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Aim: Ischemic stroke continues to be a significant contributor to mortality and disability on a global scale.
The blood neurofilament light chain (bNfL) as a prognostic indicator for stroke functional outcomes is
a topic of ongoing debate. Thus, the objective of this systematic review is to assess the efficacy of bNfL
as a predictor of stroke functional outcomes. Materials & methods: A systematic search was conducted
in Pubmed, Cochrane and Embase databases from their inception to 21 October 2023. Two reviewers
independently screened the search results to identify studies reporting on the association between bNfL
and acute ischemic stroke outcomes. The quality of the studies was assessed using the Newcastle-Ottawa
scale. Meta-analysis was conducted using the Comprehensive Meta-Analysis software Stata 12.0, utilizing
a random effects model to estimate the pooled effect. Results: Nine studies involving 2302 patients were
included in the analysis. A pooled analysis of adjusted odds ratios (ORs) from multivariate regression
models in the meta-analysis revealed a pooled adjusted OR of 1.929 [95% Cl:1.459, 2.550], suggesting
that the patients with higher bNfL levels are at a greater risk of experiencing unfavorable functional
outcomes compared with those with lower bNfL levels. Subgroup analysis indicated that factors such
as sampling time, study region, participant age, blood specimen and sample size, may contributed to
high heterogeneity in the results. After conducting a thorough analysis using funnel plot and Egger’s
test, no significant evidence of publication bias was found in our study. Conclusion: In summary, bNfL
demonstrates potential as a predictive biomarker for functional outcomes in acute ischemic stroke
patients, albeit subject to influence from confounding variables. Additional rigorously designed and
meticulously executed prospective studies on a larger scale are warranted to validate these findings.

Plain language summary

What is this article about? Ischemic stroke, also known as ‘stroke’, is a condition with a high incidence
and disability rate. Rapid and correct diagnosis is critical for the proper treatment of patients with stroke.
Despite the use of many prognostic scales and methodologies, reliably predicting stroke outcomes remains
a challenge. In this case, biomarkers have the potential to provide more efficient tailored strategies for
prioritizing therapeutic interventions and predicting short- and long-term outcomes. The neurofilament
light chain (NfL) is a neurofilament subunit that can be used as a biomarker for neurological illnesses
with tissue damage. It is regarded as a direct indicator of the severity of the disease. However, the use
of blood neurofilament light chain (bNfL) as a predictive indicator for stroke functional outcomes is still
being debated. Thus, the goal of this study is to determine the effectiveness of bNfL as a predictor of
stroke functional outcomes.

What were the results? The analysis includes nine studies with a total of 2302 subjects. The findings
revealed that patients with higher bNfL levels are more likely to experience poor functional outcomesthan PSR
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those with lower bNfL levels. Subgroup analysis revealed that a number of variables, including sample size,
blood specimen, participant age, study region, and sampling time, may have contributed to the results’
high heterogeneity.

What do the results of the study mean? Although it is susceptible to the influence of confounding
variables, bNfL shows promise as a predictive biomarker for functional outcomes in patients who have
suffered an acute ischemic stroke. It might aid medical professionals in determining a stroke patient'’s
prognosis.

First draft submitted: 28 April 2024; Accepted for publication: 3 September 2025; Published online:
7 October 2025
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Ischemic stroke continues to be a significant contributor to mortality and disability on a global scale 1]. Despite
advancements in early detection and management strategies, such as intravenous thrombolysis therapy and mechan-
ical thrombectomy (MT), approximate 5.5 million deaths are still reported annually [2]. Specifically, MT has shown
promising results in improving the prognosis of acute ischemic stroke (AIS), particularly in cases of large vessel
occlusion [3]. However, only 37% of patients treated with this intervention achieve functional independence [4].
Moreover, the accessibility of advanced healthcare technology for ALS patients is limited, particularly in low-income
countries and rural areas, thereby complicating the diagnosis and treatment of stroke. Enhancing the prognosis of
stroke is crucial; however, despite the utilization of various prognostic scales and approaches, accurately predicting
AIS outcomes remains challenging [5].

In this instance, biomarkers have the potential to offer a more streamlined personalized strategy for enhancing
treatment modalities for patients and forecasting both short- and long-term prognoses. This facilitates the priori-
tization of treatment interventions and determination of the extent of post-treatment unit care [6]. Neurofilament,
a biomarker indicative of neuronal loss, has garnered increasing attention as a promising prognostic indicator in
recent years [7]. Neurofilament light chain (NfL) is a subunit of neurofilament that may serve as biomarker for
neurological conditions characterized by tissue damage, such as stroke. Abnormal levels of blood neurofilament
light chain (bNfL) are indicative of such conditions, and the concentration of bNIfL is also recognized as a direct
indicator of disease severity [2].

Prior research has yielded varying results regarding the predictive capabilities of bNfL on stroke functional
outcomes. Ferrari er al. indicated that NfL-D7 was significant predictor of 3-month scores of National Institutes
of Health Stroke Scale (NIHSS) (8], while additional studies from the DAMDAS and CIRCULAR investigations
demonstrated that NfL levels could forecast recurrent ischemic stroke and functional outcomes at the 3-month
mark [9]. Comparable findings were noted in studies conducted in Germany and Denmark [10]. Conversely, Onatsu
et al. posited that serum Neurofilament light chain (sNfL) exhibited a correlation with infarct volume but not
with prognosis in cases of AIS [11]. Furthermore, previous meta-analyses lacked sufficient statistical power to draw
definitive conclusions [12]. Additionally, recent studies with adequate sample sizes and novel evidence have since
been published [13-16]. Consequently, we conducted a meta-analysis utilizing the recent and compelling evidence
to evaluate the predictive value of bNfL in determining functional outcomes in AIS patients.

