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The effect of vitamin B supplementation 
on neuronal injury in people living with HIV: 
a randomized controlled trial
Erika Tyrberg,1,2 Lars Hagberg,1,2 Lars-Magnus Andersson,1,2 Staffan Nilsson,3,4 

Aylin Yilmaz,1,2 Åsa Mellgren,1,2 Kaj Blennow,5,6 Henrik Zetterberg5,6,7,8,9  

and Magnus Gisslén1,2

Effective antiretroviral therapy has radically changed the course of the HIV pandemic. However, despite efficient therapy, milder 
forms of neurocognitive symptoms are still present in people living with HIV. Plasma homocysteine is a marker of vitamin B deficiency 
and has been associated with cognitive impairment. People living with HIV have higher homocysteine concentrations than HIV-negative 
controls, and we have previously found an association between plasma homocysteine concentration and CSF concentration of neurofila-
ment light protein, a sensitive marker for ongoing neuronal injury in HIV. This prompted us to perform this randomized controlled trial, 
to evaluate the effect of vitamin B supplementation on neuronal injury in a cohort of people living with HIV on stable antiretroviral ther-
apy. At the Department of Infectious Diseases at Sahlgrenska University Hospital in Gothenburg, Sweden, 124 virally suppressed people 
living with HIV were screened to determine eligibility for this study. Sixty-one fulfilled the inclusion criteria by having plasma homocyst-
eine levels at or above 12 μmol/l. They were randomized (1:1) to either active treatment (with cyanocobalamin 0.5 mg, folic acid 0.8 mg 
and pyridoxine 3.0 mg) q.d. or to a control arm with a cross over to active treatment after 12 months. Cognitive function was measured 
repeatedly during the trial, which ran for 24 months. We found a significant correlation between plasma neurofilament light protein and 
plasma homocysteine at screening (n = 124, r = 0.35, P < 0.0001). Plasma homocysteine levels decreased by 35% from a geometric mean 
of 15.7 μmol/l (95% confidence interval 14.7–16.7) to 10.3 μmol/l (95% confidence interval 9.3–11.3) in the active treatment arm be-
tween baseline and Month 12. No significant change was detected in the control arm during the same time period [geometric mean 15.2 
(95% confidence interval 14.3–16.2) versus geometric mean 16.5 μmol/l (95% confidence interval 14.7–18.6)]. A significant difference in 
change in plasma homocysteine levels was seen between arms at 12 months [−40% (95% confidence interval −48 to −30%), P < 0.001]. 
However, no difference between arms was seen in either plasma neurofilament light protein levels [−6.5% (−20 to 9%), P = 0.39], or 
cognitive measures [−0.08 (−0.33 to 0.17), P = 0.53]. Our results do not support a vitamin B–dependent cause of the correlation between 
neurofilament light protein and homocysteine. Additional studies are needed to further elucidate this matter.
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UNL = upper normal reference level.

Graphical Abstract

Introduction
Before the introduction of effective antiretroviral therapy 
(ART), a significant number of people living with HIV 
(PLHIV) developed HIV-associated dementia (HAD), pre-
dominantly in the later stages of the disease.1 Since effective 
ART hinders the development of HAD, it has become rare, 
although milder forms of neurocognitive impairment are still 
present in PLHIV.2 These milder forms of HIV-associated 
neurocognitive disorders are divided into asymptomatic 
neurocognitive impairment (ANI) and HIV-associated mild 

neurocognitive disorders by the Frascati criteria.3 A few pre-
vious studies have indicated that PLHIV with ANI may have 
an increased risk of developing symptomatic cognitive im-
pairment.4,5 However, numerous non-HIV-related confoun-
ders and contributors are present when using solely cognitive 
testing as a diagnostic tool. As a result, the clinical relevance 
of ANI is under debate.6,7

In addition, biochemical signs of ongoing neuronal injury 
are prevalent in untreated neuroasymptomatic PLHIV, as 
measured by neurofilament light protein (NfL).8 NfL levels 
are correlated to the progress of the HIV infection in 

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/4/6/fcac259/6761504 by C

halm
ers U

niversity of Technology / The M
ain Library user on 29 N

ovem
ber 2022

mailto:erika.tyrberg@gu.se


Vitamin B supplementation in neuro-HIV                                                                        BRAIN COMMUNICATIONS 2022: Page 3 of 10 | 3

untreated patients, and the highest levels of NfL are found in 
those with HAD.8–11 NfL, a subunit of the neurofilament 
protein in myelinated neurons, is to date the most sensitive 
biomarker of ongoing axonal injury in HIV.11 ART reduces 
levels of NfL,12 yet NfL levels remain higher after viral 
suppression by ART in PLHIV when compared with 
HIV-negative controls, and in some cases, they are above 
age-dependent cut-off levels.9,13 Data suggest that a rise in 
NfL precedes the onset of symptoms in untreated HIV, and 
thus may be used as a predictive marker.14 Initially, NfL 
could only be measured in CSF, but currently it is possible 
to analyse it in plasma. NfL concentrations are 50–100 times 
lower in plasma in comparison with CSF, and a relatively 
strong correlation can be found between plasma and CSF 
levels.15–17

Vitamin B12 deficiency may present with neurological 
symptoms, with or without haematological anomalies.18,19

In addition, folate deficiency may also give rise to neurologic-
al symptoms.20,21 Interestingly, HIV-associated myelopathy 
has a pathological resemblance to B12 deficiency.22 Vitamin 
B12 and folate are closely related to the metabolism of homo-
cysteine. Homocysteine levels increase when vitamin B12 or 
folate levels are low, and therefore, homocysteine serves as 
a marker of vitamin B12 and folate deficiency.23 Elevated 
homocysteine levels are associated with cognitive impair-
ment and the risk of developing Alzheimer’s disease.24–26

A number of studies have found this association to be inde-
pendent of vitamin B12 and folate status.27,28 However, 
randomized placebo-controlled trials of vitamin B supple-
mentation that effectively reduce homocysteine levels in 
plasma have been inconclusive regarding their effect on 
cognitive function in HIV-negative elderly individuals with 
or without cognitive impairment.29–32

A meta-analysis found that PLHIV have higher 
P-homocysteine levels than HIV-negative controls, and that 
P-homocysteine was higher in those on ART compared 
with untreated PLHIV.33 This may render PLHIV more vul-
nerable to pathologies related to homocysteine than the gen-
eral population, making this a serious concern even in the era 
of successful ART.

