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Abstract
Cerebrospinal fluid (CSF) neurofilament light protein (NfL) is a marker of central nervous system neuro-axonal injury. A 
novel, ultra-sensitive assay can determine plasma NfL. In untreated people-with-HIV (PWH), CSF and plasma NfL are 
strongly correlated. We aimed to assess this correlation in PWH on suppressive antiretroviral treatment (ART) and lifestyle-
similar HIV-negative individuals enrolled into the COmorBidity in Relation to AIDS (COBRA) study. Differences in paired 
CSF (sandwich ELISA, UmanDiagnostics) and plasma (Simoa digital immunoassay, Quanterix™) NfL between PWH and 
HIV-negative participants were tested using Wilcoxon’s test; associations were assessed using Pearson’s correlation. CSF 
and plasma NfL, standardised to Z-scores, were included as dependent variables in linear regression models to identify fac-
tors independently associated with values in PWH and HIV-negative participants. Overall, 132 PWH (all with plasma HIV 
RNA < 50 copies/mL) and 79 HIV-negative participants were included. Neither CSF (median 570 vs 568 pg/mL, p = 0.37) 
nor plasma (median 10.7 vs 9.9 pg/mL, p = 0.15) NfL differed significantly between PWH and HIV-negative participants, 
respectively. CSF and plasma NfL correlated moderately, with no significant difference by HIV status (PWH: rho = 0.52; 
HIV-negative participants: rho = 0.47, p (interaction) = 0.63). In multivariable regression analysis, higher CSF NfL Z-score 
was statistically significantly associated with older age and higher CSF protein, and higher plasma NfL Z-score with older 
age, higher serum creatinine and lower bodyweight. In conclusion, in PWH on ART, the correlation between CSF and plasma 
NfL is moderate and similar to that observed in lifestyle-similar HIV-negative individuals. Consideration of renal function 
and bodyweight may be required when utilising plasma NfL.
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Introduction

Cerebrospinal fluid (CSF) neurofilament light chain protein 
(NfL) is well-established as a sensitive biomarker of active 
central nervous system (CNS) neuro-axonal injury (Gaetani 
et al. 2019; Khalil et al. 2018; Olsson et al. 2019). The neu-
rofilaments form a major structural component of myelinated 
axons and maintain the structural and functional integrity 
of axons (Gaetani et al. 2019). Injured axons leak neuro-
filament protein into the CSF, proportional to the sever-
ity of the injury(Gaetani et al. 2019). Elevated CSF NfL 
concentrations are well-documented in many neurological  

disorders (Bridel et al. 2019; Gaetani et al. 2019; Khalil et al. 
2018; Zetterberg 2016). In HIV-disease, CSF NfL is signifi-
cantly elevated in individuals with HIV-associated dementia 
(Abdulle et al. 2007; Gisslén et al. 2007; Krut et al. 2014; 
Yilmaz et al. 2017), but frequently near-normalise following 
antiretroviral treatment (ART) (Abdulle et al. 2007; Krut 
et al. 2014; Mellgren et al. 2007). Elevated CSF NfL concen-
trations can also be detected in neuroasymptomatic people 
with HIV (PWH) not on ART, especially in those with low 
 CD4+ counts (Krut et al. 2014; Peterson et al. 2014).

The invasive nature of CSF collection via lumbar punc-
ture significantly limits its widespread use. A novel ultra-
sensitive assay can determine plasma NfL (Gisslén et al. 
2015; Hendricks et al. 2019), which removes the barri-
ers faced by CSF collection and allows more frequent 
measurement.
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Early studies suggest that CSF strongly correlates with 
blood NfL (Disanto et al. 2017; Hansson et al. 2017; Kuhle 
et al. 2016; Marques et al. 2019; Novakova et al. 2017), 
including in a cohort of mainly untreated PWH (Gisslén 
et al. 2015). However, whether this strong correlation per-
sists in PWH on virally suppressive ART is unknown. Once 
NfL is released from CNS neuro-axonal units, it reaches 
the interstitial fluid which communicates freely with CSF 
and blood. While it could be postulated that an impaired 
blood–brain barrier (from untreated HIV-disease or alcohol 
and recreational drug use) may be associated with higher 
transfer of NfL from the CSF into the bloodstream, several 
studies have demonstrated that blood NfL concentration is 
not influenced by blood–brain barrier permeability (Gisslén 
et al. 2015; Kalm et al. 2017).