Materials & methods

Data sources & search strategy

A systematic search was conducted on the Pubmed, Cochrane Library, and Embase databases from their inception
to 21 October 2023, utilizing a combination of keywords, medical subject headings (MeSH) terms, and free words.
The search strategy included variations of terms such as ‘ischemic stroke’, ‘ischemia stroke’, ‘cerebral infarction,
‘brain infarction’, as well as ‘neurofilament light chain” or ‘NfL. Furthermore, reference lists of included studies

were manually reviewed to identify any additional relevant studies. The search strategy is listed in Supplementary
Table 1.

Inclusion & exclusion criteria
The study’s inclusion criteria consisted of the inclusion of patients diagnosed with AIS, including transient ischemic
attack (TTA); the provision of risk ratios (RRs) or odds ratios (ORs) along with their corresponding 95% Cls to
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demonstrate the association between AIS and bNfL. Excluded from consideration were reviews, case reports, letters,
conference abstracts, clinical short communications, brief reports and nonhuman animal model research.

Study selection

Two independent reviewers (H-Y Xu and H-Y Lin) conducted a screening of titles and abstracts based on predeter-
mined inclusion criteria. Studies that potentially met criteria underwent a full-text review for further evaluation.
Any discrepancies in the inclusion or exclusion of studies during screening were resolved through discussion until
a consensus was reached, with final discrepancies being resolved by Li Chen.

Data extraction

Two independent reviewers (H-Y Xu and H-Y Lin) extracted the following information from each study: first
author, publication year, region, study design, sample size, median age, follow-up duration, sampling time, method
used to detect baseline neurofilament light (bNfL), type of blood specimen, NfL levels, stroke-ascertainment
criteria, etiological subtypes, recurrent ischemic events, mortality, definition and timing of outcome (all studies
assessed the Modified Rankin Scale [mRS] at 90 days or later after symptom onset), correlation coefficients, and
adjusted covariates. This information was then compiled into a predesigned table.

Quality assessment

The quality assessment of the included studies was conducted utilizing the Newcastle—Ottawa Scale (NOS) [17],
which comprises three components (selection, comparability and outcome). The NOS scores range from 0 to 9,
with the risk of bias categorized into three levels: high (0-3), moderate (4—6) and low (7-9). A higher score indicates
high quality. The assessment process was independently carried out by two authors (R-X Qin and L-D Shao).

Data analysis

The meta-analysis was conducted using the Comprehensive Meta-Analysis software, Stata 12.0. Effect sizes were
computed by importing the adjusted OR from multivariate logistic regression in the original study, which were
then used to calculate a pooled adjusted OR representing the predictive effect of bNfL on functional outcome in
AIS. Fixed-effects models were utilized when I* was less than 50.0%, while random-effects models were employed
in cases of higher heterogeneity (I* > 50.0%). Heterogeneity was assessed using the Q test and the I? statistic,
which ranges from 0 to 100% and indicates the degree of heterogeneity across studies. An I? value greater than 50%
signifies substantial heterogeneity. Subgroup analysis was conducted to evaluate the consistency based on clinical
characteristics, sample size and study design. Publication bias was evaluated through funnel plots in conjunction
with Eggers’ test and Begg’s test. Two-tailed statistical tests were employed with a significance level set at p < 0.05.
Sensitivity analysis was utilized to assess the reliability of the findings.

Results

Database search

Our initial search of electronic and manual databases yielded 690 records, of which 114 were duplicates. Following
a review of titles and abstracts, 542 records were excluded, leaving 34 studies for full-text evaluation. Of these, 25
studies were excluded for various reasons, including being conference abstracts, comments, reviews, clinical short
communication, brief report, lacking reported effect sizes or having uninteresting outcomes. Ultimately, nine studies
involving 2302 participants were deemed for inclusion in the quantitative synthesis (meta-analysis) [9,10,13-16,18-20].
The flow chart for this study screening and selection is shown in Figure 1.

Study characteristics of included studies

Table 1 displays the primary characteristics of the 9 studies incorporated in this systematic review and meta-
analysis, encompassing publication dates spanning from 2015 to 2023. With the exception of three studies, all
were prospective cohort studies. The sample sizes of the included studies varied from 41 to 615 participants. Of
the nine studies, six originated from Europe and America, while three were from Asia. Furthermore, three studies
reported recurrent ischemic events, four reported mortality rates, and three described infarct volumes. All included
studies examined the association between bNfL levels and unfavorable functional outcomes in stroke patients. The
NOS for all studies included in the analysis varied between 7 and 9. Upon thorough examination of the included
studies, we identified some qualitative heterogeneity.

Meta-Analysis
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Figure 1. Flow chart for study screening and selection.
Cl: Confidence interval.

