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Abstract

Background: Data on changes in biomarkers of brain health, and their associ-

ations with cognitive function in adults commencing either dual- or triple-

antiretroviral therapy (ART) are sparse.

Methods: Plasma biomarkers (neurofilament light [NfL], glial fibrillary

acidic protein [GFAP], sCD14, CXCL10, neopterin and IL-6) were mea-

sured at baseline and after 96 weeks on ART in individuals randomized to

darunavir/ritonavir and either tenofovir-DF/emtricitabine (triple-ART,

n = 119) or raltegravir (dual-ART, n = 119) in NEAT-001/ANRS143.

Regression models examined associations of baseline and week-96 bio-

marker concentrations with HIV clinical parameters, composite cognitive
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test scores (Standardized neuropsychological test [NPZ], 7-domains) and

treatment arm.

Results: In 238 individuals, median age was 38 (interquartile range [IQR]

31, 46) years, 87% male and 83% of white ethnicity. Baseline median log10 HIV

RNA 4.73 (IQR 4.23, 5.11) copies/mL and CD4 350 (IQR 285, 412) cells/mm3.

At baseline, higher biomarker concentrations were associated with lower CD4

(NfL, GFAP, CXCL10; p < 0.03), higher log10 HIV RNA (sCD14, neopterin,

CXCL10; p < 0.02) and longer known duration of HIV (sCD14; p = 0.044). At

week-96, 94% had plasma HIV <50 copies/mL, and a decline in biomarker con-

centrations was observed: GFAP �14.4%, sCD14 �6.8%, neopterin �47.4%,

CXCL10 �58.8%, IL-6 �29.5% (all p < 0.001) and NfL �4.4% (p = 0.075). NPZ

improved by 0.21 mean points. Change in GFAP, CXCL10, sCD14, neopterin

and NfL was negatively associated with change in CD4 (all p ≤ 0.002) but not

change in NPZ (p > 0.05). A greater decline in neopterin concentration was

observed with dual- (�50.2%) versus triple-ART (�44.3%; p = 0.022).

Conclusions: Plasma biomarkers of brain health improved following ART ini-

tiation, associated predominantly with improvements in CD4 count and partly

with treatment arm.
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INTRODUCTION

Antiretroviral therapy (ART) prevents the development
of severe HIV-associated brain disorders, and the initia-
tion of ART is associated with improvements in cognitive
performance [1, 2]. Despite ART, cognitive disorders
remain prevalent in persons with HIV, which may be
related to both HIV-associated factors—such as damage
sustained prior to commencing ART, persistent low-level
viral replication with resultant immune activation and
neuroinflammation and ART-related toxicity, and non-
HIV-associated factors—such as the presence of non-
infectious comorbidities and lifestyle factors which may
impact cognitive health [3].

Several cerebrospinal fluid biomarkers have been
associated with cognitive function in persons with HIV.
Neurofilament light chain (NfL) protein is a structural
component of myelinated axons, which diffuses into the
cerebrospinal fluid in response to axonal injury and acts
as a sensitive marker of active central nervous system
(CNS) injury [4, 5]. Glial fibrillary acidic protein (GFAP)
is expressed by astrocytes and may be upregulated during
astrocytic activation, triggered by HIV infection. Several
other monocytic/macrophage markers have also been
identified, such as C-X-C motif chemokine ligand
10 (CXCL10) [6], neopterin [7] and soluble CD14

(sCD14) [8]. While traditionally cerebrospinal fluid bio-
markers have been used to inform the diagnosis of neuro-
nal injury, more recent studies have demonstrated a close
correlation between cerebrospinal fluid and plasma con-
centrations of certain biomarkers, such as NfL [9, 10].
This may be of use in several settings such as, clinical
practice where cerebrospinal fluid examination is not
readily available, and in clinical research where repeated
cerebrospinal fluid sampling may not be appropriate or
practical. The dynamics of these biomarker changes over
time and their association with cognitive function in
treatment naïve individuals with HIV commencing dif-
ferent ART regimens remains relatively unexplored.
Interleukin-6 (IL-6) is a well-recognized proinflammatory
cytokine which is predictive of disease outcomes in per-
sons with HIV [11]. This biomarker of peripheral inflam-
mation may be utilized as a control biomarker to
determine whether any observed neuronal inflammatory
responses correlate with systemic inflammation.

