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Abstract
Background: We aimed to investigate the prognostic role of β-synuclein in comparison to 
that of neurofilament light chain (NfL) and glial fibrillary acidic protein (GFAP) for predict-
ing functional outcome after acute ischemic stroke (AIS).
Methods: We measured serum concentrations of β-synuclein, NfL and GFAP 24 h after 
hospital admission in 213 consecutive patients with moderate-to-severe AIS. We investi-
gated the association between serum biomarkers and radiological/clinical characteristics, 
3-months mortality and functional outcome on the modified Rankin Scale (mRS).
Results: In 213 patients with AIS [mean age: 76.1 (±12.5) years, 53.1% males, median 
NIHSS score on admission: 13 (IQR: 9–17)], higher levels of β-synuclein, NfL and GFAP 
were associated with higher NIHSS scores and with lower Alberta Stroke Program CT 
Score (ASPECTS) points on admission. Serum β-synuclein levels was significantly corre-
lated with NfL (rho = 0.715, p < 0.001) and GFAP concentrations (rho = 0.684, p < 0.001). 
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INTRODUC TION

The clinical outcome after an acute ischemic stroke (AIS) is extremely 
variable, even after successful revascularization therapy with intra-
venous thrombolysis (IVT) and/or mechanical thrombectomy (MT). 
In routine clinical practice, the prognostic evaluation of patients with 
AIS is based on multiple clinical and diagnostic parameters, such as 
the disease severity at hospital admission, the size of ischemic stroke 
lesion, the localization of vessel occlusion and the burden of comor-
bidities. Blood-based biomarkers that specifically reflect the extent 
of the ischemic brain damage could assist stroke clinicians especially 
in the prognostic evaluation of patients, although they have not 
been implemented yet in clinical routine [1].

Neurofilament light chain (NfL) and glial fibrillary acidic proteins 
(GFAP) are well-recognized blood-based biomarkers indicative of neu-
roaxonal and astroglial injury in several neurological disorders [2, 3]. 
Blood levels of NfL and GFAP were found to be increased in patients 
with AIS compared to healthy controls [2, 3]. In a previous study, we 
showed that serum NfL and GFAP level may improve the prognostic 
assessment in AIS patients in addition to clinical evaluation, as higher 
biomarker levels were associated with disease severity as well as 
with worse functional outcome at 3-months follow-up [4]. However, 
reliable cutoff values for NfL and GFAP are still lacking, given the 
variable timing of blood sampling across studies and the multiple fac-
tors impacting on their serum levels [2, 3]. Notably, other aspects of 
ischemic brain injury, such as synaptic derangement, have not been 
assessed using fluid biomarkers in AIS. Beta-synuclein (β-synuclein) 
is a novel candidate biomarker for synaptic damage/dysfunction that 
has shown promising results in neurodegenerative disorders (e.g. 
Alzheimer's and prion disease) and traumatic brain injury [5–10]. In a 
pilot study, we explored the value of serum β-synuclein in a small co-
hort of patients with AIS and demonstrated an association between 
higher biomarker levels and stroke severity as well as poorer clinical 
outcome [11].

In this study, we aimed to assess the role of serum β-synuclein-as 
a biomarker of synaptic damage-in a well-characterized cohort of 
patients with AIS of the anterior circulation. We investigated its as-
sociation with clinical and radiological variables collected on hospital 
admission, stroke etiology and acute stroke treatment. In addition, 
we assessed the prognostic role of β-synuclein for mortality and 
functional outcome at 3 months in comparison to NfL and GFAP [4]. 
Moreover, we expanded our previous findings by testing preliminary 

biomarker cutoffs and combinations of biomarkers for prognostic 
purposes.

