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KEYWORDS ABSTRACT

Brain Injury, Glial Fibrillary Traumatic brain injury (TBI) is a leading cause of morbidity and mortality

Acidic Protein, Neuron Specific worldwide, with clinical outcomes varying significantly among individuals

Enolase Serum, Phosphorylated depending on the severity and type of brain insult. Factors such as age,

Neurofilament Heavy Chain, injury severity, mechanism of injury, abnormalities on computed

Apolipoprotein E tomography (CT) imaging, hypoxia, hypotension, and pupillary reflexes
significantly influence TBI outcomes. This study investigates the critical
roles of biomarkers such as Apolipoprotein E (APOE), Glial Fibrillary
Acidic Protein (GFAP), Phosphorylated Neurofilament Heavy Chain
(pNFH), and Neuron Specific Enolase (NSE) in the pathogenesis and
recovery processes following TBI. A literature review of articles from
databases including Google Scholar, ResearchGate, PubMed, and
ScienceDirect indicates that these biomarkers are associated with distinct
aspects of TBI, encompassing cognitive dysfunction, injury mechanisms,
neurodegenerative changes, and reparative pathways. GFAP is recognized
as a marker for astroglial injury, pNFH for axonal injury, and NSE for
neuronal injury. The findings suggest that these biomarkers have
significant potential in the monitoring of TBI and may contribute to the
development of personalized therapeutic strategies based on individual
genetic profiles. This study underscores the importance of elucidating the
genetic and molecular underpinnings of TBI to optimize patient
management and improve recovery outcomes. Future research in this
domain may facilitate the creation of tailored therapeutic interventions,
ultimately enhancing patient care and overall recovery.
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INTRODUCTION

Head injury is one of the leading causes of morbidity and mortality worldwide. According to data
from the World Health Organization (WHO), head injuries account for a significant proportion of all
traumatic injuries, with long-term impacts that can affect an individual’s quality of life (WHO, 2021).
Head injuries can result from various factors, including traffic accidents, falls, violence, and sports. The
consequences range from mild injuries, such as concussions, to severe injuries, which can cause
permanent brain damage or even death (Sutawan et al., 2021). Based on the morphology of the injury,
head injuries are divided into two types: closed head injuries and open head injuries. Closed head
injuries occur when the head experiences trauma without an open wound, while open head injuries
involve damage to the scalp and underlying tissues. Closed head injuries are often more difficult to
diagnose, as symptoms may not appear immediately and can develop over time (Gadberry, 2021).

Head injuries, which encompass a range of conditions from mild concussions to severe trauma,
present a complex medical challenge with significant impacts on individuals and health systems. The
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classification and assessment of head injuries, using methods such as the Glasgow Coma Scale,
highlight the diversity in severity and outcomes. The pathogenesis of head injury involves both primary
and secondary brain damage, requiring a comprehensive understanding of biological responses after
trauma (Dash & Chavali, 2018). One of the main challenges in managing head injuries is the variability
in individual responses to injury. Some patients may recover fully, while others experience long-term
complications, such as cognitive impairment, behavioral changes, and emotional problems. Therefore,
understanding the biological factors that contribute to head injury outcomes is crucial (Sutawan et al.,
2021).

One genetic factor that has been extensively studied is the apolipoprotein E (APOE) gene,
particularly the E4 allele (APOE4). This genetic variation, characterized by the rs429358 and rs7412
polymorphisms, has been identified as a risk factor for various neurological conditions, including
Alzheimer’s disease and traumatic brain injury (TBI). Studies show that individuals with the APOE4
allele may have different inflammatory responses and increased susceptibility to brain injury, which
can affect prognosis and recovery (Huang et al., 2017; Safieh et al., 2019). In addition to genetic factors,
serum biomarkers such as glial fibrillary acidic protein (GFAP), phosphorylated neurofilament heavy
chain (pNfH), and neuron specific enolase (NSE), which can be identified through blood or other body
fluids, offer great potential in detecting, assessing, and monitoring brain injury. GFAP, a major
structural protein in glial cells, has been shown to increase significantly after brain injury, reflecting
neural tissue damage (Papa et al., 2016). Similarly, pNfH and NSE also function as biomarkers
indicating neuronal damage and can provide prognostic information about clinical outcomes (Zetterberg
et al., 2016).

Previous research has emphasized the importance of genetic and biomarker factors in predicting
and understanding the outcomes of head injuries. For instance, Huang et al. (2017) identified the
apolipoprotein E (APOE4) allele as a significant genetic factor influencing the inflammatory response
and susceptibility to brain injury, thereby affecting recovery. Additionally, studies by Papa et al. (2016)
and Zetterberg et al. (2016) demonstrated that biomarkers such as GFAP, pNfH, and NSE provide
valuable information regarding the severity of brain damage, aiding in the prognosis of head injury
patients. However, these studies focused primarily on one or two biomarkers or genetic factors, without
an integrated view of the combined impact of genetics and biomarkers on brain injury outcomes.

