Journal of the International Neuropsychological Socigt998),4, 329-335.
Copyright © 1998 INS. Published by Cambridge University Press. Printed in the USA.

Information processing and antiretroviral therapy
in HIV-1 infection

EILEEN M. MARTIN,>® DAVID L. PITRAK, %3 KENNETH J. PURSELL?®
BURTON R. ANDERSEN"® KATHLEEN M. MULLANE, 22 anp RICHARD M. NOVAK 23

1Department of Psychiatry, University of lllinois College of Medicine, Chicago, IL 60612
2Department of Medicine—Section of Infectious Disease, University of lllinois College of Medicine, Chicago, IL 60612
SVeterans Affairs Medical Center—West Side, Chicago, IL 60612

(RECEIVED March 20, 1997REvISED September 19, 199AccepTED October 7, 1997)

Abstract

Computerized reaction time (RT) tasks are sensitive measures of subclinical HIV-related mental slowing. We
previously reported that nondemented HIV-seropositive patients on antiretroviral therapy at the time of testing had
faster choice RTs compared to matched untreated seropositive participants. In the present study, we evaluated the
performance of 163 nondemented HIV-seropositive participants on a reaction time version of the Stroop task as a
function of antiretroviral status. Persons on antiretroviral therapy at the time of testing had significantly faster
reaction times than untreated individuals, although treated asymptomatic participants showed significantly less
Stroop interference than treated symptomatic participants. These effects could not be attributed to differences in
demographic variables, disease status, substance abuse, or psychological distress. These data indicate that central
information processing is faster for patients treated with antiretroviral compounds compared to untreated patients,
and suggest that reaction time tasks may have significant potential utility in clinical trials of neuroprotective
compounds.JINS 1998,4, 329-335.)
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INTRODUCTION HIV-seropositive patients show improved neuropsycholog-
- ._ical test performance after antiretroviral therapy with zi-
HIV-1 has an affinity for the CNS and neuropathology is dovudine is initiated (Brouwers et al., 1990; Schmitt et al.,

evidentin 80 to_ 90%.°fAIDS cases at autopsy (Navia et aI'1988; Sidtis et al., 1993). We recently evaluated simple and
.1986‘?1)' H!V—l '”fe"“c"." causes a spectrum of neurc’th"’“’éhoice reaction time performance in a group of nonde-
|oralt|r?pa|trment ranging ('jn sev?r|t)t/hfr(t)rrr]1 mgdly sIovnedd mented HIV-seropositive patients on antiretroviral therapy
mentation to progressive dementia that nas been wetl do primarily zidovudine monotherapy) and a group of cohort-
umented in studies of seropositive gay males and injectio atched untreated seropositive patients (E. Martin et al., in
cl\j/lrugtulsersd (e.gt., Helatqn et al'i[h1995’ I\t/larder' et atl"|.1992| ress). We found that seropositive patients on antiretroviral
ental ang motor slowing are the most prominent clinica therapy at the time of testing had significantly faster choice
features of HIV-related dementia, consistent with its primar-.. - ion times compared to untreated patients. These pre-
lly subcor_tlcal neur_opat_hology (Nav_la etal, 1986b)’_ a_nd iminary data suggested that central information processing
computenze.d re_actlon time tasks reliably dete-c.t subchmcas faster in patients on antiretroviral therapy compared with
néentalts!OW|tr19||n 1n;9n1qe£1e,\;|1teg Hl\t/-sle rolpgc;szlt'lvEe F's/?rsfn%ntreated patients and that these differences can be detected
(Bornstein et al., » A Martin €t at., » B Martin g, patients without overt clinical mental status change.

etg#, 1992b, %995; Mlltler e't il.'t;.tlgg.l(;' dine (ZDV AZT This previous RT study employed relatively uncompli-
€ reverse transcriptase inhibitor zidovudine ( ’ )iated measures of simple and choice reaction time. In the

crosses the blood-brain barrier (Klecker et al., 1987) and, | ant study, we investigated HIV-seropositive partici-

pants’ performance of a more cognitively complex proce-
Reprint requests to: Eileen M. Martin, Department of Psychiatry@M dure, a reaction time version of the Stroop task (€.g., Henik
913), University of lllinois, 912 S. Wood S’treet, Chicago, IL60612. E-mail: etal., 1993; Stroop, 1935)' in relation _tO the"i antlretrowre}l
emmartin@uic.edu status. The RT Stroop measures voice-activated reaction
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Table 1. Demographic data for all participants

