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Background. Neurocognitive impairment remains prevalent, despite combination antiretroviral therapy (cART).
Differences between changes in cerebral function and alternative cARTs have not been prospectively assessed.

Methods. Treatment-naive, HIV-1–infected individuals randomly allocated to commence cART (tenofovir-
emtricitabine plus either efavirenz [arm 1], atazanavir-ritonavir [arm 2], or zidovudine-abacavir [arm 3]) were
eligible. Cerebral function tests included neurocognitive testing and assessment of cerebral metabolites using proton
magnetic resonance spectroscopy in several anatomical voxels, including right frontal white matter and right basal
ganglia, at baseline and after 48 weeks. N-acetylaspartate–to–creatine (NAA/Cr) ratios were calculated. Both the
differences between changes in neurocognitive function and NAA/Cr ratios over 48 weeks and the study arms
(arm 1 vs arm 2; arm 1 vs arm 3) were assessed.

Results. Thirty subjects completed study procedures (9, 9, and 12 subjects in arms 1, 2, and 3, respectively).
Mean CD4+ cell counts (� standard deviation) were cells/mL at baseline and cells/mL at week218 � 87 342 � 145
48. The mean plasma HIV-1 RNA level was !50 copies/mL for 28 of the 30 subjects at week 48. Over 48 weeks,
greater improvements in identification reaction time ( ) and executive function ( ) were observedP p .04 P p .02
in arm 3, compared with arm 1 (0.03, �0.30, �0.50 log10 ms change in identification reaction time, in arms 1,
2, and 3, respectively). Increases in the NAA/Cr ratio were observed in all voxels (maximum 38% in right basal
ganglia), with greater increases observed in arm 1 than in arm 2 ( ) in frontal white matter (30%, �7%,P p .03
and 0% change in the NAA/Cr ratio, in arms 1, 2, and 3, respectively).

Conclusions. To our knowledge, this is the first study to prospectively describe different changes in cerebral
function testing parameters between different cARTs. Greater improvements in neuronal recovery (NAA/Cr ratio)
were observed for recipients of tenofovir-emtricitabine plus efavirenz (arm 1), and greater improvements in neurocogni-
tive function testing were observed for recipients of tenofovir-emtricitabine plus zidovudine-abacavir (arm 3).

In recent years, the development of combination an-

tiretroviral therapy (cART) for the treatment of human

immune deficiency virus type 1 (HIV-1) has been as-

Received 14 September 2009; accepted 28 October 2009; electronically
published 10 February 2010.

Reprints or correspondence: Dr Alan Winston, Clinical Trials, Ground Fl, Winston
Churchill Wing, St Mary’s Hospital, Praed St, Imperial College London, London
W2 1NY, United Kingdom (a.winston@imperial.ac.uk).

Clinical Infectious Diseases 2010; 50:920–929
� 2010 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2010/5006-0020$15.00
DOI: 10.1086/650743

sociated with extraordinary improvements in prognosis

for persons living with chronic HIV-1 infection. Life

expectancy has increased dramatically [1]. Despite ef-

fective therapies, challenges remain in the management

of chronic HIV-1 infection. One such challenge is on-

going HIV-1–associated cerebral impairment [2, 3]. Al-

though severe HIV-1–related cerebral impairment (also

referred to as HIV-1–associated dementia) is now less

frequently observed [4], less fulminant forms of neu-

rocognitive impairment are increasingly being recog-

nized [2, 5, 6]. Impairment in neurocognitive function

among HIV-1–infected subjects in the cART era has
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Figure 1. Volumes of interest. Plane of section. (a) Right frontal white
matter and mid-frontal grey matter. (b) Right basal ganglia.

been associated with poor compliance with cART [7], reduced

quality of life [8], and increased mortality [9].

The reported factors associated with the development of neu-

rocognitive function impairment in HIV-1 disease and the risks

associated with the progression of such impairment include

degree of immune suppression related to HIV-1 infection [10],

other chronic viral infections (such as chronic hepatitis C coin-

fection) [11], and age [12].