METHODS

Study population

Patients included in the present study were enrolled into a single-
center prospective observational cohort at the University of 
Würzburg (Würzburg, Germany) between 06/2020 and 08/2021. 
Details on the study protocol and population have been published 
previously [4, 11, 12]. For the aim of this study, we included patients 
fulfilling the following inclusion criteria: (1) age ≥18 years; (2) AIS 
of the anterior circulation (i.e., internal carotid artery, ICA; middle 
cerebral artery, MCA; anterior cerebral artery, ACA); (3) NIHSS at 
admission ≥6 and/or acute treatment with MT [4, 11, 12]. We col-
lected clinical, biochemical and radiological data of patients on hos-
pital admission and at follow-up, namely NIHSS scores on hospital 
admission, 24 h, 48 h, 72 h and at discharge; AIS etiology according 
to the trial of ORG 10172 in acute stroke treatment (TOAST) classifi-
cation system [13]; Alberta Stroke Program CT Score (ASPECTS) on 
hospital admission; data on hyperacute treatment (i.e., intravenous 
thrombolysis, IVT, and/or mechanical thrombectomy, MT); modified 
Thombolysis in Cerebral Ischemia (mTICI) score after MT; mRS on 
admission (pre-event mRS) and at 3 months assessed by a blinded 
rater by structured telephone interview.

Blood sample collection and biomarker analysis

Serum samples were collected at scheduled timepoints (10 am) 
the day after hospital admission [median time from clinical onset 
to blood sampling: 31 (interquartile range, IQR: 21–59) hours] and 
processed according to standard protocols. We quantified serum 
NfL with commercially available kits for the Ella microfluidic system 
(BioTechne), serum GFAP with digital Simoa immunoassay kits run 
on a HD-X platform (Quanterix Inc) and serum β-synuclein with a 
previously described in-house established digital Simoa immunoas-
say [7, 8]. As internal controls, we run the same sample in all plates 
and calculated the intra- and inter-assay coefficients of variability to 
be <15% and <20%, respectively.

The inclusion of serum β-synuclein significantly improved the accuracy of prediction 
models without biomarkers for overall mortality (AUC: 0.836 vs. 0.752, p < 0.001) and 
mRS 3–6 vs. 0–2 (AUC: 0.812 vs. 0.624, p < 0.001). Combination models with NfL and/or 
GFAP showed a similar accuracy.
Conclusions: Serum β-synuclein may be used to assess synaptic damage/dysfunction and 
to predict 3-months clinical outcomes in patients with AIS.

K E Y W O R D S
beta-synuclein, biomarkers, GFAP, NfL, stroke
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Definition of variables of interest

To evaluate the prognostic value of serum markers for AIS, we ex-
plored their associations with the following binary outcomes: (1) 
3-months functional outcome defined as good (mRS 0–2 or mRS 
unchanged compared to pre-event mRS) vs. poor (mRS 3–6); (2) 
all-cause mortality within 3 months. We also tested associations 
between serum biomarker levels and the temporal changes of the 
NIHSS score, i.e., the NIHSS change within 24 h (admission NIHSS–
NIHSS at 24 h). Dependently on the NIHSS change within 24 h, early 
neurological improvement (ENI) was defined as NIHSS score im-
provement within 24 h ≥4 [14]. In addition, we compared biomarker 
levels dependently on the ASPECTS by using a previously described 
cutoff of 8 arbitrary units (AU) because of its association with the 
3-month functional outcome [15].

