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4 ABSTRACT )

Background: The role of generalized health biomarkers remains widely unexplored in relation to TBl. However, they show
association with worsened brain health and nervous system functioning. It is useful to explore potential relationship between
TBI and generalized, circulating health biomarkers as surrogate endpoints that can be linked to severity and mortality.

Aim: This is a hypothesis-free study that investigates the potential relationship(s) between traumatic brain injury and 34 gen-
eralized, circulating health biomarkers using data collected by the UK Biobank.

Methods: Data from 419,778 white British participants are analyzed against 34 biomarkers from the UK Biobank database.
TBI diagnosis is captured through ICD-10 codes and categorized as narrow-band and broad-band TBI. Multivariate linear|
regression analysis is conducted for changes in biomarkers in participants with TBI history vs. those with no history. This is
analyzed across 4 models with increasing number of covariates and stratified for both categories of TBI.

Results: IGF-1, gamma glutamyltransferase and aspartase aminotransferase had significant results across all models in broad-
band and narrow-band TBI (P<0.05). An additional ten biomarkers showed statistically significant results in all models except
the fully adjusted models.

Conclusion: IGF-1, GGT, and AST emerged as consistent indicators of systemic changes following TBI, highlighting their poten-
tial as surrogate markers for monitoring long-term outcomes. These findings suggest that incorporating generalized health
biomarkers into clinical and research frameworks may improve early detection, risk stratification, and intervention strategies

in TBI populations.
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INTRODUCTION

TBI is the leading cause for deaths and disabilities in adults under
the age of 45 years, with over 69 million cases worldwide. De-
spite its burden, TBI remains a poorly understood condition. This
is attributed to the condition’s heterogeneity, due its definition
and severity remaining highly variable, and its impact on a wide
range of granular physiological factors, as evidenced by patients
with similar injuries experiencing distinct recovery trajectories
and disease outcomes. It is appreciated that there are varied
pathologies that may lead to physiological changes years before

symptoms, for example, hypopituitarism, Alzheimer’s disease
and other dementia, neuroendocrine dysfunction and psycho-
logical disorders. There is a need to explore post-TBI physiology
to identify at-risk patients of Alzheimer’s disease [1-9].

Identifying and validating biomarkers that are significantly affect-
ed by TBI may be one way to reduce this gap. Since the 1980s,
biomarkers have been found to be valuable in health and medi-
cine due to their cost effectiveness and measurability. However,
current research focuses on TBI-specific biomarkers (like GFAP,
S100B, NSE) that are not measured routinely because of the
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biomarkers’ they stringent requirement for specialized assays,
equipment, and trained professionals [3,4,10].

Generalized health biomarkers are used in routine health tests
and provide insights about liver function, kidney function, lipid
metabolism, glucose control, hormonal levels, and electrolyte
balance. Additionally, they are easily procured, and highly repro-
ducible. Various health biomarkers have an established relation-
ship with TBI or, at least, with neurological health. As examples,
vitamin D hormone (VDH), biologically active metabolite of vita-
min D, has a protective role following TBI whereas its deficiency
is hazardous. IGF-1 may play a role in neuroprotective or neu-
rorepair processes due to its upregulation on sites of TBI lesions.
Creatinine, potassium, sodium, and urea are associated with kid-
ney function and essential for maintaining bodily homeostasis,
and thus, may have a potential link to proper neurological health
[11,12,15,16].

UK Biobank is a cohort of nearly 0.5 million UK participants that
attended baseline assessment across 12 centers between 2006
and 2010. These participants have detailed physical information
as well as electronic health record linkage (EHR). We conducted
hypothesis-free analyses to explore differences in generalized
health biomarkers for people post-TBI, relative to no TBI.

METHODS
Participants

Data were obtained from the UK Biobank which is a general pop-
ulation cohort with 502,490 participants. The data was collected
between 2006 and 2010 from people between the ages of 40 and
69 years (mean = 56.5; SD = 8.1), across 22 assessment centers
across the UK. Only participants of white British ancestry were
examined because there is evidence of phenotypic and genetic
complexity according to ancestry, and UKB participants are pre-

dominantly white British.
Biomarkers

The UK Biobank collected data on 34 biomarkers [Supp Table 1].
The biomarker data was collected at the initial appointment (as
baseline) from all 502,412 participants and from 20,000 patients
present at the follow-up assessment in 2012-2013. Quality con-
trol was strictly undertaken for measurements, instrumentation,
and analyses [17].