Furthermore, specific antiretroviral regimens may have dif-

ferent effects on cerebral function. In general, neurocognitive

function improves after commencing cART [13], but the effects

of different antiretroviral therapies on these changes have not

been prospectively assessed. The penetration of different an-

tiretroviral agents into the central nervous system (CNS) differ

[14]. Agents with better CNS penetration may offer improved

HIV-1 viral suppression in the CNS compartment and may

therefore be associated with greater improvements in neuro-

cognitive function. However, cerebral toxicities may ensue, thus

limiting these potential benefits [15].

The aim of this study was to assess changes in cerebral func-

tion testing in ART-naive, HIV-1–infected individuals com-

mencing 3 different combination treatment regimens within a

prospective, randomized study. Assessment of cerebral function

included neurocognitive function testing and measurement of

cerebral metabolite ratios using magnetic resonance spectros-

copy (MRS).

METHODS

Patient selection and study procedures. Patients attending

either (1) St. Mary’s Hospital, London, United Kingdom; (2)

Queen Elizabeth Hospital, Kowloon, Hong Kong; (3) HIV

Netherlands Australia Thailand Research Collaboration (HIV-

NAT), Thai Red Cross AIDS Research Centre, Bangkok, Thai-

land; or (4) the Southern Alberta HIV Clinic, Calgary, Canada,

and enrolled in the Altair Study (a randomized, open-label, 96-

week study comparing the safety and efficacy of 3 different

combination antiretroviral regimens as initial therapy for HIV-

1 infection) [16] were eligible to enroll in this 48-week substudy.

Study subjects were randomly allocated to commence cART

comprising 300 mg tenofovir and 200 mg emtricitabine once

daily with either efavirenz 600 mg once daily (arm 1), 300 mg

atazanavir and 100 mg ritonavir once daily (arm 2), or 250 or

300 mg zidovudine twice daily and 600 mg abacavir once daily

(arm 3).

Eligible subjects tested positive for HIV-1 antibody and were

naive to ART. Specific exclusion criteria for this substudy in-

cluded current or recent use of antidepressant or antipsychotic

therapies, current or recent history of alcohol or recreational

drug dependence, recent significant head injury, established

dementia, active opportunistic infections, untreated early syph-

ilis, hepatitis C infection (ie, positive for hepatitis C antibody),

and/or evidence of established chronic liver disease, cirrhosis,

or hepatic encephalopathy (in the previous 12 weeks). Fur-

thermore, in the 48-h period prior to study investigations be-

ing performed, consumption of alcohol or caffeine was not

permitted.

Specific study procedures to assess cerebral function involved

patients being tested for neurocognitive function at baseline

and week 48 and undergoing a cerebral MRS examination at

baseline and week 48 as detailed below. Subjects were also tested

after 1 month of therapy and thereafter every 3 months, for

assessment of safety laboratory parameters, CD4+ lymphocyte

count, and plasma HIV-1 RNA level (all performed by local

laboratories).

Cognitive testing. A computerized cognitive test battery

was undertaken (CogState) that has previously been described

in detail and validated for HIV-1–infected subjects [17]. The

computerized assessment was presented on a desktop com-

puter. All tasks within the battery are adaptations of standard
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Table 1. Patient Characteristics at Baseline and Follow-Up

Characteristic
Overall

( subjects)n p 30
Arm 1

( subjects)n p 9
Arm 2

( subjects)n p 9
Arm 3

( subjects)n p 12

At baseline
CD4+ cell count, cells/mL 218 � 87 235 � 56 194 � 84 222 � 109
CD4+ percentage 13.6 � 4.4 14.3 � 2.7 13.7 � 6 13.08 � 4.4
Nadir CD4+ cell count, cells/mL 192 � 83 170 � 50 171 � 67 207 � 112
HIV-1 RNA level, log10 copies/mL 4.64 � 0.68 4.47 � 0.76 4.86 � 0.63 4.59 � 0.67
Age, years 35 � 10 35 � 11 37 � 10 33 � 19
No. of Asian subjects 18 4 7 7
No. of white subjects 11 4 2 5
No. of Afro-Caribbean subjects 1 1 0 0