The studies by Traenka ez al. (18] and De Marchis ez al. [19] included TIA patients in addition to AIS patients,
with the analysis of stroke functional outcomes also encompassing TIA patients. The average age of the participants
in these studies exceeded 60 years old, a contrast to the studies by Traenka et a/. 18] and Pedersen ez al. [20]. Six
studies utilized the single-molecule array method for detecting bNfL levels, a novel approach for measuring NfL
levels [21]. However, the other two studies utilized the electrochemiluminescence immunoassay method for detecting
the NfL levels [18,19]. Gendron ¢t a/. utilized the NF-Light digital immunoassay for this purpose [13]. Furthermore,
the duration of blood sampling varied across the studies included in the analysis, with Traenka ez al. collecting
samples over a period of 6 (3-9.5) days, Tiedt ¢z al. at 7 days, and Pedersen ez al. at 4(3—6) days [9,18,201. The
study conducted by Gendron ez 4/. 13] collected blood samples within two-time frames: 0—8 days and 9-20 days.
Among the five studies included, blood samples were obtained within a maximum of 1 day, with De Marchis
et al. 19 collecting blood at 160 (91-275) min, Uphaus ez 4l [10] within 24 h after admission, and Zhou e al.
and Li et al. at admission [15,16]. Chen ez al. [14] collected blood samples at 5.13 + 4.47 h, 5.54 £ 4.66 h, and
27.21 £ 6.23 h. Additionally, it was noted that two studies used plasma specimens while the others used serum.
All studies utilized CT or MRI to confirm stroke diagnosis, except for one study that did not provide details
on stroke ascertainment [13]. Regarding the etiological subtypes of stroke, the majority of studies did not classify
subtypes except for two [15,18]. Cardioembolism was found to be the most prevalent etiological subtype in three
studies [13,14,19], with patients typically being younger compared with other subtypes. In the studies conducted by
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Tiedt ez al. 191 and Uphaus ez a/. 110}, undetermined etiology was the most common etiological subtype. However,
Li et al. 116) showed that small vessel occlusion accounted for the highest proportion of the etiological subtypes.

The mRS was the predominant measure utilized to assess functional outcomes in the studies analyzed, with
all NfL levels from blood samples included in the stroke outcome analysis. Furthermore, Tiedt e# a/. [9] defined
recurrent ischemic lesions (RIL) at 6 months as an additional prognostic indicator. Li ez a/. [16] incorporated early
neurological deterioration (END) as a functional outcome indicator in their study. Due to variations in statistical
methodologies and prognostic indicators, the mRS was designated as the functional prognostic index for the meta-
analysis, which aimed to quantitatively assess the predictive value of bNfL in determining functional outcomes in
AIS. A mRS score of 0-2 indicates functional independence (good outcome). mRS 36 indicates at least moderate
disability or death (poor functional outcome). A total of nine studies were included in the analysis, with some
studies also examining infarct volume, recurrent ischemic events, and mortality as outcome measures. Among the
included studies, three specifically analyzed infarct volume as a potential indicator of functional outcome. De
Marchis ez al. 19 utilized a semi-quantitative method to estimate infarct size in their study. Their findings indicated
that there was no significant association between infarct size on admission MRI-DWI and sNfL levels, both in
univariate analysis (p = 0.15) and after adjusting for age and NIHSS on admission (p = 0.56). In contrast, Tiedt
et al. 9] employed software tools to measure infarct size and observed a positive correlation between infarct volumes
and NfL levels on D7 (partial correlation coefficient r = 0.736, p = 1.5 x 10-15) and D3 (r = 0.370, p = 0.0003),
although this relationship was not evident at earlier time points. Chen ez a/. [14] reported a final infarct volume
of 13.9 (3.8-61.4) ml without detailing the method of measurement. Additionally, they observed no significant
correlation between sNfL levels and infarct volume at different time points (T'1, p=0.92; T2, p=0.99; T3, p = 0.1).
Three studies included in the analysis investigated the predictive value of sNfL as a biomarker for recurrent ischemic
events [9,10,18]. Traenka ez al. (18] identified two stroke patients who experienced recurrent ischemic strokes at 5 and
45 days post-blood sampling, with corresponding sNfL levels of 124.0 and 427.7 pg/ml, respectively. Nineteen
patients (20%) experienced RILs in the study conducted by Tiedt ez al. [9). The researchers determined that the
presence of RILs served as an independent predictor of sNfL levels at 6 months post-stroke, even after adjusting for
variables such as age, sex, hypertension, and infarct volume at baseline (p = 0.014). In a separate study by Uphaus
et al. [10], 56 patients experienced recurrent stroke or death. Furthermore, the researchers found that sNfL levels
were a valuable predictor of recurrent stroke or death (OR: 2.002; 95% CI: 1.213-3.302; p = 0.007), in addition
to NIHSS, diabetes mellitus and age-related white matter change rating, as determined through multivariate
regression analysis. Four of the studies included in the analysis reported mortality rates [13,14,16,20]. The detailed
baseline characteristics of the studies included in the analysis are outlined in Table 1.

Risk of bias in included studies

As all of the studies incorporated in the analysis were non-randomized controlled trials, the NOS scores were
utilized for evaluation. In terms of selection criteria, five studies received four stars, while four studies received
three stars. Regarding comparability, eight studies were awarded two stars, with one study receiving one star. For
outcome assessment, five studies were assigned three stars, while four studies were allocated two stars. Overall, the
included studies were deemed to be of high quality, as evidenced by the detailed assessment provided in Table 2.

Meta-analysis

Nine studies involving 2302 patients explored the relationship between bNfL levels and unfavorable functional
outcomes in AIS. All ORs were calculated, revealing a high level of statistical heterogeneity (I* = 62.8%) among the
studies. Consequently, a random effects model was chosen for the meta-analysis. The results, depicted in Figure 2,
showed a pooled adjusted OR of 1.929 [95% CI: 1.459-2.550], indicating that patients with higher bNfL levels
are at a greater risk of unfavorable functional outcome compared with those with lower levels. The assessment of
publication bias in the funnel plot is presented in Figure 3, which does not indicate significant publication bias
(p = 0.460, two-tailed). Similar results were obtained from Egger’s test got similar results (p = 0.229, two-tailed).
Additionally, a sensitivity analysis was conducted, as shown in Figure 4, revealing that the findings are robust.

