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Figure 3  (A) Forest plot of the pooled correlation coefficients for CSF and blood neurofilament light protein, in studies 
that used the Simoa and ECL assays only to measure blood NfL concentration. Forest plot of the summary correlation 
coefficients with corresponding 95% CIs for the correlation between CSF and blood neurofilament light protein from studies 
that used the Simoa digital immunoassay to measure both CSF and blood NfL concentrations. (B) Forest plot of the pooled 
correlation coefficients for studies using Simoa to measure blood NfL. Forest plot of the summary correlation coefficients 
with corresponding 95% CIs for the correlation between CSF and blood neurofilament light protein from studies that used 
the Simoa digital immunoassay to measure blood NfL. (C) Forest plot of the pooled correlation coefficients for studies using 
the ECL assay to measure blood NfL. Forest plot of the summary correlation coefficients with corresponding 95% CIs for the 
correlation between CSF and blood neurofilament light protein from studies that used the electrochemiluminescence assay to 
measure blood NfL. (D) Forest plot of the pooled correlation coefficients for studies using the ELISA assay to measure blood 
NfL. Forest plot of the summary correlation coefficients with corresponding 95% CIs for the correlation between CSF and blood 
neurofilament light protein from studies that used the ELISA to measure blood NfL. (E) Forest plot of the pooled correlation 
coefficients for CSF and blood neurofilament light protein for studies using the Simoa assay to measure both CSF and blood 
NfL concentrations. Forest plot of the summary correlation coefficients with corresponding 95% CIs for the correlation 
between CSF and blood neurofilament light protein from studies that used the Simoa digital immunoassay to measure both 
CSF and blood NfL concentrations. (F) Forest plot of the pooled correlation coefficients for studies using the ELISA or ECL 
assays to measure CSF NfL and Simoa assay to measure blood NfL. Forest plot of the summary correlation coefficients with 
corresponding 95% CIs for the correlation between CSF and blood neurofilament light protein from studies that used the ELISA 
or ECL assays to measure CSF NfL concentrations and the Simoa digital immunoassay to measure blood NfL concentrations.
(G) Forest plot of the pooled correlation coefficients for studies that measured serum NfL. Forest plot of the summary correlation 
coefficients with corresponding 95% CIs for the correlation between CSF and blood neurofilament light protein from studies 
which measured serum NfL. (H) Forest plot of the pooled correlation coefficients for studies that measured plasma NfL. 
Forest plot of the summary correlation coefficients with corresponding 95% CIs for the correlation between CSF and blood 
neurofilament light protein from studies which measured plasma NfL. CSF, cerebrospinal fluid; NfL, neurofilament light chain 
protein; ECL, electrochemiluminescence.
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were much lower. The pooled correlation estimate 
was higher in studies that measured both CSF and 
blood NfL using Simoa compared with studies that 
measured blood NfL using Simoa and CSF NfL using 
ELISA or ECL, suggesting that in the setting of these 
studies, measuring CSF and blood NfL using Simoa 
improved the association in NfL between the two 
compartments. Simoa is the current preferred blood 
NfL assay, especially at low or physiological concentra-
tions due to its high analytical sensitivity (low detec-
tion limit),10 12 and this meta-analysis supports the use 
of blood NfL measured using Simoa as the current 
most advanced surrogate measure of CSF NfL.

The correlation coefficients were similarly moder-
ately strong when stratified according to studies which 
measured plasma versus serum NfL, in keeping with 
published literature suggesting the lack of difference 
in NfL concentration when measured in these two 
matrices.51

When stratified according to underlying condition 
being studied (purely CNS conditions, conditions with 
CNS and PNS components and control participants), 
the pooled correlation coefficient estimates were 
highest in participants with CNS and PNS disease and 
lowest in the control participants. The NfL concentra-
tion range was lower in control participants and closer 

to the analytical sensitivity of the NfL assays employed, 
thus, more variable, resulting in a lower correlation 
between CSF and blood NfL. This suggests that blood 
NfL is a better surrogate marker of CSF NfL at higher 
CSF NfL concentration ranges. Additionally, partic-
ipants with disorders affecting the CNS may have a 
more disrupted blood–brain barrier, and, thus, leak 
more NfL from the CSF into the blood, compared 
with control participants, who are more likely to have 
intact blood–brain barriers, and, thus, leak less CSF 
NfL into the bloodstream. The pooled correlation 
coefficient between CSF and blood NfL is higher in 
studies reporting Pearson’s correlation compared with 
those reporting Spearman’s rank correlation, possibly 
due to the presence of outliers or to non-normality of 
NfL concentrations.