We found an independent association between 
P-homocysteine and NfL concentrations in CSF in PLHIV 
in a previous study after adjusting for age, CD4 count+and 
CSF neopterin level.34 This prompted us to perform the pre-
sent randomized controlled trial to evaluate the effect of vita-
min B supplementation on neuronal injury in a cohort of 
PLHIV who were on stable ART.

Materials and methods
Study design
PLHIV on stable ART attending the out-patient clinic at the 
Department of Infectious Diseases, Sahlgrenska University 
Hospital, Gothenburg, Sweden, were eligible to participate 
in this single-centre, open, randomized, controlled trial with 

modified cross-over design. PLHIV who met the inclusion cri-
teria (i.e. stable ART > 12 months, HIV-RNA < 50 copies/ml 
and age ≥18 years) and were not subject to any of the exclu-
sion criteria were asked to participate at their regular follow- 
up visit. The exclusion criteria were treatment with 
trimethoprim-sulfamethoxazole or methotrexate, ongoing 
vitamin B12, B6, or folic acid supplementation, anti-epileptic 
treatment, small bowel or ventricular resection, absorption 
disturbance in the small bowel, ongoing neurological or se-
vere psychiatric disease, history of a malignant tumour, severe 
ongoing or opportunistic infection, alcohol abuse, clinical de-
pression, pregnancy, or significant vitamin B12 and/or folate 
deficiency that required higher treatment doses. Those who 
gave their consent were screened for participation in the trial.

Patients who had P-homocysteine levels ≥12 μmol/l were 
enrolled in the study at a baseline visit and randomized 
(1:1) to active treatment or control arm using a computer 
random number generator with a block size of 10. The allo-
cation sequence was concealed in numbered envelopes (by 
E.T.). Enrolment was performed by several researchers 
(M.G., A.Y., L.M.A., L.H. and E.T.) all of whom were un-
aware of the allocation of previous participants. Those in-
cluded in the active treatment arm received one tablet of 
TrioBe (Meda, Stockholm, Sweden), containing cyano-
cobalamin 0.5 mg, folic acid 0.8 mg and pyridoxine 3.0 mg 
q.d. All subjects were scheduled follow-up visits at months 
1, 3, 6 and 12. Those in the control arm crossed over to 
the active treatment arm at the Month 12 visit. A modified 
cross-over design was used to enable both a longer follow-up 
time and a larger group that received the intervention. In 
addition, it facilitated recruitment and retention in study of 
the participants who were randomized to the control arm. 
All subjects were then followed until Month 24, with visits 
at Months 15 (control arm only), 18 and 24 (Fig. 1).

P-homocysteine, P-B12, P-folate, haemoglobin and cre-
atinine levels were measured at each follow-up visit. P-NfL 
was analysed at initial screening and Months 3, 12 and 24. 
HIV-RNA levels and CD4+ counts were taken at baseline 
and Months 6, 12, 18 and 24. S-methylmalonic acid 
(S-MMA) was checked at baseline and Months 12 and 24. 
White blood cell count and mean corpuscular volume 
(MCV) were checked at baseline and Months 12 and 24. 
Signs of depression and alcohol use were checked at baseline 
and months 12 and 24 through the montgomery Åsberg de-
pression rating scale (MADRS)35 and the alcohol use disor-
ders identification test (AUDIT).36 Information on changes 
in concomitant medications, including food supplements, 
was obtained at every visit. In addition, adherence to ART 
and TrioBe treatment was checked at every visit as well as ad-
verse effects. Study subjects were not allowed to take other 
medications or food supplements containing vitamin B12, 
B6, folic acid or medications that interact with these vitamins 
during the trial period.

Cognitive function was assessed by means of Cogstate 
(Cogstate Ltd, Melbourne, Australia) at baseline, and 
Months 12 and 24. Cogstate is a computerized neuropsychologic-
al test previously validated for HIV-associated neurocognitive 
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impairment.37,38 Five tasks were performed testing five cognitive 
domains: detection (psychomotor function), identification (atten-
tion), one card learning (visual learning), one back test (working 
memory) and the Groton Maze learning test (executive function). 
The five test results were combined to give one total score 
(Cogstate combined z-score) that was used in the analysis.

The primary objective of the study was to determine the 
effect on P-NfL concentrations of treatment with B vitamins. 
The primary endpoint was set at 12 months of treatment and 
secondary endpoint at 24 months. The secondary objectives 
were (i) to determine the effect of vitamin B supplementation 
on neurocognitive performance, and (ii) to assess the rela-
tionship between P-NfL and P-homocysteine at screening.

Laboratory assays
Plasma NfL concentration was measured using an in-house 
Single Molecule Array (Simoa) method on an HD-1 analyzer 
(Quanterix, Billerica, MA, USA), as previously described in 
detail.15

Clinical age-related cut-off levels for P-NfL were used: <18 
years = <7 pg/ml; 18–50 years = <10 pg/ml; 51–60 years = 
<15 pg/ml; 61–70 years = <20 pg/ml; and > 70 years = 
<35 pg/ml.

Plasma homocysteine concentration was measured using 
the Roche Homocysteine Enzymatic Assay on a Cobas 
c501 instrument according to manufacturer’s instructions 
(Roche Diagnostics, Rotkreuz, Switzerland). P-B12 and 
P-folate was analysed on a Cobas e601 instrument, accord-
ing to manufacturer’s instructions (Roche Diagnostics, 
Rotkreuz, Switzerland). The upper normal reference level 
(UNL) for P-homocysteine used by the laboratory was 
15 μmol/l. No gold standard for the diagnosis of vitamin 
B12 or folate deficiency exists. Current reference values of the 
local laboratory are P-B12 140–650 pmol/l, and 7–46 nmol/l 
for P-folate. The lower reference limits were used as a cut-off 
for low vitamin levels in the present study. However, literature 
and expert opinion in the field suggest that these cut-off levels 
may be too low, and that suboptimal vitamin levels may exist 

in the low-normal spectrum. Selhub et al.39 showed that 
homocysteine levels begin to rise at a cut-off level for vitamin 
B12 of 300 pmol/l, and at 10 nmol/l for folate. Based on these 
data, results below these levels were considered low normal. A 
combination of low levels of P-B12 or P-folate together with 
P-homocysteine (>15 μmol/l) or S-MMA (>0.34 μmol/l) le-
vels above laboratory reference intervals was considered a 
deficiency.