ART regimens have historically comprised three
agents: two nucleoside reverse transcriptase inhibitors
(NRTI) and a third anchor agent from a different drug
class. More recently, simplified two-drug, ‘dual’-ART reg-
imens, such as those containing the integrase-strand
transfer inhibitor (INSTI) dolutegravir and the NRTI
lamivudine, have demonstrated non-inferiority in
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maintaining plasma suppression when compared to stan-
dard three-drug, ‘triple’-ART regimens [12–14]. Subse-
quently, dual-ART has been incorporated into several
HIV treatment guidelines [15–17]. Other dual-ART regi-
mens may also be used in certain circumstances that
are not otherwise recommended as first-line ART,
according to certain HIV treatment guidelines, such as
NRTI-sparing regimens [17]. While initial studies have
demonstrated viral suppression in the cerebrospinal fluid
of persons with HIV on dual-ART [18, 19], further work
on the CNS safety of such regimens is warranted.

We aimed to determine longitudinal changes in
plasma soluble biomarkers of immune activation, neuro-
nal inflammation and injury, and their associations with
cognitive function in persons with chronic HIV commenc-
ing ART for the first time with dual-versus triple-ART.

METHODS

Study design and participants

The NEAT001/ANRS143 trial was a multicentre, open-
label, randomized controlled trial comparing darunavir/
ritonavir 800 mg/100 mg once daily with either raltegra-
vir (RAL) 400 mg twice daily (dual-ART) [17] or tenofovir
disoproxil/emtricitabine 245/200 mg once daily (triple-
ART), amongst persons with HIV commencing ART for
the first time [14]. Randomization was performed in a 1:1
ratio, with samples and clinical data collected between
August 2010 and October 2013 across 15 European coun-
tries. A cognitive sub-study with longitudinal cognitive
assessment was performed at specific sites using validated
neuropsychological tests in the main language of these
countries [1]. All participants had a CD4 count of less
than 500 cells/mm3 and/or symptomatic HIV, in line
with treatment guidance at the time of recruitment [20].
Further detail on the NEAT001/ANRS143 trial and cog-
nitive sub-study has been previously described [1, 14].
Biomarker concentrations were measured from stored
plasma samples collected at baseline (W0) and week
96 (W96). All participants provided written informed
consent for future use of stored samples, which had
human ethics committee approval for each study site
[1, 14]. The current biomarker study included baseline
participant data collected as part of the NEAT001/
ANRS143 main trial and cognitive sub-study.

Cognitive assessment

A comprehensive battery of tests at W0 and W96 assessed
seven cognitive domains specifically chosen based on

those reported to be most affected by HIV disease [1].
Cognitive tests included trial making test (TMT) part A
and B (attention and mental flexibility), digital substitu-
tion test (psychomotor speed), backward digit span test
(working memory), free and cued selective reminding
test (retrieval ability and selective memory), semantic
and formal fluency tests (verbal fluency) and the frontal
assessment battery (frontal executive function). Assess-
ments were standardized across study sites and per-
formed by trained staff [1]. Raw cognitive test scores
were converted to individual domain-specific z-scores
using a norming process which subtracted the mean and
divided by the standard deviation (SD) of the total study
sample at baseline [1]. A composite cognitive score (NPZ)
was calculated as an average of the seven z-scores at W0
and W96 [1].

Laboratory analyses

Plasma samples from W0 and W96 were stored at �80�C
prior to biomarker analysis and underwent two freeze–
thaw cycles prior to analysis. Thawed samples were ana-
lysed according to manufacturer instructions. NfL and
GFAP concentrations were measured in singlet using a
Single molecule array (Simoa) assay (Quanterix, Billerica,
USA) on the HD-X Simoa instrument at the UK Demen-
tia Research Institute, University College London (UK).
Samples were randomized across assay plates. Intra- and
inter-assay coefficient of variation (CVs) were less than
15% and 10% respectively, as determined by 27 quality
controls. CXCL10 and IL-6 concentrations were mea-
sured in duplicate using U-plex® multiplex immunoas-
says (Meso Scale Diagnostics, Rockville, USA). Enzyme-
linked immunosorbent assays (ELISA) were used to
determine the plasma concentrations of neopterin
(Tecan) and sCD14 (Duo-Set ELISA, Bio-techne, Minne-
apolis, USA), which were also measured in duplicate.
The sCD14 ELISA was a commercial kit containing
manufacturer-validated matched antibody pairs. Intra-
and inter-assays CVs were not measured for U-plex® and
ELISA kits, which were commercially available, validated
assays.

