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ABSTRACT
Background: The role of generalized health biomarkers remains widely unexplored in relation to TBI. 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-

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., ß = 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-



ysis.
The results of the final analysis are reported in the form of stan-
dardized beta coefficients (ß), 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).
ß 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].

Figure 1: Standardized beta values for each biomarker and model 
for narrow-band TBI

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, HbA1c, and microalbumin are sta-
tistically significant in all Model1, 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 Model1 and Model2 have signifi-
cant results for SHBG, only Model2 and Model3 for albumin and 
only Model1 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, Model1, Model2 and Model3 showed signifi-
cang results in broad-band TBI and Model1 and Model2 in nar-
row-band TBI. Vitamin D shows significant results in Model1 in 
broad-band TBI and Model1 and Model2 in narrow-band TBI. 
Direct bilirubin, triglyceride, urate and sodium have significant 
results in Model1 in both broad-band and narrow-band TBI. 
HDL and APOE A has significant results in Model2, Model3 and 
Model4 in broad-band TBI and Model1 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 Model1 in broad-band, Model 3 in broad-
band, Model4 in broad-band, Model3 in broad-band, Model1 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, HbA1c, 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 

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.
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