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INTRODUCTION METHODS

Hepatitis C virus (HCV) can be detected in the brain (Rad-
kowski et al., 2002) and investigators speculate that HCVResearch Participants
has neuroinvasive properties (Forton et al., 2003) with
direct effects on cerebral functidrVIRS studies show that We tested 159 males with known HCV and HIV serostatus
the basal ganglia and white matter of individuals with HCV enrolled in an ongoing study of neurocognition and HIV
have abnormal cholinereatine ratios, indicating CNS in- disease in drug users. Subjects were recruited from the
flammation or infection (Forton et al., 2003). Patients with Chicago-West Side VA Medical Center, community addic-
HCV show defects in working memory and information tion treatment programs and shelters. All subjects carried at
processing speed (Forton et al., 2003; Hilsabeck et al., 2002)gast one DSM-IV substance dependence diagnosis and 91%
similar to patients with basal ganglia disorders and HIvwere African American. Eighty-four percent of subjects had
(e.g., Heaton et al., 1995). a history of dependence on cocaine, 52% heroin, 50% can-
Eighty to 90% of injection drug abusers are infectednabis, and 75% alcohol. Fifty-one percent of subjects re-
with HCV and 30 to 40% of HCW drug abusers are Pported a history of injection drug use. All subjects’ urine
coinfected with HIV (Thorpe et al., 2000; Sherman et al.,toxicology screens and Breathalyzer results were negative
2002). These findings raise the question of whether HC\At testing.
and HIV exert additive effects on brain dysfunction. No Table 1 shows demographic data for subjects grouped
studies of HCV infection and cognition have targetedby HIV and HCV serostatus. HCV subjects were signif-
HCV+ or HIV/HCV coinfected drug users. However, find- icantly older (o < .001), had used drugs for a signifi-
ings from neurocognitive studies of HIV-infected drug userscantly longer time periodr(1,155= 8.35p < .005), and
can inform the development of similar investigations ofreported a history of injection drug use significantly more
HCV and cognition. frequently than HCV subjects,y? = 33.4,p < .001.The
We present preliminary findings using a reaction timemean estimated verbal IQ was slightly higher for HEX
(RT) version of the Stroop task sensitive to HIV-associatedd!V — subjects compared with HCV/HIV — controls (o <
cognitive dysfunction (Martin et al., 1992). We hypoth- -05). Groups did not differ in mean years of education or
esized that dually infected subjects would perform the RTScores on the Beck Depression Inventdfys< 1 for each
Stroop more 3|0w|y Compared with monoinfected per50n§omparison. HIV disease characteristics did not differ Sig-
or those Seronegative for both viruses. nificantly between the two HIW groups, including CD4
count, AIDS diagnosis at testing percent of undetectable
viral loads, or prevalence of antiretroviral therapy. None
Reprint requests to: Dr. Eileen M. Martin, Department of Psychiatry, of the HCV+ subjects were receiving antiviral therapy at
University of lllinois, Chicago, IL 60612. E-mail: emartin@psych.uic.edu testing.
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Table 1. Participant characteristics

HIV Serostatus

Negative Positive

HCV-— HCV+ HCV - HCV+ F p
n 69 20 39 28
Age 40.0 (10.6) 44.9(4.3)  41.6(5.0) 45.2 (4.2) 9.75 .005
Education 12.2(1.8) 12.6(1.1) 12.6(1.9) 12.3 (L.4x1 720
Years of Drug Abuse 21.5(7.6) 24.9 (6.0) 18.3(7.4) 23.2(7.0) 8.35 .005
Estimated VIQ 100.6 (9.9)* 104.4 (5.4) 104.4(11.0) 101.4(8.7) 4.02 .05
Mean CD4 count — — 498 (382) 495 (326)<1 .970

HCV— HCV+ HCV— HCV+ X2 p
% IDU 36 85 34 86 33.4 .001
% Undetectable HIV RNA — — 22 35 1.17 .280
% Antiretroviral Therapy — — 66 81 1.79 .180
*versusHCV+/HIV —

Procedure heere, 1954; Terpstra, 1952). This revealed a significant

] ) _ monotonic trend for poorer performance among subject
RT Stroop procedures have been described in detail eS¢y ps ordered hierarchically according to infection status,
wh_ere (M_artln etal., 1992). Briefly, th_e task consists of 192(seronegative, monoinfected, dually infecteli}; stat=2.95,
voice-activated RT trials. On each trial a colored word aP-p < .005. Exploratory analyses of data from separate Stroop
pears at central fixation and the participant must name theqyitions indicated that the monotonic trend was sig-

display color and ignore the word. Twenty-five per cent of ificant for Congruent and Incongruent conditions, all
trials are color-congruent (e.g., “GREEN”" in green), SO%p,s < 05.

are neutral (animal names in color) and 25% are color-
incongruent (e.g., “BLUE” in red). The computer records
voice-activated reaction times and errors. DISCUSSION

We studied Stroop performance in a group of drug-dependent
RESULTS men monoinfected with HIV or HCV, dually infected, or
eronegative for both viruses. We replicated a pattern of