Plasma HIV-RNA was determined using the Roche 
COBAS TaqMan assay version 2 (Hoffman La-Roche, 
Basel, Switzerland). All other blood tests were analysed ac-
cording to local laboratory standards.

Statistical analysis
Power analysis was used to determine sample size, based on 
difference in log plasma NfL. A sample size of 25 in each 
group would yield a power of 80% to detect a difference 
with an effect size of 0.7 (Cohen’s d) for Log NfL values at 
12 months. To account for dropouts, we set 30 as the target 
sample size. Variables were log-transformed when suitable. 
Pearson correlation coefficient was used to calculate rela-
tionships. Independent sample t-test was used to compare 
differences between groups. Paired sample t-test was used 
to compare differences within groups. The tests performed 
were two-tailed, and P < 0.05 was considered significant. 
SPSS Statistics version 27 (IBM SPSS Statistics, Armonk, 
NY, USA) or Prism version 9 (GraphPad Software, La 
Jolla, CA, USA) were used to perform the analyses.

Ethics approval
The study was performed in accordance with the Helsinki 
Declaration. All participants gave their written consent to 
participate in the study. The study was approved by the 
Research Ethics Committee at Gothenburg University 
(Dnr: 029-16) and the national Swedish Medical Products 
Agency. The study is registered at clinicaltrials.gov, NCT 
number: NCT02773147, and in the European Union Drug 

Figure 1 Study design.
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Regulating Authorities Clinical Trials Database, EudraCT 
number: 2015-004311-20.

Results
From April 2016 to June 2017, 124 PLHIV were screened for 
participation in the study. Sixty-one of them had plasma homo-
cysteine ≥12 μmol/l and were included in the treatment study, 
with 31 in the active treatment arm and 30 in the control arm 
(Table 1 for baseline characteristics). Three participants in the 
active treatment arm and three participants in the control arm 
discontinued the study prior to 12 months of follow up. An 
additional four from the active treatment arm and three from 
the crossed over arm discontinued before 24 months of follow 
up (see Supplementary Fig. 1). One patient was excluded from 
the study due to neurological or psychiatric disease.

Screening
In the screening cohort (n = 124), there was a significant cor-
relation between Log P-NfL and Log P-homocysteine (r = 
0.35, P < 0.0001; Fig. 2A). P-homocysteine and P-vitamin 
B12 (r = −0.41, P < 0.0001), and P-homocysteine and 
P-folate (r = −0.38, P < 0.0001) showed, as expected, an in-
verse correlation (Fig. 2B and C).

The mean P-homocysteine level was 13.0 μmol/l (SD ± 
4.16). A total of 34 individuals (27.4%) had homocysteine 
levels above 15.0 μmol/l. The geometric mean level of 
P-NfL was 10.6 (GSD 1.70) pg/l. Fifty-two (41.9%) had 
P-NfL levels above the age-dependent laboratory norms.

Table 1 Baseline characteristics

Active 
treatment arm Control arm

Number (n) 31 30
Female (n) 5 8
Male (n) 26 22
Age median (IQR) 53 (46–62) 49.5 (45–53.75)
CD4 cell count (×10e6) 

median (IQR)
620 (480–820) 615 (482.5–865)

HIV-RNA (copies/ml) median 
(IQR)

20 (20–20) 20 (20–20)

P-NfL (pg/ml) geometric 
mean (GSD)

13.1 (1.70) 11.1 (1.57)

P-NfL above laboratory 
reference value, n (%)

13 (41.9) 11 (36.7)

P-homocysteine (μmol/l) 
mean (SD)

15.9 (±3.1) 15.4 (±2.7)

P-B12(pmol/l) mean (SD) 315 (±113) 312 (±147)
P-folate (nmol/l) mean (SD) 10.9 (±3.5) 12.8 (±6.2)
eGFR median (IQR) 75 (70.2–88.5) 84.85 (72.075–90.55)
Hb (g/l) median (IQR) 152 (145–160) 151 (136.5–156)
MCV (fl) median (IQR) 95 (93–100.5) 96 (91–98.5)
MADRS median (IQR) 4 (1–8) 4 (0–6.5)
AUDIT median (IQR) 3.5 (1.75–6) 2.5 (1–4)
Cogstate COMB score, mean 

(SD)
−0.195 (±0.469) −0.287 (±0.546)

A

B

C

Figure 2 Correlations at screening. (A) Correlation between 
Log P-NfL and Log P-homocysteine in 124 virally suppressed PLHIV. 
(B) Correlation between Log P-homocysteine and Log P-vitamin 
B12 in 124 virally suppressed PLHIV. (C) Correlation between Log 
P-homocysteine and Log P-folate in 124 virally suppressed PLHIV.
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Randomized controlled trial
P-homocysteine concentrations above the UNL (>15 μmol/l) 
were found in 32/61 (52.5%) of the treatment study partici-
pants at baseline. Two individuals had low plasma vitamin 
B12 levels (<140 pmol/l) and another 30 had low-normal le-
vels (<300 pmol/l). One individual was B12 deficient. 
P-folate levels were low (<7 nmol/l) in 7 subjects and low 
normal (7–10 nmol/l) in another 17. Four individuals were 
folate deficient. The geometric mean P-NfL level was 12.1 
(GSD 1.64); 24 (39.3%) had P-NfL levels above age- 
dependent laboratory reference values (see Table 1 for distri-
bution between groups).

Impact of B-vitamin supplementation on P-NfL
P-homocysteine levels decreased by 35% [95% confi-
dence interval (CI) 28–42%] between baseline and 
Month 12 in the active treatment arm. This was signifi-
cantly different [−40% (−48 to −30%), P < 0.001] from 
the control arm, where the P-homocysteine levels in-
creased by 7% (−3 to 19%). P-homocysteine decreased 
by an additional 9% in the active treatment arm during 
Months 12 to 24. The P-homocysteine levels of the con-
trol group decreased by 44% from Months 12 to 24 after 

initiation of vitamin B supplementation (see Fig. 3A and 
Table 2).