Statistical analysis

Statistical analyses were performed with R studio v4.2.2 (R foun-
dation) and GraphPad v8 (GraphPad Software). For comparisons 
of continuous variables, we used the Mann–Whitney U test and 
the Kruskal-Wallis test (followed by Dunn-Bonferroni's post-hoc 
test). The Chi-squared test was adopted for comparisons of cat-
egorial variables. Correlation between continuous variables were 
computed with Spearman's correlations. Generalized linear re-
gression was modeled (GLMs) to test associations between vari-
ables after accounting for covariables of interest (see below) [16]. 
For group differences, we calculated the standardized effect size 
with the Cohen's d. To test the accuracy of biomarkers for binary 
outcomes, we performed receiver operating characteristic (ROC) 
analysis and calculated the best cut-off values by maximizing the 
Youden index. Then, we tested the associations of serum biomark-
ers (both as continuous and as discrete variable) in logistic regres-
sion models after accounting for covariables (if not other specified: 
age, sex, GFR, time in hours from clinical onset to blood sampling, 
NIHSS on admission, acute therapy with IVT and/or MT). Then, we 
calculated the area under the curve (AUC) values from the ROC 
analysis derived from the GLMs. We compared the ROC values of 
different models with the DeLong test. Statistical significance was 
set at p-values <0.05.

RESULTS

Descrition of the study population

We included 213 patients with moderate-to-severe AIS [mean 
age: 76.1 (±12.5) years, 113 (53.1%) male and 100 (46.9%) female 
participants] with blood samples collected 1 day after hospital 
admission [median time from onset to blood sampling: 31 (IQR: 
21–59) hours]. Demographic and clinical data are summarized in 
Table 1 and were previously described [4]. On hospital admission, 

median NIHSS score was 13 (IQR: 9–17) points and the ASPECTS 
was <8 in 103 (48.4%) patients. One-hundred eighty-six patients 
underwent reperfusion therapy (87.3%) (IVT in 28, 13.1%; MT in 
101; 47.4%; IVT + MT in 57, 26.8%). Median serum biomarker con-
centrations in AIS were: β-synuclein 27.2 pg/mL (IQR: 8.7–85.3 pg/
mL), NfL 95.8 pg/mL (IQR: 51.1–223.0 pg/mL) and GFAP 5.7 ng/mL 
(IQR: 1.6–21.8 ng/mL).

Serum biomarkers and functional outcomes at 
3 months

In our cohort, 158 patients (74.2%) had poor functional outcome 
(mRS 3–6) at 3 months after stroke (Table 1). Serum biomarker con-
centrations measured 1 day after hospital admission correlated with 
3-months mRS scores in AIS patients (NfL: rho = 0.430, p < 0.001; 
GFAP: rho = 0.497, p < 0.001; β-synuclein: rho = 0.510, p < 0.001) 
(Figure 1a, Table S1–S7). Patients with poor (mRS 3–6) vs. good (mRS 
0–2 or unchanged to pre-event mRS) functional outcome at 3 months 
showed significantly increased serum levels of β-synuclein [median: 
418.0 vs. 7.6 pg/mL, Cohen's d: 0.79], NfL [median: 137.5 vs. 49.7 pg/
mL, Cohen's d: 0.73] and GFAP [median: 9.9 vs. 0.8 ng/mL, Cohen's d: 
0.40] (p < 0.001 for all comparisons) (Figure 1b, Table 1). ROC analy-
sis revealed a good accuracy (AUC ≥0.80) of serum biomarkers for 
discriminating 3-months functional outcomes. Best cutoff values 
were 73.3 pg/mL for NfL, 3.0 pg/mL for GFAP and 19.0 pg/mL for β-
synuclein (Figure 1c, Table 2). Regression analysis showed that mul-
tivariable models including any serum biomarker were significantly 
more accurate in predicting 3-months functional outcomes than 
models without a biomarker, especially when considering cutoff val-
ues (Table S2). The best discrimination performance was obtained 
including GFAP (with cutoff 3.0 ng/mL), either alone (AUC: 0.849) 
or in combination with NfL (with cutoff 73.3 pg/mL, AUC: 0.895) 
or β-synuclein (with cutoff 19.0 pg/mL, AUC: 0.854), whereas a 
3-biomarker combination was not better (Table S2). Patients with, at 
baseline, at least one biomarker level above the chosen cutoff value 
had a mRS ≥3 in more than 90% of cases (Figure 1d).