At week 24
CD4+ cell count, cells/mL 337 � 121 332 � 96 346 � 120 333 � 147
No. of subjects with HIV-1 RNA level !50 copies/mL 27 8 8 11
Detectable HIV-1 RNA load, copies/mL 64 200 1287

At week 48
CD4+ cell count, cells/mL 342 � 145 299 � 135 400 � 160 331 � 138

No. of subjects with HIV-1 RNA level !50 copies/mL 28 9 8 11
Detectable HIV-1 RNA load, copies/mL … … 490 113,988
No. of subjects who had changes to randomized therapy 1 0 0 1a

NOTE. Data are mean values (� standard deviation), unless otherwise indicated. Study subjects were randomly allocated to commence combination
antiretroviral therapy comprising 300 mg tenofovir and 200 mg emtricitabine once daily with either efavirenz 600 mg once daily (arm 1), 300 mg atazanavir and
100 mg ritonavir once daily (arm 2), or 250 or 300 mg zidovudine twice daily and 600 mg abacavir once daily (arm 3).

a Switched to boosted protease inhibitor after week 48.

neuropsychological and experimental psychological tests, which

assess a range of cognitive functions. The following domains

were assessed: detection, identification, learning (matching

learning and associate learning), monitoring, working memory,

and executive function. The computerized battery requires

∼15–20 min for completion. The battery consists of tasks in

the form of card games; therefore, subjects need only to have

an understanding of playing cards, thereby minimizing lan-

guage and cultural differences between study subjects. All study

participants completed one full practice test prior to under-

taking the study examination to obtain optimal performance

at baseline [18].

Cerebral 1H MRS. Proton (1H) MRS was performed on an

Achieva 1.5 Tesla scanner (at St. Mary’s Hospital, London, UK),

a Siemens Avanto 3.0 Tesla scanner (at Queen Elizabeth Hos-

pital, Kowloon, Hong Kong), a 1.5 Tesla Signa General Electric

scanner (at the HIV-NAT, Thai Red Cross AIDS Research Cen-

tre, Bangkok, Thailand), and a 3.0 Tesla Signa Excite scanner

(at the Southern Alberta HIV Clinic, Calgary, Canada). Ex-

aminations began with sagittal, coronal, and axial T1-weighted

MR images of the brain, to enable accurate positioning of the

voxels, and T2-weighted axial double-spin echo images, to ex-

clude any visible cerebral pathology.
1H MRS was performed at 3 voxel locations: right frontal

white matter, mid-frontal grey matter, and the right basal gan-

glia (Figure 1). These anatomical voxels were selected on the

basis of previous imaging studies describing cerebral metabolite

abnormality patterns in such voxels among HIV-1–infected in-

dividuals [19, 20]. MRS data were acquired by a single voxel

examination in each of the 3 locations, using a double-spin-

echo sequence in point-resolved spectroscopy with the follow-

ing settings: an echo time of 36 ms, a repetition time of 3000

ms, 2048 data points, a spectral width of 2500 Hz, and 128

data acquisitions. Spectra from the MR imaging were postpro-

cessed using the manufacturer’s software for automated water

signal suppression and water shimming. Each examination

lasted ∼35 min. A study MRS operations manual was developed

to ensure that all MRS examinations at each study site were

undertaken using identical operational settings.

All spectra were analyzed and quantified by a single observer

(A.W.) using a Java-based version of the Magnetic Resonance

User Interface package (jMRUI, version 3.0) [21] and incor-

porated the AMARES (Advanced Method for Accurate, Robust,

and Efficient Spectral) fitting algorithm [22]. The metabolites

assessed were N-acetylaspartate (NAA), creatine (Cr), choline

(Cho), and myo-inositol (MI). To adjust for different MR im-

aging scanners across all 4 study sites, all metabolites were

expressed as ratios with respect to cerebral Cr.