We found no significant differences in change of P-NfL le-
vels between the groups after 12 months of vitamin B supple-
mentation [−6.5% (−20 to 9%), P = 0.39]. P-NfL levels 
increased by 1% (−10 to 14) between baseline and Month 
12 in the active treatment arm, and by 8% (−1 to 19) in 
the control arm. From 12 to 24 months the active treatment 
arm increased the levels by 18% and crossed control arm by 
23% (Fig. 3B and Table 2).

P-B12 levels increased 2.3-fold (2.1–2.6) in the active 
treatment arm from baseline to Month 12, and continued 
to increase throughout the study period. A significant differ-
ence in P-B12 was found between groups at Month 12 
[119% (92–149%), P < 0.001]. In accordance, S-MMA le-
vels decreased during the course of the study, by 23% 
(13–31) from baseline to Month 12. A significant difference 
in S-MMA was found between groups at Month 12 
[−24.5% (−35 to −12%), P = 0.001; Fig. 3C and D and 
Table 2].

P-folate levels increased 4-fold (3.4–4.6) in the active 
treatment arm during the first 12 months of the study. A sig-
nificant difference between groups was found at Month 12 
[312% (237–403%), P < 0.001; Fig. 3E and Table 2].

A B C

D E

Figure 3 Effect of vitamin B supplementation. Effect of supplementation with cyanocobalamin 0.5 mg, folic acid 0.8 mg and pyridoxine 
3.0 mg q.d. on (A) P-homocysteine, (B) P-NfL, (C) P-vitamin B12, (D) S-MMA and (E) P-folate in the active treatment arm for 24 months. Control 
arm receives no treatment during Months 0–12, and thereafter cross over to active treatment (in the figure shown as a dotted line) for Months 12– 
24. Variables shown as geometric mean with 95% CI. An independent T-test was used to calculate the effect of B-vitamin supplementation at 
Month 12. (A) t = −6.83, P < 0.001. (B) t = −0.87, P = 0.39. (C) t = 11.9, P < 0.001. (D) t = −3.66, P = 0.001. (E) t = 14.3, P < 0.001.
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Impact of B-vitamin supplementation on cognitive 
function
There was no significant correlation between either 
P-homocysteine (r = −0.01, P = 0.97) or log P-NfL (r = 0.06, 
P = 0.66) and the Cogstate combined z-score at baseline.

In addition, no significant difference was found in the 
Cogstate combined z-score between the groups [−0.08 (−0.33 
to 0.17), P = 0.53] at baseline compared with Month 12 [study 
group: mean −0.1951 (SD ± 0.4686) versus −0.1720 (SD ± 
0.5482) control group: mean −0.2871 (SD ± 0.5455) versus 
−0.2526 (SD ± 0.6398)]. The difference in neurocognitive per-
formance measured by Cogstate between baseline and Month 
24 in the treatment group was also not significant [0.09 
(−0.06 to 0.23), P = 0.25]. Neither was any significance found 
in the individual tests at Month 12 nor Month 24. No signifi-
cant differences in MADRS results were found between the 
groups at baseline compared with Month 12.

Discussion
We believe our study is the first randomized controlled trial 
of the effect of vitamin B supplementation on markers of 
neuronal injury in PLHIV. As predicted, we found that treat-
ment with vitamin B12, folic acid and vitamin B6 significantly 
decreased P-homocysteine levels. However, no change was 
found in P-NfL as a marker of ongoing neuronal injury.

In agreement with our previous results,34 there was a sig-
nificant correlation between P-homocysteine and P-NfL con-
centrations. The screening cohort had a P-homocysteine 
mean of 13.0 μmol/l, consistent with 13.1 and 15.1 μmol/l 
in previous studies of PLHIV on ART.40,41

By way of confirmation of our findings, a study by 
Remacha et al.42 also showed that treatment with vitamin 
B12 and folic acid decreased the levels of P-homocysteine 
and increased the levels of B12 and folate in a cohort of 
PLHIV. This is a pattern well known from studies of 
HIV-negative elderly people with or without cognitive im-
pairment receiving vitamin B supplementation.43,44

Early in the HIV pandemic, prior to the introduction of high-
ly active ART low levels of vitamin B12 in serum were frequently 
found in PLHIV.45,46 One study suggested that low vitamin B12 

may be a risk factor for disease progression to AIDS.47

Malabsorption due to HIV enteropathy or opportunistic intes-
tinal infections may, at least in part, explain that finding.48

However, those explanations are not applicable to our cohort 
of PLHIV on ART with stable CD4+ counts and undetectable 
HIV-RNA, and do not explain the frequent finding of patho-
logically elevated homocysteine levels (>15 μmol/l) in the 
screening cohort (27.4%). We found vitamin B12 levels in the 
lower spectrum (<300 pmol/l) in 49% of PLHIV at baseline 
in the treatment study; however, only one participant had low 
levels in combination with elevated S-MMA/P-homocysteine, 
suggesting that suboptimal vitamin B12 levels may still be preva-
lent in the ART era. Nevertheless, our finding that NfL does not 
decrease during vitamin B12 supplementation, although homo-
cysteine/MMA levels decrease and P-B12 increases, speaks 
against suboptimal vitamin B12 levels as the casual factor of 
the relationship between P-homocysteine and NfL.

Levels of P-folate in the lower spectrum (<10 nmol/l) were 
found in 24 (41.4%) of the study participants, which is com-
parable with the frequency of low-normal levels of vitamin 
B12 recorded in the same cohort. The limitation of P-folate test-
ing is that it mirrors recent folate. Blood folate is a more accur-
ate test of the folate depot, but is nowadays less used due to 
methodological difficulties.49 However, even though all but 
two participants in the treatment group normalized their 
P-homocysteine after 12 months of Triobe supplementation 
(one of whom discontinued the study after 12 months due to 
poor adherence), and all became folate replete; we did not 
see a significant decrease in NfL, thus not supporting subopti-
mal folate levels as the casual factor.

