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Abstract

Objectives: To evaluate some confounding factors that
influence the concentrations of S100 calcium binding
protein B (S100B), glial fibrillary acidic protein (GFAP),
and ubiquitin carboxyl-terminal hydrolase L-1 (UCH-L1) in
older individuals. Indeed, recent guidelines have proposed
the combined use of S100B and the “GFAP-UCH-L1”mTBI test
to rule out mild traumatic brain injuries (mTBI). As older
adults are the most at risk of mTBI, it is particularly
important to understand the confounding factors of those
mTBI rule-out biomarkers in aging population.
Methods: The protein S100B and the “GFAP and UCH-L1”
mTBI test were measured using Liaison XL (Diasorin) and

Alinity I (Abbott), respectively, in 330 and 341 individuals
with non-suspected mTBI from the SarcoPhAge cohort.
Results: S100B, GFAP and UCH-L1 were all significantly
correlated with renal function whereas alcohol consump-
tion, Geriatric Depression Score (GDS), smoking habits and
anticoagulant intake were not associated with any of these
three biomarkers. Body mass index (BMI) and age were
associated with GFAP and UCH-L1 expression while sex and
mini-mental state examination (MMSE)were only associated
with GFAP. According to the manufacturer’s cut-offs for
mTBI rule-out, only 5.5 % of participants were positive for
S100B whereas 66.9 % were positive for the “GFAP-UCH-L1”
mTBI test. All positive “GFAP-UCH-L1” mTBI tests were
GFAP+/UCH-L1-. Among individuals with cystatin
C>1.55 mg/L, 25 % were positive for S100B while 90 % were
positive for the mTBI test.
Conclusions: Our data show that confounding factors have
different impacts on the positivity rate of the “GFAP-UCH-L1”
mTBI test compared to S100B.

Keywords: mild traumatic brain injury; blood-based
biomarkers; specificity; confounding factors; normally aging
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Introduction

Annually in Europe, over 2.5 million individuals undergo the
experience of traumatic brain injury (TBI) at least once [1].
Especially, TBI mostly impact children and young adults
under 24 years old and older adults above 75 years old [2]. The
severity of TBI is particularly serious in older people, as its
repercussions are accentuated by the presence of comorbid-
ities leading to a potential death of the patients [2, 3].

TBI can be classified in different categories which are
severe, moderate, and mild TBI, according to the level of
Glasgow coma score (GCS) [4]. Mild traumatic brain injury
(mTBI) is further defined by aGCS of 13–15 points combined to
one of the following criteria: confusion or disorientation, loss
of consciousness for less than 30min, post-traumatic amnesia
for less than 24 h or transient neurological abnormalities [1].
mTBI accounts for almost 95% of all the TBIs and is usually
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confirmedby a positive CT scan [4]. Even if the CT scan has the
advantage of providing an early prognostic, the tool contains
some limitations that may explain why the CT scan is
considered as overused compared to its efficiency in diag-
nosing the condition [1, 5, 6]. Actually, the Canadian CT Head
Rule (CCTHR) and the French guidelines have been published
to help reduce the use of CT scan.

In the French guidelines, the combined use of the mea-
surement of biomarkers, namely S100 calcium binding pro-
tein B (S100B) and the glial fibrillary acidic protein-ubiquitin
carboxyl-terminal hydrolase L-1 (“GFAP-UCH-L1”) mTBI test is
recommended to rule out mTBI [1]. GFAP is physiologically
expressed in astrocytes [7], UCH-L1 in neurons [8] and S100B
both in astrocytes and neurons [9]. The level of these three
proteins is known to be low in physiological conditions but
increased specific pathological conditions such as in sport-
related concussion, ischemic stroke or Alzheimer disease
[10–12]. In case of head trauma, the release of the three bio-
markers in the bloodstream could be caused by cells rupture
and a probable blood brain barrier increased permeability
due to the impact during mTBI [13].