Statistical methods. Statistical analyses were conducted

with SAS, version 9.13 (SAS), and Stata, version 10.1 (Stata-

Corp). Linear regression modeling was used to estimate the

effect size for absolute differences in the metabolite ratio for
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Figure 2. Box plots showing changes in neurocognitive speed domain parameters over 48 weeks. Box plot showing median absolute change (horizontal
line), interquartile ranges (grey boxes), and upper and lower adjacent values (whiskers). The P values shown are mean differences in the treatment group,
compared with arm 1.

individual subjects from baseline to week 48, in pairwise com-

parisons between arm 1 and arms 2 and 3. A Wilcoxon rank

sum test was also used to confirm the P values derived from

regression models. Other baseline covariates were also tested

in univariate regression models, and those with wereP � .15

entered into multivariate models. For the cognitive testing re-

sults, analysis was conducted according to CogState recom-

mendations. Reaction times were log10 transformed due to a

positive skew of the distribution, and accuracy measures were

transformed using arcsine-root transformation. Changes in

scores were calculated for each subject, and these scores were

standardized according to the within-subject standard deviation

(SD). Changes in performance for arms 2 and 3, compared

with arm 1, were standardized with a pooled SD, and this was

used as the outcome variable in linear regression models to

calculate an overall effect size for the differences between treat-

ment groups. Composite changes from baseline scores were

calculated on the average of standardized reaction time and

accuracy scores.

RESULTS

Subject characteristics. Thirty subjects were enrolled, and all

completed study procedures (9, 9, and 12 subjects in arms 1,

2, and 3, respectively). The mean CD4+ lymphocyte count

(�SD) was cells/mL at baseline and cells/218 � 87 342 � 145

mL at week 48 (Table 1). At week 48, all subjects remained on

randomized study therapy, and plasma HIV-1 RNA level was

!50 copies/mL for 28 of the 30 subjects. For the remaining 2

subjects, the HIV-1 RNA level was 490 and 113,988 copies/mL,

respectively. The HIV-1 RNA level of 490 copies/mL was con-

sidered a HIV-1 RNA viral blip (study arm 2; with no changes

to ART undertaken for the subject and a subsequent HIV-1

RNA level below detection); the HIV-1 RNA level of 113,988

copies/mL was considered a virological failure in the treatment

of the subject (arm 3), for whom ART was modified.

Cognitive testing results. Neurocognitive testing results, in-

cluding changes over 48 weeks, are shown in Table 2. Overall,

improvements in all neurocognitive testing parameters were

observed during the study period. In domains for which speed
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Figure 3. Box plot showing absolute changes in the N-acetylaspartate–
to–creatine (NAA/Cr) ratio in frontal white matter over 48 weeks. Box
plot showing median absolute change (horizontal line), interquartile ranges
(grey boxes), and upper and lower adjacent values (whiskers).

of task was the primary measure (detection, identification,

monitoring, and matched learning), mean speed improved (re-

duction in time) over the study period. For example, mean

monitoring reaction time changed from 2.61 to 2.58 log10 ms

at baseline and week 48. In the cognitive domains for which

accuracy was the primary measurement (one card learning,

working memory, and associate learning), in which an increase

in accuracy represents improved function, improvements were

also observed over the study period. Finally, the domain of

executive function was assessed via total errors made on testing,

for which a reduction in score represented improvement in

performance. Again, improvements were observed over the

study period: the total mean number of errors on executive

function tests was reduced from 49.64 errors at baseline to 44.82

errors at week 48.

Statistically significant improvements in study treatment arm

3 versus arm 1 were observed in speed of identification task

( ), in number of errors in executive function taskP p .04

( ), and in overall composite speed performance (P p .02 P p

). A box plot showing changes in speed performance tasks.02

between study treatment arms is shown in Figure 2. No other

statistically significant differences between changes in neuro-

cognitive testing results and study treatment arms were ob-

served, and none of the associations described differed when

excluding subjects with a detectable plasma HIV-1 RNA level

at week 48 or correcting for age in a sensitivity analysis.

MRS results. Over 48 weeks, increases in NAA/Cr ratios

were observed in all anatomical voxels (with mean percentage

increases of 5%, 17%, and 38% in the right frontal white matter,

the mid-frontal grey matter, and the right basal ganglia, re-

spectively). Smaller changes in the Cho/Cr and MI/Cr ratios

were observed over 48 weeks (with mean percentage changes

of 3%, 4%, and �12% for the Cho/Cr ratio and of 14%, 5%,

and 15% for MI/Cr ratio with regard to the right frontal white

matter, the mid-frontal grey matter, and the right basal ganglia,

respectively).