The aim of this literature review is to examine the role of the APOE4 gene (rs429358 and rs7412),
GFAP, pNfH, and NSE serum levels in the context of head injury outcomes. This article delves deeper
into the classification, pathophysiological mechanisms, genetic roles, and significance of biomarkers in
addressing the complexity of head injuries, with the goal of improving diagnostic, management, and
rehabilitation approaches. By analyzing studies published between 2015 and 2025, it is hoped that a
better understanding of the complex relationship between genetic factors and biomarkers in determining
head injury outcomes can be achieved, leading to the development of more effective diagnostic and
therapeutic strategies for patients with head injuries.

METHOD

This study utilized a literature review design to determine the role of the apolipoprotein E4
(APOE4) gene alleles 15429358 and rs7412, glial fibrillary acidic protein (GFAP) levels,
phosphorylated neurofilament heavy chain (pNfH), and neuron specific enolase (NSE) serum
concentrations in relation to head injury outcomes. The literature analyzed comprised scientific journals
published in the last ten years, with article searches conducted using relevant keywords on databases
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such as Google Scholar, ResearchGate, PubMed, and ScienceDirect. Articles that met the inclusion
criteria were selected for analysis, and the results were presented in a table to facilitate comparison.

Data collection focused on articles that were relevant to the study’s objectives and fulfilled the
inclusion criteria, specifically those examining the relationship between the identified genetic and
biomarker factors and traumatic brain injury (TBI) outcomes. The data analysis technique involved a
qualitative synthesis of the selected literature, where key findings were compared and analyzed to assess
the correlation between genetic factors, biomarkers, and TBI outcomes. The results were then
summarized and presented in a tabular format for clarity.

The population in this research consisted of various studies on TBI, including clinical trials,
observational studies, and biomarker analysis studies. The sampling method was purposive, selecting
only those studies that specifically focused on the relationship between the identified biomarkers and
genetic factors with TBI outcomes. This approach allowed for a comprehensive evaluation of the
existing evidence regarding the prognostic value of APOE4, GFAP, pNfH, and NSE in the context of
traumatic brain injury.

RESULT AND DISCUSSION

Table 1. Summary of the APOE Study

Studies Population Findings

(Giarratana et al., 1,132 patients The ApoEe4 allele provides a small risk of poor

2020c) with traumatic outcomes after TBI. Analysis based on TBI severity
brain injury (TBI)  could not be performed due to limited data.

(Washington & Mouse model with ApoE4 mice were twice as likely to die or have a

Burns, 2016) closed head injury  higher neurological severity score compared to ApoE3

mice after a head injury.
(Reuter-Rice et al.,, 118 children with APOE polymorphisms are associated with cerebral
2018a) moderate to vasospasm and poor outcomes in children with TBI.
severe TBI There is a significant inverse comparison between
pNF-H and GCS

Source: author
APOE is produced in the brain that has neurotrophic (membrane repair and neuroplasticity) and
neuroprotective (antioxidant and anti-inflammatory) effects (Reuter-Rice et al., 2018b). The presence
of the ApoE4 allele is often associated with poorer outcomes after head injury. Although the exact
mechanism is still being researched, some studies suggest that ApoE4 may affect the brain's recovery
process and increase susceptibility to neurological damage.

Table 2. Summary of the GFAP Study

Study Population GFAP sample Up to peak Duration of increased
collection time GFAP GFAP levels

(Papa et al., . Within 1 hour 20 hours post- Detected up to 7 days

2016) >84 patients after injury injury

with mild to
moderate TBI

(Leietal., 2015) 67 patients with Upon entry and Not reported 6 days
severe TBI every day for the
first 5 days
(Huebschmann 50 patients with Within 4 hours Not reported Serum and plasma
et al., 2020) mild to after injury GFAP levels were
moderate TBI higher in patients with
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Study Population GFAP sample Up to peak Duration of increased
collection time GFAP GFAP levels

unfavorable outcomes,

indicating the potential

of GFAP as a biomarker
for predicting post-TBI

outcomes.
(McMahon et 108 patients Within 24 hours Not reported GFAP levels are
al., 2015) with mild to after injury elevated in patients with
severe TBI TBI, with higher levels
associated with poorer

outcomes.
(Mathew et al., 40 patients with Not reported Not reported GFAP  levels were
2024) mild TBI, 40 higher in patients with
with severe TBI, severe TBI compared to
and 40 healthy healthy controls,
controls suggesting the potential

for  GFAP as a
biomarker for TBI
diagnosis and prognosis.

Source: author

Several studies have examined GFAP as a marker to determine the diagnosis and prognosis of
head injuries. The use of GFAP as a diagnostic test is based on its ability to distinguish patients with
brain injury from those without brain injury. Thus, its diagnostic function is highly dependent on the
time of detection of GFAP in various forms of brain injury. Some studies examining GFAP in head
injuries based on their release time are relatively few. (Hossain et al., 2024).

