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Abstract
The literature suggests that nondeclarative, or nonconscious, learning might be impaired among
HIV+ individuals compared with HIV− matched control groups, but these studies have included
relatively few women. We administered measures of motor skill and probabilistic learning, tasks
with a nondeclarative or procedural learning component that are dependent on integrity of
prefrontal-striatal systems, to well-matched groups of 148 men and 65 women with a history of
substance dependence that included 45 men and 30 women seropositive for HIV. All participants
were abstinent at testing. Compared to HIV− women, HIV+ women performed significantly more
poorly on both tasks, but HIV+ men’s performance did not differ significantly compared to HIV−
men on either task. These different patterns of performance indicate that features of HIV-
associated neurocognitive disorder (HAND) can not always be generalized from men to women.
Additional studies are needed to address directly the possibility of sex differences in HIV-
associated neurocognitive disorder (HAND) and the possibility that women might be more
vulnerable to the effects of HIV and substance dependence on some neurocognitive functions.

Keywords
HIV; neurocognition; substance use disorders; addiction; sex differences; procedural learning

Converging evidence has shown that a positive HIV serostatus or history of substance
dependence is associated with impaired executive functions critically dependent on the
integrity of prefrontal-striatal circuitry, such as response inhibition and decision-making
(Bechara et al., 2001; Goldstein & Volkow, 2002). Given the regional distribution of HIV-
associated neuropathology, which includes prominent atrophy of caudate and putamen and
neuron loss in prefrontal cortex, it is not surprising that HIV-seropositive substance
dependent individuals (SDIs) have shown consistent impairment in these functions
compared with matched HIV− SDIs. More recently, the question has been raised whether
HIV+ SDIs show impaired performance compared with HIV− SDIs on non-executive tasks
that are critically dependent on striatal integrity.

“Nondeclarative” memory refers to acquisition and retention processes with a nonconscious
component that are critically (although not solely) dependent on the integrity of prefrontal-
striatal neural systems. ”Procedural” learning (PL) refers to a type of nondeclarative
memory for motor and cognitive abilities that is often disrupted among patients with basal
ganglia disorders, such as Parkinson disease. PL integrity has thus been of particular interest
to investigators of HIV-associated neurocognitive disorder (HAND). Several studies have
reported that HIV+ subjects performed more poorly on motor skill learning tasks such as the
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Rotary Pursuit compared with HIV− controls (e.g., Gonzalez et al., 2008; A. Martin, Heyes,
Salazar, Law, & Williams, 1993). In a recent study by Gonzalez et al. (2008), HIV+ SDIs
performed poorly overall on two measures of motor skill learning, the rotary pursuit task
(RPT) and the Star Mirror Tracing (SMT). Overall SMT performance was significantly
impaired among the HIV+ compared with the HIV− subjects while group comparison of
overall RPT performance showed a nonsignificant trend (p=.06) toward impaired
performance among the HIV+ participants; however, the groups showed no evidence of
different learning rates, as indexed by patterns of performance across trial blocks. The
investigators concluded that the HIV+ participants’ impaired performance on these tasks
was more consistent with a general deficit in complex motor skills rather than a selective
impairment of procedural learning. This conclusion received support from their finding of
no significant differences in performance among HIV+ and HIV− participants on the
Weather Prediction Task (WPT), a non-declarative measure of probabilistic learning without
a significant motor component (Knowlton, Mangels, & Squire 1996).

