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Prospective Assessment of Acute Blood Markers
of Brain Injury in Sport-Related Concussion

Timothy B. Meier,1,2 Lindsay D. Nelson,1,3 Daniel L. Huber,1

Jeffrey J. Bazarian,4 Ronald L. Hayes,5 and Michael A. McCrea1,3

Abstract

There is a pressing need to identify objective biomarkers for the assessment of sport-related concussion (SRC) to reduce
the reliance on clinical judgment for the management of these injuries. The goal of the current study was to prospectively
establish the acute effects of SRC on serum levels of S100 calcium-binding protein beta (S100B), glial fibrillary acidic
protein (GFAP), and ubiquitin C-terminal hydrolase-L1 (UCH-L1). Collegiate and high school football players were
enrolled and provided blood at pre-season. Injured athletes participated in follow-up visits at *6 and 24–48 h following
documented SRC (n = 32). Uninjured football players participated in similar follow-up visits and served as controls
(n = 29). The median time between injury and blood collection was 2 h (6 h visit) and 22.5 h (24–48 h visit) in concussed
athletes. Concussed athletes had significantly elevated UCH-L1 levels at the 6 h visit relative to pre-season levels
(Z = 2.22, p = 0.03) and levels in control athletes (Z = 3.02, p = 0.003). Concussed athletes also had elevated S100B at 6 h
relative to pre-season (Z = 2.07, p = 0.04) and controls (Z = 2.75, p = 0.006). Both markers showed fair discrimination
between concussed and control athletes (UCH-L1 area under receiver operating characteristic curve [AUC] [95%
CI] = 0.74 [0.61–0.88], S100B AUC = 0.72 [0.58–0.87]). Percent-change of UCH-L1 and S100B at 6 h relative to pre-
season also showed fair discrimination (AUC = 0.79 [0.66–0.92] and AUC = 0.77 [0.64–0.90]). GFAP levels did not differ
between groups or in concussed athletes relative to pre-season. This study provides prospective evidence of significant
increases in serum levels of UCH-L1 and S100B during the early acute period following SRC, and lays the foundation for
future studies examining the clinical potential for blood-based biomarkers in the early detection of concussion.

Keywords: GFAP; mild traumatic brain injury; S100B; UCH-L1

Introduction

The diagnosis of sport-related concussion (SRC) is often
challenging because of the subjective and nonspecific nature

of self-reported symptoms and a variety of non-injury factors that
may affect accurate symptom reporting (e.g., underreporting in athlete
samples).1 Therefore, there is a pressing need to identify objective
biomarkers for the assessment of SRC to reduce the reliance on
clinical judgment for the management of these injuries. In the broader
domain of civilian traumatic brain injury (TBI), blood biomarkers
have garnered great interest because of the relative ease with which
these markers can be obtained and tested, as well as their cost effec-
tiveness relative to other potential biomarkers (e.g., neuroimaging).2,3

A variety of blood biomarkers that are linked with the neuro-
physiological consequences of brain injury, including cell dam-
age and inflammation/gliosis, have been proposed. Several recent
studies of mild and moderate TBI patients recruited from hospital
emergency departments and trauma centers have demonstrated

promising results for ubiquitin C-terminal hydrolase-L1 (UCH-
L1), glial fibrillary acidic protein (GFAP), and S100 calcium-
binding protein beta (S100B). UCH-L1 is highly specific to and
abundant in neurons and has shown promise as a marker of neu-
ronal damage following brain injury. For example, acute increases
in serum or plasma levels are observed in TBI patients of all se-
verities and are associated with injury severity, outcome, and the
presence of intracranial lesions.4–10 GFAP, a marker of glial
damage, has also been consistently shown to be elevated following
brain injury and to correlate with injury severity and outcome.4–7,9–14

Although found both within and outside the nervous system, S100B
has also shown promise as a marker of astrocytic damage follow-
ing brain injury.15,16 S100B is elevated following mild trau-
matic brain injury (mTBI) and has demonstrated some utility in
detecting the presence of intracranial lesions, although with less
success than GFAP.11,17–20