Absolute changes in metabolite ratios between study treat-

ment arms in a univariate model are shown in Table 3. A greater

increase in the NAA/Cr ratio in right frontal white matter was

observed in arm 1, compared with arm 2 (29% increase for

arm 1 vs 18% increase for arm 2; ) and comparedP p .041

with arm 3 (29% increase for arm 1 vs 9% increase for arm

3; ). A box plot of absolute NAA/Cr ratio changesP p .054

between study treatment arms is shown in Figure 3.

A trend toward a greater increase in the MI/Cr ratio over

48 weeks in arm 3 versus arm 1 was observed in the right

frontal white matter (with a mean percentage change of 39%

in arm 3 vs �24% in arm 1; ). No other significantP p .097

changes between individual metabolite ratios and study treat-

ment arms were observed.

In a multivariate model (Table 4), absolute change in the

NAA/Cr ratio over 48 weeks was statistically significantly greater

in arm 1 versus arm 2 ( ). No other factors, includingP p .03

ethnicity, age, or detectable plasma HIV-1 RNA level, at week

48 were associated with these changes ( for all compar-P 1 .15

isons). Finally, no significant associations were observed be-

tween changes in cerebral metabolite ratios and neurocogni-

tive testing results.

DISCUSSION

In this prospective, randomized study, we observed improve-

ment in overall neurocognitive function and in cerebral me-

tabolite ratios over the 48-week study period, with significant

differences between study treatment groups. Several previous

reports have described a reduction in NAA and in the NAA/

Cr ratio, particularly in frontal cerebral areas, in subjects with

HIV-1–associated dementia [19, 23–27], and associations be-

tween the reduction of NAA/Cr ratios and the degree of cog-

nitive decline have been reported [28]. Improvements in MRS-

measured NAA values have been described after the com-

mencement of ART, and such improvements are associated with

the degree of cognitive recovery [29, 30]. However, to our

knowledge, differences in such improvements between differ-

ent cART regimens have not been described before. We have

observed significantly greater increases in subjects in study

arm 1, compared to the other study treatment groups. A pos-

sible explanation for this finding is the greater effect on CNS

HIV-1 viral replication associated with the cART regimen in

study arm 1, thereby facilitating greater neuronal recovery. This

treatment arm contained the nonnucleoside reverse-transcrip-

tase inhibitor, efavirenz. In general, the nonnucleoside reverse-

transcriptase inhibitors have been described to penetrate into

the cerebrospinal fluid [14], and the reported CNS penetration
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Table 4. Univariate and Multivariate Models Used to Assess Factors Associated with Changes to the Cerebral Metabolite Ratio over
48 Weeks

Frontal white matter

Univariate model Multivariate model

Coefficient (95% CI) P Coefficient (95% CI) P

NAA/Cr ratio change

Baseline CD4+ cell count, cells/mL �0.002 (�0.005 to 0.002) .36

Ethnicity (white vs Asian) 0.105 (�0.520 to 0.731) .73

Log10 HIV-1 RNA level at baseline 0.033 (�0.428 to 0.494) .88

Age, years �0.012 (�0.042 to 0.017) .39

Nadir CD4+ cell count, cells/mL �0.003 (�0.006 to 0.001) .15 �0.002 (�0.006 to 0.001) .15

Detectable HIV-1 RNA level at week 48a 0.277 (�0.884 to 1.439) .63

Change in CD4+ cell count from baseline to week 48, cells/mL 0.000 (�0.002 to 0.002) .93

Treatment arm

Arm 2 (vs arm 1) �0.777 (�1.519 to �0.036) .04 �0.789 (�1.516 to �0.063) .03

Arm 3 (vs arm 1) �0.686 (�1.385 to 0.014) .05 �0.610 (�1.303 to 0.084) .08

MI/Cr ratio change

Baseline CD4+ cell count, cells/mL �0.006 (�0.014 to 0.002) .125 �0.003 (�0.012 to 0.005) .443