Both S100B and mTBI tests have demonstrated a good
sensitivity in the general population [14, 15] and the need to
combine several biomarkers is justified by the different half-
lifes and time of release of the three proteins [9, 16]. Indeed,
S100B has been largely characterized to rule outmTBIwithin
3 h post-concussion whereas the “GFAP and UCH-L1” mTBI
test offers the opportunity of extending the rule-out up to
12 h [15]. However, the specificity of both S100B and the
“GFAP and UCH-L1” mTBI test has been reported to be age
dependent [5, 17, 18]. Although S100B has been extensively
characterized [9], data on the mTBI test remain scarce and
the confounding factors of GFAP and UCH-L1 are largely
unreported [19]. Therefore, the aim of this study was to
assess several confounding factors that could influence the
concentration of S100B and the “GFAP and UCH-L1” mTBI
test, in the normal aging population to further understand
the impact of these confounding factors on the positivity rate
of these tests in older adults.

Materials and methods

Sample collection

The SarcoPhAge study (for sarcopenia and physical impairment with
advancing age) is a long-term prospective study with a 10-year ongoing
follow-up [20]. The SarcoPhAge cohort is composed of 534 community-
dwelling Belgian participants who were older than 65 years old at the
time of the inclusion [20]. The recruitment was done by newspaper
advertisement [20]. Limb amputation and BMI over 50 kg/m2 were the

only exclusion criteria in this cohort [20]. Comorbidities were
self-reported through a questionnaire completed at the time of inclusion
and cognition has been assessed with mini-mental state examination
(MMSE). History of falls was self-reported but no data were gathered
concerning recent mTBI event [20]. Of the 534 participants recruited,
only 409 had a serum sample collected at time of the inclusion (June
2013–June 2014). Given that this cohort has been used in several other
studies, only 330 samples had enough left-over volume to properly
measure S100B and 341 samples had enough left-over volume for
“GFAP-UCH-L1”measurements. The SarcoPhAge study was approved by
the Ethics Committee of the CHU de Liège (2012/277).

Laboratory analysis

The level of GFAP and UCH-L1 was measured in 341 samples thanks
to the “GFAP-UCH-L1” mTBI test on an Alinity I system from Abbott
(Abbott, USA) following manufacturer’s instructions. In our hands,
the analytical coefficients of variation were 2.9 % for UCH-L1 (mean
concentration: 73.61 pg/mL) and 3.69 % for GFAP (mean concentration:
16.47 pg/mL). Abbott proposes positivity cut-offs for the mTBI of
35 pg/mL for GFAP and 400 pg/mL for UCH-L1. If both biomarker
concentrations are below the cut-offs, then the mTBI test is considered
as negative whereas if GFAP alone, UCH-L1 alone or both are above
the cut-off, then the mTBI test would be considered as positive [14].
Whenever the test is GFAP+/UCH-L1-, GFAP-/UCH-L1+ or GFAP+/
UCH-L1+, the mTBI test is considered as positive without any additional
information.

The protein S100B was measured in 330 samples thanks to the
Liaison XL S100 kit (DiaSorin, Italy) following manufacturer’s
instructions. In our hands, the analytical coefficients of variation were
12.045 % for low level of control (mean concentration: 0.2225 μg/L)
and 11.26 % for high level of control (mean concentration: 3.035 μg/L).
DiaSorin proposed a positivity cut-off at 0.15 μg/L. If the biomarker
concentration is below the cut-off, the test is considered as negative
and if the biomarker concentration is above the cut-offs, the test is
considered as positive [21].

Serum cystatin C was determined with the Roche Cobas turbidi-
metric assay (Mannheim, Germany) and the cut-off for chronic kid-
ney disease (CKD) was set at 1.55 mg/L. The estimation of glomerular
filtration rate (eGFR) was calculated with the 2012 CKD-EPI formula
[22, 23].

Statistical study

Firstly, variables were assessed for normality using two techniques
(Shapiro-Wilk test and histograms) but none of the continuous variable
shown a normal distribution. Therefore, variables were expressed
with theirmedian and interquartile range (IQR) and all subsequent tests
used were nonparametric tests. Subgroups have been created for
each covariate to make descriptive statistics. When the variable was
categorical, a Kruskal–Wallis test has been carried out. When the
variable was continuous data, rank correlations (Spearman test) were
performed to investigate their association with S100B/GFAP/UCH-L1
results. The Spearman correlation has demonstrated if two continuous
variables were positively or negatively associated. To ensure that the
two cohort are statistically comparable, a chi-squared test was used for
categorical data and a Mann–Whitney test for continuous data.
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The studied confounding factors were age, sex, BMI, self-reported
neurological disorders, MMSE, Geriatric Depression Score (GDS),
cystatin C, eGFR, alcohol consumption, smoking habits, anticoagulant/
antiaggregant intake. Finally, for the multivariate analysis, each
biomarker concentration was considered as the dependent variable
and each significant respective confounding factor of the univariate
analysis was added to the model as independent variables.