Participant group

Treated Treated
Variable Untreated asymptomatic symptomatic
N 74 38 51
Mean age in yearsSD) 37.4 (8.2) 40.0 (8.1) 39.0 (7.4)
Mean education in years$D) 12.9 (1.8) 12.8 (1.8) 12.9 (1.8)
Mean CD4 countml 500***t (356) 337*** (112) 178 (144)
N/% female 1926 513* 6/12*
N/% symptomatic 2736*** Qx> 51 /100
N/% AIDS diagnosis 16+ 5 /14%** 36/70
N/% closed head injury 115 4/11 7/14
N/% psychiatric history 282 5/13* 8/16*
N/% psychiatric meds A2 3/8 3/6
N/% injection drug use 3819 17/45 21/41
N/% drug abuse 57 26/68 36/70
N/% alcohol abuse 346 17/45 2549

*p < .05versusuntreated group.
Tp < .001versustreated asymptomatic group.
*** n < .001lversustreated symptomatic.

times under three stimulus conditions varying in the de-articipants N = 52) had constitutional disease or minor
mands made on controlled attentional processes (i.egpportunistic conditions such as oral candidiasis (CDC
capacity-limited, effortful, and under voluntary control; Stage B); 26 participants (16% of the total sample) had a
Schneider et al., 1984), which are disrupted by HIV-1 in-history of at least one AIDS-defining opportunistic illness,
fection (E. Martin et al., 1992a, 1995). typically Pneumocystis carinipneumonia, but no neuro-
The RT Stroop has demonstrated sensitivity to HIV-logic disease (including CMV retinitis). Thirty-four per-
related mental slowing in nondemented seropositive subeent of all participants had AIDS-defining CD4 couhts
jects (E. Martin et al., 1992a). In addition, the task (below 200). Approximately 45% of the total sample had a
requirement of a vocal rather than a keypress response history of injection drug use, and 74% of all participants
advantageous since potentially confounding effects of pehad a history of drug an@r alcohol abuse, with cocaine
ripheral motor slowing due to neuropathy are minimized. Athe most common drug of choice. The overall sample is 74%
finding of faster RT Stroop performance in patients on anti-African American, 17% White, and 9% Hispanic. Potential
retroviral therapy compared with untreated patients wouldstudy participants with a history of color blindness, closed
thus provide stronger support for a hypothesis of fastehead injury with loss of consciousness exceeding 1 hr, cur-
mental processing in seropositive patients on antiretroviratent neuroleptic treatment, history of schizophrenia, or any
therapy. HIV-related neurologic condition other than neuropathy or
aseptic meningitis were excluded from study.
Eighty-nine participants (55% of the total sample) were

METHODS receiving antiretroviral therapy at the time of testing. The
majority of these treated participants (72, or 81%) were on
Research Participants zidovudine monotherapy. The remaining subjects were

. treated with didanosine (ddl) or zalcitabine (ddC) alone
We tested 132 male and 31 female HIV-seropositive pa;ll%) or in combination with zidovudine (8%). Seventy-

tients recruited from infectious disease clinics at the Veterar | participants had never been treated with antiretrovirals.
Affairs Medical Center-West Side, Cook County Hospital, 15416 1 shows demographic data for untreated, treated
and the University of lllinois Hospital, and through com- asymptomatic)l = 38) and treated symptomatibl (& 51)

munity organizations. All participants were paid yolunteers articipants. Both asymptomatic and symptomatic patients
and were not referred because of neurobehavioral SyMiz ceiving antiretroviral therapy were as expected more im-

toms or signs. Participants had no evidence of OVertdeme'?hunosuppressed compared with untreated patients as in-

tia by history and on physician examination and all Wereyayed by their significantly lower mean CD4 lymphocyte
capable of giving informed consent. Eighty-five subjects