Oestradiol and rheumatoid factor (RF) were biomarkers with a
relatively large number of values under measurable levels. Very
low values were noted as ‘missing’ in the original data. Howev-
er, if the participant reported significant values for a different
biomarker, the oestradiol and/or RF value was recorded as the

square root of the minimum agreed upon detectable value.
TBI Classification

TBI diagnoses were based on self-report at baseline, or ICD-10
codes prior to that date (i.e., historic TBI). TBI diagnoses were
stratified into narrow-band and broad-band TBI to reduce bias
as a result of broad-band TBI cases that are less likely to be true
TBI cases.

Traumatic brain injury diagnoses were recorded via linkage to pri-
mary or secondary diagnoses records using ICD-10 codes for hos-
pital inpatient admission [18]. The diagnosis was classified into
broad-band TBI, which included 1,798 ICD- 10 codes related to
head trauma, and narrow-band TBI, which was specific to TBI-re-
lated terminologies. Only TBI incidents prior to biomarker assess-
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ment were included. There was a total of 7,626 broad-band TBI
cases, out of which 1,626 were narrow-band TBI cases.

Study Design

This is a prospective, cross-sectional, cohort study.

Participants with TBI diagnosis have been assessed against bio-
markers separately across four models with incremental adjust-
ment:

1. Model 1 - unadjusted

2. Model 2 - partially adjusted for sex, age, BMI, and assess-
ment centers.

3. Model 3 - intermediately adjusted for covariates from Mod-
el2, chronic neurological conditions [refer to supp table 2],
and average sleep duration.

4. Model 4 - fully adjusted for covariates included in Model2
and Model3, Townsend deprivation indices, smoking histo-
ry, educational qualification, heart disease, type 2 diabetes,
high blood pressure, medication, and duration of moderate
physical activity.

Using progressive models systematically would distinguish the

specific impact of a confounding factor. Also, presenting multiple

models would help in communicating transparency in the objec-
tive behind analyses. A fully adjusted model would account for

the complexity in real world relationships and readily apply to a

diverse demographic.

Covariates

Sex, age, weight, and height were measured during initial assess-
ment visit. Assessment center refers to 1 of the 22 centers attend-
ed by participant. Educational qualification was self-reported and
recorded as ‘1’ (at least university-level or college-level degree)
or ‘0’. Duration of moderate physical activity was only accepted if
response was between 0 and 1,440 minutes. Townsend depriva-
tion indices were determined immediately prior to participation
in the study based on postcode.

History of chronic neurological conditions (refer to supp table 2)
was self-reported and included in the analyses as yes, i.e., history
of at least 1 condition, vs. no. Sleep duration (in 24 hours) was
self-reported. Smoking status was self-reported and collapsed
into ‘never’ and ‘ever’, where ‘ever’ included both past and cur-
rent smokers. Histories of heart disease, type 2 diabetes, and
high blood pressure were self-reported and recorded individual-
ly. Self-report of medications was tabulated as yes vs. no.

Statistical Analyses

Multivariate linear regression analysis was done using R version
2022.12.0+353. Results were expressed as standardized betas,
defined as difference in the outcome variable in standard devia-
tion units (e.g., # = 0.2 would correspond to 0.2 SDs higher than
average for TBI history vs. no TBI history). These are used to pro-
vide information about the strength and direction of the relation-
ship. Corresponding P-values and adjusted R2 values were also
calculated for each model across both strata.

RESULTS

The total number of participants, after exclusion, was 419,778;
7,626 are broad-band TBI, out of which 1,626 are narrow-band
TBI. Distribution according to covariates can be found in Supp
Tables 3 and 4.

Due to high missingness, average sleep duration and days be-
tween diagnosis and assessment were omitted from final anal-
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ysis.

The results of the final analysis are reported in the form of stan-
dardized beta coefficients (R), which are used to provide infor-
mation about the strength and direction of the relationship
between TBI history (independent variable) and the biomarker
(dependent variable).

R are presented through line plots in Figures 1 and 2. The p-val-
ues heatmaps are intended to signify the analogous statistical
significance [Supp Figures 3 and 4].
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Figure 1: Standardized beta values for each biomarker and model
for narrow-band TBI
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Figure 2: Standardized beta values for each biomarker and model
for broad-band TBI

The trends of statistical significance are evidenced in Supp Table
5, in which yellow boxes represent P<0.05.