Reference range (2.5–97.5) were calculated using the “age-related
reference interval” centile method after a single round of outliers
exclusion according to Tukey method and after logarithmic trans-
formation. The reference population was individuals with cystatin
C<1.55 mg/L, MMSE≥26 and absence of self-reported neurological
troubles.

For all statistical tests, the level of significance was fixed at 0.05.
All statistic tests have been realized on Medcalc® (Medcalc software,
Belgium).

Results

Cohort description

The SarcoPhAge cohort had a median age of 72 years old,
a median BMI of 26.03 kg/cm2 and a median eGFR of
66 mL/min/1.73 m2 at the inclusion with a ratio of 55 % of
female for 45 % of male. Less than 4 % reported neurological
disorders and 8 % had cognitive troubles evaluated through
MMSE≤25.We observed no statistical difference between the
341 and 330 included participants (Table 1, Supplementary
Table 1).

GFAP expression in normal aging

To study the impact of age, sex, BMI, self-reported
neurological disorders, MMSE, GDS, cystatin C level, eGFR,
alcohol consumption, smoking habits and anticoagulant/
antiaggregant intake on GFAP concentration, we performed
a univariate analysis. GFAP was positively associated with
age whereas GFAP was negatively associated with BMI,
MMSE and renal function (Table 2). Additionally, GFAP was
increased in women and in participants that reported
neurological troubles (Table 2).

All these significant confounding factors of GFAP were
included in amultivariate analysis except for the eGFR since
its calculation encompasses age, sex, and cystatin C. In this
model, age (rpartial: 0.1125; p=0.0397), BMI (rpartial: −0.2008;
p=0.0002), cystatin C (rpartial: 0.1099; p=0.0444), MMSE
(rpartial: −0.1586; p=0.0036), sex (rpartial: 0.1129; p=0.0388)
were all significantly associated with GFAP concentration
but the self-reported neurological disorders was not (rpartial:
0.0425; p=0.4383) (Table 2).

UCH-L1 expression in normal aging

To study the confounding factors of UCH-L1, the same
strategy as above was applied. In the univariate analysis,
UCH-L1 was positively associated with age and BMI and
negatively associated with MMSE, renal function and
alcohol consumption (Table 2). UCH-L1 was increased by
anticoagulant/antiaggregant intake and decreased by
alcohol consumption (Table 2).

All the significant confounding factors of UCH-L1
were then evaluated in a multivariate analysis except
for the eGFR as explained before. In this model, age
(rpartial: 0.201; p=0.0001), BMI (rpartial: 0.191; p=0.0005) and
Cystatin C (rpartial: 0.237; p<0.0001) are all associated with
UCH-L1 but not the alcohol (rpartial:-0.1059; p=0.0525), MMSE

Table : Description of the characteristics of the SarcoPhAge cohort (%).

Description of the cohort, %

Median age, years (IQR) . ()
Gender
Male 

Female 

BMI
< kg/m



– kg/m
.

– kg/m
.

≥ kg/m


Neurological disorders
Yes .
No .
MMSE
≤ 

> 

GDS
< 

– 

> 

Cystatin C
>.mg/mL 

≤.mg/mL 

eGFR, n
eGFR<mL/min/.m



eGFR≥mL/min/.m


Smoker
Yes 

No 

Alcohol consumer
Yes .
No .
Anticoagulant/aggregate intake
Yes 

No 

MMSE, mini-mental state examination; GDS, Geriatric Depression Score.
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(rpartial: 0.278; p=0.0595) and anticoagulant and/or anti-
aggregant intake (rpartial: 0.08679; p=0.1123) (Table 2).

S100B expression in normal aging

In the univariate analysis, S100B was positively associated
with age and negatively associated with renal function
(Table 2). Furthermore, S100B was increased in participants
self-reporting neurological troubles (Table 2).

When all the significant confounding factors of
S100B (except eGFR) were included in amultivariate analysis,
only the Cystatin C (rpartial: 0.1807; p=0.001) was significantly
associated with S100B concentration whereas the self-
reported neurological disorders and age were not (rpartial:
0.01875, −0.01231; p=0.7355, 0.8245, respectively) (Table 2).

