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Abstract
HIV+ substance-dependent individuals (SDIs) show emotional distress and executive impairment,
but in isolation these poorly predict sexual risk. We hypothesized that an executive measure
sensitive to emotional aspects of judgment (Iowa Gambling Task; IGT) would identify HIV+ SDIs
whose sexual risks were influenced by emotional distress. We assessed emotional distress and
performance on several executive tasks in 190 HIV+ SDIs. IGT performance interacted
significantly with emotional distress, such that only in better performers were distress and risk
related. Our results are interpreted using the somatic marker hypothesis and indicate that the IGT
identifies HIV+ SDIs for whom psychological distress influences HIV risk.
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Although learning of an HIV diagnosis tends to decrease risky sexual behavior, a subset of
HIV-infected individuals continue to engage in such behavior after diagnosis (Marks,
Crepaz, Senterfitt, & Janssen, 2005). This puts their partners at risk for contracting HIV and
increases their own risk for coinfection with other sexually transmitted diseases or
reinfection with drug-resistant HIV. Substance-dependent HIV+ individuals may be
particularly prone to continued sexual risk taking, making this a key population for study
(Kalichman, 2008; Kalichman, Rompa, & Cage, 2000). Examining risk taking in HIV+
substance-dependent individuals (SDIs) may also be uniquely informative to theories linking
emotion and executive functioning to risk. HIV+ SDIs have higher rates of compromised
neurocognitive functioning and of emotional distress, thus giving the opportunity to study a
population with wide variations in those factors. To date, literature examining the separate
and individual contributions of emotional distress and neurocognitive functioning to sexual
risk has produced mixed results. In this paper we use the somatic marker hypothesis, which
posits that affective (somatic) signals indicating reward and punishment play a crucial role
in decision making, to suggest that examining the interaction between neurocognitive
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performance and emotional distress may produce better prediction of sexual risk taking in
this key population.

HIV results in neurocognitive impairment in a variety of areas, including deficits in learning
and retrieval of information, slowed processing speed, and executive deficits (Reger, Welsh,
Razani, Martin, & Boone, 2002). Substance abuse impairs many of the same abilities,
particularly executive abilities (Verdejo-Garcia, Lopez-Torrecillas, Gimenez, & Perez-
Garcia, 2004). Studies comparing HIV+ and HIV− SDIs have found additional burden from
HIV infection on inhibition (Martin et al., 2004a; Martin et al., 1992), working memory
(Farinpour et al., 2000; Martin et al., 2003), and decision making (Martin et al., 2004b),
suggesting that HIV+ SDIs are at “double jeopardy” for neurocognitive impairments
(Gonzalez & Cherner, 2008). Deficits in executive abilities are of particular interest, as
difficulties inhibiting prepotent responses or overfocus on immediate rewards at the expense
of future consequences may lead to risky hedonic behaviors. However, it has not been
established that measures of executive functioning, in isolation, predict reports of risky
sexual activity.

Indeed, the one study to date using neuropsychological measures to predict sexual risk in
this population (Gonzalez et al., 2005) did not find direct associations between several
measures of executive functioning and sexual risk in HIV+ SDIs. However, in the Gonzalez
and colleagues study, performance on one executive functioning task, the Iowa Gambling
Task (IGT), was observed to mediate the relationship between sensation seeking (a
personality factor known to be related to risky sex in substance users; Kalichman, Heckman,
& Kelly, 1996) and sexual risk in HIV+ SDIs. Specifically, sensation seeking predicted
sexual risk only in HIV+ individuals with better decision-making performance on the Iowa
Gambling Task.

The Iowa Gambling Task (Bechara, Damasio, Damasio, & Anderson, 1994) was developed
to quantify impairments of the type displayed by patients with lesions to the ventromedial
prefrontal cortex (VMPFC), an area of neural circuitry linked to the generation of
anticipatory affective signals of potential reward and punishment. Because the reward
schedule of the IGT is comparatively opaque, good performance is theorized to require
reliance on quickly developing anticipatory emotional responses to guide advantageous
choices (Bechara, Damasio, & Damasio, 2000 ; Bechara, Damasio, Tranel, & Damasio,
2005; but cf. Dunn, Dalgleish, & Lawrence, 2006). This research is closely tied to the
development of the “somatic marker hypothesis,” which states that the decision-making
process is critically guided by these anticipatory affective signals (somatic states).