Subgroup of analysis

The presence of significant heterogeneity in the meta-analysis prompted an in-depth examination of its origins
through an analysis of both clinical and methodological factors, such as sampling time, study region, participant
age, blood specimen, sample testing method, inclusion of TIA and sample size, as detailed in Table 3. The findings

'? .Becaris 10.57264/cer-2025-0130



Xu, Lin, Qin et al.

Meta-Analysis

N O 0 0 0 0 O ™~
*

*

dn-mojjo} jo
(ssaua3ajdwod)
A>enbapy

J|e43A0

*

(Yauow g < uelp
-aw) dn-mojjoy
ybnous buoq

[awonnQ

awodno
1O JUBWIASSY

*

10328} 10308}

)s14 13Y30 uo juepodwi ysow
Aypqesedwod uo Ayjiqesedwod

Aujgesedwon

e)s je yuasaid
J0U dWO2NQ

ainsodxa jo pasodxauou
JUsWUIRLIRISY JO Uo1BIAS

uon3RS

'S9J02S () S9ILDIPUI USEP pUB 2I0DS | S91LdIpUl Ysialse a|buls

*

*

ssauaAnejussalday

€0
ceoe
Lcoc
0coc
61L0C
61L0C
8L0¢
8L0¢
sloc

Jeap

e n

‘Ie 3 noyz

‘e 39 usyd

‘e 38 uoJpuan
‘Je 39 sneydn

‘e 38 uasiapad
/e 32 3palL

‘e 39 siydiey aq

‘e 39 eyudel]

Apmis
"9]e2S eme10—9[3sedMaN A seipnis paziwopueluou Jo Ayjenb ay3 buissessy g a|geL

%‘.Becarls

J. Comp. Eff. Res. (2025) 250130

10.57264/cer-2025-0130



Meta-Analysis

Blood neurofilament light chain as a predictive biomarker for functional outcome of AIS

"013e4 SPPO YO ‘|BAIDIUI DUBPLLUOD D

"(dwo23no Jood) yieap Jo Ajigesip 91elapow 3sed| 1e = 9g—€ Syu "(dwod3no poob) aduspuadapul [euoldUNS = Z-0 SYW

sjuaned

95/0.3S J1WAYIS] U] SWODINO [BUOIIDUNY S|JEIOARLUN PUE S|9A3] Uleyd 1Y6I| JUsWEe|[1}0IN3U Poo|q US3M}a( uoneposse ay) bunessn|ji siskjeue-eyaw Jo joid 3saio4 -z ainbig

—

8100
|

|
|
|
|
|

00°00+ (ssgov'L) €6’k ’ (900°0 = d ‘%829 = pasenbs-|) |[e18AO
|

68'2 (0e'95 ‘0L72) OV'Ck B ” (€202) 1210 1N
|
|

162k (9v'2 26°0) 55'} —l (z202) 12 1o nouz
|
|

PELL (88€ L2 22T —— (k202) e 0 UBUD
|
|

L9l (lze‘eL1) 0eg B (0202) 72 Jo UoIpUED)
|
|

. . ‘ . . .N m w:m Q

Seel (ev'2°00') 95°} —lH (6102) 72 Jo sneydn
|

816 (Y2t ‘60°L) SL'e |l| (61.02) & 18 Ussispad
|
|

LSYh (sv'e ‘09'}) G€'2 —- (8102) 72 18 1paIL
|
|

82'St (67} 7270 SO' - (8102) & 49 Siyoren oQ
|
|

vS'y (€1'8°18°0) 952 - (5102) 12 10 BMjuSElL
|

(%) Wbrem (10 %S6) HO ai fpmis

10.57264/cer-2025-0130

ﬁ‘&Becags



Meta-Analysis  Xu, Lin, Qin et al.

Begg’s funnel plot with pseudo 95% Cls
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Figure 3. Funnel plot for assessment of publication bias.
Cl: Confidence interval; OR: Odds ratio.
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Figure 4. Sensitivity analysis for the robust assessment of the pooled effect.
Cl: Confidence interval.

revealed that nearly all subgroups exhibited potential sources of heterogeneity. The subgroup analysis revealed
that studies with a sample size >200 (I = 71.3%) and participants aged >60 years (I> = 71.3%) exhibited the
highest heterogeneity, with I* values of 71.3% and 71.3%, respectively. Conversely, subgroups characterized by
participants aged <60 years, plasma sample collection, and sampling time of >4 days showed no heterogeneity
(I? = 0). Additionally, the association between bNfL levels and unfavorable outcomes remained consistent across
all subgroups, except for sample testing methods and inclusion of TIA in the study design. The results of subgroup

analyses are shown in Table 3 and the forest plot of subgroup analyses is depicted in Figure 5.
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Table 3. Summary the subgroup analysis illustrating the association between blood neurofilament light

chain and unfavorable functional outcome in ischemic stroke patients.

Subgroup Studies OR (95% Cl) 12 (%) p-value
Region

Europe and America 6 1.822(1.323,2.508) 65.3 0.013

Asia 3 2.531(1.192,5.371) 70.8 0.033
Age, years

<60 2 2.249 (1.253,4.038) 0 0.798

>60 7 1.893(1.372,2.613) 71.3 0.002
Blood specimen

Serum 7 1.853(1.290,2.661) 66.1 0.007

Plasma 2 1.929(1.459,2.550) 0 0.913
Method

Electrochemiluminescence immunoassay 2 1.374(0.616,3.065) 52.4 0.147

Single-molecule array 6 2.050(1.522,2.761) 42.9 0.119
Time, days

>4 3 2.319(1.682,3.197) 0 0.961

<4 5 1.727(1.121,2.661) 70 0.01
TIA

Not Included TIA 7 2.090(1.657,2.636) 35.6 0.157

Included TIA 2 1.374(0.616,3.065) 52.4 0.147
Sample size, n

<200 4 2.433(1.340,4.417) 57.2 0.072

>200 5 1.783(1.267, 2.509) 71.5 0.007

Forest plot of subgroup analyses are presented on Supplementary Figure from 1A to 1G.
Cl: Confidence interval; OR: Odds ratio; TIA: Transient ischemic attack.