Our primary aim was to assess the correlation between 
CSF and plasma NfL in PWH on virally suppressive ART 
and in lifestyle-similar HIV-negative individuals. Secondly, 
we aimed to determine factors associated with CSF and 
plasma NfL in PWH on virally suppressive ART and life-
style-similar HIV-negative individuals.

Methods

Participants

The ‘COmorBidity in Relation to AIDS’ (COBRA) cohort 
was a study of PWH aged ≥ 45 years, with viral suppres-
sion on ART for ≥ 12 months, recruited between January 
2013 and October 2014 at two large HIV treatment cen-
tres in Amsterdam, The Netherlands and London, UK (De 
Francesco et al. 2018). Age- and lifestyle-similar HIV-
negative individuals were recruited at sexual health clinics 
and community groups.

For this sub-study, a stored plasma sample from each 
participant’s baseline visit was retrieved. Participant demo-
graphics, medical history, lifestyle details and biological 
samples (CSF and blood) were obtained within the con-
text of the study protocol and all participants gave written 
informed consent for future use of their stored data and 
samples.

Additionally, blood-based materials from 35 age-matched 
unselected blood bank donors were obtained from the Dutch 
national blood bank in Amsterdam, The Netherlands (www. 
sanqu in. nl), as part of a separate sub-study within the main 
COBRA study (Booiman et al. 2017). Age and gender infor-
mation were available for the blood bank donors. Blood 
bank donors from The Netherlands are routinely screened 
for blood-borne infections such as HIV, HTLV, hepatitis B, 
hepatitis C and syphilis. Individuals over the age of 70 years 
or those with high-risk behaviour for acquiring blood borne 
infections are excluded from blood donation. Overall, blood 

bank donors are at lower risk of acquiring blood-borne infec-
tions than the general population, but are often used as a 
control group for comparative studies.

I retrieved stored plasma samples from the blood bank 
donors who were included in the previous COBRA sub-
study, and measured plasma NfL using the same technique 
as described below.

NfL measurement

CSF NfL was measured previously in the COBRA study, 
using sandwich ELISA (NF-light ELISA kit; UmanDiagnos-
tics AB, Umeå, Sweden) (De Francesco et al. 2018). For this 
sub-study, plasma NfL was measured using a NF-light digi-
tal immunoassay on the Simoa HD-1 platform (Quanterix 
Corp., Boston, MA, USA), at the UK Dementia Research 
Institute, University College London, UK (Hendricks et al. 
2019). The lower limit of quantification (LLOQ) deter-
mined by the manufacturer is 0.174 pg/mL. Samples were 
analysed in duplicate, diluted 1:4 and results were all above 
the LLOQ. Analyses were performed by the same techni-
cian using a single batch of reagents. The intra- and inter-
assay coefficients of variations were below 6% and 15%, 
respectively.

Other laboratory measurements

Laboratory parameters measured previously in the COBRA 
study included blood  (CD4+ and  CD8+ counts, neopterin, 
albumin, creatinine and HIV RNA) and CSF (neopterin, 
albumin and HIV RNA). Blood and CSF HIV RNA were 
measured using the Abbott RealTime M2000 assay (Abbot, 
Chicago, USA) with a lower limit of detection of 40 cop-
ies/mL. Estimated glomerular filtration rate was calculated 
using the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) formula (Levey et al. 2009).