It is critical to note that these studies tested all- or predominantly male samples of HIV+
individuals. Relatively few studies of HIV-associated neurocognitive disorder (HAND) have
included sufficient numbers of HIV+ women to explore gender differences (e.g., Fox-
Tierney, Ickovics, Cerreta, & Ethier, 1999). Multiple lines of evidence suggest that patterns
of neurocognitive performance observed among HIV+ compared with HIV− men might not
be readily generalizable to women, although the current state of knowledge is insufficiently
detailed to support more specific hypotheses regarding sex differences in HAND. For
example, male performance advantage, sex differences in underlying regional brain activity,
and sex differences in patterns of deficit following lateralized damage to the ventromedial
prefrontal cortex have all been reported for a specific measure with known sensitivity to
HIV, the Iowa Gambling Task, (Bolla, Eldreth, Matochik, & Cadet,, 2004; Hardy, Hinkin,
Levine, Castellon, & Lam, (2006). Martin et al., 2004; Tranel, Damasio, Denburg &
Bechara, 2005). Additionally, there are high concentrations of estrogen receptors in multiple
brain regions affected by HIV, including striatum (Donahue et al., 2000); prefrontal cortex
(MacLusky, Naftolin, & Goldman-Rakic, 1986) and hippocampus (Lu, Zeng, Swaab, Ravid,
& Zhou, 2004; Ishunina, Fischer & Swaab, 2007), raising the question of increased
detrimental effects on some aspects of neurocognitive function among HIV+ women since
fluctuations in ovarian hormone activity can influence both declarative and non-declarative
memory performance (e.g., Maki, Rich, & Rosenbaum, 2002); conversely, estradiol is
protective of striatal dopamine neurons (see Dluzen, 2000 for a review), suggesting that HIV
+ women might be paradoxically less vulnerable to impairment of some aspects of
neurocognitive function.

In this study we administered the rotary pursuit task (RPT) and the Weather Prediction Task
(WPT) to an independent sample of HIV+ and HIV− SDIs that included a larger group of
women compared with previous studies of PL and HIV, in order to explore the possibility
that patterns of PL might be different for HIV+ men and women compared with their
respective HIV-controls. Different patterns of neurocognitive performance (and specifically
in learning) associated with gender and HIV serostatus would have significant translational
implications for development of targeted interventions such as cognitive stimulation
therapies or behavioral components of addiction treatment.

Method
Participants

Study participants were recruited from infectious disease and substance dependence
treatment clinics at the University of Illinois-Chicago and the VAMC-Jesse Brown,
community substance dependence treatment programs, and by word of mouth. We studied
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148 men and 65 women with a mean age of 41.3 years (IQR = 37, 47) and mean education
of 11.9 years (IQR 11, 13) enrolled in a larger ongoing study of cognitive effects of HIV and
drug abuse. The participant sample was approximately 87% African American and 13%
Euro-American or Hispanic; there were no differences across groups in ethnic composition,
χ2 < 1. All subjects met DSM-IV criteria for past cocaine or heroin dependence. Exclusion
criteria for both HIV+ and HIV− groups included a positive rapid urine toxicology screen or
Breathalyzer result at testing, history of AIDS-defining or other CNS disease, a diagnosis of
current substance use disorder or major depression by DSM-IV criteria, positive hepatitis C
serostatus, or history of schizophrenia, learning disability, open head injury of any type,
seizure disorder or closed head injury with more than 30 minutes’ loss of consciousness. The
majority of subjects abused multiple substances: 70% of subjects were diagnosed with
previous alcohol dependence; 60% with cannabis dependence; 50% with opioid dependence;
and 82% with previous cocaine dependence. No subject had participated in the previous
procedural learning study conducted by our group (Gonzalez et al., 2008).

The HIV-seropositive group included 30 women and 45 men. All HIV+ subjects were
ambulatory and capable of outpatient testing; median CD4 count was 315 and 30% of
participants were diagnosed with immunologic AIDS (CD4 < 200) at the time of testing.
HIV RNA (viral load) levels were undetectable among 64% of the sample, and 89% were
currently prescribed highly active antiretroviral therapy (HAART). There were no
significant sex differences on any of these disease characteristics at testing (Current CD4:
Mann Whitney Z = −.97, p = .33; nadir CD4; Mann-Whitney Z = −1.61, p = .11;
undetectable viral load: χ2 < 1; current AIDS diagnosis: χ2(1) = 1.87, p = .17; and current
HAART: χ2 < 1 There was a nonsignificant trend toward a greater lifetime prevalence (76%)
of an immunologic AIDS diagnosis [i.e. a nadir CD4 count < 200] among men compared
with women (76% vs. 54%; χ2(1) = 3.3, p = .07). The HIV− SDI group included 35 women
and 103 men verified HIV− by ELISA at testing.