The IGT is a complex task, and impaired IGT performance can be produced by multiple
cognitive and affective deficits (e.g., impaired working memory, hypersensitivity to reward
and/or hyposensitivity to punishment; Bechara, 2005). However, one possible explanation
for the moderating effect of the IGT in the Gonzalez et al. (2005) study is that better IGT
performance in this sample represents better functioning of the affective systems involved in
decision making. Sensation seeking is strongly linked to affective brain systems and may
motivate risky sexual practices by making those risky practices feel exciting and enjoyable
(Zuckerman & Kuhlman, 2000). Only individuals with “more intact” feedback from the
affective part of the decision-making process would then be influenced by sensation seeking
in their risk taking. Thus, the somatic marker hypothesis combined with the findings of
Gonzalez and colleagues (2005) suggests that performance on the IGT may discriminate
HIV+ SDIs whose risks will be influenced by emotional states from those whose risks are
determined by other factors.
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Although the Gonzalez et al. (2005) study suggested an influence of positive affect in risk
taking, basic research has proposed that negative affective states may also increase hedonic
risk taking (Leith & Baumeister, 1996; Tice, Bratslavsky, & Baumeister, 2001). This theory
has been extended to HIV research, with some researchers proposing that negative affect
motivates HIV-risk behaviors (McKirnan, Ostrow, & Hope, 1996). As with cognitive
impairment, HIV+ SDIs are at greater risk for emotional distress, so much that the
combination of HIV, substance abuse, and mental illness has been described as a
“syndemic” (Walkup et al., 2008). Thus, symptoms of depression and anxiety could be risk
factors for negative sexual behavior in HIV+ SDIs.

However, as with neurocognitive impairment, the relationship between emotional distress
and sexual risk is not quite as clear empirically as it is theoretically. At least one meta-
analytic review (Crepaz & Marks, 2001) examining depression, anxiety, and anger
concluded that none of those emotional states significantly contributed to sexual risk in
either HIV− or HIV+ individuals. Similarly, some have posited that posttraumatic stress
disorder (PTSD) symptoms are a mediating pathway between childhood abuse and sexual
risk (Gore-Felton & Koopman, 2002; Plotzker, Metzger, & Holmes, 2007). But other
reviews note that the association between reports of childhood sexual abuse and risky sexual
behavior appears stronger and more consistent than that of PTSD symptoms and risky sex
(O’Cleirigh, Hart, & James, 2008). Taken together, although theory and basic laboratory
research suggest that emotional distress should relate to sexual risk, findings regarding
reports of “real-world” risk are mixed.

Some authors have suggested that this failure to find clear links between distress and sexual
risk is due to unmeasured moderating variables (Crepaz & Marks, 2001). One such
unmeasured variable in HIV+ SDIs may be the capacity to make affective judgments and
weigh the pros and cons of a given choice based on their emotional and affective values.
Therefore, we examined whether performance on the IGT moderated the relationship of
depression, anxiety, and PTSD symptoms to reported sexual risk taking in a sample of HIV+
polysubstance users. We predicted that for better performers on the IGT, greater emotional
distress would be related to greater reports of risk, while for those with worse performances
on the IGT, emotional distress and risk would be unrelated. For comparison purposes we
included two measures of executive functioning without a prominent affective component—
the Stroop task (which measures inhibition) and the delayed nonmatching to sample (DNM)
task (which measures working memory)—to rule out a moderation of the relationship
between distress and risk by executive functioning in general. In addition, we examined the
contribution of global premorbid cognitive functioning to the relationship between the IGT
and emotional distress. If a significant interaction between IGT performance and emotional
distress is found, this would suggest that failure to take both neurocognitive functioning and
emotional distress into account simultaneously might be responsible for some of the mixed
findings in the literature. It would also emphasize the need for comprehensive assessment of
both neurocognitive and emotional variables when attempting to predict or influence sexual
risks in this key population.

METHOD
Participants

Participants were 190 HIV+ polydrug users recruited from the Jesse Brown Veterans
Association Healthcare–West Side Division, the HIV Early Intervention Clinic at Mile
Square Health Center, community addiction and HIV treatment programs, and “word-of-
mouth” referrals, all from the Chicago metro area. Participation was voluntary and not a
requirement for any substance use treatment program. The University of Illinois at Chicago
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Institutional Review Board approved the study procedures, and all participants provided
written informed consent prior to study procedures.

Inclusion/exclusion criteria and potential covariates
Substance use—All participants met DSM–IV (Diagnostic and Statistical Manual of
Mental Disorders–Fourth Edition; American Psychiatric Association, 1994) criteria for a
history of substance dependence (96%) or abuse (4%) for at least one substance, with most
meeting criteria for abuse or dependence for more than one substance (96%) in their lifetime
(excluding nicotine and caffeine). Participants meeting criteria for alcohol dependence or
abuse exclusively were not included, but those with a comorbid diagnosis of alcohol abuse
or dependence were retained. Substance dependence history was determined using the
Structured Clinical Interview for DSM–IV–Substance Abuse Module (SCID–SAM; First,
Spitzer, Gibbon, & Williams, 1996). Drug of choice was most typically cocaine (57%),
heroin (23%), or both (13%). Further self-reported drug use parameters, including years of
use and length of abstinence were collected through an additional history questionnaire (see
Table 1). Recent abstinence from drug use (for at least one week) was required, with no
participants showing signs of acute intoxication or withdrawal and all participants
undergoing Breathalyzer testing and rapid urine toxicology screening at testing.

