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Abstract

Higher rates of alcohol use have been reported in Hividividuals compared to the general population. Both

heavy alcohol use and HIV infection are associated with increased risk of neuropsychological (NP) impairment. We
examined effects of heavy active alcohol use and HIV on NP functioning in a large sample of community-residing
HIV + individuals and HI\*- controls. The four main study groups included 72 Hi\ight/non-drinkers, 70

HIV — heavy drinkers 100 drinks per month), 70 HI¥ light/non-drinkers, and 56 HI¥ heavy drinkers. The

heavy drinking group was further subdivided to assess effects of the heaviest levels of active alcobd@ deaks

per day) on NP functioning. A comprehensive NP battery was administered. Multivariate analysis of covariance was
employed to examine the effect of HIV and alcohol on NP functioning after adjusting for group differences in age
and estimated premorbid verbal intellectual functioning. The analyses identified main effects of heavy drinking and
HIV on NP function, with greatest effects involving the contrast of HiVieavy drinkers and the HIV light

drinkers. Synergistic effects of heaviest current drinking and HIV infection were identified in analyses of motor and
visuomotor speed. Supplementary analyses also revealed better NP function in thegktivp with antiretroviral
treatment (ART) and lower level of viral burden, a finding that was consistent across levels of alcohol consumption.
Finally, heavy alcohol use and executive functioning difficulties were associated with lower levels of self-reported
medication adherence in the HiVgroup. The findings suggest that active heavy alcohol use and HIV infection

have additive adverse effects on NP function, that they may show synergistic effects in circumstances of very heavy
active alcohol use, and that heavy drinking and executive functioning may mediate health-related behaviors in HIV
disease. JINS 2005,11, 70-83.)
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INTRODUCTION associated with neuropsychological (NP) impairments, par-

. . . ticularly in later stages of disease and in persons not receiv-
HIV + populations have substantially higher rates of alco- y g P

. ing treatment, in those with higher viral loads and lower
hol use than the general population (Petry, 1999), yet MOr® D4 counts (Heaton et al., 1995; Reger et al., 2002; Sack-

than 20 years after the onset of the AIDS epidemic there arg,- ot al 1999). Studies of asymptomatic HMndividu-

few systematic studies on the relationship between NP funcéls have yielded mixed evidence of NP dysfunction (Clifford

tion and alcohol use in HIV individuals. HIV infection is etal.. 1990° Gibbs et al.. 1990: Heaton et al.. 1995 Janssen
et al., 1989; Lunn et al., 1991; Poutiainen et al., 1993).
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with HIV (e.g., Deutsch et al., 2001; Hammer et al., 1997;cerebellum (Pfefferbaum et al., 2002). Cumulative adverse
Maschke et al., 2000), whereas others have found evidenadfects of the alcohol and HIV infection may result in neuro-
of continued NP morbidity in the era of antiretroviral ther- psychological dysfunction that would otherwise be difficult
apy (ART; Sacktor et al., 2002). The adverse effects ofto detect. Synergistic effects may arise indirectly secondary
heavy alcohol consumption on NP functioning have alsao lower medication adherence associated with problem
been demonstrated in numerous studies, primarily involvdrinking (Cook et al., 2001; Golin et al., 2002; Gordillo
ing clinically treated individuals with past alcohol depen- et al., 1999; Howard et al., 2002; Paterson et al., 2000;
dence and current abstinence (Adams et al., 1980; Bran@afren etal., 2001; Schuman et al., 2001; Singh et al., 1996;
etal., 1983; Goldman et al., 1983; Grant, 1987; Grant et al.Spire et al., 2002; Starace et al., 2002). Specifically, com-
1984; Martin et al., 1986; Sullivan et al., 2002; Wilkinson promises in CNS function may occura the increases in
& Carlen, 1981). The detrimental effects of alcohol are espeviral burden (Nieuwkerk et al., 2001), which may occur
cially robust in those drinking currently and in the more after failures of adherence to prescribed ART.
recent past (Horner et al., 1999; Mann et al., 1999), those The primary goal of the present investigation was to test
drinking higher quantities, for a greater number of yearsthe hypothesis that chronic, heavy alcohol use and HIV
and at an older age (Eckardt et al., 1995; Parsons & Nixoninfection interact to lower NP functioning beyond the effects
1998; Tarbox et al., 1986; Zuccala et al., 2001), as well a®f HIV and alcohol observed independently. We predicted
in those with co-morbid substance use disorders. Recerthat heavy drinking would show significant interactions with
reviews of the literature (Parsons, 1998; Parsons & Nixonserostatus in adversely affecting NP functioning. A second-
1998) on neuropsychological deficits in social drinkers sug-ary hypothesis was that heavy drinking and NP deficits are
gests that studies examining higher consumption levels arassociated with failures of ART adherence among HIV
most likely to yield evidence of adverse effects on cogni-participants. In light of recent studies which noted that mem-
tive functioning. Specifically, studies were more likely to ory appeared to be associated with lower medication adher-
find mild nonspecific cognitive impairment or reduced cog- ence (Hinkin et al., 2002), and another study that noted an
nitive efficiency when upward of 21 standard drinks perassociation between lower Trail Making Test B perfor-
week are consumed (Parsons, 1998). Studies assessing thance and failures of adherence (Avants et al., 2001), we
effects of regular daily consumption of upwards of six or hypothesized that measures of learning and executive func-
seven standard alcoholic drinks are still more likely to yieldtioning would be specifically associated with lower medi-
evidence of at least mild neurocognitive deficits (Parsonscation adherence in the present cohort of HilAdividuals
1998; Parsons & Nixon, 1998). Neuropsychological domain®n ART.
implicated in the research involving chronic alcohol abus-
ers include working memory, executive functioning, visuo-
spatial processing, memory, and gait and balance (GranMETHOD
1987; Hartman, 1995; Sullivan et al., 2000, 2002).