In table 2, several studies examining GFAP can be concluded that GFAP levels increase
immediately after traumatic brain injury, peak within a few hours to days, and remain detected for
several post-injury days. Higher levels of GFAP are often associated with greater injury severity and
poorer clinical outcomes, demonstrating its potential as a biomarker for TBI diagnosis and prognosis
(Hier et al., 2021).

Neuron-specific enolase is associated with glucose metabolism in acute head injuries, where NSE
plays a role in the ninth chain of the glycolysis process. Animal studies have found that glucose use
increases sharply 30 minutes after secondary head injury, and after that glucose uptake decreases for 5-
10 days. The increased activity of various membrane pumps to restore ion balance leads to increased
glucose consumption. This likely explains that the increase in NSE occurs indirectly at the time of
primary head injury, since at the beginning of the head injury, the process of glycolysis is still ongoing
(L. Zhang et al., 2023).

The serum concentration of NSE increases in the first 12 hours after a head injury and decreases
within a few hours or days. Patients with increased secondary NSE showed worse outcomes. In patients
with moderate and severe head injuries, serum NSE levels can increase significantly and are at risk of
adverse neurological effects up to mortality (Ghaith et al., 2022)

Studies assessing NSE levels in cerebrospinal fluid in patients with moderate head injuries are
still few. In addition, because NSE biomarkers are at high risk of hemolysis, they are significantly
limited to being used as potential serum biomarkers. NSE is also detected in erythrocytes and endocrine
cells, so it has the potential to interfere with NSE levels due to actual head injuries (H. J. Kim et al.,
2018).
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Table 3. Clinical Findings of pNF-H in Head Injuries

Study Injury Findings
(Young et al., 2016) Pediatric TBI Serum pNF-H levels were significantly increased
during DAI on initial CT

The pNF-H rate increases on days 2-4 at GOS=1
The comparison of serum pNF-H levels on days 2-6
and day 1 differed significantly between GOS=1 and

GOS>1
(Siedler et al., 2014) DAI and focal Medianserum pNF-H was higher in DAI than in focal
TBI TBI for 1-10 days after admission
(Ljungqvist et al., 2017)  Mild TBI Serum pNF-H levels were higher and significantly

higher than controls on days 1-3

Higher and significant in mild CT+TBI

There is a significant inverse comparison between
pNF-H and GCS

Source: author

The study shows that pNF-H has the potential to be a biomarker that can be used to assess the
severity of head injuries and predict patient prognosis. Increased levels of pNF-H correlate with the
type of injury and clinical outcomes, so it can be a useful tool in the clinical management of patients
with head injuries. More research is needed to confirm these findings and explore the clinical
applications of pNF-H.

The mechanism of APOE affects outcomes after head injury related to several neurobiological
functions of APOE that are thought to affect neurological homeostasis. These functions are also directly
or indirectly related to the pathophysiology of Alzheimer's disease. These include amyloid deposition,
the formation of neurofibrillary tangles (NFTs), cholinergic transmission disorders, oxidative stress,
and CNS regeneration and injury repair (Sun et al., 2023).

One mechanism of action is that APOE e4 may be associated with increased amyloid deposition
after head injury. APOE plays a role in promoting and/or modulating the formation of Ab fibrils and
the absence of APOE dramatically reduces Ab deposition and limits the neuritic degeneration associated
with Ab deposition. In the brains of late-onset Alzheimer's patients’ postmortem, a strong association
between the presence of the e4 allele and increased Ab deposits compared to homozygous patients for
APOE e3 has been noted. APOE is associated with neuropathology based on the interaction of Ab
preptids on the amyloid cascade or can be independent of the AB peptide itself (Sun et al., 2023).

The APOE genotype may play a role in the stability and metabolism of neuronal cytoskeletal and
influence the formation of NFTs. Transgenic mice that overexpressed human APOE e4 showed
increased hyperphosphorylation of microtubules-related tau proteins in the brain that correlated with
APOE e4 expression. In vitro studies show that there is an isoform-specific interaction of APOE with
tau microtubules-related proteins that can regulate intraneuronal tau metabolism and the formation of
paired helical filaments and NFTs. APOE e3 binds more to tau forming biomolecular complexes than
APOE e4, therefore suggesting that APOE e4 is more likely to be associated with NFT formation.
APOE may also have an influence on cholinergic integrity and function (Sun et al., 2023; L. Zhang et
al., 2023)

Anti-oxy and APOE activity may play a role in mediating nerve maintenance and repair after a
HEAD INJURY. The APOE e4 gene increases the susceptibility of CA1l neurons to trauma and
oxidative stress through an excitotoxic mechanism. Postmortem examination of patients' brains that
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assessed the different antioxidant activity of the APOE isoform showed that e4 had the lowest
antioxidant activity and e2 had the highest antioxidant activity (Sun et al., 2023).