To date, work investigating these blood biomarkers in SRC has
been relatively limited. Two studies have prospectively assessed

Departments of 1Neurosurgery, 2Cell Biology, Neurobiology, and Anatomy, and 3Neurology, Medical College of Wisconsin, Milwaukee, Wisconsin.
4Department of Emergency Medicine, University of Rochester School of Medicine, Rochester, New York.
5Banyan Labs, Banyan Biomarkers Inc., Alachua, Florida.
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22.00] pg/mL) in control athletes ( p = 0.007 and p = 0.021, re-
spectively). Concussed athletes also had significantly higher GFAP
at the 24–48 h visit (22.00 [7.60–28.04] pg/mL) relative to 6 h
(22.00 [7.60–25.40] pg/mL; p = 0.04). For S100B, controls had
significantly lower levels at the 6 h (47.70 [28.76–74.00] pg/mL)
and 24–48 h visits (42.36 [28.08–63.18] pg/mL) relative to
pre-season levels (60.64 [42.92–83.95] pg/mL; p = 0.005 and
p < 0.001). In concussed athletes, S100B levels at the 6 h visit
(90.32 [50.22–119.20] pg/mL) were significantly higher than pre-
season levels (62.87 [43.58–91.74] pg/mL; p = 0.04) and levels at
the 24–48 h visit [48.28 [34.28–63.87] pg/mL; p < 0.001), whereas
levels were significantly lower at the 24–48 h relative to the pre-
season visit ( p = 0.01). There were no significant differences across
time in UCH-L1 levels in control athletes following FDR correc-
tion. In contrast, UCH-L1 levels in concussed athletes were ele-
vated at the 6 h visit (204.35 [144.41–317.95] pg/mL) relative to
pre-season (139.62 [82.01–234.66] pg/mL; p = 0.026) and the 24–
48 h visit (97.80 [56.49–154.36] pg/mL; p < 0.001), whereas levels
at the 24–48 h visit were significantly lower than pre-season levels
( p = 0.004).

Finally, the percent change at the 6 h visit relative to pre-season
([6 h – preseason]/preseason) was calculated.21 The median per-
centage change of UCH-L1 at the 6 h visit relative to the pre-season
visit was 51.13% (IQR: 2.23–157.23%) in concussed athletes and
-3.84% (IQR: -48.67–13.85%) in controls (Fig. 3). The median

percentage change of S100B at the 6 h visit was 18.51% (IQR:
-13.19–60.01%) in concussed athletes and -19.00% (IQR: -46.27–
-5.82%) in controls. The percent changes in UCH-L1 and S100B at
6 h discriminated groups with AUC = 0.79 [95% CI: 0.66–0.92] and
AUC = 0.77 [95% CI: 0.64–0.90], respectively (Fig. 2b). Combin-
ing the percent changes in UCH-L1 and S100B at 6 h slightly in-
creased the AUC to 0.81 [95% CI: 0.69–0.94]. In contrast, the
median percentage change in GFAP at the 6 h visit was 0% in
concussed athletes (IQR: 0–189.47%) and 0% in control athletes
(IQR: 0–12.49%) and yielded poor discrimination (AUC = 0.58
[95% CI: 0.42–0.75]).

Exploratory correlations

Based on peak biomarker and symptom elevations during the
early acute post-injury period, exploratory Spearman correlations
were performed to determine the relationship between percent
change or absolute levels of concussion symptoms and biomarker
levels at the 6 h visit. There were no significant correlations (un-
corrected for multiple comparisons).

Discussion

This study represents the first of this biomarker panel in SRC and
provides prospective evidence of acute increases in serum levels of
UCH-L1, a neuronal injury marker, during the early acute period

FIG. 1. Biomarker levels at each visit. Shown in the left panel are individual biomarker levels at each visit for each group. The
horizontal line represents the group median at that time point. Shown in the right panel are group medians for each group across visits.
GFAP, glial fibrillary acidic protein; UCH-L1, ubiquitin C-terminal hydrolase-L1; S100B, S100 calcium-binding protein beta.
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Abstract
Objective
To test the hypothesis that acute elevations in serum inflammatory markers predict symptom
recovery after sport-related concussion (SRC).