Abstinence from cocaine, opioids, and methamphetamine was verified by rapid urine
toxicology screening and breath tests for alcohol were negative for all subjects.
Approximately 6% of subjects tested positive for tetrahydrocannabinol (THC), consistent
with relatively recent marijuana use; following accepted practice in the current literature
(e.g., Rippeth et al., 2004) we did not exclude these participants, since THC can be detected
on urine toxicology screens up to a month following cessation of use and no participant was
acutely intoxicated.

Rotary Pursuit—The RPT (Lafayette Instruments) has been widely used in the literature
to measure procedural learning of motor skills among healthy participants and multiple
clinical groups. Patients with diseases that primarily affect the basal ganglia (e.g.,
Huntington's and Parkinson's disease) tend to show impaired performance on the RPT
relative to controls and relative to patients with neurodegenerative diseases that show
relative sparing of basal ganglia, such as Alzheimer disease or midtemporal amnestic
disorder (Salmon & Butters, 1995). The testing apparatus consists of a turntable with a disk,
which can be set to rotate at varying speeds. The RPT requires participants to hold a plastic
stylus steadily over a target (patch of light) on a rotating disk as it spins (van Gorp et al.,
1999). Participants complete 10 20-second testing trials with a 10s rest following each trial1.
For the present study the revolutions per minute (RPMs) of the turntable was set to 55 for all
participants; this value represents the average RPMs reported from previous studies using
the pursuit rotor among healthy controls and patient groups without dementia (Weickert et
al., 2002). We chose to employ a single RPM in order to minimize potential procedural
learning likely to occur with the "training-to-criterion" method sometimes employed to
establish individual RPM for each subjects. Current experience in our laboratory (i.e.,
Gonzalez et al., 2008) with this task suggests that this speed is adequate for our patient
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population in that it appears to be of appropriate difficulty to minimize floor effects, but
challenging enough to prevent participants from rapidly reaching an asymptote in their
performance. Time on target is the outcome measure calculated for each trial.

Weather Prediction Task—The WPT is a computerized task has been used successfully
as a probe of probabilistic classification learning in healthy adults (Poldrack, Prabhakaran,
Seger, & Gabrieli, 1999; Poldrack et al., 2001) and in patient groups with basal ganglia
pathology or midtemporal amnesia (Knowlton et al.,, 1996; Shohamy, Myers, Onlaor, &
Gluck, 2004). Test stimuli consist of a set of four cards with varying geometric patterns. On
each trial, a combination of up to three different cards is displayed on the computer monitor.
The subjects are told that some card combinations predict sunny weather and others predict
rain. They are instructed to press a key labeled "sun" or a key labeled "rain" to register their
prediction as each card display appears. Participants are told that they may need to guess at
first. No other instructions are provided. After each key-press, the computer provides visual
and auditory feedback to indicate if the choice is correct. Participants are administered 200
consecutive trials. For 50% of trials the correct outcome is "sun" and for 50% the correct
outcome is "rain." Each of the four display cards is associated with a fixed probability of
predicting "rain" or "sun." The test employs a total of 14 different card patterns, each with a
specific probability of occurring across the 200 trials. "Optimal" responses are those when a
participant chooses the most likely outcome associated with a particular combination of
cards, regardless of the feedback provided by the computer on that given trial (i.e., optimal
responses are based on probabilities). For example, if 80% is the fixed probability of a
specific card combination, on 80% of the trials this combination appears “rain” might be the
correct response; in this instance on the additional 20% of trials the “rain” response would
be considered incorrect. Task performance is measured by the percent of optimal responses,
overall and for each of four 50-trial blocks. These procedures (Knowlton et al., 1996) and
the probability structure employed (Gluck, Shohamy, and Myers, 2002, Experiment 2) have
been previously described in detail. As with Gonzalez et al (2008) we modified the WPT
parameters to minimize any impact that processing speed problems may have on task
performance by allowing participants 10 seconds to provide a response, rather than 5
seconds.

Results
Group characteristics

We conducted a preliminary series of analyses in order to determine the comparability of the
participant groups (i.e., HIV− men, HIV+ men, HIV− women and HIV+ women) on a series
of demographic, substance abuse and comorbid characteristics using one-way analyses of
variance (ANOVA) for continuous data and chi-square analyses for categorical data,
employing a significance level of .01 to minimize the possibility of Type I error. Tables 1 to
3 show the results of these comparisons. Results of this series of analyses indicated
satisfactory matching of groups, sexes, and sex within groups on demographic and substance
use characteristics and on comorbid conditions associated with substance use disorders
(SUDs).

