patients, 46 (30.7) were newly
diagnosed with diabetes mellitus through the levels of
fasting blood glucose and HbA1lc and 104 (69.3) had no
traces of diabetes.

Stratification of diabetics newly diagnosed with
diabetes mellitus with respect to gender revealed that
30(32.6) males and 16(27.6) females were newly
diagnosed diabetics. But this was not found to be
statistically significant (p = 0.48).

Likewise, stratification by age showed that patients
with newly diagnosed diabetes mellitus were more
common in patients who weighed 60 years and older than
younger (p = 0.09).

Table 1
Demographic Characteristics of Patients (n = 150)

Variable Frequency (n) Percentage (%)
Age (years)
<60 64 42.7%
260 86 57.3%
Gender
Male 92 61.3%
Female 58 38.7%
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Demographic Characteristics of Patients (n =
150)
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30.00%
10.00%
Gender Male Female

e Percentage (%)

Table 2

Frequency of Newly Diagnosed Diabetes Mellitus (n = 150)
Diabetes Status Frequency (n) Percentage (%)
Newly Diagnosed Diabetes 46 30.7%
Non-Diabetic 104 69.3%

Frequency of Newly Diagnosed Diabetes
Mellitus (n = 150)

120 80.00%
100
60.009
80 %
60 40.00%
40
20.009
20 %
0 0.00%
Newly Diagnosed Non-Diabetic
Diabetes
I Frequency (n) === Percentage (%)
Table 3

Stratification of Newly Diagnosed Diabetes with Respect to
Gender

Newly Diagnosed Non-Diabetic -
Gender DM (n) (n) Total value
Male 30 62 92
Female 16 42 58 0.48

Stratification of Newly Diagnosed Diabetes
with Respect to Gender

p-value

Total |
Non-Diabetic (n) | —
Newly Diagnosed DM (n) |
0 20 40 60 80 100

B Female ®Male

Table 4
Stratification of Newly Diagnosed Diabetes with Respect to
Age
Age Newly Diagnosed Non-Diabetic  Total p-
Group DM (n) (n) value
<60 | 16 48 64
260 30 56 86 0.09
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Stratification of Newly Diagnosed Diabetes
with Respect to Age

p-value

Total

Non-Diabetic (n)

Newly Diagnosed DM (n)
0 20 40 60 80 100

E>60 m<60

Generally, the results suggest that almost 1/3 of patients
affected by acute ischemic stroke had a pre-diagnosis of
diabetes mellitus, and thus regular screening is critical
among patients.

DISCUSSION

The current research was a cross-sectional investigation
describing how common the newly diagnosed diabetes
mellitus is among the patients that report acute ischemic
stroke at a tertiary care hospital in Peshawar. The results
showed that 30.7% of patients have never received a
diagnosis of diabetes mellitus and highlighted the high cost
of occult hyperglycemia in stroke patients (Ogurtsova et al.,
2022; Mekala & Bertani, 2020). This leads to the urgent
necessity of regular glycemic screening of every patient
who present with acute ischemic stroke (Sacco et al.,, 2024;
Dhatariya and Umpierrez, 2024).

The frequency observed in this study is in line with the
previous findings of international and regional studies.
Indicatively, a study conducted by Zhang et al. (2023)
showed that about 2535 per cent of patients experiencing
acute stroke had undiagnosed diabetes or unknown
hyperglycemia during hospitalization. On the same note,
acute ischemic stroke is linked to stress hyperglycemia and
undiagnosed diabetes, which is related to poor clinical
outcomes, such as high mortality and poor functional
outcome (Ferrari et al., 2022; Yao et al,, 2023; Yoon et al,,
2021).

A potential driving force behind the high incidence of
newly diagnosed diabetes in stroke patients is the strong
pathophysiological  relationship  between  chronic
hyperglycemia and damage to the vascular These
sustained high glucose levels are associated with the
dysfunction of endothelial layers, rapid atherosclerosis,
and elevated inflammatory reactions, which predisposes
people to the occurrence of cerebrovascular injuries (An et
al, 2023; Gonzilez et al, 2023; Maida et al., 2022).
Additionally, insulin resistance and impaired glucose
metabolism could be masked and need years to be
diagnosed and then be complicated by developing stroke
(Mosenzon et al., 2023).

In the present study, the percentage of newly
diagnosed diabetes was higher in male patients (32.6%)
than in females (27.6) although no significant difference
was found (p = 0.48). This observation is in line with the
literature indicating sex-based variations in metabolic
risks profiles and cerebrovascular susceptibility (Wolf et
al,, 2022; Zhao et al,, 2024).