Another possible mechanism to show how the APOE genotype may affect outcomes after a
HEAD INJURY is through neuroprotectiveness. In transgenic mice expressing human APOE, APOEe3
may be more neuroprotective than e4 after HEAD INJURY. In response to HEAD INJURY, apoE is
regulated and partially protects primary neuronal-glial cultures against glutamate excitotoxicity (Sun et
al., 2023).

ApoE and ApoE-derived peptides activate a number of intracellular kinases, including ERK1/2
and Dabl, ApoE receptor adapter proteins In particular, activation of the ERK signaling pathway by
ApoE may play an important role in neuroplasticity and neurodegeneration, as it is associated with the
activation of the transcription factor CREB and promotes the growth of neurites. Signaling via ERK is
also required for spontaneous neurite initiation and extension (Sun et al., 2023)

Although the effect on plasticity may be particularly important in the context of
neurodegenerative disease and subacute recovery from brain injury, the developing literature also has
implications for ApoE in modifying N-methyl-daspartate-mediated (NMDA) electrotoxic nerve injury
in acute settings. Several mechanisms have been proposed to explain the effects of ApoE on NMDA
function. Recent research shows that ApoE can modulate NMDA function and intracellular interactions
by interacting with ApoE 2 receptors present in neurons (Sun et al., 2023).

Recent data also suggest that the activation of the LRP1 receptor can modify NMDA function
via the scaffolding protein PSD-95, which is a target for neural protection. The role of ApoE-LRP
interactions in reducing NMDA-mediated excitotoxicity is consistent with the observation that ApoE
and ApoE peptides inhibit NMDA function through direct LRP interactions (Sun et al., 2023)

Some previous studies have shown a positive correlation between GFAP levels and the severity
of head injuries. By observing GFAP levels, it can assess the condition of minor head injuries and
evaluate the need for the use of neuroimaging such as CT and MRI, thus the unnecessary use of CT and
MRI can be reduced. GFAP can identify the need for intensive monitoring and predict poor outcomes
and risks for developing cognitive and psychiatric abilities (Ghaith et al., 2022).

Neuron-specific enolases are used as markers of acute brain damage. NSE is a promising
biomarker in acute neuronal damage. NSE levels in the CSS ventricles correlated with mortality after
head injury and/or with other head injury severity scores, such as the Glasgow Coma Scale and the
Glasgow Outcome Scale. Neuron-specific enolase is a marker of neuronal death and increases after
head injury of all severity (Ghaith et al., 2022; Syafrita & Nora Fitri, 2021).

The main limitation of using NSE levels in CSS as a biomarker of neuronal injury is the high
propensity for hemolysis, where NSE levels increase in erythrocyte lysis derived from blood-
contaminated samples (Ganeshalingham & Beca, 2021).

Serum pNF-H levels measured on the second to fourth days post-TBI were significantly higher
in patients with worse outcomes at 6 months. Similarly, serum pNF-H was significantly higher in adults
with mild TBI with positive CT scans compared to negative CT scans (Manivannan et al., 2018).

In a study of 20 patients with TBI, pNF-H did not increase in patients without brain parenchyma
damage, but pNF-H levels increased based on the severity of brain damage. Elevated serum pNF-H
levels in patients with brain tissue damage after TBI that peaked at 2 weeks to 1 month after injury were
significantly correlated with outcomes after TBI. In addition, measurement of peak levels of pNF-H can
be useful as a biomarker to determine the prognosis after TBI (Otani et al., 2020).
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CONCLUSION

Genetic factors play a crucial role in determining both the immediate and long-term functional
outcomes of patients with traumatic brain injury (TBI). Variations in genes such as apolipoprotein E
(APOE), brain derived neurotrophic factor (BDNF), cytokines, neurotransmitters, and mitochondrial
gene families influence cognitive function, inflammatory responses, neurodegenerative changes, and
repair processes following TBI. Among these, the APOE gene has received significant attention due to
its strong association with TBI prognosis. Additionally, biomarkers including glial fibrillary acidic
protein (GFAP), phosphorylated neurofilament heavy chain (pNFH), and neuron specific enolase (NSE)
serve as specific indicators of glial, axonal, and neuronal damage, respectively, providing valuable
information for assessing injury severity and predicting outcomes. For future research, it is
recommended to conduct large-scale, longitudinal studies that integrate genetic profiling and biomarker
analysis to better understand their combined predictive value, ultimately guiding more personalized and
effective interventions for TBI patients.

REFERENCES

Abdelhak, A., Foschi, M., Abu-Rumeileh, S., Yue, J. K., D’Anna, L., Huss, A., Oeckl, P., Ludolph, A.
C., Kuhle, J., Petzold, A., Manley, G. T., Green, A. J., Otto, M., & Tumani, H. (2022). Blood
GFAP as an emerging biomarker in brain and spinal cord disorders. In Nature Reviews
Neurology (Vol. 18, Issue 3, pp. 158—172). Nature Research. https://doi.org/10.1038/s41582-
021-00616-3

Al-Koofee, D. A., & Mubarak, S. M. (2019). Genetic polymorphisms. American Journal of
Therapeutics, 9(4), 271. https://doi.org/10.1097/00045391-200207000-00001

Anzai, Y., & Fink, K. R. (2015). Imaging of Traumatic Brain Injury (Y. Anzai & K. R. Fink, Eds.).
Thieme Medical Publishers, Inc.