HIV status and health history—All participants were HIV+ with serostatus verified by
ELISA (enzyme-linked immunosorbent assay) with Western Blot confirmation. Additional
health history was collected through a history questionnaire. The majority of participants
(79%) reported taking antiretroviral medications. Further information about HIV medication
types and rates can be seen in Table 1. Participants demonstrated affected immune
functioning based on HIV RNA levels in plasma and CD4 T-lymphocyte counts. A total of
19% had an AIDS-defining CD4 count (see Table 1 for sample means). Sero-verified
hepatitis C coinfection was present in 34% of the sample. Further medical inclusion and
exclusion criteria were: no evidence of clinical dementias (including AIDS-associated
dementia), no history of any neurologic disorders (including AIDS-defining disorders,
stroke, and epilepsy), no history of open head injury or closed head injury with loss of
consciousness longer than 30 minutes, no history of schizophrenia, untreated bipolar
disorder, or current psychosis, and not taking neuroleptic medications.

Demographic, intellectual, and personality factors—To be included in the study,
participants had to report at least nine years of education and be able to speak and read in
English. The final sample was primarily high-school educated, African American, and male,
in the fourth decade of life. In addition to these basic demographics, estimates of verbal IQ
were taken using the North American Adult Reading Test (AmNART; Grober & Sliwinski,
1991). This test provides an estimate of premorbid general cognitive functioning based on
word reading and is considered relatively insensitive to neuropsychological impairments
resulting from disease or degenerative processes (Franzen, Burgess, & Smith-Seemiller,
1997). Reading ability was further measured using the Oral Reading subtest of the Wide
Range Achievement Test–Third Edition (WRAT–3; Wilkinson, 1993). Given previous
evidence that sensation seeking relates to sexual risk in this population (Gonzalez et al.,
2005), scores on the Sensation Seeking Scale–Version V (SSS-V; Zuckerman, 1996) were
also considered. Sample means for these demographic, intellectual, and personality factors
may be seen in Table 1.

Emotional distress
Symptoms of depression, anxiety, and PTSD were measured in the current study using self-
report. Depression was measured with the Beck Depression Inventory (BDI; Beck, Ward,
Mendelson, Mock, & Erbaugh, 1961), a standard 21-item self-report of depressive
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symptoms with an extensive history of use (Beck, Steer, & Carbin, 1988). The average level
of depression was “minimal” based on clinical cutoffs (M = 11.23, SD = 8.78), although we
had participants across all ranges from “minimal” to “severe” (observed scores from 0 to
37). Anxiety was measured using the State form of the State–Trait Anxiety Inventory
(STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacob, 1983), another frequently used
measure with 20 items. There is no single cutoff point for the STAI, as scores are compared
to gender- and age-matched normative samples, but the average level of anxiety in our
sample (M = 37.87, SD = 11.46) would similarly be considered “normal” for most
individuals (near 50th percentile), but with participants ranging up into the 99th percentile
(observed scores from 20 to 73). The PTSD Checklist–Civilian Version (PCL-C), also a
commonly used inventory (Brewin, 2005), measured PTSD symptoms with 17 items
representing the DSM–IV criteria for PTSD (Weathers, Litz, Huska, & Keane, 1994).
Again, the mean for our participants (M = 38.46, SD = 13.86) fell below the cut-score of 50
established to predict PTSD in HIV+ SDIs (Bollinger, Cuevas, Vielhauer, Morgan, &
Keane, 2008), but as with the other emotional distress variables, the distribution ranged well
above this cut-point (observed scores from 17 to 83).

Iowa Gambling Task
This task presents participants with a computerized display of four decks of cards, from
which the participants must repeatedly choose. Each of the decks is associated with a
different amount of reward upon each choice, with two smaller reward decks ($50) and two
larger reward decks ($100). Each deck is also associated with periodic losses, with lower
reward decks resulting in smaller losses, while large reward decks result in larger penalties.
These penalties are allocated periodically so that the participant is unable to predict when a
penalty will occur. Participants are instructed to choose cards so as to maximize their
“winnings,” and the computer screen continuously shows the participant the total amount of
money won and the amount won and lost each time a card is drawn. The most advantageous
strategy is to choose from the “good” small reward/small penalty decks, and avoid the “bad”
large reward/large penalty decks, with most normal control groups generally adopting this
strategy over the course of the task. In the current paper, performance was quantified as the
number of choices from good decks minus the number of choices from bad decks (M =
−7.65, SD = 24.75; Bechara & Martin, 2004).