Statistical analyses

Statistical analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC, USA). P values < 0.05 were consid-
ered statistically significant throughout. Differences in CSF 
and plasma NfL concentrations between PWH, HIV-negative 
participants and blood bank donors (where applicable) were 
tested for significance using Wilcoxon’s test. The correlation 
between CSF and plasma NfL (after log10-transformation) 
was assessed using Pearson’s correlation coefficient and the 
difference between groups was tested for significance using 
the Z-test after Fisher’s transformation.  Log10-transformed 
CSF and plasma NfL Z-scores were calculated to enable direct 
comparisons between CSF and plasma NfL. A Bland–Altman 
graph (Bland and Altman 1999) was plotted to describe the 
agreement between  log10-transformed CSF and plasma NfL 
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Z-scores. This represents a plot of the difference between the 
CSF and plasma NfL Z-score against their average for each 
individual. Linear regression models were used to identify fac-
tors independently associated with  log10-transformed CSF and 
plasma NfL, standardised to Z-scores with a mean of 0 and 
standard deviation of 1, separately in PWH and HIV-negative 
participants. Factors associated with either CSF or plasma NfL 
in either PWH or HIV-negative participants in univariable anal-
yses, were included in multivariable models. Factors included 
in the univariable linear regression analysis were female gen-
der, age, Black African ethnicity, men who have sex with men 
sexual orientation, weight, on hypertensive medication, body 
mass index, current tobacco smoker, ex-tobacco smoker, cur-
rent alcohol consumption, past alcohol consumption, recent 
recreational drug use, ever used injected recreational drugs, 
global cognitive function T-score, current  CD4+ and  CD8+ 
T cell counts, current  CD4+/8+ ratio, serum creatinine, serum 
albumin, cerebrospinal fluid protein, cerebrospinal fluid neop-
terin and plasma neopterin. HIV-specific parameters signifi-
cantly associated in univariable analyses were added to an 
additional model fitted in PWH only. The HIV-specific factors 
included in the univariable linear regression analysis included 
time since HIV diagnosis, time on ART, nadir  CD4+ count, 
years with  CD4+ count <200 cells/µL, prior AIDS diagnosis, 
on a non-nucleoside reverse transcriptase inhibitor (NNRTI), 
on a protease inhibitor (PI), on tenofovir-disoproxil fumarate 
(TDF) and on atazanavir.

Results

Of the COBRA participants, 132/134 PWH and 79/79 HIV-
negative participants and all 35 blood bank donors who 
were included in the previous COBRA sub-study had suf-
ficient stored plasma available and were included in this 
analysis. Socio-demographic, lifestyle characteristics and 
anthropometrics at study baseline were described previ-
ously (De Francesco et al. 2018). Briefly, PWH and HIV-
negative participants in this sub-study were similar in terms 
of age, gender, sexual orientation, anthropometric measure-
ments, years of education and lifestyle factors. PWH were 
less likely to be of white ethnicity (p = 0.02) and current 
alcohol drinkers (p = 0.01) than HIV-negative participants 
(Table 1).

Blood bank donors were similar in age (median (IQR) 
59 years (52, 65)) to the COBRA participants (p = 0.41), 
but a higher proportion of blood bank donors were female 
(48.6%), compared to the COBRA cohort (p < 0.001).

PWH had been diagnosed for a median (IQR) of 15.0 
(9.0, 19.6) years with a median (IQR) current  CD4+ count 
of 618 (472, 809) cells/µL, current CD4:CD8 ratio of 0.83 
(0.60, 1.11) and a nadir  CD4+ count of 175 (85, 240) cells/
µL. PWH had been on ART for a median (IQR) of 12.8 (7.8, 

16.9) years, all PWH had undetectable plasma HIV RNA 
and 130/132 had undetectable CSF HIV RNA (Table 1).

Median (IQR) CSF:serum albumin ratio (a marker of 
blood–brain barrier dysfunction) was similar between the 
groups (6.9 (4.9, 8.5) and 6.2 (5.0, 7.5) in PWH and HIV-
negative participants, respectively). Serum creatinine was 
significantly higher in PWH, median (IQR) 85.5 (76, 100) vs 
79 (72, 92) µmol/L in PWH and HIV-negative participants 
respectively, p = 0.03 (Table 1).

CSF and plasma NfL results

Comparing PWH and HIV-negative participants, neither 
CSF NfL (median (IQR) 570 (430, 864) vs 568 (408, 767) 
pg/mL, p = 0.37), nor plasma NfL (median (IQR) 10.7 (7.9, 
14.9) vs 9.9 (7.2, 12.5) pg/mL, p = 0.15) differed signifi-
cantly between the groups. The correlation between CSF 
and plasma NfL did not differ significantly by HIV status 
(PWH: r = 0.52 (95% confidence interval (CI) 0.38–0.63); 
HIV-negative participants: r = 0.47 (95%CI 0.27–0.62), p 
value testing the difference = 0.63) (Fig. 1).