Bodaghi, A., Fattahi, N., & Ramazani, A. (2023). Biomarkers: Promising and valuable tools towards
diagnosis, prognosis and treatment of Covid-19 and other diseases. In Heliyon (Vol. 9, Issue
2). Elsevier Ltd. https://doi.org/10.1016/j.heliyon.2023.e13323

Dash, H. H., & Chavali, S. (2018). Management of traumatic brain injury patients. In Korean Journal
of Anesthesiology (Vol. 71, Issue 1, pp. 12-21). Korean Society of Anesthesiologists.
https://doi.org/10.4097/kjae.2018.71.1.12

Firdaus, R., Yunda, G. A., Devani, K., & Gunanta, Y. (2023). Prediktor Luaran Pada Cedera Kepala:
Laporan Kasus Berbasis Bukti. Majalah Anestesia & Critical Care, 41(3), 194-204.
https://doi.org/10.55497/majanestcricar.v41i3.366

Freire, M. A. M., Rocha, G. S., Bittencourt, L. O., Falcao, D., Lima, R. R., & Cavalcanti, J. R. L. P.
(2023). Cellular and Molecular Pathophysiology of Traumatic Brain Injury: What Have We
Learned So Far? In Biology (Vol. 12, Issue 8). Multidisciplinary Digital Publishing Institute
(MDPI). https://doi.org/10.3390/biology 12081139

Gadberry, C. (2021). CLOSED HEAD INJURIES AND CONCUSSIONS. University Health Services,
Saint Liam Hall, Notre Dame.

Ganeshalingham, A., & Beca, J. (2021). Serum biomarkers in severe paediatric traumatic brain injury—
a narrative review. In Translational Pediatrics (Vol. 10, Issue 10, pp. 2720-2737). AME
Publishing Company. https://doi.org/10.21037/tp-20-386

Ghaith, H. S., Nawar, A. A., Gabra, M. D., Abdelrahman, M. E., Nafady, M. H., Bahbah, E. ., Ebada,
M. A., Ashraf, G. M., Negida, A., & Barreto, G. E. (2022). A Literature Review of Traumatic

International Journal of Social Health - Vol 4 (7) July 2025 371



Dian Ayu Hamama Pitra, Yuliarni Syafrita*, Rika Susanti, Rauza Sukma Rita

The Role Of Apolipoprotein Gene Allele E4 (APOE4) Rs429358 and RS7412, Glial Fibrillacry Acidic Protein,
Phosphorylated Neurofilament Heavy Chain, And Neuron Specific Enolase Serum Levels with Traumatic Brain
Injury Outcome: Literature Review

Brain Injury Biomarkers. In Molecular Neurobiology (Vol. 59, Issue 7, pp. 4141-4158).
Springer. https://doi.org/10.1007/s12035-022-02822-6

Giarratana, A. O., Zheng, C., Reddi, S., Teng, S. L., Berger, D., Adler, D., Sullivan, P., Thakker-Varia,
S., & Alder, J. (2020a). APOE4 genetic polymorphism results in impaired recovery in a
repeated mild traumatic brain injury model and treatment with Bryostatin-1 improves
outcomes. Scientific Reports, 10(1), 1-17. https://doi.org/10.1038/s41598-020-76849-x

Giarratana, A. O., Zheng, C., Reddi, S., Teng, S. L., Berger, D., Adler, D., Sullivan, P., Thakker-Varia,
S., & Alder, J. (2020b). APOE4 genetic polymorphism results in impaired recovery in a
repeated mild traumatic brain injury model and treatment with Bryostatin-1 improves
outcomes. Scientific Reports, 10(1). https://doi.org/10.1038/s41598-020-76849-x

Giarratana, A. O., Zheng, C., Reddi, S., Teng, S. L., Berger, D., Adler, D., Sullivan, P., Thakker-Varia,
S., & Alder, J. (2020c). APOE4 genetic polymorphism results in impaired recovery in a
repeated mild traumatic brain injury model and treatment with Bryostatin-1 improves
outcomes. Scientific Reports, 10(1). https://doi.org/10.1038/s41598-020-76849-x

G/Michael, S., Terefe, B., Asfaw, M. G., & Liyew, B. (2023). Outcomes and associated factors of
traumatic brain injury among adult patients treated in Amhara regional state comprehensive
specialized hospitals. BMC Emergency Medicine, 23(1). https://doi.org/10.1186/s12873-023-
00859-x