Statistical analysis

The statistical analysis plan prespecified a hierarchy for
the study hypotheses, with the primary hypotheses being
that there was a difference in absolute concentrations of
NfL and GFAP between W0 and W96. All other second-
ary objectives were considered exploratory, including
absolute change in other biomarkers between W0 and
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W96 and associations with both baseline characteristics
and randomized treatment arm. The purpose of this
study was not to compare our findings with those of
other previously reported studies; rather we aimed to
determine longitudinal changes in plasma biomarker
concentrations in treatment naïve persons with HIV com-
mencing ART and their associations with other clinical
and laboratory characteristics.

For descriptive characteristics, previously published age-
adjusted plasma NfL thresholds based on population data
were used to determine the number of individuals with ele-
vated W0 and/or W96 NfL concentrations (7 pg/mL 5–
17 years, 10 pg/mL 18–50 years, 15 pg/mL 51–60 years,
20 pg/mL 61–70 years and 35 pg/mL >70 years) [21].

Plasma biomarker concentrations were transformed
using a base 10 logarithm for analysis. Change scores
were computed as the absolute difference in log10-
transformed concentrations. All estimates were exponen-
tiated back (10^estimate) to interpret results: arithmetic
mean log10-concentrations were back-transformed into
geometric means (GM) on the untransformed scale, while
regression coefficients, differences in mean log10 con-
centrations and mean log10 change scores were back-
transformed into relative change (RC) ratios (<1 indicat-
ing a decrease, and >1 an increase).

Student's t-tests examined the significance of change
between W0 and W96 for each biomarker in turn. Uni-
variable and multivariable linear regression models then
evaluated the association between the biomarker value at
W0 and baseline characteristics: age (centred on 40 and
divided by 10, with best fitting first-order fractional poly-
nomial transformation), sex, CD4 count (<50, 50–199,
200–349, 350–499, ≥500 cells/mm3), years in education
(continuous, centred on 13), duration of HIV infection
(divided by 5), smoking status (never smoked, previous
smoker, current smoker) and NPZ score. Multivariable
linear regressions, adjusted for age and sex, evaluated the
association between biomarker change scores with abso-
lute change in the following factors, one at a time: CD4
count (log10-transformed), CD8 count and NPZ score
between weeks 0 and 96. Statistical significance was
assessed based on comparing each model against a model
including just age and sex, using F tests. A final set of
regressions analysed the effect of change in CD4 count,
CD8 count and NPZ score together in addition to age and
sex. Analysis of covariance (ANCOVA) models adjusted
for age, sex and baseline biomarker value compared the
effect of dual- and triple-ART on biomarker change
between W0 and W96. Analyses were performed using R
version 4.4.1 and observed a formal statistical analysis
plan. Data were assumed to be missing completely at ran-
dom. Statistical hypotheses were rejected at the 0.05 sig-
nificance level.

RESULTS

Participant characteristics

Of 805 individuals enrolled in the NEAT001/ANRS143
trial (343 in the cognitive sub-study), 238 had stored
plasma samples at W0 and W96 and were included in this
biomarker analysis, of which 170 had corresponding longi-
tudinal cognitive assessments (CONSORT diagram
Figure S1). Of these 238 individuals, 119 were randomized
to dual-ART and 119 to triple-ART (Table 1) with longitu-
dinal cognitive assessments available in 75 and 95, respec-
tively (p = 0.002). The median age was 38 (IQR 31, 46)
years, 87% were male and 12% of black ethnicity. Median
log10 HIV RNA was 4.73 (IQR 4.23, 5.11) copies/mL and
CD4 count 350 (IQR 285, 412) cells/mm3 (Table 1). Indi-
viduals enrolled in the biomarker sub-study had a higher
nadir and W0 CD4 count (nadir CD4 336 (IQR 261, 388)
versus 303 (IQR 232, 367) cells/mm3, p < 0.001; W0 CD4
350 (IQR 285, 412) and 329 (IQR 244, 393) cells/mm3,
p = 0.009), when compared to those not in the biomarker
cohort, respectively, with no other baseline differences
observed by randomization arm, gender, age, ethnicity,
smoking history, education or plasma HIV RNA concen-
tration (Table S1). No differences in baseline characteris-
tics were observed across the biomarker cohort in those
with missing NPZ scores, when compared to those without
missing NPZ scores (Table S2).