Aspartate aminotransferase, gamma glutamyltransferase, and
IGF-1 are statistically significant across all models in narrow-band
and broad-band TBI. Alkline phosphatase, apolipoprotein A
(APOE A), calcium, C-reactive protein (CRP), cystatin C, and di-
rect low-density lipoprotein (LDL) are found to be statistically
significant across all models, except Model4 of narrow-band TBI.
Enzymatic creatinine, glucose, HbAlc, and microalbumin are sta-
tistically significant in all Modell, Model2 and Model3 of both
narrow-band and broad-band TBI.

Sex hormone-binding globulin (SHBG), albumin, oestradiol, and
testosterone have significant results in all models of broad-band
TBI; for narrow-band TBI, only Modell and Model2 have signifi-
cant results for SHBG, only Model2 and Model3 for albumin and
only Modell in oestradiol and testosterone. Creatinine has sig-
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nificant results only in in Model for broad-band TBI but across all
models in in narrow-band TBI.

For cholesterol, Modell, Model2 and Model3 showed signifi-
cang results in broad-band TBI and Modell and Model2 in nar-
row-band TBI. Vitamin D shows significant results in Modell in
broad-band TBI and Modell and Model2 in narrow-band TBI.
Direct bilirubin, triglyceride, urate and sodium have significant
results in Modell in both broad-band and narrow-band TBI.

HDL and APOE A has significant results in Model2, Model3 and
Model4 in broad-band TBl and Modell in narrow-band TBI. Phos-
phate has significant results in Model2 and Model3 in broad-
band and narrow-band TBI. Total bilirubin has significant results
in Model2 and Model3 in broad-band TBI.

Alanine aminotransferase, urea, lipoprotein (a), RF, potassium
and total protein have one significant result across all 8 models
of the analysis which is Modell in broad-band, Model 3 in broad-
band, Model4 in broad-band, Model3 in broad-band, Modell in
narrow-band and Model1 in broad-band TBI, respectively.

DISCUSSIONS

This study aimed to investigate the association between gener-
alized health biomarkers and a history of traumatic brain injury
(TBI) using data from the UK Biobank. Large-scale studies exam-
ining systemic health biomarkers in TBI are scarce, and this study
provides new insights into how such biomarkers relate to both
broad-band and narrow-band TBI cases.

The analysis identified three key biomarkers insulin-like growth
factor-1 (IGF-1), gamma-glutamyltransferase (GGT), and aspar-
tate aminotransferase (AST) that remained significant across all
models in both broad-band and narrow-band TBI groups. These
biomarkers suggest robust links between TBI and systemic phys-
iological processes such as growth factor regulation, oxidative
stress, and hepatic function. Furthermore, six additional biomark-
ers (apolipoprotein B, alkaline phosphatase, calcium, C-reactive
protein [CRP], cystatin C, and low-density lipoprotein [LDL]) were
significant in various models, particularly within narrow-band TBI
cases. Conversely, four biomarkers (enzymatic creatinine, glu-
cose, HbAlc, and microalbumin) lost statistical significance in the
fully adjusted models, suggesting confounding influences from
additional covariates.

Interpretation of Significant Biomarkers

IGF-1 plays a fundamental role in neuroplasticity and neuronal
repair. Previous research has demonstrated that IGF-1 is upreg-
ulated at sites of brain injury, promoting neuronal survival and
synaptic plasticity. Reduced serum IGF-1 levels in individuals with
TBI may indicate impaired neuroprotective mechanisms, partic-
ularly in cases of chronic or repeated head trauma. This aligns
with animal studies where IGF-1 deficiency has been linked to
hippocampal neuronal loss and cognitive decline post-TBI. Ad-
ditionally, low IGF-1 has been implicated in neurodegenerative
diseases, further reinforcing its potential role in long-term TBI
outcomes [19-22].

Gamma-glutamyltransferase (GGT) is an enzyme involved in
glutathione metabolism and oxidative stress regulation. Elevat-
ed GGT levels in TBI patients suggest increased oxidative stress,
which has been linked to both neuroinflammation and blood-
brain barrier disruption. Oxidative stress is known to exacerbate
neurodegeneration post-TBI, further highlighting the relevance
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of this biomarker. Aspartate aminotransferase (AST) is tradition-
ally used as a liver function marker but is also present in the
brain. Elevated AST levels in TBI patients may reflect neuronal cell
damage, similar to what has been observed in ischemic stroke
cases. Studies suggest that AST release into circulation may serve
as an indirect marker of neuronal injury severity [22-26].