Plasma NfL was significantly lower in the blood bank 
donors cohort (median (IQR) 6.15 (4.94, 7.15)) compared to 
people with HIV (p < 0.001) and HIV-negative participants 
(p < 0.001).

Bland–Altman plots are reported in Fig. 2. Among PWH, 
there was not a systematic over- or under-estimation of one 
score compared to the other. Mean (95%CI) difference 
between the scores was 0.00 (−0.17, 0.17), p = 0.99 and the 
agreement between the two scores was not altered depending 
on the average CSF and plasma NfL Z-score; the correlation 
(95%CI) between the difference and the mean of the two 
scores was −0.004 (−0.18, 0.17), p = 0.96. The lower and 
upper limits of agreement (95%CI) between the two meas-
urements were −1.97 (−2.25, −1.68) and 1.97 (1.68, 2.25), 
respectively, indicating substantial discrepancies between 
the NfL Z-scores obtained from the two compartments. A 
similar pattern was observed among HIV-negative individu-
als, with a mean (95%CI) difference of 0.00 (−0.23, 0.23) 
and no correlation between the difference and average [r 
(95%CI) = 0.00 (−0.22, 0.22), p = 0.99].

Factors associated with CSF and plasma NfL

In multivariable regression analysis, higher CSF NfL 
Z-score was associated with older age and higher CSF pro-
tein in both PWH and HIV-negative participants; lower 
CSF NfL Z-score was significantly associated with female 
gender in HIV-negative participants (0.83  log10 CSF NfL 
Z-score lower compared to men, p = 0.03) and higher CSF 
NfL Z-score approached a statistically significant associa-
tion with lower bodyweight in PWH (0.05  log10 CSF NfL 
Z-score higher per 5 kg decrease in bodyweight, p = 0.05) 
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(Table 2). Higher plasma NfL Z-score was associated with 
older age, higher serum creatinine and lower bodyweight in 
both PWH and HIV-negative participants, and higher CSF 
NfL Z-score approached a statistically significant associa-
tion with lower serum albumin in PWH (0.31  log10 CSF 
NfL Z-score higher per 10 g/L decrease in serum albumin, 
p = 0.05) (Table 2).

Among PWH, none of the HIV-specific parameters 
showed a significant association with either CSF and plasma 
NfL Z-scores, after accounting for other factors (Table 3).

Discussion

In this study, we observed that the correlation between 
CSF and plasma NfL in PWH is moderate and similar to 
that observed in a cohort of lifestyle-similar HIV-negative 
controls. The previous report suggesting a strong correla-
tion in a cohort of mainly untreated PWH (Gisslén et al. 
2015) is likely a consequence of the much higher con-
centrations of CSF and plasma NfL seen in that cohort, 
where the median CSF and plasma NfL concentrations in 

Table 1  Sociodemographic, 
anthropometric, lifestyle and 
HIV-related characteristics of 
study participants

PWH people with HIV, BMI body mass index, CSF cerebrospinal fluid, eGFR estimated glomerular filtra-
tion rate, ART  antiretroviral treament

Variable, n (%) or median (IQR) PWH
(N = 132)

HIV-negative 
participants (N = 79)

p value

Gender 0.66
   Female 8 (6.1%) 6 (7.6%)
   Male 124 (93.9%) 73 (92.4%)

Ethnicity 0.02
   Black-African 16 (12.2%) 2 (2.6%)
   White 115 (87.8%) 76 (97.4%)

Sexual orientation 0.39
   Men who have sex with men 103 (78.0%) 59 (74.7%)
   Bisexual 10 (7.6%) 4 (5.1%)
   Heterosexual 18 (13.6%) 16 (20.2%)