Strengths of our review are the high methodological 
standards used to conduct the systematic review, and 
the inclusion of potential confounders in sensitivity 
analyses. Limitations include publication bias, which 
may cause an overestimation of the pooled correlation 
coefficient estimates. Most studies enrolled partici-
pants in Western Europe and North America, and it 
is unknown whether our results can be extrapolated 
to individuals globally. We included publications in 
English language only as part of our search strategy 

Figure 4  (A) Forest plot of the pooled correlation coefficients for studies involving CNS-only disorders. Forest plot of the 
summary correlation coefficients with corresponding 95% CIs for the correlation between CSF and blood neurofilament light 
protein from studies including participants with neurological disorders that only affect the central nervous system only. (B) 
Forest plot of the pooled correlation coefficients for studies involving CNS and PNS disorders. Forest plot of the summary 
correlation coefficients with corresponding 95% CIs for the correlation between CSF and blood neurofilament light protein 
from studies including participants with neurological disorders that affect both the CNS and PNS. (C) Forest plot of the pooled 
correlation coefficients from control participants. Forest plot of the summary correlation coefficients with corresponding 95% 
CIs for the correlation between CSF and blood neurofilament light protein from control participants. (D) Forest plot of the pooled 
correlation coefficients from studies reporting Spearman’s rank correlation coefficient. Forest plot of the summary correlation 
coefficients with corresponding 95% CIs for the correlation between CSF and blood neurofilament light protein from studies 
reporting Spearman’s rank correlation coefficient. (E) Forest plot of the pooled correlation coefficients from studies reporting 
Pearson’s correlation coefficient. Forest plot of the summary correlation coefficients with corresponding 95% CIs for the 
correlation between CSF and blood neurofilament light protein from studies reporting Pearson’s correlation coefficient. CNS, 
central nervous system;CSF, cerebrospinal fluid; NfL, neurofilament light chain protein; PNS, peripheral nervous system.
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and may have excluded studies reporting the correla-
tion coefficient between CSF and plasma NfL that 
were not in English language, which may affect the 
pooled correlation coefficient estimates. The number 
of blood samples measured for NfL using ELISA was 
much smaller (n=113) compared with Simoa (n=3117) 
and ECL (n=731), which may contribute to the much 
wider 95% CI for the pooled correlation coefficient 
estimate between CSF and blood NfL in samples using 
ELISA technique. However, the most likely explana-
tion for the variable results is that blood NfL concen-
tration measured by ELISA simply reflects noise, as 
the analytical sensitivity of the assay is insufficient to 
quantify NfL in blood reliably.

The impact of heterogeneous factors that may influ-
ence NfL measurement and interpretation such as 
unicentric versus multicentric studies, cross-sectional 
versus longitudinal samples and the duration between 
CSF and blood sampling were not explored in this 
review, due to the data not being readily available from 
the publications. Data on preanalytical factors that 
may affect NfL measurements were also not consis-
tently available, thus, it could not be systematically 
assessed between the studies. Preanalytical factors to 
consider include different sampling methods,52 dura-
tion of NfL stability at room temperature8 53–55 and 
number of freeze-thaw cycles prior to NfL measure-
ment.8 53 55 56

Data were not routinely accessible for the following 
factors that may increase plasma NfL independently of 
CSF NfL and affect the correlation between CSF and 
blood NfL. There is evidence to suggest an association 
between increased blood–brain barrier permeability and 
increased blood NfL concentration,11 57 but other studies 
have not demonstrated this relationship.24 58 Other factors 
that may be associated with increased blood NfL include 
lower body mass index (possibly due to decreased blood 
volume),59 pregnancy (possibly due to the developing 
fetal brain),60 61 peripheral nerve injury,27 concomitant 
use of neurotoxic drugs62 and lower estimated glomerular 
filtration rate.63

Using rigorous systematic review and meta-analysis, we 
report an overall moderately strong correlation between 
CSF and blood NfL. Until now, the strength of the correla-
tion between CSF and blood NfL has been questionable 
due to the uncertainty of agreement between the studies. 
Our findings support the use of blood NfL measurement 
as a promising surrogate marker of CSF NfL. Additional 
studies are warranted to validate the blood NfL assay and 
to assess how blood NfL performs in clinical and research 
settings.
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