Gokhale, S., & Laskowitz, D. T. (2013). ApoE and outcome after traumatic brain injury. Clinical
Lipidology, 8(5), 561-571. https://doi.org/10.2217/clp.13.45

Hier, D. B., Obafemi-Ajayi, T., Thimgan, M. S., Olbricht, G. R., Azizi, S., Allen, B., Hadi, B. A., &
Wunsch, D. C. (2021). Blood biomarkers for mild traumatic brain injury: a selective review of
unresolved issues. In Biomarker Research (Vol. 9, Issue 1). BioMed Central Ltd.
https://doi.org/10.1186/s40364-021-00325-5

Hossain, 1., Marklund, N., Czeiter, E., Hutchinson, P., & Buki, A. (2024). Blood biomarkers for
traumatic brain injury: A narrative review of current evidence. In Brain and Spine (Vol. 4).
Elsevier B.V. https://doi.org/10.1016/j.bas.2023.102735

Huang, Y. W. A., Zhou, B., Wernig, M., & Siidhof, T. C. (2017). ApoE2, ApoE3, and ApoE4
Differentially Stimulate APP Transcription and AP Secretion. Cell, 168(3), 427-441.e21.
https://doi.org/10.1016/j.cell.2016.12.044

Huebschmann, N. A., Luoto, T. M., Karr, J. E., Berghem, K., Blennow, K., Zetterberg, H., Ashton, N.
J., Simrén, J., Posti, J. P., Gill, J. M., & Iverson, G. L. (2020). Comparing Glial Fibrillary Acidic
Protein (GFAP) in Serum and Plasma Following Mild Traumatic Brain Injury in Older Adults.
Frontiers in Neurology, 11. https://doi.org/10.3389/fneur.2020.01054

Huibregtse, M. E., Bazarian, J. J., Shultz, S. R., & Kawata, K. (2021). The biological significance and
clinical utility of emerging blood biomarkers for traumatic brain injury. Neuroscience and
Biobehavioral Reviews, 130(August), 433-447.
https://doi.org/10.1016/j.neubiorev.2021.08.029

Kim, D.-S., & Kim, G.-W. (2024). Biofluid-based Biomarkers in Traumatic Brain Injury: A Narrative
Review. Brain & Neurorehabilitation, 17(1). https://doi.org/10.12786/bn.2024.17.e8

Kim, H. J.,, Tsao, J. W., & Stanfill, A. G. (2018). The current state of biomarkers of mild traumatic brain
injury. In JCI insight (Vol. 3, Issue 1). NLM (Medline).
https://doi.org/10.1172/jci.insight.97105

International Journal of Social Health - Vol 4 (7) July 2025 372



Dian Ayu Hamama Pitra, Yuliarni Syafrita*, Rika Susanti, Rauza Sukma Rita

The Role Of Apolipoprotein Gene Allele E4 (APOE4) Rs429358 and RS7412, Glial Fibrillacry Acidic Protein,
Phosphorylated Neurofilament Heavy Chain, And Neuron Specific Enolase Serum Levels with Traumatic Brain
Injury Outcome: Literature Review

Kinoshita, K. (2016). Traumatic brain injury: Pathophysiology for neurocritical care. In Journal of
Intensive Care (Vol. 4, Issue 1). BioMed Central Ltd. https://doi.org/10.1186/s40560-016-
0138-3

Lee, S.E., Yang, H., Sung, Y., Kim, Y., & Park, S. A. (2021). Region-specific differences in the Apoe4-
dependent response to focal brain injury. Experimental Neurobiology, 30(4), 285-293.
https://doi.org/10.5607/EN21022

Lei, J., Gao, G., Feng, J., Jin, Y., Wang, C., Mao, Q., & Jiang, J. (2015). Glial fibrillary acidic protein
as a biomarker in severe traumatic brain injury patients: A prospective cohort study. Critical
Care, 19(1). https://doi.org/10.1186/s13054-015-1081-8

Ljungqvist, J., Zetterberg, H., Mitsis, M., Blennow, K., & Skoglund, T. (2017). Serum NFL as a marker
for DAI Table of Contents title Case series study of serum neurofilament light protein (NFL)
as a marker for DAI. Journal of Neurotrauma, 34(5), 1124-1127.