Age, years 56 (51, 62) 57 (52, 64) 0.30
Years of education 14 (13, 16) 16 (14, 17) 0.21
Weight, kg 79.6 (70.0, 87.7) 81.2 (72.5, 91.0) 0.14
BMI, kg/m2 24.7 (22.7, 27.5) 24.6 (23.2, 28.4) 0.35
Current smoker 39 (29.6%) 20 (25.3%) 0.22
Years of smoking (current/ex-smokers) 29 (19, 37) 26 (15, 39) 0.40
Current alcohol drinker 103 (78.0%) 71 (91.0%) 0.04
Years of drinking (current/ex drinkers) 29 (19, 37) 41 (35, 47) 0.01
Alcohol units/week (current drinkers) 5.5 (1.5, 15.0) 7.5 (1.5, 17.5) 0.39
Ever used injected drugs 5 (3.8%) 0 (0.0%) 0.16
Use of recreational drugs in past 6 months 43 (32.6%) 18 (22.8%) 0.13
On hypertensive medication 29 (22.0%) 14 (17.7%) 0.46
CSF albumin, mg/L 299 (210, 368) 267 (214, 326) 0.43
Serum albumin, g/L 43 (41, 46) 43 (40, 45) 0.08
CSF:serum albumin 6.9 (4.9, 8.5) 6.2 (5.0, 7.5) 0.38
Creatinine, mmol/L 85.5 (76, 100) 79 (72, 92)
eGFR, mL/min per 1.73  m2 85.5 (71.0, 97.3) 92.0 (77.4, 102.3) 0.03
Years since HIV diagnosis 15.0 (9.0, 19.6) N/A N/A
Duration of ART, years 12.8 (7.8, 16.9) N/A N/A
CSF HIV RNA viral load <40 copies/mL 130 (98.5%) N/A N/A
CD4+/CD8+ T cell count ratio 0.83 (0.60, 1.11) 2.00 (1.44, 2.65) N/A
Prior AIDS event 42 (31.8%) N/A N/A
CD4+ T cell count [cells/µL] 618 (472, 809) 900 (692, 1174) N/A
Nadir  CD4+ T cell count [cells/µL] 175 (85, 240) N/A N/A
Months with  CD4+ T cell count < 200 cells/µL 1.6 (0.0, 9.8) N/A N/A
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individuals with HIV-associated dementia were 16,185 pg/
mL and 114 pg/mL, respectively.

Concentrations of CSF and plasma NfL were similar in 
PWH and HIV-negative participants, suggesting that PWH 
on ART do not have increased biomarker evidence of neuro-
axonal injury compared to lifestyle-similar HIV-negative 
individuals. CSF/plasma NfL ratios also did not differ by 

HIV status, with plasma NfL being 55–65 times lower 
compared to CSF NfL, consistent with published literature 
(Gisslén et al. 2015). In view of the lack of significant dif-
ference in cerebrospinal fluid Nfl, plasma NfL and cerebro-
spinal fluid/plasma NfL ratios between PWH on suppressive 
ART and lifestyle-similar HIV-negative participants, we did 
not correlate our findings with the cerebral imaging data 

B) HIV-nega�ve (n=79)A) PWH (n=132)

r=0.52
p<0.001

r=0.47
p<0.001

Fig. 1  Correlation between log-transformed plasma and CSF NFL concentration in PWH (A) and HIV-negative controls (B)

Fig. 2  Bland–Altman plot of plasma and CSF NFL Z-scores in PWH (A) and HIV-negative participants (B)
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from this cohort, given that these data have already been 
previously reported.

Our results demonstrated that plasma NfL concentration 
was significantly lower in the blood bank donors compared 
to the PWH and HIV-negative controls enrolled into the 
COBRA study. Given the lack of additional demographic 
factors apart from age and gender, and concurrent cerebro-
spinal fluid samples, we were unable to characterise this 
further, and can only conclude that based on the limited 
information available, PWH and HIV-negative controls in 
the COBRA study were observed to have evidence of higher 
plasma NfL concentrations as a biomarker of neuro-axonal 
injury, compared to blood bank donors.

Our results demonstrating that higher CSF and plasma 
NfL were associated with older age echoes the findings in 
published studies (Disanto et al. 2017; Yilmaz et al. 2017). 
The finding that higher CSF NfL is associated with higher 
CSF protein is unsurprising, given that higher CSF protein 
may indicate CNS pathology, and hence higher neuronal 
damage. Our finding that female gender is associated with 
lower cerebrospinal fluid NfL is not wholly unexpected, 
though the published data in this regard remains controver-
sial with some studies demonstrating that cerebrospinal fluid 

NfL is higher in males (Forgrave et al. 2019; Lin et al. 2018), 
higher in females (Lu et al. 2015) or not significantly differ-
ent by gender (Manouchehrinia et al. 2020a,  b).