Additional Biomarkers and Their Implications

Increased ALP levels were observed in TBI patients, a finding pre-
viously associated with neurodegenerative diseases and systemic
inflammation. While its direct role in TBI remains unclear, ALP
may be linked to neuroinflammatory pathways. Lower APO B lev-
els suggest disruptions in lipid transport, which may impact neu-
rovascular health and cognitive function in TBI patients. Hypocal-
cemia was noted in TBI cases, consistent with previous findings
associating low calcium levels with poor neurological recovery
and increased intracranial pressure. Cystatin C, associated with
kidney function and inflammation, was elevated in TBI patients.
Higher cystatin C levels have been linked to neuroinflammatory
conditions and cognitive impairment. Elevated CRP levels indi-
cate a strong inflammatory response following TBI. Chronic in-
flammation post-TBI has been associated with increased risk of
neurodegenerative diseases such as Alzheimer’s and Parkinson’s
disease. Decreased LDL levels in TBI patients suggest disruptions
in cholesterol metabolism, potentially affecting myelin integrity
and neuronal function [27-32].

Comparing Narrow-Band vs. Broad-Band TBI
Results

This study found stronger biomarker associations in the broad-
band TBI group, likely due to its larger sample size and broader
inclusion criteria. However, the narrow-band TBI group, consist-
ing of more clinically confirmed cases, provided more targeted
insights into TBI severity. The distinction between these two
classifications is crucial, as mild and moderate TBI cases often
go undiagnosed in hospital settings, leading to underrepresenta-
tion in broad-band datasets. Differences in biomarker expression
between these groups may reflect injury severity, underlying co-

morbidities, or post-injury systemic changes [33,34].
Clinical Implications and Future Research

Potential for Biomarkers as Surrogate Endpoints: The findings
suggest that generalized health biomarkers could serve as valu-
able surrogate markers for TBI prognosis. Given their routine use
in clinical practice, these biomarkers could facilitate early identi-
fication of at-risk individuals and guide personalized intervention
strategies. For instance, monitoring IGF-1 and GGT levels in TBI
patients may provide insight into neuroinflammatory status and
recovery trajectories [19].

Feasibility and Practical Applications: The accessibility of these
biomarkers in routine health assessments underscores their po-
tential for integration into clinical TBI management. Unlike spe-
cialized TBI-specific markers (e.g., GFAP, UCH-L1), which require
advanced laboratory assays, the biomarkers identified in this
study are widely measured in primary healthcare settings. This
could enhance early diagnosis and long-term monitoring of TBI
patients, particularly in resource-limited environments [35].

Need for Longitudinal Studies: Despite the strengths of this
study, longitudinal research is necessary to establish causal rela-
tionships between these biomarkers and TBI progression. Future
studies should investigate temporal changes in biomarker levels
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post-injury, exploring how fluctuations correlate with cognitive
outcomes and rehabilitation efficacy. Additionally, the role of
confounding factors, such as sleep disturbances and medication

use, warrants further investigation [36].
Strengths and Limitations

This study uses a large sample size from the UK Biobank which
enabled robust statistical analysis. This also allowed it to control
for many demographic factors which could have confounding
effects on the true relationship. External validity was preserved
through stratification by TBI classification.

One of the biggest limitations of this study is the variability in
biomarker collection methods which is further complicated by
unreliability of non-fasting blood samples (which were used at
various assessment centers). It is very poorly understood how
biomarkers exit the nervous system to post-injury to enter the
bloodstream [37].

This study only includes participants of white British background
and from a relatively less deprived background [40]. This reduces
the external validity of results. Due to high rates of missingness,
this study could not control for days between self-reported TBI
diagnoses and assessment for biomarkers which has potential
of being a significant confounding factor since its physiological
effect is time dependent. This is evidenced by multiple previous-
ly cited studies. Sleep disturbances have been widely observed
post-TBI [38]. This may also be a crucial confounding factor that
wasn'’t included in this study due to overwhelmingly large num-
ber of missing values.

CONCLUSION

This study highlights the potential of generalized health biomark-
ers in understanding the systemic impact of TBI. The consistent
associations observed for IGF-1, GGT, and AST suggest their role
as key indicators of post-TBI physiological changes. While addi-
tional biomarkers exhibited significance in specific models, fur-
ther validation is needed to explore their mechanistic underpin-
nings. The integration of these biomarkers into routine clinical
practice could enhance diagnostic accuracy, improve patient
monitoring, and facilitate early intervention strategies, ultimate-
ly contributing to better long-term outcomes for TBI patients.