Methods
High school and collegiate football players (n = 857) were prospectively enrolled. Forty-one
athletes with concussion and 43 matched control athletes met inclusion criteria. Serum levels of
interleukin (IL)–6, IL-1β, IL-10, tumor necrosis factor, C-reactive protein, interferon-γ, and IL-
1 receptor antagonist and Sport Concussion Assessment Tool, 3rd edition (SCAT3) symptom
severity scores were collected at a preinjury baseline, 6 and 24–48 hours postinjury, and
approximately 8, 15, and 45 days following concussion. The number of days that athletes were
symptomatic following SRC (i.e., duration of symptoms) was the primary outcome variable.

Results
IL-6 and IL-1RA were significantly elevated in athletes with concussion at 6 hours relative to
preinjury and other postinjury visits, as well as compared to controls (ps ≤ 0.001). IL-6 and IL-
1RA significantly discriminated concussed from control athletes at 6 hours postconcussion (IL-
6 area under receiver operating characteristic curve 0.79 [95% confidence interval (CI)
0.65–0.92], IL-1RA AUC 0.79 [95% CI 0.67–0.90]). Further, IL-6 levels at 6 hours post-
concussion were significantly associated with the duration of symptoms (hazard ratio for
symptom recovery = 0.61 [95% CI 0.38–0.96], p = 0.031).

Conclusions
Results support the potential utility of IL-6 and IL-1RA as serum biomarkers of SRC and
demonstrate the potential of these markers in identifying athletes at risk for prolonged recovery
after SRC.

Classification of evidence
This study provides Class III evidence that serum levels of IL-6 and IL-1RA 6 hours post-
concussion significantly discriminated concussed from control athletes.
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recovery (i.e., higher IL-6 levels were associated with
slower recovery rates; figure 3). IL-1RA levels at 6 hours
postconcussion were not significantly associated with
speed of recovery (mean natural log-transformed IL-1RA
6.03 [SD 0.66], mean duration of symptoms 7.14 [3.73]
days, HR 0.62 [95% CI 0.31–1.23], p = 0.17).

Discussion
This prospective study longitudinally measured serum levels
of inflammatory markers from preseason through multiple
postinjury visits after SRC. Consistent with previous large-
scale studies,24 athletes with concussion had elevated symp-
tom severity scores during the acute postinjury phase after
SRC (i.e., 6 and 24–48 hours), with athletes with concussion
reporting symptom recovery 8.79 days following injury, on
average. Athletes with concussion also had elevated levels of
IL-6 and IL-1RA at the early acute time point (i.e., 6 hours
postinjury) relative to preinjury levels and relative to carefully

selected noninjured football athletes who served as matched
controls. Importantly, elevated IL-6 levels at 6 hours post-
concussion were associated with longer symptom recovery in
athletes with concussion. These results demonstrate the
sensitivity of serum inflammatory markers to SRC and high-
light the potential of these markers in identifying athletes at
risk for prolonged recovery following SRC.

IL-6 is a pleiotropic cytokine that exerts both pro- and anti-
inflammatory effects as part of the innate immune response
and is also involved in adaptive immunity.25 The effects of
brain injury on IL-6 have been extensively studied, with acute
elevations documented in the brain following experimental
brain injury and in CSF of patients following severe TBI.3,26

Previous studies have also documented acute elevations in IL-
6 in serum or plasma following moderate to severe TBI in
pediatric ED patients5,9 as well as in adult TBI patients
compared to controls.6,8,10 Prior work in severe head injury
has also demonstrated the prognostic potential of IL-6, with
reported associations between acute IL-6 levels and negative

Figure 3 Receiver operating characteristic (ROC) curves and cumulative incidence of symptom recovery