Rotary Pursuit
Figure 1 shows the Rotary Pursuit task performance. Following Gonzalez et al. (2008), we
reduced data from 10-trial to 5-trial blocks by averaging trials 1 and 2, trials 3 and 4, and so
forth, in order to decrease variability. The RPT data were analyzed by mixed factor analysis
of variance (ANOVA) with HIV Serostatus and Sex as between-subject factors and Trial
Block as the within-subjects factor. Analysis of the RPT data showed the expected
significant main effect for Trial Block, F (4,824) = 97.0, p < .00001, verifying that task
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performance improved (e.g., time on target increased) significantly over trial blocks across
Serostatus and Sex. There was a marginally significant trend toward poorer overall RPT
performance by the HIV+ compared to the HIV− group, F(1,206) = 3.54, p = .06, and no
significant main effect for Sex, F < 1. There was a significant Sex x Serostatus interaction, F
(1,206) = 4.42, p < .05, ε2 = .02; follow up ANOVA indicated that HIV− women
outperformed the HIV+ women, showing significantly more time on target across Trial
Blocks, F (1, 59) = 6.80, p = .01 ε2 = .09, but there were no significant differences in overall
RPT performance between HIV+ and HIV− men, F < 1. There were no statistically
significant Serostatus x Trial Block, Sex x Trial Block, or Sex x Serostatus x Trial Block
interactions, F < 1 for each comparison.

Weather Prediction Task
Figure 2 shows WPT performance. WPT data were also analyzed by mixed factor ANOVA
with Sex and Serostatus as between factors and Trial Block as within factor. Subjects’
performance of the WPT showed the expected significant main effect for trial block,
F(3,634) = 11.7, p < .00001, verifying that overall performance improved significantly (i.e.,
total number of optimal choices increased) across trial blocks, serostatus, and sex. Review of
main effects for Serostatus and Sex indicated that the HIV+ group performed the WPT
significantly more poorly overall compared with HIV− controls, F(1,208) = 4.99, p < .05, ε2

= .02,. The main effect for Sex and the Sex x Serostatus, Block x Sex and Block x Serostatus
interactions did not reach statistical significance, F < 1 for each test. However, we found a
significant Block x Sex x Serostatus interaction, F(3,600) = 3.12, p = .02, ε2 = .02,
indicating that the Block x Serostatus interaction differed significantly for men and women;
this suggested that the learning rate for HIV+ compared to HIV-participants was different
for men and women. Thus, we analyzed the linear trend components of the Block x
Serostatus interaction separately for men and women. The linear component of the Block x
Serostatus interaction differed significantly for the women, F(1,62)=4.12, p = .05, ε2 = .06,
but not for the men, F(1,146) = 2.71, p = .10. Inspection of the means (Figures 3 and 4)
indicated that HIV− women’s WPT performance steadily increased while the HIV+
women’s performance showed minimal improvement, F < 1.

We then repeated both PL analyses controlling for BDI and SRPS scores and results were
unchanged.

HIV-associated variables and PL task performance
We then conducted a series of exploratory analyses of data for the HIV+ groups in order to
evaluate potential relationships between task performance and indicators of disease status
for men and women. We employed a probability level of .01 for these exploratory analyses
to reduce the chance of Type I error. For the HIV+ women, current CD4 count correlated
significantly with overall RPT performance, r = .50, p = .005, but not with WPT, r = .30, p
=.12. There were no significant performance differences for HIV+ women with undetectable
versus detectable HIV RNA (RPT: t < 1; WPT: t(26) = −1.1, p =.32). CD4 counts did not
correlate significantly with either task for the HIV+ men, (RPT: r = .06, p = .68; WPT: r =
−.14, p = .37), and both RPT and WPT performance did not differ significantly for men with
detectable versus undetectable viral load, F < 1 for both comparisons. Almost all subjects
were prescribed HAART at testing so no comparisons were made between treated versus
untreated subjects.