Discussion

Main findings

Our meta-analysis comprehensively and systematically reviewed the current available literature and found that the
patients with higher bNfL levels is associated with higher risk of unfavorable functional outcome compared that
with lower bNfL levels. bNfL carries value as a functional prognostic biomarker for AIS.

Comparison with other meta-analyses

Two systematic reviews on the relationship between bNfL and stroke have been published [12,22]. While our
meta-analysis aligns with the main findings of Liu et 4/, there are notable distinctions between the two studies.
Specifically, Liu ez al. (12] included data from five studies and 1346 patients, whereas our meta-analysis incorporated
data from nine studies and 2302 patients. The increased statistical power resulting from the inclusion of nearly 1000
additional cases in our analysis positions it as the most up-to-date and comprehensive study on the subject, providing
further support for previous findings in the literature. Furthermore, we conducted a comprehensive analysis of
heterogeneity, examining both clinical and methodological factors through subgroup analysis, encompassing a total
of seven aspects. In contrast, Liu ez 4l. [12) only investigated heterogeneity based on blood sampling time. Additionally,
a sensitivity analysis was performed to assess the stability of the results. Sanchez er 4l [22] focused on temporal
patterns of neurofilament light as a blood-based biomarker for stroke in their meta-analysis. The study encompassed
a range of cerebrovascular conditions, such as AIS, and chronic cerebrovascular disease like cerebral small vessel
disease and cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy. AIS cases
accounted for only half of the total sample. Additionally, this meta-analysis did not conducted the pooled OR for
quantitatively assessing the predictive value of bNfL in AIS functional outcomes.

Implications for clinical practice
The NIL protein, an intermediate filament protein, is indicative of primary axonal injury and secondary neurode-
generation [23]. It is released into the cerebrospinal fluid and bloodstream following neuronal tissue damage [24],

Meta-Analysis

/)
we.Becarls 10.57264/cer-2025-0130



Xu, Lin, Qin et al.

Meta-Analysis

“Pe11e dIWBYISI JUSISURI] 1|1 ‘O11) SPPO (YO ‘|eAIDIUI 9OUSPIFUO)D (D ‘uleyd 1ybi| Juswe|iyoinau poo|g 14Ng
'9zis a|dwes Ag pal41eJ1s SSWOINO [BUOIIDUNY 33(0J1S JO YSI4 3Y) pue TINg 4O sashjeue
dnoubqns (D) ‘¥|L JO uoisnpul Ag pai}11e]s SSWOIINO [BUOIIDUNY 9015 JO YSl4 Yl pue TJNg Jo sashjeue dnoubagns (4) ‘poyraw buiysal sjdwes Aq paljilells sswodno [euoiduny
9304315 JO 3s1J 9y} pue T4Ng 40 sasAjeue dnoubgns (3) ‘uswidads poo|q Aq pal4i1eJls SSWOIINO [BPUOIIDUNY 3041 JO JSI4 9y} pue T4N( Jo sasAjeue dnoubqns (q) ‘obe juediyied

AQ pal411eJ1S SSWOINO [BUOIDUNY 9015 JO XS4 YL pue TINg Jo sashjeue dnoubgns (D) ‘uoibas Ag paijileJls SSWO0OINO0 [BUOIDUNY 9015 JO XS4 3YlL pue TJNg JO sashjeue
dnoubqns (g) ‘buijdwes pooj|q jo buiwil ayy Aq pal4ileals SSWOOINO |BUOIIDUNY 9X041S JO Sl Y} pue T4N] 40 sashjeue dnoibgns () "sasAjeue dnoibqns jo 10|d 3sai04 -G 2inbiy

€99 I 8100 m.wm 3 wt_o.o
I Il
0000+ (SS°2 ‘Ov'L) €6'L i (900°0 = d ‘%8'29 = paienbs-|) |[e19A0 0000k (S5 ‘9v'l) €6'F ! (900°0 = d ‘%8'29 = pasenbs-|) |e1oA0
8zlz (862 'vL'1) 82T (€16°0 = d ‘%0°0 = pasenbs-|) [ejoyans 8z98 (192 Le1) 681 , (200°0 = d ‘%g’L = pasenbs-|) [ejolang
v (88'€L21) 2ee |l| (1202) ‘fe 1o uayd 68'¢ (0€°95 ‘0L'2) OV 2} -—@—— , (€202) 1210 1
vioL (kg€ ‘eL1) 0e2 .l (0202) /e 1o uoipue 162k (9v'2 16'0) S5+ 1.1 (2202) "[e 1o noyz
i ewse|d v (88°€ 221 2eT — (1202) /8 10 UBUD
vl (Lg'e‘eL1) 0ee ... (0202) /e }o uoIpURY
2LeL (992 ‘62h) S8t (£00°0 = d ‘%199 = paienbs-|) [ejoqns geel  (ev'2'00't) 951 |i| (6102) "[e 1o sneydn
682 (0£'9G ‘0L°2) O¥'Ch , (e202) /e 10 1 25%L  (Sh'e09't) geC |.r (8102) "[e 1o WpeIL
162k (9v'2 1670) S5+ Jll (2202) "[e 1o noyz 8z'sk  (Bv' ‘vL'0) SOk - (8102) '/e 1o Ss1ydre oQ
ge'el  (ey'z‘00't) 951 —= (6102) '[e Jo sneydn | Koo=< aby
816  (vev ‘60 Gh'e |l| (6102) /& 10 UssIapad ’
L15¥L  (Sh'e‘09'1) ge2 |.,| (8102) "le 1o wpoIL cLel (vov‘sel) ee , (862°0 =d ‘%0°0 = pasenbs-|) [ejolans
8z'sk  (B¥'L ‘vL'0) SOk | .- (8102) "/e 10 slydrel oQ 816 (vev ‘60’ GL'E —— (6102) /& 19 ussiapad
Sy (€1'8°18°0) 9572 |l|| (S102) '[e 1o exuaeL ¥Sy (€18 °18°0) 952 |l|| (S102) '[e 1o exuaelL
m wniag m Kog> aby
(%) wbrem (19 %S6) HO ai fpnis (%) Wbrem (19 %96) HO ai fpnis
@ ©)
€99 8100 m._mm I wn_._o.o
1 |