Serum biomarkers and all-cause mortality within 
3 months

Patients who did not survive (n = 80, 37.6%) had higher serum NfL 
(Cohen's d: 0.20, p < 0.001), GFAP (Cohen's d: 1.19, p < 0.001) and 
β-synuclein (Cohen's d: 0.13, p < 0.001) concentrations at baseline 
than patients who survived (n = 133, 62.4%) (Figure 2a). ROC analysis 
showed moderate accuracy of serum biomarkers when considered 
alone (AUC <0.72) (Figure 2b, Table 3). By maximizing the Youden 
index, we found the following best cutoff values for 3-months mor-
tality: NfL ≥78.0 pg/mL, GFAP ≥3.0 ng/mL, β-synuclein ≥86.0 pg/
mL. After accounting for covariables (see Methods), higher serum 
biomarker levels were significantly associated with 3-months mor-
tality (Table  3). Overall, models including serum biomarker cutoff 
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values showed AUC values ≥0.80 and ORs ≥5, which were signifi-
cantly more accurate than models not including biomarkers (Table 3, 
Table S3). Patients with any biomarker concentrations higher than 
the found cutoff value died in ≥50% of cases at 3-months follow-up 
(Figure 2c). Biomarker combinations did not perform better than bio-
markers taken individually for predicting mortality (Table S3).

Serum markers and clinical/radiological variables

Multivariable linear regression models accounting for age, sex, GFR, 
time from onset to sampling, NIHSS at admission and ASPECTS 
at admission showed that age, sex and time from symptom onset 
to blood sampling were not associated with serum NfL, GFAP and 

whole cohort 
(n = 213)

3-month mRS 0–2 
or unchanged to 
pre-event mRS 
(n = 55)

3-month mRS 3–6 
(n = 158) p-value

Age 79 (69–85) 78 (67–82.5) 79.5 (69–86) 0.076

Female sex [n 
(%)]

100 (46.9) 31 (56.4) 69 (43.7) 0.142

AIS characteristics

NIHSS on 
admission

13 (9–17) 10 (8–14.5) 14 (10–17) <0.001

ASPECTS on 
admission

7 (6–9) 8 (8–9) 7 (6–8) <0.001

Wake-up [n 
(%)]

69 (32.4) 12 (21.8) 57 (36.1) 0.075

Etiology [n (%)] 0.335

LAA 26 (12.2) 8 (14.5) 18 (11.8)

CE 98 (46.0) 30 (54.5) 68 (42.9)

Other 
determined

11 (5.2) 3 (5.5) 8 (5.0)

Cryptogenic 75 (35.2) 14 (25.5) 61 (38.5)

Concurrent 
etiology

3 (1.4) – 3 (1.8)

Site of 
occlusion [n (%)]

0.048

ACA 16 (7.5) 7 (12.7) 9 (5.7)

MCA 149 (70.0) 41 (74.6) 108 (68.4)

ICA 48 (22.5) 7 (12.7) 41 (25.9)

Acute therapy 
[n (%)]

0.003

None 27 (12.7) 4 (7.3) 23 (14.6)

Only IVT 28 (13.1) 15 (27.3) 13 (8.2)

Only MT 101 (47.4) 25 (45.4) 76 (48.1)

MT + IVT 57 (26.8) 11 (20.0) 46 (29.1)

Serum biomarkers

NfL (pg/ml) 95.8 
(51.1–223.0)

49.7 (30.0–68.9) 137.5 (65.6–288.8) <0.001

GFAP (ng/ml) 5.7 
(1.6–21.8)

0.8 (0.4–2.7) 9.9 (3.1–37.2) <0.001

β-synuclein 
(pg/ml)

27.2 
(8.7–85.3)

7.6 (4.2–16.8) 418.0 (16.0–117.6) <0.001

Note: Continuous data are reported as median (IQR) and categorical data as number of cases (%). 
Values in bold are statistically significant at p<0.05.
Abbreviations: ACA, anterior cerebral artery; AIS, acute ischemic stroke; ASPECTS, Alberta Stroke 
Program Early CT Score; CE, cardioembolism; GFAP, glial fibrillary acidic protein; ICA, internal 
carotid artery; IVT, intravenous thrombolysis; LAA, large-artery atherosclerosis; MCA, middle 
cerebral artery; mRS, modified Rankin Scale; MT, mechanical thrombectomy; NfL, neurofilament 
light chain; NIHSS, National Institute of Health Stroke Scale.