Several authors (Fein et al., 1995; Meyerhoff etal., 1995Rasearch Participants
Meyerhoff, 2001; Pfefferbaum et al., 2002) have raised the
possibility of increased vulnerability to NP impairment and Participants were recruited by advertisements in San Fran-
a longitudinal progression of CNS morbidity in HIV dis- cisco Bay Area bars, newspapers, WNDS and gay
ease due to an interaction between alcohol dependence ahidexual community agencies, and the San Francisco VA
HIV. However, evidence is limited. Bornstein et al. (1993) Medical Center from December 1998 to November 2002.
found higher alcohol consumption was associated with loweAll were paid volunteers. The sample was derived from a
NP performance in HIW- subjects, but did not report syn- larger longitudinal study of the CNS effects of HIV and
ergistic (i.e., greater-than-additive) effects. In a study ofalcohol. The present study included cross-sectional data for
cocaine users, level of current weekly alcohol use exacer268 adults (231 male): 72 HIV light/non-drinkers, 70
bated adverse HIV effects on sequential reaction time (DurHIV — chronic heavy drinkers, 70 HI¥ light/non-drinkers,
vasula et al., 2001). A more recent study by Green et aland 56 HIV+ chronic heavy drinker subjects. Ligiton-
(2004) suggested mainly additive effects of previous his-drinkers (LDs) were operationally defined as participants
tory of alcohol abuse and HIV infection. Several measuresith lifetime average consumption of less than or equal to
showed significant effect of HIV infection in the group with, 45 (35 for women) standard alcoholic drinks per month
but not in those without a history of alcoholism, leading thewithout past or current alcohol dependence or significant
authors to speculate that a history of alcohol abuse createseriods of drinking more than 45 drinks per month. Classi-
vulnerability to the adverse effects of HIV infection on CNS fication as a heavy drinker (HD) was based on self-report
functioning (Green et al., 2004). of an average consumption of at least 100 (80 for women)

Mechanisms underlying a potentially synergistic relation-standard alcoholic drinks per month for the prior three years
ship between alcohol and HIV remain unclear. Heavy alco-and active drinking at time of study.
hol consumption and HIV may each adversely affect cortical Alcohol consumption was measured with the Lifetime
and subcortical structures, including cerebral gray and whitérinking History (LDH; Skinner & Sheu, 1982; Sobell et al.,
matter, the corpus collosum, basal ganglia, thalamus, anti988), a structured clinician-administered interview. The
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LDH defines a standard drink as 12 oz beer, 5 oz wine, 1.%ension (SBP> 170 or DBP> 120) or history of hospital
oz liquor, or 3 oz fortified wine, all of which contain approx- admission for hypertension; Wernicke-Korsakoff syn-
imately 13.6 g absolute alcohol (Skinner & Sheu, 1982).drome; evidence of end-stage liver disease; opportunistic
Demographic characteristics and drinking indices of theCNS infection or malignancy; change in ART less than three
groups are presented in Table 1. At the time of the NPmonths prior to screening; or participation in an HIV vac-
assessment, additional questions were administered pertaicination study less than one month prior to screening.
ing to number of days on which alcohol was consumed The HIV+ sample was significantly older than the HV
during the week prior to the assessment as well as numbesample F(1, 267)= 8.02,p < .005), with slightly lower
of drinks per occasion during the past week, in order toverbal intelligence quotient (1Q) (VIQ), as estimated from
obtain additional information on more recent drinking. the AMNART score and level of educational attainment
Psychiatric exclusions included history of delirium or [F(1, 248)= 4.2,p < .05]. The HD group was significantly
dementia disorders (not including HiVAssociated Demen- less educated than the LD grouB(L, 267)= 42.77,p <
tia); non-alcohol substance dependence within the past 1201], and their estimated Verbal IQ was significantly lower
months; schizophrenia or other psychotic disorders; bipolafF (1, 248)= 33. 4,p < .001]. Compared to the HI¥
disorders; current (past month) manic, mixed, or hypomanisample, the HI\- group contained a significantly higher
episodes; current severe primary depression or curremroportion of female participantgf(1, 268)= 12.8,p <
depression with psychotic features. All psychiatric diagno-.001; see Table 1]. In contrast, the proportion of gay
ses were assessed using the Structured Clinical Interviebisexual participants was significantly higher in the HiV
for DSM-IV (SCID; American Psychiatric Association, sample overall {?(1, 235)= 78.4,p < .001].
1994; First et al., 1996). Additional detailed information on
past substance dependence was gathered in a SUbgrouDE’(‘nnicity
208 participants (78% of the sample). Subjects not fluent in
English were excluded. Exclusion criteria included subjectAfrican-Americans made up the largest group of minority
report of past significant head trauma. A history of headethnic participants in the study (20%), followed by Hispan-
trauma resulting in loss of consciousness (LOC) equal to oits (7%). Representation of other minority ethnic groups
greater than 24 hours was judggegriori as basis for exclu- was less than 3% in the overall sample (Asian-American,
sion. Furthermore, any reported history of head trauma witiNative American, and Polynesian-Pacific Islander). The HD
less than a 24-hour period of LOC but resulting in othergroup contained a significantly higher proportion of African-
more persistent neurologic sequelae was also a basis féimerican participants than the LD groug{(1, 233) =
exclusion. Other medicasurgical exclusion criteria included 11.7,p < .001]. The difference was primarily accounted for
CNS neurosurgical procedures; insulin-dependent diabeteby a higher proportion of African-Americans in the HV
history of cerebro-vascular accident (CVA) or intracerebralHD sample (see Table 2). Seropositive and seronegative
hemorrhage, brain tumor, or encephalitis; uncontrolled hypergroups were balanced with regard to the proportion of

Table 1. Demographic and drinking characteristics of lighon-drinker (LD) and heavy drinker (HD) samples

HIV— LD HIV — HD HIV+ LD HIV + HD
(n=172) (n=70) (n=70) (n=56)
Age (years) 41.08 (8.69) 40.73 (9.40) 44.01 (7.17) 43.25 (5.92)
Education (years) 15.76 (2.03) 13.97 (1.93) 15.34 (2.10) 13.73 (2.44)
AMNART estimated VIQ 119.23 (6.60) 113.02 (9.71) 117.56 (8.06) 110.20 (10.92)
BDI total score 5.61 (5.91) 11.12 (8.95) 11.14 (8.60) 11.76 (8.05)
Gendey Sexual orientation
Male 71% 87% 97% 93%
Homo/bisexual 32% 21% 83% 71%
Ethnicity
Caucasian 25% 40% 26% 39%
African-American 4% 31% 19% 29%
Hispanic 10% 6% 4% 9%
Asian/Other 10% 3% 2% 1%
Alcohol use
Past week total drinks 2.58 (2.83) 38.98 (30.94) 2.10(3.15) 39.21 (30.08)
Past year average 9.80 (12.15) 203.53 (160.13) 9.45 (14.62) 253.51 (230.42)
Past 3-year average 9.59 (11.65) 213.22 (153.94) 8.89 (11.94) 264.26 (225.78)
Lifetime average 12.48 (10.45) 168.16 (126.94) 16.30 (12.90) 190.06 (129.86)

Note VIQ = verbal IQ; BDI= Beck Depression Inventory; Averageaverage number of standard drinks per month.
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Table 2. HIV characteristics of lightnon-drinker (LD) and heavy drinker (HD) samples

HIV + LD HIV + HD
(n=70) (n = 56)
M (SD) M (SD)

Current CD4 count 36 (297) 373 (263)
CD4 nadir 20% (184) 238 (220)
Current viral load 76,927 (165,173) 93,334 (186,556)
% Undetectable Viral Load 31% 25%
% AIDS (CDC-93) 39% 27%
% on ART 9% 64%
Note Undetectable viral loaer values below 50 copigsl.
an = 51.
bn = 65.
°n =43,
dn = 52.