00°00+ (G52 ‘9F't) €6t (900°0 = d ‘%829 = paienbs-|) |[1oAQ (S5 ‘ov't) e6'L , (900°0 = d ‘%829 = pasenbs-|) |[e19r0
S692 (L8661 €5T W (€€0°0 = d *%8°0/ = pasenbs-) [e101anS vioL  (BL'E691) 08 ” (=d ‘%" = pasenbs-|) [e101ans
vioL  (1z'e‘eL’l) oee —— (0202) /e 1o uoIpUeD
682 (0€°9S ‘0L2) 0V'2} +——#—— (ez02) !B 1O 1 ! .

162k (9’2 26°0) S (c202) '1e 10 noyz
L (88'€Z21) 22T —— (k202) /8 10 UBUD 8565 (992 ) €Lt ” (010°0 =d ‘%0°0Z = paienbs-|) [ejoqng
ueisy 68'2(0€'9S ‘022) OV'Cl +——®— | (ez02) /B 1O 1
162k (9¥'2 £6°0) §SF |-| (2202) "[e 1o noyz
soeL (192 ‘ze) 28 , (£10'0 = d '%g'g9 = pasenbs-|) [elo1ans viu (e 221) Zez & (1202) '@ 3o Uad
vioL  (1ZeeLt) 0eE = (0202) ‘fe 36 UoIPUSD) Seel  (eb'g 001) 951 —i (6102) 7e 3o smedn
! 8z'sk  (Bv'L ‘¥L0) SOk L (8102) /e 1o SIyore oQ
seel  (Ev'2 007) 957 — (6102) '8 30 sneydn " pp> swny
816  (v2¥ ‘6071 Ghe —— (6102) '[e 1o uasiapad i .
LS¥L (Sy'e'09't) see |-r (8102) /e 10 WPOIL 8282 (02°€ ‘89'1) 2e'2 : (196°0 = d ‘%0°0 = pasenbs-|) [e}0}ANS
825l (6¥'L 'v20) SOt , - (8102) '/e 39 siyorey o@ 816 (v2'v'601)SLg |l| (6102) /e 30 USsIapad
¥y (€1'8°18°0) 952 |T (S102) '[e 10 exuaeIL LG%L  (Sv'e‘09't) ST |.| (8102) "[e 1o P8I
! eoewy pue adoins ¥Sy  (€1'8°18°0) 95 —— (5102) /e Jo eusel]
i i py=<awiL
(%) wbem (19 %S6) HO ai Apms (%) wbem (19 %S6) HO ai Apms

®

&\Becaris

J. Comp. Eff. Res. (2025) 250130

10.57264/cer-2025-0130



Meta-Analysis

Blood neurofilament light chain as a predictive biomarker for functional outcome of AIS

dnoubgns (D) ‘V|L 40 UoIsN|PUl AQ PaI4I}BIIS SSWODINO [BUOIIDUNY DX041S JO MSII dY3 pue 4N 40 sashjeue dnoibans (4) ‘poyiaw Builsal ajdwes Ag paljilelis SSW0odIN0 [euolduny

32118 D]WBYISI JUdISURI] /|1 ‘O13ed SPPO (YO {|BAISIUI 2DUSPIFUOD 1D fuleyd 1ybi| Juswe|ijoinau poojg 114N
'9z1s a|dwes Ag pai}13eJ1s SSWO0DINO0 [BUOIIdUNS ) 0J3S JO Msld dY) pue T4NQ Jo sashjeue

9304315 JO 3S1J 9y} pue T4Ng 4o sasAjeue dnoubgns (3) ‘uswidads poo|q Agq pal4i3eJls SSWOIINO [BUOIIDUNY X0J1S JO SIJ 9y} pue 14N 4o sasAjeue dnoubqns (q) ‘obe yueddiyied
Ag pal411BJ1S SSWOINO0 |BUOIIDUNY 930J41S 4O iS4 9y} pue 14NJ 40 sashjeue dnoibgns (D) ‘uoibas Ag paljilells SSWO0IINO0 [BUOIIDUNY 930J41S 4O iS4 dY) pue T4NJ 40 sashjeue dnoibgns

(g) ‘burdwes poojq jo Buiwil ay3 Aq palyIIeIls SSWODINO [BUOIIUNS 30J3S JO sl 9y} pue TNg 40 saskjeue dnoibgns (y) “(3uod) sasAjeue dnoibqgns jo 1o|d 1sa104