Ethnicity (white vs Asian) �0.162 (�1.655 to 1.332) .825

Log10 HIV-1 RNA level at baseline 0.612 (�0.576 to 1.799) .299

Age, years 0.022 (�0.049 to 0.092) .532

Nadir CD4+ cell count, cells/mL �0.002 (�0.010 to 0.007) .675

Detectable HIV-1 RNA level at week 48a 0.559 (�2.188 to 3.306) .679

Change in CD4+ cell count from baseline to week 48, cells/mL 0.002 (�0.004 to 0.008) .462

Treatment arm

Arm 2 (vs arm 1) 1.065 (�0.842 to 2.972) .261 1.083 (�0.845 to 3.011) .257

Arm 3 (vs arm 1) 1.513 (�0.297 to 3.322) .097 1.651 (�0.214 to 3.516) .080

NOTE. Study subjects were randomly allocated to commence combination antiretroviral therapy comprising 300 mg tenofovir and 200 mg emtricitabine once
daily with either efavirenz 600 mg once daily (arm 1), 300 mg atazanavir and 100 mg ritonavir once daily (arm 2), or 250 or 300 mg zidovudine twice daily and
600 mg abacavir once daily (arm 3). CI, confidence interval; Cr, creatine; MI, myo-inositol; NAA, N-acetylaspartate.

a The assay detection limit was 50 copies/mL.

of efavirenz is greater than the drug concentration required to

suppress HIV-1 viral replication [31]. This characteristic may

have a greater effect on HIV-1 viral suppression in the cerebral

compartment, thus explaining the greater increase in neuronal

markers that we have observed.

Because NAA is a marker of neuronal integrity, a decreased

NAA/Cr ratio is assumed to be the result of either neuronal

loss or neuronal dysfunction. In this study, it is important to

note that we used metabolite ratios to obviate differences in

field strength and manufacturer operator-dependent differences

between MR imaging scanners across all 4 study sites (which

has hampered the execution of multicenter MRS studies until

now).

MI is an intracellular osmolyte governing cell size regulation

and is present in all brain cells, including microglia. Elevated

levels of this metabolite are thought to reflect microglial acti-

vation in the context of HIV-1 disease [32]. Elevations in MI/

Cr ratios [33, 34] have been identified for HIV-1–infected sub-

jects experiencing a decrease in cognitive function. In a study

by Chang et al [30], an decrease in the MI/Cr ratio was shown

for HIV-1–infected subjects after they commenced ART. In our

study, however, we observed a increase in the MI/Cr ratio; the

MI/Cr ratio increased by 14%, 5%, and 15% in right frontal

white matter, mid-frontal grey matter, and right basal ganglia,

respectively. Our study differs from previous MRS studies of

HIV-1–infected individuals in that the subjects that we recruited

had no prior symptoms of neurocognitive function disturbance

at study enrollment, whereas other studies have focused on

investigating subjects with HIV-1–associated dementia. These

differences in the natural history of study populations could

explain the differences in MI/Cr ratio that we have observed,

compared with the published literature. Commencement of

cART for neurologically asymptomatic individuals with little

evidence of cerebral microglial activation may be associated

with a drug-induced inflammatory response, rather than the

improvements previously described.

Previous MRS studies also have suggested that some anti-

retroviral agents with good CNS penetration are associated with

specific CNS drug-induced toxicity. Cerebral metabolites in

HIV-1–infected subjects receiving cART, containing either the

nucleoside-analogue didanosine or stavudine, have been com-

pared with those in subjects receiving zidovudine and lami-

vudine [35]. Because didanosine and stavudine have been as-

sociated with greater peripheral mitochondrial toxicities [36],

Schweinsburg et al [35] wanted to determine whether there

was evidence of CNS mitochondrial toxicity. Results from their

study reported concentrations of NAA in the mid-frontal grey

matter that were 11% lower, compared with healthy control
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data, for subjects receiving stavudine or didanosine, whereas