Our results suggest that consideration of renal function 
and body composition is an important requirement when 
interpreting plasma NfL. While renal excretion of NfL 
has not been extensively described, NfL has a molecular 
weight of about 68 kDa and a high abundance of negatively 
charged amino acids in its sequence, both of which theoreti-
cally decrease its ability to cross the glomerular filtration 
barrier. Published data demonstrate that while plasma NfL 
decreased after switching from tenofovir disoproxil fumarate 
to tenofovir alafenamide fumarate, no significant correla-
tions between plasma NfL and serum creatinine pre- and 
post-switch, or between changes in plasma NfL and serum 
creatinine pre- and post-switch were observed (Hermansson 
et al. 2019). Although lower bodyweight was independently 
associated with higher plasma NfL, body mass index was not 
an associated factor in our study, in contrast to a publication 
demonstrating a negative association between plasma NfL 
and body mass index (Manouchehrinia et al. 2020a,  b).

Strengths of our study include the comprehensively-
phenotyped cohort and the lifestyle-similar HIV-negative 

Table 2  Multivariable models to compare factors associated with CSF and plasma  log10 NfL Z-scores between PWH and HIV-negative partici-
pants, excluding HIV-specific  parametersa,b

a Parameter estimates reflect the associated impact (measured in standard deviations) of each independent variable in the model on the dependent 
variable
b Variables included in the univariable linear regression analysis that were not statistically significant and not included in the multivariable model 
were Black African ethnicity, men who have sex with men sexual orientation, body mass index, current tobacco smoker, ex-tobacco smoker, cur-
rent alcohol consumption, past alcohol consumption, recent recreational drug use, ever used injected recreational drugs, global cognitive func-
tion T-score, current  CD4+ and  CD8+ count and current  CD4+/8+ ratio

Variable PWH HIV-negative controls

Change (95% CI) p value Change (95% CI) p value

log10 CSF NFL Z-score Female vs male −0.44 (−1.05, 0.17) 0.15 −0.83 (−1.56, −0.10) 0.03
Age (per 10 years)  0.69 (0.50, 0.88) < 0.001  0.74 (0.46, 1.02) < 0.001
Weight (per 5 kg) −0.05 (−0.10, 0.00) 0.05  0.02 (−0.04, 0.07) 0.55
Hypertensive medication (yes vs no)  0.26 (−0.08, 0.61) 0.13 −0.05 (−0.64, 0.55) 0.87
Serum creatinine (per mg/dL)  0.47 (−0.29, 1.24) 0.22 −0.71 (−2.00, 0.59) 0.28
Serum albumin (per 10 g/L)  0.00 (−0.33, 0.34) 0.98  0.09 (−0.50, 0.67) 0.77
CSF protein (per g/L)  1.46 (0.63, 2.29) < 0.001  1.81 (0.37, 3.25) 0.01
CSF neopterin −0.01 (−0.04, 0.01) 0.33  0.04 (−0.06, 0.13) 0.45
Plasma neopterin  0.02 (−0.01, 0.05) 0.18 −0.002 (−0.11, 0.11) 0.96

log10 plasma NFL Z-score Female vs male  0.13 (−0.44, 0.69) 0.66  0.57 (−0.13, 1.27) 0.11
Age (per 10 years)  0.62 (0.44, 0.80) < 0.001  0.63 (0.36, 0.90) < 0.001
Weight (per 5 kg) −0.13 (−0.18, −0.08) < 0.001 −0.06 (−0.11, 0.00) 0.05
Hypertensive medication (yes vs no)  0.28 (−0.03, 0.60) 0.08  0.18 (−0.39, 0.76) 0.53
Serum creatinine (per mg/dL)  0.73 (0.02, 1.44) 0.04  1.64 (0.39, 2.89) 0.01
Serum albumin (per 10 g/L) −0.31 (−0.63, 0.00) 0.05 −0.39 (−0.95, 0.18) 0.18
CSF protein (per g/L) −0.30 (−1.07, 0.47) 0.44  0.45 (−0.94, 1.84) 0.52
CSF neopterin  0.01 (−0.02, 0.03) 0.69  0.08 (−0.01, 0.17) 0.07
Plasma neopterin  0.03 (0.00, 0.05) 0.07  0.01 (−0.09, 0.11) 0.85
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individuals. Limitations include the COBRA participants 
being predominantly middle-aged white men who have sex 
with men from Western Europe, thus more data on the cor-
relation between CSF and plasma NFL are required from 
other populations, as it is unknown whether our findings 
can be extrapolated to other populations. Further work will 
need to be performed to assess plasma NfL in younger 
PWH who may not have been on suppressive ART for as 
long as the COBRA study participants. Another limitation 
was the lack of data on other factors that may increase 
plasma NFL (e.g. peripheral neuropathy) and concomitant 
neurotoxic drug use. The number of female participants 
in our study was small and studies involving more female 
participants would be needed to verify the association 
between female gender and lower CSF NfL.