Stroop Task: Reaction time version
In the Stroop paradigm, participants are shown a colored word and are asked to name the
display color and ignore the word. Trials may be color congruent (e.g., “blue” printed in the
color blue), neutral (an animal name printed in color), or color incongruent (e.g., “green”
printed in the color red). This task measures ability to inhibit prepotent responses. A
computerized version, which has previously been employed in this population, was used in
this current study (Martin et al., 2004a; Martin et al., 1992). Of the 192 trials presented, 25%
were color congruent, 25% color incongruent, and 50% neutral, with performance quantified
by calculating the median reaction time for each type of stimulus. Reaction times for the
neutral condition were subtracted from reaction times for the incongruent condition to
provide an estimate of ability to inhibit prepotent responses while removing simple reaction
time (M = 136.47, SD = 87.29; Martin et al., 1992). In addition to reaction times, the main
variable of interest, the Stroop also provides a measure of accuracy (i.e., correctly
identifying the color of the word). As is typical even in impaired populations, most
participants were near ceiling on accuracy in non-conflict trials. However, 7 individuals
were excluded from all analyses based on their overall error rate (+3 SDs from the mean,
with all observations above this point visibly separated from the rest of the distribution).
These individuals were removed on the basis that they were not adequately attending to the
tasks.
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Delayed nonmatching to sample
In the computerized delayed nonmatching to sample (DNM) task, participants are shown a
red or a black card on a computer screen for 2 s, followed by an array of four cards (two red
and two black). Participants much select two of the four cards using the initial card as a
guide. After an initial training period, 45 trials are given, with delays of 10, 30, or 60 s
between presentation of the sample card and the four-card array. Delay times occur in
random order, with a total of 15 trials administered with each time delay. During the delay,
participants read aloud from a written narrative to minimize rehearsal of the correct
response. Bechara and colleagues (Bechara, Damasio, Tranel, & Anderson, 1998) developed
this computerized task based on the traditional delayed nonmatching to sample paradigm,
and it has previously been used with this population (Gonzalez et al., 2005; Martin et al.,
2003). This task measures working memory, or the ability to hold and manipulate
information in memory over a short time delay. Following these previously published
studies, performance on the DNM was quantified in this study as the percentage of correct
responses averaged across the 30- and 60-s delay conditions (M = 85.17, SD = 11.90).

Assessment of sexual risk
Sexual risk was assessed using a subscale of the Risk Assessment Battery (RAB). The RAB
is a self-report questionnaire containing questions regarding risky injection drug use and
sexual practices (Metzger, 1993; Navaline et al., 1994) that has been used previously with
HIV+ substance users (Avants, Warburton, Hawkins, & Margolin, 2000; Woody et al.,
2003). The “Sexual Practices” (RAB–SP) subscale was the dependent variable in the current
study. This subscale contains multiple-choice items reflecting frequency or quantity of
specific sexual behaviors in the past six months (e.g., “In the past 6 months, how often did
you use condoms when you had sex?; In the past 6 months, how often have you had sex so
you could get drugs?”). The total possible score of the Sexual Practices section ranges from
0 to 18 points, and the full range of scores from 0 to 18 was seen in the current study. The
mean level of risky sexual practices was on the lower end of the scale (M = 4.06, SD =
3.51), but this does not necessarily indicate innocuous sexual behavior in our sample. For
example, an HIV+ respondent with 2–3 sexual partners in the last 6 months using condoms
“some of the time” would score a 4 on the RAB–SP scale.

We did not examine the Drug Use subscale of the RAB due to its reliance on injection drug
use behavior and the relative lack of recent injection drug use in our sample. Although
approximately half of our participants reported previous use of injection drugs, only 21 out
of 183 participants scored anything above a 0 on the Drug Use subscale (indicating risky
injection drug practices like sharing needles in the last six months) providing insufficient
variability to support a multiple regression with several predictors.

Data analyses
Multiple linear regression was used to examine the effect of emotional distress and
executive functioning on self-reported risky sexual practices while controlling for the effects
of possible confounding variables. Potential confounding variables were identified on the
basis of a significant relationship to reported sexual risk. Hierarchical multiple regression
was used, with the covariates entered in Block 1, the main effects of the neurocognitive
measures and emotional distress in Block 2, and the interactions between the neurocognitive
measures and emotional distress in Block 3. This blocking approach ensures that potential
confounding variables enter the model before the primary variables of interest and thus
allows an examination of the incremental predictive ability of the main effects and
interactions of interest above a model containing only the covariates.
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RESULTS
Selection and transformation of variables