African-Americans and the combined African-American and(72%) were undergoing ART at the time of their involve-
Hispanic participants, although there was a significantlyment in this study (On-ART group). ART was defined as

higher proportion of African-Americans in the B sam-
ple compared to the LB.

Alcohol

either mono- or dual-drug therapy with nucleoside reverse
transcriptase inhibitors or combination therapy with at least
one protease inhibitor. Thirty-one participants (25%) were
not receiving treatment at the time of study (Untreated
group), and treatment information was not available for four

Quantity of drinking during the week preceeding the eval-HIV + subjects. Light and heavy drinking samples were
uation was slightly lower than during comparable time peri-balanced with respect to the proportions receiving treat-
ods in the preceeding 3-year period. There were no IV ment. The On-ART group had a history of lower CD4 count
Alcohol group interactions with reference to alcohol usethan the Untreated HI¥ group [CD4 nadiM = 177,SD=

parameters (see Table 1).

Psychoactive substances and marijuana use

174vs M = 334,SD= 218;F(1, 98)= 13.50,p < .001].
However, current CD4 was similar across ART and untreated
samples ¥ = 367,SD = 216 vs M = 409, SD = 245;
p = ns).Viral Burden:Among the HIV+ participants with

The HIV+ sample had higher rates of current treatmentreatment informationr( = 122), data concerning current

with prescribed psychoactive medicationy[= 33.7,p <

plasma viral burden was available in 111 cases (88%). A

.001). Current marijuana use was also slightly higher insignificantly higher proportion of the On-ART group exhib-

HIV + sample overall (13%s 6%, y? = 4.1, p < .05).

ited viral suppression (defined as viral load below 400

Rates of past substance dependence did not differ significopiegml) at the time of study participation: 44 of 83 par-
cantly in HIV+ and HIV— groups. LD and HD groups did ticipants (53%), contrasted with 4 of 28 participants (14%)
not differ significantly in marijuana use or other psycho- among the Untreated group%(1, 119)= 12.8,p < .001).
active medication use. However, the HD group had higherhis relationship of plasma viral suppression to ART was
rates of prior dependence on one or more of the fO||OWing;omparab|e across |ight and heavy drinking cohorts.
substances: cocaine, crack, heroin, methadone, methamphet-

amine, marijuana, or other drug. Other than marijuana, mo%elf-reported mood

commonly used past drugs of dependence were cocaine and

methamphetamine. Rates of past clinical dependence ddeck Depression Inventory (BDI) total scores were signif-

one or more of these drugs were 36% in M&sus 13% in
LD overall (y? = 15.84,p < .001).

HIV illness and treatment parameters

icantly higher in HDs than LDsH(1, 247)=9.10,p < .01]
and in the HIVA- compared to the HIV- sample F(1, 247)=
9.20,p < .01]. Scores fell in the subclinical-to-mild range
across all groups, a reflection of the exclusion criteria for
the study, which restricted enroliment to individuals with-

HIV/AIDS-related measures of peripheral viral load, CD4,out current Major Depressive Disorder. There was a signif-

and treatment are shown in Table @DC Classification:

icant HIV x Alcohol interaction for BDI F(1, 247)= 5.81,

Of the HIV+ LDs, 30% were CDC-93 class A, 24% class p < .05]. Post-hoccontrasts among the four study groups
B, and 39% class C, compared to 41%, 25%, and 27% amongvealed that the HIV LD group reported significantly

the HIV+ HDs. CDC data was missing for five HW LDs

and four HIV+ HDs. ART: Ninety-one HIV+ participants
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Procedure consin Card Sorting Test total errors (WCST; Heaton

) o o ) et al., 1993); MicroCog Timers 1 and 2 cued average
Potential participants underwent an initial telephone inter-  o5ction time (MC; Powell et al., 1993).

view. Those who appeared to fit the LD or HD require-
ments and met no exclusionary criteria were scheduled fob. Verbal learning and memo#ry-California Verbal Learn-
an intake interview, consisting of written informed consent, ing Test Trials 1-5 total recall and long-delay free recall
LDH, and SCID. The LDH obtains frequency and quantity ~ (CVLT,; Delis et al., 1987), MicroCog Story immediate
of alcohol consumption from the first age of regular drink-  and delayed recall total scores.

ing (defined as at least once per month) to the present. LDI%
information was used to confirm inclusion as LD or HD, to ™
characterize the drinking behavior of the samples, and to
provide continuous measures of drinking severity for cor-
relation with major outcome measures. The purpose of the

SCID was to diagnose exclusionary psychiatric disordery, Motor balance—Fregly Graybiel Ataxia battery (Fregly
not revealed at the time of the phone screen, as well as to g Graybiel, 1968; Sullivan et al., 2000). In the task used
record non-exclusionary mental disorders (e.qg., alcohol abuse n the present study, the subject stands on one leg with

or dependence, panic disorder). The intake interview was eyes closed and has five trials to achieve 30 seconds of
conducted by clinicians holding graduate degrees in psy- palance.
chology under supervision of a licensed psychologist, and

lasted one to three hours, depending on complexity of Np testing was completed within two weeks of intake.