We analyzed median RTs for each condition using a mixe troop effects observed in our previous HIV studies. Spe-

design ANOVA, with HCV and HIV serostatus as between-
group factors and Stroop condition (Congruent, Neutral, or
Incongruent) as the within factor, controlling for age, 1Q,
years of drug use, and history of injection drug use. The
main effect for HCV Serostatus was significaf(tl, 148)=
5.56,p < .05, with HCV+ subjects responding more slowly
than HCV-groups. The Stroop HCV interaction was mar- 1000
ginally significant,F(2,296)= 2.85,p < .06; HCV+ sub-
jects showed a trend toward greater RT slowing in thef
Congruent and Incongruent conditions compared with thes
Neutral conditionp = .06. The Stroopx HIV interaction
was significantF(2,296)= 3.25,p < .05). Compared to
HIV — subjects, HI& subjects showed significantly more
RT slowing in the Incongruent conditiomp(< .05) but not 700 |
in the Congruent or Neutral conditions. (see Figure 1).

We computed a measure of overall Stroop performance
for each subject by averaging RTs from the three separate
conditions and compared the performance of seronegative,
singly infected (HI\A= or HCV+ but not both) and dually
infected subject groups using the Jonckheere-Terpstra steig. 1. Mean RTs for HC\-/HIV —, HCV+/HIV —, HCV—/
tistic which tests for evidence of a monotonic trend in dataHIVv +, and HC\+/HIV + subject groups in Congruent, Neutral
from ordinally classified independent subject groups (Jonckand Incongruent testing conditions.

Stroop Performance All Subjects
1100 ~

HIV-/HCV-

HIV+/HCV-
HIV-/HCV+
— = HIV+/HCV+

900 +

800 +

Mean Reac

Stroop Data p < 0.05

600 T T T
Congruent Neutral Incongruent

Stroop Condition
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cifically, HIV + persons performed the RT Stroop signifi- Forton, D.M., Thomas, H.C., Murphy, C.A., Allsop, J.M., Foster,
cantly more slowly compared with HIV controls in the G.R., Main, J., Wesnes, K.A., & Taylor-Robinson, S.D. (2002).
Incongruent condition, which places maximal demand oncon- Hepatitis C and cognitive impairment in a cohort of patients
trolled processes, but not in the Neutral or Congruent condi- With mild liver diseaseHepatology 35, 433—439.

tions, which rely on more automatic processes (Tzelgov et alilsabeck, R.C., Perry, W. & Hassanein, T.I. (2002). Neuropsy-
1990). In addition, we found evidence of overall slowed RTs  ¢hological impairmentin patients with chronic hepatitis{ep-

. . atology; 35, 440—-446
among HCV+ compared with HCV- subjects regardless of Heaton, R.K., Grant, |., Butters, N., White, D.A., Kirson, D., At-

Stroop condition. These findings suggest that HI'¢ub- kinson, J.H., McCutchan, J.A., Taylor, M.J., Kelly, M.D., Ellis,

jects were impaired primarily on the “executive” component R.J., Wolfson, T., Velin, R., Marcotte, T.D., Hesselink, JR.,

of the Stroop while HCW- subjects’ performance was con-  jernigan, T.L., Chandler, J., Wallace, M., Abramson, . & the

sistent with overall slowed information processing. HNRC Group (1995). The HNRC 500: Neuropsychology of
Finally, we observed a monotonic increase in overall HIV infection at different disease stagéaurnal of the Inter-

Stroop RTs when comparing data from seronegative, singly national Neuropsychological Society, 231-251

infected, and coinfected subject groups, consistent with hyJonckheere, A.R. (1954). Adistribution-free k-sample test against

pothesized additive effects of HIV and HCV on neurocog-  ©rdered alternative®iometrika 41, 133-145.

nition. These retrospective findings require replication, and#artin, E.M., Robertson, L.C., Edelstein, H.E., Jagust, W.J., So-

prospective studies are underway. rensen, D.J., San Giovanni, D., & Chirurgi, V.A. (1992). Per-

" . . . formance of patients with early HIV-1 infection on the Stroop
Neuroc_ognltlve St.UdleS of drug abusers |nfec_t§d with HCV Task.Journal of Clinical & Experimental Neuropsycholagy
or dually infected with HCV and HIV pose significant chal- 1, gs7_ggg.

lenges due to multiple comorbid conditions that can congagkowski, M., Wilkinson, J., Nowicki, M., Adair, D., Vargas, H.,
found effects on cognition. Carefully designed cognitive  |ngui, C., Rakela, J., & Laskus, T. (2002). Search for hepatitis
neuropsychological measures developed to study HIV- C virus negative-strand RNA sequences and analysis of viral
associated cognitive impairment among drug users are also sequences in the central nervous system: evidence of replica-
effective in the study of HCV and cognition. The Stroop tion. Journal of Virology 76, 600—608.

task may be useful for isolating different types of neurocog-Sherman, K.E., Rouster, S.D., Chung, R.T., & Rajicic, N. (2002).
nitive deficits and have potential utility as neurocognitive ~ Hepatitis C Virus prevalence among patients infected with Hu-

probe in functional neuroimaging studies of patients with ™an Immunodeficiency Virus: A cross-sectional analysis of
HIV and HCV. the US adult AIDS Clinical Trials GrougClinical Infectious

Diseases15, 831-837
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