(52% of the total sample) were clinically asymptomatic or

with lymphadenopathy only (CDC Stage A; Centers for Dis_' 'Data were collected prior to the development of viral load assay
ease Control, 1992). The majority of the 78 symptomaticprocedures.
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counts; further, mean CD4 counts for treated symptomatiencongruent (word and stimulus color different, e.g., “RED”
patients were significantly lower than those for treatedpresented in green). We used this probability manipulation
asymptomatic patientd[2,154 = 22.9,p < .0001;p < because Stroop interference effects are maximal with 50%
.01 by the Duncan test for each comparison]. The asympnreutral trials (Tzelgov et al., 1992). Demands on controlled
tomatic treated group was slightly but not significantly attentional processing are greatest in the color-incongruent
older than the untreated and symptomatic treated groupsondition and least in the color-congruent condition (Tzel-
[F(2,160 = 2.52,p < .09]. The three groups did not differ gov et al., 1992). Four different colors and four different
significantly in mean years of educatioR (2,160 = .07,  animal names were used to compose the stimuli, and stim-
p < .94] or in ethnic compositionyf ?(4) = 3.65,p < .45];  ulus order was randomly determined. We also administered
history of closed head injuryx(?*(2) = .35, p < .84], or  the Beck Depression Inventory (Beck et al., 1961) and the
incidence of current antidepressant or anxiolytic treatmenState version of the State—Trait Anxiety Inventory (Spiel-
[x%(2)=1.52,p < .47)? berger et al., 1971) in order to monitor effects of psycho-
The three groups did not differ significantly in preva- logical distress on RT performance.
lence of drug abusey?(2) = 1.16,p < .56], alcohol abuse
[x2(2)=0.19,p < .91] or injection drug usey} %(2) = .69, RESULTS
p <.71]. There were no differences between groups in mean
years of drug abuseF[(2,104 = .51,p < .61] or alcohol  Mean error rates were approximately 4% and did not differ
abuse F(2,67 = .34,p < .71], or in mean number of days significantly between group$[2,160 = .68,p < .51]. Pre-
since last drug useF(2,109 = 2.01,p < .14] or alcohol liminary analyses indicated that mean RTs did not differ sig-
use [F(2,70 = 1.84,p < .17] prior to testing. A positive nificantly between participants on zidovudine monotherapy
psychiatric history (based on participant self-report whencompared with participants on other antiretroviral regi-
queried on interview about any history of mental health treatmens F(1,87 = .11, p < .84], so data for these groups
ment in addition to substance abuse treatment) was mongere combined for analysis.
common among untreated participants’[2) = 6.71,p < Figure 1 shows the mean of median reaction times for
.03]. This latter finding may result from differences in gendereach Stroop condition. We analyzed RT data by mixed-
composition for the treated and untreated groups: Comeesign analysis of variance (ANOVA), with treatment group
pared to seropositive men, seropositive women were sigiuntreated, treated asymptomatic, treated symptomatic) as
nificantly less likely to be treated with antiretrovirals the between-participants factor and Stroop condition (con-
[x2(1) = 5.64,p < .02] and significantly more likely to gruent, neutral, incongruent) as the within-participants fac-
have a positive psychiatric history f(1) = 19.20,p < .001].  tor. The expected significant main effect for Stroop condition
is readily apparent in Figure F[4,320 = 654.4,p < .0001],
confirming that reaction times increased systematically with
greater demands on controlled attentional processing.
We employed reaction time procedures identical to those We found a significant main effect for treatment group
reported by E. Martin et al. (1992a). We administered thg F(2,160 = 5.34,p < .006], with no significant interaction
Stroop task on an AT-compatible personal computer anaf Treatment Groupx Stroop Condition (4,320 = 1.54,
VGA monitor with ATI VGA-Wonder graphics card, p < .20]. Compared with untreated participants, mean RTs
equipped with a Gerbrand voice-activated relay. The procefor both asymptomatic and symptomatic treated partici-
dure consisted of a block of 48 practice trials followed by apants were significantly faster in the congruent and neutral
single block of 192 test trials. At the start of each trial, aStroop conditions [congruenE (2,160 = 4.55,p < .02,
colored word appeared at central fixation and the particif < .05 by the Duncan test for each comparison; neutral:
pant’s task was always to name the color while ignoring the= (2,160 = 5.55,p < .005,p < .01 by the Duncan test for
word. The word remained on the screem 8s or until each comparison]. RTs for asymptomatic treated partici-
the participant responded. The computer recorded voicepants were significantly faster compared with those of un-
activated reaction times while the examiner entered the patreated participants in the incongruent condition, but RTs
ticipant’s responses on an adjacent keyboard so that errofgr symptomatic treated and untreated groups did not differ
could be monitored. Twenty-five percent of stimuli were significantly [F(2,160 = 4.77,p < .01;p < .01 by the
color-congruent (word and stimulus color the same, e.g.Duncan test for asymptomatic treatesl untreated partici-
“RED” presented in red); 50% were neutral (animal namegpants]. Mean RTs for treated asymptomatic and treated symp-
in color, such as “BEAR” in red); and 25% were color- tomatic participants did not differ significantly in any Stroop
condition (p > .05 for each comparison).