Baseline biomarker concentrations and
associated factors

Plasma biomarker concentrations at W0 are displayed in
Table 2. Factors associated with higher biomarker con-
centrations at W0 included a CD4 count below 50 cells/
mm3 (NfL, GFAP and CXCL10; p < 0.03), higher log10
HIV RNA (ratio of GM for the effect of a 1-unit increase
in log10 biomarker value: sCD14 1.09, neopterin 1.35,
CXCL10 1.50, IL-6 1.24; p < 0.02), increasing age (effect
of 10 years of age: NfL 1.27, GFAP 1.11, CXCL10 1.11
and neopterin 1.13; p < 0.01) and longer duration of HIV
(effect of 5 years: sCD14 1.06 p = 0.044) but no other
baseline characteristics (Table S3). Age-adjusted plasma
NfL concentrations were greater than population norma-
tive concentrations in 32 (13% [95% confidence interval,
CI 9.5%, 19%]) individuals. Pairwise rank biomarker
correlations at baseline are presented in Figure S2.
Moderate-strength positive correlations were found
between neopterin and CXCL10 (Spearman's ρ = 0.61);
neopterin and sCD14 (ρ = 0.41); neopterin and HIV
RNA (ρ = 0.44); CXCL10 and IL-6 (ρ = 0.40); CXCL10
and HIV RNA (ρ = 0.41).

4 HENDERSON ET AL.
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Change in biomarker concentrations and
associated factors

At W96, 222/237 (94%) individuals had plasma HIV RNA
concentrations <50 copies/mL (96% triple-ART, 91%
dual-ART, p = 0.06) and NPZ score increased by a mean
0.21 points; 0.21 triple-ART versus 0.27 dual-ART
(p = 0.46). Mean biomarker concentrations decreased
from W0 to W96 (RC GFAP �14.4% [95% CI �18.3%,
�10.3%] pg/mL, sCD14 �6.8% [95% CI �9.6%, �4.0%]
ng/mL, neopterin �47.4% [95% CI �50.1%, �44.5%]

nmol/L, CXCL10 �58.8% [95% CI �61.6%, �55.7%]
pg/mL, IL-6 �29.5% [95% CI �36.1%, �22.4%], pg/mL [all
p < 0.001]; Table 2 and Figure 1, Table S4). However, no
statistically significant decline in NfL concentrations was
observed (RC NfL �4.4% [95% CI �9.1%, +0.5%],
p = 0.075; Table 2). The primary outcome measures were
the difference in GFAP and NfL concentrations from base-
line, with all other outcomes considered as exploratory. At
W96, 20/238 (8% 95% CI 5.3%, 13%) individuals had
plasma NfL concentrations above population normative
means for age, of which 9 had within reference range

TABLE 1 Baseline participant characteristics.

Baseline characteristic Overall, N = 238a
Dual-ART (DRV/r +
RGV), N = 119a

Triple-ART (DRV/r +
TDF/FTC), N = 119a

Male gender 208 (87%) 105 (88%) 103 (87%)

Age (years) 38 (31, 46) 35 (31, 44) 40 (31, 48)

Ethnic group

Asian 7 (2.9%) 5 (4.2%) 2 (1.7%)

Black 29 (12%) 16 (13%) 13 (11%)

White 198 (83%) 96 (81%) 102 (86%)

Other 4 (1.7%) 2 (1.7%) 2 (1.7%)

Education (years) 13.0 (10.0, 16.0) 13.0 (10.0, 16.5) 13.0 (9.5, 15.0)

Unknown 46 31 15

Smoking status

Never 127 (53%) 72 (61%) 55 (46%)

Ex-smoker 22 (9.2%) 8 (6.7%) 14 (12%)

Current smoker 89 (37%) 39 (33%) 50 (42%)

Log10 plasma HIV-1 RNA
concentration (copies/mL)