Less data are currently available on plasma than on CSF le-
vels of NFL in PLHIV on stable ART. In our cohort, 39.3% 
had levels above laboratory norms. In addition to the CNS, 
NfL is also found in the peripheral nervous system (PNS) 
and previous studies have found elevated P-NfL in diseases af-
fecting the PNS.50,51 None of the individuals included in our 

Table 2 Effect of vitamin B supplementation

Baseline Month 12 Month 24

P-homocysteine (μmol/l)
Active treatment arm 15.7 (14.7–16.7) 10.3 (9.3–11.3) 9.0 (8.2–9.9)
Control arm 15.2 (14.3–16.2) 16.5 (14.7–18.6) 9.3 (8.3–10.5)

P-NfL (pg/l)
Active treatment arm 13.1 (10.8–16.0) 13.8 (11.4–16.7) 17.2 (13.1–22.5)
Control arm 11.1 (9.4–13.2) 12.2 (10.3–14.3) 15.1 (12.3–18.5)

P-vitamin B12 (pmol/l)
Active treatment arm 299 (265–338) 654 (595–719) 677 (590–777)
Control arm 281 (235–335) 281 (240–331) 600 (513–702)

S-MMA (μmol/l)
Active treatment arm 0.22 (0.18–0.26) 0.17 (0.15–0.20) 0.16 (0.14–0.18)
Control arm 0.22 (0.17–0.28) 0.23 (0.17–0.30) 0.16 (0.13–0.20)

P-folate (nmol/l)
Active treatment arm 10.3 (9.1–11.8) 41.9 (39.1–44.8) 43.8 (42.5–45.3)
Control arm 11.5 (9.5–13.8) 11.0 (9.1–13.3) 36.0 (28.4–45.6)
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study had a symptomatic confounding neurological disease af-
fecting the CNS or the PNS, suggesting that P-NfL levels reflect 
ongoing neuronal injury related to HIV or homocysteine me-
tabolism. On the other hand, finding 39.3% with NfL levels 
above laboratory norms is higher than expected, when com-
pared with data on NfL in CSF among PLHIV.9 It is possible 
that undiagnosed subclinical peripheral neuropathy does after 
all contribute to this, and that to inevitably differentiate be-
tween peripheral and central injury both plasma and CSF sam-
ples are needed. Difference in P-NfL was chosen as the primary 
outcome since it is a sensitive marker of neuronal injury, it re-
flects ongoing injury11 and it would make it possible to detect a 
change even if not clinically apparent. It has been proposed 
that the failure to prove the effect of vitamin B supplementa-
tion on neurocognitive symptoms in HIV-negative trials is 
due to the fact that the neuronal injury that gives rise to symp-
toms is irreversible, and therefore not affected by administra-
tion of B vitamins. However, since NfL reflects ongoing 
neuronal injury, the above is unlikely to be the reason for 
the absence of effect in the present trial.

NfL in both plasma and CSF increases with age, although 
the underlying mechanism is yet to be determined.8,15 Thus, 
an increase of P-NfL during the course of the study was ex-
pected. The increase we detected from baseline to Month 12 
was 1 and 8% in the active treatment arm and the control 
arm, respectively. The modest increase of 1%, although not 
statistically significant, could indicate a treatment effect that 
compensates aging. However, the P-NfL of the control arm in-
creased with 23% after initiating treatment, and the treatment 
arm increased by 18% during the next 12 months, which 
speaks against an effect of B-vitamin substitution on P-NfL. 
This was a higher annual increase than previously found in 
healthy HIV-negative controls (2.2–3.2%).15,52 It is not well 
established at which rate NfL increases in virologically sup-
pressed PLHIV, when compared with HIV-negative indivi-
duals. It is well established that homocysteine is inversely 
correlated to renal function.23 Some (but not all) recent studies 
on PLHIV and HIV negative have found a weak association 
between P-NfL and renal function.17,53,54 It is unlikely that re-
nal function would have had an influence on the results in this 
cohort of PLHIV with normal renal function.

A major limitation to our study is its open design, without 
placebo in the control arm. Consequently, recruitment or ef-
fect bias could not be excluded. Another limitation is the lack 
of CSF-NfL, imaging and neurophysiological examination, 
in consequence whereof subclinical CNS or PNS disease 
could not be excluded. In addition, the study group was rela-
tively small: a larger cohort might have been needed to detect 
a change in P-NfL. The FACIT and VITACOG trials that 
found effects on cognitive function in HIV-negative elderly 
people included 818 and 266 individuals, respectively.29,30

While the FACIT trial had a follow-up time of 3 years, the 
VITACOG had the same follow-up time as the present study 
(2 years), which speaks against too short a follow-up time as 
the reason for the lack of effect. In addition, since NfL detects 
ongoing injury, it is reasonable to expect an effect sooner than 
when cognitive testing is the primary outcome. However, it is 

not possible to rule out the possibility that a longer course of 
treatment might have been beneficial. In a clinical setting, 
symptomatic B12 deficiency is treated with high oral 
(≥1000 μg) or intramuscular doses and folate deficiency 
with 5 mg q.d.55,56 The doses administered in our trial may 
have been insufficient to bring about an effect on the CNS. 
However, the folic acid and vitamin B12 dosage used have 
been shown to have good lowering effects on homocyst-
eine57,58 and were comparable with the above-mentioned 
trials. It is notable that these trials consisted of cohorts of eld-
erly subjects both with and without cognitive impairment and 
therefore may not be directly comparable with our cohort.

Data are scarce on the relationship between homocysteine, 
B vitamins on the one hand and cognitive function and neural 
injury in HIV infection on the other. To the best of our knowl-
edge, only one other study has examined this relationship in 
virally suppressed PLHIV. Falasca et al.40 found a relationship 
between elevated homocysteine levels and neurocognitive per-
formance. However, they considered ≥12 μmol/l as elevated, 
and since our cohort all had homocysteine levels ≥12 μmol/l, 
it is not possible to compare our results. We did not find an as-
sociation between P-NfL or homocysteine levels and cognitive 
test results at baseline. However, the result of a cognitive test is 
multifactorial and cannot distinguish between the results of an 
ongoing injury and a previous one. In addition, we found that 
vitamin B supplementation had no effect on cognitive func-
tion. While there was little room for change in cognitive results 
in this group of PLHIV having no substantial neurocognitive 
disease, we chose to investigate them because in our previous 
study, we found a correlation between CSF-NfL and 
P-homocysteine in a group of neuroasymptomatic PLHIV.