R o Because of the greater number of women in the untreated

Estimated Verbal IQs by the AmMNART (Grober & Sliwinski, 1991) . . . .
were available for approximately 60% of the participants; mean age andfoup, we repeated the mlxed'deS|gn analysus of RTs with
education for the participants with AmMNART scores were comparable togender and treatment group as between-participants fac-
those for the full sample. Mean estimated 1Qs for asymptomatic treatedqrs. The main effect for treatment group again reached sig-
participants 1 = 97.8,SD=9.1) were slightly but not significantly lower .o © F(2,157 = 3.41,p < .05]; the main effect for

than those for untreated/(= 103.2,SD = 9.5) and treated symptomatic ) !
participants M = 101.7,SD= 7.9;F(2,94)= 2.36,p < .10]. gender and the Treatment Grodpsender interaction were

Procedure
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Fig. 1. Mean reaction times and standard errors (in milliseconds) for treated asymptomatic, treated symptomatic, and
untreated HIV-seropositive groups in the three stimulus conditions of the Stroop task.

not significant [gender=(2,157 = .82,p < .37; GroupX p < .05 by the Duncan test for each comparison]. Untreated
Gender:F (2,157 = .21,p < .82]. Similarly, when we an- and treated symptomatic groups showed a nonsignificant
alyzed RTs using psychiatric history and treatment group atrend toward higher subjective subscores compared with the
between-participants factors, the main effect for treatmentreated asymptomatic participankR, 149 =2.66,p < .08].
group reached significanc&(2,156 = 4.67,p < .02], but We reanalyzed RTs with total BDI scores covaried in light
the main effect for psychiatric history and the Treatmentof the significant group differences in self-reported depres-
Group X Psychiatric History interaction were not signifi- sive distress. The main effect for treatment group remained
cant [psychiatric historyF (1,156 = .09,p < .77; GroupX  significant [F(2,148 = 6.08,p < .005], and the interaction
Psychiatric HistoryF (2,156 = 1.66,p < .20]. of Treatment Group< Stroop Condition reached signifi-
Table 2 shows mean scores on psychological distress meaance (4,298 = 2.58,p < .05]. The significant inter-
sures. Mean State—Trait Anxiety Inventory scores did notction appeared to be due to a difference in the pattern of
differ between groups significantly[150 = 1.32,p<.19]. = RTs for treated asymptomatic and symptomatic partici-
We analyzed Beck Depression Inventory subjective anghants. Mean RTs for both treated groups were significantly
somatic subscores in addition to total scores. The treatefaster in all Stroop conditions compared to untreated par-
symptomatic and untreated groups obtained significantlyticipants (p < .05 for each comparison); mean RTs for the
higher mean somatic subscores and total BDI scores contwo treated groups did not differ significantly in the con-
pared with treated asymptomatic participants [somatic BDIgruent and neutral conditions [congrueRt1,80 = .07,
F(2,149 = 6.07,p < .005,p < .05 by the Duncan test for p < .80; neutral:F(1,80 = .02,p < .89] but the asymp-
both comparisons; total BDIF (2,149 = 4.37,p < .02, tomatic treated group showed a nonsignificant trend toward

Table 2. Scores on psychological distress measures

Participant group

Untreated Asymptomatic treated ~ Symptomatic treated

Measure M (SD M (SD) M (SD
Beck Depression Inventory
Subjective items 9.6 (8.4) 6.2 (5.6) 9.3 (7.1)
Somatic items 5.8* (3.7) 3.5(2.5) 5.6* (3.1)
Total 15.4* (10.9) 9.7 (6.9) 15.0* (9.4)
State—Trait Anxiety Inventory  38.4 (11.2) 36.4(9.4) 36.1 (8.4)