4.73 (4.23, 5.11) 4.72 (4.20, 5.19) 4.73 (4.26, 5.00)

CD4 count (cells/mm3) 350 (285, 412) 350 (280, 411) 350 (288, 415)

<50 8 (3.4%) 2 (1.7%) 6 (5.0%)

50–199 18 (7.6%) 9 (7.6%) 9 (7.6%)

200–349 92 (39%) 48 (40%) 44 (37%)

350–499 107 (45%) 51 (43%) 56 (47%)

≥500 13 (5.5%) 9 (7.6%) 4 (3.4%)

Nadir CD4 count (cells/mm3) 336 (261, 388) 331 (243, 383) 342 (267, 398)

CD4:CD8 ratio 0.37 (0.26, 0.53) 0.38 (0.25, 0.56) 0.36 (0.26, 0.53)

Unknown 12 6 6

HIV CDC clinical stage

A 204 (86%) 102 (86%) 102 (86%)

B 26 (11%) 14 (12%) 12 (10%)

C 8 (3.4%) 3 (2.5%) 5 (4.2%)

NPZ score (week 0) 0.07 (�0.36, 0.51) 0.03 (�0.34, 0.57) 0.09 (�0.36, 0.46)

Unknown 52 35 17

Abbreviations: ART, antiretroviral therapy; CDC, U.S. Centers for disease control and prevention; DRV/r, darunavir/ritonavir; FTC, Emtricitabine; NPZ,
composite cognitive z-score of seven neuropsychological tests; RGV, raltegravir; TDF, tenofovir disoproxil.
an (%); Median (Q1, Q3).

HIV MEDICINE 5
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concentrations at W0 and 11 had persistently elevated con-
centrations from W0. Elevated age-adjusted plasma NfL at
W96 was associated with elevated W0 concentrations, with
no associations observed by W0 CD4 count, plasma HIV
RNA concentrations or NPZ score (Tables S5 and S6). No
significant association was found between plasma bio-
marker change scores and age, sex and change in CD8
count; or change in NPZ score (Table 3). However, change
in biomarker concentrations was inversely associated with
change in CD4: A 20% increase in CD4 was associated
with an average reduction in NfL by 5% (95% CI 3%, 7%),
GFAP by 3% (95% CI 1%, 5%), IL-6 by 2% (95% CI �3%,
6%), CXCL10 by 6% (95% CI 3%, 9%), sCD14 by 3% (95%
CI 1%, 4%) and neopterin by 4% (95% CI 2%, 7%). Each of
those effects was statistically significant (p ≤ 0.002), except
for IL-6 (p = 0.464). Mean change scores were also com-
pared across trial arms (Table 4). A greater decline in
neopterin concentration was observed in those random-
ized to dual-ART (RC �50.2% [95% CI �54.0, �46.1]),
when compared to triple-ART (RC �44.3% [95% CI �48.1,
�40.3]) (difference in RC 13.1% [95% CI 1.8%, 25.6%],
p = 0.022) (Figure 2).

DISCUSSION

We have assessed the effects of dual- and triple-ART on
plasma biomarkers of immune activation, neuronal
inflammation and injury in treatment naïve persons with
HIV commencing ART, and their associations with cog-
nitive function. Over the 96-week study period, we
observed a decline in concentrations of the select plasma
biomarkers, including NfL, GFAP, sCD14, neopterin,
CXCL10 and IL-6, which were predominantly associated
with improvements in immune function parameters.
These findings suggest that commencing ART improved
HIV-associated immune activation and inflammation;

findings which are supported by the literature [22, 23].
While global cognitive performance improved over
96 weeks after commencing ART [1], no association was
observed with change in biomarker concentrations, and
the clinical significance of change in biomarker concen-
trations therefore remains unclear.