Reference ranges in aging population

After the evaluation of confounding factors, we decided to
calculate 2.5–97.5 reference ranges. To do so, we selected
patient with normal MMSE (MMSE≥26) and without CKD
(cystatin C<1.55 mg/L) or self-reported neurological troubles.
Reference ranges are reported in Table 3.

Impact of confounding factors on the
“GFAP-UCH-L1” mTBI and S100B test
positivity rate

According to manufacturers’ cut-offs, only 18 participants
(5.5 %) were positive for S100B, suggesting that almost all
aging participants are negative for S100B under physiolog-
ical conditions. On the opposite, 66.9 % of the participants
were positive for the “GFAP-UCH-L1” mTBI test under
physiological conditions. All mTBI positive tests were
GFAP+/UCH-L1- meaning that “GFAP-UCH-L1” mTBI test
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Table : Reference ranges for GFAP (pg/mL), UCH-L (pg/mL) and SB
(µg/L).

Age,
years

GFAP UCH-L SB

Lower
limit

Upper
limit

Lower
limit

Upper
limit

Lower
limit

Upper
limit

 . . . . . .
 . . . . . .
 . . . . . .
 . . . . . .
 . . . . . .

SB, S calcium binding protein B; GFAP, glial fibrillary acidic protein;
UCH-L, ubiquitin carboxyl-terminal hydrolase L-.
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specificity is solely driven by GFAP. Based on those results,
the general positivity rate of the “GFAP-UCH-L1” mTBI test
in the normal aging population was statistically higher
compared to the positivity rate of S100B (Chi-squared=
177.565, p-value<0.0001) (Table 4).

To better understand the link between confounding
factors and the positivity rate for S100B and mTBI test, the
confounding factors were divided into subgroups. Regarding
the impact of age, themedian GFAP for the youngest group is
at the cut-off level for mTBI positivity (<70 years, median
GFAP: 36.9 pg/mL) while the median GFAP for the oldest
group is almost double (≥80 years, median GFAP 56.00 pg/
mL), meaning that almost all participants older than
80 years old are positive (87.04 %) without suspected mTBI.
On the opposite, for S100B, themedian in the youngest group
is three times lower than the cut-off level for positivity
(<70 years, median S100B: 0.056 μg/L) while the median
S100B in the oldest group is half of the cut-off level for
positivity (≥80 years, median S100B 0.076 μg/L), meaning
that although age is associated with S100B expression level
in univariate models, it does not impact positivity rate
for mTBI detection (Table 5, Supplementary Table 2).

When looking at cystatin C level, renal function is
impacting the positivity rates of GFAP and S100B but the
effect is more limited for S100B. Indeed, the median GFAP
in the group with normal renal function is slightly above
cut-off level for mTBI positivity (cystatin C≤1.55 mg/L,
median GFAP: 40.0 pg/mL) while the median GFAP in the
group with abnormal renal function (cystatin C>1.55 mg/L)
is 49.7 pg/mL, meaning that 90 % of participants from this
group are positive for mTBI. For S100B, the median of the
group with normal renal function is three times lower
than the cut-off level for positivity (cystatin C≤1.55, median
S100B: 0.058 μg/L) but the median S100B in individuals
with cystatin C>1.55 μg/L increased up to 0.10 μg/L which is
still below the cut-off level but 25 % of participants were
positive (Table 5, Supplementary Table 2).

Finally, for the “GFAP-UCH-L1”mTBI test, 89.3 %of people
with anMMSE≤25, 88.9 % of people with a BMI<20 and 83.3 %
of people that have reported neurological disorders were
positive without any suspicion of mTBI (Table 5). For S100B,

9.1 % of participants who reported having neurological
disorders and 7.4 % of participants older than 80 years old
had a positive S100B measurement (Table 5).

Discussion

This study focuses on confounding factors of S100B, GFAP
and UCH-L1 in normal aging and evaluates the impact

Table : Results of the “GFAP-UCH-L” mTBI and SB tests on the
SarcoPhAge cohort.

SB GFAP UCH-L “GFAP-UCH-L”

Positive  (.%)  (.%)   (.%)
Negative  (.%)  (.%)  (%)  (.%)
Total    

SB, S calcium binding protein B; GFAP, glial fibrillary acidic protein;
UCH-L, ubiquitin carboxyl-terminal hydrolase L-.