*p < .05 versustreated asymptomatic group.
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faster RTs in the incongruent condition compared with treatedHenik etal., 1993). Stroop cost, but not benefit, is sensitive to
symptomatic participantsq(1,80 = 2.12,p < .15]. HIV-related mental slowing (E. Martin et al., 1992a). Fig-
Correlations between RTs for the three Stroop conditionsire 2 shows mean facilitation and inhibition scores forthe three
and the three BDI indices were not significaft| (< .12  treatment groups. Mean facilitation scores did not differ sig-
in each instance). We found small but significant corre-nificantly between the three groups when scores were ana-
lations between STAI scores and RTs in the congruenlyzed with BDI scores covariedq(2,148 = .46,p < .64].
(r = .16, p < .04) and incongruent conditions & .18,  However, boththe untreated and symptomatic treated partici-
p < .03). We reanalyzed RTs with STAI scores covaried:pants showed significantly greaterinhibitioncomparedtothe
the significant main effect for treatment group was un-asymptomatic treated participanip,148 =3.51,p<.05,
changed F(2,148 = 6.06,p < .001], and the Treatment p<.01bythe Duncantestforeachcomparison].Finally, cor-
Group X Stroop Condition interaction reached signifi- relations between RTs and absolute CD4 counts were not sig-
cance F (4,298 = 2.585,p < .05]. Tests of the interaction nificant (r| < .09 in each instance).
indicated that mean RTs for treated asymptomatic subjects
were significantly faster than RTs for untreated partici-
pants in all Stroop conditions [congrueft(1,100 = 7.26, DISCUSSION
p < .01; neutraliF(1,100 = 8.61,p < .005; incongruent: We found that HIV-seropositive participants currently re-
F(1,100 = 11.18,p < .001]. Mean RTs for treated symp- ceiving antiretroviral therapy performed the RT Stroop task
tomatic participants were significantly faster compared tosignificantly faster than untreated participants, despite the
untreated participants in the congruent and neutral contreated participants’ significantly more advanced immuno-
ditions [congruentF (1,119 = 5.14,p < .05; neutral:  suppression. The groups were well matched on age, educa-
F(1,115 = 6.93,p < .01] and showed a trend toward sig- tion, and substance abuse history, sothe differencesinreaction
nificance in the Incongruent conditiori-(1,1195 = 3.84, timescannotbe attributedtothese variables. Further, the group
p < .06]. Mean RTs for treated asymptomatic and symp-differences in RTs persisted when we repeated the analyses
tomatic participants did not differ significantly in any Stroop controlling for sex, psychiatric history, and psychological dis-
condition [congruentF < 1, p < .50; neutralF < 1,p < tress. These results are consistent with our previous finding
.57; incongruentF (1,80 = 2.39,p < .13]. of faster choice reaction times in treated compared to un-
Stroop interference includes a “facilitation” and an “inhi- treated individuals (E. Martinetal., in press). Inaddition, the
bition” component. The facilitation component or “benefit,” currentresults provide stronger supportfor our hypothesis that
indexed by the difference between RTs in the neutral and coreentralinformation processingis fasterin antiretroviral-treated
gruentconditions, isinfluenced primarily by automatic atten-participants: The RT Stroop procedure requires only a vocal
tional processes; the inhibition component or “cost,” indexedesponse and thus minimizes nonspecific effects of periph-
by the difference in RTs in the incongruent and neutral con-eral motor slowing, which are more likely to influence per-
ditions, isinfluenced primarily by controlled processes (e.g.formance of tasks requiring a keypress response.
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Fig. 2. Mean Stroop facilitation (left) and inhibition (right) in milliseconds for treated asymptomatic, treated symp-
tomatic, and untreated groups.
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This study’s cross-sectional design does not permit us téreated previously with zidovudine. However, antiretroviral
infer causation between antiretroviral treatment and cognieompounds differ in their capacity to cross the blood-brain
tive function, although our data are consistent with previ-barrier (e.g., Portegies, 1995) and future studies should com-
ous reports that HIV-seropositive patients show evidenc@are the neurobehavioral effects of compounds as a func-
of improvement on neuropsychological tests and laboratoryion of CNS penetrance.
measures of CNS infection following initiation of antiretro-  Women in our sample were significantly less likely to re-
viral therapy (e.g., Brouwers et al., 1997; Schmitt et al., 1988¢eive antiretroviral therapy than men. This finding is con-
Sidtis et al., 1993). Longitudinal data are needed to addressistent with reports from larger series of sex differences in
this question and studies employing serial RT testing of parrates of antiretroviral therapy (Guinan & Leviton, 1995;
ticipants pre- and postinitiation of antiretroviral therapy areMoore et al., 1991). Investigators have speculated recently
currently in progress in our laboratory. that HIV-seropositive women are more vulnerable to the de-