Page | 1338

Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.



Frequency of Newly Diagnosed Diabetes Mellitus in Acute Ischemic Stroke Patients

Hashim, M. et al.,

The stratification in terms of age showed that patients
aged 60 years and above had more often a freshly
diagnosed diabetes than younger patients aged under 60
years but this was also not significantly different (p = 0.09).
This tendency is backed by the international data of the
growing prevalence of diabetes by advanced age as a result
of gradual 2D-cell dysfunction of the pancreas and the
growth of insulin resistance (Mekala & Bertoni, 2020;
Ogurtsova et al.,, 2022).

The findings of this study have important clinical
implications. The diagnosis of hitherto unacknowledged
diabetes in stroke patients enables an early glycemic
control situation, which can contribute to better
neurological outcomes and lessen the chances of
experiencing another stroke (Sacco et al., 2024; Janjusevic
et al,, 2022). Glycemic monitoring and control is a critical
aspect of acute stroke (Dhatariya and Umpierrez, 2024;
Ferrari et al., 2022).

However, this study has certain limitations. The
research is a single center study with a very small sample
size, so the conclusions might not be applicable to the
general population. Besides, hyperglycemia when stressed
by acute illness might also have resulted in an
overdiagnosis of newly diagnosed diabetes among some
patients (Yao etal., 2023; Ferrari et al., 2022). These results
need to be confirmed by future multicenter studies with
large samples and extended follow-ups to further

REFERENCES

1. Pandian,]. D, Kalkonde, Y., Sebastian, I. A, Felix, C.,
Urimubenshi, G., & Bosch, J. (2020). Stroke systems of care in
low-income and middle-income countries: Challenges and
opportunities. The Lancet, 396(10260), 1443-1451.
https://doi.org/10.1016/s0140-6736(20)31374-x

2.  Owolabi, M. 0., Thrift, A. G., Mahal, A., Ishida, M., Martins, S.,
Johnson, W. D,, .. & Shobhana, A. (2022). Primary stroke
prevention worldwide: translating evidence into action. The
Lancet Public Health, 7(1), e74-e85.
https://www.thelancet.com/journals/lanpub/article /PIIS2
468-2667(21)00230-9 /fulltext

3. Aguirre,A.0, Rogers,].L, Reardon, T, Shlobin, N. A,
Ballatori, A. M., Brown, N.]., Gendreau, ]., & Shahrestani, S.
(2023). Stroke management and outcomes in low-income
and lower-middle-income countries: A meta-analysis of
8535 patients. Journal of Neurosurgery, 139(4), 1042-1051.
https://doi.org/10.3171/2023.2.jns222807

4. Salaudeen, M. A,, Bello, N., Danraka, R. N.,, & Ammani, M. L.
(2024). Understanding the pathophysiology of ischemic
stroke: The basis of current therapies and opportunity for
new ones. Biomolecules, 14(3), 305.
https://doi.org/10.3390/biom14030305

5. Murphy,S.]., & Werring, D.]. (2020). Stroke: Causes and
clinical features. Medicine, 48(9), 561-566.
https://doi.org/10.1016/j.mpmed.2020.06.002

6. Barthels, D, & Das, H. (2020). Current advances in ischemic
stroke research and therapies. Biochimica et Biophysica Acta
(BBA) - Molecular Basis of Disease, 1866(4), 165260.
https://doi.org/10.1016/j.bbadis.2018.09.012

7. Feigin, V. L,, Brainin, M., Norrving, B., Martins, S., Sacco, R. L.,
Hacke, W, Fisher, M., Pandian, ]., & Lindsay, P. (2022). World
stroke organization (WSO0): Global stroke fact sheet
2022. International Journal of Stroke, 17(1), 18-29.
https://doi.org/10.1177/17474930211065917

conjecture on the correlation between undiagnosed
diabetes and stroke outcomes.

Finally, it is concluded that a large share of the patients
of acute ischemic stroke miss the presence of diabetes
mellitus previously. To guarantee an early diagnosis and a
better patient outcome, regular screening with fasting
blood glucose and HbAlc ought to be a part of a stroke
management protocol as they help in timely managing the
condition.