Visuospatial learning and memeo#yBrief Visuospatial
Memory Test—Revised Trials 1-3 total recall and Delayed
Recall (BVMT = R; Benedict, 1997); Rey-Osterrieth
Complex Figure Drawing Delayed Recall trial.

subject's drinking and psychological histories. The NP battery was administered in one 3—4 hour session
_ with a 5-10 minute break at midpoint and other breaks as
Neuropsychological measures needed. Subjects were asked to refrain from drinking for

The NP test battery included standardized measures Ofmuffl_pproxmately 12 hours prior to testing, and zero-breath

tiple domains of cognitive and motor function, selected foralcohol was confirmedtia Breathalyzer. Information about

their sensitivity to alcohol and HI*associated NP impair- ?IC?hOI and %rtUQ uge tl?hth'? 24 ??\Iulgs and Weektp_rrlor_ tod
ment. General verbal intellectual functioning was assesseq - g Was obtained at the ime o assessment. fraine
by the American version of the Nelson Adult Reading Taskpsycho_metrlsts admln_lstered the tests in a fixed order and
(AMNART; Grober & Sliwinski, 1991) and the Informa- according to standard|zed procedures. .
tion subtest of the Wechsler Adult Intelligence Scale— On the day of testing, subjects also.co.mpleted a medical
Third Edition (WAIS—III; Wechsler, 1997). NP tests were £X@M and blood draw. Blood analysis included tests for
grouped into the following domains on the basis of theirHIV_1 antibody, liver functioning, CBC differential,

theorized relation to more general NP constructs considg:.D4 count, HIV viral load, and, for HIV subjects with a

ered to be at risk in heavy drinkers afad individuals with viral Iqad grgater than 1000 cqpyesl,. viral .genotyplng .
HIV —related cognitive deficits: for antiretroviral resistance. An infectious disease special-

ist physically examined all participants and obtained med-

1. Processing speedSymbol Digit Modalities Test (Smith ical histories, including antiretroviral medications and CD4
1973), Trail Making Test—Parts Aand B (Reitan & Wolf- nadir. o o
son, 1985), Stroop Color and Word Test (Golden, 1978) Subijects also completed the University of California San
Grooved Pegboard Test—dominant and non-dominanFra”CiSCO Center for AIDS Prevention Studies psycho-
hands (Klove, 1963). social questionnaire (unpublished) on the same day. The

guestionnaire contains a series of measures including the
2. Working memory-Brown-Peterson Auditory Conso- Beck Depression Inventory and other quality of life mea-
nant Trigrams number correct (Stuss et al., 1987)sures. Every seropositive participant who had taken anti-
MicroCog Computerized Assessment of Cognitive Funcretroviral medications was also surveyed regarding their
tioning Numbers Reversed total score (MC; Powell et al. medication adherence using a 12-item questionnaire survey-
1993); Controlled Oral Word Association Test (COWAT; ing common reasons for HIV medication non-compliance
Benton & Hamsher, 1983). (e.g., Wanted to avoid side effectSimply forgot Had a
3. Visuospatial processirgRey-Osterrieth Complex Fig- Change in your daily m“.“f‘)e The 12 items were based on
previous research examining reasons for HIV treatment non-

ure Drawing Test Copy trial (Osterrieth & Rey, 1944) .
scored according to criteria set forth by Denman (1984)adherence (Chesney, 2000). Subjects that had ever been

and the mental spatial rotation item (item 99) from theprescribed HIV medications indicated how frequently each

Luria-Nebraska Neuropsychological Battery (LNNB; rgéllson caused them t§| mISs tlakll?ng t|he|r2m8ed|ca;t_|ons. Pos-
Golden et al., 1985). sible responses were Blével), 1 (Rarely), 2 (Sometimes

and 3 Often). A medication adherence fraction, was calcu-
4. Executive functior-Short Category Test, Booklet For- lated as:  (sum of 12 responsg86), with 0 as maximum
mat errors (Wetzel & Boll, 1987); Computerized Wis- non-adherence and 1 as maximum compliance.
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Statistical Considerations

The main study hypotheses concerning HIV and alcoho
main effects and interactions were examined with multi-
variate analyses of covariance (MANCOVA), with groups

75

tistical package employed was SPSS-10.0 for Windows
(SPSS; Chicago, IL).
I

RESULTS

of related NP test scores as dependent variables, and adjust- =~ .
ing linearly for age and estimated baseline verbal intellecMultivariate Analysis of Alcohol and HIV

tual ability as derived from the AMNART and level of
educational achievement (Grober & Sliwinski, 1991). Sub-

effects on NP function

Mean raw scores and standard deviations are presented for

sequently, the individual univariate analyses of covariancc—‘éach of the main study groups on individual NP tests in

(ANCOVA) were examined for results pertaining to spe-
cific NP measures. To reduce the risk of Type | error,
univariate analyses were considered only for groups o
variables that showed significant effects in multivariate

Table 3. Contrary to our hypothesis, multivariate analysis
f covariance revealed no significant Alcohol (WB LD) X
IV (seropositivevs seronegative) interactions.

nal . Finall ired-comparison anal wer my
analyses ally, paired-comparison analyses were co Kicohol:

pleted for variables showing significant group differences
in univariate ANCOVA, in order to further evaluate spe-

Significant effects of Alcohol were noted in the domain of

cific group contrasts, with Bonferroni correction made to Working Memory [Hotelling’sT(3, 235)= 3.09,p < .05],

give an overall significance level of alpka.05. The sta-

Motor Balance, as assessed by the Fregly Graybiel Ataxia

Table 3. Raw scores of neuropsychological measures by group

HIV — LD HIV — HD HIV + LD HIV + HD
a b c d

Motor Balance

Fregly-Graybiel SOLEC 68.18 (47.83)  41.37 (41.56)  50.17 (44.06)  37.69 (41.31)> b'a
Processing Speed

Symbol Digit Written 55.52 (9.23) 49.84 (9.87) 50.33 (10.22)  45.79(9.27) > dt*

Symbol Digit Oral 64.83 (11.04) 59.50(12.83) 5857 (13.84) 51.71(10.51) a** Mk

Trail Making Test A 28.68(10.30)  31.06 (10.29)  30.03 (10.41)  33.05 (9.61)

Trail Making Test B 53.97 (16.25)

64.80 (28.41)

66.54 (36.44)  83.11 (42.44)

Stroop Word 106.10 (14.50)  94.32(16.98) 94.82 (14.74)  92.35(18.82)> c¥

Stroop Color 75.23 (12.56) 67.54(11.99) 69.41(12.09) 64.67 (10.93)

Stroop Color-Word 43.39 (11.06) 38.71(9.48) 38.21(9.31) 34.15 (9.65)

Grooved Pegboard Avg 70.95 (12.95) 78.39 (17.75) 79.94 (21.20) 88.33 (29.86)
Working Memory

Auditory Trigrams Avg 11.85(2.32) 9.67 (3.07) 10.60 (2.56) 8.78 (2.94) > lar, d**