Discussion
Performance on tasks with a procedural learning component depends primarily on the
integrity of prefrontal-striatal brain systems, regions prominently affected by HIV, with
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critical involvement of striatum. There is mixed evidence in the literature of HIV-associated
deficits in PL, but available studies have tested relatively few women (e.g., Martin et al.,
1993; Gonzalez et al., 2008). In the current study we administered tasks of motor skill and
probabilistic classification learning to well-matched groups of substance dependent men and
women to explore patterns of PL task performance among HIV+ men and women compared
with their respective HIV− peers. We found that the HIV+ women performed both the
motor (Rotary Pursuit Task (RPT) and cognitive (Weather Prediction Task (WPT) learning
tasks significantly more poorly compared with HIV− women, but HIV+ compared to HIV−
men’s performance did not differ significantly on either of these tasks. Although all
participants showed significant improvements in their performance across Trial Blocks of
the RPT, suggesting adequate PL, this was not the case for the WPT. HIV+ women did not
show significant improvements in their performance across Trial Blocks of the WPT,
whereas HIV− women, HIV+ men, and HIV− men did improve significantly.

Gonzalez et al (2008) recently reported that compared to HIV− controls, HIV+ participants
performed the Star Mirror Tracing (SMT) significantly more poorly and showed a
marginally significant trend toward impaired performance of the RPT but showed no
evidence of impairment on the Weather Prediction Task; however, their study sample was
primarily male. In the current study, we did not employ the SMT, but did find that the HIV+
women showed overall poorer performance on the RPT compared with HIV− women but
showed no evidence of a specific PL impairment, which would have been manifested by a
significant interaction involving the Trial Block factor; these RPT findings support Gonzalez
et al.’s hypothesis that impaired complex motor function, rather than PL deficits, might
underlie the HIV+ subjects’ poorer RPT performance. Our findings reinforce Gonzalez et
al.’s conclusion that more specific measures of simple and complex motor performance are
needed to investigate the underlying mechanisms of impaired RPT performance among HIV
+ compared with HIV− SDIs. Additionally, our finding of a sex-specific deficit in RPT
performance suggests that the trend toward significantly poorer overall RPT performance
among HIV+ compared with HIV− groups observed by Gonzalez et al might have been
driven primarily by deficits among the small number of HIV+ women in their sample.
Finally, RPT performance for the HIV+ women correlated significantly and positively with
current CD4 count, suggesting that RPT scores might index current level of immune
function; however, this finding awaits replication, since RPT performance did not correlate
significantly with CD4 among the HIV+ men.

The HIV+ women in our study also performed more poorly compared to HIV− women on
the Weather Prediction Task, a measure of probabilistic classification learning with
essentially no motor component. Unlike the RPT findings, the HIV+ women’s pattern of
WPT performance was consistent with a specific impairment in PL; the linear increase in
their task performance over trial blocks was significantly lower than the HIV− women’s
performance. One might speculate that impairments in different component functions or
underlying neural systems might contribute to the HIV+ women’s deficits in WPT compared
with RPT performance. This possibility is compatible with reports from the cognitive
neuroscience literature emphasizing activity of both striatal and medial-temporal-
hippocampal systems during probabilistic learning (e.g., Poldrack et al., 1999; Poldrack &
Packard, 2003), in relative contrast with primary involvement of striatal and cerebellar
involvement during motor skill learning (Doyon & Benali, 2005; Doyon, Penhune, &
Ungerleider, 2003). However, these studies also caution against overly simplistic models of
PL or dichotomous classification of declarative/nondeclarative learning systems: for
example, multiple learning strategies can be employed for successful WPT performance
(Gluck et al., 2002) and WPT task parameters can be manipulated to increase demands on
declarative memory with corresponding changes in patterns of brain activity (Poldrack et al.,
2001). Thus, questions of differences in underlying component functions or patterns of brain
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activity contributing to HIV+ women’s performance on PL tasks are appealing but entirely
speculative at present and await more detailed study.