AUTHOR CONTRIBUTIONS

Study concept: DML, SS.

Obtained data: UK Biobank.

Design: DML, SS.

Conducted analyses: SS, DML.

Drafted original manuscript: SS.

Reviewed for intellectual content: DML, SS.

ETHICAL APPROVAL

Secondary data analysis is conducted using approval from the UK
biobank ethics committee, NHS National Research Ethics Service
and informed consent from all participants in the UK Biobank da-
tabase for research, at the time of data collection.

DATA AVAILABILITY STATEMENT

UK Biobank is an open access resource available to affiliated re-
searchers. Analysis syntax is available from the authors upon re-
quest.

COMPETING INTEREST

© Under License of Creative Commons Attribution 4.0 License

None.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

Dewan MC, Rattani A, Gupta S, et al. (2018) Estimating the
global incidence of traumatic brain injury. J Neurosurg.
130(4):1080-1097.

Levin HS, Temkin NR, Barber J, et al. (2021) Association of sex
and age with mild traumatic brain injury-related symptoms:
a TRACK-TBI study. JAMA Netw.

Brody DL, Chan L, Cizza G (2019) How do you treat traumatic
brain injury? One symptom at a time. Ann Neurol. 86(3):329-
331.

National Academies of Sciences Engineering Medicine, Di-
vision H, Board HC Policy, Board HS Care, Committee AP in
TBIR, Matney C, Bowman K, Berwick D (2022) Gaps, chal-
lenges, and opportunities.

Lyall DM, Russell E, Ward J, et al. (2022) History of traumatic
brain injury is associated with impaired cognition and imag-
ing evidence of altered white matter tract integrity in UK Bio-
bank (n=47,920). PsyArXiv.

Katas M, Miksiewicz M, Kowalke A, et al. (2023) Post-trau-
matic hypopituitarism: a neglected consequence of traumat-
ic brain injury. Neuroendocrinology. 113(6):579-588.
Ramos-Cejudo J, Wisniewski T, Marmar C, et al. (2018) Trau-
matic brain injury and Alzheimer’s disease: the cerebrovas-
cular link. Ebio Medicine. 28:21-30.

West T, Sharp SR (2014) Neuroendocrine dysfunction follow-
ing mild TBI: when to screen for it. PubMed. 63(1):11-16.
GAmez-de-Regil L, Estrella-Castillo DF, Vega-Cauich J (2019)
Psychological intervention in traumatic brain injury patients.
Behav Neurol. 2019:1-8.

Amoo M, Henry J, O’Halloran PJ, et al. (2021) S100B, GFAP,
UCH-L1 and NSE as predictors of abnormalities on CT imag-
ing following mild traumatic brain injury: a systematic review
and meta-analysis of diagnostic test accuracy. Neurosurg
Rev. 45(2):1171-1193.

Califf RM (2018) Biomarker definitions and their applica-
tions. Exp Biol Med. 243(3):213-221.

Lawrence DW, Sharma B (2016) A review of the neuropro-
tective role of vitamin D in traumatic brain injury with im-
plications for supplementation post-concussion. Brain Inj.
30(8):960-968.

Yue JK, Xu L, Korley F, et al. (2020) High-sensitivity C-reactive
protein is a prognostic biomarker of 6-month disability af-
ter traumatic brain injury: results from the TRACK-TBI study.
Neurosurgery. 67(1):1.

Dusick JR, Glenn TC, Vespa PM, et al. (2015) New observa-
tions in cerebral glucose metabolism following traumatic
brain injury: the mystery of the missing glucose. Neurosur-
gery. 62(1):200.

Mangiola A, Vigo V, Anile C, et al. (2015) Role and impor-
tance of IGF-1 in traumatic brain injuries. Biomed Res Int.
2015:736104.

HaY, Jeong JA, Kim Y, et al. (2016) Sodium and potassium re-
lating to Parkinson’s disease and traumatic brain injury. Met
lons Life Sci. 16:585.

Fry D, Almond R, Moffat S, et al. (2019) UK Biobank biomark-
er project companion document to accompany serum bio-
marker data. UK Biobank Showcase.

Lyall D, Russell E, Ward J, et al. (2022) History of traumatic



Sharma S, et al.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

© Under License of Creative Commons Attribution 4.0 License

brain injury is associated with impaired cognition and im-
aging evidence of altered white matter tract integrity in UK
Biobank (n=47,920).