MC Numbers Reversed 28.19 (10.30) 24.11 (13.33) 24.48 (10.51) 18.79 (10.58)

COWAT 45.92 (13.22)  44.33(11.71) 43.41(12.41)  39.52(9.58)
Visuospatial Ability

Rey-Osterrieth Copy 69.36 (2.74) 66.52 (6.30) 67.71 (3.87) 63.80 (8.61)

Luria Mental Rotation 7.32 (1.23) 7.21 (1.46) 7.22 (1.17) 6.40 (1.81)

Executive Function

Short Category Errors 25.25 (14.28)

31.59 (14.61)

27.82(16.92)  36.25 (15.21)

WCST Total Errors 20.96 (14.66)  33.49(22.90) 28.96 (19.74)  40.00 (21.79)> d&
WCST Persev. Respons. 11.33 (9.44) 19.16 (18.79) 15.03 (11.00) 24.22 (21.04)
MC Cued Reaction Time 0.34 (0.08) 0.38 (0.12) 0.38 (0.14) 0.41 (0.14)

Visual Learning Memory

Rey-Osterrieth Delay 41.11 (30.20)

37.92 (16.35)

37.84 (14.70)  32.45 (14.10)

BVMT-R Total Recall 24.07 (6.07) 21.81(6.91) 21.83(7.13) 18.71 (6.14)
Verbal LearningMemory

CVLT Total 55.53 (9.10) 52.16 (9.19) 52.09 (10.55)  48.36 (9.12)

CVLT Long Delay Free 11.82 (3.16) 10.97 (3.05) 10.74 (3.65) 9.75 (2.59)

MC Story Immediate 9.49 (1.30) 8.89 (1.69) 9.07 (1.66) 8.23 (1.63)

MC Story Delayed 21.33 (3.06) 19.24 (4.14) 20.09 (3.77) 18.30 (3.50)

Notes See text for explanation of abbreviatioffst-hogairwise comparisons adjusting for age, AMNART and educationp®

.05, “*" p< 0L
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Battery [Hotelling’sT(2, 224)= 3.76,p < .05], and Exec- p < .01) and WCST Total errorsp(< .01; see Table 3).
utive Functioning [Hotelling’sT(2, 232)= 5.35,p < 01]. = The HIV— HD group also showed better performance than
The effects of Alcohol failed to reach statistical signifi- HIV+ HD on the Symbol Digit Substitution Oral trial
cance for Verbal Learning and Memory [Hotellingi§4, (p < .05). Finally, the HI\\- LD group obtained signifi-
237) = .96, p = .43], Visuospatial Memory [Hotelling’s cantly better Stroop Word Reading scores than the HIV
T(3, 193)= .49, p = .69], and Processing Speed [Hotell- LD group (p < .01).

ing’s, T(9, 229)= .990,p = .490].

Effects of Very Heavy Current Drinking

HIV: . .
In order to further examine the possible adverse effects of

Significant effects of HIV were noted for measures in theheavier quantities of current drinking in interaction with
Working Memory domain [Hotelling’sT(3, 235)= 3.31, the effect of HIV disease, we conducted the major analyses

p < .05], and in Processing Speed [Hotelling€, 229)=  a second time after further stratifying the HD group into a
2.32,p < .05]. Effects of HIV did not reach significance for Currently Heavy Drinking group (CHD, reporting an aver-
Executive Functioning measures [Hotellind$3, 232)=  age of<6 drinks per occasion of drinking during the past

2.52,p=.082], or Motor -Balance [Hotelling$(2, 224)=  week,n= 61), and a Currently Very Heavy Drinking group
.532,p = .588], Verbal Learning and Memory [Hotelling’s (CVHD, those reporting an average drinks per occasion
T(4,237)=1.65,p=.163], or Visuospatial Memory [Hotell- during the past weeln = 42).
ing’s T(3, 193)= .964,p = .411]. Detailed demographic description of the CHD and CVHD
groups are presented in Table 4. CHD and CVHD groups
did not differ significantly in level of education, and both
Univariate Analyses of Alcohol and HIV were significantly less educated than the LD. The two groups
were comparable with regard to frequency (number of days)
Alcohol of drinking during the past week, with each reporting an
ANCOVA revealed significant effects of alcohol on the average of five days of drinking during the seven-day period
Brown-Peterson Auditory Trigram&[1, 246)= 8.26,p < _precedlng NP assessment. The two groups were also S|r_n|Iar
.005], and the WCST Total Error&[1, 241)= 8.34,p <  In terms of approximate number of hours since last drink
.005], in addition to the effect on the Fregly-Graybiel Ataxia (M&an=13.8,SD = 3.4). However, the CVHD group con-

measure noted above. In each case lower performance widmed an average of 9.8D = 7.5) drinks during the 24
associated with heavy drinking. hours preceding testing, significantly greater quantities than

the average of 4.83D = 3.0) drinks for the CHD group

during the same period. Rates of alcohol consumption over
HIV the past week were also significantly higher in the CVHD
Seropositive participants obtained lower scores on nume@roup (see Table 4). The CVHD also exhibited significantly
ous measures of processing speed, including the Symb8igher rates of past dependence on other drugs of abuse,
Digit Written subtestF (1, 247)= 7.03,p < .01], the Sym- and higher rates of mlr_lorlty ethn!c group representation.
bol Digit Oral subtestF(1, 248)= 14.13,p < .001], Trail Table 5 shows group d|ffer§nces in HIV |II_n_ess_ and treat-
Making Test B F(1, 248)= 6.79,p < .05], Stroop Word ment parameters as a functlc_)n of this stratification by level
[F(1, 243)= 5.87,p < .05], and Stroop Color-Word trials of current alcohol consumption. The CVHDgroup also
[F(1, 243)= 6.18,p < .05], as well as on numerous mea- had slightly lower rate of treatmenkf (1, 44)=3.27,p =
sures of auditory working memory efficiency, including 071 and significantly higher rates of viremig (1, 40)=
MicroCog Numbers Reversed Total ScoF€], 245)=4.97, 5.01,p = .025].

p < .05], the COWAT F(1, 247)= 4.24,p < .05], and a A 3 X 2 (3 Alcohol classifications< HIV) MANCOVA
trend in the direction of lower scores on the Brown- adiustingforage and AMNART revealed asignificant vV