First, we examined potential covariates to determine whether they needed to be included in
the models examined for our primary analyses of interest. These potential confounds
included all of the demographic, substance use, medical, neurocognitive, and personality
variables described above. As comparatively few participants met criteria for current abuse
or dependence, we collapsed across current and lifetime abuse and dependence and
considered “DSM–IV diagnosis for abuse or dependence at some time in life” versus “never
any DSM–IV diagnosis for this drug.” Although all variables were evaluated as covariates, it
is important to note that several variables (ethnicity, drug of choice, methadone use, and
cocaine diagnosis) had a very small number of cases in certain categories (for example, only
5 individuals identified themselves as “White”). This reduces the probability of finding a
statistically significant association of these variables with sexual risk (Tabachnick & Fidell,
2001), so a lack of association in the current sample does not indicate that these variables do
not impact sexual risk in the greater population. Continuous potential covariates were
evaluated for correlation with RAB–SP scores, while categorical variables were used as
independent variables in one-way analyses of variance (ANOVAs) with RAB–SP scores as
the dependent variable. To initially select potential covariates for evaluation, we used a
liberal value of p < .10 (see Table 1 for significance tests and descriptive statistics for the
potential covariates). As some of the variables selected in this way were largely redundant
with one another (for example, only 15 of 78 injection drug users were not also heroin
dependent), a backward stepwise multiple linear regression (using the stepAIC function
from the MASS package in the R environment; R Development Core Team, 2009; Venables
& Ripley, 2002) was then conducted on all univariate-significant predictors. At each step,
the variable that predicted the least unique variance in sexual risk taking (i.e., the variable
with the lowest t-value) was removed, and Akaike’s information criterion (AIC) for this
compact model was compared to that for the previous model. The AIC statistic weighs the
improvement in prediction produced by a more complex model against a penalty term
representing the number of variables included (Venables & Ripley, 2002). This process
continued until the minimum AIC value was reached (i.e., no more variables could be
removed without significantly degrading the prediction of sexual risk). This resulted in
maximum prediction of sexual risk while eliminating variables that largely overlapped with
other covariates, allowing a balance between potential “left out variables error” (Mauro,
1990), in which a missing covariate’s absence affects results, and “left in variables error”
(see Clogg & Haritou, 1997, for a discussion) in which modeling extra variables may lead to
spurious associations between the variables of interest. While this process may capitalize on
chance associations between the covariates and sexual risk, thus inflating the R2 of our final
total model, we note that the covariate model is not central to our questions of interest. We
judged that there was greater scientific risk in failing to control for a potential confounding
variable than there was in including a theoretically irrelevant variable in our covariates. On
this basis, age, number of days since last drug use, use of methadone, and sensation seeking
were retained for use as covariates in our analyses of primary interest. The correlations
between the chosen covariates, scores on the predictor variables, and sexual risk scores are
presented in Table 2.

As can also be seen in Table 2, our measures of emotional distress were all moderately to
highly correlated (between r = .49 and .71). This is not surprising, given known overlaps in
symptoms of anxiety and depression (Sartorius, Ustun, Lecrubier, & Wittchen, 1996) and
the fact that the scales used were not specifically constructed to avoid these overlaps (see
Beck, Epstein, Brown, & Steer, 1988). Thus, in order to minimize risk of multicollinearity
and reduce the total number of analyses to control for Type I error, the decision was made to
construct a composite “emotional distress” variable by standardizing scores on the BDI,
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STAI, and PTSD scales and taking an equally weighted average of the scores. This
composite emotional distress variable had acceptable reliability (Cronbach’s α = .76),
suggesting that these three emotional distress scales can be argued empirically to be
measuring largely the same construct despite their varied intended uses. This also suggests
that a piecemeal analysis (analyzing distress variables separately) would be suboptimal,
given the highly overlapping variance accounted for by these scales.

All variables were examined for normality, and, when necessary, variables were transformed
to ensure that assumptions of normality were met. RAB–SP scores, Stroop reaction times,
and days since last use all demonstrated positive skews that were adequately corrected with
square root or log transformations. DNM scores had a negative skew, which was adequately
corrected by reflection and square root transformation. Analyses for univariate and
multivariate outliers were conducted using the Mahalanobis distance and Cook’s D statistic,
with no univariate or multivariate outliers detected after the noted transformations.1 Any
participant missing data for any of the variables was removed list-wise, leaving a total of
180 complete participants available for analysis. All variables were mean-centered.

First-order correlations
Examining the correlations between the covariates and sexual risk (presented in Table 2),
methadone usage and greater age were related to lower reports of sexual risk, while fewer
days since last drug usage and higher sensation seeking predicted higher reports of sexual
risk. Age and likelihood of methadone usage were positively related, while age and
sensation seeking were negatively related, and fewer days since last drug usage predicted
greater likelihood of methadone usage (although, as noted above, despite these relations
each of these variables uniquely contributed to predicting sexual risk). Methadone usage
predicted greater emotional distress, and fewer days since last drug usage also predicted
greater emotional distress. Emotional distress did not impact any of the executive
functioning variables aside from DNM, where greater emotional distress predicted worse
DNM performance (represented as a positive correlation due to the transformation of DNM
scores). Neither emotional distress nor the executive functioning variables significantly
correlated with RAB–SP scores. Finally the IGT, Stroop, and DNM were also not
significantly related to each other, further indicating that they tap comparatively distinct
aspects of executive functioning.

Primary regression analyses
Examining the overall regression equation, the model was statistically significant,
accounting for 26% of the variance in reported sexual risk (see Table 3). However, as noted
above, the overall estimate of variance accounted for may be inflated by the method in
which the covariates were selected and does not solely reflect the predictive value of the
variables of interest. As would be expected from the preliminary regression, all covariates
significantly predicted self-reported sexual risk. The second step of the regression revealed
that no direct relationships between emotional distress, IGT performance, and reported
sexual risk reached significance when controlling for the covariates (also Table 3).
However, the third step produced a small but significant improvement in prediction over
Step 2, R2

Change = .02, F(3, 168) = 3.22, p = .02. In the third step, we observed a significant
IGT × Distress interaction (β = .15, p = .02) but no significant Stroop × Distress interaction
(β = −.10, p = .11), or DNM × Distress interaction (β = −.08, p = .25).