Madathil SK, Saatman KE (2015) IGF-1/IGF-R signaling in
traumatic brain injury: impact on cell survival, neurogene-
sis, and behavioral outcome. Neurochem Res. 40(12):2449-
2460.

Mangiola A, Vigo V, Anile C, et al. (2015) Role and impor-
tance of IGF-1 in traumatic brain injuries. Biomed Res Int.
2015:736104.

Lichtenwalner RJ, Forbes ME, Bennett SA, et al. (2001) In-
tracerebroventricular infusion of insulin-like growth factor-I
ameliorates the age-related decline in hippocampal neuro-
genesis. Neuroscience. 107(4):603-613.

Sonntag WE, Ramsey M, Carter CS (2005) Growth hormone
and insulin-like growth factor-1 (IGF-1) and their influence
on cognitive aging. Ageing Res Rev. 4(2):195-212.

Lee DH, Jacobs DR (2009) Is serum gamma-glutamyltransfer-
ase a marker of oxidative stress? Free Radic Res. 43(6):533-
537.

Ansari MA, Scheff SW (2010) Oxidative stress in the progres-
sion of Alzheimer disease in the frontal cortex. J Neuropathol
Exp Neurol. 69(2):155-167.

Kim H, Lee H (2013) Serum liver enzyme levels and cerebral
infarction: a prospective study in Korea. Stroke. 44(2):304-
310.

Garcia-Bonilla L, Campos M, Giralt D, et al. (2012) Evidence
for the efficacy of statins in animal stroke models: a me-
ta-analysis. J Neurochem. 122(2):233-243.

Kim JM, Stewart R, Kim SY, et al. (2008) Changes in serum
alkaline phosphatase and the risk of incident dementia over
a 10-year period. Clin Chem Lab Med. 46(2):218-223.
Mahley RW, Huang Y (2012) Apolipoprotein E sets the
stage: response to injury triggers neuropathology. Neuron.
76(5):871-885.

Zemva A, Schaller B (2014) Hypocalcemia as a prognostic fac-

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

tor in mortality and morbidity in patients with moderate and
severe traumatic brain injury. ) Neurosurg Sci. 58(1):23-28.
Nair A, Joseph J, Pillai AK (2020) Higher cystatin C levels are
associated with neurocognitive impairment in older adults. J
Geriatr Psychiatry Neurol. 33(1):3-10.

Sajja VSSS, Hlavac N (2016) Blood biomarkers of traumatic
brain injury: a review of recent research. J Neurol Neuro-
physiol. 7(3):1-8.

Wright WG, Reddy CC (2014) Lipid metabolism in traumatic
brain injury: impact on prognosis and potential therapeutic
targets. J Neurotrauma. 31(12):1008-1017.

Gardner RC, Yaffe K (2015) Epidemiology of mild traumatic
brain injury and neurodegenerative disease. Mol Cell Neu-
rosci. 66:75-80.

Yue JK, Upadhyayula PS, Avalos LN, et al. (2020) Blood bio-
markers for mild traumatic brain injury: a systematic review.
Neurosurg Focus. 49(4):E7.

Papa L, Robertson CS (2016) Biomarkers in traumatic brain
injury. Curr Opin Crit Care. 22(2):141-149.

Thelin EP, Zeiler FA, Ercole A, et al. (2017) Serial sampling
of serum protein biomarkers for monitoring human traumat-
ic brain injury dynamics: a systematic review. Front Neurol.
8:300.

Perry C, Barrett T, Yadav A, et al. (2019) P032 non-invasive
biomarkers for inflammatory bowel disease monitoring:
drawbacks and potential. Gastroenterology. 156(3):522-S23.
Larson EB (2018) Sleep disturbance and cognition in people
with TBI. Neuro Rehabil. 43(3):297-306.

Olsson TM, Sundell K (2023) Publication bias, time-lag bias,
and place-of-publication bias in social intervention research:
an exploratory study of 527 Swedish articles published be-
tween 1990-2019. PLoS ONE. 18(2):e0281110.

Fry A, Littlejohns TJ, Sudlow C, et al. (2017) Comparison of
sociodemographic and health-related characteristics of UK
Biobank participants with those of the general population.
Am J Epidemiol. 186(9):1026-1034.

How to Cite this article: Sharma S, Lyall DM (2025) Explor-

ing the Role of Generalized Health Biomarkers in Traumatic Brain
njury: A UK Biobank Study. Heal Care Res J. 1(2): 1-06.

Page no.: 06