Peterson Auditory TrigramsF[(1, 246)= 3.24,p < .10]. Alcoholinteractioninthe domain of Processing Speed [Hotell-
ing’sT(16, 432)= 2.57,p=.001] but not other NP domains.
Univariate ANCOVA adjusting forage and AMNART revealed
Individual Group Comparisons significant HIV X Alcohol interaction on Trail Making Test
Part A [F(2, 224)= 3.41,p < .05], Stroop Word Reading
In post-hocpairwise comparisons applying Bonferroni cor- [F(2, 224) = 3.28, p < .05], and Grooved Pegboard
rection and adjusting for age and AMNART-estimated 1Q,[F (2, 237)= 10.01,p < .001; see Figure 1Rost-hoair-
the HIV— LD controls demonstrated significantly better wise comparisons analysis revealed thatthe 21-HOVHD
performance than (1) the HIY HD on the Fregly- participants showed significant NP impairment compared to
Graybiel Ataxia measurep( < .05), (2) both HI\- HD every other group on Trail Making and Grooved Pegboard
and HIV+ HD on the Brown-Peterson Auditory Trigrams tests. After Bonferroni adjustment for multiple compari-
(p < .05 andp < .01 respectively), and (3) the HWW HD sons, the only significant difference was between HIVD
on Symbol Digit Substitution Test (Oral and Written trials, and HIV+ CVHD (p < .05).
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Table 4. Demographic and drinking characteristics of currently heavy drinker (CHD) and currently very heavy
drinker (CVHD) samples

HIV — CHD HIV — CVHD HIV + CHD HIV + CVHD
(n=31) (n=22) (n=30) (n=20)
M (SD) M M (SD) M (SD)
Age (years) 40.77 9.90 42.77 8.14 43.18 6.17 43.05 4.88
Education (years) 14.19 1.83 13.80 1.95 14.50 2.11 13.00 2.67
Gender: % male 87% 90% 91% 95%
AMNART estimated VIQ 116.26 7.80 110.06 9.62 114.25 9.95 110.81 10.94
BDI total score 9.61 8.65 12.93 9.22 13.64 7.03 11.40 9.24
Alcohol Use
Total drinks, past week 22.56 10.58 60.28 30.64 22.35 10.97 67.71 23.57
Drinks/month, past 3 years 194.71 181.50 226.40 131.74 199.52 127.77  323.35 175.75
Ethnicity:
% Caucasian 70% 48% 70% 48%
% African-American 23% 41% 22% 43%
% Hispanic 7% 3% 8% 9%
% Asian and other 10% 8% 0% 0%

Note VIQ = verbal 1Q; BDI= Beck Depression Inventory.

Supplementary Analyses

Effects of ART and viremia on processing speed

performance than Untreated H# on the Symbol Digit
Oral Test F(1, 111)= 5.03,p < .05] and Symbol Digit

4.87,p < .05], Symbol Digit Oral F(1, 101)= 4.74,p <
.05], Stroop Color-Word Reading TriaF[1, 101)= 5.05,

p < .05], and the Brown Peterson Auditory Trigrams task
A2 x 2 (Alcohol X ART) Univariate analysis of covariance [F(1, 101)= 4.58,p < .05]. There were no significant

Written Test F(1, 111)= 5.03,p < .05]. There was no

evidence of ARTX Alcohol (LD vs HD) interaction in the

hol effects on NP function were observed in both sup-
pressed and viremic subjects (see Figure 2).

Levels of drinking analysis in HIV seronegative

seropositive group. Similarly, ANCOVA revealed signifi- participants

cant effects of viral suppression on several measures of

processing speed including performance with non-dominarin post-hogairwise comparisons among the three levels of
drinking within the HIV— sample, with adjustment for

hand on the Grooved Pegboard examinatibfil] 101)=

Table 5. HIV characteristics of lightnon-drinker (LD) and heavy drinker (CHD, CVHD, HD)

HIV+ LD HIV+ CHD HIV + CVHD AllHIV + HD
(n=70) (n=23) (n=21) (n=56)
M (SD) M (SD) M (SD) M (SD)

Current CD4 count 366 (197) 355 (198) 385 (286) 37% (263)
Current viral load 76,927 (165,173) 79,540 (181,542) 78,00 (196,076) 93,334 (186,556)
% Viral load undetectabfe 31% 40% 10% 25%
% on ART 79% 78% 52% 64%
% AIDS 39% 26% 38% 27%

1Does not include individuals with undetectable levels.
2Undetectable Viral Loag- values below 50 copig¢sl.

an = 19.
bn =51,
°h=11.
dn = 18.
en = 20.
fn=65.
9n = 52.
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Fig. 1. Effects of drinking and viral suppression on neuropsychological fundiote:Averagez scores for individual
NP tests (referenced to the mean and SD of the LD group) have been converftsddes for ease of presentation.
Error bars represent standard deviations ofTfeores.
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Fig. 2. Effects of HIV and very heavy current drinking on attention and motor control meaduo¢s: Error bars
represent standard deviations.
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AMNART VIQ and Bonferroni correction, significantly Predictors of self-reported medication

lower scores were observed in the CVHD group compareédherence in HIV

with the LD group on the Fregly-Graybiel ataxia measure, ] S

on the WCST (Total Errors), and the Brown-Peterson Audi-Self-reported adherence to ART was associated with higher
tory Trigrams. Significantly lower performance was also CUrrent CD4 (s = .40,p < .05) and lower viral loadre =
observed in the CVHD compared to LD groups on the—-36,p < .05). Self-reported ART adherence was signifi-
delayed story recall from the MicroCog Test, and on Trail¢@ntly lower in the HDs than the L D$lean= .68, SD=
Making Test B. After adjusting for AMNART VIQ, CHD -22Vs Mean=.78,SD = .14;F(1, 72)= 6.30,p < .05].

differed from the LD group only on the WordF[1, 129)= Lower BDI score (s= —.45,p < .001) was also associated
4.90,p < .05], and Color F(1, 129)= 4.88,p < .05]  With more consistent medication adherence. Among the NP

reading trials of the Stroop Test. measures, only one significant association with self-reported
medication adherence was observed. Participants who dem-
. . . . onstrated an abnormal number of failures to maintain set on
Additional analyses involving potential NP the Wisconsin Card Sorting Test (with abnormal defined as
confounds two or moren = 24) also showed lower self-reported adher-