(A) ROC curve for interleukin (IL)-6 and
IL-1 receptor antagonist (RA) at the 6-
hour visit. Red line represents refer-
ence line. (B) Cumulative incidence of
concussion symptom recovery by IL-6
and IL-1RA at the 6-hour visit in ath-
letes with concussion. For visualiza-
tion purposes, IL-6 and IL-1RA levels
are represented as low or high based
on median split.
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(ps > 0.10). As in the primary analyses, there was a signifi-
cant group by visit interaction for IL-1RA (p < 0.001),
driven by increased IL-1RA levels in athletes with concus-
sion at the 6-hour visit relative to all other visits as well as
relative to controls (ps < 0.001).

Prediction of symptom recovery
Testing for associations between inflammatory markers and
outcome in athletes with concussion (i.e., the duration of
postconcussion symptoms in days) was limited to IL-1RA
and IL-6 at the 6-hour visit. Eight of the 17 (47%) athletes
with concussion who had elevated IL-6 levels at 6 hours
postconcussion relative to their own baseline and complete

data regarding symptom recovery were still symptomatic at
the 8-day visit, while 8 of the 18 (44%) athletes with con-
cussion with elevated IL-1RA were still symptomatic at the
8-day visit. All injured athletes with elevated IL-6 or IL-1RA
were symptom free by the 15-day visit. Time-to-event
analyses were conducted to determine if acute IL-6 or IL-
1RA levels predicted the number of days that athletes were
symptomatic. IL-6 levels at 6 hours postconcussion were
significantly associated with symptom duration (mean
natural log-transformed IL-6 −0.08 [SD 1.12], mean du-
ration of symptoms 7.10 [SD 3.82] days, HR 0.61 [95% CI
0.38–0.96], p = 0.03), with a 1-unit increase in natural log-
transformed IL-6 associated with 39% lower hazard of

Figure 2 Symptom severity scores and inflammatory markers

Shown are the Sport Concussion Assessment
Tool, 3rd edition (SCAT3) mean symptom se-
verity scores and the natural log-transformed
(ln) levels of inflammatorymarkers for athletes
with sport-related concussion (SRC) and con-
trols at preseason baseline (BL), 6-hour (6 h),
24- to 48-hour (48 h), 8-day (8 d), 15-day (15 d),
and 45-day (45 d) visits. Error bars are standard
error of the mean. CRP = C-reactive protein;
IFN = interferon; IL = interleukin; RA = receptor
antagonist; TNF = tumor necrosis factor.
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Glasgow Outcome Scale – Extended (GOSE) 
1 Dead   

2 Vegetative State 
(VS) 

Condition of unawareness with only reflex responses but with periods of spontaneous 
eye opening 

      

      

3 Severe Disability – 
Lower (SD–) 

Dependence on daily support for mental or physical disability or both.  
If the patient can be left alone for more than 8 hours at home, it is upper level of SD; if 
not, then it is low level of SD  

4  Severe Disability – 
Upper (SD+) 

      
      

5 Moderate Disability 
– Lower (MD–) 

Patients have some disability such as aphasia, hemiparesis or epilepsy and/or deficits of 
memory or personality but are able to look after themselves. They are independent at 
home but dependent outside.  
If they are able to return to work event with special arrangement it is upper level of MD; if 
not then it is low level of MD. 

6 Moderate Disability 
– Upper (MD+) 

      
      

7 Good Recovery – 
Lower (GR–) 

Resumption of normal life with the capacity to work even if pre-injury status has not been 
achieved. Some patients have minor neurological or psychological deficits.  
If these deficits are not disabling then it is upper level of GR; if disabling, then it is lower 
level of GR. 8 Good Recovery – 

Upper (GR+) 

TBI Outcome Measurement 



Outcome Measurement:   
Can We Do Better? 