Mahama, C. N., & Suryandari, D. A. (2023). Analisis Polimorfisme Gen dan Aplikasinya Dalam Klinik.
JURNAL BIOLOGI PAPUA, 15(1), 88-98. https://doi.org/10.31957/jbp.2479

Mahley, R. W., & Huang, Y. (2012). Apolipoprotein E Sets the Stage: Response to Injury Triggers
Neuropathology. Neuron, 76(5), 871-885. https://doi.org/10.1016/j.neuron.2012.11.020

Manivannan, S., Makwana, M., Ahmed, A. I., & Zaben, M. (2018). Profiling biomarkers of traumatic
axonal injury: From mouse to man. In Clinical Neurology and Neurosurgery (Vol. 171, pp. 6—
20). Elsevier B.V. https://doi.org/10.1016/j.clineuro.2018.05.017

Mathew, D., Purohit, P., Gadwal, A., Anil, A., Sharma, R. K., Meshram, V. P., & Setia, P. (2024).
Integrated Assessment of GFAP and UCH-L1 for their utility in severity assessment and
outcome prediction in Traumatic Brain Injury. International Journal of Legal Medicine, 138(6),
2559-2568. https://doi.org/10.33024/mahesa.v2i1.5818

McFadyen, C. A., Zeiler, F. A., Newcombe, V., Synnot, A., Steyerberg, E., Gruen, R. L., Rosand, J.,
Palotie, A., Maas, A. . R., & Menon, D. K. (2021). Apolipoprotein E4 Polymorphism and
Outcomes from Traumatic Brain Injury: A Living Systematic Review and Meta-Analysis.
Journal of Neurotrauma, 38(8), 1124—1136. https://doi.org/10.1089/neu.2018.6052

McMabhon, P. J., Panczykowski, D. M., Yue, J. K., Puccio, A. M., Inoue, T., Sorani, M. D., Lingsma,
H. F., Maas, A. 1. R,, Valadka, A. B., Yuh, E. L., Mukherjee, P., Manley, G. T., Okonkwo, D.
0., Casey, S. S., Cheong, M., Cooper, S. R., Dams-O’Connor, K., Gordon, W. A., Hricik, A.
J., ... Vassar, M. J. (2015). Measurement of the glial fibrillary acidic protein and its breakdown
products GFAP-BDP biomarker for the detection of traumatic brain injury compared to
computed tomography and magnetic resonance imaging. Journal of Neurotrauma, 32(8), 527—
533. https://doi.org/10.1089/neu.2014.3635

Nakamura, Y., Kitamura, T., Kawano, Y., Hoshino, K., Irie, Y., Muranishi, K., Iwaasa, M., & Ishikura,
H. (2022). Glial fibrillary acidic protein level on admission can predict severe traumatic brain
injury in patients with severe multiple trauma: A single-center retrospective observational
study. Current Research in Neurobiology, 3, 1-6. https://doi.org/10.1016/j.crneur.2022.100047

Ng, S. Y., & Lee, A. Y. W. (2019). Traumatic Brain Injuries: Pathophysiology and Potential
Therapeutic Targets. In Frontiers in Cellular Neuroscience (Vol. 13). Frontiers Media S.A.
https://doi.org/10.3389/fncel.2019.00528

Otani, N., Morimoto, Y., Kinoshita, M., Ogata, T., Mori, K., Kobayashi, M., Maeda, T., & Yoshino, A.
(2020). Serial changes in serum phosphorylated neurofilament and value for prediction of

International Journal of Social Health - Vol 4 (7) July 2025 373



Dian Ayu Hamama Pitra, Yuliarni Syafrita*, Rika Susanti, Rauza Sukma Rita

The Role Of Apolipoprotein Gene Allele E4 (APOE4) Rs429358 and RS7412, Glial Fibrillacry Acidic Protein,
Phosphorylated Neurofilament Heavy Chain, And Neuron Specific Enolase Serum Levels with Traumatic Brain
Injury Outcome: Literature Review

clinical outcome after traumatic brain injury. Surgical Neurology International, 11(387), 1-4.
https://doi.org/10.25259/SNI_696 2020

Papa, L., Brophy, G. M., Welch, R. D., Lewis, L. M., Braga, C. F., Tan, C. N., Ameli, N. J., Lopez, M.
A., Haeussler, C. A., Mendez Giordano, D. 1., Silvestri, S., Giordano, P., Weber, K. D., Hill-
Pryor, C., & Hack, D. C. (2016). Time course and diagnostic accuracy of glial and neuronal
blood biomarkers GFAP and UCH-LI in a large cohort of trauma patients with and without
mild traumatic brain injury. JAMA Neurology, 73(5), 551-560.
https://doi.org/10.1001/jamaneurol.2016.0039

Park, E., Bell, J. D., Andrew, J., & Baker. (2008). Traumatic brain injury: Can the consequences be
stopped? 178(9), 1163-1170.

Petzold, A. (2015). Glial fibrillary acidic protein is a body fluid biomarker for glial pathology in human
disease. Brain Research, 1600, 17-31. https://doi.org/10.1016/j.brainres.2014.12.027
Priyanka, R. (2015). Review on Gene Polymorphism. Journal of Pharmacology and Toxicological

Studies, 3(1), 45-51.