Univariate ANOVA repeated for each NP measure reveale§NC€ than those with fewer than two failures to maintain set
that female participants in the HIY sample performed (N =49) [Mean=.64,SD=.20vs. Mean=.77,SD=.17;
significantly more poorly than males on measures of reacF (1, 72) = 13.01,p < .001]. Correlations between the
tion time and Rey-Osterrieth Complex Figure Drawing émaining |nq|ces of execu'uvc_a f.unctlgn .a.nd memory and
delayed recall, and better on measures of verbal list learrRdherence failed to reach statistical significance.
ing. Exclusion of female participants from the analyses did
not substantially affect the main study findings. DISCUSSION

Given the substantial minority ethnic group representa-
tion within the HD sample and the potential for confound- The major findings of the present study were that (1) heavy
ing of the main study findings by ethnicity, we also carried drinking and HIV infection each demonstrate significant
out a comparison of NP performance by ethnicity within @dverse effects on NP function, (2) very heavy current drink-
the HD group to assess for potential confounding effectdnd and HIV infection showed synergistic adverse effects
of our unbalanced recruitment of ethnic minorities, con-0n aspects of motor and visuomotor functioning, and (3)
trasting the Caucasian sample with the combined sampl@eavy drinking, higher scores on a depression inventory,
of African-American and Hispanic participants. African- and lower performance on one measure of executive func-
American and Hispanic participants in the HD group werelion were associated with reduced self-reported adherence
less well educated < .05) and scored lower on the tO antiretroviral medication.
AMNART (p < .01), a measure of reading vocabulary
e o callte estimaled baseine o PIEfects of Alcohol, IV and Comorbidiy on
and Hispanic participants drank also more heavily>&t Neuropsychological Functioning
drinks per day) in the past week in our study (688  The first set of major findings concerned the individual and
39%, y? = 4.13, p < .05). Previous research has sug-combined effects of HIV and alcohol. Generally, HIV and
gested that in a mixed sample of African-Americans andchronic heavy drinking failed to show clear synergistic effects
Caucasians elderly study participants, adjustment for reackcross all NP domains. Nevertheless, the most robust group
ing proficiency attenuates or eliminates differences in NPRdifferences were noted in the contrast of the comorbid HIV
performance related to ethnicity (Manly et al., 2002). HD group and the seronegative LD control group.
Because ethnicity was confounded with drinking severity Heavy drinking showed robust effects on measures of
and AMNART VIQ in our sample, we calculated a MAN- working memory, balance, and executive function, and cur-
COVA to assess effects of ethnicity on NP scores afterent very heavy (past week) drinking appeared especially
adjustment for AMNART VIQ and current alcohol con- detrimental to NP test performance. These observations are
sumption (quantity consumed per occasion during the pagienerally consistent with results of previous studies of heavy
week) within the HD samplen(= 100). We found that social drinkers, which suggest that NP decrements are more
ethnicity did not account for significant additional vari- reliably noted when studies involve individuals drinking
ance on any NP measure. higher quantities (see Parsons & Nixon, 1998 and Parsons,

Similarly, among members of the HD group, a history of 1998 for review).
past dependence on a substance other than alcohol was noHIV was associated with deficits in processing speed and
associated with NP performance after adjusting for age anduditory working memory. In supplementary analysis, ART
AMNART VIQ. Together these findings support the strat- was associated with better processing speed, and level of
egy of controlling for AMNART score and education in plasma viral burden appeared to be a significant predictor
addition to age in all analyses related to our major studyof HIV — associated NP decrements. Indeed Hilyartici-
hypotheses. pants with viral suppression showed no statistically signif-
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icant decrements relative to HI controls in the present contribute to difficulties in balance experienced by absti-
study, although the scores of this group were generally lowenent heavy drinkers (Sullivan et al., 2000). Results of pre-
than those of the controls. These findings are consistentious NP investigations suggest that cerebellar dysfunction
with most previous studies since the advent of ART, whichalso contributes in important ways to timing and coordina-
show benefit of viral suppression on cognition and low rategion of a variety of higher cognitive operations (Arroyo-
of severe cognitive impairment in clinically asymptomatic Anllo & Botez-Marquard, 1998; Harris et al., 1999). Alcohol
patients (Childs et al., 1999; Ellis et al., 2002; Margolin effects in motor balance and other domains observed in the
et al., 2002). current study may in part reflect cerebellar dysfunction,
The results suggest that some areas of cognitive functiopossibly in conjunction with more widely distributed mild
(e.g., working memory) may be adversely affected by bothcerebral dysfunction. In contrast, our HiVgroup showed
heavy alcohol and HIV, but that there may be a greategreater difficulty in measures of processing speed, and viral
effect of alcohol on measures of working memory, execu-burden in particular was associated with lower working
tive function, and motor balance, and a greater effect omemory. Earlier studies suggest that such decrements have
HIV on processing speed. Greater-than additive effects wera basis in lowered frontal or subcortical functioning in HIV
seen in the heaviest currently drinking H\Vgroup on sev-  (e.g., Hall et al., 1996). Based on the present findings, we
eral measures of visual attention, motor dexterity, and speespeculate that HIV*associated subcortical dysfunction and
(Trail Making Test A, Grooved Pegboard). alcohol-associated cerebellar and other cerebral dysfunc-
Together the findings suggests that co-occurring heavyion may combine to produce deficits affecting complex
alcohol consumption and HIV disease are associated withttention, working memory, and other tasks dependent on
lower NP functioning than either factor alone, that the effectssequencing, timing, and motor control. Alternatively, or in
of HIV are greatest in those with viremia, and that acuteaddition, both alcohol and HIV infection have the potential
very-heavy alcohol consumption>6 drinks per day last toinduce sensory and motor neuropathies, which could also
week) and HIV may result in synergistic adverse effects oraffect performance on some of the same motor and visuo-
motor and visuomotor functioning. The results appear tamotor tasks. Furthermore, the cumulative Amdsynergis-
corroborate previous research involving NP assessment (Dutic adverse effects of HD and HIV observed in seropositive
vasula et al., 2001), event-related potential (ERP) (Feinndividuals may be mediated in part by CNS morbidity asso-
et al., 1995), and magnetic resonance spectroscopy (Meyiated with lower treatment adherence in heavy drinkers.
erhoff et al., 1995) that all suggested additive or synergistic There are several limitations of the present study. First,
CNS effects of alcohol and HIV. Our results differ from an sampling criteria excluded moderately drinking persons from
earlier neuropsychological study (Durvasula et al., 2001) irparticipation in the study, which may limit generalizability
that we noted significant interaction between alcohol paramef the present conclusions across the spectrum of community-
eters and serostatus only at very heaviest current levels aésiding active social drinkers not in treatment. However,

alcohol consumption. the current findings suggest that synergistic effects of alco-
hol and HIV on NP function are unlikely in social drinkers
Correlates of Medication Adherence with more moderate rates of alcohol consumption.