Direct investigation of possible sex differences in PL task performance among HIV+ drug
users and their potential neural mechanisms is the logical next step in this program of
studies. Compared to men, women show less dopamine release from the caudate following
amphetamine administration (Munro et al., 2006) and show higher presynaptic dopamine
synthesis capacity (Laakso et al., 2002); so the specificity of the impairment among only the
HIV+ women may reflect sex differences in the extent to which these two non-declarative
tasks engage striatal mechanisms. Alternatively, it is possible that the HIV+ women were
less able than men to compensate for prefrontal-striatal dysfunction by using midtemporal-
hippocampal learning strategies to perform the WPT successfully. The hippocampus is
noteworthy for high concentrations of both virus and estrogen receptors (Maki & Martin,
2009) and hippocampal activity is significantly lower among HIV+ individuals compared
with HIV− controls in functional brain imaging studies (Maki et al., 2009; Castelo,
Sherman, Courtney, Melrose, & Stern, 2006).

The question of generalizability of our findings beyond nondeclarative learning will require
future studies with measures of additional neurocognitive functions such as declarative
learning. Interpretation of our results is also necessarily limited because all participants had
a history of substance use disorder (SUD). There is strong evidence in the literature that HIV
can interact with certain substances of abuse resulting in additive or synergistic effects on
neurocognition (Gonzalez & Cherner, 2008; Rippeth et al., 2004; Sassoon et al., 2007). One
might speculate that any sex differences in neurocognition among HIV+ drug users might
reflect a greater vulnerability to these interactive effects among HIV+ women. In this regard
we note that significantly more HIV+ men in the current study had a lifetime diagnosis of
immunologic AIDS compared to HIV+ women, suggesting that the HIV+ women’s
impairment on PL tasks might appear earlier in the course of disease progression

Findings from the addiction neuroscience literature also support the possibility that
combined effects of a positive HIV serostatus and substance dependence could influence
neurocognitive performance differently for men and women, though considerable work is
needed to disentangle these effects. Numerous studies have documented sex differences in
components of the addictive process (Cahill, 2006; Wetherington, 2007); for example,
women escalate their drug use more rapidly than men and are more responsive to drug-
related cues (Becker & Hu, 2008). Additionally, underlying neural correlates of addictive
behavior observed among women are in some cases distinct or even opposite of effects
observed in males. For example, a PET study by Kilts, Gross, Ely & Drexler (2004)
demonstrated that cue-induced craving was associated with increased amygdala activation in
males but decreased activity in women. Finally, Adinoff et al (2006) have reported evidence
of sex differences in the effects of cocaine use on OFC activation. In the absence of a non-
SDI control group we cannot rule out the possibility that our results can be explained partly
or entirely by sex differences in neurocognitive aspects of addiction rather than HIV
serostatus. Inclusion of non drug using control groups will be enable us to address this
question more directly by comparing neurocognitive performance between men and women
with single (i.e., HIV or substance dependence), multiple or no risk factors, and these studies
are currently in progress in our laboratory. Additionally, our observations were limited to
behavioral performance of experimental cognitive tasks without functional neuroimaging or
standard clinical neuropsychological tasks; collaborative studies incorporating these
measures are currently in progress (e.g., Maki et al., 2009).

Current recommendations for the neurocognitive assessment of HIV disease are essentially
gender neutral; however, Maki and Martin (2009) note that possibly female-specific patterns
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of HAND have not been investigated despite their potential significance. The results of this
descriptive preliminary study suggest neurocognitive test performance by HIV+ men is not
automatically generalizable to HIV+ women. Further investigation of sex differences in
learning and memory function in this population could have critical translational
implications such as emphasis on different learning strategies for men and women in
substance abuse treatment as well as management of HIV disease (Cahill, 2006).
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Figure 1.
Rotary Pursuit Task performance for HIV+ vs. HIV− men (left) and HIV+ vs. HIV− women
(right)
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Figure 2.
Weather Prediction Task performance for HIV+ vs. HIV− men (left) and HIV+ vs. HIV−
women (right)
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Table 4

Disease characteristics for HIV+ Participants

Men Women Test Statistic* p

% HAART 91 86 χ2 = .40 .53

% Current AIDS 36 21 χ2 = 1.87 .11

% Lifetime AIDS 76 54 χ2 = 3.3 .07

Current CD4 count (median) 292 370 Mann Whitney Z = −.97 .33

Nadir CD4 count (median) 90 186 Mann-Whitney Z = −1.61 .11

% undetectable HIV RNA 62 66 χ2 = .08 .77
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