TA B L E  1 Demographic, clinical, 
radiological and biochemical data of the 
study population.
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β-synuclein concentrations (Table  S4). Instead, lower GFR values 
were significantly associated with higher serum NfL (in pg/ml) [β: 
−3.47 (95% confidence interval, 95%CI: −5.60 – −1.34), p = 0.002] 
and GFAP concentrations (in ng/ml) [β: −0.65 (95%CI: −1.18 – −0.12), 
p = 0.018], but not with serum β-synuclein (p = 0.21) (Table  S4). A 
lower ASPECTS on hospital admission was associated with higher 
serum β-synuclein [β: −16.97 (95%CI: −28.86 – −4.89), Cohen's d: 
0.48, p = 0.007] and GFAP level [β: −16.78 (95%CI: −24.53 – −9.03), 
Cohen's d: 0.43, p < 0.001] while not with NfL (Cohen's d: 0.27, 
p = 0.12) (Figure 3a,b, Table S4). We did not find significant differ-
ences of serum β-synuclein, NfL and GFAP concentrations in AIS 

patients depending on anticipated stroke etiology at discharge or 
IVT/MT use (Table 1).

Serum levels of NfL, GFAP and β-synuclein correlated with 
NIHSS scores at all timepoints recorded (complete data in 
Table  S1–S7). Higher serum biomarker levels were negatively 
correlated with the NIHSS change within 24 hours (admission 
NIHSS–NIHSS at 24 h) (NfL rho = −0.416, GFAP rho = −0.502, β-
synuclein p = −0.516, p < 0.001 for all, Figure  3c, Table  S1–S7), 
independently from baseline NIHSS (Table S5). Patients with ENI 
(n = 78, 36.6%) had significantly lower serum levels of β-synuclein 
(Cohen's d: 0.83, p < 0.001), NfL (Cohen's d: 0.42, p < 0.001) and 

F I G U R E  1 Association between serum biomarkers and 3-month mRS scores. (a) Spearman's correlations between serum biomarker 
levels and 3-month mRS scores. (b) Serum biomarker levels in patients with good (mRS 0–2 or mRS unchanged compared to pre-event mRS) 
vs. poor (mRS 3–6) functional outcome at 3-month follow-up. (c) Receiver operating characteristics (ROC) analysis for the discrimination 
between patients with good vs. poor 3-month functional outcome assessing serum biomarkers. (d) Distribution of AIS patients with good 
vs. poor 3-month functional outcome according to best biomarker cutoff values (found by maximizing the Youden index at ROC analysis). 
Patients were distinguished into two groups depending on whether the serum biomarker levels were above or below the cutoff value. 
***p < 0.001.
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GFAP (Cohen's d: 0.004, p < 0.001) compared to patients without 
ENI (n = 135, 63.4%) (Figure 3d), also when accounting for covari-
ables (Table S6). Models including any serum biomarker performed 
significantly better (AUC ≥0.72) than the model without biomark-
ers (AUC: 0.62, p < 0.001), and β-synuclein showed the highest ac-
curacy either alone (AUC: 0.81) or in combination with NfL/GFAP 
(AUC ≥0.82) (Table S7).