Second, although we utilized age and education as covari-

. . . ?tes in the current analysis, it is possible that the observed
Beck Depression Inventory scores were associated with self- .
roup differences were related to factors that were not fully

reports of more frequentlapses in ART adherence. ThevvCScontrolled for. Covariance analysis has the potential to reduce

failure-to-maintain-set score assesses vulnerability to dis- . . . . )
traction during complex problem solving. The association of/anance thatis _a_Iso associated with such other factors, !'m'
i . jting interpretability (Adams et al., 1985). Unbalanced dis-

that cognitive dysfunction may contribute to lower medica\f\frlbutlon in the rates of other substance use might also factor

tion adherence in everyday life (Hinkin et al., 2002; SelnesInto the apparent additive effects of HIV and alcohol (Rip-

L NP peth et al., 2004). Similarly, unbalanced distribution in rates
2002). The presentfindings contrastwith Hinkin etal. (2002),8f viremia and ART between HB and CVHD+ may have

who noted that global function and memory were aSSOCIat“:‘contributed to some of the significant interactions observed

with lower medication adherence, and with Avants et al'inthis study. Furthermore, although liver function tests ruled
(2001), who found an association between lower Trail Mak- Y- ' 9

) ; ﬁ)ut the presence of more severe liver disease, the rates of
ing Test B performance and failures of adherence. Overa . o . ;

- . - comorbid hepatitis C, which we did not formally assess,
these findings suggest that subtle attentional vulnerability may .

. . . . ay not have been comparable across the main study groups,
be associated with self-report of adherence failures in a rel- . ;
i . o potentially accounting for some of the observed effects.

atively high functioning HI\A+ cohort. .

Finally, recent reports suggested that gay men perform bet-
) ) ter than heterosexual men on some measures of verbal asso-
General Discussion ciative fluency (Rahman et al., 2003a) and lower on measures
The mechanisms whereby H#V heavy drinkers, espe- of visuospatial processing (Rahman et al., 2003b). Such an
cially those with higher plasma viral load, develop difficul- association of sexual orientation with cognitive functioning
ties in NP functioning remain unclear. It has been suggestethay mask certain HIV effects and interactions in our study

by previous investigators that cerebellar degeneration magnd exaggerate others.

Drinking severity, WCST failures-to-maintain-set, and higher
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More generally, the mechanisms contributing to the medication regimens during methadone stabilizaffdre Amer-
observed group differences cannot be clearly established ican Journal on Addictionsl0, 69-78.
through a cross-sectional study. A further possible basis foPenedict, R.H.B. (1997Brief Visuospatial Memory Test-Revised:
the lower NP functioning in HIW- HDs is lingering effects Professional ManualOdessa, FL: Psychological Assessment
from previous CNS injury due to past alcoholic crises or  Resources. - _
HIV —related illness. Likewise it remains possible that theBeMoMN A.L. & Hamsher, K. (1983Multilingual Aphasia Exam-

. . ination. lowa City, 1A: AJA Associates.
adverse effects seen in the CVHDs were mediated by Su%ornstein, R.A., Fama, R., Rosenberger, P., Whitacre, C.C., Para,

clinical withdrawal symptoms or hangover effects (Yesav- = ¢ Nasrallah. H.A. (1993). Drug and alcohol use and
age & Leirer, 1986; Wiese et al., 2000). Alcohol withdrawal e ,ropsychological performance in asymptomatic HIV infec-

may include mild to moderate clouding of sensorium, tremor  tion. Journal of Neuropsychiatry and Clinical Neuroscienge
and restlessness, nausea, anxiety, headache, and sensitivityp54-259.

to noise and light. Although these symptoms were not explicBrandt, J., Butters, N., Ryan, C., & Bayog, R. (1983). Cognitive
itly reported by participants at testing nor generally noted loss and recovery in long-term alcohol abusekgchives of
by the tester, they could potentially contribute to lower cog-  General Psychiatry40, 435—442.

nitive functioning in some active heavy drinkers. Chesney, M.A. (2000). Factors affecting adherence to antiretro-
viral therapy.Clinical Infectious Diseases30 (Suppl. 2),
S171-176.

Future Directions Childs, E.A., Lyles,R.H., Selnes, O.A., Chen, B., Miller, E.N., Cohen,

Studi inina NP lati ith . . d B.A., Becker, J.T., Mellors, J., & McArthur, J.C. (1999). Plasma
tudies examining correlation with neuroimaging an viralload and CD4 lymphocytes predict HiVassociated demen-

utilizing quantitative measures of subclinical withdrawal {5 ang sensory neuropathyeurology 52, 607—613.
are needed to refine theories of potential mechanisms afiifford, D.B., Jacoby, R.G., Miller, J.P., Seyfried, W.R., & Glicks-
neurocognitive decrement in actively drinking H¥ man, M. (1990). Neuropsychometric performance of asymp-
infected persons. Longitudinal studies are also needed to tomatic HIV— infected subjectsAIDS, 4, 767-774.
more firmly establish additive effects and synergy involv- Cook, R.L., Sereika, S.M., Hunt, S.C., Woodward, W.C., Erlen,
ing HIV infection and heavy drinking, and to determine if ~ J.A., & Conigliaro, J. (2001). Problem drinking and medication
NP morbidity is cumulative and progressive in the context ~adherence among persons with HIV infectidournal of Gen-
of continued heavy drinking in HIV disease. Finally, objec- _ €ral Interal Medicing 16, 83-88.
tive assessment of day-to-day variation in ART adherenc&@®e!S: D-C.. Kramer, JH., Kaplan, E., & Ober, B.A. (198The
. ; . . . California Verbal Learning TestNY: The Psychological
and level of regimen complexity are needed in conjunction Corporation.
with longitudinal assessment of NP fgncﬂomng, dr|nl_<|ng, Denman, S. (1984). Denman Neuropsychology Memory Scale.
and other health-related parameters, in order to examine the charleston, SC (privately published).
relationships among these variables and such outcomes ggutsch, R., Ellis, R.J., McCutchan, A., Marcotte, T.D., Letendre,
drug resistance and increasing viral burden in HIV infection. S, Grant, I., & the HNRC Group (2001). AIDS—associated
mild neurocognitive impairment is delayed in the era of highly
active antiretroviral therapy (HAARTAIDS, 15, 1898-1899.
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