1Removal of the Stroop error outliers and these transformations somewhat improved the fit of the model, and thus these changes were
retained. However, analyses run with and without these alterations showed a largely unchanged significance pattern for all effects.
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To understand this significant interaction between the IGT and distress, we examined the
simple slope of distress on sexual risk at +1 and −1 standard deviations above and below
mean performance on the IGT with all other covariates and effects controlled for (as
recommended by Aiken & West, 1991; and Cohen, Cohen, West, & Aiken, 2003).2 At +1
standard deviations from the IGT mean, a significant positive simple slope for distress
scores was seen (β = .28, p = .01), indicating that higher distress predicted higher reports of
sexual risk for individuals with better performance on the IGT. At −1 standard deviation
from the IGT mean, the simple slope of distress on reported sexual risk was not significant
(β = −.10, p = .33), indicating no relationship between distress and sexual risk for those with
worse performance on the IGT (see Figure 1).

Although the lack of direct relationships between the IGT, Stroop, and DNM makes
multicollinearity between these predictors unlikely, we also wished to rule out the possibility
that significant Stroop × Distress or DNM × Distress interactions existed, but were not
observed in our full model due to shared variance with the IGT × Distress interaction (as
might be the case if general executive impairments were driving the results, with IGT being
simply the strongest indicator of general impairment). Therefore, we repeated the third step
of the regression model three times, first including only the IGT × Distress interaction,
second only the Stroop × Distress interaction, and third only the DNM × Distress
interaction. Doing so produced results parallel to the previous analysis, with the IGT ×
Distress interaction remaining significant (β = .14, p = .03), while the Stroop × Distress (β =
−.10, p = .12) and DNM × Distress (β = −.10, p = .14) were not.

Supplementary regression analyses
Our hypothesis predicted (and our primary analyses provided support for) the IGT as
uniquely moderating the relationship between emotional distress and risk. The lack of
interaction between other measures of executive functioning and distress supports the idea
that generalized executive dysfunction is not responsible for this relationship. However, we
had available one additional measure of general cognitive functioning—estimated IQ scores
from the AmNART. This measure is distinct from the measures used in the primary analyses
in that it is not directly related to executive functioning, and it is considered a “hold” test, or
one relatively unlikely to be affected by disease processes (unlike the measures used in the
primary analyses). Thus, it could be used to test whether differences in overall premorbid
cognitive functioning account for the observed interaction between IGT scores and distress.
Examining the first-order correlations, estimated IQ did not correlate significantly with IGT
scores (r = .12, p = .10), emotional distress (r = −.06, p = .39), or sexual risk (r = .001, p = .
98). Using estimated IQ scores in a hierarchical multiple regression we entered the same
covariates as those above in Block 1, main effects of IGT, distress, and estimated IQ in
Block 2, and interactions between IQ × Distress and IGT × Distress in Block 3. Examining
the hierarchical regression, neither the main effect of estimated IQ (β = .01, p = .97) nor the
interaction of IQ × Distress (β = −.08, p = .19) was significant. Thus, even when the main
effects of estimated IQ and its interaction with distress were controlled for, the IGT ×
Distress interaction continued to be significant (β = .15, p = .02).

DISCUSSION
Understanding the factors motivating risky sex in HIV+ SDIs is important to preventing the
spread of HIV, as SDIs may be particularly prone to continued sexual risk taking after
diagnosis with HIV. HIV+ SDIs are at greater risk for executive impairment and emotional

2This method is preferred to dichotomizing one of the predictors, as dichotomization reduces power and may under certain specific
circumstances result in the detection of spurious effects (Maxwell & Delaney, 1993).
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distress, two factors theoretically likely to relate to increased sexual risk taking. However, in
previous research, neither executive functioning nor emotional distress alone predicted
sexual risk in this key population. In this study, we hypothesized that performance on one
measure of executive functioning, the Iowa Gambling Task, might help to discriminate
individuals who are motivated by negative emotion in their sexual risks. This proposal was
guided by the somatic marker hypothesis, which posits that affective signals of reward and
punishment crucially guide judgment, and that IGT performance is sensitive to the
disruption of this system. Congruent with this hypothesis, we found that decision-making
performance on the IGT moderated the relationship between emotional distress and reported
sexual risk. In individuals with better performance on the IGT, greater distress predicted
greater sexual risk taking. In contrast, individuals with worse performance on the IGT did
not show a significant relationship between distress and reported sexual risk. Importantly,
there was no confounding association between the IGT and distress, or between the IGT and
sexual risk, so it was not that ceiling or floor effects obscured links between distress and risk
in one group. Rather, it would seem that risks in better versus worse performers are simply
motivated differently. We interpret this to mean that a neural circuitry that is critical for
affective decision making needs to be intact at first, as reflected by good IGT performance,
in order for emotional distress to have an influence on the functioning of this neural
circuitry, thereby increasing risk-taking behavior. This finding is important because it
suggests that in this subgroup of patients with intact decision-making circuitry, reducing
their emotional distress can help ameliorate their risky behavior. In contrast, in patients who
seem to have an already dysfunctional decision-making circuitry, as reflected by poor IGT
performance, emotional distress has little influence on their decision-making capacity.