In addition, the lack of effect may be attributable to the 
reasons stated above.

The present study, in addition to our previous research, shows 
a highly significant correlation between P-homocysteine and 
NfL. However, the results indicate a non-vitamin B–dependent 
cause. The association between NfL and homocysteine is of 
uncertain clinical relevance, although may constitute a piece 
of the puzzle in clarifying the pathogenesis of neuronal injury 
in virally suppressed HIV.

In corroboration of previous findings, a highly significant 
statistical correlation was detected between NfL and 
P-homocysteine. While homocysteine significantly decreased 
during treatment with cyanocobalamin (0.5 mg), folic acid 
(0.8 mg) and pyridoxine (3.0 mg) q.d., there were no 
changes recorded in P-NfL levels. Our results indicate a non- 
vitamin B–dependent association between NfL and homo-
cysteine in HIV-related neuronal injury. Further investiga-
tion may be required to reveal the cause of this association.

Funding
This work was supported by the Swedish state under an 
agreement between the Swedish government and the county 
councils (ALFGBG-717531, ALFGBG-715986 and 
ALFGBG-720931). H.Z. is a Wallenberg Scholar supported 

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/4/6/fcac259/6761504 by C

halm
ers U

niversity of Technology / The M
ain Library user on 29 N

ovem
ber 2022



Vitamin B supplementation in neuro-HIV                                                                        BRAIN COMMUNICATIONS 2022: Page 9 of 10 | 9

by grants from the Swedish Research Council 
(#2018-02532); the European Research Council 
(#681712); the Alzheimer Drug Discovery Foundation, 
USA (#201809-2016862); the Alzheimer’s Disease 
Strategic Fund and the Alzheimer’s Association 
(#ADSF-21-831376-C, #ADSF-21-831381-C and 
#ADSF-21-831377-C); the Olav Thon Stiftelsen; the 
Erling-Persson Family Foundation, Stiftelsen för Gamla 
Tjänarinnor, Hjärnfonden, Sweden (#FO2019-0228); the 
European Union’s Horizon 2020 research and innovation 
programme under the Marie Skłodowska–Curie grant 
agreement no. 860197 (MIRIADE): and the UK Dementia 
Research Institute at University College London. K.B. is 
supported by the Swedish Research Council 
(#2017-00915); the Alzheimer Drug Discovery 
Foundation, USA (#RDAPB-201809-2016615); 
Alzheimerfonden (#AF-742881); Hjärnfonden, Sweden 
(#FO2017-0243); the EU Joint Programme 
Neurodegenerative Disease research (JPND2019-466-236); 
the National Institute of Health, USA (grant 
#1R01AG068398-01) and the Alzheimer’s Association 
2021 Zenith Award (ZEN-21-848495).

Competing interests
H.Z. has served on scientific advisory boards and/or as a con-
sultant for Abbvie, Alector, Annexon, AZTherapies, CogRx, 
Denali, Eisai, Nervgen, Pinteon Therapeutics, Red Abbey 
Labs, Roche, Samumed, Siemens Healthineers, Triplet 
Therapeutics and Wave. He has given lectures in symposia 
sponsored by Cellectricon, Fujirebio, Alzecure and Biogen, 
and is a co-founder of Brain Biomarker Solutions in 
Gothenburg AB (BBS), which is a part of the GU Ventures 
Incubator Program. K.B. has served as a consultant, on advisory 
boards, or at data monitoring committees for Abcam, Axon, 
Biogen, JOMDD/Shimadzu, Julius Clinical, Lilly, MagQu, 
Novartis, Prothena, Roche Diagnostics and Siemens 
Healthineers, and is a co-founder of Brain Biomarker 
Solutions in Gothenburg AB (BBS), a part of the GU Ventures 
Incubator Programme, all unrelated to the work presented in 
this paper. M.G. has received research grants from Gilead 
Sciences and Janssen-Cilag, and honoraria as a speaker and/or 
scientific advisor from Amgen, Biogen, Bristol-Myers Squibb, 
Gilead Sciences, GlaxoSmithKline/ViiV, Janssen-Cilag, MSD, 
Novocure and Novo Nordic. L.H., A.Y., Å.M., L.M.A., S.N. 
and E.T. report no competing interests.

Supplementary material
Supplementary material is available at Brain Communications 
online.

Data availability
Data is available upon request from the corresponding author.

References
1. Navia BA, Jordan BD, Price RW. The AIDS dementia complex: 

I. Clinical features. Ann Neurol. 1986;19(6):517-524.
2. Heaton RK, Clifford DB, Franklin DR Jr, et al. HIV-associated neu-

rocognitive disorders persist in the era of potent antiretroviral ther-
apy: CHARTER study. Neurology.. 2010;75(23):2087-2096.

3. Antinori A, Arendt G, Becker JT, et al. Updated research nosology 
for HIV-associated neurocognitive disorders. Neurology. 2007;69-
(18):1789-1799.

4. Grant I, Franklin DR Jr, Deutsch R, et al. Asymptomatic 
HIV-associated neurocognitive impairment increases risk for symp-
tomatic decline. Neurology. 2014;82(23):2055-2062.

5. Rourke SB, Bekele T, Rachlis A, et al. Asymptomatic neurocognitive 
impairment is a risk for symptomatic decline over a 3-year study 
period. AIDS. 2021;35(1):63-72.

6. Nightingale S, Dreyer AJ, Saylor D, Gisslén M, Winston A, Joska 
JA. Moving on from HAND: Why we need new criteria for cognitive 
impairment in people with HIV and a proposed way forward. Clin 
Infect Dis. 2021;73:1113-1118.

7. Gisslén M, Price RW, Nilsson S. The definition of HIV-associated 
neurocognitive disorders: Are we overestimating the real preva-
lence? BMC Infect Dis. 2011;11:356.

8. Yilmaz A, Blennow K, Hagberg L, et al. Neurofilament light chain 
protein as a marker of neuronal injury: Review of its use in HIV-1 
infection and reference values for HIV-negative controls. Expert 
Rev Mol Diagn. 2017;17(8):761-770.

9. Krut JJ, Mellberg T, Price RW, et al. Biomarker evidence of axonal 
injury in neuroasymptomatic HIV-1 patients. PLoS One. 2014; 
9(2):e88591.