NAA concentrations in the zidovudine and lamivudine group

were intermediate, which supports this toxicity theory. Inter-

estingly, in our study, temporal differences in the MI/Cr ratio

in right frontal white matter were observed with treatment; an

increase of 39% was observed in study arm 3, and a decrease

of 24% was observed in arm 1 ( and inP p .097 P p .080

univariate and multivariate models, respectively). Although

study arm 3 did not contain either stavudine or didanosine, it

did comprise a 4 nucleoside-analogue cART regimen (tenofo-

vir, emtricitabine, zidovudine, and abacavir). If such mitochon-

drial toxicities are a class effect of the nucleoside analogues,

the increase in the MI/Cr ratio that we have observed may be

secondary to these effects.

Despite the propensity to cause mitochondrial toxicities, the

nucleoside analogues have in general been described to have

beneficial CNS penetration [14] and have been associated with

improvements in cerebral function. Zidovudine was the first

antiretroviral agent available, and in both randomized [37] and

observational [38, 39] clinical studies, improvements in neu-

rocognitive function were observed for HIV-1–infected indi-

viduals treated with this agent. Rather disappointing results

were described with the advent of abacavir with regard to im-

provements in neurocognitive function, but the lack of effect

observed in a randomized study may have been related to HIV-

1 viral resistance to this agent from HIV-1–infected subjects

who have had a lot of drug therapy [40]. We have observed

greater improvement in overall neurocognitive performance of

subjects randomized to study arm 3. This may be related to

several factors. First, a quadruple nucleoside-analogue regimen

may confer optimal CNS antiretroviral drug penetration and

the suppression of HIV-1 viremia in the CNS. Second, clinical

toxicities secondary to other treatment arms in the study may

have an effect on neurocognitive testing. For instance, efavirenz,

which was a component of arm 1, is associated with several

neuropsychiatric side effects [41, 42], such as abnormal dreams,

lethargy, and depression. These effects may have blunted the

improvement in serial neurocognitive testing in arm 1 of this

study.

Other groups have reported discrepancies between antiret-

roviral drug penetration into the CNS and clinical neurocog-

nitive responses. In a recently reported prospective cohort,

HIV-1–infected subjects underwent serial neurocognitive func-

tion testing and had cerebrospinal fluid samples quantified for

HIV-1 RNA [15]. This series included subjects on differing

cART regimens. As expected, subjects receiving cART with

greater CNS penetration scores [14] had a lower HIV-1 RNA

level in their cerebrospinal fluid on lumbar puncture exami-

nation. However, poorer neurocognitive performance was also

observed in the group with greater cART CNS penetration

scores. These data suggest that some antiviral agents with good

CNS penetration may have added CNS toxicities and thereby

may impair neurocognitive function. Unfortunately, the study

was not powered to assess the effects of specific antiretroviral

agents on neurocognitive testing results.

How do our results relate to clinical practice? We studied a

small number of patients, and hence the interpretation of the

findings should be made with some degree of caution. However,

we have observed significant differences in cerebral effects be-

tween different antiretroviral regimens. A quadruple nucleo-

side-analogue regimen displayed greater benefits after 48 weeks

of therapy, as measured by neurocognitive testing results. These

data could be used to power future studies assessing changes

in neurocognitive function as the result of using different reg-

imens. Novel HIV-1 treatment studies are underway assessing

nucleoside-analogue–sparing cART, to avoid the mitochondrial

toxicities associated with this class of agents. Such studies are

justified and timely, but investigators should also consider ce-

rebral function testing as part of these programs, to ensure that

neurocognitive impairment does not develop when utilizing nu-

cleoside-analogue–sparing treatment options. Finally, we have

observed the greatest improvement in neuronal cerebral metab-

olite recovery (NAA/Cr ratios) within the efavirenz arm (arm

1), and we have observed increased MI/Cr ratios (probably rep-

resenting cerebral microglial activation) with the use of a quad-

ruple nucleoside-analogue regimen (arm 3). These data add to

the growing body of evidence suggesting that the CNS penetra-

tion of ART may have both therapeutic benefits and potential

toxicities, and may assist in the design of future noninvasive

imaging studies assessing the effects of different antiretroviral

treatment options on the CNS.
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