CONCLUSION

To sum up, the given study proves that a significant
percentage of patients with the diagnosis of acute ischemic
stroke had undiagnosed diabetes mellitus. The frequent
occurrence indicates the quietness of diabetes and its
enormous impact on the cerebrovascular disease. Fasting
blood glucose and HbAlc levels screening of all stroke
patients should be on a routine agenda to detect early and
manage them. It is important not only to identify
undiagnosed diabetes at the time of stroke and optimize
acute care but is also significant to prevent recurrence of
vascular events and to improve long-term outcomes. The
results of the research highlights the necessity of diabetes
screening programs being incorporated into regular stroke
management routine, especially in those areas of the world
with limited resources such as Pakistan where the
prevalence of both diseases is growing at a high rate.

8. Khandelwal, B., & Gupta, C. (2023). Leading causes of death
and disability among the global aging community. The
Ageing Population, 37-54.
https://doi.org/10.1007/978-981-99-5772-9 2

9. Maida, C.D.,, Daidone, M, Pacinella, G, Norrito, R. L.,
Pinto, A., & Tuttolomondo, A. (2022). Diabetes and ischemic
stroke: An old and new relationship an overview of the close
interaction between these diseases. International Journal of
Molecular Sciences, 23(4), 2397.
https://doi.org/10.3390/ijms23042397

10. Mosenzon, 0., Cheng, A.Y.,, Rabinstein, A. A, & Sacco, S.
(2023). Diabetes and stroke: What are the
connections? Journal of Stroke, 25(1), 26-38.
https://doi.org/10.5853/j0s.2022.02306

11. Ogurtsova, K., Guariguata, L., Barengo, N.C, Ruiz P. L,
Sacre, ]. W, Karuranga, S., Sun, H., Boyko, E. ], &
Magliano, D.]. (2022). IDF diabetes atlas: Global estimates of
undiagnosed diabetes in adults for 2021. Diabetes Research
and Clinical Practice, 183, 109118.
https://doi.org/10.1016/j.diabres.2021.109118

12. Zhao, M., Dong, Y., Chen, L., & Shen, H. (2024). Influencing
factors of stroke in patients with type 2 diabetes: A
systematic review and meta-analysis. PLOS ONE, 19(6),
e0305954.
https://doi.org/10.1371 /journal.pone.0305954

13. Wolf,V,, Abdul, Y, Li, W, & Ergul, A. (2022). Impact of
diabetes and ischemic stroke on the cerebrovasculature: A
female perspective. Neurobiology of Disease, 167, 105667.
https://doi.org/10.1016/j.nbd.2022.105667

14. Sacco, S., Foschi, M. Ornello, R, De Santis, F, Pofi, R, &
Romoli, M. (2024). Prevention and treatment of ischaemic
and haemorrhagic stroke in people with diabetes mellitus: A
focus on glucose control and
comorbidities. Diabetologia, 67(7), 1192-1205.
https://doi.org/10.1007/s00125-024-06146-z

Page | 1339

Copyright © 2025. IJBR Published by Indus Publishers

IJBR Vol.3 Issue.4 2025 @@@ ©
CEEMEN This work is licensed under a Creative Commons Attribution 4.0 International License.



https://doi.org/10.1016/s0140-6736(20)31374-x
https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(21)00230-9/fulltext
https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(21)00230-9/fulltext
https://doi.org/10.3171/2023.2.jns222807
https://doi.org/10.3390/biom14030305
https://doi.org/10.1016/j.mpmed.2020.06.002
https://doi.org/10.1016/j.bbadis.2018.09.012
https://doi.org/10.1177/17474930211065917
https://doi.org/10.1007/978-981-99-5772-9_2
https://doi.org/10.3390/ijms23042397
https://doi.org/10.5853/jos.2022.02306
https://doi.org/10.1016/j.diabres.2021.109118
https://doi.org/10.1371/journal.pone.0305954
https://doi.org/10.1016/j.nbd.2022.105667
https://doi.org/10.1007/s00125-024-06146-z

Hashim, M. et al,,

15.
16.
17.
18.

19.
20.

21.

IJBR Vol.3 Issue.4 2025

Frequency of Newly Diagnosed Diabetes Mellitus in Acute Ischemic Stroke Patients

Gonzalez, P, Lozano,P, Ros,G, & Solano,F. (2023).
Hyperglycemia and oxidative stress: An integral, updated
and critical overview of their metabolic
interconnections. International ~ Journal of Molecular
Sciences, 24(11), 9352.
https://doi.org/10.3390/ijms24119352

An, Y, Xu, B,, Wan, S, Ma, X, Long, Y, Xu, Y, & Jiang, Z. (2023).
The role of oxidative stress in diabetes mellitus-induced
vascular endothelial dysfunction. Cardiovascular
Diabetology, 22(1).
https://doi.org/10.1186/s12933-023-01965-7