Despite ART, chronic immune activation and
inflammation may persist in persons with HIV, increas-
ing the risk of non-AIDS-related comorbidities, such as
cardiovascular disease and cognitive disorders. Several
mechanisms have been suggested as potential contribu-
tors, such as viral persistence and transcription in HIV
reservoir cells, low-level HIV RNA replication, gut bar-
rier dysfunction and the presence of co-infections
[24–26]. The impact of different ART regimens on
markers of inflammation remains relatively unexplored.
We observed comparable changes in biomarker concen-
trations between randomized drug arms across the study
period, with a greater decline in neopterin favouring
dual-ART; findings which we hypothesize may, in part,
be related to reduced neurotoxicity with dual-ART com-
pared to triple-ART. However, we acknowledge that this
study was not powered to address the effect of drug arm
on biomarker concentrations and these observations
should be interpreted with caution. Consistent with our
findings, Tan et al. reported no differences in changes in
plasma biomarkers of inflammation (hsCRP, IL-6,
MCP-1, TNF d-dimer and sCD14) over 48 weeks in
those initiating ART for the first time with dual-ART
(lopinavir/ritonavir and lamivudine), when compared to
triple-ART (lopinavir/ritonavir and 2NRTIs) [27]. Several
other studies have assessed biomarker changes between
dual- and triple-ART; however, these are predominantly in
the context of virologically suppressed individuals switching
ART and are assessing dual-ART regimens that include a
second-generation INSTI, which differs from our study. A
Spanish cohort study in virologically suppressed individuals

TABLE 2 Relative change in biomarker concentrations after 96 weeks on antiretroviral therapy (ART).

Biomarker

Week 0 Week 96
Relative
change (%)b 95% CIb p-ValuebMedian (IQR)a N Median (IQR)a N

NfL (pg/mL) 6.4 (4.6, 8.8) 238 6.1 (4.7, 8.2) 238 �4.4 �9.1, +0.5 0.075

GFAP (pg/mL) 67.9 (54.0, 95.9) 238 62.1 (49.7, 77.8) 238 �14.4 �18.3, �10.3 <0.001

sCD14 (ng/mL) 1405.9 (1182.7, 1655.6) 238 1291.9 (1081.6, 1555.3) 238 �6.8 �9.6, �4.0 <0.001

Neopterin (nmol/L) 14.0 (10.4, 18.5) 238 7.5 (5.7, 9.5) 238 �47.4 �50.1, �44.5 <0.001

CXCL10 (pg/mL) 2074.0 (1350.5, 2954.4) 238 804.6 (615.0, 1080.5) 238 �58.8 �61.6, �55.7 <0.001

IL-6 (pg/mL) 2.2 (1.4, 3.1) 237 1.4 (0.9, 2.3) 238 �29.5 �36.1, �22.4 <0.001

Abbreviations: CI, confidence interval; CXCL10, C-X-C motif chemokine 10; GFAP, glial fibrillary acidic protein; IQR, interquartile range; IL-6, interleukin 6;
NfL, neurofilament light; sCD14, soluble CD14.
aMedian (Q1, Q3).
bPaired t-test.
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switching to several different dual-ART regimens reported
an increase in concentrations of IL-6, d-dimer and sCD14,
when compared to those who continued triple-ART [28].
While this is an interesting observation, this study is limited
by the cohort nature of the analysis and could be con-
founded by the clinical indications for switch to dual-ART
regimens. In contrast, recent studies of second-generation
INSTI-based ART have demonstrated either no differences

or a reduction in inflammatory biomarker profiles in those
switched to dual-ART [29, 30]. A limitation of our analysis
is the dual-ART regimen we have assessed. Darunavir/
ritonavir with raltegravir is not a preferred ART regimen in
most ART treatment guidelines and biomarker dynamics
may differ in dual-ART regimens containing second-
generation INSTIs, when compared with the regimen we
have assessed.

FIGURE 1 Plasma biomarker concentrations at weeks 0 and 96. From the top left of the figure, concentrations of plasma glial fibrillary

acidic protein (GFAP), interleukin 6 (IL-6), C-X-C motif chemokine 10 (CXCL10), neopterin, neurofilament light (NfL) and soluble CD14