Our results demonstrate that cerebrospinal fluid and 
plasma NfL concentrations are similar in people with 

HIV on suppressive antiretroviral treatment and in life-
style-similar HIV-negative individuals. Furthermore, our 
findings suggest that plasma NfL may be a promising and 
more easily accessible surrogate biomarker of neuronal 
integrity. Cerebrospinal fluid NfL measurements closely 
reflect processes taking place within the CNS, whereas 
both the CNS and PNS contribute to plasma NfL measure-
ments, which may lead to wider variations in plasma NfL 
measurements. In view of this, further work is required to 
improve our understanding of the factors that influence 
plasma NfL concentrations.
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 parametersa,b

a Parameter estimates reflect the associated impact (measured in standard deviations) of each independent 
variable in the model on the dependent variable
b Variables included in the univariable linear regression analysis that were not statistically significant and 
not included in the multivariable model were Black African ethnicity, men who have sex with men sexual 
orientation, body mass index, current tobacco smoker, ex-tobacco smoker, current alcohol consumption, 
past alcohol consumption, recent recreational drug use, ever used injected recreational drugs, global cog-
nitive function T-score, current  CD4+ and  CD8+ count, current  CD4+/8+ ratio, nadir  CD4+ count, years 
with  CD4+ count < 200 cells/µL, prior AIDS diagnosis, on a non-nucleoside reverse transcriptase inhibitor 
(NNRTI), on a protease inhibitor (PI), on tenofovir-disoproxil fumarate (TDF) and on atazanavir

Variable PWH

Change (95% CI) p value

log10 CSF NFL Z-score Female vs male −0.48 (−1.09, 0.14) 0.13
Age (per 10 years)  0.69 (0.49, 0.89) < 0.001
Weight (per 5 kg) −0.06 (−0.11, −0.01) 0.03
Hypertensive medication (yes vs no)  0.28 (−0.06, 0.63) 0.11
Serum creatinine (per mg/dL)  0.41 (−0.36, 1.18) 0.30
Serum albumin (per 10 g/L) −0.01 (−0.35, 0.33) 0.96
CSF protein (per g/L)  1.37 (0.53, 2.21) 0.002
CSF neopterin −0.01 (−0.04, 0.01) 0.34
Plasma neopterin  0.02 (−0.01, 0.05) 0.22
Time since HIV diagnosis (years)  0.18 (−0.22, 0.59) 0.38
Time on cART (years) −0.35 (−0.81, 0.11) 0.14

log10 plasma NFL Z-score Female vs male  0.18 (−0.38, 0.75) 0.52
Age (per 10 years)  0.58 (0.39, 0.76) < 0.001
Weight (per 5 kg) −0.12 (−0.17, −0.07) < 0.001
Hypertensive medication (yes vs no)  0.25 (−0.07, 0.57) 0.12
Serum creatinine (per mg/dL)  0.79 (0.08, 1.50) 0.03
Serum albumin (per 10 g/L) −0.29 (−0.60, 0.02) 0.07
CSF protein (per g/L) −0.23 (−1.00, 0.55) 0.56
CSF neopterin  0.01 (−0.02, 0.03) 0.53
Plasma neopterin  0.03 (0.00, 0.06) 0.05
Time since HIV diagnosis (years)  0.30 (−0.08, 0.67) 0.12
Time on cART (years) −0.17 (−0.59, 0.26) 0.44
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