'G 24nbi4

€99 s 82100
| |
;
00°00+ (552 ‘ov'L) €6+ ! (900°0 = d ‘%829 = paienbs-|) |[e19AQ
i
15'89 (kg2 221 8L . (£00°0 =d ‘%S'} 2 = pasenbs-|) [ejolqng
}
vioL  (12'e‘eL1) 0 —— (0202) ‘[ 10 UoIpUBD
seel (ev'z ‘00'L) 991 J-I (6102) /2 Jo sneydn
816 (v2'v ‘'60'1) SL'e |l| (6102) *[e 10 ussiapad
15vL (Sre091) Se'T —— (8102) /e 10 1PBIL
826l (6% ‘¥2°0) SO’k , e (8102) /& 10 Siyorey oQ
m 002=< azis ajdwesg
i
6v'e  (@r'y vel) eve ! (220°0 = d ‘%gG = pasenbs-|) [ej0}ANS
68c (0£'95‘0L2) 0V'Z} w———— | (ez02) B 1O 1N
i
16°ch (9v°2 26'0) S5t —— (2z202) *fe 1o noyz
YL (88°€ L2't) 2ee |l| (1202) ‘Je 1o UBUD
Sy (€18 °18°0) 952 lTl (I ANCEERTE
m 002> 9zis ajdwes
(%) wbom (1D %S6) HO ai fpms @
€95 I 82100 €98 I 84100
| | |
7 7
i ) (652 ‘Or1) £6 i (9000 = d ‘%829 = pasenbs-|) |[e1en0
0000k  (S52‘9r't) €6k i (900°0 = d ‘%829 = parenbs-|) |[1on0 0000+  (ss'¢ ovl)€6'L H .
! . ! (" =d ‘9% = pasenbs-|) [ejoiqns
! yLok  (€L'e ‘'691) 0EC ) (0202) /e 1o UoIpus)
. o g . ; 0 =d e = bs- ) T
286l (L0€'290) LEL , (VA4N0) %¥'2g = parenbs-|) [ejolqns broL (126 ‘€1) 082 = ]
8z'sk  (6¥L ‘vL°0) SOL e (8102) '/e 10 slydIey oQ i
Sy (€1'8°18°0) 952 —_— (5102) /e 10 Byjusel] ” (611°0 = d ‘%62t = paienbs-|) [el01qns
” VILpapnjou] vOv9 (9272 ‘2S1) S0°C ! (e202) /e 19 1
i . 682 (0€°9S ‘0L72) OV 2l +—®—— | (2202) ‘e 18 noyz
8108 (192 ‘99 602 , (2610 = d ‘%9°Gg = parenbs-|) [el0lans Heek va.m Nm.ovv 9k o A :Nwmv e 1o cmuo
. cae . f VELE 88'¢c L2't) 22 e —— 6102) ‘[e 10 sneydn
682 (0£'9S ‘0L72) 02k i ‘8ol . |
) ¢ . ,v ) m Amw_.,.umv ! 1 geel  (ev'z‘001) 99t J.I (6102) /e 10 ussiaped
162k (9v'2 26'0) SS't Ill (2202) '/e 1o noyz 816 (v2b '607) SL'Z = (8102) ‘2 10 1oL
vl (88 221 2ee —— (1202) ‘7 42 UBUO 157k (SPE ‘091) 68 = feuse ajnosjow-ajbuis
vioL  (lee'eLl) oee .! (0202) /e }o uoipuR ! :
seel  (erz o0t) 99t 1.| (6102) /e 1o sneydn , (L¥1°0 = d ‘%G = pasenbs-|) [elolAns
81’6  (vev'601)Ske —— (6102) '[e 10 UBSIEpad 286l (L0°€ '29'0) L€} . (8102) /e 1@ SIyoIe oQ
57k (SPe‘09) sE°T |.|, (8102) /& 19 1poIL sl 6yl v20) 01 | (5102) /8 10 BfUeEsL
” vsy  (€1'8°18°0) 952 —— Aesseounwwj
” VILP3pnjoul 10N ! 92Ud9ISAUIWN|IWBYI04399|3
(%) wbom (1D %S56) HO ai fpms (%) wbem (19 %S6) HO ai fpms

@

10.57264/cer-2025-0130

!f Becaris



Meta-Analysis

Xu, Lin, Qin et al.

demonstrating high specificity to the nervous system. Previous research has suggested that abnormal concentration
of NfL serve as a direct marker of the severity of neurological diseases [21. Our meta-analysis, following a system-
atic review of the existing literature, presents the most up-to-date and comprehensive evidence supporting bNfL
as a predictive biomarker of AIS outcome. Consistent with previous research, our study further confirmed the
correlation between bNfL and outcomes of AIS. Ferrari ez al. (8] identified NfL-D7 as a significant predictor of
3-month NIHSS and the most effective biomarker for AIS patients. Tiedt ez al. [9] observed a continued elevation
in sNfL levels for up to 6 months post-ischemic stroke. The increase in sNfL levels during the acute phase following
ischemic injury can be attributed to the significant number of neuronal axonal injuries. The elevation of bNfL
levels may be attributed to various potential mechanisms. Ischemic injury is considered a significant factor, while
Waller’s degeneration is also suggested to play an important role. It is noted that large myelin axons, which are
abundant in neurofilaments, are susceptible to Waller’s degeneration following a stroke [25]. Additionally, post-stroke
immunity responses and inflammation are believed to be significant contributing factors. Shichita et a/. (26] and
Yan ¢t al. (27 have demonstrated the involvement of immune and inflammatory processes in the pathophysiology
of ischemic stroke injury in both animal models and human subjects. Furthermore, certain investigations have
indicated that persistent blood-brain barrier breakdown probably prompt prolonged release of bNfL [28,29]. None
of the included studies provided head-to-head comparisons of bNfL-augmented models versus standard clinical
scores (e.g., NIHSS + age + infarct volume). Therefore, we cannot conclude that bNfL adds incremental predictive
value beyond readily available covariates.