Janjusevic, M., Fluca, A. L., Gagno, G., Pierri, A, Padoan, L.,
Sorrentino, A, Beltrami, A. P, Sinagra, G, & Aleksova, A.
(2022). Old and novel therapeutic approaches in the
management of hyperglycemia, an important risk factor for
atherosclerosis. International ~ Journal — of  Molecular
Sciences, 23(4), 2336.
https://doi.org/10.3390/ijms23042336

Kvitkina, T, Narres, M., Claessen, H., Metzendorf, M.,
Richter, B., & Icks, A. (2023). Incidence of stroke in people
with diabetes compared to those without diabetes: A
systematic review. Experimental and Clinical Endocrinology
& Diabetes, 131(09), 476-490.
https://doi.org/10.1055/a-2106-4732

Villa, R,, Ferrari, F, & Moretti, A. (2022). Hyperglycemia in
acute ischemic stroke: Physiopathological and therapeutic
complexity. Neural Regeneration Research, 17(2), 292.
https://doi.org/10.4103/1673-5374.317959

Johansen, M. C. (2023). The future of ischemic stroke
diagnosis and a review of underrecognized ischemic stroke
etiologies. Neurotherapeutics, 20(3), 613-623.
https://doi.org/10.1007/s13311-023-01383-3

Saceleanu, V. M., Toader, C,, Ples, H, Covache-Busuioc, R,,
Costin, H. P, Bratu, B, Dumitrascu, D., Bordeianu, A,
Corlatescu, A.D., & Ciurea, A.V. (2023). Integrative
approaches in acute ischemic stroke: From symptom

Cloe

BY NC SA

22.

23.

24.

25.

26.

27.

recognition to future
2617.
https://doi.org/10.3390/biomedicines11102617

Mekala, K. C, & Bertoni, A. G. (2020). Epidemiology of
diabetes mellitus. In Transplantation, bioengineering, and
regeneration of the endocrine pancreas (pp. 49-58).
Academic Press.

Yao, M., Hao, Y., Wang, T,, Xie, M., Li, H,, Feng, ]., Feng, L., &
Ma, D. (2023). A review of stress-induced hyperglycaemia in
the context of acute ischaemic stroke: Definition, underlying
mechanisms, and the status of insulin therapy. Frontiers in
Neurology, 14.
https://doi.org/10.3389/fneur.2023.1149671

Yoon, ]. A, Shin,Y, Kim,D.Y, Sohn, M.K., Lee,]. Lee,S,
Lee, Y, Han, E. Y, Joo, M. C,, Oh, G., Park, M., Chang, W. H., &
Kim, Y. (2021). Post-stroke hyperglycemia in non-diabetic
ischemic stroke is related with worse functional outcome: A
cohort study. Annals of Rehabilitation Medicine, 45(5), 359-
367.

https://doi.org/10.5535/arm.21124

Liu, H., Zhao, Y,, Qiao, L., Yang, C,, Yang, Y., Zhang, T, Wu, Q., &
Han, ]. (2024). Consistency between self-reported disease
diagnosis and clinical assessment and under-reporting for
chronic conditions: Data from a community-based study in
Xi'an, China. Frontiers in Public Health, 12.
https://doi.org/10.3389 /fpubh.2024.1296939

Dhatariya, K., & Umpierrez, G. E. (2024). Management of
diabetes and hyperglycemia in hospitalized
patients. Endotext [Internet].
https://www.ncbi.nlm.nih.gov/sites /books/NBK279093
Zhang, H,, Yue, K,, Jiang, Z., Wy, X,, Li, X,, Luo, P, & Jiang, X.
(2023). Incidence of stress-induced hyperglycemia in acute
ischemic stroke: A systematic review and meta-
analysis. Brain Sciences, 13(4), 556.
https://doi.org/10.3390/brainsci13040556

innovations. Biomedicines, 11(10),

Page | 1340

Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.3390/ijms24119352
https://doi.org/10.1186/s12933-023-01965-7
https://doi.org/10.3390/ijms23042336
https://doi.org/10.1055/a-2106-4732
https://doi.org/10.4103/1673-5374.317959
https://doi.org/10.1007/s13311-023-01383-3
https://doi.org/10.3390/biomedicines11102617
https://doi.org/10.3389/fneur.2023.1149671
https://doi.org/10.5535/arm.21124
https://doi.org/10.3389/fpubh.2024.1296939
https://www.ncbi.nlm.nih.gov/sites/books/NBK279093/
https://doi.org/10.3390/brainsci13040556