Furthermore, our results appeared to be specific to the IGT, not other measures of executive
functioning or global neurocognitive functioning. Estimated global neurocognitive
functioning (measured with the AmNART) did not account for the relationship between the
IGT, distress, and sexual risk. Further, performance on other executive functioning measures
—namely, a reaction time version of the Stroop task, which measures inhibition— or on the
DNM, a working memory task, did not predict sexual risk taking and did not interact with
the emotional distress variable to predict risk. Further, the DNM measures one of the
cognitive skills previously shown to be crucial to IGT performance (Bechara & Martin,
2004), but working memory impairment as measured by the DNM did not explain the
moderation of distress and risk taking by the IGT. One relevant difference between these
tasks and the IGT is that both of these tasks lack a known emotional aspect. Thus, we
suggest that that the greater predictive ability of the IGT for distress-related risk taking
stems from its unique affective characteristics. However, we cannot rule out that other
differences between these tasks and the IGT may account for our findings. The IGT is a
complex task, and there are areas of active debate regarding the skills necessary for adequate
IGT performance and about the relationship between the IGT and emotion (Bechara et al.,
2005; Dunn et al., 2006; Maia & McClelland, 2005). Thus, examining the moderating ability
of other measures tapping multiple different areas of executive functioning is warranted in
future studies.

The Iowa Gambling Task was developed to detect the type of decision-making deficits often
observed among patients with ventromedial prefrontal (VMP) lesions. The orbital frontal
cortex serves as a region of convergence/divergence for structures that integrate information
on bodily and affective states with perceptions of objects of judgment. These structures
include the amygdala, the insular and somatosensory cortices, the basal ganglia, and the
anterior cingluate (Bechara & Damasio, 2005). The somatic marker hypothesis proposes that
this neural network is critical to the generation of affective signals marking the potential for
reward or punishment, particularly when the affective value of the stimulus depends on the
integration of memories, hypothetical thoughts, or imagination. Making a card choice in the
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IGT is theorized to depend on this ability to project the affective outcome likely to be
associated with each deck by drawing on previous affective experiences with those decks
(Bechara et al., 2000). As noted in the introduction, both drug dependence and HIV
infection are known to cause dysfunction in several of these critical neural areas, but
particularly in the prefrontal and basal ganglia loops involved in executive functioning
(Gonzalez & Cherner, 2008). Given that the IGT has been successful in identifying VMP
patients with poor judgment, it is somewhat surprising that poor IGT performance alone did
not predict increased sexual risk. Indeed, one interpretation of our findings is that emotional
distress may affect risk taking only when IGT performance is good. Thus, our results would
seem to suggest that IGT performance in isolation may be insufficient to influence sexual
risk, at least in this population. We would hypothesize that while risk taking in better
performers may be normally motivated by emotional aspects of judgment, as we elaborate
below, risk in poorer performers may be more motivated by different factors, perhaps such
as environmental cues or situational opportunity, as is often observed among patients with
VMP lesions who also perform poorly on the IGT.

Little is known about how chronic, but possibly subacute, emotional distress (of the type
measured in this study) interacts with the somatic marker mechanism described above. It has
been suggested that in general affective/emotional signals (or somatic states) that are
integral to the decision task at hand (for example, the punishment produced by loss on the
IGT itself) are beneficial to the decision-making process, whereas moods and emotions that
are unrelated to the task (for example, receiving sad news or experiencing fear while making
a decision) are in fact disruptive to the operation of the somatic marker circuitry and tend to
interfere with advantageous decision making (Bechara & Damasio, 2005). In this case, the
distress experienced by patients would be considered as emotion that is unrelated to the
decision task at hand, such as engaging in a risky sexual activity. There are a few
mechanisms that might account for the interference of emotional distress in the decision
making of individuals with better IGT performance. One is that emotional distress produces
a contrast effect, in which a negative emotional background increases the salience and
appeal of possible rewards indicated by the somatic marker system (Abele & Gendolla,
1999). Or it may be that negative mood reduces regulatory resources, leading to difficulty
inhibiting approach to rewards that are highlighted by the somatic marker system (Tice et
al., 2001). If any of these mechanisms are operating, individuals with poor performance on
the IGT (indicating a dysfunction of this affective valuation system) would not be as
strongly influenced by emotional distress in their risk taking. It should be noted that we do
not hypothesize our “better” performers as being hypersensitive to emotional distress.
Rather, we believe that the somatic marker system must be intact in order for the
contribution of chronic emotional distress to sexual risk to be evident.