According to the subgroup analysis, the timing of blood sampling may be as a significant factor contributing to
heterogeneity. Therefore, the selection of an appropriate blood sampling time is crucial for the accurate prediction
of bNfL on stroke outcomes, as shown in [8,12,20,22,30,31]. However, our study indicates that measurement taken
within a time frame of less than 4 days may not capture the relationship between bNfL levels and post-stroke
functional outcomes. Further investigation into the temporal pattern of bNfL post-stroke is warranted to pinpoint
the peak levels, which could have implications for utilizing NfL as a predictive biomarker for stroke outcomes. In
the present subgroup analysis stratified by region, it was observed that patients with higher levels of bNfL exhibited
a greater risk of poor functional outcome compared with those with lower levels of bNfL in studies conducted in
Asia and Europe and America. These findings suggest that bNfL may serve as a predictive biomarker for AIS across
various geographical regions. Furthermore, when stratified by study sample size, it was noted that studies with larger
sample sizes tended to yield larger effect sizes than smaller studies. Additionally, stratification by age revealed that
studies including individuals aged 60 years and older were associated with a higher risk of poor functional outcome.
This observation appears to be associated with pronounced arteriosclerosis, heightened inflammatory reaction and
severe ischemic conditions. Subgroup analysis focusing on blood specimen revealed significant heterogeneity in
studies utilizing serum. Despite the widespread use of ultra-sensitive single-molecule array technology in most
studies, potential variations in blood NfL levels between serum and plasma measurements should be carefully
considered. What is noticeable is that no significant heterogeneity were found in the sample testing method and
inclusion of TIA stratification. However, these results can not completely rule out the source of heterogeneity, after
all, the sample size included in TIA is not large enough and studies using Electrochemiluminescence immunoassay
are limited. It should be noted that these results should be interpreted with caution, because the results of the
subgroup analysis were observational and larger studies are needed to evaluate the effect of bNfL as a predictor of
stroke functional outcomes in the subgroups. The statistically significant differences may be due to smaller sample
sizes and fewer studies included in these subgroups, rather than an absence of effect, and differences are unlikely to
be clinically significant. At present, no interventional trial has used bNIL levels to triage patients to more intensive
monitoring, prolonged ICU stay, or escalation of secondary prevention. Until such trials are completed, bNfL
should be considered a prognostic enrichment biomarker for research cohorts rather than a trigger for specific
therapeutic decisions.

Strengths & limitations

To the best of our knowledge, this is the most recent and the comprehensive systematic review and meta-analysis
on the correlation between bNfL and AIS outcomes to date. Several strengths of our study are evident. First, the
results of our meta-analysis offer the most up-to-date and compelling evidence for informing updates to clinical
practice. Second, we performed subgroup analyses to investigate potential sources of heterogeneity, considering
both clinical and methodological factors across seven dimensions. The subgroup analysis should have improved the
credibility of the study and provided a benchmark for future research. Thirdly, our meta-analysis comprised nine
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studies in which we sought to assess the predictive value of bNfL in determining functional outcomes following
AIS. Moreover, our systematic review was not constrained by temporal or linguistic restrictions.

There are some limitations in our study that should be taken into account. First, there was notable heterogeneity
among the included studies, likely stemming from variations in sampling time, study region, participant age, blood
specimen and sample size. Additionally, there may be other unidentified sources of heterogeneity. Second, while some
studies have reported the proportion of etiological subtypes, the precise relationship between bNfL and functional
outcomes in stroke etiological subtypes remains unclear. It would be advantageous to conduct subgroup analysis
according to stroke etiological subtypes. Third, it is important to note that while one study was observational, two
were prospective observational studies, and the remaining studies were prospective cohort studies. Discrepancies in
study designs may limit the ability to establish causality. Fourth, because all included studies dichotomised mRS at
>3, we were unable to examine the full ordinal distribution. Future individual-patient-data meta-analyses should
test whether bNfL predicts a shift across the entire mRS range. Finally, Follow-up interval differed across studies
(7 days to 6 months). Because most cohorts reported only the 90-day mRS, we could not examine whether the
prognostic value of bNfL attenuates or strengthens with longer follow-up. Individual-patient-data meta-analyses
that incorporate repeated mRS measurements are warranted.

Conclusions

To summarize, the findings of our research indicate that bNfL has promise as a prognostic biomarker for functional
outcomes among those suffering from AIS. Furthermore, compared with individuals with lower bN{L levels, those
with higher levels run a higher chance of suffering from poor functional outcomes, according to the meta-analysis.
Additionally, the sampling time, study region, participant age, blood specimen and sample size may be important
potential confounding factors.

Summary points

e Despite advancements in early detection and management strategies, ischemic stroke continues to be a
significant contributor to mortality and disability on a global scale.

e Prior research has yielded varying results regarding the predictive capabilities of blood neurofilament light chain
(bNfL) on stroke functional outcomes.

e The objective of this systematic review is to assess the efficacy of bNfL as a predictor of stroke functional
outcomes.

e Nine studies involving 2302 patients were included in the analysis.

e The meta-analysis revealed a pooled adjusted OR of 1.929 (95% ClI: 1.459, 2.550), suggesting that the patients
with higher bNfL levels are at a greater risk of experiencing unfavorable functional outcomes compared with
those with lower bNfL levels.

e In summary, bNfL demonstrates potential as a predictive biomarker for functional outcomes in acute ischemic
stroke patients.

e The sampling time, study region, participant age, blood specimen and sample size may be important potential
confounding factors.

e Additional rigorously designed and meticulously executed prospective studies on a larger scale are warranted to
validate these findings.
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