Table : Positivity rates of the “GFAP-UCH-L”mTBI test and SB in the
SarcoPhAge cohort.

Cofounding factor “GFAP-UCH-L”mTBI SB

n Positivity
rate, n (%)

n Positivity
rate, n (%)

Age
< years   (.%)   (.%)
– years   (.%)   (.%)
– years   (.%)   (.%)
≥ years   (.%)   (.%)
Sex
Male   (.%)   (.%)
Female   (%)   (.%)
BMI
<   (.%)  

–   (.%)   (.%)
–   (.%)   (.%)
≥   (.%)   (.%)
Self-reported neurological disorders
Yes   (.%)   (.%)
No   (.%)   (.%)
MMSE
≤   (.%)   (.%)
>   (.%)   (.%)
GDS
<   (.%)   (.%)
–   (.%)   (.%)
>   (.%)   (.%)
Renal function
Cystatin C≤.   (.%)   (.%)
Cystatin C>.   (%)   (%)
eGFR
eGFR<   (.%)   (.%)
eGFR≥   (.%)   (.%)
Anticoagulant/antiaggregant
Yes   (.%)   (%)
No   (.%)   (.%)
Alcohol consumer
Yes   (.%)   (.%)
No   (.%)   (.%)
Smoker
Yes   (.%)   (.%)
No   (.%)   (.%)

SB, S calcium binding protein B; GFAP, glial fibrillary acidic protein;
UCH-L, ubiquitin carboxyl-terminal hydrolase L-; MMSE, mini-mental
state examination; GDS, Geriatric Depression Score.
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of these confounding factors on the positivity rate of the
protein S100B and “GFAP-UCH-L1” mTBI test in non-
suspected cases of mTBI. In a multivariate model, we
showed that GFAP confounding factors are age, BMI, sex as
well as cognitive function assessed by MMSE and renal
function evaluated through cystatin C measurement. For
UCH-L1, these confounding factors were age, BMI and renal
functionwhile, for S100B, only renal function was identified.

GFAP confounding factors were already evaluated in a
cohort dedicated to Alzheimer’s disease (the Bio-FINDER
cohort) with similar results regarding creatinine and
BMI [12]. GFAP being a known biomarker of cognitive
impairment and Alzheimer’s disease, its association with
MMSE was therefore expected [19]. Yet, the association
with sex is more controversial as sex was reported to be
associated with GFAP in some but not all cohorts [5, 14].
Knowing that GFAP is independent of anticoagulant/anti-
aggregant medication is of particular interest since those
drugs are a risk factor for mTBI [24].

Although GFAP confounding factors were reported,
UCH-L1 confounding factors are relatively undescribed. Still
as a neurological biomarker, its association with age and
neurological disease is expected but nothing was reported
regarding renal function or BMI [13]. Our data show that
although UCH-L1 is associated with age, BMI and cystatin C,
the impact of these confounding factors is low compared
to the expression levels expected in mTBI.

Regarding S100B, its efficacy for the rule-out ofmTBI has
been largely studied and most of the confounding factors
described [9]. Age is often cited as a confounding factor for
S100B [17] and in a recent systematic review, S100B speci-
ficity was shown to be age-dependent highlighting the
limited clinical value of S100B in the oldest patients [18]. In
our study, S100B was associated with age in the univariate
analysis but not in the multivariate one. It might be due to
the SarcoPhAge cohort itself that only covers older people
and not the entire adulthood, therefore masking some age
dependent effects. It might also be because a part of the age-
dependent effects is related to age-dependent decline of
renal function. Unfortunately, chronic kidney disease was
not studied in Santing et al. recent systematic review [18] to
confirm this hypothesis. Another confounding factor for
S100B is skin pigmentation. Unfortunately, we could not
evaluate the importance of skin pigmentation since our
cohort is a Belgian cohort mostly composed of white skinned
individuals. Still, this study highlights that S100B is inde-
pendent of anticoagulant/antiaggregant intake.

All these confounding factors do not have the same
impact on the positivity rate of the protein S100B or the
“GFAP-UCH-L1”mTBI test. Indeed, all participants that were
positive for themTBI test were GFAP+/UCH-L1- meaning that

the confounding factors of UCH-L1 expression have no
impact on the positivity rate of the mTBI test. Still, GFAP
confounding factors have a major impact on the positivity
rate of this test. Indeed, 66.9 % of our cohort was positive for
GFAP alonewithout any suspicion of recent traumatic event.
Unfortunately, although a decrease in specificity of the
“GFAP-UCH-L1” mTBI test was reported in the older popu-
lation by Ward and colleagues [5], the efficacy of age or
renal-function dependent cut-offs has not been assessed yet.