Skill/  
Life 

Function 
Impairmen

t 
Level 

Clinical 
Phenotype 

Level 
Cognitive  
Domain 

Neurobehaviora
l Domain 

Global 
Function 

Level 
Glasgow Outcome Scale – Extended 

(GOSE) 

Memory 

Exec 
Function 

Language 

Attention 

Cog Proc 

Vis-spat 

Intelligence Other 

Judgment 

Anger 

Social 
Behav 

Impulse 

Disinhibitio
n 

Apathy 

Insight Other 

Psychological 
Health Domain 

Mood 

PTSD 

Personality 

Anxiety 

Psychosi
s 

PCS Sx’s 

Resilience Other 

Life 
Participation 

Domain 

Social 

Recreat’l 

Financial 

Vocat’l 

Sexual 
Fn 

Transport 

Living Sit. Other 

Physical 
Function 
Domain 

Motor 

Percept 

Pain  

Sensory 

Mobility 

Sleep 

Enduranc
e 

Other 

Multi-Dimensional Assessment of TBI 
Outcome 

A Collaborative Effort of TRACK-TBI and TED  

McCrea, Giacino, Dikmen, Manley 2015 

NINDS TBI Common Data Elements (CDE):   
A multifaceted system for measuring outcomes  

across a wide variety of functioning  



6 Month Symptom Reporting in Good Outcomes 
(GOSE 7 & 8) 

36.9% 
31.1% 

7.0% 

32.0% 

42.7% 

50.0% 

37.9% 

31.1% 

39.8% 

58.3% 

49.5% 
44.7% 

21.4% 
25.2% 

7.8% 

30.1% 

0% 
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20% 

30% 

40% 

50% 

60% 

70% 

HA Dizz Naus Ns 
Sen 

SlpDist Fatg Irrit Dep Frust Mmry Conc Slow BlrVs LtSen DblVs Rstls 

Percentage of TBI Patients Endorsing Symptoms on RPQ 

GOSE 8 GOSE 7 
Nelson et al, 2017 

Good vs. Not So Good 
Outcome 



Aim Toward Precision Medicine in 
TBI 

STRATIFICATION 

Characterization, 
Classification, 
Phenotyping 

THERAPEUTICS 

Targeted Intervention  
(if any treatment at all) 

MEASUREMENT 

Response to Treatment, 
Functional Outcome 

What Factors Influence 
Recovery, Follow-up, Outcome 

& Risk 



Outcome Prediction in Neurotrauma 
•  Neurobiological

:  Evidence of organic 
brain damage 

•  Psychological: 
Response to injury 

•  Social/ 
Environmental  

1981 

It’s About Injury & Who Comes to Injury 



Outcome Prediction after 
TBI 

Injury and non-injury factors  
predict outcome 



Neurobiological 

Pre-Injury 
Factors 

 

- Genetics 
- Neurologic 

Vulnerabilities  

Trauma 
Burden 

 

- Injury Severity 
- Repetitive 
Exposure 

- Polytrauma 

Biomarkers 
 

- Structural/ 
Functional 
Imaging 
- Blood 

Biomarkers 

Psychosocial 
Psychologica

l Function 
 

- Premorbid 
- Post-injury 

Comorbidities 

Environmental 
Factors 

 
- Social Support 
- Life Stressors 
- Iatrogenesis 

Motivational 
Factors 

 
- Expectation 
- Secondary 

Gain 

Multi-Domain  Predictor Variables 

Neurobiopsychosocial Model of TBI: 
Multidimensional Prediction of Recovery, Outcome 

& Risk 

Neurocognitive 
Function 

Neurobehavioral 
Function 

Psychological 
Health and 
Wellness 

Life Function & 
Quality 

Neurologic 
Health 

Multi-Dimensional Outcome 

We Call it “Neuropsychology” for a Reason 



DETECTION CHARACTERIZATI
ON 

QUANTIFICATI
ON 

TOWARD ENRICHMENT, STRATIFICATION AND 
PREDICTION  

TO GUIDE PERSONALIZED TREATMENT 

PRECISION 
NEUROTRAUMA 

IMPROVING OUTCOME AND REDUCING DISABILITY 
AFTER TBI 



Post-Hospital Follow-up After 
mTBI 

It’s Tough to Get Precision Care with No Care 
at All 