DISCUSSION

In this study, we investigated the prognostic value of a serum bio-
marker of synaptic damage, β-synuclein, in comparison to estab-
lished biomarkers of neuroaxonal (NfL) and glial injury (GFAP) in a 
well-characterized prospective cohort of patients with moderate-
to-severe AIS of the anterior circulation. Overall, our data suggest 
that: (1) serum β-synuclein and GFAP concentrations, but not NfL, 
measured within few days from clinical onset are associated with 
the ASPECTS on hospital admission; (2) NfL, GFAP and β-synuclein 
serum concentrations are correlated with the NIHSS scores at differ-
ent timepoints during hospitalization; (3) higher β-synuclein, GFAP 
and NfL serum levels may accurately identify patients with risk of 3-
month mortality; (4) serum β-synuclein, GFAP and NfL may be used 
either alone or in combination for predicting poor 3-month func-
tional outcomes with good accuracy.

Overall, our results extend previous findings [4, 11, 17–19] and 
support the use of serum biomarkers in addition to other clinical vari-
ables for prognostic purposes in moderate-to-severe AIS. Moreover, 
we provided biomarker cutoff values for predicting 3-months clinical 
outcomes after stroke (i.e., all-cause mortality and mRS 3–6 vs. 0–2), 
which may ease the clinical implementation of serum biomarker 
quantification for prognosticating AIS patients.

As a novel biomarker of synaptic disruption/dysfunction, 
β-synuclein has been assessed in blood samples only in neu-
rodegenerative disorders and traumatic brain injury (TBI) [5, 
10, 20]. Here, we confirmed previous data  [11] on the associa-
tions between elevated serum β-synuclein concentrations with 
lower ASPECTS values, higher NIHSS scores at different time-
points as well as with poorer clinical outcomes, suggesting that 
the extent of the synaptic damage may reflect the severity of 
the neurological impairment. Indeed, synapse loss after AIS is a 
multifactorial process which involves ischemic and inflammatory 
mechanisms of both pre-  and post-synaptic compartments [21]. 
However, even though previous study on β-synuclein suggested 
that higher biomarker levels reflect greater degrees of synapse 
loss [5, 22], it remains unclear whether this may apply also to AIS. 
In fact, synaptic dysfunction and recovery after AIS are tightly 
related to the individual neuroplasticity abilities [23], but it has 
not been explored yet whether blood synaptic protein changes 
may also reflect such mechanisms. In a similar way, serum GFAP 

F I G U R E  2 Association between serum biomarkers and 3-month all-cause mortality. (a) Serum biomarker levels in AIS patients who 
survived vs. who did not survive at 3 months. (b) Receiver operating characteristics (ROC) analysis for the discrimination between patients 
who survived vs. who did not survive at 3 months by assessing serum biomarkers. (c) Distribution of patients who survived vs. who did 
not survive at 3 months according to best biomarker cutoff values (found by maximizing the Youden index at ROC analysis). Patients were 
distinguished into two groups depending on whether the serum biomarker levels were above or below the cutoff value. ***p < 0.001.
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concentrations are supposed to reflect glial activation in CNS [3], 
which was observed to occur extensively in the infarcted area 
soon after AIS [24]. In our cohort, serum GFAP had a strong prog-
nostic value in AIS, either alone or in combination with NfL/β-
synuclein, consistently to previous reports [25]. Interestingly, 
we found the same best biomarker cutoff value (3.0 ng/mL) for 
all-cause mortality and poor functional outcome (mRS 3–6) at 
3 months, which showed a high accuracy in models combined 
with other demographic and clinical variables (AUC ≥0.83). Future 

studies on independent cohorts should better evaluate whether 
this biomarker cutoff could be used in real-life clinical settings 
and whether the biomarker quantified on different platforms or 
with different assays shows a similar accuracy. In comparison to 
β-synuclein and GFAP, serum NfL had a slightly worse prognostic 
performance and was not associated with admission ASPECTS or 
NIHSS scores, which is not surprising by taking into account pre-
vious literature evidence [4, 11, 18]. Indeed, these results may be 
due to the slower temporal kinetics of serum NfL increase after 