On the other hand, only 5.5 % of our cohort was positive
for S100B (mostly participants with renal insufficiency)
showing that these confounding factors have a reduced
impact on S100B positivity rate. However, S100B specificity
is expected to be at 24.6 % [21] highlighting that S100B
specificity is driven by the traumatic event. Indeed, S100B
is known to be increased upon fractures and extracranial
traumas [25–27]. Still, by applying age-dependent cut-offs,
Oris et al. could increase their specificity in older patients
[17] but the efficiency of renal function dependent cut-offs
remains to be evaluated. Of note, the study of Oris and al.
being made with Roche method, we could not apply the
cut-offs of this study in our cohort as a bias between the two
methods has been reported [21]. In this study, a moderate
agreement between methods was also reported which
might also impact S100B test specificity. Taken together, this
suggest that age-dependent cut-offs might improve both
the specificity of S100B and the “GFAP-UCH-L1” mTBI test.

Importantly, these biomarkers are not specific to
mTBI, and part of their blood concentrations might be
explained by other physiological pathways or neurological
diseases [9, 19, 28]. Physiologically, both GFAP and S100B are
produced by astrocytes while UCH-L1 is a neuron protein
involved in the ubiquitinylation pathway. Still, S100B is also
produced by melanocytes explaining the importance of skin
pigmentation in S100B protein levels [29]. UCH-L1 seems to
be also expressed in the gastrointestinal tract (colon and
rectum), in the kidneys and urinary bladder (distal tubules
and collecting ducts), in the male tissues (testis) and the
connective and soft tissues in addition to the brain [30].
About the expression of GFAP in neurological disorders,
GFAP is often mentioned as a potential blood-based
biomarker for Alzheimer disease and a possible predictor
of moderate cognitive impairment [31] as GFAP seems to be
an early marker of amyloid beta [32, 33]. GFAP is also cited
for various brain and spinal cord disorder as it might be an
indicator of brainmetastases or a prognosis biomarker after
acute ischemic stroke [34, 35]. GFAP, UCH-L1 and S100B have
been reported to be increased in contact sports such as rugby
or American football [36–38].

The major limitation of this study is the lack of CT-scan
that would objectify the absence of mTBI. We cannot totally
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exclude the risk of recent falls even if these participants
are community dwelling participants, autonomous and
cognitively healthy. Yet, participants of the SarcoPhAge
cohort are not consulting for head trauma and are non-
suspected mTBI cases. Therefore, we cannot properly talk
about specificity but only about positivity rate in non-
suspected cases. The second limitation is the low number
of participants with high cystatin C level, low BMI, and self-
reported neurological disorders. Further studies should be
dedicated to extend the findings to younger populations and
to the study of these confounding factors in a larger cohort.

A strength of this study is that the SarcoPhAge cohort is
representative of the population at higher risk of mTBI but
also with higher risk to undergo a CT scan when suffering
from mild traumatic brain injury [20]. Indeed, the CCTHR
guidelines that rule out mTBI based on clinical decision
criteria (without biomarkers) has defined being 65 years
old or older to be a decision criterion for CT-scan [6].
Additionally, although cognitive functionwas only assessed
through the MMSE and the self-report of neurological
disorders, participants are considered as cognitively
healthy as they have sufficient cognitive function to
understand newspapers [20, 39]. Therefore, the impact of
neurodegenerative diseases expression should be limited
to very few individuals [20].

To conclude, this study has identified several con-
founding factors of S100B, GFAP and UCH-L1 expression
and their impact on the “GFAP-UCH-L1” mTBI test and the
protein S100B positivity. Given the high positivity rate of
the “GFAP-UCH-L1” mTBI test, it is important to understand
that these tests should only be used for the rule-out of mTBI
and that mTBI must be objectified by CT-scan. Given the
association between these biomarkers and their confound-
ing factors, it is conceivable that the specificity of the
“GFAP-UCH-L1” mTBI test or S100B might be improved by
confounding factors dependent cut-offs.
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