10. Abdulle S, Mellgren A, Brew BJ, et al. CSF Neurofilament protein 
(NFL) – a marker of active HIV-related neurodegeneration. J 
Neurol. 2007;254(8):1026-1032.

11. Peterson J, Gisslen M, Zetterberg H, et al. Cerebrospinal fluid (CSF) 
neuronal biomarkers across the spectrum of HIV infection: 
Hierarchy of injury and detection. PLoS One. 2014;9(12):e116081.

12. Mellgren A, Price RW, Hagberg L, Rosengren L, Brew BJ, Gisslén M. 
Antiretroviral treatment reduces increased CSF neurofilament pro-
tein (NFL) in HIV-1 infection. Neurology. 2007;69(15):1536-1541.

13. Peluso MJ, Valcour V, Ananworanich J, et al. Absence of cerebrospinal 
fluid signs of neuronal injury before and after immediate antiretroviral 
therapy in acute HIV infection. J Infect Dis. 2015;212(11):1759-1767.

14. Gisslen M, Hagberg L, Brew BJ, Cinque P, Price RW, Rosengren L. 
Elevated cerebrospinal fluid neurofilament light protein concentra-
tions predict the development of AIDS dementia complex. J Infect 
Dis. 2007;195(12):1774-1778.

15. Gisslén M, Price RW, Andreasson U, et al. Plasma concentration of the 
neurofilament light protein (NFL) is a biomarker of CNS injury in HIV 
infection: A cross-sectional study. EBioMedicine. 2016;3:135-140.

16. Alagaratnam J, von Widekind S, De Francesco D, et al. Correlation be-
tween CSF and blood neurofilament light chain protein: A systematic 
review and meta-analysis. BMJ Neurol Open. 2021;3(1):e000143.

17. Alagaratnam J, De Francesco D, Zetterberg H, et al. Correlation be-
tween cerebrospinal fluid and plasma neurofilament light protein in 
treated HIV infection: Results from the COBRA study. J 
Neurovirol. 2022;28(1):54-63.

18. Lindenbaum J, Healton EB, Savage DG, et al. Neuropsychiatric dis-
orders caused by cobalamin deficiency in the absence of anemia or 
macrocytosis. N Engl J Med. 1988;318(26):1720-1728.

19. Healton EB, Savage DG, Brust JC, Garrett TJ, Lindenbaum J. 
Neurologic aspects of cobalamin deficiency. Medicine. 1991; 
70(4):229-245.

20. Shorvon SD, Carney MW, Chanarin I, Reynolds EH. The neuro-
psychiatry of megaloblastic anaemia. Br Med J. 1980;281(6247): 
1036-1038.

21. Reynolds EH, Rothfeld P, Pincus JH. Neurological disease asso-
ciated with folate deficiency. Br Med J. 1973;2(5863):398-400.

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/4/6/fcac259/6761504 by C

halm
ers U

niversity of Technology / The M
ain Library user on 29 N

ovem
ber 2022

http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcac259#supplementary-data


10 | BRAIN COMMUNICATIONS 2022: Page 10 of 10                                                                                                         E. Tyrberg et al.

22. Petito CK, Navia BA, Cho ES, Jordan BD, George DC, Price RW. 
Vacuolar myelopathy pathologically resembling subacute combined 
degeneration in patients with the acquired immunodeficiency syn-
drome. N Engl J Med. 1985;312(14):874-879.

23. Refsum H, Smith AD, Ueland PM, et al. Facts and recommendations 
about total homocysteine determinations: An expert opinion. Clin 
Chem. 2004;50(1):3-32.

24. Xu W, Tan L, Wang HF, et al. Meta-analysis of modifiable risk fac-
tors for Alzheimer’s disease. J Neurol Neurosurg Psychiatry. 2015; 
86(12):1299-1306.

25. Nie T, Lu T, Xie L, Huang P, Lu Y, Jiang M. Hyperhomocysteinemia 
and risk of cognitive decline: A meta-analysis of prospective cohort 
studies. Eur Neurol. 2014;72(3-4):241-248.

26. Schafer JH, Glass TA, Bolla KI, Mintz M, Jedlicka AE, Schwartz BS. 
Homocysteine and cognitive function in a population-based study 
of older adults. J Am Geriatr Soc. 2005;53(3):381-388.

27. Seshadri S, Beiser A, Selhub J, et al. Plasma homocysteine as a risk 
factor for dementia and Alzheimer’s disease. N Engl J Med. 2002; 
346(7):476-483.

28. Dufouil C, Alpérovitch A, Ducros V, Tzourio C. Homocysteine, 
white matter hyperintensities, and cognition in healthy elderly peo-
ple. Ann Neurol. 2003;53(2):214-221.

29. Durga J, van Boxtel MP, Schouten EG, et al. Effect of 3-year folic 
acid supplementation on cognitive function in older adults in the 
FACIT trial: A randomised, double blind, controlled trial. Lancet. 
2007;369(9557):208-216.

30. de Jager CA, Oulhaj A, Jacoby R, Refsum H, Smith AD. Cognitive 
and clinical outcomes of homocysteine-lowering B-vitamin treat-
ment in mild cognitive impairment: A randomized controlled trial. 
Int J Geriatr Psychiatry. 2012;27(6):592-600.

31. McMahon JA, Green TJ, Skeaff CM, Knight RG, Mann JI, Williams 
SM. A controlled trial of homocysteine lowering and cognitive per-
formance. N Engl J Med. 2006;354(26):2764-2772.

32. Hankey GJ, Ford AH, Yi Q, et al. Effect of B vitamins and lowering 
homocysteine on cognitive impairment in patients with previous 
stroke or transient ischemic attack: A prespecified secondary ana-
lysis of a randomized, placebo-controlled trial and meta-analysis. 
Stroke. 2013;44(8):2232-2239.

33. Deminice R, Silva TC, de Oliveira VH. Elevated homocysteine levels in 
human immunodeficiency virus-infected patients under antiretroviral 
therapy: A meta-analysis. World J Virol. 2015;4(2):147-155.

34. Ahlgren E, Hagberg L, Fuchs D, et al. Association between plasma 
homocysteine levels and neuronal injury in HIV infection. PLoS 
One. 2016;11(7):e0158973.