F I G U R E  3 Association between serum 
biomarerks and clinical/radiological 
variables. (a) Spearman's correlations 
between serum biomarker levels and 
ASPECTS values on admission. (b) 
Serum biomarker levels in patients with 
admission ASPECTS <8 vs. ≥8 points. (c) 
Spearman's correlations between serum 
biomarkers and NIHSS score change 
within 24 h (admission NIHSS–NIHSS 
at 24 h). (d) Biomarker levels in patients 
with vs. without early neurological 
improvement (ENI) within 24 h (NIHSS 
change ≥4). ***p < 0.001.
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AIS, which occurs progressively up to 3–12 weeks from clinical 
onset [17–19]. Elevated serum NfL level within day 1 after onset 
was associated with worse clinical outcomes, but its accuracy 
may be improved by considering cutoff values (Tables 2 and 3), 
by using biomarker combinations with GFAP and/or β-synuclein 
or by repeating the measurement at later timepoints for tracking 
the temporal concentration changes.

Within this frame, the choice of the best biomarker for clinical 
purposes in AIS bases on different aspects, such as measurement 
availability/accessibility as well as pre-analytical factors. On the one 
hand, much efforts have been put on the inter-laboratory valida-
tion of reliable NfL and GFAP quantification methods with already 
available point-of-care platforms for GFAP [3, 26]. If validated in AIS, 
the prompt quantification of such biomarkers could aid clinicians in 
decision making since the pre-hospital phases [27]. Moreover, even 
though the accuracy was similar between β-synuclein and GFAP in 
predicting mortality and 3-months mRS, the two biomarkers showed 
could be useful for distinct target populations, also considering pre-
analytical and analytical factors that may influence their interpre-
tation. In fact, β-synuclein may have advantages in comparison to 
GFAP, such as a less strong association with age and reduced renal 
function as well as its selective expression in neurons. On the other 
hand, the quantification of blood β-synuclein concentration is still 
not widely available and needs further validation in large scale 
studies.

As a strength of this study, we investigated a well-characterized 
AIS cohort with available clinical, biochemical and neuroimaging 
data during hospitalization as well as 3-months follow-up data. 
Moreover, for assessing the value of serum biomarkers, we took 
several variables into account which are often neglected in previ-
ous studies, such as the renal function which impacts on NfL and 
GFAP levels [2, 3]. We acknowledge the lack of brain MRI data and 
of a control group as major limitations of our study. Further stud-
ies should assess the value of β-synuclein and GFAP in other types 
of AIS, such as small vessel disease, and their predictive value for 
novel (sub-)clinical MRI lesions as described for NfL [18]. Further, 
the study cohort included patients with NIHSS score on admis-
sion ≥6 and/or indication for MT. The prognostic value of serum 
biomarker level and alteration of values during clinical course in 
AIS should be assessed in comparison to healthy controls in fur-
ther studies. Indeed, it is unknown so far how long biomarker level 
remain increased after AIS considering the more rapid normaliza-
tion after traumatic brain injury [10]. Moreover, it is unclear which 
therapeutic consequences the identification of AIS patients at 
high risk of poor clinical outcome may have during the post-acute 
phases. Robust and easily accessible prognostic blood-based bio-
markers may help clinicians to tailor therapeutic strategies on an 
individual level in a rapid and precise fashion, which turns par-
ticularly important especially in severe AIS [28]. However, large-
scale studies are needed to support routine clinical use. Lastly, 
we quantified biomarker concentrations at a single timepoint post-
therapy after AIS and could not investigate their temporal dynam-
ics longitudinally.

In conclusion, higher serum levels of β-synuclein, GFAP and 
NfL are associated with poor short-term and 3-months functional 
outcome in patients with moderate-to-severe AIS. Those biomark-
ers can be used for prognostic purposes to identify patients at risk 
of worse clinical course. Biomarker cutoff values may encourage 
clinical implementation but need further validation in large AIS 
cohorts.
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