Reuter-Rice, K., Regier, M., Bennett, E., & Laskowitz, D. (2018a). The Effect of the Relationship of
APOE Polymorphisms and Cerebral Vasospasm on Functional Outcomes in Children With
Traumatic Brain Injury. Biological Research for Nursing, 20(5), 566-576.
https://doi.org/10.1177/1099800418785982

Reuter-Rice, K., Regier, M., Bennett, E., & Laskowitz, D. (2018b). The Effect of the Relationship of
APOE Polymorphisms and Cerebral Vasospasm on Functional Outcomes in Children With
Traumatic Brain Injury. Biological Research for Nursing, 20(5), 566-576.
https://doi.org/10.1177/1099800418785982

Safieh, M., Korczyn, A. D., & Michaelson, D. M. (2019). ApoE4: an emerging therapeutic target for
Alzheimer’s disease. BMC Medicine, 17(1). https://doi.org/10.1186/s12916-019-1299-4

Sarmiento, K., Haileyesus, T., Waltzman, D., & Daugherty, J. (2021). Emergency Department Visits
for Bicycle-Related Traumatic Brain Injuries Among Children and Adults — United States,
2009-2018. CDC Morbidity and Mortality Weekly Report, 70(19), 1-40.
https://www.nhtsa.gov/sites/nhtsa.gov/files/documents/812478

Siedler, D. G., Chuah, M. L., Kirkcaldie, M. T. K., Vickers, J. C., & King, A. E. (2014). Diffuse axonal
injury in brain trauma: Insights from alterations in neurofilaments. In Frontiers in Cellular
Neuroscience (Vol. 8, Issue DEC). Frontiers Media S.A.
https://doi.org/10.3389/fncel.2014.00429

Simanjuntak, F., Ngantung, D. J., & Mahama, C. N. (2015). GAMBARAN PASIEN CEDERA
KEPALA DI RSUP.

Yin, Z., Rosenzweig, N., Kleemann, K. L., Zhang, X., Brandao, W., Margeta, M. A., Schroeder, C.,
Sivanathan, K. N., Silveira, S., Gauthier, C., Mallah, D., Pitts, K. M., Durao, A., Herron, S.,
Shorey, H., Cheng, Y., Barry, J. L., Krishnan, R. K., Wakelin, S., ... Butovsky, O. (2023).
APOE4 impairs the microglial response in Alzheimer’s disease by inducing TGFB-mediated
checkpoints. Nature Immunology, 24(11), 1839—1853. https://doi.org/10.1038/s41590-023-
01627-6

Young, A. M. H., Donnelly, J., Czosnyka, M., Jalloh, 1., Liu, X., Aries, M. J., Fernandes, H. M., Garnett,
M. R., Smielewski, P., Hutchinson, P. J., & Agrawal, S. (2016). Continuous multimodality
monitoring in children after traumatic brain injury - Preliminary experience. PLoS ONE, 11(3).
https://doi.org/10.1371/journal.pone.0148817

International Journal of Social Health - Vol 4 (7) July 2025 374



Dian Ayu Hamama Pitra, Yuliarni Syafrita*, Rika Susanti, Rauza Sukma Rita

The Role Of Apolipoprotein Gene Allele E4 (APOE4) Rs429358 and RS7412, Glial Fibrillacry Acidic Protein,
Phosphorylated Neurofilament Heavy Chain, And Neuron Specific Enolase Serum Levels with Traumatic Brain
Injury Outcome: Literature Review

Zetterberg, H., Skillback, T., Mattsson, N., Trojanowski, J. Q., Portelius, E., Shaw, L. M., Weiner, M.
W., & Blennow, K. (2016). Association of cerebrospinal fluid neurofilament light concentration
with  Alzheimer  disease  progression. =~ JAMA  Neurology, 73(1), 60-67.
https://doi.org/10.1001/jamaneurol.2015.3037

Zhang, H., Wang, J., Qu, Y., Yang, Y., & Guo, Z.-N. (2024). Brain Injury Biomarkers and Applications
in Neurological Diseases. Chinese Medical Journal.
https://doi.org/10.1097/cm9.0000000000003061

Zhang, L., Xia, Y., & Gui, Y. (2023). Neuronal ApoE4 in Alzheimer’s disease and potential therapeutic
targets. In Frontiers in Aging Neuroscience (Vol. 15). Frontiers Media SA.
https://doi.org/10.3389/fnhagi.2023.1199434

Zia, N., Mehmood, A., Namaganda, R. H., Ssenyonjo, H., Kobusingye, O., & Hyder, A. A. (2019).
Causes and outcomes of traumatic brain injuries in Uganda: Analysis from a pilot hospital
registry. Trauma Surgery and Acute Care Open, 4(1). https://doi.org/10.1136/tsaco-2018-
000259

Zollman, F. S. (2016). Manual of Traumatic Brain Injury: Assessment and Management (F. S. Zollman,
Ed.; 2nd ed.). Springer Publishing Company, LLC.

@ @ © 2023 by the authors. It was submitted for possible open-access publication under the terms
@ and conditions of the Creative Commons Attribution (CC BY SA) license

(https://creativecommons.org/licenses/by-sa/4.0/).

International Journal of Social Health - Vol 4 (7) July 2025 375


https://creativecommons.org/licenses/by-sa/4.0/