35. Montgomery SA, Asberg M. A new depression scale designed to be 
sensitive to change. Br J Psychiatry. 1979;134:382-389.

36. Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. 
Development of the alcohol use disorders identification test 
(AUDIT): WHO collaborative project on early detection of persons 
with harmful alcohol consumption–II. Addiction. 1993;88(6): 
791-804.

37. Cysique LA, Maruff P, Darby D, Brew BJ. The assessment of cogni-
tive function in advanced HIV-1 infection and AIDS dementia com-
plex using a new computerised cognitive test battery. Arch Clin 
Neuropsychol. 2006;21(2):185-194.

38. Bloch M, Kamminga J, Jayewardene A, et al. A screening strategy 
for HIV-associated neurocognitive disorders that accurately identi-
fies patients requiring neurological review. Clin Infect Dis. 2016; 
63(5):687-693.

39. Selhub J, Jacques PF, Dallal G, Choumenkovitch S, Rogers G. The 
use of blood concentrations of vitamins and their respective func-
tional indicators to define folate and vitamin B12 status. Food 
Nutr Bull. 2008;29:S67-S73.

40. Falasca K, Di Nicola M, Di Martino G, et al. The impact of homo-
cysteine. B;12, and D vitamins levels on functional neurocognitive 

performance in HIV-positive subjects. BMC Infect Dis. 2019; 
19(1):105.

41. Oliveira VHF, Rosa FT, Wiechmann S, et al. Homocysteine-lowering 
exercise effect is greater in hyperhomocysteinemic people living with 
HIV: A randomized clinical trial. Appl Physiol Nutr Metab. 2019;44-
(11):1165-1171.

42. Remacha AF, Cadafalch J, Sardà P, Barceló M, Fuster M. Vitamin 
B-12 metabolism in HIV-infected patients in the age of highly active 
antiretroviral therapy: Role of homocysteine in assessing vitamin 
B-12 status. Am J Clin Nutr. 2003;77(2):420-424.

43. Lewerin C, Nilsson-Ehle H, Matousek M, Lindstedt G, Steen B. 
Reduction of plasma homocysteine and serum methylmalonate con-
centrations in apparently healthy elderly subjects after treatment 
with folic acid, vitamin B12 and vitamin B6: A randomised trial. 
Eur J Clin Nutr. 2003;57(11):1426-1436.

44. Smith AD, Smith SM, de Jager CA, et al. Homocysteine-lowering by B 
vitamins slows the rate of accelerated brain atrophy in mild cognitive im-
pairment: A randomized controlled trial. PLoS One. 2010;5(9):e12244.

45. Kieburtz KD, Giang DW, Schiffer RB, Vakil N. Abnormal vitamin 
B12 metabolism in human immunodeficiency virus infection. 
Association with neurological dysfunction. Arch Neurol. 1991; 
48(3):312-314.

46. Remacha AF, Riera A, Cadafalch J, Gimferrer E. Vitamin B-12 ab-
normalities in HIV-infected patients. Eur J Haematol. 1991;47(1): 
60-64.

47. Tang AM, Graham NM, Chandra RK, Saah AJ. Low serum vitamin 
B-12 concentrations are associated with faster human immunodefi-
ciency virus type 1 (HIV-1) disease progression. J Nutr. 1997;127(2): 
345-351.

48. Ehrenpreis ED, Carlson SJ, Boorstein HL, Craig RM. 
Malabsorption and deficiency of vitamin B12 in HIV-infected 
patients with chronic diarrhea. Dig Dis Sci. 1994;39(10): 
2159-2162.

49. Carmel R. Folate deficiency. In: Carmel R, ed. Homocysteine in 
health and disease. Cambridge University Press; 2001:271-288.

50. Trojanowski JQ, Walkenstein N, Lee VM. Expression of neurofila-
ment subunits in neurons of the central and peripheral nervous sys-
tem: An immunohistochemical study with monoclonal antibodies. J 
Neurosci. 1986;6(3):650-660.

51. Millere E, Rots D, Simrén J, et al. Plasma neurofilament light chain 
as a potential biomarker in charcot-marie-tooth disease. Eur J 
Neurol. 2021;28(3):974-981.

52. Disanto G, Barro C, Benkert P, et al. Serum neurofilament light: A 
biomarker of neuronal damage in multiple sclerosis. Ann Neurol. 
2017;81(6):857-870.

53. Hermansson L, Yilmaz A, Price RW, et al. Plasma concentration of 
neurofilament light chain protein decreases after switching from te-
nofovir disoproxil fumarate to tenofovir alafenamide fumarate. 
PLoS One. 2019;14(12):e0226276.

54. Akamine S, Marutani N, Kanayama D, et al. Renal function is asso-
ciated with blood neurofilament light chain level in older adults. Sci 
Rep. 2020;10(1):20350.

55. Kuzminski AM, Del Giacco EJ, Allen RH, Stabler SP, Lindenbaum 
J. Effective treatment of cobalamin deficiency with oral cobalamin. 
Blood. 1998;92(4):1191-1198.

56. Devalia V, Hamilton MS, Molloy AM. Guidelines for the diagnosis 
and treatment of cobalamin and folate disorders. Br J Haematol. 
2014;166(4):496-513.

57. Eussen SJ, de Groot LC, Clarke R, et al. Oral cyanocobalamin sup-
plementation in older people with vitamin B12 deficiency: A dose- 
finding trial. Arch Intern Med. 2005;165(10):1167-1172.

58. Homocysteine Lowering Trialists’ Collaboration. Dose-dependent 
effects of folic acid on blood concentrations of homocysteine: A 
meta-analysis of the randomized trials. Am J Clin Nutr. 2005; 
82(4):806-812.

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/4/6/fcac259/6761504 by C

halm
ers U

niversity of Technology / The M
ain Library user on 29 N

ovem
ber 2022


	The effect of vitamin B supplementation on neuronal injury in people living with HIV: a randomized controlled trial
	Introduction
	Materials and methods
	Study design
	Laboratory assays
	Statistical analysis
	Ethics approval

	Results
	Screening
	Randomized controlled trial
	Impact of B-vitamin supplementation on P-NfL
	Impact of B-vitamin supplementation on cognitive function


	Discussion
	Funding
	Competing interests
	Supplementary material
	Data availability
	References