(sCD14) at weeks 0 and 96. Median and interquartile range shown as box and whisker plots. Statistically significant decline in GFAP, sCD14,

neopterin, CXCL10 and IL-6 (all p < 0.001), with the greatest relative change observed in neopterin (�47.4%) and CXCL10 (�58.8%).
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We observed 32 (13%) individuals to have plasma NfL
concentrations above expected populations normative
means at baseline and notably this was in the absence of
overt neurological symptoms. Consistent with previous
literature, factors associated with higher NfL concentra-
tions at baseline were increased age and lower CD4 count
[31, 32]. NfL declined longitudinally, with a RC �4.4%
from baseline, and only 20 (8%) had persistent plasma
NfL concentrations above population-defined reference
thresholds at W96, suggesting that raised plasma NfL
concentrations above population thresholds persist in
only a small number of individuals after 96 weeks of
ART. In contrast, recent data from Calcagno et al., dem-
onstrated raised serum NfL concentrations in 49% of
treatment naïve individuals with primary HIV and in
28% after 48 weeks of ART [33]. There may be several
reasons why we observed differences in the frequency of
individuals with persistently elevated plasma NfL con-
centrations compared to Calcagno et al. Firstly, previous
literature has described elevated NfL concentrations in
those with advanced untreated HIV, typically CD4 counts
<100 cells/mm3, in those with HIV-associated dementia
and in some individuals with primary HIV [32, 34].
Despite the relatively low median CD4 counts at baseline
(350 cells/mm3) in our study, most had a CD4 count
above 200 cells/mm3 (84%) and therefore did not have
the risk factor for elevated NfL concentration of a CD4
count below 100 cells/mm3. Interestingly, we have

observed median plasma NfL concentrations across both
timepoints to be similar to previously reported values in
persons without HIV (median W0 6.4 pg/mL and W96
6.1 pg/mL vs. 9.9 pg/mL) [35]. Of the 32 individuals with
elevated NfL at W0, only 11 had persistently elevated NfL
at W96. The 2 years of follow-up on ART in our study
may have allowed normalization of plasma concentra-
tions in most individuals.

Strengths of our study include the large sample size
and follow-up over 96 weeks, which allowed assessment
of biomarker concentrations and their associations with
clinical outcomes for nearly 2 years after ART initiation.
The study design also allowed us to assess biomarker
concentrations according to ART regimen, providing fur-
ther insight into the longitudinal effects of ART on
markers of inflammation. We were also able to include a
control inflammatory marker (IL-6) as a comparison for
the inflammatory markers we considered to be specific to
neuronal injury. Despite this, our study has some limita-
tions. Firstly, despite a relatively large sample size for the
measurement of biomarker concentrations, longitudinal
cognitive assessment was not available for all partici-
pants, which limited our ability to perform subgroup ana-
lyses based on change in cognitive function. While we
observed improved cognitive performance at 96 weeks,
with no significant difference between study arms, prac-
tice effects are observed in all longitudinal cognitive stud-
ies and will be present in this study. However, practice

FIGURE 2 Change in neopterin concentrations over 96 weeks by randomized drug arm. Median change in neopterin concentrations

between weeks 0 and 96 by randomized drug arm are displayed as a solid red line (dual-ART) and dashed black line (triple-ART). Lower

neopterin concentrations were observed at week 96 in the dual- versus triple-ART arm. DRV/r + RGV (darunavir/ritonavir, raltegravir);

DRV/r + TDF/FTC (darunavir/ritonavir, tenofovir disoproxil/emtricitabine).
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effects are likely limited due to the 96-week interval
between cognitive assessments. The study population
was comprised of predominantly white men, and other
groups such as women and those of non-white ethnicity
were under-represented, limiting the generalizability of
these findings. All the participants in this study com-
menced ART at baseline and were followed up over
96 weeks. However, as biomarker concentrations were
measured at only two time points (W0 and W96), further
details on the temporal dynamics of biomarker changes
could not be assessed. The lack of corresponding cerebro-
spinal fluid samples meant we were unable to determine
correlations between plasma and cerebrospinal fluid bio-
markers over the study period. We were not able to con-
trol for potential confounders such as lifestyle factors,
comorbidities or ART-related metabolic effects, which
could have influenced biomarker concentrations. Lastly,
as previously described, the ART regimen assessed in this
study is not preferred in most ART treatment guidelines,
limiting generalizability with other contemporary dual-
ART regimens.

CONCLUSIONS

Plasma biomarkers of brain health improved following
2 years of ART. Changes in biomarker concentrations
were associated predominantly with improvements in
CD4 count and partly by randomized drug arm, with a
greater decline in neopterin concentration observed over
96 weeks in those randomized to dual-ART, when com-
pared to those on triple-ART. Change in cognitive func-
tion was not associated with change in biomarker
concentrations. Further research in larger scale clini-
cal trials using contemporary dual-ART regimens is
warranted.
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