With these limits to interpretation in mind, several study velopment of dementia and other neurologic complications
findings deserve comment. We found faster Stroop RTs fofe.g., Arendt et al., 1996) compared with seropositive males;
both asymptomatic and symptomatic treated participantthese findings may reflect in part gender differences in ac-
compared with untreated participants in the congruent andess to antiretroviral therapy.
neutral stimulus conditions. However, mean RTs in the in- There is much interest in the development and applica-
congruent condition, which maximizes demands on contion of pharmaceutical compounds with potential to ame-
trolled attentional processing, were consistently faster onlyiorate the signs and symptoms of HIV-related dementia or,
for the treated asymptomatic participants compared to thaleally, to protect against CNS injury by HIV-1 infection.
untreated group. In addition, compared to untreated parbrugs active against various processes implicated in the
ticipants, only the asymptomatic treated individuals hadpathogenesis of HIV-associated neuropathology, such as
significantly lower inhibition, the component of Stroop in- NMDA receptor blockers, antioxidants, and calcium chan-
terference that is influenced primarily by controlled pro- nel blockers are currently in various phases of clinical in-
cesses and is most sensitive to HIV-related mental slowingestigation (e.g., Lipton, 1994). Appropriate neurobehavioral
(E. Martin et al., 1992a). outcome measures will be necessary to evaluate the effec-

It is difficult to attribute the differences in RT patterns tiveness of putatively neuroprotective or neuropalliative
and Stroop inhibition for the treated symptomatic and asympagents. HIV-related dementia is a relatively late complica-
tomatic groups entirely to differences in disease pro-+ion and patients with less advanced disease often have few
gression: The symptomatic treated participants were alsor no overt deficits on clinical neuropsychological testing.
significantly more immunosuppressed than the untreated paMeasures sensitive to the subclinical neurobehavioral ef-
ticipants, yet their RTs were significantly faster comparedfects of HIV will be needed to monitor drug response in
to untreated participants. Group differences in duration opatient groups with a broad spectrum of disease severity,
therapy may account in part for the differences in Stroopand reaction time tasks are well suited for use in such pro-
inhibition between the two treated groups. Neurobehavioratocols. We would recommend that protocols for clinical tri-
benefits associated with antiretroviral therapy are known tals routinely employ RT measures varying in cognitive
be time-limited, and it is reasonable to assume that on aveomplexity, such as choice reaction time and the RT Stroop.
erage duration of therapy is longer for symptomatic com- Impairments on standard neuropsychological tests are as-
pared to asymptomatic patients. Improved neurocognitivesociated with decreased quality of life in HIV-seropositive
function may be most apparent in patients on antiretrovirapatients (e.g., Heaton et al., 1994), but few studies have in-
therapy for relatively brief periodsand one might specu- vestigated the relation between slowed performance of RT
late that decline in neurocognitive performance should béasks and daily function. This question must also be ad-
most evident on the most cognitively demanding compo-dressed if RT tasks are to be employed with maximal utility
nents of test tasks. Longitudinal assessments will provide & monitoring quality of life and response to antiretroviral
rigorous test of this hypothesis as well. therapy.

We did not conduct detailed comparisons of RTs for pa-
tients treated with differing antiretroviral compounds, be-
cause only a very small number of those treated (11%) weraCKNOWLEDGMENTS
not receiving zidovudine at RT testing, either as monother-
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data collection and preparation, Gail Snukst-Torbeck and Gerald
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participants), we estimate that mean duration of therapy was 6.2 month . .
(SD = 7.5) for asymptomatic subjects and 13.4 mont@® & 15.1) for three anonymous reviewers for helpful comments on an earlier draft

symptomatic subjects at RT testing. Although not a critical test, this find-Of the manuscript. Supported by a grant from the Department of
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