Our findings highlight the importance of examining a combination of neurocognitive and
affective variables, as neither the IGT nor distress directly related to risky sexual practices
when examined in isolation. However, when considered together, both factors shed light on
mechanisms involved in the risky sexual practices. Additionally, although this was not of
central interest to the study, only DNM performance (among all the measures of executive
functioning) was impacted by emotional distress, with distress degrading DNM
performance. This in combination with the specificity of our findings relative to the IGT
suggests that the relationship between emotional distress and executive functioning and the
combined effects of emotional distress and executive functioning on important criterion
variables such as sexual behavior may be dependent on which specific executive skills are
examined. Further, although for practical reasons we examined a composite measure of
emotional distress, it is likely that finer grained analyses that examine a variety of emotional
states and neurocognitive skills may reveal even more nuanced interplay between affect and
neurocognition. Different negative emotions have previously been shown to differently
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impact decision making in laboratory studies (Lerner & Keltner, 2000, 2001). Further,
Crepaz and Marks (2001) in their meta-analysis found that sexual risks in HIV+ individuals
may be more closely related to anger than other negative emotions, perhaps due to different
appraisals of sexual risk (i.e., HIV+ individuals may view risky sex as predominantly
harmful to others and be less attentive to that harm when experiencing other-directed anger;
Crepaz & Marks, 2001). Additionally, although many theorists conceive of negative
emotion as increasing risk (as would be suggested by the findings of this study and Tice et
al., 2001), some theorists have proposed that anxiety may actually reduce risk by serving as
a “stop signal,” indicating the need for greater caution (Pham, 2007). Further clarification of
the mechanisms linking different specific negative emotions to risky sexual activity in this
population could thus inform basic questions of which negative emotions influence risk in
which ways.

Sexual risk is admittedly a complex and multideter-mined process in which neurocognitive
and emotional variables appear to account for a small but significant amount of variance.
Nonetheless, this line of research could eventually lead to additional tailoring of
interventions to reduce HIV risk by increasing control over emotional distress. For example,
our findings suggest that emotional distress, even at a subclinical level (at +1 SD, our
participants were still just at the cutoff for moderate depression on the BDI), may still be
influential in risk taking for those with better IGT performance. Our findings thus suggest
that a group that might not normally be identified for emotional interventions could in fact
benefit from such interventions to reduce HIV risk. It also provides some explanation for
why emotional distress and risk may be only weakly related in population level studies that
do not consider neurocognitive moderating variables.

Some alternative explanations for our findings are worth considering. First, it is possible that
more cognitively intact individuals with high distress are more inclined to self-report risk
than those with low distress. Perhaps for these better functioning individuals, emotional
distress functions as a cue to examine their own behavior more carefully (congruent with the
“stop signal” hypothesis about anxiety noted above). In contrast, those impaired on the IGT
might not perceive emotional distress as a cue to examine their own behavior for risk, even
though they may actually be engaging in risky behaviors. Another possibility is that better
performers on the IGT are actually distressed by taking greater sexual risks, while worse
performers are not distressed by sexual risk taking. Although it is difficult to eliminate use
of self-report when examining intimate nonpublic acts, future studies could attempt to
address both of these alternative explanations by utilizing prospective designs incorporating
ecological momentary assessment techniques to reduce retrospective bias and elucidate the
temporal order of risk and emotional distress.

In the current study we confined our investigation to HIV+ individuals with a history of
substance dependence: a sample that provided an opportunity to examine a greater range of
emotional and neurocognitive functioning than healthy normal adults. However, this may
limit our ability to generalize these results to populations with different characteristics. For
example, Gonzalez and colleagues (2005) only found a significant interaction between
sensation seeking and risky sexual practices among HIV+, but not HIV−, individuals. It is
also important to note that our sample consisted mainly of African-American men, and
factors such as gender or ethnicity might impact the relationship between emotions and
judgment (Fessler, Pillsworth, & Flamson, 2004). Indeed, there is emerging evidence of
gender-related brain asymmetry in decision making (Tranel, Damasio, Denburg, & Bechara,
2005). Although our sample did not have sufficient numbers of women to examine gender as
a moderating factor, this and other possible moderators should be considered in future
studies.
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In attempting to determine why HIV+ SDIs are particularly prone to continued sexual risk
taking, most investigations to date have examined emotional distress and executive
functioning in isolation and have produced few positive results. Our findings suggest that
the relationship between executive functioning, emotional distress, and sexual risk in this
population is more complex. In particular, measures sensitive to the emotional aspects of
judgment, such as the IGT, may discriminate which HIV+ SDIs will be influenced by
emotional distress in their sexual risk taking. If this finding is confirmed in other samples, it
could help programs aimed at reducing HIV risk to decide whether to include interventions
aimed at increasing emotional coping skills with any given individual and perhaps even
indicate a value to attempting these interventions with individuals that show only mild levels
of emotional distress.
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Figure 1.
Interaction between Iowa Gambling Task (IGT) and distress on sexual risk plotted at +1 and
−1 standard deviations from mean IGT performance and mean distress scores.
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